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appl i mﬂ\m\“ﬂ“\\ ontinuation-in-part of Application Serial No. 432,069,
filed Novenghgs 6, 1990. | NTRODUCTI ON Technical Field The field of this

‘i nvention concerns the nanipul ation and expression of mammalian genes.
Background Wth the devel opnent of genetic engineering over the last two

decades, including restr S ptase, cl oni ng,
-polynerase chain reacti éﬁ&ég§A§£§¥HR§I§QEW§b(% 2 antlbodles t here has
been an extraordinary increase 1n t 0 |solate |dent|fy and

mani pul ate nucl eic acid sequences. As a result of these capabilities,

numerous genes and t babssLRIMSHENGE O REOIPES| APbEARANS OR@ve been
identified and nmani pulat ed. [he genes have been used for producing |arge

anounts of a desirhge pPrapEel NcatibAt erigd ogaus cihdderdrimtpare of
eukaryotic host cell systens). In nmany cases, the process of obtaining
codi ng sequerppedcandoesl iSeirtialg Ndwei43 2xpéesst dbela¥olveaea l6gng 9@mtd ar duous
one. The identification of the coding sequence, either cDNA or genom c DNA
has frequently involved the construction of |ibraries, identification of
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INTRODUCTION
Technical Field
The field of this invention concerns the manipulation

and expression of mammalian genes.

Background

With the development of genetic engineering over the
last two decades, including restriction enzymes, reverse
transcriptase, cloning, polymerase chain reaction,
sequencing, and monoclonal antibodies, there has been an
extraordinary increase in the ability to isolate, identify
and manipulate nucleic acid sequences. As a result of
these capabilities, numerous genes and their
transcriptional control elements have been identified and
manipulated. The genes have been used for producing large
amounts of a desired protein in heterologous hosts
(bacterial and eukaryotic host cell systems).

In many cases, the process of obtaining coding
sequences and eliciting their expression has been a long
and arduous one. The identification of the coding
sequence, either cDNA or genomic DNA, has frequently

involved the construction of libraries, identification of
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_|I_ fragnments of the open reading frane, exam ning the flanking se&u&g&& 2002
and the like. In mammualian genes where introns are frequently encoén @,

in many instances, the coding region has been only a small fraction of the
total nucleic acid associated with the gene. In other cases, pseudogenes or
«mul ti-menbered gene famlies have obscured the ability to isolate a
particular gene of interest. Nevertheless, as techni ques have i nproved,

there has been a continuous parade of S@ccessful identifications and
.isolation of genes of interest. For many reasons, it may be desirable to

i pulate th di [ t he t i pti I | ) '
W thout 1 SOFBRFRBRERG B30 ABSr cGRER oF ATy ‘T toa HEF T BFh O
f t wh h di i i s,.the.pri
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nterost od RERERS pkECereiigncad, RONARERNEN, ORR mERY, S OAAEEE  he 0y

whi ch pr 0duggs s hberBEAUAChalsd Heleflefl| ' Ahd NAUGHN P QU Ahe ’ISEA) | S,
therefore, significant interest in developing alternative techni ques for
produci ng prQteehs QfcidtLE£6¢idteUivithe the tdewe] | S Inhictheyr adsies f or
econom ¢ and efficient production of the desired protein and, when

possi bl e, appeafbyehespoeC amlitignenkderedgeres fgmiodies .have dbsdiGet02 -3
Rel evant Literature Mansour et al., Nature, 336:348-352 (1988), describe a
general strahegyabiXitwr get i hgohateat i@onsarbinuisel amnd| efgeinterast dl e et
al., Gene, 66:193-203, (1988), describe anplification of tissue-type

pl asmi nogenNeverthedesst lasa tHidhR ignies deve dawprsivedpl thekatham been he
absence of selective pressure. Mirnane and Yezzi, Somati¢ Cel |l and

Mol ecul ar R@negeriinugus7Ppargarie ( pfgesucgesstide +98RE16LFAFLIBARSofARA hunan
cell line with_an . integrated sel ectable gene marker |acking a

transcripti d862F2528Rp rFQMQQ1QQnﬁR§ﬁQﬁé%1cation and anplification of the

gene marker. Thopas and Capecchi, Cell,_51:503-512, .(,19 Zi, descri be
si te-directed nuf&ﬁem§ﬂ¥;é%Piﬁ9ﬁy b#g@?YnBeiﬁeﬁ&iﬁykﬁé% cﬂ?ﬂﬁ?%éﬂf%ten1
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Chr onosonal guences 1n i ng Harbor, Sy ant. Biol.

49: 13- 189, %%ﬁgﬁbfg‘a% e hnkedEAkheNwAbrbWendi £bQLAGt rayishi Postid the

same gene an ogous reconbi nati on between the nutant genes. Rubnitz
and Subr amapi-imdply 38guedll. Bi @hest 228853388, md 984 clutisceabe toe

m ni rum anount of honol ogy required for honol ogous reconbination in

manmral i an celand puliatiand, Sndéve bsprnélit| . ofici dsif flReentl 6:BB88WHOD3, £611988)
descri be an assay for honol ogous reconbi nati on using the pol ynmerase chain
reaction. eXpre®sGdiQ02r 4lrkikeet al., Science 236:806-812 (1987)
describe yeast artificial chronpsones (YACs). See also, Garza, et al.

Sci ence 246: 641- 846|190 Manyd SBEYARIOASH, OBE AF. PEENeRELY 2uatenesteds,

(1989). . .
in a source of the protein product. The cell type in the

body which produces the product is frequently an
inadequate source. There is, therefore, significant
interest in developing alternative techniques for
producing proteins of interest in culture, with cells
which provide for economic and efficient production of the
desired protein and, when possible, appropriate processing

of the protein product.



See also, U S. Application Serial No. 432,069, filed Novenber 6, %Zﬁg Gaﬂﬁz
Serial Nos. 466,088, filed January 12, 1990 and 610,515, filed Now @p 1
1990, which applications are incorporated herein by reference. SUMVARY OF
THE | NVENTI ON Expression of manmalian proteins is achieved by honol ogous
'reconbi nati on, where a DNA sequence is3ntegrated into the genonme or |arge
fragnment thereof for enhancing the expression of the target gene. The
modi fi ed sequence nmay then be transferred to a secondary host for

‘exXpr essi orge t ahl ble gene is integrated adjacent to the target
gene, the target regi on may be anglified f or. enhanced expression. Two

— different targetSny bETepr oyEaSpmpdgaus UMY bn AeEr L oot L)
or rTI\)(AC | i g?ar?/eré‘?ﬂa ré Ef%gegy tﬁ@rt aF@gtge%éd'%on %?%’eo’&prte%si%%'host :
vhen ust ng.& JAGBTe 1ACASR0M © LEBREEY QRGN NG JRITRIdEn Do,
recomdl nat e i abedPebudsapt e akioGd an AR WBI4Tdakl fodete 10

addi tion ified elpeodeerdi ng MPER HBRCUNESEH D of  AnpIAYE A% Sip host,
nodi fication of the transcriptional system and nodifications) of the

codi ng regike. abspaedi Ngr UeN ewtaiieeIp&esPLEE CMuPRaRE PRS2 ) | he
yeast host, usually the YACwill be transforned into a manmal i an cel
expressi orpdnest i ¢ ocel bt andatMaleculhexpesssion, ofl 4t:12 st-wagst grges) ,
Amplification can now be induced and cells selected for stable high | evels
of expressiesrwibe he rtaargbsrpaol en n.oDESCRARPTADN &l THE iBeECWEEE an

EMBODI MENTS Met hods and conpositions are provided for production of

manmal i an Prearakedf | selegtabhecul tgere parmdxkedr|y Wwekéngne v shes to
mani pul ate the native transcriptional system and/or coding region. The

net hod enpHRARSEHIREIAPRAg PRAMBTCRonoY bEBust 3 REBHDHI HalP1 bRATHED ANMbNi ¢
DNA, either in the native prinar% host ¢ or in a yeast_ primry host

|1
cel |, usi MR s§abtonaBlgddthi GeNepParfeds t hENSBARCANG $aReTEhyet gene.
The f techni Ls.d i bed j t ent li.cati ; ial No. 432,069,
(1 Ted Novestr 6, "458503FE %1 ansiF8in | on SFSERABR: | i bPaAtreRiad  he
[ b ith th t ti t i
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proper intggration Leall vy there wildobe gaby ongoa twadint egidy fon
steps. For the nost part, the constr 11 be

the same f@f.{ps @499, a( POHE) | NadsEPI PEUSONEL 8dous recombination in

human cells by a two staged integration. Liskay et al.,
"Homologous Recombination Between Repeated Chromosomal
Sequences in Mouse Cells," Cold Spring Harbor, Symp.
Quant. Bjol. 49:13-189, (1984), describe integration of
two different mutations of the same gene and homologous
recombination between the mutant genes. Rubnitz and
Subramani, Mol. and Cell. Biol. 4:2253-2258, (1984),
describe the minimum amount of homology required for
homologous recombination in mammalian cells. Kim and

Smithies, Nucl. Acids. Res. 16:8887-8903, (1988), describe

an assay for homologous recombination using the polymerase

chain reaction.



2 0 AUG 2002 -6 a native cell or targeting a gene in a |large genonim 002
fragnent in a YAC. The YAC library is nmaintai ned and propagated in J%%E?
host and honol ogous reconbination is then enployed for integrating a DNA
targeting construct, usually conprising an anplifiable gene for integration
sinto a target region conprising the target gene, which target gene encodes
the protein of interest, while also altdwing for, in the same or separate
step, mani pul ation of the transcriptional system and/or the coding region.

-The nodi fied yeast..cells may then be analyzed and sequences providing for
the desired A tRrKR ok ?%ent %«%‘.—C—erhégénﬁ%r%%l &%%&)ondﬁﬁgr;h;en, as
og1 on ampl T Ee, SETELRETEY et IR8E8T i t Pafiordcte (FaRgRuce, |
conj ugat e, gkuge,, ,elseq i RO E 38We O t echnique for_introduci ng DNA
into a viable cell? Ntner anpl i6194|rlcat |%n{%9)en%q%y%%w?%%eﬁ%l?gi%‘Lr e gene,
t he transfgbﬁedcbo§h&:QBQdJ¥§B§C(ﬁ@ﬂ§p.for_production of the target
protein and stability and derivative cell lines are selected for desired

l evel s of produskieonlsehi ch sceldpp nryathioredanded wnd 45£dbéor P pgdyction
of the desired protein in culture. The source of the DNA, as the primary
cel| or DNMovambke ¥AC, h@§obe amy nmwraldlar mekl. of 458)esest, pardgcul arly
manmal i an cells which do not grow readily in culture, nore particularly

pri mate cefRBUaE¥pARiiall3Phummd 6R20PSIAGIG A2 eNbsembker @1t herduwpn cell's
may be normal cells, including enbryonic, or neoplastic cells, particularly
normal cel YB1chapppidcagiionsy see naycarpanaties diersin ey prefrergncel | s,
including fibroblasts, particularly diploid skin fibrobl asts,

keratinocytes, nyoblasts, |ynphocytes, glia, epithelial cells, neurons,
endot helial cells, or other_somatic cells, _or _germcells. O particular
interest are skin fibrobla§ﬁggﬂHﬁlegge%¥Eb§ﬂ¥§gﬁl9¥ propagat ed to provide
for | arge nunbe rmal _cells, enbryonic Kkidney cells, and the like.
Thefe cell;@;ayéggg%ﬁggﬁgi)g e?ﬁ?@?ggﬁé_tﬂﬁ°€%ﬁ€sofl?rn%ﬁQ%ﬁtr§nlnhOEe

i nst ances 5o best ar, ndu or, o expressed in certain
di fferentiated %%I r's, g%e n“g’?r}?e‘?%% ' ce {"gklgn i (r#]ry% he“EIP§BCCgente i s

Y _may Ce .
expressed. 1 4 H%Paf@& RREW kPd NI | 2 18?&&%%3@@%%%&; %%:Qﬁa&e&rﬂse of &

_ er of anplifiabl’e genes exist; _ K :
sel ection egemtcingoene éasLee5ai8H bP tHe GonoUE ‘ﬂ'#abe" ddsls Qg th
ro

adj acent flanking DNA. Anplifiable genes include dihy ol ate ‘reduct ase

(DHFR netsedquehceonsan- thand bd trinef &Fodd yeor i MBEEoABRAL! AbRiORYN genes,
adenosi ne deam nase, ornithine decarboxyl ase, glutanmate synthase, etc. The

anpl i fi ablexpressiwhl haWherreaanser | phpdhakablgnagenahiicd) amedgwagidonal in
t he secondary or expression host and nmay be functional in the primary host,
particul arddiapene &epl the cArirget sgenpl oy i batdetpriewEion hasy e t he
anplifiable gene,is used as a marker. 2 0 AUG 2002

amplified for enhanced expression.

Two different targets may be employed: homologous
recombination -in a host cell comprising the wild type
target gene; or integration into a selected YAC(s) or YAC
library and transfer of the target region to the
expression host. When using a YAC or YAC genomic library
containing mammalian DNA, particularly human, the gene of
interest is manipulated by homologous recombination, which
includes the introduction of an amplifiable gene in

proximity to the target gene to allow for amplification,

and may in addition include, depending upon the expression



"-s The target genes nmay be any gene of interest, there already hav'glr[p AiGe 002
a |l arge nunber of proteins of interest identified and isolated wt
continual additions to the list. Proteins of interest include cytokines,
such as interleukins 1-11; growth fachL§ such as EGF, FG-, PDGF, and TGF
‘somat ot ropi ns; growth hornones; or other hornones, such as FSH, LH, etc.;
colony stimulating factors, such as G, M, and G\ CSF; erythropoietin;
steel factpiet! €GP OF i A BGANI S S tHICR rahsldrilptAior 1AS ByRRQR!) aghijvators,
'such as tissue and urine; enzynmes, such as superoxide disnutase; interferon
“a, -(3, -Mo@irilBdtlibagki)onsst kaeotodinge! Lege6apPt Or Depemdiare GPBAr ane
proteins; insulin; |ipoproteins; a,-antitrypsin; CD proteins, such as CD3,
4, 8, 19; whethéng fiiect gehe ecgn, Yeackesprédsderd X, thnel yeasw | hebtands
factor; anticlotting factors, such as Protein C, atrial naturetic factor,

t unor necrosuslipcthe; YACawifdr beprtotagisfriesdii inte exopammal iaddeced i ns;
regul atory proteins; etc. The YACs are prepared in accordance with

convent i onekprnagsioGerest MX | ntegxedd adnzondt iwxpregssherhafi chhey, or
by other neans to provide fragnents which wll usually have at |east about
50 kbp, notergstagppeat |w1faxﬁm¥1%ocmpp°&oﬂn¢erﬁf§;m%ﬂa%nqieagﬂ-labout
200 kbp and usual |y not nore than,aboui 2,&00 kgp, nore usually not nore

t han aboutS8188BeRpfOThE et B1BRA 1€VPASerted SXRESSENAE Qfd then
screened ugingﬁgp rogrLate probes for identifying the presence of the
target geng3T §F8 Ehle of the YAC may be verified by a selective nedium
for the markers 2 0 AUG 2002 g present on the YAC. Yeast cells
containing a YAC or YAC library nmay be characterized by hybridization

anal yses or by the Bﬁégﬁgﬁfi‘g‘énc% %gﬁ%é&%#?‘%ﬂaéﬁ# ﬁﬂngéi mers. The

identified YAC(s) D . Cwll normally

be transferred jLeAbhleafll GohRosifadnd10Me t&&lﬁaééefﬁpt?ysgé&tﬁsﬁt whi ch
|1 be a hapl ol

i s convenient for manipulation. The new host "w or diploid

strain havhhthAmpa ViahipYot8SHa by Bhtbeast 2n ANTLaBY, NSyet Pc@iabPye
mutations in different genes which allow for selection by conplenentati on.

Total yeasvh&hN& bhenwibReer it haniptAHtddte Mt Dee ttrasséer ipdionad yeast
cells or spheroplasts yielding cells, which may serve as the hosts for the
mani pul at i systefihe angywrt | ngodingsf aegantrs. nay hepl atesthaxh sehptoyse nedi a
whi ch sel ects against transformants | acking the conpl enmentati on markers
present oninheg¥Atingl Ddidnzy viedyologeumnyecompdinat itdre Md byenoykaet i c
cross. The recipient host for manipulation will normally be either a

hapl oi d orDdRpl 8i8hAEsd Dhihienfag lyen &y idnaiey restwrehl wWpr | 1Bea cBapFEnent ed
by the genotype of the original yeast strain. If diploid, the recipient

host is spBF%W%Fédhaﬁ& &§&gsp8ﬁé?%ﬂ¥99ﬁ%&ﬂPRM¥4FtQébﬁﬁfﬁiﬁéPr9E¥s Shost on
an appropria

| at di t | | ting, If | @i d_and of it ti
C¥pe Lo CnERST FORASE (it 8¢ APROSEe iy BECTAERAa (CETPyLagorPa

di pl oi ds ape_sel ect.ed on_sel ective .nedia ere c Sz hybr | row due
to conplen%ﬁ?gfﬁ%ﬁdbgpwggﬁefﬁéaﬁﬁiﬁﬁégﬂ?Q:zf %ﬁfg%%ic£§%fgg¥s.kg§ﬁgids may
then be spgrylabed @and;gigiher random 2 0 AUG 2002 -1o spores sel ected,

for exanple, using expréssion of the heterozygous recessive drug-resistance

marker, cant, {@oselerhnkpprhiaplind OF! i praels nost! ddds dhesect ed
using a mcromani pul ator. The neiotic products may 't hen
cells may be grown and transformed with the DNA targeting
construct, using any of a variety of selection techniques
for selecting cells having the proper integration.
Usually, there will be only one or two integration steps.

