COMPOSITIONS AND METHODS FOR METABOLIC SELECTION OF TRANSFECTED CELLS
CROSS REFERENCE TO RELATED APPLICATION This application claims the benefit under 35
U.S.C. 119(e) of US. Provisional Application Ser. No. 60/681,969, filed May IS, 2005, which is entirely
incorporated herein by reference. FIELD OF THE INVENTION The present invention relates to
novel selection marker vedt§I¥RA8IHMEMBTIS T MERRESDREOR MEjehBtd Stable gene expression
systems in eukaryotic cells. BACKsROYNA oF The\dauslerragnt-efipgmmalian cell culture
techniques has revolutionized biological research. Cell culture systems can be used to test new drugs
for toxicity or efficacy at an early stage in development when human clinical testing would be high-risk;
to produce complex human mateﬂ&sﬁﬁﬁﬂi@ﬂ@@ﬂ@&mﬁﬂﬂlﬂ&mﬂmlmﬁnoclonal antibodies; and

as aplatform for Cellt base era aynta'cﬁle%gﬁ%fﬁ%%tf ggf\?g 'é} ? Cr};ﬁ%)%% %Stem cel I cultures, In

addition, the ability t0 mat%éiuce eterologous recom inan cell fined glves scientists
a powerful adjpmisetisol $or- ﬁiarﬁﬁ(ﬁ&hﬁ@aﬁlﬁwgys&érﬁg%rveiﬁépéﬂm@emdﬁoncorpoﬁ@éémwnthe need to
address regylatgpygacerns about contamination of cell lines used to express biomalecules and
subsequently to manufacture therapeutic products has become more critical. The biotechnology
industry as a whole is moving away frobt I%%I@L%E W‘@Bﬁéﬂ}gnted media for commercial cell
culturing in order torﬁagwmthatvpmﬁenmahmlmabpatmﬁ aradiseaseecqausih ghahinal@radins are not
introduced info I W%{Q%@ g%BB%A %té%%ﬁé'% h@rQA‘é’l‘é’&&C RIS rg @89&% are becoming the
standard protocol or culturing mammalian cells, especia Iey those Used for gene expression and protein
purification within biologic product pipelines,

BACKGROUND

The develbpment of mammalian cell culture techniques has revolutionized biological
research. Cell culture systems can be used to test new drugs for toxicity or efficacy at an
early stage in development when human clinical testing would be high-risk; to produce
complex human proteins for therapeutic applications, such as monoclonal antibodies; and as a
platform for cell-based therapeutics in the context of adult and embryonic stem cell cultures.
In addition, the ability to introduce heterologous recombinant DNA into cultured cell lines
gives scientists a powerful adjunct tool for manipulating animal systems for experimentation.

Recently, the need to address regulatory concerns about contamination of cell lnes
used to express biomolecules and subsequently to manufacture therapeutic products has |
become more critical. The biotechnology industry as a whole is moving away from the use
of FBS-supplemented media for commercial cell culturing in order to ensure that potential
animal pathogens or disease-causing animal proteins are not introduced into the human
population via future biologics. Serum-free media are becoming the standard protocol for
culturing mammalian cells, especially those used for gene expression and protein purification
within biologic product pipelines.

The NS-0 mouse myeloma cell line is commonly used in protein expression systems,
such as Lonza’s GS Gene Expression System (Lonza Group, Basel, Switzerland). The GS
Gene Expression System exploits the inability of NS-0 cells to produce enough glutamine to
survive without adding exogenous glutamine to the growth medium, by using the enzyme
glutamine synthetase (GS) as a marker for cellular transfection with a plasmid vector.

NS-0 cells are also cholesterol auxotrophs, resuliing in a situation where media used

to support the growth of the cell line must be supplemented with both cholesterol and
1 .



The NS-0 mouse myeloma cell line is commonly used in protein expression systems; such as Lonza's
GS Gene Expression System (Lonza Group, Basel, Switzerland). The GS Gene Expression System
exploits the inability of NS-0 cells to produce enough glutamine to survive without adding exogenous
glutamine to the growth medium, by using the enzyme glutamine syntbetase (OS) as a marker for

cellular transfectiomwith Riplasang:vesttiolesteNBagals R @lsa cholestore! adxalaubs, resulting in
a situation where media used to su %)erththg roa/bth of t?e (;[ell line must.be supplemented with both

cholesterol and S‘éﬂ%ﬁfﬁ%@ﬂg%‘fﬁ% BXOGEROIS I SLHEIST (S SRRTE SIUHEFESE %h intricate and
time-consuntikigqatess bevdast thertipidarmgstbeobduipted o midganmbieties]ispohoasseyclodextrins,
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resulting in cholesterol-supplemented growth media with a very short s lite. Further, when

chemically d¥tfetisditifhsrestifehssplstaldrevemdint adioGRrsiho\ mesetirstiatplemented

media (PBS)itreulrechelestesohatpeitophicicelFiwso chnlestatolkpresipitatioppectss frequently.

Finally, cholesterol. cannot be easily filtered through small pare sterilizing memhranes, such as PES,
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C o,
due to its inhérent af y to"such polymers, thus sigmficantly’reducing the amount o sterol in the

final filtered evighsoplisosssierflishercoriibatestd mdUnSisteniciéts inhbewibritatshspekparations of
cholesterol sypplemeniedypedia,Aoditionof excaenavscholesiemlditrai.fmadivnadayitout

passing through a filter aJso increases the possibility of introducing contaminants, such as adventitious

agents and/orEnIBIBAEer CORFRUES I RPPHEORSAIEHE BrE DAFG IRerarbiRstef R aifsbHdphy of
NS-0 cells haspgeentiybeetiidefdfitderittohatactesizd et (ol dfealy ot ehtiomahcelbassing
Cultures-EC NoL851 3, it J Jarvis, MRC Laboratory of Molecular Biology,
Cambridge, ?gé%% ﬁﬂ%%h%%%?%’%r%%%ogg%%s?%%{f)o 'Ijﬁg %%f]lﬁ‘%em 331? ﬁ%ltl%/’x%lrc%assthe gene coding for
an enzyme thaYEakEoys agaiseplipr tidleagdgenous biosynthesis of cholesterol. An enzyme called

3-ketosteroid reductasentisksiiR me @i Sembaef adar g famity alRetapmydroxysterQid has
dehydrogenases, js encqoded hy the f&%;ifi%%e? e, The 3-KSR protein cai?l zes the conversion of
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plant-derivedtdrrginsdbiet Fptelsasteteror Hisiparganve dioniwersiersissisione epvmedia. Gorfien
et al., 16(5) BHRIEQHNM:02R 0@ 582 (3-(2000 b ROHBEAENI0ach fAasIPeende-Bnainger:Ne 0 cells to

overexpress 3-KSP | thereby reverti e enzymatic defici and allowing the cell line to be
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(2006). Finalbpanesearchersmstcinve stigating threohnoteentasob asishfestik s Rigeimanactivity in NS-0

cells and attelry@giﬂ,ga@ﬁgﬁ@égﬁg@_@ﬁ%%@@g}gene by demethylating a critical upstream regulatory
region, which would relieve the transcriptional repression of the 3-ICR gene. Seth et al., 93(4)

BIOTECHNOL. BICERN&bax. éﬁfméﬁghmques nave been proposed to address the cholesterol
auxotrophy of NS-0 cells with the goal of making the culturing protocol more efficient and

less dependent on successful cholesterol solubility in aqueous media. One approach has been
to use plant-derived or synthetic lipids instead of animal-derived cholesterol to supplement
CD media. Gorfien et al., 16(5) BIOTECHNOL. PROG. 682-~7 (2000). Another approach has
been to engineer NS-0 cells to overexpress 3-KSR, thereby reverting the enzymatic
deficiency and allowing the cell line to be cultured without the addition of exogenous
cholesterol. Seth etal., 121(2) J. BIOTECHNOL. 241-52 (2006). Finally, researchers are
investigating the molecular basis for 3-KSR gene inactivity in NS-0 cells and attempting to
restore expression of the gene by demethylating a critical upstream regulatory region, which
would relieve the transcriptional repression of the 3-KSR gene. Seth et al., 93(4)
BIOTECHNOL. BIOENG. 820-27 (2006).



Nevertheless, there remains a great need in the biotechnology industry for generating stable cell lines
through transfection with expression vectors in chemically defined/serumfree media, which are
capable of expressing heterologous molecules. Moreover, it is highly desired that the chemically
defined/serum-free media is usable off-the-shelf without the need for problematic addition of

exogenous cholestiol, Hic.QaRER NI RLOHIAAS A SHRIEaRION HeHIRL conkal g&yﬂg@ﬁ ne or

polynucleotide encoding an enzyme in the sterol or choloesterol biosynthetic p of a eukaryotic

cell that imp&H&iarelabnry Braneh demibsipoivélamermasiunirears inchemiesily GERseEcERd or
rs1erum;free m@i@em@%{&ﬁ@g&@@w ‘Wﬁ.@g&e@w&@?@g@mgoMguliwglﬁlegi%@@cogng a
etero ogous rotein, ( pe tide_or Tl , this vector Js use as Amet )I1C, SeleClion rker to
el o B B B A R I e B e BBl B e
produced in &hemitelyatefinddandiorsgmmms froe ssiedia TSUNMMARYventictheprésemt invention relates
to novel metabolic SeleCHN IRAKEE Q%'é}llrléoxa&ﬁ%f%%&fé}{g}dﬁmg Ihesgurclomlagsnsrate stable

gene expression systems in eukaryotic cells, present invention inCludes a vector comprising a
polymicleotidd ¥RedeRIPRaiaiinaaih e stersisostiltit pdnsy beativapfdticcelica
biologically agtive/fragmenrtiturealon Hielogigaly-aatyenmsiariiheretnaaia palyathileotide encoding a
lieterologous ﬁ[})(oggs%%tide Th? gresent invention further inclgges a hcpst c%ll transformed with the

vector.  THEDIESENTIRVERtON ATN8 Melfes S16P Jélr‘ﬁcé??smazelécx?g%?c8tr%r8r?§%‘és RVedor
comprising anotiyeritleotideptidit énsudedsranusaly e mahbodiersldsiosymbibtictpathastahcof a eukaryotic

cell, a bi0|09§%M£Q&V&1§@QQ@%QM£§Eﬁ@%@ﬁ@e&@l@ﬁ%%@%@t@{%g@g9%&1{&?{@&%%&% BRiiRRadY one or
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more of: a plurality of host cells_ that are auxotrophic for cholesterol; chemically defined, serum-free
media; growth sTASBIEATZ e RS QNGITTHR GFEWHF the plurality of host cells at low-seeding and
clonal densities; and at least one protocol or written instructions to utilize the kit. The present
invention additionally includes a method of seleg' I Xt;hat can survive in medium without

cholesterol comprising: transfecting eukaryotic cells that are auxotroplaic for cholesterol With a vector
comprising a poi yntiastigsttrareirb s esriearrphasiatelic sereligiosgnticticipaindy of a
eukaryotic cellahietagically aetive-fiagineptibereotpl-ahiogicaliyasivienvariankhesgof and

optionally at least ono polynucleotide that encodes a heterologous protein; and selecting cells that
have the abilﬁi’/utqo survive in medium lacking cholesterol. .
The present invention includes a vector comprising a polynucleotide encoding an

enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment
thereof or a biologically active variant thereof and a polynucieotide encoding a heterologous
polypeptide. The present invention further includes a host cell transformed with the vector.

The present invention algo includes a kit comprising: a vector comprising a vector
comprising a polynucleotide that encodes an enzyme in the sterol biosynthetic pathway of a
eukaryotic cell, a biologically active fragment thereof or a biologically active variant thereof;
and optionally one or more of: a plurality of host cells that are auxotrophic for cholesterol;
chemically defined, serum-free media; growth supplements that support the growth of the
plurality of host cells at low-seeding and clonal densities; and at least one protocol or written
instructions to utilize the kit.

The present invention additionally includes a method of selecting cells that can
survive in medium without cholesterol comprising: transfecting eukaryotic cells that are
auxotrophic for cholesterol with a vector comprising a polynucleotide that encodes an
enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biclogically active fragment

thereof or a biologically active variant thereof and optionally at least one polynucleotide that



The present invention further comprises a method for obtaining cells that have the ability In survive in
a medium lacking cholesterol and to produce a heterologous protein comprising: transfeeting
eulcarycric cells that are auxotrophic for cholesterol with a vector as described herein containing an
enzyme, such as a 3-KSR, and at least one polynucleotide that encodes a heterologous protein; and

selecting theeﬁslléewké%@z\e%gb%@%%%paﬁa@e'ré%aﬂcr@aggw;gt@&%%%9&%%@%&%&%9%“%
OF THE FIGURES  Figures 1A-1J shows the biochemical pathway for etikaryotic and specifically,

mammalian &@F&W@Wfﬁ@%is which is partially mediated by the product of the 3-KSR gene. Figure 2
depicts the plasmicrmapeinInkSRoaxpressiomyeston methédguredapictsithenglasvaithenap of

DB-KSR:niAb\é%]%. :NIAbVH expression gg&%g)i{gi%%%%ggogom@é@g%%%%%%ntgﬁgggg('e @&gﬁd heavy chain

& {0 survive me uﬁn
genes clonedin‘tandem. igure 4 dep plasmid ma e, an example of a

recombinant genpismgstrant¢riog geky eiorsts e pBLRSRIophicHiy A Biapl b MRS 26|- TIMAE

which providgs,an,exameie Qh6:RAssHleARIR0G NS LRIFEURCXNERSSIAN MIigniatens: hihe
multiple cloning region of the p3-KSR expression vector. DETAI EDH?E% RIPTION  Itis
understood tREFHHE BrEgEmiqrRERISHYS ARE ARTRGESME A St ADYS AR GRS pOnents, etc,
described hesgittiuasHieise thalemaryl. It is also to be understood that the terminology used herein is
used, for the purpose of describing particular embodiments only, and is not intended to limit the scope
of the present invention, It must be noted that as used herein and la the appended claims, the singular

forms "a," "an," and "the" include BRAIBFUPHSERIEAEION (MsTRHe Btk Elearly dictates otherwise.
Thus, for example, g;kefesancerte, polypudieatide! ismwefererRert90mneql spasgpolynucleotides and

includes equivalents thereof, Icnown to, thqse skilled. in the art and so forth, The.term ~vegctor" is a
reference to g‘%@?@ﬁﬁ@é‘?’fﬁ&ﬁﬂﬂ%ﬁe@%ﬂ@% WHEE AR %%Eé é:?rgélat%% rg%gfﬁ' (éefs}%r%%s)ﬁrgn Gra

"plasmid cloning vegiaute Widighcts tqpiémsmid usedfipieCBindinmatiDNE®xperiments as an acceptor of -
foreign or heterologgys R, Thedeliolaaos RigleRsRalRepIdR ArAeRIdR Q16 InieRred to

encompass any protein that IS useful‘to treat conditions or diseases or as reagents.

carrying complete human antibody light and heavy chain genes cloned in tandem.
Figure 4 depicts the plasmid map of p3-KRS:rec_gene, an example of a recombinant
gene construct (rec_gene) cloned into p3-KSR. | |
Figure 5 depicts pBFKSR.IHUMAB which provides an example of 6 possible
antibody gene cassette expression orientations in the multiple cloning region of the p3-KSR

-expression vector.