For the most part, the constructs and technigques employed

will be the same for targeting a gene in a chromosome of



"' be anal yzed genetically for the presence of the YAC nmarkers, as ﬁlm{; 2002
the genetic markers present in the recipient strain. The presence Of  th

YAC may be confirmed by hybridization or PCR anal yses. The mani pul ati on of
t he manmal i an DNA sequence in the YAC may be achieved in accordance with
‘known techni ques for honol ogous reconbi nation in yeast. Thus, the sequence
to be integrated into the mammal i an sedfience will have a region of honol ogy
of at |east about 50 bp, nore usually at |east about 200 bp, usually at

1 east about 5 t term f.th horrol ith th
+condi nat Port YF LRt Pddi ot RBFESISIA | § A TEasl dhodh 360 SHIOBHE

usual l'y atfggaﬁﬁnﬁ Ry, at yipke other termnus. The greater 'homol ogy will
usually be at the 5" - termnus for the gene activation or 3' termnus for

generating ot hern@odidd CalbeRsy SUCmasnPhoheln s BPSpREaFBE fii,fa;i ons
ai med at increasing nMRNA stab|Y|ty. Preferably, there will be at |east a

total of 10@aby ®lbostOEND Mo FEFMIEECLecBREENRESEAr 8 1dn | @RSiogbuUt 200
by with at | east about 50 by at each term nus. The honol ogous sequence nay

be 1 kbp ofordr dntéaratingsequermes hadrgethingd! epndtrddie, t aigedl1¢0i on
may be enployed. In addition to using sequences unique to the target region
one nay al somprésiaeqguenmteampld fdallle 26@ne- nfonhiitit etyra thisw| ageds 4 0
repetitive sequences found in the mammal i an genone, such as the Alu, LINE,
THE, etc. Sagdefice e ecomprheingr gehe nfargest raene sushishquenegetay be
present in one or multiple copies, usually not nore than about |0 copies.

Al ter nati vBP)® BRECARS GhPe| Pretsdfueicdhtiaraata WG ke mlsuchl kowing
prokaryoti ¢ sequences associated with the YAC arm genetic markers on the
YAC whi ch gPE' apdenth r SAPENOTy SRPAFRRBNE LR tPRNIPREat¥ARr ©fhoFe ogous

t . | d, kb_of h | | b d.
The use of CPROSS: APESPAALI VoY SERfbe Ry 95 FHPLICORERTy TRAYHA  WiRHE only 2

|l .23 | at ' t 1 hal ' id
about (no TR S5-I NE=RE SRS GRS < teRhbe ThR S eRneRes NaduShR ol y
h t | by ,@f g Lyl h
agion of PERUTasT ST ousy Sy nedt EFEAEIKE, Yl TR0 DS

tel onere asmg,mgfggmgruqteg{éﬁferﬂa%d tRnas a hggf-Y@%%ﬁ?%?tg cengd omer e

may or may not be present.” The sequence to 'be Integr 0 fhe manmal i an

sequence neyaRefbphe@dined ithied dulpy&dd {1 YhHest aRY R %‘ﬂ{l?\fﬁ 4 ans,
whi ch i ncl udes calciunlprecipitafgg:DNA, spherop?ast fusi on, P

t ransf or nategbonehfpliopedati on, biolistics, |ipofection, mcroinjection,
or other conveni ent neans. \Were an anpl:iable gene is being enployed, the
anplifiabl e gentTrmapsformé isclih@esetwths Dormprieernd ecseltecinsandwsts i nto
whi ch the anplifiable gene 2 0 AUG 2002 -12
conjugate, fuse, electroporate or any other technique for
introducing DNA into a viable cell.
After amplification, by employing the amplifiable
gene, the transformed hosts are then screened for
production of the target protein and stability and
derivative cell lines are selected for desired levels of
production, which cells may be expanded and used for
production of the desired protein in culture.
The source of the DNA, as the primary cell or DNA in
the YAC, may be any mammaliarr cell of interest,

particularly mammalian cells which do not grow readily in

culture, more particularly primate cells, especially human



I!has been introduced. Alternatively, one may include with the anplifiable
gene anot her marker, such as a drug resistance marker, e.g. neonyci e 0 AUG 2002
resi stance (418 in manmalian cells), hygromycin in resistance etc., or an
auxotrophy marker (H S3, TRP1, LEU2, URA3, ADE2, 7S2, etc.) for use in
'yeast cells. Dependi ng upon the naturg-of the nodification and associ at ed
targeting coinstruct, various techniques nay be enployed for identifying
targeted integration. Conveniently) the DNA may be digested with one or
nore restédeXls pn eneyeesthad hhwafir agedritss pragbedren thoamabppeeblisat e DNA
fragment which will identify the properly sized restriction fragnment
associ at ethaledingt @FHIYVNLC BeSrdeBearlasslict i aplésgerRarvidlelapDhA
sequences may be enpl oyed tq enhance expression, either. by thenselves or in
conbi nat inAFRR i hc?ggsarrpVPFilé’b‘lse Gk EYRBS, M3Ne bfaPIRICKRS 125 chiRe pr onot er
sequences, enhancer sequenﬁgﬁi%or ot her sequence whjch | | ow, f or

i ||
enhanced REVRAEY e kiGr 9§ ng ?H@%%%E?or?%’%fguﬁmﬁiy Y conbi ne
h f .onot i f h , 5 -
Roncod: Nl BRPERELAGRY | KERATTIN ET4c | BYCRIER I MY THRATYFES same o
o o o TR P erdtrleld A Nty 28U SIERon 2T dilModidfia IR LTRE Pyt de o

g non-coding T egron w opriate spiice sitdés OF for an

al ternat iy ok - JUdENs! AEH SLAUSNCE OFnPOLYREENY| AtoON FliescLERENI NG

upon the particu pur pose of' the cation, any o ese sequences nay
be !””Ogi%eé’é dgsd ragkin  FiHAYMA 2002, - 1dnSeRer caRrdi bbcatépasiyay al so
be included. Wth ' relatively small deletions, insertions, point

mut at i ons,y dbedl theprofene rRIratlyedy HURberish i dforidercdl kbp,
usual | y under 500 bp, the flanking region may include such nodification,
wher e desdndyonibd kbdnéyabells50ahyd @hehQiHengoThess USHTEs iBay@tof h. €
term nus. Thus, nodifications may include introduction of an enhancer
sequence,maynt nodudie oaxpresehayi ttlie ogesfe ocofr dmbextesf. a Jingnethoseader,
removal of a splice donor or accceptor or an intron nodification thereof,
changes iimstmncesi mhexsjushee, tanghtasgereetivndndusidiltd opy, enly
substitutions, where the substitution provides for a change in the am no
aci d, or expnessedohl ¢atkadn. dpféerentdatad *fkiguRie Maxntsekectre to be
i ntroduced, depending upon the nature and site of the nutations, one may

wi sh to provlgielfoWhirh nthat texgath 98BestidhsexRRersedi t iy Ba% two
steps may be carried out tirst. A wde v rietg of nutati ons gax be of

i nt er est , FeHLIERI BT B ABEAT FEALS0TRRAPIhCL I AT RedlefiBetUBB: also in
the preparatiop of fusion proteins_ where, the target. gene be retained
ntact or a pohtiBARBRE (et aPlBL L5AAE Fhy BPUbSTFITE od WHERS( neY

| egr at! G SSOUENEE: ule NP s Ao LUBLANMBERL ST 05 bAUCL ] pUOSLORELRS!,

where a c regi on from a mnmenber of e nmu superfam |y,

parti cul gﬁ%rgahaaedwm W%r@ﬁ,ffwa&wﬁa' G YPFankifitg PENALSEd To

the targ tern. Alternatively, one may wi sh to 1 ntroduce an enzyne,

net al | ot mﬂ%ﬂf\iabgﬁ genelCaudad! §ERFUES FaGe@Ni tddiittage O(BIER 2002 - 14
site, phospholipid recognition site, or the like. In this nmanner, one may

modi fy t hget&ID6thpoAkehrRIt 0 paad de -1 desi rpkefefBIRC er psik&gewhi ch
are not naturally present wwth the target protein.
metallothionein genes, adenosine deaminase, ornithine
decarboxylase, glutamate synthase, etc. The amplifiable
gene Wwill have transcriptional signals which are
functional in the secondary or expression host and may be
functional in the primary host, particularly where

amplification is employed in the primary host or the

amplifiable gene is used as a marker.



In carrying out one or nmultiple transformation steps, each step ngg bg G 2002
carried out in substantially the sane way, except that one nmay ch ge Po
use various techni ques other than selection at one or both steps. Were
selection is intended, the sequence to be integrated will have with it a

. marker gene, which allows for selection. The marker gene may conveniently
‘be downstreamfromthe target gene and8may include resistance to a
cytotoxic agent, e.g. antibiotics, heavy netals, or the |like, resistance or
.susceptibility to HAT, gancyclovir, etc., conplenentation to an auxotrophic
host, particul &heg Byrdastngenrsabryt PEpRANY yI2Re 9§ tRECREST f Sherge

Cephrat o BHASRSEAING RIS A AAEF RIS i PURATAIA &1 GRREEost

Al t tiv y . th ' f . high -

of 11 cf ency I EER; Kl o oor Sysaet o) SabEAERRTL R Sea i £R. 008 ¢ %per
i 'e th i A ( t, ti t | |

conbi nati o wi EROTHTSh dhg BECaroR {1y hey. SR ctirBcAs oo

et hodol ogy 148 1011 626400, BLotbec! SLER! ooy vk, agigh sucoess

rate so that one or a plurali onol ogous reconbi nat'i ons ‘may bé carried
out to achirdyecinyoRAtItTHFAMIPYeIowtS Blorhfdthdd ARICotherORdkmonds) AUG
2002 -15 initiation system the coding region, or other aspect of the
sequence Gudhmiagy ¢3H, aH,Weltc.3s conohgdettimwl aafiny Felctaagertsh b8 Ci s,
e.g., anmplifiable genes. For honol ogous reconbination, constructs wll be
pr epar ed @her ¥-t,hananphMi-Cisa| ergehe owolilethmn ;f Isktidedd f androrgl kgceptbet h si des
wi t h DNA honol ogous with the DNA of the target region. Dependi ng upon the
nat ure of antadarnistst i syclDNis ahid-1hk; ppit pesénogenheacitivadoarisi, osuchhe

honol ogous DNA wi Il generally be within 100 kb, usually 50 kb, preferably
about 25 &5 ofisseetr andcriwekne 2gi BNZPMeshe tSHYet BBne superexpdef er abl y
within 2 kb of the target gene. Were nodeling of the gene is intended,
honol ogy WiSMUtaARS 1 ylﬂfeerp‘?%"s%‘ht'%r o8 maly €8 Prdifiicatgonshshereation. By
gene is intended the coding regi on and thgse sequences, required_for

transcri pth™Gifidf & SRARKF FRNEUTEAE ho METRTANE DRE IR NSvc| daSULRS 7

5 - ' i de of .the tr. i ptiqnal | i

compr 1 si ng THPRTRBARGT SeADSIEAT Pt EROHIS 1 ML A% R P3aq dences.

dj t the Like _Th | ' i nel

por L1 on oft N o REEIRE; EROERRE o SR oA T oG bR g be SPBmPToed onl y
of an openy readl ighdL amg Qe GO ?ﬁ&'i%’io‘&fti‘i‘féonsg?@@okgtrorEuchTheas

honol ogous region may conprise all or a portion an intron, where all or

a portion gfo Qe OF ; THN R £X e Uk B¢ S R&P! aaffr ridiIdial iruehy ;t he
horol ogous regi on nay conprise the 3~-region, so as to conprise all or a

portion oftddisgd@nscrppétenas;t ergbRahon regephore; t haddeeseing; of this
regi on. The honol ogous regi ons nay extend over 2 0 AUG 2002 -16 all or a
portion ofrddeldtset pgeveins;betout side the target gene conprising all or
a portion of the transcriptional regulatory regions and/or the structural
gene. The YACs are prepared in accordance with conventional

ways. Genomic DNA is cleaved enzymatically, mechanically,

or by other means to provide fragments which will usually

have at least about 50 kbp, more usually at least about

100 kbp, conveniently at least about 200 kbp and usually

not more than about 2,000 kbp, more usually not more than

about 1,000 kbp. The genomic DNA is inserted into a YAC

and then screened using appropriate probes for identifying

the presence of the target gene. The presence of the YAC

may be verified by a selective medium for the markers



In the case of the anplifiable gene, the honol ogous sequence wll ,bg }
to the anplifiable gene, proximally or distally. Usually a sequengegob‘m%ﬂz
than the wild-type sequence normally associated with the target gene wl|

be used to separate the honol ogous sequence fromthe anplifiable gene on at
-l east one side of the anplifiable gene2-Sonme portion of the sequence nmay be
the 5° or 3' sequence associated with the anplifiable gene, as a result of

t he mani pul ati ons associated with the anplifiable gene. The integrating
_const ruct premerite gn epheclAfn adegstarcal 3# tFPREAVBAPFoRalYAyE re
sequences may be synthesized, isolated from patural sources,. mani pul at ed,
cloned, |ilddrary Say &e tharacherited Rt BYBR4SLZatiaAnd 38 Ohr t he

T like. At various stages, the joined sequenc y.be clon nd anal yzed
T by restri &Y fheaplydierass F§2%r ?%eﬁ?gg.u%ﬁ%lﬁg/ﬁgﬁ?ghg e

reparatiqn of .a co t . where_variqus. fr j, Pl t he
1I‘Ora8ments,l qﬂte’ra’}?e#;‘%éag%hs??ﬁcftgganggc(")Jr?se{%?lrﬁc{ys%vﬁfp%géggg?l’ed on a

cl oning vector Ganpry sk ng, 21§ ePhoERRL Y SKE! CELHARAA [fdnPrafaryolic
host) e.g., E. °'coli, "and a narker tor Selection, e.g., biocide resistance,

conpl e”ento%ligqﬁt%éi;ugﬁagg%sq{’his hosdi £ fbfent! RRIadtingbsenahizegupsces may

al so be pres ~~ ~ ~u~ zooz polylinkers, for ease of

i ntroduct i QUi ERET A" RhniBaA16ASH.UCE THe DAl ORSsthaseDl , ber 4 he

i ke. A large nunber of cloning vectors are avail able such as pBR322, the
pUC seri ehaidid TLSRipIBSHN &r@ ifRhdViig be psedalldty ntegralliyratnto the
primary manmal i an host or yeast containing YAC. In the case of the primary
mamal i an asdt 2, epld ardy npavectsronmayore usedatinal liyn ditfewemtor will
have a viral replication system such as Sv40, bovine papill oma virus,
adenovi r usyertgs twiel ¢h kel 1 def o reelre BNOTS Sop sraep Jemmentafagnal skotade a

sel ectabl e marker for identifying transfected cells. Sel ectable nmarkers

i ncl ude t heeart Righefram| bhengrigingd| ¥erisgn hiisth mayl e theametpered k gene
for selection with HAT nedium the gpt gene with mycophenolic, acid,

conpl enentiteyedsaretd@tenrherrRiasteie yaingce bl s mayPoFN MBIY not be
capabl e of stable mai ntenance in the host, V\gere the vegtor is abl e of
stabl e maiSREYRNRE, thEe hOstss 14T |thR TRR&BHLAAONSHo "goﬁ%sﬁ“ﬁggﬁ?ati on

ouring t neans BOTRONEE  GRSY oy, PARGE { RE VBELGF Yy aopeRT R AR ot abi o
it ¢ | o ! ) .
s ool oy e LeREs PAGAEREKoBE ARSI DL RIS DAt AR e dmd Pl fEAL EBRTY S BT

to the nonqﬂ%)ﬁ%g}gsgégsggqsgg_\att%reegé that the cells may be cured of the

vector. | S Ca only those s having integration of the construct

conprising the ﬂﬂ?gl;hibi%fikz%ly? JhPAHE 2 W nd feWobige 2VEC Bhea geasent, the
W

sel ect abl e marker, be able to survive selection. Were a selectable
marker is presgNt, TABErEBY pIitNeChdsY fidie mareiulet Dont WEllangemadyy
construct by neans of the selectable marker. \Were the selectable marker is
not presenpe @itHEy €l REP169E tdre giederice hbsthehavisgr uct gbpetihe
anplifiable gene. For the neo gene or the herpes tk gene, one coul d enpl oy
a medi um f @efgecowivhiath twicl X rbesc¢omphemnentedalbyuttite lgenatype of &hes or
may use HAT nedium respectively. Were DHFR is the anplifiable gene, the
sel ective ordginmainyeass wtaFirom dodiploeidp. sShacweeiPaenfobPskatt€ or be
deficient in glycine-hypoxanthinethym di ne and have, di al ysed serym (GHT
nedi a). | nsparpyatg@doudnehaa$RPRPRNRSs Ak oRBXAS | BAtht HO HNRTAILD
introduced into the expression host. Techni ques whi c? may b%.used i&cl ude
cal ci um ph¥epF&t HOSYA FDARRCRBPTAPEI2LR; &e&qﬁ"bctt? ohL LPWDRRTARB, t H
nucl eus, el ectropqrati on, yeast protoplast fusi on V\Iltthrh? i_nt.act clelhl

| ;

Itr Ensf e(r:]ti an‘aﬁéPﬁ'SaFi“SnQif 8."5.";‘1&'& PBEARE SRS 5 i Q& 1AnaL hoEt 1o

i T DINA i s : :Cd . F
var | ous ¢ eBNARGAES ST P 18 e FedhEF Y o fyPrsd Higliotad aher - Tof
Met hods i nsgﬂ%ﬁﬁ% %%ai%i\ﬁe%‘@eé[i%‘dl a{h-eﬁaé\/%%hqﬂ%ﬁ&ﬁwmg@&dw%)

Vol . 185, nsour ture,” 336:348-"352, (1988).
due to complementation between the non-allelic auxotrophic

markers. Hybrids may then be sporulated and either random



Upstream and/ or downstream fromthe target region construct may bel § &é‘ﬁezunz
whi ch provides for identification of whether a double crossover has
occurred. For this 2 0 AUG 2002 -19 purpose, the herpes sinplex virus

t hym di ne ki nase gene may be enpl oyed since the presence of the thym dine

. ki nase gene may be detected by the use of nucl eoside anal ogs, such as
acyclovir or gancyclovir, for their cytpdoxic effects on cells that contain
or lack a functional HSV-tk gene. The absence of sensitivity to these

.nucl eosi de anal ogs indicates the absence of the thym di ne kinase and,

t heref ore, swereshcwmilesgemds r éoonbeéxanpdea, hass inguekpdesshian aoflotihlee
crossover event has al so occurred. Once the target regi on has been nodified
and the prcReMRECIIIIRS AeFeRFivE edrBdrFPEastanSee MG BNhedaDE) n¢O
restriction anal ysis, sequencing, hybridization, PCR etc., the manipul ated
YAC may t hetPHREusERF 3Rt 1Y BelakyChRTPARCREr RENCEGFAASI diGSEEdsEe its

size, e.qg., restriction digestion or t eted, fragnentation with repeat ed
manmal i ag ST RS PE ONR lBé‘leéﬁrr’ab?’é%f d“?h%?’e’gs%r?ﬁ cﬁﬁr’rﬁ‘é?’ &?‘e@o& es

. of the YAC { 11 i d i h ffici f

Channrer e, AR Bl o AL ERRS MPEERELCLSEOAL VIR, o0
train that |50 f lifl i . | e,
s th et 2" AR (1800l H 08, M et FEHLOURREKEDE, Fileaetl hOln 2 ©
appropri at ered Oo PEQVI dec£0n 2PPT O d At S dBEKEL S dOT tHY T QgUCT il Ofy et he

construct into the anplifiable YAC. The anplifiable YAC, when anplified,

nmay al so figshtEemé® byPhPsLideaelibnCiognerrobngapeesar geting and ,
honol ogous reconbi nati on. ~~ 0 AUG 2002 -ao Various secondary nanmal i an

expressi on host sTke ena@vipu Bt Boansif netye hea gl inre ONAThegidisd 91 relude CHO
cells, particularly DHFR deficient cells, nonkey kidney cells, Cl127 nouse
fibrobl ast syYAGTBaynbee actlilesyved/ein aeldoxrdamice. WitH hiencwase teichniques
anplification, desirably the hosts will have a negative background for the
anpl i fi abl ef et legousiptedonibl magbor hiydrsts. sibstsanttha Isequense
responsive to the anplifying agent. In the presence of a marker, the

transf or redt@ep¢ sintegygaded inteoeltd jmammeliam semeenae nyiliohaviee aDHFR

gene about 0.01-0.5 ~. M nethotrexate or GHT nmedia with dialyzed serum and,
wher e anot He?9+R0 kef hemBLeg¥nett &Y. )edse eeMyeh®, PPhe™RER By Ycont ai n
i solated and ma

f b 0.1- / 8. Th i | oni

then be_ andts 2P ToARIE PR dbe ot hEY ohaitRs S oRasBb it BR% o 1 he
P R R T SR e S I
the target geneopradyshy UGl RERa)IOLNET RlUbr LA 900 Bh . LG T ke.
The cells contal ning the'anﬁ?l yl ng coﬁgtruc are then expandeé'an

subj ect ed t@s@@i?ﬁ‘é@r‘lé‘é‘é‘t agPhp | seak';u@no%w FBEh@ntaNt aifieNgreater
progressively higher concentrations of the anplifying reagent,” for exanpl e,

0.1-200 ~, Mi@hoI®gPOli eX2hEublyt Be BidFikngese -~ @BeémiRusPEoNdnezeéndt each
sel ection step for production of the target product. Expansion wll include

at | east dupttiwdtdonancoray Jesultermimis| eair 5 gepierat itief eroabley 10
copies or nore in a .
modifications, such as protein fusions or modifications
aimed at increasing mRNA stability. Preferably, there
will be at least a total of 100 bp of homologous sequence,
more preferably at least about 200 bp with at least about
50 bp at each terminus. The homologous sequence may be
1 Xbp or more.
Various sequences having homology to the target

region may be employed. In addition to using sequences

unique to the target region one may also use seqguences



2 0 AtI1 G ZOOZ -21 tandemrel ationship. Thus protein production wl 2 q)eAUG 12[]02
I ncreased at least 1.5 fold fromexpression froma single copy, usOally a

| east 3 fold, preferably at least 5 fold. The various clones may then be
screened for optinmm stable production of the target product and these

»cl ones may then be expanded and used cddmercially for production in

culture. In this manner, high yields of a product may be obtai ned, w thout

t he necessity of isolating the nessage and doi ng the various mani pul ations
.associ at ed"M R @EﬁePPEOé%QPHéeFPn§%ﬂeq¥Rﬂ¥ﬁi#@ﬂ@?@@@%nﬁﬁPBdgéﬁthﬂhere
very | arge ggnef.can be a major research, and divelognent effort. The

5 Fat i

fol I owi ng ® §nar%gB?P8redsﬁﬁhmaﬁsoftpﬁlu% ANEnd RBE/byehEy of
limtati AL _Activat i f H!3 ' Const ti

of & Fo TR tar dBEES, oot Patb ettt B0 S38h cRegRetRe Fot (3
gene, a YAfay OGP deNECLRIoAL il Iy 1 81,6058 s HELE] GORLELYI NGLNS
follow ng elenent's (5" to 3. a targeting regi bn consisting o

nucl eot i deghard5Adoat 3800fcddiedSH (81 98P8at I2aRON, v Makiqj
Endocrinolor?v. (1988) 2:§b -815), an FSFFgégDﬁ%§exﬁ?2%s?%R’ggg%é%%%, a

di hydr of ol sdueesest 2sem BHARAC C¥PRES H¥¥h CaSS ?gbgazfﬂﬁﬂctﬁf/é%%éﬁggé abl e

mar ker LEU2, the human cytonegal ovirus i mredi a regron

enhancer/ prssot pate@l wiehdany vROUARRSS geHEt Bc SmatbRESE! iIdH) £1581 OR
consi sting of nucleotides +100 to +850 of .Z 0 Au s Z~0Z -22 the ESH—(B,

gene. Thi sviplasmagrel sabdsentedf foomtitee peasti dgepdhel andl gMe F1ipdD-F is
constructed by three successive fragnent insertions into pTD, which is
created Where homologous vector arm sequences are employed, one or
more kb of homology may be used.
The use of these alternative sequences is
particularly helpful when only a small amount of 5‘-
untranslated region or N-terminal amino acid sequence
about the target gene information is known. The 3’/-
terminus will generally have at least about 20 bp of
homology.
Alternatively, one may have one region of homology
followed by other sequences to be inserted and a telomere
as the construct, (referred to as a half-YAC) where a
centromere may or may not be present.
The sequence to be integrated into the mammalian

sequence may be introduced into the primary host by any

convenient means, which includes calcium precipitated DNa,

spheroplast fusion, transformation, electroporation,
biolistics, lipofection, microinjection, or other
convenient means. Where an ampl.fiable gene is being

employed, the amplifiable gene may serve as the selection

marker for selecting hosts into which the amplifiable gene



by inserting the synthetic polylinker 5'-Bsu36l-Kpnl-M ul Xhol - Bsu3@i 0 3AUG 2002
into pSKIIl (Stratagene) between the Kpnl and Sacl sites, with the | oss of
those sites. First, the 1.95 kb Pvull/BanmH fragnent of SV2DHFR ( Subramani,
et al. Mol. Cell. Biol. (1981) 1:854- 8642 encodi ng the SV40 early pronoter,
.the DHFR gene, the SV40 t antigen introbt&Ad the SV40 early pol yadenyl ation

siteis joined to Mul |inkers and cIonedlntothe Mul S|te Second, the
2.0 kb BssHI | _fragnent, of IKF H-a escri eIo FH—a CcDNA
.exXpr essi on césse%ggnl Slnj% B&l Irlnﬁlg V'\'? one '{Lgl'%ﬂee

site. Finallypeth pl TCLs37d

encodi ng the)'l'yeasgIn % ggtgggg %m’?% {%?J%Yla q‘gcr%g beétuv\%eﬁeggg Barra site at
the 3' end ofe3Y2tRHER apdrkBe Xhel%SI tfeon lﬁrdﬁési)étélhéeth{] ef1 &l epnt s
within the Bsu36i cassette is 5 FSHa- SVDHFR- LU2- 3", each havi ng the

sanme transcriphm@ldlanoréeni sy OﬁngbKESH-na wasrgenstaned td nsebti ngh an
FSH-a cDNA between the Bglll and Apal sites of plK (see below). The cDNA
was cl oned bauxeteophyt rmausker pt(HIS30f TRPL ~gL8U2t, ot RARNAADEAM tI¥S T el |
line CHA/ GO K-1 (ATCC HTB 168) prinmed by pdNb (Pharmaci a/ LKB), followed by
pol ymer ase ché&ren)r st ivse (IPCReastt legdlisvers 1 and 2. A cDNA cl one was

obt ai ned whi ch encodes the conplete FSHa codi ng sequence (Fi ddes and
Goodman 1981, J. Dspem%;mg Geen the matupecofockhe 2modifarasiopr st er
(nucleotldes -674 to -1, Boshart et al. 1985, Cell 41, 521.530) and a
Xbal - Sphl aﬁﬁé’ﬁtla&&ﬁ‘t &PﬁﬂﬁﬁlpﬁeCWFE‘lFFr sYaEkBHFsﬁ?F’éﬁlaBﬂﬁrmaY be

(nucleotides +7.t0 +170) are i rted by three-part gation between the
Hondl 11 and SPRECY] fRE Hi n’c; ’Ft5(%‘é¥ N9y ag ?% rep Eoa Wi t h

Brimers 9 Qﬂnsgﬁkgﬁmﬁc YmcarpoPlrea® i | hiERE B il SheT B R ' O
respecti ve epdserTag il eﬁapln ra%nttﬂes E2EEAdy Brabasi geth R 1o

construct ed ree successive fragnment 1nsertions Irch 1s

created by i Bppi-bp?q althe PR alge RO iidMK§/i11 identify the properl
5' - Nhel - Bsu36? H ndl Il - Sphl - Not:gl- "into pSKIIl bet V\?een tyhe léap%3 apnd gacl

sites, with tsheehos—%&fntdtqdmmgsﬂérﬁ;s -adddStatéd NPpth Benebdra £ geAEN!

cont ai ni ng nucl eotides -452 to - of the FSH-~i gene (5' targeting region)
i s synthesized byBeeRaudd arDfplignathe e Gtter ONA Wahlafded inwy W 38
(ATCC CCL 75) as the substrate and the oligonucleotide priners 11 and 12
and cl oned bé&ewemplblyed\hel eahdnBsudtpressesn, Setohdr oy Spnsdiés farmgnent
cont ai ni ng nucl eoti des +100 to +850 of the FSH Q gene (3' targeting region)
i's synthesizés omidigwtied virvetive t ampt i fitable3geane - 14 Thng clasveedndiet ween
Sphl and Not | S|tes Finally, an 840 by HindlIl-Xbal cassette isolated from
pl K, cont ai nM§§ HE (QREeNE RFPRORRY | Sﬁﬂ%ﬁﬁﬁéﬁl ?PP@P%FO@WWS:C@THonor
is cloned between the H ndlIl and Sphl_ site AUu 1002 -23 3-18).
plKis a ma eXn SKPRERSE oMhiERt Uc]on%HBh't efd“bye%%Pc%%cééé'ﬁl\?e of

cassette i nserxH Oﬁ(%sﬁ#n’%sg‘ﬂ{)%ﬁ%kgﬁﬁw{a%gﬁ{ eS}h Q}/u% nsgqt(h?ﬁ% t he %égqt hetic
pol yl'i nker 5' nt

t f pSKil, t he K dsS I ites. First nHl - Xbal
ragnent contl nthEapeats BboR it gar BlS madny PRPFER ! (ESPhE) i Thioe

2770 10 2533 Qo N0 o Biefldy ©f 81, 31BoaPRhCRRS 200t AN e

Nhel - Sal | fragrrent containihg t origrn o repli Feation (nuc

5725 to 5578 I e ri.l e t
B 11 and o st dod B M S G B ENECRaRE br AGRFLPRRBRLIRERe I ||

and Xhol sitahe Bia: end, and AUhel 19Rkl. fbﬂﬁ”ﬁﬁ&tsp%OQdEYf‘éPeﬂ zed
by PCR with pSV2neo (Southern and Berg 1982, J.

327-341) as tihmer@plat Qhuslrrtgn-@dcmfwcw@imdewathmarpmﬁxslaa:@r@lpmc@nd 5
and 6, respectively, which incorporated BanH, Xbal, Nhel and sall sites at
their respectsiteesnsts. f&ecandalaersSphlikeoBl’ -f r\.ag:rferrtslcactr&cai seduernde Splice
acceptor of the human al gl obin gene second exon (nucleotides +143 to +251)
was inserted Hsetymteny het Bphl sitk EcoRDepiends ngThiupoSphtReoRpaft agukat was
synthesized by PCR with ppSvaHP (Treisman et al. 1983, PNAS 80, 7428-7432)
as the tenpl REREFAPHItTgomes idddadd qar.i @evys of shese, smuenceﬁcmwobat ed

Sphl and EcoRlI sites at their respective ends. Third, the synthetic

pol yl i nker 5 ‘ECIEUERE| | 2RpdesMEedt-3' was inserted between the EcoR and
the Aatll sites. Fourth, a Hindlll-Xbal fragment containing the CW IE



2 0 AUG 2002 -25 pYFTIl is constructed by inserting the 6.2 kb Bsu%Fb
fragnment of pTD-F into the unique Bsu36l site of pM~—F, with the AUG 2002
transcriptional orientation of the elenments within the Bsu36l fragnent
identical to the CW I E enhancer/pronp# r in pM—F. A second YAC targeting
'vector (pYFT2) for FSH /3 gene activattfon is constructed by inserting the
6.2 Kb Bsu361 fragnent of pTD-F into the unique Bsu361 site of pM-F2)

pMF-F2 is const&gg%ggﬁd{%\pcasyggggsir}(ng ragient, d _ngg,rgtli i nt oggg/gf he

‘First, the Nhel- ragnent” cont al nl ng nucl eot i 4572 'to

FSH a generéﬁa@i@@fzf Bahweermdia MNied, anAsBeU3BhsSi RSN tSaRONSL 180880 by
Hi ndl || - Xbal cassette isolated fromplK containing the CW | E enhancer and

promoter, a e Xpike Nofhet&agaBat iveNhAigkiald Nutdatds desder 1 okygp0 of
the FSH ~ gene (3' targeting region) are inserted by three-part ligation
bet ween t heswd Il indexsl 90 [bis) tidse fhenkbagNoédidbnagapnincdudgnsberi zed by
PCR usi ng oligonucl eotide prinmers 13a and 14, which incorporate Xbal and
Not| sitemadifimatiorspediene deddrailyoatc| beaste givouter S0 Bp nef 1.

5' - GAATTCAGATCTGCAGTTACTGAGAACTCATAAG- 3" Priner 2:

5' - GAATTCHRBROCTIRBAGT CERADRAEET TAAEG 3atPrithe 3:terminus. Thus,

5' - GGTCGACCTGGATCCGCCATACCACATTTGTAG 3" Priner 4:

5' - GCOGCGEBREINGECEAEACAROATARGA S 3'introduction of an enhancer

sequence, introduction or substitution of or removal of a
signal leader, removal of a splice donor or accceptor or
an intron modification thereof, changes in the coding
seqguence, such as deletions, insertions, or substitutions,
where the substitution provides for a change in the amino
acid, or combinations thereof. Where two non-contiguous
mutations are to be introduced, depending upon the nature
and site of the mutations, one may wish to provide for the
mutations in two steps, where either of the two steps may
be carried out first.

A wide variety of mutations may be of interest, not
only as to modifications in the coding sequence, but also
in the preparation of fusion proteins where, the target
gene may be retained intact or a portion of the target
gene may be substituted with the integrating sequence. A
number of fusion proteins have found interest, where a
co:stant region from a member of the immunoglobulin
superfamily, particularly antibodies, more particularly
A IgG isotype, may be fused to the target protein.
Alternatively, one may wish to introduce an enzyme,

metallothionein, homing receptor, glycoside recognition



Primer 5: 5'-AAGCTTGIGCTAGCTATCCCGCCCCTAACTCCG 3' Priner 6: 20 AUG 2007
5' - CGAATTCGGTCGACCGCAAAAGCCTAGECCTCC- 3" Prinmer 7:

~' - GTCTATAGCATGCT CCCCTGCTCCGACCCG 3' ,2 0 AUG 2d8 -26 Priner 8:

5' - GGTACCGAATTCTCCTGCGGEGGAGAAGCAG 3" Priner 9:

+5' - CGCCAAGCTTGGCCATTGCATACGGT- 3" Priner 10:

5' - GAGGTCTAGACGGT TCACTAAACGAGCTCT- 3' PHifer il

5' - GAATTCGCTAGCGACAGCGAGCCAGATCATGAAATG 3" Primer 12:

& A AYERLIELE s rihe dike. 1o cni
TSI TR sy Bigihyp w0 provise for

S' - GAATTCAGRE CF 1 ACCALGR L EFTEESMCwnich are not naturally present

with the target protein.

In carrying out one or multiple transformation steps,
each step may be carried out in substantially the same
way, except that one may choose to use various techniques
other than selection at one or both steps. Where
selection is intended, the sequence to be integrated will
have with it a marker gene, which allows for selection.
The marker gene may conveniently be downstream from the
target gene and may include resistance to a cytotoxic
agent, e.g. antibiotics, heavy metals, or the 1like,
resistance or susceptibility to HAT, gancyclovir, etc.,
complementation to an auxotrophic host, particularly by
using an.auxotrophic yvyeast as the host for the subject
manipulations, or the like. The marker gene may also be
on a separate DNA molecule, particularly with primary
mammalian cells. Alternatively, one may screen the
various transformants, due to the high efficiency of
recombination in yeast, by using hybridization analysis,
PCR, sequencing, or the like.

Yeast are particularly susceptible to homologous
recombination, with a high degree of efficiency. Thus,
the subject methodology allows for modification of the
target locus with a high success rate so that one or a
plurality of homologous recombinations may be carried out

to achieve any particular modeling of the transcriptional



Primer 16: 5'- GGATCCGAGCTCTTGAGGAGTITTAAGAAGAGAGIT-3" YAC screenina, T
yeast artificial chromosone (YAC) libraries are screened to identi 2)0 %2002
containing the human FSH /3 |l ocus. Each YAC library is generated in the

hapl oi d Saccharonyces cerevi siae host strain AB1380 (MAT a ade2-1 (ochre)
.1ys2-1 (ochre) trpl ura3 hiss canl-1Q0 g.ochre)] using pYAC4 (Burke et al.