DETAILED DESCRIPTION

It is understood that the present invention is not limited to the particular methods and
components, etc, described herein, as these may vary. Itis also to be understood that the
terminology used herein is used for the purpose of describing particular embodiments only,
and is not intended to limit the scope of the present invention. It must be noted that as used
herein and in fhe appended claims, the singular forms “a,” “an,” and “the” include the plural
reference unless the context clearly dictates otherwise. Thus, for example, areference to “a
polynucleotide” is a reference to one or more polynucleotides and includes equivalents
thereof known to those skilled in the art and so forth. The term “vector” is areferenceto a
self-replicating DNA molecule, which also is referred to herein as a “plasmid” or a “plasmid
cloning vector”, which is a plasmid used in recombinant DNA experiments as an acceptor of
foreign or heterologous DNA. The heterologous protein, polypeptide or peptide are intended

to encompass any protein that is useful to treat conditions or diseases or as reagents.



Unless defined otherwise, all technical and scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art to which this invention belongs. Specific
methods, devices, and materials are described, although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present invention.
The present inventidHgsPEFERY CBIFBES R S H SO HES RIS HRAABEII Sk it BP fransfected
cells by utilizipgnaBenzsnmehithe Ramotalian:steral bissynikesis hatiwaywsch metabetioselection
gene in eukaryotic cells which are deficient in the enzyme. Euk ic.cells with t r rties are
useful for th%%%%c%lg X Jf%%@%%?%%%%ﬁ%?’rﬁ%ﬁ‘e%ﬁﬁ%ﬁ‘ sﬁgﬁeaggsg?%%lﬁ é,l Y %ﬁg’%%e{%)%t%%&a%gfotein or
another moleciiteithatiisinotnermalisipiotwse ddsyrihed deticig setificafisd théhpeseeinvEstdn utilizes
3-ketosteroi%f%ge%@§gt (37 &9, as a metabolic selection gene in. the generation of eukaryotic cell
lines which are deficient in 3-KSR for the production of a heterologous molecule such as a peptide, a
polypeptide or a proRSRTFF FREEIH GHIER ek SOBRRS BB SHhBIE Fﬁ%f?} BrEebEsrs of
cholesterol devwastieant-afs3d(@Rein theudlikany atiechalestaio! hiosyniheticqpathiwayntBes -Figure 1,
which presents.the biochemical pathwa éor ian sterol bi is.which ' mediated
By 1R B B e e Eohoptd.cs
encoding anBvizyme dedhe wihiinanarreteep i osgithes b pahlray sop ovstsel 189 Ryure 1, where

such enzyme, for.example:is:3RR, MeSlRIS Il eXBIEESING theBnzyR1es Sbehas SothSiatell lines
that are deficient in the enzyme, such as 3-KSR, cell culture me,(ilia awrgro%/vth.g,u%@c%gg@t? for use in
the transfectiﬁfﬁ‘Blﬁ?éé%t,hﬁr?alkit%ple(?}fbcﬁﬁ?'m@?cl?é?s&b}f}ﬁ%%)ﬁ{ BHRe preceieidntion. The
present invemt&®) icludesbaleciotongprisingha Q@iymuoheqfidé{&rmmc@émm%ﬁeém the sterol
biosynthetic pafiay;ot & suanlic el g.Risladicaliviaciie iaanenkinerept ghabiplogically active

variant thereof and a polynueleotide encoding a hoterologous polypepticie. The enzyme in this vector
more specifimlywnﬁ%r%@@@i%t%@%&g@ﬂ%&%e@gf@ﬁi AEHTETECE FRLIRESIF A Hrine
3-1(5R, Specifisitaprasaniativepalypueieotides anceing ad<kidRoieomprisesSaIDKO: 1 which
encodes the amino acig, sequence re r.esgnted bXt EQ ID NO:3 %’anc poﬁ)g;s,cesn 1Eeg Ivghg\é : 2 which
encodes the 1% adit ‘G tehES e%’f’eC STHsd B DR 8 vector as described above
is preferably & reatitbinadibONA éxXprEssion vector, which optionally further comprises at least a first
transcription unit fof g, pr 8;9&&%&%9%{%{42@&%% %e%o%}mtsgsm%%eﬁml gldbsriiemans

e

cytomegalovims promoter. Detail$ of other units and elements in the expression vector are described

in detail hereffcoding Hie BraseH i RFREBTRITASITACRIGSE RGP LRI 1aHFETMEY With 78 vector as
described abgwgrelherhasieell is: a:auiasyotocsl, which fsragnasiogirsansyskilladhnsthe art to
include the Protoctista, the Fungi,.the Aninaalia, and the Plan heref I..plant and
mammalian c{gﬁ ’acr% [ eeﬁ(t]ge% at% %eeq%lﬁgolr%p%es%%zaf%f/’tﬂlghp?sé?é%?%\%ﬁt%ﬁ tzl;{fsg %%S}Qoé%te host cells.
The host cell preférabiplisrsmkolroptsitfiredtrokisetas rSsetifietd ddtsden semaare S itHe present
invention are%ﬁfgpljéléﬁ;inm&llo-ms cells, and more specifically an NS-0 mouse myeloma cell.
The present invention also includes a kit comprising: a vector comprising a vector comprising a.
polynucleotide that eREBEEETAH EHEFh BT %f@ﬁ%%ﬂ?%ﬁf@ﬁc? SRR OF egﬁ%’a%gg%l cell, a
biologically agtive-feagmentshetenionatiiplugicallyfactike:variantitheteol gindlpptionaftyameior more
of: a plurality of host cells that are auxatrophic for cholesterol. ically defi - media;
growth supplé%ﬁ’éeﬁfsofﬁalltflguo Cgﬁyt %IE?OVW ]halgf t%%gﬁ# %ﬁggtg%lgﬁé éﬁ%%%%é%%%gﬂ%é%gonal
densities; andalyteastionEhsrotogot or (istientdnsearetopaiterliviromiestite AL AOROHbEFECHE enzyme

preferably is 2;3:KSR ,and mots.preloiahla AuEine KSRwith dhrveciarcaniaining daeexample,
useful polynucle.otides encoding the enzyme compris'nggSEQ ID NO: 1 and SEQ ID NO: 2. These

polynucleotid82eHasde the R iR HESEYHRALE df FOSHAES B ATBASIAY SEE'SRNO:3 and. SEQ

ID NO:4, respegtivelyed Be YBCIOD Kakrekil s preierabBellebdmbinanhBhbadexiie ssiam veidtor, which

optionally further comprises I%te a,séﬁlgfﬁ%@%cription unit for a product gene which transcription unit
ytomegalo '

) FEPIESE NO):
is under contrs(ﬁqg?lfﬁ% ﬁ%msan C VIrus promoter.
The vector as described above is preferably a recombinant DNA expression vector,

which optionally further comprises at least a first transcription unit for a product gene which



The host cells in the kit are preferably NS-0, NS-1, and CHO-215 and more preferably an NS-0 mouse
myeloma cell that are adapted to grow on chemically defined, senun-free medium and/or on
chemically defined medium. The kit further may optionally contain growth supplements which
comprise at least gne of faft ac(i_ld-freet B??,ﬂge ombinant human,inter[eukin-té%ﬂ -6),. recombinant
human insulin SSHR I BT AitE B GRIm YR %@%ﬁ&&%&ﬁ%ﬁ&}ﬁ?ﬁé PRABIREBretErABIN e rowth
supplementsigomprisé:firatsdoribe atrationsinesaleatioiesmddid in détabdatedhl% to about 5% fatty
acid-free ESA, abogh il 0.804%8 16 Ml ML 16. 20014 5. GUDL 19,6011 45 g/ recombinant

human insulin, about 5'1.ig/L to about 8 !..t/E sodium selenite, about 0,01 WE to about 0.3 gal sodium
pyruvate, anfesBREA vag/ohaBTH 355 FiseBipkhernhEiNrRoBre fe i Rp Rk g peiRIbe

supplements.eanpesadinaliconcaniiatiens piselection medivmief mbaut. 190 datty-agidrfiee BSA, about
5ng/mL MIL-lghtab%ut 10 mg/L re ombin{an h tm%n insulin, abdogg 741, sPdiumt,seIenite, about 0.11
g/L sodium pR/ruv%li1 ,néa (e [o b ?ﬁ%ﬁlr%ngféj StRaRdIarHne - Y THeP IR Eht B fufthér includes a
composition afitejiouiture: stipp|Einentst @9ﬁmﬁ§_m@1ﬁhahwioaﬁﬁ@fipwhdhsaeth@fmfﬁ of about
0.1% to abouh%fatheacidhirgeiBSAsRaM i Mk 1Rsanart 9 nalink:ihlhé aRouhefaginal to about

15 mg/L recombinant human insulin, about 5 uq/L to about S ttg/L sodium selenite, about 0.01 g/L to
about 0.3 sodRGRFSIRNIAESAh bR R o about 3.5 ing/L ethanolamine. Additionally, the
invention also inclutiesra-sampesiiian afscellGidhivtelstppigments eompsisibgfinalgcaneenirations in

selection megium,of about. ot fatly.acid:ce. B3A, abadt & nglnale spout 10ymalkdgsampigant human
insulin, about 6.7 ngfl% $6ditim se?enlte, about 8.1fg)fysod|um pyruvate, 5nd" Aboul: 2.0 inga/L mg/1.,
ethanolaminevukaryqtitecghtesbinl oieatiiostaddivemany theehod es abmbtbicd ofastiectmpahsrtoat can

survive in meglgpehayto£holesierol comprisinor ranslecing suKkaGH SRl hgl ake.axotrophie for
ynu.c

cholesterol with a vector comprising a po eotige that encodes an cn7yrric in the sterol
biosynthetic FRTAY St A Rk AR RS S Ko R A R R s i SHPRAEr G2y S bfSiSically active
variant therepfasidogittenatiyliatidast eréipoiydutledtite that encodésa beteroloEdus wrotein; and
selecting cell f the iJit syrvive i i king. chs rol, Preferapl st cells are
NS0, Mo, S B e o e s Sl A e mectum i

chemically déffednd serins-frécSBrahefhtcancsenmeimhdenamate.useft] nolHscaeided comprises
a3-KSR.  benresentinventionfyrtbereomprioes axmethodiorebtaining.crllsthathane the ability

to survive in a medium lacking. cholesterol and to produce a heter S protei ising:
ranstecting SRR OHEEaNo TSR A B DT R CHOTRSOF Wi AL it 9 ABobfbed herein
containing aNénzymmessitchyas ae3«8R rathd lat le astfenblpelyracieotidehet envodesardwéigrologous
protein; and seleaipghecalisiuathave heabilty msunive mediymladdng.chalesiargh As

y are NS-0, NS-1, and

previously described, the Cells are auxotrophic for cholesterol, and preferab
CHO-215, anHFHSFR R iEPARate RESUPhed e Hy@icareedrOWRIC HTEBR B cultured in a medium
that is chemically defingdsasshiserrsifregofchemically-odefined and Clibezprasrnhiavention further

includ(_as_ a me}g eda{) r r%q in%apeteerlolo géﬁigg%ginagg tg %ell_g&ltourgﬁes St 1m(%%c(rf'bed here_in
comprising: tPanifec%fn%‘ euka??o i el Wt Sre auxo%ropﬁlcgfor endieSi&rsiwitn a Vettor comprising a
polynucleotidethatfencoeizsnamdimzymelisntelbtaididsibsydinatic pathway of a eulcaryotic cell, a
b iologically active frApERL furfher may optionally contain growth supplements which comprise at least

one of fatty acid-free BSA, recombinant human interleukin-~t (thIL-6), recombinant human

msulin, sodium selenite, sodium pyruvate, and ethanolamine. More preferably the growth

supplements comprise final concentrations in selection medium of about 0.1% to about 5%

fatty acid-free BSA, about 1 ng/mL to about 9 ng/mL rhIL-6, about 5 mg/mL to about 15

mg/L recombinant human insulin, about 5 pg/L to about 8 ug/L sodium selenite, about 0.01

/L to about 0.3 g/LL sodium pyruvate, and about 0.5 mg/L to about 3.5 mg/L ethanolamine.

More preferably, the growth supplements comprise final concentrations in selection medium

of about 1% fatty acid-free BSA, about 5 ng/mL rhIL-6, about 10 mg/L recombinant human



thereof or a biologically active variant thereof; and at least one polyaueleotide that encodes a
heterologous protein; and culturing the cells under conditions to produce the lieterologous protein, The
method farther comprises obtaining the heterologous protein from the cell culture by isolating,

separation or purification techniques known to persons skilled in the art. The cells are auxotroplaic for
cholesterol, & Bréfstdly éﬁ?fl\%‘gurﬁl &pnile, AR bl £ 5%é£urﬁlo?¥1%¥%tlﬁef3§9b§% ?f\l%’-‘bg/r%ouse

myelorna celisgihaticanibeioeltured on medium. that is chemically defined and serum-free or

chemically defined The il AR ERLIVERNAN, féa%%gik%%q\%%m%ﬁﬁl&ps%dggigg%@ wr%g%%%gf

expressing a heterologous protein comprising cultdring a cell transfected with a vector comprising a

sequence erEarlieRy B ketae ipisPledivBt e AP Arlerst dieih absiblo goabimetelribthe: absence of
chocllesterol unsiRr pk?@fﬁg@sag@@r@gg@mﬁg%g@w@gp@@{gt@i%M{a@rgmgﬁ&{@{%@qﬁcelIs and the
medium are described above, |,3-Ketosteroid Reductases The present inyention utjlizes any
eukaryotic 3-%@“&%331%@%%%& eaigf?‘ge%%g?%rs ﬂ?éuﬁ}(g%lﬁ%ﬁ%nao?%gt tfc%gt@ua %%@e%r?siln one
embodimentsadimiuripe @4k SR miayube userd,. spawificalfymg/p-tiidnolystaroldNiADRI3toxireductase,

also known a5 FISRAII5(NOM Nusleolide Acoession ol HaAS)ih auslsqide sequence as
follows:(SEQ ID NO: 1): ATGCCTGGAT GGAGCTGCCT GGTGACAGGA GCAGGAGGGT

TTCTTGGCCRGABSATICHE s MRS ITew T Crin aAGA REAt TS CABIGAGATCAGAG
CCCTGTTC Ak G ITT febatabikaARAAGALG ABREAGGAANT oGl Cofebfz(Cabion TAGATCAAAGG

CCAAGGTGA@AGTAC ‘GA@C%G AGAC TT@T GATGCCCA ATGCCTGAAG AGAGCCTGCC
AGGGCATG PEFEET e AT K A%&@ijf‘ 6&@’8@&’1“?@ CCCCCG'TGGT GCCGCTTCCA.
GACAGAC CAT CTTRAGATGCTGART CTEAAGICTAS TCABCOCTATT GEATGETTGTGTGG

AAGCCAGT G GGOA o WA GIRGAG ClnzE %%@9%%&&%3@ GRAGGRAA TTCCT
ACAAGGAGAT CAT CCTGAAT GCCCATGAGG AAGAGCATCA TGAAAGCACA TGGCCTAACC

CATACCCA FRENEE A ARESTeror & eersues AORBESEA SIS BFESEPIREPEEBAGACTCC
TGAAAAAT GE G GAAGETT G GATAGT FBHG1GET FAAGAT TLCGTIRGATG.FAT GERGAAG

prp Ty A e e e g O R oW
TTCTGGCTERTAGEABEETA CAGGACCECANRGCARGTFCERCIAATTATCCHX OGKRENGTTCT

ATTACATCTieciGATALEAG bl EAGEA M LarONADSESLE Anl CHANBT AMe HEGETERGECA
AGGAGTOGGO CCTCTGCCTT GATT CTGGCT GGAGGCTTCC TCTGTCCCTG CTTTACTGGC

TTGCCTTCEH NARETHFRRER RSP NE TR ENE R TrRRA AR AT R ERCEP-C
CCTTTACCCGGTICIHBAT O WCAGTE GEAANATAGEIGT CohlpTAC CAKTRECC TATAAGAXAG

CTCAGCGCGA TCTAGGCTAT CAGCGACTIG ICAGLTGOGA GERABCEAAG CAMARACCT

CAGAC-TGGAT TOGAACACTA GTGAAGCAGC ACAGGGAGAC ACTACACAAA AAGTCACAGT GA
SEQ ID NO: PEHbodes i shiscifia SRGReAF R TAS BN E RN MG Lo Bt Setf et e e USIHOWR M urine
HSD3I35 amigacith seaueneedS BRHIMEOS)s that are auxotrophic for cholesterol with a vector as

described herein containing an enzyme, such as a 3-KSR, and at least one polynucleotide that

encodes a heterologous protein; and selecting the cells that have the ability to survive in

medium lacking cholesterol. As previously described, the cells are auxotrophic for

cholesterol, and preferably are NS-0, NS-1, and CHO-213, and more preferably are NS-0

mouse myeloma cells, which can be cultured in a medium that is chemically defined and

serum-~free or chemically defined.

The present invention further includes a method for producing a heterologous protein
in the cell cultures system described herein comprising: transfecting eukaryotic cells that are
auxotrophic for cholesterol with a vector comprising a polynucleotide that encodes an
enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment

thereof or a biclogically active variant thereof; and at least one polynucleotide that encodes a



MPG-WS CLVTGAG GELGQRIVRMINQE E E LQE IRALFRT FCRICHEEEL SKLQTKAKVRVLICGD
ILDAQCLIMACQ CMSAVIHTAAAIDPRGAASAQ T IT PVISLKGTQL1,LDACVEASVPT E' TY S S
SVLVAGPN SYKE | II,NAH4EE HHE
sTWprprscb4AnKAvLATNGRLLKNG_GTLHTCMialprIyGrcchTsanJnLR
PS'YV:711AMTRINESEEY i1t REFE A SEN TS p Goadigigps to produce t
SICTATC-1,6bRSGIAT RUMLANMH RSkl s2T VSkib I BENYRBRE TRIE/Ab AT AR (SVET

NsI ICKNATFS IAN
e heterologous

17 AQRDLGYQPINOWEEAKQICT, SEWA CTIVIWERE TIMS IS0 AGHODAI lher
functional enzymmes aré encoted by genes including; but not maned to, 178-hydroxysteloi

dehydrornaséltypdl7 dtisdixatmpiel Bhidiesyrae raddrsforbly deiyehbdENasendisHamaY, gd3.13-1-Isd
lll, mouse 3,1 5:E5ck Y- pnouse@Ry saVrangohansteiddoastdediaadich-ase kpaynito function

exclusively as 3-Ketosterokl reductases, Specifically, a polynucleotide comprising SEQ ID NO: 2, also
known as hyﬁ?@%@d}aﬁfﬁ-wéﬁiﬁ%%%’ééh%@éc.a%’(ﬁﬁ%fg tide Accession No. NCBI: BC.011464)
which contains the followiegmusingoh fafhd inicleotide: seetiéndéy wimethis! as dotlowsag 2
ATGCGGAAGG CCTTTGCGGT CGTGTAGGAA T ‘ TA.GACTACTT CT
CAAGOAT AR A e Pt R A e W R e
GACCTCCTGauTooasTsIEliosradteictiaoatt ert Preheerotese s emists MAYY ACGCGAG
AAGATGGAGARS AGRESSAMRE XT5diHE 6 TITeAT REAGEGETH6GCHEGAGGAAA C CG
CC GAAGT GTCCGGGGTI}gﬁATATCTGAA TTTTCTGCCAG GAAGGAATTT GGTGTTTGAA.
AACCACTTE el AT BRR A B E A Y EGCTTT A2GIIGCCCA.G CTTTA.TCTGG
TAAATGCGCT CTCTTCCACC CGCCACCTCG TAGA.T GAAGP. AAGCGTGTCA. CA CCGGGGCG
CAGAAGACﬁ: GCAAGAGGTGEAGGAT OCT CAGAGGAAGT GCTGGAATCC CATCT TT TCA
TGACCCAGAA ACC.AATCTCT CTGCCATGCG CAAA GAAGGC GAACCCTACA GAACAGGAAT
GCGTCGTGAT ACHT PG DretiRe vdires AL UABAACBER A BRI EAB AP GCTGAA

GGACCACC,sTihe production of heterologous proteins. In one embodiment, a murine 3-KSR may be
used, specifically, 3f-hydroxysteroid:NADP 3-oxireductase, also known as HSD3B5 (NCBI
Nucleotide Accession No. L41519) with a nucleotide sequence as follows:(SEQ ID NO: 1)

ATGCCTEEAT GGAGCTGECCT GGTGACAGGA GCAGGAGGET TICITTGGCCA

GAGGATIGTC
CCCTGITCAG
CAGACABRALGG
ATGCCTGAAG
CTGCTATTGA
ARTCTGRAAG
GCCAACATTC
ACAAGGAGAT
TEGECCTAACC
GGCAACRAARLT
CCTTARAGACT
ACTGTGARAA
ATTCTCCATC
TTCTGECTEC
GGACAGTTICT
TTTABATTAC
GGAGGCTTCC
GITGAGCTTCC
CCTCITGAIC
CTCAGCGCGA
CADABRAACCT
ACTACACARA

CGRATGETTGE
GACCTTCGET
CCAAGGTGAG
AGAGCCTGECC
CCCCCETGET
GTACTCAGCT
ATCTACAGCA
CATCCTGEAAT
CATACCCATA
GGEAGACTCC
CCCTTTCATC
CAGCACTGAA
GCCAACCCAG
CAGGAGCCTA
ATTACATCTC
ACCCTGAGCA
TCTETCCOTE
TGCTACGTCC
ACAGTECTAR
TCTAGGCTAT
CAGAGTGEAT
AAGTCACAGT

TGCAGGAGGA
CGAARACATE
AGTACTGAAG
AGGGCATGCIC
GCCECTTCCA
CCITACTGERT
GCTCAGTECT
GCCCATGAGG
CAGCAABAGE
TGAMAARTGG
TATGEGEEARG
GARCARMCAGC
TCTATGETGEE
CAGGACCCCA
TGATARCACC
AGGAGTGEGEE
CTTTACTEGC
AGTTTACRAC
ATAGCGETETT
CAGCCACTTG
TGEAACACTA
G

AGAGTTGCAG
AAGAGGAATT
GGAGACATTC
TGCTGETCATC
GACAGACCAT
GCITGTETEG
TETGECTGEA
AAGAGCATCA
ATGGECTGAGA
TGECACTTTG
AATGCCAAGT
ATAATTAAGA
CARTGCAGCC
AGAAGTCCCC
CCICACCRAR
CCITCTECCTT
TTGECCTTCCT
TATAGGCCAC
TACCATTTCC
TCAGCTEGGA
GCTeARGCAGC

GRAGATCAGAG
GTCCAAGCTG
TGGATGCCCA
CACACCGLCTGE
CCTAGATGTIC
AAGCCAGTET
CCARATTCCT
TGAAAGCACA
AGGCAGTGECT
CATACTIETG
CACTTCRACC
ABRAATGCCALC
TGGGECTCACA
AAGCATCCAA
GCTATGATGA
GATTCTGGECT
GCTGGARRACT
CCTTTACCCG
TATARGRARG
GGRAGCCAAMG
ACAGGGAGAC



AGCAGTGGCA TGAC CT CCAC TTCGAGATAC CAGATGGATG CAAGCAAAAG TSCCTAATCC
AGAAATGTGA TGACTCGGTC TTGGCCACTT GACAACCC CT TAACTTCAGC GCTCTTCCAA
TTCAACCAGA GACCAATATG TACCCIATAAT CCGTACAACG GTCTCTTAAT CTAATTACGT
AAATTCTATG TCAGAAATCG TTGGGCTAGC CTGTGTTTGG CCTGCTGGCC TCAGCAGC CT
TTTCAPAGAT ACAERTBAKE! Treder ATestiack&cte G garrerasrrerca&dyea. T CT

GGAGGACARNTALGETAG . AGE T 6 h o ASGTATGEAR GTGGCTCCTT GAGCAGAGGC
CCTCTGACCA. CACGGGCCAA AGGTCTTACT GATCACCCGA. SEQ ID NO:2 encodes a

specific 3-K. 33" iRAY Fras thecahdi tAne St T chas
o T e

AN
IVQMDVSS @sw%ﬁEZLAARSLQDPKKSPSIQGQmT SDNTPHQSYDDINYTLSKEWGLCLDSGWRLPLSLLYWLAF

EVKQKFQP ¥ EIH S GTE PP RE R OB TR SRR T EP T TAE R TR SV ABIOEV FLP
TNIFGHFI Ll

aELEpLrdcHANNsQnwTasRIo&MFsSLED:QnsK3PaPYsssrrATDLNWANCNNFNgKGLISSVMcPO 9
Additionally, other functional enzymes are encoded by genes including, but not

limited to, 17B-hydroxysteroid dehydrogenase type 7 (Hsd17b7), 3B-hydroxy-delta(5)-steroid
dehydrogenase (Hsd3b5), rat 38-Hsd I1I, mouse 3f3-FHsd IV, mouse 3f-Hsd V and hamster 3-
Hsd IIT, which are known to fimetion exclusively as 3-ketosteroid reductases. Specifically, a
polynucleotide comprising SEQ ID NO: 2, also known as hydroxysteroid (17-beta)
dehydrogenase 7 (Nucleotide Accession No. NCBI: BC011464) which contains the following

murine ESD17b7 nucleotide sequence which is as follows:

ATGCEGARGE
CCTTIGCGET
CGTGTAGGAA
TCTCACCCCT
GCAGTCGETE
TAGACTARCTT
CTCARGGCAT
CACCACAGCG
GCTTGCAGEAR
CGGERACTGGE
CTGGACETCC
TCCAGCACTC
GACCTCCTGA
TTCCAGTIGTGE
TTTTECCTCC
CGCTTTTTIG
CCTGETETEE
ARTACGCEAG
AAGATGGACA
GEAGCTGGAA
GCTGA

TEETTTTGAT
CGACTGCTGE
CCTGAGCAAR
CCGCCGAAGT
GTCCEEGEETE
ATATCTGART
TPTTCTGCEE
GARGGAATTT
GETCTTTGRAA
AACCACTTCT
TCTCGCAATG
CARAGGCCCE
ATGTGGECTTT
ATGTGCCCAG
CTTTATCTGE
TAAATGCECT
CTCTTCCACC
CGCCACCTCG
TAGATGARGA
ARGCGTETCA

CACCGEEGECE
CAGAAGACGA
GCAAGAGCTG
CAGCATCGTG
CAGAGGAAGCT
GCTGEARTCC
CATCTITTCA
TGACCCAGAZA
ACCARTCTCT
CIGCCATGECE
CAARGRAGGC
GAACCCTACA
GCRACAGGAAT
GCETCETGAT
ACGTTGECTCC
CACTGTGACA
AARRAACCGGA
GGATTTGGEGA
CACTGCTIGAA
GGACCACCGET

AGCAGTGGCA
TGACCTCCAC
TTCGAGATAC
CAGATGGATGE
CAAGCARAAG
TGECCTAATCC
AGARATGETGA
TEACTCGETC
TTGGCCACTT
GACAACCCCT
TAACTTCAGC
GCTCTTCCAR
TTCAACCAGR
GACCARTATG
TACCCATAAT
CCETACARCG
GTCTCTTAAT
CTAATTACGT
AAATTCTATG
TCAGRAATCG

TTEGGCTAGC
CTGTGETTTEE
CCTIGCTGECC
TCAGCAGCCT
TITCARAGAT
ACAATTCAAC
TTCATATETT
ACTGCCGALCGE
TATTCTGATT
CTCAGCTCAT
CTGEAGEACR
ATRTGCTACC
BAEGETCTIGETA
ACGTATGGAAR
GTGECTCCTT
GAGCAGRGGEC
CCTCTGACCAR
CACGGGCCAR
AGETCTIACT
GATCACCCGA