Sci ence (1987) 236:806-812). The YAC contains two yeast sel ectable markers,
TRP1 and URA3. Thus, the presence of a YACin strain AB1380 is verified
.genet i cal liyini Scign ngy$oem} hehpr esericyy afed hen wi bdt ppbeTRREpeEwt WA
alleles. The CEPH YAC library (Al bertsen et al. 1990, PNAS 87:4256-4260),

whi ch congihst segfueride XD icderdsss, wig wedrl @aseriags o\t ierref sithewf 430

kb (-7 hapl oid genonme equivalents)) is screened by PCR A total of |13

pool s of DBeguenass pirepaied ¢rom - 3BRljiddablenianilas., are screened with

FSH- (3 priners 11 and 12 (see above) which generate a 416 by fragment. The
Washi ngt on Uni B9 thomod©gaus ampconb N ken o0 Xonstyuebinstelh &e al . |

Sci ence (1989) 244:1348-135l), which consists of -60 900 col onies with an
average YRESRARGG Hhares thisy gBPLifiaple oBENGenbitleqtf vAanked, is

d by h i di ' t i1t d | sedf.i.el I Th
VAC cof o e b rath #isns o i MEE A SR L et i <

df th S d J1ekd . Th
A6 by FSYE PEREAPBAUE ORIy or o HEBeTRBE RROR] e DT BE( gD T
hybri di zati dgg| = b ] shybrig{zat i
R R e A S T

and Davi Shjo?rﬁﬁ? 3\50% 25 5 FS1Used et Gy Sk £5N 169N xESHU=RN @A} ni ng
YACs from eac 0043 t eggés?’?‘fi;/le oo?ié.l evereal positive YAC'colT oni el? are

i denti fiedang, angtyzefaBYySasbher 2 Py, avel ¥aeS thansidia Hue sansro!
characteristic hybridizing EcoRl, Bglll, BanH and Nsil fragnments using the

FSH 5' pr ojze. thBe tdegjedNagenle YARorSH pref épabhy tidepertRH Rt teHe), S
chosen for subsequent experinmentation. Transfer of CAC-FSI~-B 1 toa new
host : Alkajesst geneti c WherpulmddehsngnmifoytBeangenal dst hiododraipd,
essentially as described in Sherman, Fink and H cks (1986, Laboratory
Cour se Mamemio¥agy Meihbdesial¥yade Goresent)pravinaii sicermhey sitre yodut
honol ogous targeting of YAC-FSH-ail, the YACis transferred to a new
hapl oi d yddw matatsenai nByypeEns? ysvuinterded 1bhe soRiag |xegi@p@ndnber)
ura3-52 trpl~l his3&00 | eu2~1) (Sikorski and Hi eter 1989, Genetics

122: 19- 27)thse/preanengsra/ Mpdeired for transcription of a mature
mRNA. The homologous DNA may include the 5'/-upstream

region outside of the transcriptional regulatory region or
comprising any enhancer sequences, transcriptional
initiation sequences, adjacent sequences, or the like.
The homologous region may include a portion of the coding
region, where the coding region may be comprised only of
an open reading frame or combination of exons and introns.
The homologous region may comprise all or a portion of an
intron, where all or a portion of one or more exons may
also be present. Alternatively, the homologous region may
comprise the 3‘-region, so as to comprise all or a portion
of the transcriptional termination region, or the region

3’ of this region. The homologous regions may extend over



2 0 ~ AUG 2002 _2g_ ade2- 101/ ade2- 101 1_vs2- 801/l vs2-801 ura3- 52/ ual-AuG 2002
trpl~l/trpl~l his3~200/ hi s3: ~200 | eu2~1/1eu2~1) (Si korski and Hieter,

abi d). The YPH252 host contains nonreverting alleles of ura3, trpl, leu2

and his3; with the latter three being deletion alleles. The latter host

.contains nonreverting alleles of ura3;16+pi, leu2 and is3; with the latter

three being deletion alleles. Total yeast chronbsonmal DNA is prepared in

agar ose plugs using standard net hodol ogy (McCormick et al., Techni que

.(1990) 2:651Y1pr Thepagaione qff ugbeartamgpti | gbnat @ ilpe 5o0utidiNeClthel0 niv

\
//

Tris-HCL pH 7.5; 0.75 nM spermnidine trihydrochloride; 0.3 nM sperm ne

t et r ahydr okatY@et de gams t edompPr 6Stnend alded 5 t RansPOFbigRasPispHdrepl ast s
of the strain YPH252 or YPH274 (Burgers and Percival, na Biochem (1987)
163: 321- 39¥rangepintirnad Fegulptawt HotEiPRs CRNA/ 9Rd te SHugturaboo)
2:65-71). Transformants are plated on nedia | acking uracil to select for
the presen@®P®f the wildtype URA3 marker contained on the YAC. The presence

of e VAC L conl LLaed by el honek BheseReReel AN il pe, TR
YProse. Dialgldherosslibrigs. ssisghed an redia Lagkind el dge, are

spor ul at ed; ed a sel ective nmedi um cont arnfnNg canavani

hapl of d mebpb EnBl OQUGE Sa LX0L 991 N BEL 160851 GeAEN SotiR) SLIRDG IR ke

cant - 100. navani ne resi stant tol onies are genéetically screened Tor the

presence o&iiaetygﬁteﬁeqaiér%@ AB¢maNa yY AEssoc2afedU@id3D2¢029 +
targeting of the FSH!3 |ocus: The targeting vectors pYFTl and pYFT2 are

di gest ed vgéhe NIELL anel WNdd H ddpferate the hdrbIdpane dequdhes e ddrpgnent s
are used to transform yeast spheroplasts of the strain YPH252/ YAC-FSH QL

or YPH274/ YA€ FanbBifiiableg t henki t bnumaicetlatastnetdid (Sodd edd  ak G et z,
1989, Current Cenetics 16:339-346). Total yeast genom c DNA from Leu+
transf or neamplifisbbpegend. t cSGoeatperhnibhotf atlé yseguamde coapasecthe t h DNA
fromuntransforned cells to detect targeting of the FSH (3 locus. DNA is

di gest ed whf hoRhal', s@geiencec@RisoBAted Wabhi tbe Nemplafdahlsbagbngth a
-700 by fragment fromthe second intron of the FSH ~ gene |ying outside of
the target®hg ¥ eELER1Edesf gridi®ed "ROHPR LA IANS . asEPrsigtese WitByhhfesi zed
by PCRwith DNA from W38 cells as the tenplate using oligonucl eotide
prinmers 152BRYLE62PFReIPBEuIting -1.4 kb fragnent is digested with Pstl and

Sacl to generatg the,-700 by .fragnent. Coryect| taL et ed col onj es, di spl ay
hybri di zi ng fragﬂﬁnt &n Sﬁé'iaitlé‘r?t vﬁ?’?ﬁ‘fﬂ’éc{'ﬁsewgyon gf PHERPF S ko™
correspond] KFSkE ER,. : r t,e
sequence. %‘?%ﬁ%@%ﬁggf §F‘§g ?gggggfté:?%%%s%sh i'n or%%%g%%n?%tba yeast
DNA i s use ects R K, r d q‘j'@,ﬁ' , gNAS
7: 4216- 422%315{32%%2922%#& ally asl% descr?ﬁégggyséﬁqcﬁér'i et aﬁllfl or 'YAC

transfer iaienbRyseigatka,CcebbgebtbtCRLIinckiflo rhPEdgemd¥ss 8&rimd) 2183) ,
but optim zed for the transfection of CHC cells. Genomic DNA is extracted
fromthe tapegeied o2 DeAWG PORE.-38t various stages, the joined
| sequences may be cloned, and analyzed by restriction
analysis, sequencing, or the 1like. Usually during the
preparation of a construct where various fragments are
joined, the fragments, intermediate constructs and
constructs will be carried on a cloning vector comprising
a replication system functional in a prokaryotic host,
e.g., E. coli, and a marker for selection, e.g., biocide

resistance, complementation to an auxotrophic host, etc.

Other functional sequences may also be present, such as



cells by spheroplasting 5x10"" yeast cells as described by Phillipsen_et
al ., 1991, Methods in EnzynolocLy 194:169-174, followed by lysis id?ﬂOAHG 2002
0.50 SDS, 10 MM Tris pH 7.5, 2 mM EDTA and 0.5 ngim Proteinase K and
incubation at 50C for 2-3 hr. After phenol and chloroformextraction, the
| ysate is adjusted to 100 nM NaCl, genom c DNA precipitated with
i'sopr opanol , resuspended, adjusted to 20 ~g/m RNAse A and digested for 30
mn. at ; [ h I : ; C ; Luske o 100 nM
NG, “pr oo BT TRt hoBn caatar vl e A e B B e i s
10 M Tri SoREbFuet Jom/yé@mo%d thepediral ys£d thle3 ghpeges, a4 LaggeM™ Tris
pH 7.5, 1 nM EDTA) for 48 h, followed by concentration by isopropano
preci pi t ahiPeAS odesErdraty abaytonsd aks uppeilepl at sach ned pBRSeP|rati on
of 0.5 ~g/~Cl. 2x10° CHO DHFR-cells are plated 12 hr prior to transfection
on 10 cmdhehpyCi sedhleF1%e tedi aThese cantexrhets hma@~ Hhadral bdbousag serum
gl yci ne, hypoxant hi ne and thym di ne (nonsel ective nedia). For transfection,
150ul of PetlebSteg8tibnNddto Sther\pripasypriatmalikrs NEXHROM) yeastdded to
15 ~cg of yeast genomic DNA in 150 ~Cl of 0.27M Cad,. The precipitate is
al | oned teorbaihnangr Y8/t enperature for 25 minutes, added to cells in the
absence of nedia and incubated for 20 m nutes at room tenperature, then
topped of f withn3 Bheof CABEI a©fnd thecuPRidMpEt IRTma 2P nabPFEly, 230-50 ug
YAC containiggﬁgeast 9enonic DNA is di

[Site

luted to.0.5 m _wth sterile water,
0.5 m off®P ,veggey, m¥| Pewkaety iﬁﬁ‘éﬁ?‘gi/e SHP{ YBRTBF Yidlm o
of mx [ haliBed pEI20 AR LG AR atr (A S 2PEViEkhed |
minutes obenrtiOhacRaRiE aegePRVATIE, AL dne A YT Bie LHBETo0f '
o sel cerauanaed Veted R e 4 e e Ty e reathe oy foFa

bovi ne sefyght 8pdihgdtpYREYedtdAYEe1TEaNSELTLEHa NG harfEEPsDiRE ude
transformants is anplified by selection in Increasing concentrations of

et hot r exghe. nddgénd}] ad 1 91 /G el eLeN8R RiehPEalied tResSkéegésve nedi a
at 5x105 cells per 10 cmplate and selected at 0.01 ~m et hotrexate

(Kauf man grdg8har forl ¥ eckidw!with OHATI h8dGQH, 6Xhe it Vgah@gwithoni es
are pooled, then tested for increased DNA copy nunber by Southern bl ot
anal ysi s mpdopheneddedapidt ecampl esleatiati oby oif mannapretrpphati bostnal ysi s.
The anplification protocol is repeated with increasing concentrations of
nmet hotrexate.from0.01 ~mto 50 uM with a three to five-fold increased
met hotrexate concentration at each step. Analysis of CHO transfectants:
Transfect ed colBbRi e¥e@Eer exXiNd&F aRdYchBPhctle i Fapaloe t R pFbakéei on of
FSH a and -+3 nmRNA and bioglogically active heterodinerjc FSH  Total RNA is

prepar ed BAYNERBANEFRTOitho Mt 1y VRRTRaEE MEETPTNE FRRPEPLRNAL s
o1 gonucl SERPUBS: MASAEARSBEe RS T A TOHAET ARTRL SCESBNARG 2853 - 32
FSH-~B: 556%%18%@9@“%%¥gg§a {58 the vector into the genome of
the host, where various techniques for curing the cells
may be employed. Where the vector is not capable of
stable maintenance, for example, where a temperature
sensitive replication system is employed, one may change
the temperature from the permissive temperature to the
non-permissive temperature, so that the cells may be cured

of the vector. In this case, only those cells having

integration of the construct comprising the amplifiable



RNA expression is indicated by the detection of priner extension eéﬁdggﬁzguz
consistent with the addition of the CW first exon and polylinker q

of plK for FSHa, and the exchange of the FSH (3 first exon by the first
exon of the CW IE region. Heterodinmeric FSH is detected by pul se | abeling
-of transfected clones with s5S-nethionjpe followed by i mmunoprecipitation

of protein collected fromthe conditioned nedia and fromcell |ysates

(Keene et al. 1989, JBC 264, 4769-4775). Analysis on native and denaturing

-pol yacryl agide Qglss ' | $rasRhet el thor edueltaitid ahatReh] ghiiy 1pukd fied
human FSH?a%ﬁol oglldz'al‘ﬁg%?i \fl’lrt ?Qgg't he expressed pr odu?:t ?s confirmed using

the in vitgp18rapukgeeioel kedeetgliorse bi oassay (Jia et al., J. din.
Endocrinol. Metab. (1986) 62:1243-1249; Jia et al., Endocrinolocty (1986)

119: 1570- 1577) . whetevat sabeetabl eShakkarog sopressriton dMungtayicde becwf G CSF
tarcretind vectors: To activate the expression of the G CSF gene, a YAC
targeti ng fert the( pY@Hendes abnsheudededuintai edngtrhetf Syl osiang ednent s
(5" to 3'): a b targeting region consisting of nucleotides -361 to -69 of
the G CSF ghees¢Naghthletmarker EVBhEre (198cje begyabbg 1narke DHER rxtpr essi on
cassette, the yeast sel ectable marker LEU2, the human CW | E enhancer/

pr onot er / spreeentongpe BaKufahestlfgrotine gaiesadisie & sttt a 3
targeting region consisting of 2 0 AUG 2002 -33 nucl eotides -60 to +167
of the G C3¥ EEﬁe?m?I]ril§lﬁPg§m9&qes def PX ebiner BR2pPSDS §F QIR MF- G

Pl 1d pTR- G t t t ive f t i ti i nt
oTD, i r Stk [EPE05oRD MANYS BARHLOR: st i SUIDHAE BRTbUPRg T SVa0
| FR h V40 t ti j 40 |
ol yadeny| SrBAeEFFRnFE ph; ABRuEo Syt ma/ SERATY (R A AT R
ite. S ; - Xh | | t t
el cot abl coaiphr TefpePtRORb Ve OFERY By I SRl EPL Rtk Y oce

el erents Wbl g1 e: Boudfba ganshiy o NEsuS: - BIGPHERLELR: 61~ bt uhaNi ng the

sanme transcriptional or:~ntation.” pM—-Gis constructed by the insertion

into pMF ohetRb€LekhBENESES B i St £st Hir Sigl @i el yfiseedoth f negnent
contai ning nucl eotides -361 to 69 of the human G CSF gene (5' targeting
regi on) istggneddhedahy REReusiiag ydldg@umleotGHE pedi®ys 17 and 18, and
cl oned between the Nhel and Bsu36l sites. Second, an EcoRI-Notl fragment
cont ai ni ng nucl Ent caesyifg owt Hiltd hdmoheg@i£SFecankinatjenerthedMy PCR
usi ng ol i gonucl eotide priners 19 and 20. This EcoRI-Notl fragnent and a
Hi ndl || - EcéRL1f bgginftrodusedlittontiaé nengressionvhioet. Techniques
enhancer/ pronot er/splice donor and human a-1 gl obin splice acceptor, are
inserted byhifhechd¥rtbei giiedn g hitdn (PRI W IRheskhake/DNRt 620~ pYGTI
is constructed, by inserting the 4.2 kb Bsu36l_fragnment of pTD-Ginto the
uni que BsuBBRCEPREAGESpNPMESTQFPRSERE O aREc AR | 3REC oFPENtRRFHINDS t he

el ement s elécgréggfggqgn, yeast protoplast fusion with intact
cells, transfection, polycations, e.g., polybrene,
polyornithine, etc., or the like. The DNA may be single
or double stranded DNA, linear or circular. For various
techniques for transforming mammalian cells, see Keown
et al., Methods in Enzymology (1989), Keown et al.,

Methods and Enzymology (1990) Vol. 185, pp. 527-537 and
Mansour et al., Nature, 336:348-352, (1988).