SEQ ID NO:2 encodes a specific 3-KSR that has the amino acid sequence as follows:
Murine HSD17b7 a.a. sequence (SEQ ID NO:4):
MRKVVLITGASSGICLALCERLLAEDDDLELCLACRNLS KARAVRD TLLASHPSAEVS IVOMDVS SLOSVVRGAE

EVEKOKFORLDYLYLNAGTLPNPOFNLKAFFCEIFSRNVIHMETTAE GILTONDSVTADGLOEVEE INLFGHEILL
RELEPLLCHEADNPSOLIWTS SRNAKKANFSLED IQHSKGPEPY S 8§ SKYATDLLNVALNRNENQKGLY S SVMCPGV



VMS=rg ILPPFIWILILLP -14aRETVllez...Lv71, EQI<PE SlacLTKYASATSC,FGTHYVTGQ ICLCi IDE
D TAEKFTEVLLELEICR.VRT ".177QKSDHP S* In another embodiment, any enzyme, for example
such as 3-KSR that facilitates enzymatic: conversion of Inc following precursors in Inc first and second

cycles of mammalian sterol biosynthesis as depicted in Fig. 1 may be used;
ety 5 A B e A SR e R erscpopre
3-KSR --> 3.13-hydroxy-4a-methyl-5a-cholesta-8,24-diene (1st cycle)
Sa-cholesta-3,8,24-triene-3B-ql 4 3-KSR --> 3-0x0-5a-cholesta-8 24-9%%?\%1?3{&{% 1;ca4tes
delta-8,24-eholestaBE B 1S 3P4 TREE R h STE ST B % SHe: ZyIHosterom) 1? cycle)  Other
specific examplesaat 3diEdRgdthaf imafpbevusedrinthepieseafinventisssindledéeotier murine 3-KSRs
(Accession l%ln%%nl}la ‘1ﬁ9§fﬁ%§50@4‘t %9&2@@%%%%&2?%99@%& (Accession No. X114_591611),
0. 16371

human (Accession . A.3-KSR Polynucleotides, Fragments and Variants Thereof

The present inventiorsdds- B eimidieottEReecoln g A3 K SRA T Bedpl I thEiftiEntion with
respect to palyauglectidesiencoding BrkSR-inchidrs,-bukis retlisnitedi tae pdlystieleoticies having a
sequence set: forth.in any one of the polynucleotid gnces provided hergin. polygucleatides
obtained from the %1@&%5%’1%3%@7 a éB %é(}:sﬂ%e_cgi fgéﬁrgllgqgrbé 8?%78%6%?%1@%%%&%?%g%}r{wple,
murine or huinaiel setibees)dbss s hridizad 66 tnderstingdntastmRibdstparnieerryddaditions of high
stringency); nes corresponding to the provided polynucleotides; variants of the provided
polynucleotidés and their corresponding genes, particularly those variants that retain a bjological
activity of the enco@é@@%@ﬁ?@&&@&’%@?é’.,%TI%BHT%W& SRS SHBE P E LN EBrEdaEpde
correspondingte thepsovidedspelyruisieotidesad a0ess/tof theassignirient Giftfie géneproduct to a
protein family and/ar protein famili d/or identification. of.a f, ipnal domain present in the gene
product). Ot élg %gﬁgggfﬁ% M%gggﬁggﬁﬁ%il |%Cr?§8%:051nr§]é)mp at(?g %}%@hd within the scope of the
present: invention will be PeEER/ Rypareinttslon eoraiiamp SRilkine Brexopln provided with the

present disclosure, As ysedhhereiRidhe-isres Rabmuelsalidesandnnuojeioasid aresagidatended to
be limiting as to the length or structure of the pol nucleo%i,de unless sgg&jﬁ ally indicated.

. . C The
3-KSR polyntiei @ aEer AR cowis&ere SRRl e SEIOHRSIA Ay ORE SFthe DEILaTasH e
sequences provigeddieteimaihg 3-4GRnpolniciédtides ofithe raséntinketitiorcaisaderciude
polynucleotides having seduence, SR, Of SAUSNSE - JRALWILIHYe 3 AR ANAn This includes
associated 5°and 3 UnRtransiate sequences, promoter and o
other biological sources (for example, murine or human sources) by hybridization under

stringent conditions (particularly conditions of high stringency); genes corresponding to the
provided polynucleotides; variants of the provided polynucleotides and their corresponding
genes, particularly those variants that retain a biological activity of the encoded gene product
(e.g., a biological activity ascribed to a gene product corresponding to the provided
polynucleotides as a result of the assignment of the gene product to a protein family and/or
protein families and/or identification of a functional domain present in the gene product).
Other 3-KSR polynucleotide compositions contemplated by and within the scope of the
present invention will be readily apparent to one of ordinary skill in the art when provided
with the present disclosure. As used herein, the terms “polynuclectide” and “nucleic acid”
are not intended to be limiting as to the length or structure of the polynucleotide unless
‘specifically indicated. ‘

| The 3-KSR polynucleotides may comprise a sequence set forth in any one of the
polynucleotide sequences provided herein. The 3-KSR polynucleotides of the present
invention also include polynucleotides having sequence similarity or sequence identity with

native 3-SR DNA. This includes associated 5° and 3 untranslated sequences, promoter and

10



enhancer sequences. 3-KSR polymielcotides having sequence similarity may be detected by
hybridization under low stringency conditions, for example, at 50C and 10XSSC (0.9 M saline/0,09 NI
sodium citrate) and remain bound when subjected to washing at 55C in 1XSSC. Sequence identity
maybe determined by hybridizatign under stringent conditions, for example, at 50C or higher and
0.1XSSC (9 FAHAEARMERI M STuiny SHFRETOBEE barae RS SHBHAe R aftictiditons are
well known inyhedaritandiadbaltermativecnoe thodsiang kerditiops, aaptiemgadxs e tifynadditional
3-KSR polynuclegtides. The 3-1(ER polvnucleaticles of the. inventio .include naturally
occurring va?ﬁgﬁ@%ﬁﬁ]\é ??& Cﬁ%%ﬁ%&?gg%éﬁﬁeﬂ%%% el.eglg1 . ?%%g(g%ﬁe%rggaf}%ﬁ%ﬁ%%ﬁgm variants, etc.).
Variants of tA&SSKSRepeiperideniioeseufthéepratest mveimishzabendeddfisdisphyisndizaton of

putative varightswith puglesiide-seanenses disclosed-hereinqpredarably.byRvbrigization under
stringent conditions. For example, by using aptr)l,_roprlate wash conditions, variants ofthe 3-KSR

polynucleotide¥ e Sshindaaieremet i be Ve Pt hE QAN VA FRk A RS RERGSst about
25-30% baserpaicdbp)dnisidiatehasaetativedoothiessiecied paly huiCiEotideprideides. general, allelic

yarlants contain A0l 38R KRR ANACAn OB AIHE a8 SYSR Byl 5%, of

1-2% bp mismatches, as well'as a single bp mismatc present invention also encompasses
homologs cotredpB mditg 104RB BurlegRic seAvATGeIdbEdd SEHEEI B Provikd hErERn i vRErk the
source- of homglREOsSIBENES R BERM HRaNINAHANSRLCIRGNAA. aRRrIMAlEISPEGies, particularly

human; rodepts, such as rats; canines, felines, bcfvi €s, ovines, e uines, yeast" netmlaﬁ?d S, etc.
Between maMIFATAR ShECRL'S YR OMAR TR HEULE SRRBIGHS CRREVANY HAVE SbLtantal sequence
similarity to thgbgdivetonportostthersofoediticat. |dasti&%iscuenoe ?dermityata%hwmdéasisQO%,
more usually,ahigget, 45%6. R310 AhAl A RARENESN DHicleokdr AeANRNGAS. IRdNence

similarity may be calculated based on a reference sequence, which may be a subset of E. larger

3-1(3R sequ¥ABESHIbEE o BORSEIEE Mot Pait e COMHY ratsheT NG Fedibieletieda reference

sequence wilhisuadydageairierstiaentiB gamiguaustdang: mote uspsilybatieastakaytad nt long,

and may extend to Eh.e colrg%)lete 3-K§35%e /bgzinrg.com ared. Algolitluns fpr sequence
S

ug that | \
RS MUE SIS GG BUAST AL CRBaT T Mo Sl 31 BBRUEL EiC

analysis are RAoWH h the'art, Such a
ACIDS RES.18389t8402 (1997). In general, variants of the 3-1(311 polynucleotides described

herein Have a sequancg.identity greatersthanakieast @Qﬁeroﬁg@%&,@%%a&@b@%ﬁ%qsﬁt least about

85%, and can be greater than at least about 90%, 95%, 96%, 98%, 99% or more as determined using

conventional RARTHEHS e BSFE SFRIKVATSI TP AGHISISRY St BRFRRY R cREs can be any

mammalian species, e.g., primate species, particularly lruman; rodents, such as rats; canines,
felines, bovines, ovines, equines, yeast, nematodes, etc, Between mammalian species, e.g,,
human and mouse, homologs generally have substantial sequence similarity to the gene or
portion thereof, e.g., at least 75% sequence identity, usually at least 90%, more usually at
least 95%, 96%, 97%, 98% or 99% between nucleotide sequences. Sequence similarity may
be calculated based on a reference sequence, which may be a subset of a larger 3-KSR.
sequence, e.g., as a conserved motif, part of coding region, flanking region, etc. A reference
sequence will usually be at least about 18 contiguous nt long, more usually at least about 30
nt long, and may extend to the complete 3-KSR sequence that is being compared.
Algorithms for sequence analysis are known in the art, such as gapped BLAST, described in
Altschul, et al., 25 NUucLEIC ACiDs RES. 3389-3402 (1997).

In general, variants of the 3-KSR polynucleotides described herein have a sequence
identity greater than at least about 65%, at least about 75%, at least about 85%, and can be
greater than at least about 90%, 95%, 96%, 98%, 99% or more as determined using

conventional methods such as the Smith-Waterman homology search algorithm as

11



implemented in IVIPSRO-1 program (Accelrys, Inc., San Diego, CA). For example, global DNA
sequence identity may he greater than 65% as determined by the Smith-Waterman homology search
algorithm using an affirie gap search with the following search parameters: gap open penalty, | 2; and
gap extension penalty, 1., -KSR polynucleotides of the present invention may be cDNAs or
germane D NK&%@\?\%&%&% %D#{?vﬁ%%%é% TFitadineris %ol parfeurpPREy Fifs that
encode a bioldYisalty activedonticsounblesBHSFhgentoproduntthatisHinetnahinthe-emkaryotic cells
into which it ig dransiectio allow the.cellsfo.orew on cholesteral free.media, cDNAs include all nucleic
acids tnat share the arranéemgegnt of sequg:anqeﬂﬁgr%é)nsfesa S%qu#nt ha ?I};E/]eo 4 Sreem&bﬁell,&%%%éies, where
sequence el ABSTaPENalBNn afif 3R 5T S FR3Hpearliriglregions. Normally, riiRNA species have

contiguous exons, Witk $heIRIgsvaningoite us vhenarescni being. emayed by, pucisar RNA splicing,
to create a c%gguoysswoeﬂeag eagi? frame enc%ding polgpep ide. raRNA species can also exist with
both exons and INtroits, WHers the mtons may BEEFRHE gﬁﬁﬁﬁ?ﬁﬁlﬁ%}é’ EpmERgys that mogdesR
genomic seqaéhdemsalycetiyrive thasnlclelbEcithpresentbiétwéeefuibgoinitiation eadepand the stop
coder., as defigadin hested seauencesnnelding alh o e ntpns oat ace parmaliy prgsent in a
native chromosome. It can further include the 5" and 3' untranslated regions found in the mature

MRNA. The J&HBRiE ot ee sl ne T aTaReperifnt seasermtiomantafaumdisiaional regulatory
sequences, sushmasiRBmctescANancRim.cete clichiding ahom dnkl; brd Possiblydner %g@n@aiddng
es,

genomie DN fther t ‘and 3"end of tin.e transcribed. region. E.34ZSR Polypepti
Fragments aﬁl(?l \%}&hﬁgﬁﬁéfg&ws hmﬁ%o%{l “SonBept Ie{:l%‘g‘gdfﬂt%eﬁpé%gﬁ’tclﬁ% BrPiidte those

encoded by thrinfiseresed By asikeyEhrustioitidets, fremerrerts;ianty epantstheréokinctudidigy for

example, nuclgisasissathahiby visbueQf dhe.deasnerasyRiihe ganeliasage, @!}%r@%édl%?ti%a' in
sequence to the (élsclosed 3-KSR polynucleotides, A 3-KSR polypepticie refers to both the full

length polypeptiid eresdet B AL RSRSBISnucleotide, the polypepticle encoded by the gene
represented by the retitéiRpaiyoudietice amwelbaspertions.orftagnentsdhesesf3pkER polypeptides
also include yﬁ@g@&% of dhe d?l%tH{QLl%po&? [rin (@isrgrtggw% a/lveq%r% guch variants a[ie ho og ous or

substantially similar to naturally 6ccUrming 3-KSR proteins. and-can ba 6t an SHue & ame or

different spedS RS IR RPGHEIN b EE AN 3-SR pronsipsotesq 1t vamfarthenirinelechs 6hedother
species that ﬁﬂﬂi@l%&&@éﬂﬁﬁe@ﬁh@i@&@%ﬁ@%ﬁmﬁeTH§%@H¥r§iﬂgﬁﬂg@g%&l further include
specific transcriptional and translational regulatory sequences, such as promoters, enhancers,
efc., including about 1 kb, but possibly more, of flanking genomic DNA at either the 5°
and 3’ end of the transcribed region.

B. 3-KSR Polypeptides, Fragments and Variants Thereof

The 3-KSR polypeptides of the present invention include those encoded by the
disclosed 3-KSR polynucleotides, fragments, and variants thereof including, for example,
nucleic acids that, by virtue of the degeneracy of the genetic code, are not identical in
sequence to the disclosed 3-KSR polynucleotides.

A 3-KSR polypeptide refers to both the full length polypeptide encoded by the
recited polynucleotide, the polypeptide encoded by the gene represented by the recited
polynucleotide, as well as portions or fragments thereof, 3-KSR polypeptides also include
variants of the naturally ocourring proteins, where such variants are homologous or
substantially similar to naturally occurring 3-KSR proteins, and can be of an origin of the
same or different species as the naturally occurting 3-KSR proteins (e.g., human, murine,
or some other species that naturally expresses. the recited polypeptide, usually & mammalian

species). In general, variant 3-KSR polypeptides have a sequence that has at least about 80%,
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species). In general, variant 3-KSR polypepticles have a sequence that has at least about 80%,
usually at least about 90%, and more usually at least about 95% sequence identity or higher, i.e., 96%,
97%, 98% or 99% sequence identity with a 3-KSR polypeptide described herein, as measured, for
example, by BLAST 2.0 usi arameters described above. The variant 3-KSR polypeptides may
be naturally ol'}sﬁ%ﬁ-r?ﬁ%ﬁffsélfi?%%?@f%a%@ﬁ%%ﬁ?‘?ﬁ%’ﬁi@ﬁ?i?@’.?‘%h%sgbﬂ?ﬁ%%f&éq’?é%té?chéﬂltiiénslational
modification patt@avtit c#fetsofrbdanyupredictediorexpedrmeraly shpractesizcadposiransiation
modification gf the,nathrally occuring 3:KSRpretein. .. The present invention alsq encompasses
homologs of 3-KSR polflpeptic%g(ér ragments tr%lr%%%e lere ?ﬁeésfggﬁ%%%égj are isotated from any
species, usually-MarfBtHiepeeels sagrabdemenaushal preetrratktiosibstiodifinhdls, &ig., horse,

cow, dog, cap@ansthideans. Hennelegsinay haune atieasiaboul 35%.Hsyally.al Isastahqut 40% and

more usually a Ignanslgl%gﬁutdgor%)tgmggto ac%ig seg;éj_ence igdgntit,y to a particular 3-KSR protein described
herein, where s%quence fdentity 1a detdrminaa Uiy e BIAeT o Barsbrniin ofsPeesmpte with the
parameters d&sé¥ibed above, Also within the scope of the present invention are polypeptide
variants including mijagfs.Jragmenish Ao dHSIonss MBS ey include, amino acid substitutions,

additions or deletions. The amino acid substitutions can be conservative a acid substitutions or

substitutions 13 SIERHS REwds drtmibs i Raue cssolhtead fommimey anggiensyremibn site, a
phosphorylatiomsitelian apeaestyigliasisite, Qiioaminbg) i7es! Aishisig.y, subsutution.or delgtion of one

or more eysteine, rasi that are not necessary. for functign, Conservative amino acid substitutions
are those tha?f%’rzelks%és}ggl (tafi?é g%%%é\?%%%r%%aﬁ% ?/(%Ef) 30 |8Hy%$y/8’r8f)"r‘?%§i?f/?eﬁﬁtd?g?lgt%% Hielk of the
amino acid sisshfetedi\zAHantsean B8 cesintedidcasncedthintity tvavessnhamcer diolegigal activity of
a particular region e SOWIB Guadunclioral dRmal ARY0t, Wote INa-DObRERIIAS, 5.2 member

of a protein family, a region associated with a consensus sequence). Selection of amino acid
alterations fo?ﬁ’galﬁt%%q @Fﬁ%@ﬁ@%%%ﬂ&%%%vﬁased upon the accessibility (interior vs, exterior)
OI‘]: the aminboI acid (sébp evijhiCthetabe B:St‘f[é\b'Federl?ERéEiﬂElBB%T%J&;&@%A&M%&%%P&%%%GG ). desired
themaostabilj yariant p ide 0., Queral et al., 9 PRoT. ENG. 1 , desire
gchosylation{%{i}%%%]éqg\é,g%?g%’c%ge%?%%'T%\w%c?lr%g%r% ﬁ}%x%u ERM I%fﬁ%&%ﬁl.t‘?%g 7 Yesired
disulfide bridg&&tiete, B TmnerrReGERIsiBRI AW thotvpraS2 21008 anddndtitetrs et al., 7

PROTEIN ENs1R78110U)islasied melalhinding Sies {568, @11 omsyeh 8,30 SlecHoivi. 97
(1991), and erz rbr%ck et al., 6 PROTEIN ENG. 643 (1993)), and desired substitutioris within

proline loops ae8 &y “I0iaats %tk 26 H AEB S ENU MIC RS fsio 48 s &Y Pooiytioy§ie-deploted
muteins can Begiideicad asmiiselgsedrinrthiSudRahaNoe 40956c3d&4ry for JuKSRnvarants.alse include
fragments Of%%9%&9%%@%1@@&9@%s@%‘%in'}ir&%ﬁi%%%@é?@gpgiga@ active fragments and/or

franents corresa)pnding to functional domains. Fragments o mteresli%/\iill typically be at least about 10
amino acids (AARP AP RGSEBeRi S s ariiangaicusliany he leabiatsdlrS6 Hatad. Srgimanthcan be as

long as 300 aa desiengihordengasihsinyilk ushalaplogead akeyt F3L,a% ilengih whare the
fragment will hcaﬁ\é%?lstreg o[.amjnéo acids that i%}len ical to a 3-KSR polypeptide encoded by a

polynucleotide having 4 sequence of any SAY Bt T SRiHRIRSHEE S GIBFREE BdhiRiEherein, or a

avi
homoiog thef&BfliT keegimetisastdelcaithbeused o selectdtie Spprtpriatteostonsdaleonsiadct the

corresponding yariagisoin panisuat-fiagmerye wilkingluf e esebaticopiain the specific dgmains or
epitopes of the 3-1(5R protein.

the amino acid (see, e.g., Go et al., 15 INT. J. PEPTIDE PROTEIN RES. 211 (1980}), the

thermostability of the variant polypeptide (see, ¢.g., Querol et al., 9 PROT. ENG. 26 5(1996)),

desired glycosylation sites (see, e.g., Olsen and Thomsen, 137 J. GEN. MICROBIOL. 579

(1991)), desired disulfide bridges (see, e.g., Clarke et al., 32 BIOCHEM. 4322 (1993); and

Wakarchuk et al., 7 PROTEIN ENG. 1379 (1994)), desired metal binding sites (see, e.g., Toma

et al., 30 BiocHEM. 97 (1991), and Haezerbrouck et al., 6 PROTEIN ENG. 643 (1993)), and

desired substitutions within proline loops (see, e.g., Masui et al., 60 APpPL. ENV. MICROBIOL.
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Amino acid sequence variants of 3-1(3R. may be prepared by introducing appropriate nucleotide
changes into the nucleic acid, or by peptide synthesis. Such modifications include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid sequences

of 34K.5.R. Any combination of deletion, insertion, and substitution.is ma: ,eﬁ rrive at the formal
3-KSR constrtitY, (prédice e tHigt ”@%%ﬁ%ﬁ%&%&?&%@é@gﬁﬁs&%ﬂ%ﬁ chia a%téﬁ%tics. The amino

acid changes;alsgoray) alter post-translational processes of 3-KSR, such as changing the number or

position of glycosylation sites or other post-translational modifications includi cetylation and
phophorylation. ?ggl%e ﬁ‘lj?ﬁ%gtﬂcs)% %r\iﬁ% |§gﬁlﬁﬂttcsa %ﬁe&%gﬁ%?rg Irgesid%%gégrgx r%g%ns of 3-KSR that
are preferrechiotatiorns forl raistlyectsisiismaiiel anlanifecsarning trRragea&sRMeoBdscribed by

Cunninghamsand Wells, 244, SCIENCE: 1081:85.(4969): Heveuresioueqr graupef targehsesidues
are identified (e.g., charged residues such as arg, asp, his, lys, ang G?F:lg%’and reg{l%:fo% t%a neutral or
n ein

negatively cHRAJRA A RAREN, FHBLY Brsrt AR ard A SF oty ATS L] faction of the
amino acids itfriantigepeT hase amind poid tacatiois deihbasiratingtfundtontledersitivity td the

substitutions.then a %_ee troeflfir}ead lé)% ig‘&&%ﬁ&é@@i&%ﬁ ﬁﬁ@%%‘ﬂ%ﬁ{"ﬁ&%&ﬁ@é@ %J@&e&ﬁ% sites of substitution.

Thus, while t}ﬁ%vgi%e or introducing an amino acid sequence variation is predetermined, the nature of
the mutationpéysisiaeiadt hotibe pretersmainaty. e kammplantsiertidy setrassersimtEfce of a

mutation at a,given site, AR ISEARHNG. CrARIRM R¥daganesisds conoictad aiiaprtargaidieadon or
region and the expressed 3-KSR V%riants are scireened Ior e destiredl?lcntL 1'1t . Osé;'pipo acid
th from one

sequence indBARBHE YR RIS RE /B R Bt rTh AT HESions Tanging in 1eng
residue to pohfpeptitle speoiftaitingiashurpitedespfitor feSRIpessas well as intrasequence insertions of
single or muliple arning Agidaides-EXATAIeS. pLieuinL presians,nalude s #4656l an

N-terminal methionyl residue.  ~ Another type of variant is an amino acid substitution variant, These
variants havereglrease shenanint fdvelsiadeiin thay RIOGHE Sratafite Sted BYL AR S Y Sidue.

Substantial mgdifisatinnsindbestiolagiealprapaties phitheBoKERsprotein aferattampiishetby
selecting substitutions that differ §i9

polypeptide BAERBJI i%e%H%ng?%g*of?t fée?{ ngfg)éflir%égﬁl%e@&éé’(ﬁ%&%@?@%ﬁgg 12% ﬁg%iwé%r?gotrﬁaﬁon,
(i) the chargen@ichydrophebiitioohithe-kitleoulgrattheaddsé tthiteho figh) thesButk wEtrESide chain,
Naturally occyting residuesar divided:inagroups-oased anycanman.sidesehaia propesiest (1)
hydrophobic: norleucine, met, ala, val, leu, ile; (2) neutral hydrophilic: cys, ser
‘ 3-KSR, such as changing the number or position of giycosylation sites or other post-
translational modifications including acetylation and phophorylation.
A useful method for the identification of certain residues or regions of 3-KSR that are
preferred locations for mutagenesis is called “alanine scanning mutagenesis” as described by
Cunningham and Wells, 244 SciENCE 1081-85 (1989). Here, a residue or group of target
residues are identified (e.g., charged residues such as arg, asp, his, lys, and ghu) and replaced
by a neutral or negatively charged amino acid (most preferably alanine or polyalanine) to
affect the interaction of the amino acids with antigen. Those amino acid locations
demonstrating functional sensitivity to the substitutions then are refined by introducing
further or other variants at, or for, the sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is predetermined, the nature of the mutation per
se need not be predetermined. For example, to analyze the performance of a mutation at a
given site, ala scanning or random mutagenesis is conducted at the target codon or region and
the expressed 3-KSR variants are screened for the desired activity.
Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions

ranging in length from one residue to polypeptides containing a hundred or more residues, as

14



(3) acidic: asp, gin; (4) basic: asn, gin, his, lys, arg; (5) residues that influence chain orien_tation: My,
pro; and (6) aromatic: trp, tyr, phe. Non-conservative substitutions will entail exchanging a
member of one of these classes for another class. Conservative substitutions involve exchanging of

amino acids Witﬂin thg~ same class. .ectorfs Encoding 3-ICSR The present invention flirther

n ) .
provides vectors for exprasaig any é%nzsfmseu?ﬁfﬁ?é BIUERE AR OISR iR fRAT sterol
biosynthesisﬁ@mhaéfslﬂaﬁimmmd@aléﬁﬁmm‘é?ﬂamﬂxmﬁg@hloﬁ%tdm@lesgﬁrﬁ&. Generally, any
prokaryatic cloning XesiaLmaY hesad Ionihe.aansivelion ol ine yegtor o vegialmay comprise
bacterial origin of replication; which is usefhl for the propagation o the vector in & host strain of E. coil

from which tHeAVetteFBRAGT 158 das it BrichRotrivis replionsbe yiadiffortiaresidis: Examples of
bacterial origins of replcatian:inchide: dutianadnblipitecsiep GabElr Bt G 4wBR 322, QL others sourced

from non-pathogenic strains of E coil. .The vector may. further comprise a selection marker for high
copy numberd%%ﬁna%&%% of tﬁ%efﬁgléﬁ? b I?:%ﬁl&é&@%%lﬁ@”s%?@% '%Wﬁh‘ﬁﬁ%ﬁ%%%ﬁ@ﬁ%that
confer resistancdbeteranativictich spahrastainpicitnpearbienicifling totradyclineycHieramppenical,

kanamycin, asaiamyein.sulphastinazals, HMelbaRrin. angiets Addiional selestion markers that

may be used in the vectors of the present invention include genes conferring selection based on beat
shock, metal*d&SkiftitatisP dnatdhsidnetaBohtepralke ssaering repidassaetah vyl foletmpeomprise a
eukaryotic pricasaten togrve eXpressiopefdhies3- KSR gene. This can be a minimal promoter, such as

the mammalian thyms%o%m)%sice: norleucine, met, ala, val, leu, ile;

(2) neutral hydrophilic: cys, ser, thr;

(3) acidic: asp, glu;

(4) basic: asn, gin, his, lys, arg;

(5) residues that influence chain orientation: gly, pro; and

(6) aromatic: trp, tyr, phe.

Non-conservative substitutions will entail exchanging a member of one of these
classes for another class. Conservative substitutions involve exchanging of amino acids
within the same class.

II. Vectors Encoding 3-KSR

The present invention further provides vectors for expressing any enzyme in the
biochemical pathway for mammalian sterol biosynthesis, such as the enzyme, 3-KSR in cells
auxotrophic for cholesterol. Generally, any prokaryotic cloning vector may be used for the
construction of the vector. The vector may comprise a bacterial origin of replication, which
is useful for the propagation of the vector in a host strain of E. coli from which the vector
DNA will be isolated prior to transfection of mammalian cells, Examples of bacterial origins
of replication include, but are not limited to, Col E1, pUC, pBR322, or others sourced from
non-pathogenic strains of E. coli. The vector may further comprise a selection marker for
high copy number expansion of the plasmid in E. coli. Exemplary selection markers include
genes that confer resistance to antibiotics such as ampicillin, carbenicillin, tetracycline,
chloramphenicol, kanamyein, gentamyoein, sulphaethoazole, trimethoprim, and others.
Additional selection markers that may be used in the vectors of the present invention include
genes conferring selection based on heat shock, metal detoxification, and other metabolic

processes.