Upstream and/or downstream from the target region
construct may be a gene which provides for identification

of whether a double crossover has occurred. For this



-34 within the Bsu36l fragnment identical to the CW enhancer/ pr orr% ﬁr LJG 2002
pMF-G To create sequences capable of directing the nodification tﬁ

G CSF pol ypeptide, a YAC targeting vector (pYGI2) is constructed containing
the following elenents (5 to 3'): a b5 targeting region consisting of

nucl eoti des +1180 to +1480 of the G-@$F gene, an |1 g& heavy chain cDNA
encodi ng the hinge, CH2 and CH3 donmai ns (am no acids 216-478, Kabat et al.
1983, Sequences of Proteins of Imunol ogical Interest), an SV40 early

-pol yadenyplatpiose sitike herpgsastimelext ubrosnmihiyeriddss kandse ¥enear geti ng
Fegion consisting of nucleotides +1496 to +2599 of the G CSF gene. The 5

t ar get i nfayedpge e caed SIOZecHRR PEGFENEEs ofr Eheofhiycddss dmasieat upon
successful targeting a sequence encoding a hybrid G—CSFIgGQ pr.ot ei n woul d
be creat &7 MY cheqdrtered BYcSts sUFGsOd (e 805185 0RMEHEISyE2 hi nge
region. pYG[2 is const%uctedégy four sEccessiv? fragnent insertigns into
pDS, whi SRR BFe AL IRVihs &% i ARNEKELOYHEHet FRY patRfF thk &Y Totoxic

5' - Xbal - Myl - BanHl - Sphl-Sal.l-3" | . PSKLI . | | si ,
wi th ¢ he SEASSER Grhomt i e o €18 6% pREEF R SRR BHYERY 0 pe
SV40 | | | af i it l_aqQt;i 2270 3 J ted b
SCR w ¢ h S PR FRRSNeRL 7| RARSIRIATY o8F) qufese BhIipdiu 0000 O
i ted { : j . {4 sl |
T T T
al ., supkdlererddedNeghbpbo Hdio Babils SkbBombifal NG BASZ scdarfig d, an

Xbal to blunt-ended fragment containing nucleotides +1180 to +1480 of the
G CSF gergatanrd goud1st@rsiesover Meventr hgeeal senedurgedi no aci ds 216- 478
of the 1g& heavy chain are inserted in a three-part |igation between the
Xbal and M ul crideesthéhecdrd&SFE gerd dr agasntbeen gapdisftied bygn®CRhesi ng

ol i gonucl eotide prinmers 23 and 24, and the 1g& fragnent is generated by
PCR wi t h predeitcec| @fe theai apgrbpoiadehumad ifplcadri arfENA elsitiakdriyshed ont ech)
as tenplate using oligonucleotide priners 25 and 26. Finally, a 1.1 kb
Sphl - Sal nsfirgyrest righticsmiang lyediss sequesgang, hiybrddisrmtiore, Rffer at ed
by PCR usi ng oIigonucLeotidecfriners 27 and 28 is inserted between the Sph
and Sal | edict-es ther magyipuAatEd QRACT TEECTAGIC RECESERT CEABT3NCOr-"Ma¥ | mer 18:
5' - GAATTCCCTAAGGCATAACCCCATGGAGECC- 3" Priner 19: | )

5' - GATGARGAATHUIERR X CTRAAGEPAASEE 3 tor | FEAUse: its size, e.g.,
A o AP, Bhmencacion wien o

5'-GCAGCAGGA%CAT TAAGATAC 31 Pri mer 23:
5' - GAATTCFER c&ﬁ‘&%ﬁdﬂ‘&xﬁ?‘f&f‘i Primer 24: 5'-CTGGGCAAGGTGGCGTAG 3'

Primer 25: 5'- T - 3. Pt : :

5 -GAATTCACGCC#@%%%—? *r’?gn%?ggrthe number of copiles

5" - AGAGAGFCAT e T CEREAT, A9 T-c211PM IifEr of8er to increase the

5' - GAATTCGI CGACCGAGT GATTCCATGT-3" CGene tardetina of the G CSF | ocus:

i)d/exﬂtei f2 Bgﬁﬂm&ic)ﬂ A& K®! ePYnELaL Al ALBImbRGaNUEM e1QF | TS na¥AC- G ~

use a YAC with its appropriate host strain that allows a

multi-fold amplification of the YAC. See, for example,
Smith et al., PNAS (1990) 87:8242-8246. The YAC may be
manipulated, as appropriate, to provide for appropriate
markers for introduction of the construct into the
amplifiable YAC. The amplifiable YAC, when amplified, may
also find use to improve the efficiency of gene targeting

and homologous recombination.



-36 CSF-1) using the 1.1 kb Sphl-Sall fragment as probe and transfzteﬂ] A’t‘]ﬁtébﬁz
YAC to yeast strain YPH252 are carried out as described above for'®the

FSH ~i locus. To activate the expression of a GCS-F-1g& hybrid

pol ypepti de, two successive gene targeting events are carried out using the
targeting vectors pYGIl and pYGI2. Fi [_zto,_ the targeting vector pYGIl is
.digested with Nhel and Notl to liberaté™a 4.7 kb fragnment. This fragnent is
used to transform yeast spheroplasts of the strain YPH252/ YAC- G CSF- 1.

Total yeast gengig A t £.QrmBNt S, et Sout hern

bl ot anal ysis an rglorrpar ggﬁnﬁ%wﬁgﬁg%qdﬁaﬁgggrm oggl gsttg dggéct
targeting aiatihap®eCind Oply. pENAME S)dIEST enliskh Hasd | hé DRa&néypes and
probed with a -1.1 kb fragnent fromthe 3' untranslated region of the G CSF
gene |yi ngceutsi, dgpdihei ¢ @I gE1 dDHER Qiuf iidienpr eba liss grireeyt edi@iePCR

usi ng ol i gonucl eotide priners 27 and 28. Correctly targeted col onies

di spl ay hybeildszi nQl2ragneuss chilsrshbnstsy t BThe mowesy t icedlsf, tWere-4.7 kb
corresponding to SVDHFR, Leu2 and CW | E sequehces. Next, the targeting
vector pYEelis,diedsst edlmi the Xbaseand 8aiplitfoidatbionut edesidablybtheagnent .
This fragnent is used to transform yeast spheroplasts of the strain created
by the abobhestsgr ydflilnfpasee® nemsttdve dmagk cfomathe oappil $fiable
transformants is subjected to Southern blot analysis and conpared with DNA
from unt r aH8P8r A3 2| RBPLS fdabde FeNYyethhghoftst @@W#&%. lesd i s

digested with restriction enzynes, and probed wwth a 300 by fragnment from
the 5 untF§REPREEYE t& td’%t%;“%fgyl-@g 2297bn of the G CSF gene |ying

ol gonucl cot | deThr (9 PRISERECIET CorTabkry: « SPgerc T GMER Gribfay”
hvbridi zi . . : . : : ¢ |
cgr { IeslpglnglgﬁérW}Bg{}%ﬁaﬂﬁgﬁgggégﬁe#@é%&?' Dh%gi st%perle%gg%d from

t he doubly g egstyStd ad n nsft.e ER | s as
descri bed g%g\%eeéﬁgughgﬁfsﬂégé g?‘ebﬁeg‘eggﬁ%%gtvﬁ& nag{ége%% gérr%ﬂ_ﬁe?;ﬁ o"r’ngg t he

transfect edi &1 (2kul 8E&uPANBNCRAerEHPheeheR RarREe aQaFiLéednéore%pr ession
of the G CSF anal og. Analysis of YAC transfected CHO clones: Secret ed

G CSF-1g&the chiiqactgehé&sd kyiel abidign t raagf ecdop@dadimnesrom t habout

35S- et hi oni ne foll owed by i mmunoprecipitation of culture supernatants and
cell lysatesial eegal lcad g.Capne eesiabtanatolenite8ayre3idodated3dnd Washed
i nmunopreci pitates are eluted and el ectrophoresed on pol yacryl am de gel s
under redusiaygtbemdite @ms lgrekd/i faml e piysantceorafli tihje apbpstouckvenl t he
hybrid pol ypepti de. The presence of the G CSF noiety is confirnmed by

Vst ern bl guxgaposditsiorutiaidle daraqte gemeant Fhdise maiynbleapsya result

i mmunopreci pitated and el ectrophoresed and the proteins transferred to

ni trocel | uPdselatedeian (Bér MfREESHHRN . Of| &?P%NEPISSB gefe 1B5PAYRE filters

treated with bbi.t. .pol ycl qnal  anti - human- G CSF, ant |

2nd the. balBE=s EhaE, 9d 1, HoFBALIdy b PhPRERES R IaR BEPURRICE. TR o od
t antirabbit.lgG antjib - 38 _(Bgehy | hei m,, £.olL

drai ning weenose e brRalen, Bere Sind o ooRRSrE) Furiy SHERaRE

descri bes Blg.etlﬁ%e fxed mammalian primary host cell for the target DNA.
Activation of the Factor |IX Gene:

The cells containing the amplifying construct are
then expanded and subjected to selection and amplification
with media containing progressively higher concentrations
of the amplifying reagent, for example, 0.1-200 uM of
methotrexate for the DHFR gene, and may be analyzed at
each selection step for production of the target product.
Expansion will include at least duplication and may result

in at least 5 copies, preferably 10 copies or more in a



Construction of a Factor | X Tarqgeting Vector: Two YAC targeting pl asr&i?ﬂs,
PRSN303. A/ FOHR/ 340 and pRSN303. A/ FOHR/ 34, were constructed to activat&Ut AUG 2002
expression of the Factor | X gene and contained the following elenments 5 to
3': a b targeting region consisting of nucleotides -328 to +17

( pPRSN303. A/ FOHR/ 340) or -18 to +17 (pR3IN303. A/ FOHR/ 34) of the Human Factor
| X gene (Yoshitake et al., 1985, Biochem stry 24:3736-3750), the yeast

sel ectabl e marker Hi s3 (Campbell, et al., .inf rag, t he nmanmal iﬁn sel ect abl e
mar ker MCEaREEM TREAAS 1QRGNERpecciNUS OFFONEAT BIOSYSTaPH) Wiht Reasni d
backbone qf pRS303 bell et _al., . 1991, Proc. Natl. Acad.. Sci.,. USA

88: 5744- 5% ,eaé%gﬂ%ﬁp%ﬁ?‘se’t ‘e%t%ct’)]r% gﬁamaﬁﬁPFFﬁéﬁPé‘ &Ji%ﬁ%raoﬁc}lnﬁlé

reduct ase (DHFR) expr.essi.on cassette.fro ( r i . 1981,
Mol . Cel | .C%Biydl : Sf.agﬁl- 8&a) ,eatszce%i r%'cr’eléilr’artger%\e%er]{ gytj i:Sﬁha%tgl'er pt osrrgtoé'raql’fi rst
exon and splic 0 Q S I I 1: ) . the
splice accept o?‘h%r g;ngll-ln 1.}%'%@{0%?8,[ E‘gngﬁaenﬁa eg%gg?ﬁnggnlgo Tro I ilman et al.,
1983, PNAg 3@ £424- &;33%‘ gt 2che BRI NOr6@ILLNaRANEHBEERNZ 10

nucl eot i dgstgg 7 5%{3 9 1%’? thn{gﬁp'Factrga‘r%:'t [ Qg’i::]ene. an 0 AUG 2002 n-ef9

PRSN303. AE9HRNh340 el e xdRirded Jﬂ@%@é@s%ﬂﬁgﬁe§qué@o§4 rdad Rsiend/ FOHR
and pRSN303. A/ FOHR/ 34 was derived from plasm ds pRSN303. A/ 34 and

pSK. 9/ FOHRn pR3NAE A I4D tieiss GrishéHct Righy yiiesast iogn a0briddaicty maljet i ¢
71-mer defined by oligonucleotides 1 and 2 between the Sac | and Apa |
sites of pBSN3BBa(fadpbemlitdiowd . thE99hedesxitWNatdf AcadatSayig Whe
88:5744-5748), resulting in the loss of the Sac | site, to generate
PRSN303. AmeSisiageol agdnuisiign | tbeconaniped tienipslat tonsn asisedated

5' - Apal -Cl al - EcoRI -Bcl | - Espl -Not | -Bst El | - Nhel -~' . pRSN303 contains the
yeast sel wdthblgenetiker epydpegnd ncheohradRgiliadi nse| Ere aBPBORAFK GEI¥GI neo
cloned in the plasm d pRS (Canpbell, et al.). The 5' honol ogy encodi ng
nucl eot i d€§9r922V?§Y+1§a§99HuﬁﬁﬁeFacFBI" | Rewet e B3P heHSRRRU/R P@RUSI ng
pFl X-18 (Yoshitake et al., 1985, Biochem stry 24:3736-3750) as a tenpl ate
and pri mefevelarhent BfLPFbduct was cl oned between the BstEll and Nhe |
sites of pRSN303. At enerat e Egsmg& A/ 340. pR?If\BO& A/g4 was constructed
b~~ |igation off syrf‘)ﬁ Ying5_ REAMPIES nd’F By Bt FgbRUc! B¥ti ¥8Y byL7 and s,

bet ween the,Bst_ ElIl. and e l.sites_of pPRSN3Q3. A . pSK. 9/ F9HR was
construct églﬁlﬁtr’f‘gatﬁ/oxd' i%’?’\ge]r’ﬁ%%lilé}’eg?ypg% S%ﬁgap . pSK. 9 was constructed
by insertion of the 71-nmer described above into the Sac | and Apa | sites

of Bluescript pSh- (Stratagene,. pCG | was constructed by insertion of the
synthetic 7:~mer defined by ol i gegseiples;, 3 and S, oetween the Sac | and

Kpn | sites of pSh- (Stratagene), ;.:1th the loss of the Sac | and ,~ 0
AUG 2002. px4Q Vet dn SO f eSsHIBI Sefkl €€ lsegidrde encoded the restriction

sites 5 -Notl-Sacll-Clal-Mul-Xhol-Hndlll-Xbal-BstEIl w Sacll-Notl-3". A
Hi ndl 11 - Xbal fragietueoidii BENG el GBNVgkheenimaneey 1 i ov@teor ¢ Nucteot i des

-674 to -1, Boshart et al. 1985, Cell 41:521-530) was prepared by PCR with
pUCH. CW (@Mt iGatas tHe aXpresdio.gf ashde hESHefipdene, usiYAr dargmtuaieot | de

primers ¢ and d, which incorporated H ndlll and Xbal sites at their
respecti veoesrtgy, ThYETR) aghenconst miated icondaiodng t bhgerfarlataw @G CW.
Next, a 1.94 kb Mu I |inkered SV2DHFR cassette was synt hesi zed by PCR

usi ng t he e3eMERFR CNA &8 3t enphabPé taupeAddd r&gign corsgstinmg ofte| | .
Biol. 1:854-864) and priners a and f . This fragnent was cloned into the
Mul site WCIRIEIIRE tof JYenke? a1 ﬂﬁ"@lﬁ//"‘[ﬁiﬁé gere 2(FRNGFeH o 9t k- |

f t CG | DHFR,. the 0. 3. kb_S I R f f pl th

| oared i Maenendaeningasdty O Fs 2a% 1 8B8Re8Y) o aferbga P dbNET © 1IN
SK. 9/ DHFR/.CW. _ Fi nal | 4.0 kb Nhe | -Bgl .| t of th Fact
PX one el HASRSI T (ARRRTS: 1P e TapEehethl FE ethe g CHllIRLE, o
24: 3736- 37 ] t 1 b, , ined b
ol i gonucl ;ﬁrﬁ%@é%%ﬁ%«a%ﬁ g ?ﬁé %%%QFG‘%%%EE%E?%( ‘g?g’éggg’?ég@’g%hgé/ CIV{/
t t . inhal : | ,d db

| oatt o crlil- SriibadiGyiLe L aRaRLRRE, PLOSTY S(MTIEP RELRART 0 |
cut PRSNSQHHM ddr PEr ORSPEEIsP134el O dbRbE PRAVRERAMSIHRERAA0 and 3/
pPRSN303. A/ FO9HR/ 34, pl asm ds contai ning 340 by or 34 bp, respectively, of

Factor | Xtargeting region consisting of nucleotides +100 to +850 of



a n ~u~ ZooZ -41 honology on the 5 end and 4 kb of honol ogy on thez3b Xn[?
of the vector, separated by the activation/anplification cassette. * U 2mn
olictonucleotides: 1. 5 -GIC GAC TGC TAG CAA TGG TGA CCT GCG GCC GCA GCT
GAG CGI' GAT CAC ATG AAT TCC ATA TCG ATT GGG CC-3' 2 . 5 -CAA TCG ATA TGG
AAT TCA TGT GAT CAC GCT CAG CTG CGG CCaf5AG GIC ACC ATT GCT AGC AGT CGA CAG
CT-3'" 3. 5'-TGC GGC CGC GGT TAT CGA TGA CGC GTIC CTC GAG CAA GCT TCT CTA GAC
GGT CAC CTT CCG CGG CCG CTG TAC- 3" 4.5' - AGC GGC CGCGGAAGGTGA
CCGTCTAGAGALIBET TEEH-5 AG@nkCG CGThGAT CGATAAGCCLSCRRETIWEIT-Béam 5' tHalA GAG
ATTGTGAAAG 3' 6. 5' - AAT TCT TTCACAATCT-3'7 .5 -GIC ACG TACAACTAATCG

—_ ACCTTACCACTRYSATLAF CPTD-B' 8n8' pEFAFGCA KPFITGTEAAROStructed by three

—GGTAAGGTCGATTAGITGTAC-3' PCR Priners: a. 5 -CAG GI ACC GIA CAG CCA TTT TGG
TAA ACA TCASYegesplve: fygqmept AusexGAOTFGINER RAG.TEHBiPh 1s created

by inserting the synthetic polylinker 5/-Bsu36I-KpnlI-MluIl-
XhoI-Bsu36I-3’ into pSKII (Stratagene) between the KpnlI
and Sacl sites, with the loss of those sites. First, the
1.95 kb Pvull/BamHI fragment of SV2DHFR (Subramani, et al.

Mol. Cell. Bjol. (1981) 1:854-864) encoding the SV40 early

promoter, the DHFR gene, the SV40 t antigen intron and the
SV40 early polyadenylation site is joined to Mlul linkers
and cloned into the Mlul site. Second, the 2.0 kb BssHII
fragment of pIKFSH-a (described below) encoding an FSH-a
cDNA expression cassette is joined to Kpnl linkers and
cloned into the KpnI site. Finally, the 2.4 kb BglII/Sall
fragment of VYEpl13 (ATCC 37115) encoding the yeast
selectable marker LEU2 is cloned between a BamHI site at
the 3’ end of SV2 DHFR and the Xhol site. The order of
the three elements within the Bsu36l cassette is
5/-pIKFSHa-SVDHFR-LEU2-~3"/, each having the same
transcriptional orientation.

pIKFSH-a was generated by inserting an FSH-a cDNA
between the BglII and Apal sites of pIK (see below). The
cDNA was cloned by reverse transcription of 0.2 pug of
total RNA from the cell line CHA/GO K-1 (ATCC HTB 168)
primed by pdN, (Pharmacia/LKB), followed by polymerase
chain reaction (PCR).with primers 1 and 2. A cDNA clone
was obtained which encodes the complete FSH-a coding

sequence (Fiddes and Goodman 1981, J. Mol. Appl. Gen. 1,



c. 5'-CGC CAA GCT TGG CCA TTG CAT ACG TT-3'  ~%~D . -42 2 0 AUG 2002
d. 5" - GAGGTCTAGACGGT TCACTAAACG AGC TCT- 3' e. 5' - GGACGCGTGGATCCAGACATGATA AGA
TA-3' f. 5" - GGACCCGTCAGCTGTGGAATGTGT GIC

AG 3' g. 5' - ACCACTCATACATTGCTGATGG 3' h. 5' - GGCCAGTGAATTGTAATACG 3

“Tarcretincr the Factor | X |ocus: The Ractor | X YAC was targeted by lithium
acetate transformation (Schiestl and Getz, 1989, Current Genetics

16: 339-346) of 5 ~, g Not | linearized pRSN303. A/ FOHR/ 340 or

‘PRSN303. A/HUMP LT [ PEOMeRer hapuelactideRar§hicéd® cdreBoshastsetaiad .YPH599/

HYA32G5. This_ yeast clone contains a 650 kb YAC encodi ng_t he human factor
| X gene (Catfpbel |96ﬁa| A1,10P21H3R) NaPe, A?cad’.‘bsér.spg)éA §3agRents748) .