(TIC) gene promoter, or a stronger transcription cassette, such as the Simian Virus 40 (SVT40) origin
of replication and early promoter region. Very strong promoters, such as the Cytomegalovinis (cmv)
Major Immediate Early (MIE) promoter region, with or without the intron A and/ or B sequences, or the
human Elongation F%:éor-lﬁ A'}%Q%E»E%‘?)’ may also be used to drive expression of the 3-KSR gene. A
eukaryotic transcriptional tefmination SeqUeRces bFNGHR AHMARIEH K Trrsrarssive pisseht to stop

tLanscri_pti(l)ln éﬁ‘éiRsﬁ_gnal Poly adebsy batidn: 'mﬁlyb@ﬁd&sa@emeﬂﬁ}ﬁlmmy@@%ﬁgaggaﬁ/ _
t t = t . )y- t
eoretically W?Q%%Mt@xﬂ&%%&%@%%ﬁﬁfpé@% c%‘é%@re‘%‘ yused s E%?%@%ﬁgg@&’y%?” As

sequences include the SV40 late p013/ ovine Growth Hormone

depicted in FigURP2 ! svplieatipiotithenb orameisiopianhi¥ eust onameth g8k SR), anty comprise a
pLIC-derived bacterisliorigin fvsplivaian fomandiabeladasiamase.oRardlakina\aniers, ampicilin
or barbeniciIliﬂl{l%%i%an%I in%\%é %%il Cs@tga(i)pa}s?sitiv to these antibiotics, The vector may also contain
the Cyromegalovirus (CIVY) Major Tmmediate EAHy (RHE Brdifd e antnfdisears dfvdexpression
of heterologo#&sfeiéainibirrantssequer Sesielotigdamto thenpelylinkersegiptoThe-Simianyirus 40 (SV40)

poly aclenylatieqn.seaue (Y4014 t ) rf both the heterclogous
e o B e o LA e LR N RNA from

recombinant sagg}g ge ly po

each gene. TASBVAPPOHSET S SHEIN Of ROpIEAHHASV AT DRy Aol tebafecidrimvadiately

upsgredam of thig)&&&%ioge Rent ldrimmxmﬁegﬁi?ﬁ Qfdﬂﬁﬁ@%ﬁ&@lﬁ@ﬁfk%quancé@fiﬂhcﬁ%%@

embodiment, ¢ e insexed intg a vecto irect cloning of the murine 3-KSR
SR e o D T

cDNA amplified from & mouse kidney ¢ firme iR&dréd to amplify 3-KSR from a
mouse kidney cDNAMiBfRE§ e dy Ciertain, for exbonisientinl endsy (ihiah ase-compatiolawith a Pm1l

site present ingtie: derped.veetel 3SRy Ich. site. | in the region between the
SV40 on and @% %%1% ﬁflﬁfﬁ%h@ a B-QSR cD AO\%%‘,@%%?@%%DE%??%%% lf%d&seaaetgea%ne this
a

gene into the Rall Site CPHRE PENCISR BakBohdlliriessimiteiich epimirganesnsithe edrsemay be

determined byéstictioflendonualeasésanalysisiiRENhnad did-eoxynterminasian,RNAgequencing.

A polynueleoti ling. at least ane hoterologous polypeptide of interest is
than inserted%ﬁ?oﬂ%%%@%?ﬁ%%%&?g%%‘ﬁ? gene ata ?n%’l?fﬁ@%ﬁ?ﬁﬁ? FEBREHr site as shown

for example ifFETGEFES 8 dpis Héeresepolynlicteditides Broadsefvs@neiyndentiaicontrol of or

operably linkeea-a-pomareriatiwilialiaw expiassion dria aukenalie st Areerably a/mammalian host
cell. Transfecéioxt of Celfjshye\}/iy_&{}é%ctors En%ﬁdin%és-KSR The introduction o po?ynucleotide

erofogous proteing Srirteraly RHyrdontae e sasceni s fritrrer)dhto host cells

vectors encodirlg hetero
may be acco#fpiisiiéd B¥ityreoimimues wiglafoun tatthe @K 40ctiglingy beldatdmiteddiaes)
ectroporations ligplegton.calem,ehosphale Areclalation.palveliylen glycol precipitation.

sonication, transfection, transduction, transfoilliation, and viral'in ection. $&e SAMBROOK ET AL.,

MOLECULAR CLON KB A ABRmraiRYeNANR Atngatadeioeticd into Angaukaryiticicell,
preferably mafomalianhwhosechalestermiauxainarbyisaliHallede Lozymeactyity, sych as 3-K
o e e oL AP Sledon, ESRIE SR SR TR, Dol i ore ROl imited to. NS-0
Pmll ends, which are compatible with a Pmil site present in the pUC-derived vector, p3-KSR,
and which site is present in the region between the SV40 ori and the SV40 poly-A. Thus, a
' 3-KSR cDNA restricted with Pmll may be used to clone this gene into the Pmll site of the p3-
KSR backbone. The orientation of the gene in the vector may be determined by restriction
endonuclease analysis (REN), and dideoxy-termination DNA sequencing.
A polynucleotide or gene or a cassette encoding at least one heterologous polypeptide
of interest is then inserted into the vector comprising the 3-SR gene at & multiple cloning
region or site as shown for example in Figures 3, 4, or 5. The inserted polynucleotides or
cassettes are under the control of or operably linked to a promoter that will aliow expression

in & eukaryotic or preferably a mammalian host cell.
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(ECACC No. 85011427), ,and CHO-215 (Plemenitas et al., 265(28) J. Biol. Chem. 17012- 17 (1990)).
The present invention also encompasses cukaryotic cells, and specifically mammalian cells, that are
not initially auxotrophic for cholesterol but are made so by using radiation, mutagenic agents or
recombinatioga%ngene‘knockout techn]iiqu,es to inactivate endogenous genes encoding for 3-KSR
activities includiing, BighEefNRed Sl 7TEhyGosirendagyidtenase type 7 (11541 71)7) and
3B-hydroxy-delta(5)Bteinit delydrdgehasel (fitaii3£30)s hyediapathes mhediment the.largeted

knockout geng | j : | imited. ta, rat 3.13-Hsd IIL mou 1e3 -11th IV, mouse 313-Hyd V
and hamster gd %@%@g%ﬁ%s %ﬁ%é{:glt?g%% n gif}us?]gal%snr%a clisively’ 3%55 %e‘f%ggeﬁ%c}m%‘ﬁ%ﬁ es.

NS-0, NS-I, CRI09 Beapdnsihdinasnuieaeé Henisekistrolobitoreitivre ditiodt it rais fectéc witiiean

expression vegterphich, ganaingdhe. B SRoalacion makeiandaeakaugleolids gncoding a
heterologoustjlorog?m of.lnteréa"itg&rggglgéd be gown.in medium lacking cholesterol. In certain other

embodiments” the Ho& BI& R IR YBR AR & iV ChBRSER SIS Riddium which
contains the folleaingaronvesthaustbdefist @fisterol precursors:
4-methyl-5a-cholesta:3,8,24-tfiene-38:0l. -4a-methyl-5a- cholesta-8,24- diene, .
5a—cnolesta-3,8,24-t%r§rfle-3.B@JI, aﬁ%?%%gé%@c?%%% g‘égs%ﬁéoigcgféeﬁ%r %Ihaé%‘g(%) ecufsors act
upstream of FBEM e HeeBTIBKaiFirEY paFviay dF Chersisisromay bepecd dorésssfegidatory concerns,
the host cellsefearPeaafierclranferunak Bay-Re@owmailnanysuitaile mediaincygings puisnot limited
to, serarn-fre i tejn-fr edia, i defined media, or any combination thereof
including che?n%%%&s#%gggféﬁ%n-ffggﬁr@cﬁg ﬁ%%ﬁﬁrgﬁ?&tﬁfa?tggp%ﬁ%%#e%?és@ﬁ‘i%\}gﬁ%n
addresses cohtérgiihat animal-derived proteins and/or proteins of unknown origin may render
recombinant proteingroducts tnsuitapleforhu & ic.or diagnostic Wse. One specific
embodiment of a suita%j}gegrowth mediur% IS 'Céﬂﬁﬂgﬁd%ﬁrr%%%%%%’(%%ﬁé%ﬁgl ‘86?%“ 8(?1511r8[f'=}bad, CA),
a chemically S8fidRR" &85 A HHoa M atHGHP RRi (S5 rhaisesis| Bistains et asipiaksplantdiskiaynthetic origin
and has beemoonfmetktotber fkeembiunsefingehlyBateriar Byfolsats suactiviBe Rt slls of the
present invention may be provic s already adapted to an appropriate growth medium, such as
CD-SFM. Oft %?egeeli %g)rlélg éésg oagﬁ}:%er%}eﬁallggpf%%&? ?%r%ggg@gotﬂiaiﬁ%’%\{\gq&%fe&@ﬁs may be
adapted to HYSCONBNSPe (Eleionte sndgarmydmyywlich i3 anottelcbhémicadby defified).

serum-free medjemdhatis.devaidat animakderivedeam O8RS ially qyailable
medium incluagfjagét;ff' ient amounts of chc?%esterol to sup%%%?ﬁ%g Iﬂr-%\%%ﬁ é?{c%%ﬂgqu}g{r%%%a%ékﬁiphic cell
Stect

lines. After tr {5 IS T eNe AP Growrr i 4t IS SemedRb kel Wit eedmolasterol,
Alternatively, e transfeotaniy aré -telbared inrehalesterol-free medium using classical media

supplemented with g&r_tén}\@_@e $,bgen ext ively: delipjdateci using imown techniques and-found to
not support growth of a’rental ce I%%% ’ Elgl%gv%lha% fgrlaeﬁ%fgic |%}r{1? the ce gna?%@efy@%aeﬁfl seeded at low
densities to sBRESiPSTBIcRaStSH PRt T thistreeurins dny RESRprlatt setection(médium may be

used. In one genpadisigat dhe salestiorBISLiuMLHRI ComRKise) GR HYBIdemA sipRigmented with
A O CTes T, YRRl ot b odimicn ioc e Bt Sl £ra, b Gt 0o denren”
free and cholesterol-free medium which contains the following non-exhaustive list of sterol
precursors: 4-methyl-5a-cholesta-3,8,24-triene-38-0l, 3-ox0-4a-methyl-50- cholesta-8,24-
diene, So-cholesta-3,8,24-triene-38-0l, and/or 3-oxo-5Su-cholesta-8,24-diene. These
precursors act upstream of 3-K(SR in the biochemical pathway of cholesterol.

To address regulatory concerns, the host cells (before or after tranfection) may be
grown in any suitable media including, but not limited to, serum-free media, protein-free
media, chemically defined media, or any combination thereof including chemically
defined/serum-free media. This particular aspect of the present invention addresses concerns ,
that animal-derived proteins and/or proteins of unknown origin may render recombinant

protein products unsuitable for human therapeutic or diagnostic use. One specific
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Carlsbad, CA). In certain embodiments, a cocktail of growth supplements may be added to the
selection medium to optimize growth conditions after tranfection. The growth supplements maybe
added post-transfection to any appropriate cell line including, but not limited to, NS-0, NS-1, CI-10-2I5

cells. Ina spe%ig)c $,mbodiment e cocktail of growth SLg)pIements may be used to optimize

nost-transfecfi tH EohdiBHE R KISTRRENS 1hi o wrngodmértiundlgrowtesBpplaments may
comprise, butCaresiat, tfleddenserimiafbimiseinteneukinifringuib.Somium selenite sodium
pyruvate, and,gtha i Ny appropriate, commercially gvailaple version of set-nun albumin
maybe usedcIp inz%&:ll,o %@ﬁc@ﬁ%ﬁ%%’%éﬁ% serum’ Sﬁ)tlﬁ) f?@@ )m%%/‘i’ﬁg Y&#tith albumin fraction v,
and whole hufh&dgersgiealbumin. in certain embodiments, the serum albumin may be fatty-acid free,

instead of umnodifieghdmqedenderempnepossibie sholesterglsesmn albumin complexes that may
supply the lipid to growing cells. Fatty-acid free BSA is available from numerous companies including,
for example, E?é’é%%%?? é%gfétﬁi@ffiﬂ?@f,sﬁg\?él% SBY:. Piia SsHeerrativirdtarisksrhandmt may
include, but igototdifitadntolratrainge:fraiis abouidad G440 abpud G Yornselectionymegism, spere

3

specifically, a@‘?ﬁitv%?c%isaa%ﬁ{e%ﬁ%iﬁ@ﬁﬂé‘ééf%?i §%%%§ ‘ég%)écﬁa%% 2.0%8 or %ﬂog% 1%% to about 3.0%.

In a specific embodintent, final concentra serum albumin‘may & K6t ey "f‘é’ction medium.
Another growtfr S RFRSHEMat Taliils cremecupimizddlembdonditbussseiidestintenietskin-6. In

one embodimentdesersbipamtiumanbAieaykeuses (RIomegr Gor HneM%Q%?e?@mX!%cE&Ha'
concentratioré]g(!léﬂgarpa%include, h%JtDés n??t limited to, a range from about | rig/mL to about 9 righn.L in
i VAL Sy

selection me eRpecifical FHACEBO I S mhelesreit A RRativelsbBit 5 ng/mL,

um, more<specifica
about 6 rig/mizassisirets apstoraboeditchglesikerdhfees pecificramingdimsiot] thesfinalponsent@ation of 1L-6

may be aboutsurigshh iR selgaiien crediuor Gencenicaians of ly,ouch a3 il 16, may be adusted

from batch to batch, as necessary, to target'the manufacturer's repor ed EC5Y he tcy?@f(ine.
The cocktail SFROWERCSUIBSIRHEATE AfH further include insulin, specifically, recombinant human

insulin (RayBiotechFimwNgreiass:GA ikibalcaseentationafdhis camreasnt Mmaydadiude, but is not
limited to, a rgtg%gg@f&.poﬁég%l_s gg abcput 15 nig/L in selection medium, more specifically, about 6
mg/L, about 7 mg/f, about 8 mg/L, abott O My “BBCRE TS FGAIRABIAME MyLOrHHork? 8 to about
15 mg/L.. In §Bpedicréntiisotineg ar, tedifinaineuroentrat I ibsidbmmayhenahoidt Eo gl in

selection megiufliaminSOMIkaRIeIE Mavialse Be:UsedipoRimas AOWINcondlions (IT. Baker,
u Iteat