Ut 111 od, ITFA LD 1 Pite LbALE) FYR R Y ADRA5O ARLE TSP LIRS | 1 2+
P oo/ ur s Col St 607 0T & Ser BIRER ) BOR R TF nbher baolls SSHERB nat i on
at the Faghpy A%dpfysanJV@prgiig;{gﬁwrfaéﬁgﬁgsigg bal! ;%%gr&%ﬁgg;s' ocat ed

wi thin the genom c sequence e 34 r and

priner h Wé&md@f perawh el PicH) dMie (M 9eiisg PEasAkdrBetipgen  t he 340
| X hono

by 5 Factor ogy and thé Hi S3 gene. A honol ogous reconbi nati on

event woulak glﬁtwrﬁéﬁpaalﬁQVQisi&ﬂgﬂd:ii@@ﬁhGMe@th_b!C?rque‘}:%z $Pand’ gpsf or mant s
were pooled in groups of three after growth of individual colonies

over ni ght which ( 2ri-dtidrated - 481 Y®PDAI redhd. Xbeiposliedscekks wheSr
spheropl asted with zynol yase (Philippsen et al., 1991, Methods in

Enzynol ocmesk®ttlios: 184)s .| ysThebkbedi13piul f dragBemitnuieschaedizaldy—, 1
aliquot of each sanple used for PCR anal ysis. PCR reactions of 50 ul

cont ai ned symthesiaed HC1 (pH 9.0 at 25C), 50 M KC1, 1.5 M wyd ~, O do
gelatin, 0.1% Triton X-100, 200 nM dNTPs, 1 mM each of the priners

descri bed abov®MiTF 115 (FUISHERCTERA PO yEBFESe SURARARRjNe FokRboentg an
initial incubation at 94C for 3 miputes, the sanples were subjected to 40
cycl es of AEFHCRT obPEP ®XE o oYRACK dift eFrERRRAI BYg ERSeBingr theni nut es
and extensioqiat.72C f nutes. At_the cles, the

sanpl es werd q?&ﬁfat@‘a?{iﬁ’ggﬁﬁiso'n'aﬁh%I'_?ﬁu?gg’g{'“‘%g&fgpgirNSF?éaéh sanpl e
1 anal YA PRACORELENE S O LRA"SACELAT B el Bha dep W oot
Gori ved 1 Fam TR potrE ooRGere donbiifratod (AP SHTUEbT RErEaRARES” st ed
PLoeced ReAEE AGBCa gt L oo peRLs atic el e
targeting region) is synthesized by PCR with DNA from the
human diploid fibroblast line WI38 (ATCC CCL 75) as the
substrate and the oligonucleotide primers 11 and 12 and
cloned between the Nhel and Bsu36l sites. Second, an
SphI-Notl fragment containing nucleotides +100 to +850 of
the FSH-f gene (3’ targeting region) is synthesized as
described above with primers 13 and 14 and cloned between
Sphl and Notl sites. Finally, an 840 bp HindIII-Xbal
cassette isolated from pIK, containing the CcMV IE

enhancer, promoter, first exon and splice donor is cloned

between the HindIII and Sphl sites.



Sout hern anal ysis of sonme of the PCR positive clones was used to f&;ﬁhgr‘ .
characterize the targeted events. Correct targeting of the Factor I %#002
would result in a nobility shift of a 1.4 kb Xba | fragnment found in the
unnodi fied YACto 9.7 kb due to the 8.3 kb insertion 2 0 AUG 200z -44
‘W thin the first exon of Factor |IX, +33, pRS, Ml neo, SV2DHFR and CW I E.
The expected 9.7 kb fragment was detected fromnost of the PCR positive
transformants using end | abel ed PCR priner g as a probe, co ared%%o t he
‘1.4 kb fregrent dpfEctieda manma LigmdeXPEESFaast W%/W)f;g&‘?t ut hern
anal ysis was also carried out using EcoRI ditg,ested.g%nomé&%PNA W th two
di f f er entbyr bbes. sWeseasiad agaaspEbBe, I NSRF BRI Dy L5 CF&tt 6 I%W%grrent

fromthe targeting plasm d detects 12.8 kb EcoRl  fr nt_ 1 nodi fi ed
YAC. Thi &g agaeaeteds dBsentnpRItarget 'l oﬁggt&ﬁgqul%%fe%igﬁk%@& 0 kb

fragnment, due to_the insertion rget.d an, addition co site at
the 5' erﬁj'Tﬁ“I\E:TrF]%‘(').SP*FEéEg.OB‘IEg%I‘—_%%ﬁ%quri;%(nlgén% a{gwas g {ég d‘g%rég:t e‘?‘?n t he
targeted YAC DNA, as |1 a 6. b | o kT A nkphnter. tfe
targeti ngs?ﬁ%sﬁil&,esus%,\ﬁgpgﬁrldbew\i}\ﬁﬁcﬁ%(s\%;ngh he en%?be&nggﬁgeﬁgc.: fl'r ansf er

of the activated r k9. £HY ApatyataiffinEXPRESSVHO: T Yeast
genom ¢ DRI SRS r]g%éa‘?éagigrom h%g?arge?%geFactor | X YAC and used to

transf ecm%%%%)géﬁﬁklﬁ@ib% CWdeaynark Shpses, 21980LoPhESI of

7:4216-4 was extracted fromthe targeted

YAC- pRSN3 F oges byssphersaplasté ngodx1049yea8e) calrids as

descri be ?/@/Ph?{%%ge%lte?qal b;y (Phi It ppsen et al., 1991, Methods in
Enzynol ogyne194a169- Ifddgméet | Owthtain sy s itme20 &V40f (R1598i3DS, 00 nM
Tris pH 7.5 2 nMEDTA and 0.5 ng/m Proteinase K and incubation at 50C for
2-3 hour sreghechysane (aacpkerddesxt sactsed to 250 8AUGL206¥4045 WRFEr of or m
extracted, adjusted to 100 mM NaCl and genom c DNA precipitated with an
equal vol uABeptelisbyr tharelpatihe LDNAtIRS bedveaess iYeRddd T ANEOXRRETri s pH
7.5, 1 mM EDTA, adjusted to 20 ~.g/mM RNAse A and diégesteg fgr gO' at 37C.
Fol | owi ngsRhiése witht tbet LosseoONBhaaBIphdnoPadkidnadPed : MhedroP8ih
extracted, adjusted to 100 mM NaCl and precipitated vm't& an_equal .vol une of
i sopr opanahd &bedmisdtEss, Rhass &RMH 1¥PaL 2 ngds NG IR 3‘6&’“7."&?1 mvi

EDTA was di al yzed agai nst (3 changes of 4 liters 10 m\ Tri 7 vl
EDTA, for Wﬂgehtﬁ)ffsf;hff%}#%embfc%orfé’e?ﬁr8§ikléﬁ‘er9y ?%%‘bﬁ’%%%‘rs\ogﬁgr g%lrail tation
as descri bed above and resuyspended _at fi.nal, can tratj fQiaa, 9/ ~1
in 10 nv 1982 pd-zMel.1 Applengen.c 3, PRIraAd: B ERF §>%i’{§’2%5%{o“%ﬁ§ﬂ- cell's
were plated .12 hr_prior.to _use on .cp di-sh i n4DVELR&2 dH

suppl errenf’g&g\ﬂ”t%lieo%tlf%? alprbld‘%ﬁrne%%el%trjgm %I églldne,4 'hypgéangﬁi e and

thym di ne.r(e%%%%%iyfaS%ﬂ.ifﬁ) . 1 106 PEEh R eWaSB £RRNgE KA NOURRePr ianrd t 0
) . g

transfection‘to gl ucose, 10% fetal bovine serum 30 ug of

yeast genqiG DNA u@s 4 | ¢ éfrt ee@pactivid ténakeri | sevan@; an &phlv
pol ystyr e(nggltclube. %?5%1 %’? 0.5 M 8%01 2 was added to the genom c DNA,

gently m xed,po Cﬂxla?ﬁﬁé’n& BRIt 8416 g byh&dsih 1 Loa adcdpon oHf thNmMUmER MV
Hepes, pH 7.10, 274 nM NaCl, 1.4 rT%/INa,HPO,) .2 mM of mx was added to a

10 cm di shyand dihen Cethe ¥éeoninexbat ¢duat edtGdeRourl 4D s +2f %y Wathe
cal ci um phosphate precipitate was renoved and the cells were incubated with
15% gl ycerialsé it d&BSett@mrthdlaSphl Zrd nkepBies ey, . Thisg SPhIg ppj
Na, HPO, ) f or 2 . .-'. mnutes ) .
EcoRI fragment was synthesized by PCR with ppSvaHP
(Treisman et al. 1983, PNAS 80, 7428-7432) as the template
using oligonucleotide primers 7 and 8, which incorporated
SphI and EcoRI sites at their respective ends. Third, the
synthetic polylinker 5/-EcoRI-BglII-Apal-AatII-3’ was
inserted between the EcoRI and the AatII sites. Fourth,

a HindIII-Xbal fragment containing the CMV IE



2 0 AUG 2002 -46 at 37C, washed twice with serumfree nedia, follom?
growmh in nonselective nedia for 48 hours. Fifty percent i of the cel

3 206 2002

fromeach transfection were split 1:10 into DVE/ F12, 10% dFBS (di al yzed
ne serun), glycine, thym dine and hypoxant hi ne and 400 ~. g/ m
‘A418. The remaining cells were split TAP6 DVE (4.5 g/ 1 gl ucose) , 10% dFBS
and nonessential am no acids for selection of DHFR positive col oni es.

oo 2 ves Changggefiery S AR ALY V10,0 shes vere Pkl ke, 2
CL1SA el gopbaelbonpiden gLel Gl Qa0 el dhales LT upbpgReEval o

fetal

and genom c

bovi

prepar at’i on. I ons yi él

The

24 (418

resi st ant ﬁpigni@ﬁbeﬂgygﬁ§g¥f§%£8§£§ivgrgghgﬁggﬁg EEﬁ;iFﬁgie?géﬁggg d for

secreted Factor I X using a co

rcrally ava

SEérachr om

| X Ag, QO4&LDRnand 4R& WBER3BESI Eirugmiedt sefdegﬂ@pbai Mpor €Ret | &ﬁvpigt ein.

Al t hough the average expression |evel was 2.35 ng Factor | X secrete

cel | s/ 24 hemtisncé&agppoomb¥egeihe 3t, levels as high as 6 ng/m /106
cell s/ 24 hours was detected in of the 51 positives (Table 1). Analysis of
Factor |X by inkhusepondi phrCatapgetitigpMeansry| @I gefor! BSH+QPHEnLeSi S

confirnmed that pol ypeptides of the correct size were synthesized and
secreted. @wivakhonsismodinsteniarfedt 16y | SAsposiingyvehe des KindBousel
nonexpressing clone were pulse |abeled with *SS Cysteine for 6 hours,
super nat anf529BeNeseEdPIACF into the unique Bsu36l site of pMF-F2.

pPMF-F2 is constructed by two successive fragment
insertions into pMF. First, the NheI-Bsu36l1 fragment
containing nuclectides -452 to -36 of the FSH-f gene is
cloned between the NhelI and Bsu36l sites. Second, a
680 bp HindIII-Xbal cassette isolated from pIK containing
the CMV IE enhancer and promoter, and an XbaI-NotI
fragment containing nucleotides +7 to +8%50 of the FSH-8
gene (3’ targeting region) are inserted by three-part
ligation between the HindIII and Notl sites. The Xba-NotlI
fragment is synthesized by PCR using oligonucleotide
pPrimers 13a and 14, which incorporate Xbal and NotI sites
as their respective ends.

Oligonucleotide primers:

Primer 1: 5’/ =-GAATTCAGATCTGCAGTTACTGAGAACTCATAAG-3"
Primer 2: 5/ -GAATTCGGGCCCTGCAGTGGAACAAGCTTAATG -3
Prirer 3: S/ ~GGTCGACCTGGATCCGCCATACCACATTTGTAG-3
Primer 4: 5/ =-GCCGCGGCTCTAGAGCCAGACATGATAAGATAC-3
Primer 5: 5/ -AAGCTTGTGCTAGCTATCCCGCCCCTAACTCCG-3 "'
Primer 6: 5/ =CGAATTCGGTCGACCGCAAAAGCCTAGGCCTCC=-3

Primer 7: 5/ ~-GTCTATAGCATGCTCCCCTGCTCCGACCCG-3"

/m /10

t he



cell lysates prepared. Labeled |ysates or supernatants 2 0 AUG Zogf -éﬁ,
wer e i ncubated overnight with normal rabbit serumor Factor | X poly gn b Nm?
antisera overnight, harvested with pansorbin, washed in detergent buffer

boil ed and run under reducing conditions on a 10% SDS pol yacryl am de gel as
‘described by Smith et al. (Smith et al72%1987). Two pol ypeptides were
i"mmunopreci pitated only in cell lysates derived fromclones that expressed

i mmunor eact {ve Facfor | X_,T ' ' eptide,
corresponds fbm?ﬁegprinapy ?%gggégﬁé¥¥§§é§kﬁ§b%ﬁbgg%ggéxgXQnRNA. The m nor
67 kd polyp | [ obablky _ceor ng% ﬁ%?ﬁﬁ { glycosyl ated or
~y-carboxy|§?£%g?o§h1of ac?%Fkﬁag acf%%: zné?ggég?péecipitated a single
72 kd pol ypgpijhde §pom candighicened sadcs @cAPERRAEEREE6cTL e Speci es

believed to be the biologically active formof Factor I X (Mletich et al.,

1980, Anal .pBigehem ; 304531ghaTHed Gt e EEt YREBTARBGERLTE £6l- out on 21
Factor | X ELI SA positive clones (both neo' and DHFR positive) and one DHFR

positive, Feeimér! X2 ELI SA/RregarceecTicas teaTerdcAXCTARtAcOBETCDAP! et e
Factor | X gene was transfered. Eco Rl digests of genom c DNA were probed
wi th the 86BriweApa3t/ Ec6 ' RGAATICEEATGIEGECATECAGEA CARABCTRGREGOH! Ng regi on
of exon 8. The 3' end of this EcoRl fragnent is |located 32.5 kb fromthe
transcri ptiBninert 13ai onSS$HGAATTCTICTAGAROHNG ITCTIRGRCAGATARGGTAe3 posi ti ve
cl ones contained the expected 5.5 kb band, identical to HT1080 DNA and
absent fronfXdReRANnss ect e8’ CHOATELLECCRFGCHCHCACTAFRANEEFAGARATETI Or | X
expressi ng CHO cl ones have successf ul 2002 -48 transferred at

| 2 0 AU G
| east 35.5 KpIB$H E2i8 réérgbéﬁffcéﬁ&?@ﬁ%%%q{%%?q%%GW%a%t 39 kb of

genom ¢ DNA, Tabl e Factor | X Positive Cl ones DNA #
57 ~GGATCCGAGCTCTTGAGGAGTTTAAGAAGAGAGTT-3

Primer lé:

YAC screening: Two yeast artificial chromosome (YAC)
libraries are screened to identify YACs containing the
human FSH-f locus. Each YAC library is generated in the
haploid Saccharomyces cerevisiae host strain AB1380 [MAT a
ade2-1 (ochre) 1lys2-1 (ochre) trpl ura3 his5 canl-100
(ochre)] using pYAC4 (Burke et al. Science (1987)
236:806-812). The YAC contains two yeast selectable
markers, TRP1 and URA3. Thus, the presence of a YAC in
strain AB1380 is verified genetically by scoring for the
presence of the wildtype TRP1 and URA alleles. The CEPH
YAC library (Albertsen et al. 1990, PNAS 87:4256-4260),
which consists of ~50,000 colonies with an average YAC
insert size of 430 kb (~7 haploid genome equivalents), is
screened by PCR. A total of 113 pools of DNA, each
prepared from ~386 yeast colonies, are screened with FSH-f
primers 11 and 12 (see above) which generate a 416 bp

fragment. The Washington University YAC 1library
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containing YACs from each of the positive pools. Several

positive YAC colonies are identified and analyzed by
Southern blot analysis for the presence of characteristic
hybridizing EcoRI, églII, BamHI and NsiI fragments using
the FSH 5’ probe. One designated YAC-FSH-81, having the
expected pattern, is chosen for subsequent

experimentation.

Iransfer of YAC-FSH-81 to a new host: All yeast

genetic manipulations employ standard methodology
essentially as described in Sherman, Fink and Hicks (1986,
Laboratory Course Manual for Methods in Yeast Genetics).
To efficiently carry out homologous targeting of
YAC-FSH-B1, the YAC is transferred to a new haploid yeast
host strain, YPH252 (MATa ade2-101 (ochre) 1ys2-801
(amber) wura3-52 trplAl his3A200 leu2Al) (Sikorski and

Hieter 1989, Genetics 122:19-27) or YPH274 (MATa/MATa
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standard methodology (McCormick et al., Technigque (1990)
2:65-71). The agarose plugs are equilibrated in 50 mM
NacCl; 10 mM Tris-HCl PH 7.5; 0.75 mM spermidine
trihydrochloride; 0.3 mM spermine tetrahydrochloride,
melted at 65°C and used to transform yeast spheroplasts of
the strain YPH252 or YPH274 (Burgers and Percival, Anal.
Biochem. (1987) 163:321-397; McCormick et al., J. Methods
in Cell and Mol. Biol. (1990) 2:65-71). Transformants are
plated on media lacking uracil to select for the presence
of the wildtype URA3 marker contained on the YAC. The
presence of the YAC 1is confirmed by the additional
presence of the wildtype TRP1l allele. Alternatively, the
YAC-FSHB1 in AB1380 is mated to yeast strain YPH252.
Diploid <cross  hybrids, selected on media lacking
histidine, are sporulated, patched into a selective medium
containing canavanine enriching haploid meiotic products
expressing the recessive drug resistance marker canil-100.