PhiIIipsburg,/%Jg Final concentration of this supplement may include, S not , a range from
about 5.0 ug ¥ S%%lo ‘0 ug/L in selection medium, more specifically about 5.5 nit, about 6.0 ug/L,

about. 6.5 ggt, abolit ZdtAgraatioretyp toabaubSHoughlsuip rispasHic epbedimnent.dhe final
Concemraﬂoge@é&f&i H@dﬁgke@to%@nazgg grg‘ : u<t306n'gi 1%@' 8!%%6?%"&%(? ggtri]mr{] & ilgrgr’owth supplements
may be added post-transfection to any appropriate cell line including, but not limited to, NS-
0, NS-1, CHO-215 cells. In a specific embodiment, the cocktail of growth supplements may
be used to optimize post-transfection growth conditions for NS-0 cells. In one embodiment,
the growth supplements may comprise, but are not limited to, serum albumin, interleukin-6,
nsulin, sodium selenite, sodium pyruvate, and ethanolamine.
Any appropriate, commercially available version of serum albumin may be used
mcluding, but not limited to, bovine serum albumin (BSA), bovine serum albumin fraction v,
and whole human serum albumin. In certain embodiments, the seram albumin may be fatty-
acid free, instead of unmodified, in order to remove possible cholesterol-serum albumin
complexes that may supply the lipid to growing cells. Fatty-acid free BSA is available from
numerous companies including, for example, Research Organics, Inc., Cleveland, OH. Final
concentration of this component may include, but is not’h'mited to, a range from about 0.1%

to about 5% in selection medium, more specifically, about 0.2%, about 0.5%, about 1.0%,
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In other embodiments, sodium pyruvate maybe used a growth supplement (SAFC Biosciences, Inc.,
Lenexa, IC.4). Final concentration of sodium pyruvate may include, but is not limited to, a range from
about 0,01 g/L to about 0.3 g/L in selection medium, more specifically, about 0.05. g/L, about 0.1 g/L,

about 0.15 g/L, or [ ngre, u OPUt 0.3 g/L. In a specific embodiment, the final concentration of
“sodium pyruvate may ba% bout GSHRISRAB R &uidh?. 6 Ee ERR0IERERbWA supplements

may further metw@mt@ﬂa@mnea(&mwm@h@m Co iSfelleotids, M hnfinal concentration of this

supplement may include,.but 1St QR £80ge efrom a ut 0.5 mg/L to u /L, more
specifically, about 1.0 mgje/LEIIgbout f%el 5t %b use h 3 hm g OWt?/}‘hCorérln%(?Pé; 190 e%1bout3 5

mg/L. In a sp’@&?ﬁ@‘%‘ﬁ‘?b@)dﬁﬁfé’ﬁteﬁ*@ﬁﬁ%@&oﬁé@ﬁﬁ@ﬂ@hh@fl@thgn@Iaer‘fe ma@ @eoatmw@;@ mg/L in

selection mediatiisor, v Fapeciicambodinantsthe cockiall eforonshsupplements may comprise
fatty acid- free BS glO 50/@ Lrlkg[)Lﬁlgé}JLn /ML 9 ng/mL), recombinant human insulin (5 mg/L15

mg./L,), soditey e Ottag/ﬂ ! Wﬂ%ﬂt‘@"’(ﬁweg??_e@%”@m) 2o ikAmGtamine (0.5
mg/L-3.5 mgﬂb))(lﬁﬁaigémrheemmﬁmﬁmiséiemu@ngﬁmddlum)n It apothes: sp@elf@eﬂmmm@@xmme cocktail

of growth supplesents. Ay RamRrIseSally asid:lieg B30 (o6 @b%%%‘oft Ly Legombinant

human insulin (10 mg/L), sodium scienite (6.7 nil) ium p ruvate an e anolamine (2

ma’L) (final ﬁﬁé%ﬁra%%?ﬁ%@‘é%ﬂé%ﬁeﬂﬁw I‘iﬂlye‘{ Bt eﬁ@ﬁ@méeﬁi@m@etqbémb@klansof growth
supplementsaaeyseommisedaity acithiteBSAeide) BiboG0e:Rgi6Me), recombinant human insulin

(10 mg/L), sodium sgien L),.sodium uvate 011W and ethanolamine (2 mg/L) (final
concentrations in sél%%tlo%{anedip Lﬁn‘)f[h 2 nP ef'é éﬁéerrnléﬁl-lf fiﬁénél’l FPEeiiShents may

S
ano ere
comprise fatfFembifFas BSAn rihﬁl&lhﬁ (FeuBiistramauNrarrissling) sGdisimosetanittosaditim pyravate,

ethanolamineofidae: albgr@euIN supplamER(s: In 8 RS EMRHIMEN e grawls sypplgments

may comprise i'at acid- free BSA, MIL-6, recombinant human insulin, sodium selcnlte S
pyruvate, ethSHorarhiRed l}fﬁldrﬂ(b‘%WS?‘@&HW@W%M%WIV%% kel ih medla bWk bf cultured
cells. In an altevihativesenthogimebsythe growir suppleprnisomay eemprise fajtyacid-free BSA, MIL-6,

recomblnantm%@ﬁumfﬁ%g um s ite, sodium vate, ethanolam |n and no other substance
typically found in scrum’ In yet anot %é‘l?rIr %ﬁl Saihant f%gg%rov‘ét H%E%Ti%méfh% SRU9 IR YRe fatty

acid-free BSA, rhILs@d?@@o?ﬁmﬁﬁﬁﬁﬁu%ﬁaﬁ@n@QMO QbUmﬂr?r? seteriitcosddiom @yTuvater, ethanolamine,
any substangeiypiaally usditnueconsituigoany @fdberaltes oy sUBRIeMeRss inaluging,water,
and no other %Lrlljgbes%%@r?%bvc\)@ %I%O g/% to about 8.0 png/L in selection medium, more specifically about 5.5
pg/L, about 6.0 ng/L, about 6.5 pg/L, about 7.0 ng/L or more, up to about 8.0 pg/l. Ina
specific embodiment, the final concentration of sodium selenite may be about 6.7 ug/L in
selection medium,
In other embodiments, sodium pyruvate may be used a growth supplement (SAFC
Biosciences, Inc., Lenexa, KA}, Final concentration of sodium pyruvate may include, but is
not himited to, a range from about 0.01 g/L to about 0.3 g/L in selection medium, more
specifically, about 0.05 g/L, about 0.1 g/L, about 0.15 g/L or more, up to about 0.3 gl. Ina
specific embodiment, the final concentration of sodium pyruvate may be about 0.11 g/Lin
selection medium.
The cocktail of growths supplements may further include ethanolamine (Sigma-
Aldrich® Co., St. Louis, MO). Final concentration of this supplement may include, but is not
limited to, a range from about 0.5 mg/L to about 3.5 mg/L, more specifically, about 1.0 mg/L,
about 1.5 mg/L, about 2.0 mg/L, about 2.5 mg/L or more, up to about 3.5 mg/L. Ina
specific embodiment, the final concentration of ethanolamine may be about 2.0 mg/L in

selection medium.
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IV.Kits for Producing Heterologous Proteins The present invention further provides kits for
commercial sale. In certain embodiments, the kit may comprise a vector, a plurality of cells, and
growth supplements. The vector may comnrise a sequence encoding an enzyme in the biochemical
pathway for manunalin sterg bio%g hesis, such as for example, 3-KSR, useful for the selection of

cells transfected withth&GRELFRISETSBEHE KATHAY ¢ SHRYANATERICHERE ity thaméséitsing at
appropriate restidetienbsnz(iMie(s)oin deitein lenhodimnentst ihecallbiase: auxall ophicfor chalesterol. In

one embodim lis provided | kit may, already be ad to grow in chemically defined
media, In ano'?rﬁ? e k;so% mlw%er%)té'i %ﬁc@l@%&f&%@)ﬁ% 131%{3 ?ﬁ‘é‘{ﬁ%ﬁ@a&f&%&&%‘éﬂé grow in
chemically defiféepisaiomiCifeagfiedia e/ fodfonsetoertgtiatory sdgtimmentispthelcetlstieay be

derived from aaridngissihankuhishuod e, dedsmeined e e dies aladuenifiousagents. - In
another emboéql g}é; th? klt{n y comprise growth supplements, as described herein, that support
growth of cell iﬁ%?u gt Rgt‘ﬁ#f)ﬁé& RSN paa el A gl eediamn sherisifd.7
embodimentspgie) kibdnay comptisé) growtl), sup plementsithabsupporntihe grewth-afgells in serum-free
media, proteindiee median chefnicall: dafined media, or any sombination thereotincluding chemically

defined/serum-free media. In a specific embodiment, the kit may corﬁr|oor\|7"’,~:e1 Sgur}%})we[ﬁl%%’l ents, as

described herSiHPIFSaHpoif 8 Growvihor CH-SHVENS DIt iecamionasdading densities, for example,
during the postigansiesiiensardilimiing gilytiorieslkcloning (-PGH) PRASEHanol FLEDE Mgre, the Kits of
the present in?/fen%igg may be lésed 0 .xg(resg.aé}jé( heterologous protein of interest. Indeed, the nature
and source of the Hetero ogoa‘s%rsc’)eféaﬁml% B}%ég "in the cells, cell lines, and cell cultures of the
present invention ark: pottliatiteth dRonexainple piasnpid 3K SR maynhe enpinesradifer expression of a
ange of 2 leat ladenes.Ahe AT ELRARAIGAD G e X aRRIaN of siendaRie fraiee, Such as &

single chain hormone, and the latter is meant for expression of a chain mo ecuig?’suc as an
antibody. S SRVGHEBRIEBE et s KR Fraseiimeentisrerardcombmmeentamib sdypistecule may
be expressediusingithzecexiar, conianiagHeraecRssaYBERE SSoaR M SXRAMBISURIGWR A Antibodies
are complex proteins made up of multiple components, specifically two heavy chains and two light
chains. In oneggrgn 5o Iment, tﬁg A ewépi‘?t Vec ﬁ%‘ﬁ%@%&@h‘@%@é#&&dﬁiﬁa%@& B st teavy and
light chain gef@&dp AupigmpmembeiobeintBe(lyG) clopethinetaniemc Rratieinexpregsian from this
recombinant eans{ret fesulisndhe secrelian.aha.mencclanalaoiibedy, at san subseguenty he

isolated from th§ cell culture and %urjfied for commercial use. Human monoclonal anti odies are
well-suited to B& BppiEH LRSI TaPRifarApatt S retau st s b esarimdimeaisihgamiigen and can
be used to targepspecificpathagens, fongans-0e4BRAISHIL -6 Withewsi furherelahaatione dids,believed
that one skillegd;in the art, US| Rreceding description, can utilize the present invention to the
fullest extent. The fdﬁov@?rﬁ%%e%%aﬁ%b%%%qlﬁﬁgsﬁéﬁn\/ye%hftefnﬁﬁcrlyﬁlo(ﬁi&| TG SFHE ISR O the
disclosure in Hify s st serrlenExia mARgeg water, and no other substance whatsoever.

IV.  Kits for Producing Heterologous Proteins

The present invention further provides kits for commercial sale. In certain
embodiments, the kit may comprise a vector, a plurality of cells, and growth supplements,
The vector may comprise a sequence encoding an enzyme in the biochemical pathway for
mammalin sterol biosynthesis, such as for example, 3-KSR, nseful for the selection of cells
transfected with the vector. Users of the kit may clone a target gene into the vector using an
appropriate resiriction enzyme(s). In certain embodiments, the cells are auxotrophic for
cholesterol. In one embodiment, the cells provided in the kit may already be adapted to grow
in chemically defined media. In another embodiment, the cells provided in the kit may
already be adapted to grow in chemically defined, serum-free media. In response to
regulatory requirements, the cells may be derived from a working cell bank which would be

determined to be free of adventitious agents.
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Example 1: Demonstration of Cholesterol Selection of the Murine Meloma Cell Line NS-0 in
Chemically Defined Serum-Free Medium The murine myeloma cell line NS-0 was adapteo! to two
independent chemically defined serum-free medium (CD-SFM) formulations to test the suitability of
3-KSR as a selection marker in this cell background, and in SFM conditions from the onset. NS-0 cells
were adapted to CDUHyHeRFR0ATRTEgEE (B) BRd cODMi%- NSO Blys one). Adeessien cell banks

(ACB) were graefatedifoipasohheCRiShMagapted N319.aalh InasAN Aesay,Masistupsto
determine the dg%g%degce of CD-SEM-NS,.0 cell linos on cholesterol supplementation in the growth
Yy

& SIS b E s EPgyIcarRy e e s loreats Hrimemarhiithout

medium. These assays ‘ lll
cholesterol, fesnarihahctddm ottine-telisrainainativet-te asdeyyoasi cys ighewingicyitERg in

CD-SEM, no Rismls souldhe deleaiechil paR BiNe cxdsion analysis, ynadeion, an intermitent
i T

growth phase of these cells in the absence of cholesterol was no%%%]senge é?/ee% |F'lg the sensiti\(ity to
the lack of thi€TBRITA e BRI emrT SEXRiblc 2P PORURNMpeeilnd bfraiM rihsuBpketbsteroid

Reductase (3dt&R) andreoming ©H a«3mas %\iﬁlﬁ@eaﬂl@&aﬁ%ggg%}g@;gﬁﬁg)a dtﬁ.i{{%{jgé%ﬁ]ggégetosteroici
reductase (3-KSR) gene coding.for Mus mu us 313- roxy-delta(5)-steroid dehydrog,enase
(113d3b5) Watsraé%%%%laa ?rgo?ﬁﬁngﬁlﬁl&iuggﬁ5%?8%9%?3%§(EW§@EBALM kidneys. Af_ter PCR
amplification using dligérupleetidesispetific forstheipublished sequendecithessuwsine 3-KSR Hsd3b5,

a distinct bang 4:8ReHE Ll KBRS, HRLECREh DY 29 R10SG 98L& &S geu(l)}(%ﬁ%ﬁrigte};)ﬁ(i)s gu%%go\{\é?ﬁ‘ﬁésmated

and. cloned into pCR-Blunt [I-TOPO vector (Invitrogenb), and subsequently recloned-into
pBFaikti-.1 baBRFSiAd? e brabfincpind eq colsiraef i AR BIREqn are mhdmitdbRssding
region of 3-kseimpBE (Eanliwassoniinned &pRNAGESUEREHRE AR S oReN IRadingfame{ork) was
compared to the published sequance. The, determined;siequence, matched 100%with the published
murine 3-ketosteroid reductase with NCBI
hormone, and the latter is meant for expression of a dual chain molecule, such as an antibody.
In a specific embodiment of the present invention, a recombinant antibody molecule
may be expressed using the vector containing the necessary genes. See for example, Figure
3. Antibodies are complex proteins made up of multiple components, specifically two heavy
chains and two light chains. In one embodiment, the p3-KSR vector may be engineered to
include complete heavy and light chain genes for human Immunoglobulin G (IgG) cloned in
tandem. Protein expression from this recombinant construct results in the secretion of a
monoclonal antibody that can subsequently be isolated from the cell culture and purified for
commercial use. Human monoclonal antibodies are well-suited to be applied as human
therapeutics because they are specific to a single antigen and can be used to target specific
pathogens, organs, or tumors.
Without further elaboration, it is believed that one skilled in the art, using the
preceding description, can utilize the present invention to the fullest extent. The following
examples are illustrative only, and not limiting of the remainder of the disclosure in any way

whatsosver.