Canavanine resistant colonies are genetically screened for

the presence of the leu2Al allele and the YAC.
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honol ogous reconbi nation. 4. A nethod according to Claim3, wherein said
mutation nodifies the transcriptional initiation region of said gene. 5. A
met hod according to Caim3, wherein said nutation nodifies the coding

region of said gene. 6. A nethod accorﬁ?%@ tv Caim3, wherein said

nmutation results in a gene encoding a fusion protein. 7. A nmethod according

to daim1l, whergin sai rgllifialq__ enghgtk&eéﬂfj?g%ee @ar@étyc
conprising a Iarg%ﬂ%aﬁﬁgﬁﬁ%ﬁighrgEUS&%%#‘?TH&HEﬁ%—CUhpriS|ng 3 TonstPuct,
said constr I, s Ng ﬁ@p*'f' | &5 ng; ant t NRadAAL genous
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according tp; £l ahm8.7Wheke FrsRjnfe Bl tABsEhreaRNRIs fdrrdnEséqi 602
human chronn%ona fragment . 16§%k YAC according to Claim8, wherein gaid

target generjiinSPbPmCOPehstCt dphebpl£sks of the strain YPH252/

YAC-FSH-81 or YPH274/YAC-FSHB1 using the lithium acetate

method (Schiestl and Gretz, 1989, Current Genetics
16:339-346). Total yeast genomic DNA from Leu*

transformants is subjected to Southern blot analysis and
compared with DNA from untransformed cells to detect
targeting of the FSH-f locus. DNA is digested with NhelI,
SacI, EcoRI, BglII, BamHI or NsiI and probed with a
~700 bp fragment from the second intron of the FSH-f8 gene
lying outside of the targeting vector (designated FSH 3’
probe). This probe is synthesized by PCR with DNA from
WI38 cells as the template using oligonucleotide primers
15 and 16. The resulting ~1.4 kb fragment is digested
with PstlI and Sacl to generate the ~700 bp fragment.
Correctly targeted colonies display hybridizing fragments
consistent with the insertion of the ~7.0 kb corresponding
to pIKFSHa, SVDHFR, LEU2 AND CMV enhancer and promoter
sequence.

Transfer of the targeted FSH-f locus into CHO cells:
Total yeast DNA is used to transfect CHO DHFR-DUKX B 1
(Urlaub and Chasin, 1990, PNAS 7:4216-4220) cells
essentially as described by Eliceiri et al. for YAC
transfer into Mouse L/tk- cells (Eliceiri et al. 1991,
PNAS 88:2179-2183), but optimized for the transfection of

CHC cells. Genomic DNA is extracted from the targeted



11. A YAC according to Claim 10, wherein said nutation nodifies the
transcriptional initiation region of said gene. 12. A YAC accordi ng 28 AUG 2002

Claim 10, wherein said nutation results in a gene encoding a fusion
protein. 13. A YAC according to Caim8, wherein said anplifiable gene is

t he DHFR gene. 14. A yeast host cell co'r?d’r"l sing a YAC according to C aim 8.
I5. A nethod of producing mamrmal i an expression host cells for efficient
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of sald expﬂé§§uon gespmde| | SDNA  precipitated with isopropanol,

resuspended, adjusted to 20 pg/ml RNAse A and digested for
30 min. at 37°cC. The DNA is phenol and chloroform
extracted, adjusted to 100 mM NaCl, precipitated with an
equal volume of isopropanol, resuspended in 5 ml 10 mM
Tris pH 7.5, 1 mM EDTA and then dialysed (13 changes, 4 L
10 mM Tris pH 7.5, 1 mM EDTA) for 48 h, followed by
concentration by isopropanol precipitation as described
above and resuspended at a final concentration of
0.5 ug/ul. 2x10' CHO DHFR-cells are plated 12 hr prior to
transfection on 10 cm dishes in DME/F12 media supplemented
with 10% fetal bovine serum, glycine, hypoxanthine and
thymidine (nonselective media). For transfection, 15041
of 2xHeBS (280 mM NaCl, 50 mM Hepes pH 7.1, 1.5 Na,HPO,) is
added to 15 ug of yYyeast genomic DNA in 150 gl of
0.27M CaCl,. The precipitate is allowed to form at room
temperature for 25 minutes, added to cells in the absence
of media and incubated for 20 minutes at room temperature,
then topped off with 3 ml of media and incubated at 37°cC.

Alternatively, 30-50 ug YAC containing yeast genomic
DNA is diluted to 0.5 ml with sterile water, 0.5 ml of

0.5 M cacCl, added, followed by immediate addition of 1.0 ml
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sel ecting for expression host cells having an efficient |evel of Zi AUG 2002
expression. 16. A nmethod according to Caim 15, including the additional
step of introducing said expression host cells into a nmanmal i an host.
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free media, incubated with 15% glycerol in HeBS for 4
minutes at 37°C, washed again in serum-free media followed
by growth in nonselective media for 48 hours. The
transfected cells are then split 1:20 into selective media
in (DME/F12 supplemented with 10% dialyzed fetal bovine
serum) and fed every 3 days. Transfected DNA in CHO DHFR+
transformants is amplified by selection 1in .increasing
concentrations of methotrexate. YAC containing CHO DHFR+
clones are plated in selective media at 5x10° cells per
10 cm plate and selected at 0.01 um methotrexate (Kaufman

and Sharp, 1982. J. Mol. Biol. 159:601-621). Surviving

colonies are pooled, then tested for increased DNA copy
number by Southern blot analysis and increased protein
production by immunoprecipitation analysis. The
amplification protocol is repeated with increasing
concentrations of methotrexate from 0.01 um to 50 uM, with
a three to five-fold increased methotrexate concentration
at each step.

nalysis of CHO transfectants: Transfected colonies
are expanded and characterized for the production of FSH-a
and -8 mRNA and biologically active heterodimeric FSH.
Total RNA is prepared and the level of correctly initiated
FSH~a and FSH-f mRNA is assayed by primer extension (Finer
et al., 1987) using the following oligonucleotides:

FSH-a: 5'-AGCTGCATATTTTCTGTAGTAATCC
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Endocrinology (1986) 119:1570-1577).

ctivation of G-CSF Analog Expression

onstruction of G-CSF targeting vectors: To activate

the expression of the G-CSF gene, a YAC targeting vector
(PYGT1) is constructed containing the following elements
(5 to 37): a 5’ targeting region consisting of
nucleotides -361 to -69 of the G-CSF gene (Nagata et al.,

EMBO J. (1986) 5:575-581), a DHFR expression cassette, the

yeast selectable marker LEU2, the human CMV IE enhancer/
promoter/splice donor, a human a-1 globin gene splice

acceptor, and a 3’ targeting region consisting of
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is constructed by two successive fragment insertions into
pTD. First, the 1.95 kb PvulI-BamHI fragment of SV2DHFR
encoding the SV40 early promoter, the DHFR gene, the
SV40 t antigen intron and the SV40 early polyadenylation
site is joined to Mlul linkers and cloned into the Mlul
site. Second, the 2.2 kb Sall-Xhol fragment of YEpl3
encoding the yeast selectable marker LEU2 is cloned into
the Xhol site. The order of these elements within the’
Bsu36l cassette was 5/~-SV2DHFR~LEU2-3’, both having the
same transcriptional orientation.
pPMF-G is constructed by the insertion into pMF of
three fragments in two steps. First, an NhelI-Bsu36l
fragment containing nucleotides =361 to 69 of the human
G-CSF gene (5’ targeting region) is generated by PCR using
oligonucleotide primers 17 and 18, and cloned between the
Nhel and Bsu36l sites. Second, an EcoRI-Notl fragment
containing nucleotides -60 to +167 of the G-CSF gene is
generated by PCR using oligonucleotide primers 19 and 20.
This EcoRI-Notl fragment and a HindIII-EcoRI fragment from
pPIK containing the CMV IE enhancer/promoter/splice donor
and human a-1 globin splice acceptor, are inserted by
three-part ligation between the HindIII and Notl sites.
PYGT1 is constructed by inserting the 4.2 kb Bsu36I
fragment of pTD-G into the unique Bsu36l site of pMF-G,

with the transcriptional orientation of the elements
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within the Bsu3é6l fragment identical to the CMV
enhancer/promoter in pMF-G.

To create sequences capable of directing the
modification of the G-CSF polypeptide, a YAC targeting
vector (p¥YGT2) is constructed containing the following
elements (5’ to 3’): a 5’ targeting region consisting of
nucleotides +1180 to +1480 of the G-CSF gene, an IgG2
heavy chain cDNA encoding the hinge, CH2 and CH3 domains
(amino acids 216-478, Kabat et al. 1983, Sequences of
Proteins of Immunological 1Interest), an SV40 early
polyadenylation site, the yeast selectable marker HIS3,
and a 3/ targeting region consisting of nucleotides +1496
to +2599 of the G-CSF gene. The 5’ targeting seguences
and IgG2 cDNA sequences are configured such that upon
successful targeting a sequence encoding a hybrid G-CSF-
IgG2 protein would be created in which Gln-176 of G-CSF is
fused to Glu-216 of the IgG2 hinge region. PYGT2 is
constructed by four successive fragment insertions into
pDS, which is <created by inserting the synthetic
polylinker 5‘/-XbaI-Mlul-BamHI-SphI-SalI-3’ into PpSKII
between the Kpnl and SacIl sites, with the loss of those
sites. First, an Mlul-BamHI fragment containing the SV40
early polyadenylation site (nucleotides 2270 to 2533) is
generated by PCR with pSV2DHFR as template using
oligonucleotide primers 21 and 22 ana inserted between the
Mlul and BamHI sites. Second, the.l.7 kb BamHI fragment

of PpNN414 encoding the yeast selectable marker HIS3

(Traver et al., supra) 1is cloned into the BamHI site.
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Third, an Xbal to blunt-ended fragment containing
nucleotides +1180 to +1480 of the G-CSF gene, and a blunt-
ended to Mlul fragment encoding amino acids 216-478 of the
IgG2 heavy chain are inserted in a three-part ligation
between the Xbal and Mlul sites. The G-CSF gene fragment
is generated by PCR using oligonucleotide primers 23 and
24, and the IgG2 fragment is generated by PCR with a cDNA
clone obtained from a human spleen cDNA library (Clontech)
as template using oligonucleotide primers 25 and 26.
Finally, a 1.1 kb SphIlI-Sall fragment containing +1496 to
+2599 of the G-CSF gene, generated by PCR using
oligonucleotide primers 27 and 28 is inserted between the
Sphl and Sall sites.
Primer 17: 5/-GAATTCGCTAGCCTGCCGCTTCCAGGCGTC->"'
Primer 18: 5’-GAATTCCCTAAGGCATAACCCCATGGAGGCC-3'
Primer 19: 5/-GATGATGAATTCGCCCCCTAGAGCTGGGCC-3'
Primer 20: 5’~-ATGATGGCGGCCGCCCCTCTCGGGGACACTGG-3"'
Primer 21: 5‘/-AGAGAGACGCGTGCCATACCACATTTGTAG-3'
Primer 22: 5’-GCAGCAGGATCCAGACATGATAAGATAC-~3'
Primer 23: 5/-GAATTCTCTAGAAAGGTCGTGCTGGCATTC-3'
Primer 24: 5/-CTGGGCAAGGTGGCGTAG-3'
Primer 25: 5’/-GAGCGCAAATGTTGTGTC-3’
Primer 26: 5'-GAATTCACGCGTCACGCGACCCCGAGAGCC-3'
Primer 27: 5’~-AGAGAGGCATGCTCCCCATCCCATGTATTT-3'

Primer 28: 5'-GAATTCGTCGACCGAGTGCAGATTCCATGT-3'

Gene targeting of the G-CSF locus: Identification of

a YAC colony containing the human G-CSF 1locus (YAC-G-
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CSF-1) using the 1.1 kb SphI-Sall fragment as probe and
transfer of the YAC to yeast strain YPH252 are carried out
as described above for the FSH-f locus. To activate the
expression of a GCS-F-IgG2 hybrid polypeptide, two
successive gene targeting events are carried out using the
targeting vectors pYGT1l and pYGT2. First, the targeting
vector pYGT1l is digested with Nhel and NotI to liberate a
4.7 kb fragment. This fragment is used to transform yeast
spheroplasts of the strain YPH252/YAC-G-CSF-1. Total
yeast genomic DNA from Leu+ transformants is subjected to
Southern blot analysis and compared with DNA from
untransformed cells to detect targeting of the G-CSF
locus. DNA is digested with restriction enzymes and
probed with a ~1.1 kb fragment from the 3’ untranslated
region of the G-CSF gene 1lying outside the targeted
region. This probe is generated by PCR using
oligonucleotide primers 27 and 28. Correctly targeted
colonies display hybridizing fragments consistent with the
insertion of the ~4.7 kb corresponding to SVDHFR, Leu2 and
CMV IE sequehces. Next, the targeting vector pYGT2 is
digested with Xbal and Sall to 1liberate a =~4.1 Kb
fragment. This fragment 1is used to transform yeast
spheroplasts of the strain created by the above targeting
event. Total yeast genomic DNA from His+ transformants is
subjected to Southern blot analysis and compared with DNA
from untransformed cells to detect targeting of the G-CSF
locus. DNA is digested with restriction enzymes and

probed with a 300 bp fragment from the 5’ untranslated
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region of the G-CSF gene lying outside the newly targeted
region. This probe 1is generated by PCR using
oligonucleotide primers 17 and 18. Correctly targeted
colonies display hybridizing fragments consistent with the
insertion of the ~4.1 kb corresponding to IgG2, SV40 and
HIS3 sequences. Total DNA is prepared from the doubly
targeted yeast strain and used to transfect CHO DHFR cells
as described above for the FSH~f gene. Following gene
amplification of the transfected G-CSF-IgG2 seguences, CHO

colonies are analyzed for expression of the G-CSF analog.

Analysis of YAC transfected CHO clones: Secreted

G-CSF-IgG2 is characterized by labeling transfected clones
with 3¥S-methionine followed by immunoprecipitation of
culture supernatants and cell lysates as described (Capon
et al., Nature (1989) 337:525-531) . Washed
immunoprecipitates are eluted and electrophoresed on
polyacrylamide gels under reducing conditions and
visualized by autoradiography to reveal the hybrid
polypeptide.

The presence of the G-CSF moiety is confirmed by
Western blot analysis. Unlabelled supernatants are
similarly immunoprecipitated and electrophoresed and the
proteins transferred to nitrocellulose filters (Burnette,
Anal. Biochem (1981) 112:195) The filters are treated with
a rabbit polyclonal anti-human-G-CSF antiserum (Genzyme)
and the bands visualized by treating with Horseradish

peroxidase~-conjugated goat antirabbit-IgG antibody
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(Boehringer Mannheim) followed by staining with
3,3’-diaminobenzidine and H,0,.
The following example describes the use of a

mammalian primary host cell for the target DNA.

Activation of the Factor IX Gene:

Construction of a Factor IX Targeting Vector: Two

YAC targeting plasmids, PRSN303.A/F9HR/340 and
PRSN303.A/F9HR/34, were constructed to activate the
expression of the Factor IX gene and contained the
following elements 5’ to 3‘: a §&¢ targeting region
consisting of nucleotides -328 to +17 (PRSN303.A/F9HR/340)
or -18 to +17 (pRSN303.A/F9HR/34) of the Human Factor IX
gene (Yoshitake et al., 1985, Biochemistry 24:3736-3750),
the yeast selectable marker His3 (Campbell, et al.,
infra), the mammalian selectable marker MC1 neo (Thomas

and Capecchi, 1987, Cell 51:503-512), the plasmid backbone

of pRS303 (Campbell et al., 1991, Proc. Natl. Acad. Sci.,

USA 88:5744-5748), a mammalian selectable and amplifiable
dihydrofolate reductase (DHFR) expression cassette from

SV2 DHFR (Subramani et al. 1981, Mol. cCell. Biol.

1:854-864), the immediate early enhancer /promoter/first
exon and splice donor of HCMV (Boshart et al., 1985, Cell
41:521-530), the splice acceptor from intron 1 of the
Human al globin gene (Treisman et al., 1983, PNAS
80:7428-7432), and é 3’ targeting region consisting of

nucleotides +17 to +3996 of human Factor IX gene.
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PRSN303.A/F9HR/340 was derived from plasmids
PRSN303.A/340 and pSK.9/F9HR, and pRSN303.A/F9HR/34 was
derived from plasmids PpRSN303.A/34 and PpSK.9/F9HR.
pRSN303.A/340 was constructed by insertion of the
synthetic 71-mer defined by oligonucleotides 1 and 2
between the Sac I and Apa I sites of pRSN303 (Campbell

et al., 1991, Proc. Natl. Acad. Sci. USA 88:5744-5748),

resulting in the 1loss of the Sac I site, to generate
PRSN303.A. This oligonucleotide contained the restriction
sites 5/-Apal-Clal-EcoRI-BclI-EspI-NotI-BstEII-Nhel-""',
PRSN303 contains the yeast selectable marker His3 and thne
mammalian selectable marker MCIneo cloned in the plasmid
PRS (Campbell, et al.). The 5’ homology encoding
nucleotides -322 to +17 of Human Factor IX were
synthesized by PCR using pFIX-18 (Yoshitake et al., 1985,
Biochemistry 24:3736-3750) as a template and primers a and
b. The product was cloned between the BstEII and Nhe I
sites of PRSN303.2 to generate PRSN303.A/340.
PRSN303.A/34 was constructed by ligation of a synthetic
35-mer, defined by ocligonucleotides by 7 and 8, between
the Bst EII and Nhe I sites of pRSN303.A.

PSK.9/F9HR was constructed using two intermediates,
pSK.9 and pCG.1. pSK.9 was constructed by insertion of
the 71-mer described above into tne Sac I and Apa I sites
of Bluescript pSK- (Stratagene,. pCG.l was constructed by
insertion of the synthetic 7 -mer defined by
oligonucleotides 3 and 4, bpetween the Sac I and Kpn I

sites of pSK- (Stratagene), with the loss of the Sac 1 and
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sites 5/~NotI-SacII-Clal-MluI-XhoI~HindIII-XbaI-BstEII-
SacII-NotI-3’. A HindIII-Xbal fragment containing the
CMV IE enhancer/promoter (hucleotides -674 to -1, Boshart
et al. 1985, Cell 41:521-530) was prepared by PCR with
PUCH.CMV (M. Calos, Stanford Univ.) as the template using
oligonucleotide primers ¢ and d, which incorporated
HindIII and Xbal sites at their respective ends. This
fragment was cloned into pCG.l1 to generate pCG.CMV. Next,
@ 1.94 kb Mlu I linkered SV2DHFR cassette was synthesized
by PCR using the SV2 DHFR DNA as a template (Subramani
et al., 1981, Mol. Cell. Biol. 1:854-864) and primers e
and f. This fragment was cloned into the Mlul site of
pPCG.CMV to generate pCG.CMV/DHFR. The 2.6 kb Cla I-Sac I
fragment of pCG.CMV/DHFR, the 0.3 kb Sac I/Eco RI fragment
of pIK were then ligated into the Cla I and Eco RI sites
of pSK.9 to generate pSK.9/DHFR/CMV. Finally, a 4.0 kb
Nhe I-Bgl II fragment of the human Factor IX gene was
isolated from pFIX~-18 (Yoshitake et al., 1985,
Biochemistry 24:3736-3750) and ligated together with an
Eco RI-Xba I adaptor, defined by oligonucleotides 5 and 6,
into the Bcl I and Eco RI sites of PSK.9/DHFR/CMV to
generate pSK.9/F9HR.

The final targeting plasmids were constructed by
ligation of a 6.94 kb Cla I/Not I cassette from pSK.9/F9HR
into Cla I/Not I cut PRSN303.A/340 or pRSN303.A/34 to
yield pRSN303.A/F9HR/340 and PRSN303.A/F9HR/34, plasmids

containing 340 bp or 34 bp, respectively, of Factor IX
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homology on the 5’ end and 4 kb of homology on the 3/ end

of the vector, separated by the activation/amplification

cassette.

Oligonucleotides:

1. 5/~GTC GAC TGC TAG CAA TGG TGA CCT GCG GCC GCA GCT
GAG CGT GAT CAC ATG AAT TCC ATA TCG ATT GGG
cCc-3/

2. 5/-CAA TCG ATA TGG AAT TCA TGT GAT CAC GCT CAG CTG
CGG CCG CAG GTC ACC ATT GCT AGC AGT CGA CAG
cT-37

3. 5/-TGC GGC CGC GGT TAT CGA TGA CGC GTC CTC GAG CAA
GCT TCT CTA GAC GGT CAC CTT CCG CGG CCG CTG
TAC-3"

4. 5/-AGC GGC CGC GGA AGG TGA CCG TCT AGA GAA GCT TGC

TCG AGG ACG CGT CAT CGA TAA CCG CGG CCG Caa

GCT-3'

5. 5/-CTA GAG ATT GTG AAA G-3'

6. 5/-AAT TCT TTC ACA ATC T-3’

7. 5/-GTC ACG TAC AAC TAA TCG ACC TTA CCA CTT TCA CAA
TCT G=-3'

8. 5/-CTA GCA GAT TGT GAA AGT GGT AAG GTC GAT TAG TTG
TAC-3'

PCR Primers:
a. 5/-CAG GT ACC GTA CAG CCA TTT TGG TAA ACA TCA T~-37
b. T/=TTT GCT AGC AGA TTG TGA AAGC TGG-3'

c. 5/~CGC CAA GCT TGG CCA TTG CAT ACG TT-3'
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d. 5/-GAG GTC TAG ACG GTT CAC TAA ACG AGC TCT-3’
e. 5/=-GGA CGC GTG GAT CCA GAC ATG ATA AGA TA-3'
f. 5/-GGA CGC GTC AGC TGT GGA ATG TGT GTC AG-3‘
g. 5/~ACC ACT CAT ACA TTG CTG ATG G-3'

h. 5/=-GGC CAG TGA ATT GTA ATA CG-3‘

Targeting the Factor IX locus: The Factor IX YAC was

targeted by lithium acetate transformation (Schiestl and
Gietz, 1989, Current Genetics 16:339-346) of 5 ug Not I
linearized pRSN303.A/F9HR/340 or pRSN303.A/F9HR/34 into
the haploid Saccharomyces cerevisiae strain YPH599/
HYA32G5. This yeast clone contains a 650 kb YAC encoding
the human factor IX gene (Campbell et al., 1991, Proc.
Natl. Acad. Sci. USA 88:5744-5748). Transformants were
selected on minimal plates without histidine and colony
purified, and tested for the ability to grow in the
absence of uracil.

His+ transformants were replicated onto minimal
plates lacking uracil and only his+/ura+ colonies were
screened by PCR to verify homologous recombination at the
Factor IX locus. Two primers were synthesized: primer g
was located within the genomic sequence 5’ of the 340 bp
5’ Factor IX homology and primer h corresponded to a
region in the targeting plasmid between the 340 bp 5
Factor IX homology and the HIS3 gene. A homologous
recombination event would generate a novel amplification
product of 422 bp. Transformants were pooled in groups of

three after growth of individual colonies overnight in
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YPDA media. The pooled cells were spheroplasted with
zymolyase (Philippsen et al., 1991, Methods in Enzymology
194:169-174), lysed by boiling for 10 minutes and a 10 ul
aliguot of each sample used for PCR analysis. PCR
reactions of 50 ul contained 10 mM Tris-HCl (pH 9.0 at
25°C), 50 mM KC1l, 1.5 mM MgcCl,, 0.01% gelatin, 0.1% Triton
X-100, 200 mM dNTPs, 1 mM each of the primers described
above and 1.5 U of Tag DNA polymerase (Promega).
Following an initial incubation at 94°C for 3 minutes, the
samples were subjected to 40 cycles of denaturation at
94°C for 1 minute, annealing at 55°C for 2 minutes and
extension at 72°C for 3 minutes. At the end of the 40
cycles, the samples were incubated an additional 5 minutes
at 72°C. 5 ul of each sample was analyzed on a 1% agarose
gel and stained with ethidium bromide. Almost all of the
lysates analyzed contained the correct size fragment. PCR
analysis wusing purified genomic DNA isolated from
individual colonies derived from the positive pools
demonstrated that all of the samples tested produced the

correct 422 bp amplification product characteristic of the

targeted YAC.

Southern Analysis of Targeted Yeast DNA

Southern analysis of some of the PCR positive clones
was used to further characterize the targeted events.
Correct targeting of the Factor IX locus would result in
a mobility shift of a 1.4 kb Xba I fragment found in the

unmodified YAC to 9.7 kb due to the 8.3 Xb insertion
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within the first exon of Factor IX, His3, pRS, MClneo,
SV2DHFR and CMV IE. The expected 2.7 kb fragment was
detected from most of the PCR positive transformants using
end labeled PCR primer g as a probe, compared to the
1.4 Kb fragment detected in the unmodified yeast
YPH599 /HYA32GS5.

Southern analysis was also carried out using EcoRI
digested genomic DNA with two different probes. When used
as a probe, the 340 bp 5’ Factor IX fragment from the
targeting plasmid detects 12.8 kb EcoRI fragment in the
unmodified YAC. This fragment was absent in targeted
clones and replaced by a 9.0 kb fragment, due to the
insertion by targeting of an additional EcoRI site at the
5/ end of MClneo. The 9.0 kb EcoRI fragment was also
detected in the targeted YAC DNA, as well as a 6.1 kb
EcoRI fragment internal to the targeting plasmid, using a
probe which spans the entire neo gene.

Transfer of the activated Factor IX gene to CHO and
analysis of Expression: Yeast genomic DNA was prepared
from the targeted Factor IX YAC and used to transfect CHO
DHFR-DUKX Bl cells (Urlaub and Chasin, 1980, PNAS
7:4216-4220). Genomic DNA was extracted from the targeted
YAC-pRSN303.A/F9HR/34 clones by spheroplasting 5x10' yeast
cells as described by Philippsen et al., (Philippsen

et al., 1991, Methods in _Enzymoloay, 194:169-174),

followed by lysis in 20 ml of 0.5% SDS, 10 mM Tris pH 7.5,
2 mM EDTA and 0.5 mg/ml Proteinase K and incubation at

50°C for 2-3 hours. The lysate was phenol extracted,
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DNA was then resuspended in 10 mM Tris pH 7.5, 1 mM EDTA,
adjusted to 20 ug/ml RNAse A and digested for 30’ at 37°C.
Following RNAse treatment, the DNA was phenol extracted,
chloroform extracted, adjusted to 100 mM NaCl and
precipitated with an equal volume of isopropanol. Genomic
DNA, resuspended in 5 ml of 10 mM Tris pH 7.5, 1 mM EDTA
was dialyzed against 3 changes of 4 1liters 10 mM Tris
pH 7.5, 1 mM EDTA, for 48 hours, followed by concentration
by isopropanol precipitation as described above and
resuspended at a final concentration of 0.5 ug/ul in 10 mM
Tris pH 7.5, 1 mM EDTA.
For transfection, 1.5x10° CHO DHFR-cells were plated
12 hr prior to use on 10 cm dishes in DME/F12 media
supplemented with 10% fetal bovine serum, glycine,
hypoxanthine and thymidine (nonselective media). The
media was changed 2 hours prior to transfection to DME,
4.5 g/l glucose, 10% fetal bovine serum. 30 ug of yeast
genomic DNA was diluted to 0.5 ml with sterile water in a
4 ml polystyrene tube. 0.5 ml of 0.5 M cacCl2 was added to
the genomic DNA, gently mixed, followed immediately by
addition of 1.0 ml of HNP (49 mM Hepes, pH 7.10, 274 mM
NaCl, 1.4 mM Na,HPO,). 2 ml of mix was added to a 10 cm
dish and the cells were incubated at 37°C. Four hours
later, the calcium phosphate precipitate was removed and
the cells were incubated with 15% glycerol in HeBS (140 mM

NaC., 25 mM Hepes pH 7.1, G.75 mM Na.HPO,) for 2.% minutes
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positive colonies. The media was changed every 3 days and
surviving clones were picked into 24 well plates between
days 10-16. Clones were expanded to 6 cm plates for ELISA
media collection, then <carried to 10 cm dishes for
cryopreservation and genomic DNA preparation.

Seven transfections yielded a total of 24 G418
resistant colonies and 86 DHFR positive colonies. These
were screened for secreted Factor IX using a commercially
available ELISA kit (Asserachrom IX:Ag, #0410) and 45%
were positive for secreted, immunoreactive protein.
Although the average expression level was 2.35 ng Factor
IX secreted/ml/10° cells/24 hours, Factor IX secreted at
levels as high as 6 ng/ml/106 cells/24 hours was detected
in 2 of the 51 positives (Table 1).

Analysis of Factor IX by immunoprecipitation and
polyacrylamide gel electrophoresis confirmed that
polypeptides of the correct size were synthesized and
secreted. Confluent 6 cm dishes of 4 ELISA positive
clones and one nonexpressing clone were pulse labeled with
¥s cysteine for 6 hours, the supernatants harvested and

cell lysates prepared. Labeled lysates or supernatants



_2vVB! 1| 10968 ()1 1096& () -, 1 1096& ()-, | 109%& ()-, | 1096& () -, | 1094B& () -
bB2VV6! | | 1098& () -, | 1096& () - I10‘V$&'8-,I10‘V$&'8-,,A0r{? Né) ,|1%$%U%)2002
11 109868 ()1 1096& () -, | 1098& ()-, | 10968 ()-, | 1096& () -, | 109& () -
, 569@HHB?VV6! | | 10968 () -, | 109%6& ()-, | 109%& () -, | 109%6& () -, , Aoh[
NgHLPTZ[ c2vV6! | | 10968 () - |100/$&'() )rfd%&'() 1 1096& () -, | 1096& ()

$(, 05_?vV6!

$& ()-, [\]_

cB5vV6! 1 10$ z 10%$&

-,110%

52 T ] D B s

E@@% ?é%ﬁ%beaf?o%%%’% RIS R e G & ()-
IS L IR 8 kgt et ons o s

o F bUH 10 ,& g 10%, & ()-
 PHD 10% , & ler $etAWin Gbﬁhlﬁhéﬁ@ﬁg@-5)16999Dé0ﬁ%l§a6fylaﬁldk0%bl v

L 10%B8& ()
& 10% & () -

& ()=~

as described by Smith et al. (Smith et al., 1987). Two
polypeptides were immunoprecipitated only in cell lysates
derived from clones that expressed immunoreactive Factor
IX. The major species, a 56 kd polypeptide, corresponds to
the primary translation product of Factor IX mRNA. The
minor 67 kd polypeptide probably corresponds to a
partially glycosylated or y-carboxylated form of Factor
IX. Factor IX antisera precipitated a single 72 kd
polypeptide from conditioned media of these clones, the
species believed to be the biologically active form of
Factor IX (Miletich et al., 1980, Anal. Biochem. 304-310).

Southern blot analysis was carried out on 21 Factor
IX ELISA positive clones (both neo’ and DHFR positive) and
one DHFR positive, Factor IX ELISA negative clone to
confirm that the complete Factor IX gene was transfered.
Eco RI digests of genomic DNA were probed with the 865 bp
Apa I/Eco RI fragment derived from the 3’ noncoding region
of exon 8. The 3’ end of this EcoRI fragment is located
32.5 kb from the transcription initiation site of the
Factor IX gene. All of the positive clones contained the
expected 5.5 kb band, identical to HT1080 DNA and absent
from untransfected CHO cells. Therefore, DHFR positive

Factor IX expressing CHO clones have successfully
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transferred at least 35.5 kb and G418 resistant clones

have transferred at least 39 kb of genomic DNA.

Table I _
Factor IX Positive Clones

ng FIX/ml/10“~6
DNA # CLONE # | Cellsx10°6 | ngFIX/ml cells
97 neo 8.5 29.2 20.33 0.70
95 neo 2.1 9.6 17.01 1.77
26 neo 5.21 31 70.54 2.28
47 2.22 9.9 26.22 2.65
43 3.32 10.7 69.17 6.46

It is evident from the above results, that a simple
accurate technique has been developed which allows for the
ready manipulation of genes with high efficiency,
introduction of amplifiable markers to allow for
amplification of a target gene, modifications of genes,
and transfer of the resulting modified chromosomal DNA to
a mammalian expression host, to provide for efficient
expression of the desired product having the same,
substantially the same, or different composition from the
natural product. High protein yields are attainable as
compared to other methods of protein production, e.g. the
use of cDNA expression vectors. Thus, one can obtain
processing, combinations of products due to variation in
splicing, processing, such as glycosylation, acetylation,
methylation, or the like, as well as high and efficient
levels of stable production of the desired product. Thus,

a rapid, efficient methodology is provided for producing
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specifically and individually indicated to be incorporated
by reference.

The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without

departing from the spirit or scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for producing wild-type or meodified
mammalian proteins of a target gene at a target locus,
said method comprising:

growing secondary mammalian expression host cells
comprising multiple copies of an amplifiable region
comprising a target gene heterologous to said secondary
expression host and expressing a protein of interest and
an amplifiable gene, whereby said target gene is expressed
and said proteins produced;

wherein said secondary expression host cells are
produced by the method comprising:

transforming yeast cells comprising a large mammalian
chromosomal fragment in a YAC vector with a construct
comprising an amplifiable gene, at least one flanking
region of at 1least about 50 bp homologous with a DNA
sequence of the target locus, and optionally a seguence
for modification of said target gene, wherein said
amplifiable gene is at a site which does not interfere
with the expression of said target gene, where said
construct becomes homologously integrated into said target
locus to define an amplifiable region comprising said
construct;

transforming said amplifiable region into said
secondary expression host cells, whereby said amplifiable
region becomes integrated into the genome of said

mammalian expression host;
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amplifying said amplifiable gene by means of an
amplifying agent; and
growing said secondary expression host, whereby said

desired protein is produced.

2. A method according to Claim 1, wherein said

target gene is a human gene.

3. A method according to Claim 1, wherein said

target gene is mutated by homologous recombination.

4, A method according to Claim 3, wherein said
mutation modifies the transcriptional initiation region of

said gene.

5. A method according to Claim 3, wherein said

mutation modifies the coding region of said gene.

6. A method according to Claim 3, wherein said

mutation results in a gene encoding a fusion protein.

7. A method according to Claim 1, wherein said

amplifiable gene is the DHFR gene.

8. A YAC comprising a large mammalian chromosomal
fragment comprising a construct, said construct comprising
an amplifiable gene and a target gene indigenous to said

fragment defining an amplifiable locus.
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9. A YAC according to Claim 8, wherein said
mammalian chromosomal fragment 1is a human chromosomal

fragment.

10. A YAC according to Claim 8, wherein said target

gene in said construct is mutated.

11. A YAC according to Claim 10, wherein said
mutation modifies the transcriptional initiation region of

said gene.

12. A YAC according to Claim 10, wherein said

mutation results in a gene encoding a fusion protein.

13. A YAC according to Claim 8, wherein said

amplifiable gene is the DHFR gene.

14. A yeast host cell comprising a YAC according to

Claim 8.

15. A method of producing mammalian expression host
cells for efficient expression of a wild-type or modified
mammalian protein, said method comprising:

transforming yeast cells comprising a target locus in
a mammalian chromosomal fragment in a YAC, said target
locus comprising a target gene .encoding a protein of
interest, with a construct comprising an amplifiable gene,

at least one flanking region of at 1least about 50 bp
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homologous with a DNA sequence of said target locus, and
optionally a sequence for modification of said target
gene, wherein said amplifiable gene is at a site which
does not interfere with the expression of said target
gene, where said construct becomes homologously integrated
into said target locus to define an amplifiable region
comprising said construct;

transforming said amplifiable region into said
expression host cells, whereby said amplifiable region
becomes integrated into the genome of said expression host
cells;

amplifying said amplifiable gene by means of an
amplifying agent; and

selecting for expression host cells having an

efficient level of expression.

16. A method according to Claim 15, including the
additional step of introducing said expression host cells

into a mammalian host.