EXAMPLES

Example 1: Demonstration of Cholesterol Selection of the Murine Myeloma Cell Line
N$-0 in Chemically Defined Serum-Free Medium
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accession number A49573. Example 3: Transfection and Selection of NS-0 Cells in
Chemically-Defined Fatty Acid- Free Supplemented Selection Medium A construct pBF/Gsr.1
containing a correct 34KSR orf is transfecte,d into NS-0 cells and selected in chemically-defined fatty
acid-free supplemented selection medium. The medium consists of the following: CD-Hybridoma

(frivitroen.(r)), Giutarha% TR TG &HR N BB (anadased tiarsrrintsresite) (ketirvilipgenti),
Fatty-acid freelBBAl @ anCiadbinetinm) (Respbinant umaRd k8 (2 Beiml;Rromega) LS Liquid
Media Supple nttiég( Sigma- I&:ISriCce )leiwe initial transfection and selection is performed "in bulk," in
T-75 flasks as%fows "B the ay o traaﬁé%%%flo% ,aH?eHN%:M PTG B <OBE RN e IS the

Trypan blue eX&fggidariveth 6@ 10 différentidte ibetwe®hdivecnd deds-celis CThroyltue shioyld be at
least 90% viablg. ok eacheranstechian;AguLlx 107, cels RiLEd)

IgEhineddiion (o fhe plasmid
transfections, one "mock" transfection (without DNA) should be performed to es abhsh'a negé{tive

control. The c&it SFEREHFRITRY S hadaacsyf fdluEpénding cetdipetiopattelssiolinl " of senun-free
transfection medilemeneticentrifugirg.oneednene . Freseash transfestion 7 107.cells - agesyspended

in 700 u.L. of seyumrires:t fection.medium. Th A solution js prepared by resuspending 40 ug of
the purified Iinée?e{rized %%ﬁ@%ﬁﬁ%“ﬂid” b@%?taﬁgﬁ%éd"%’?e#‘év%g%?@%ﬁﬁ%ﬁﬁ}? BTBA is achieved
with any DNA#8&triétishiewdeAuekdsd ovorsmd iyitionSh r8Eictedite RitgcRIolead\uilgatis

restriction endogpaiease ddwhishrestictspafiesh 10068 N be R?rl%?eﬁii}%la&ih%?g@ {ﬁalging frame
(orf). This entg%%NA solﬁtlowls a%ded to an electroporation cuvette. T 0 p1 of cell suspension is

added to the SO ShPIRECERI P AP TFiYEY TrRRN By SisaiHYiatolbrgoihe drisditon. of
bubbles, The wapdsptacedwiuthe cuvette and the cuvette is placed in the electroporation apparatus
(Gene Puisergl (BigiRad paRoraigries, Inc., Hereules, CA) or equivalent). A single pulse of 250 volts,
400 u.Fd is d@i\(,ggggg 19 Jﬁm%&%ﬁgﬁéﬁgﬁé&"gﬁéﬁ%ﬁg %@%ﬁ%ﬁ%&{a%ﬁ&%g #8uld give a
time constant value no geater than 8 milliseconds. The cells are added to 12 mL of chemically-defined
fatty acid-free supplemented selection medium in a. T-75 cell culture flask and allowed to incubate at

37C, 5% CO2. 90%PeTative RUHRRT Soartgitse C-153%0 eenfuradingnisrobechigptIBksr.1 and
selected in chemrically.defiedefattydatid-gesupplementedsselestinn mediumprogyce.siatistically
significant nughers;of liye cglls after.a 3-weele s tion relative to controls. Mock transfected NS-6
cells arown in the same é%le%{%%ﬂggﬁ %%é;{ls%%&no %r%%ﬁ{éécgféoﬁ]s Fé%ﬁt{%}ﬁ%%%’tdﬁﬁ?ﬁﬁ‘éf@ of live
cells after a 3EWBER YRishebrraesannpidie mprinmsideiBr S8 lettiohstarntExpressian b ahenoclonal

Antibody in N&0celts inbepisalb-RefieadiEatty: Avidariee; Supplemenisd Selsclian Medium
[I-TOPO vector (Invitrogen®), and subsequently recloned into the pBEdhfi.1 background, in
lieu of dhfi. The new construct is called pBFksr.1.

The 1.1 kb coding region of 3-ksr in pBFksr.1 was confirmed by DNA sequencing,
and its open reading frame (orf) was compared to the published sequence. The determined
sequence matched 100% with the published murine 3-ketosteroid reductase with NCBI

accession number A49573.

Example 3: Transfection and Selection of NS-0 Cells in Chemically-Defined Fatty Acid-
Free Supplemented Selection Medium

A construct pBF/sr.1 containing a correct 3-KSR orfis transfected into NS-0 cells
and selected in chemically-defined fatty acid-free supplemented selection medium. The
medium consists of the following: CD-Hybridoma (Invitfoge11®}, Glutamax (2mM,
Invitrogen®), NEAA (non-essential amino acids) (1x, Invitrogen®), Fatty-acid free BSA
(1%, Calbiochem), Recombinant human IL-6 (5 ng/ml, Promega), ITS Liquid Media

Supplement (1%, Sigma-Aldrich). The initial transfection and selection is performed “in
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The mammalian expression.vector DBFdilfr.1 was constructed and serves as the backbone for the
cloning of mammalian genes, including human antibody heavy and light chain coding sequences, for
expression in the dihydrofolate reductase (dhfr) mutant parental cell line CHO-D344, Using this vector,
a human IgG1 heavy chain constant region expression cassette was cloned in the multiple cloning site
(mcs), and s&tes 4s'afcaptst 3o HURTEn Wethn ehaiioas iaBie e Sfushicbeershiid (UE: Was designated
pBFrikii..1:Heasset@sing tht Meyearrespendingdightobain ditable segueneasiweigifrsdcleoned into a
baculovi s expression vestor.gontaininga umandioht hain sonsiant [egion peseile, pIEHlight. The
entire light chain coding sequence was subsequ'en%y cfoned into p Ecitifi-.I". To construct a dual
expression viegiorepriimeddispeifibediseB! saslot pOWIe VImEcEn i aestei BGHIpAO R HHe)
complementgry, 3t 80 dwere disediaamplii-adighichain casselia ernialnng.pEh 20/t b,
chain-BgiipA, which contained Bglll REN sites on both end?'is%';[his fragment was suhsequently cloned

into the uniqlEBEP&itRS AN L Prél Son B g Parf BB S CRAN CONL I C o e 8%Siting
construct, pl3kdiert:hBmiAfxtantains:canipiete’ kuinan-astispehitight 201 Healyechaifisgenes cloned
in tandem. T. ine 3-ketosteroi NES . 98NE.IS i claned into. pCR-
OO vectoy T A LD seh e Al %ﬁ%ﬁ%ﬁ%@%ﬁ%ﬁﬁ?ﬁ% R et n e

of cilifr. This FesarEsAstaser pBNA1n K0P 140 afilg{ilRs Hertamay: BRURK RO iis transfected into

NS-0 cells apgselectedhinshemicaliydeinesiially acid-free:sipplementechsalection medium. The
initial transfe&[ion andéselection,is, erfo in Qulk," in T-75 fla Followin%ﬁ%rs;fecti on, cells are

cultured cire A SR B PN RO AR A ISP ARG and
immediately ketected ipchokesterthine donfediinm produls statisticallysigrificantiumiperstotlive cells
after 2 3-week sglectnn felRts fasontiala,Mock RaYeHeANSH0 cells raunin e, same selective

conditions do not produce statistically significant numbers of live cells after a 3-week. selection.

Upon selectiBR*SAEGIGNRA RiPeaRsravedtnsdie, ceatiffe el iBBIFrataRt< o & 25e8Jert 8¢ FB¥siisbinant
mADb by enzymeinkedcirmunesen artaasay (RlitaApBrieflyupemaiantsel-gulures transfected
with pBFk.sr.1:1-1U1vIAB are sampl nd centrifuged to.remove a s and dehris. Ninety
six-well, platere Cogted i %"‘é%"%?g‘r‘%%rﬁ el A Sl Bgc?if’%zagr?t%"c%yg(‘&é‘bréfg%drich(r) Co.,
St. Louis, M@¥lseitsion formviite dfsidatidintth® 7102 f0\6@un Oofiphospimaiis bufferet sitine {RBS).

Plates are incyhated.ior atleash¢Ahoursand-poRore than 2uegksah 46 nPnfay.pfassay. plates
are rinsed 3 times with PBS/tween buffer (0.1% tween in PBS). A human I%‘)G‘I lambda monoclonal

antibody stafGaRIY SigH sl FEoammetPie s UhiHeHoP BISAWRER ald sERARHISE FPBS/tween at a
1:2 ratio to geherateaistanaard soacentrationopanel aftachustaigaretisigistded to the 96-well plate at
100 pi per well. Samples .of unkno ntibod ncentration are diluted 1:2000 in,PBS/tween and '
added tO the 96-We|?ﬁ %@1315? tf%ﬁllvq egevﬁt\?v%f %ﬁ%égp?gt{e%%ﬁgéﬁ%% E)%aj?sh%%gngfi r%%ﬁlatcégn perature.
After incubatfess, shiplsiatatsl weletid 3 EiHEs WiRALPBSTRyAbsi uiderokitaceatabelizd gbat anti-human

I9G Fe antibegdy (<, 4k «Seaithershuig M dilwedili2Q00 R ABS M warnrRc addrddpthe 96-well
plate at | 0OCj kJ,%?,er well. The gg}e is incubated for 1 hour_at room temperature. After incubation, the

plate is wasHEFFHFEL WA DEIRMRIST R 3148 eolby SATATIBRRSEIMG (B S@bstats (Sigma(r)) is
added to theww&velkptate at 100 !AL per well. The reaction is stopped after approximately 1 minute
with the addition 0 R 2 4. (Acres Qraanics, Geel, Belgium late. Isread at a
wavelongih QA o Pt e b e MR, Sosive

for the presence of the recombinant na.Ab product.

The mammalian expression vector pBFdAf.1 was constructed and serves as the
backbone for the cloning of mammalian genes, including human antibody heavy and light
chain coding sequences, for expression in the dihydrofolate reductase (dhfr) mutant parental
cell line CHO-DG44. Using this vector, a human IgG1 heavy chain constant region
expression cassette was cloned in the multiple cloning site (mes), and serves as acceptor for

human heavy chain variable sequences. This vector was designated pBFdhfr.1:Heassette.



MC S I.. UP What is claimed is: I. A host cell transformed with a vector comprising a polynucleotide
encoding a 3- ketosteroid reductasc and a polynucleotide encoding a heterologous polypcptide,
wherein the host cell is a cukaryotic cell and is auxotrophic for cholesterol. 2. The host cell of claim 1,
wherein said 3-ketosteroid reduetase comprises a murine 3- ketostero id reductase. 3. The host cell of
claim 1, wherein saitf ﬁ@lﬁﬁwéﬁ’fﬁj]ég@h%ﬂﬁh@’égﬁﬁrséa%tﬁ%qe%%%fﬁ%@g@ﬁétﬂj RASVEGFSEQ ID
NO:2, or encpelesaAn MpRCacHSeEdeRee COMPEBINgSRRID MO ax Sk QID-NE4 THe The host cell

of claim 1, Whererﬁ%ﬁﬁl vectar is a recomblnaqlthNA expression vec{g i r'lThl% host celé of claim 4,

: 3 . ; :
wherein the 7888 HRAEBIEESI0n Vecdtor finhe comprlérégg ea t'aflrstct?gsﬁlé%on&lon unit

under controkef the-frsimarecytomeyatovinsisrontioter o6l FEChbstNEl ofddlaife BGVhereirmsaid host
cell is selectgd framthe grovn. consistngaf NS R diad Q2 dAte containing pCMV-MTB

~Jight chain—-BGHpA, which contained Bglll REN sites on both ends. This fragment was
subsequently cloned into the unique Bglll site in each corresponding pdhfr:Heavy Chain
construct. The resulting construct, pBFdAf.1:humAb contains complete human antibody
light and heavy chain genes cloned in tandem.

The murine 3-ketosteroid reductase (3-KSR) gene is isolated and cloned into pCR-
Blunt I-TOPO vector (Invitrogen®), and subsequently recloned into the pBFdhfr. 1 humAb
construct, in lieu of difi. This new construct, pBFksr.1 HUMAB containing a correct 3-KSR
orf is transfected into NS-0 cells and selected in chemically-defined fatty acid-free
supplemented selection medium. The initial transfection and selection is performed “in
bulk,” in T-75 flasks. Following transfection, cells are cultured directly in selection medium.
The culiure transfected with pBFksr 1:HUMAB and immediately selected in cholesterol free
medium produce statistically significant numbers of live cells after a 3-weel sejection
relative to controls. Mock transfected NS-0 cells grown in the same selective conditions do
not produce statistically significant numbers of live cells after a 3-weelk selection.

Upon selection and growth of transfected cells, cell free supernatants are assayed for
recombinant mAb by enzyme linked immunosorbant assay (ELISA). Briefly, supernatants of
cultures transfected with pBFlesr. 1. HUMAB are sampled and centrifuged to remove any cells
and debris. Ninety six-well plates are coated with a goat anti-human Fab lambda specific
antibody (Sigma-Aldrich® Co., St. Louis, MO) solution formulated by adding 9 uL to 6.3
mL of phosphate buffered saline (PBS). Plates are incubated for at least 24 hours and no
more than 2 weeks at 4°C. On day of assay, plates are rinsed 3 times with PBS/tween buffer
(0.1% tween in PBS). A human IgG! lambda monoclonal antibody standard (Sigma®) is
diluted to 5 pg/mL in PBS/tween and serially diluted in PBS/tween at a 1:2 ratio to generate a
standard concentration panel. Bach standard is added to the 96-well plate at 100 pL per well.
Samples of unknown antibody concentration are diluted 1:2000 in PBS/tween and added to
the 96-well plate at 100 uL per well. The plate is incubated for 1 hour at room temperature.
After incubation, the plate is washed 3 times with PBS/tween. A peroxidase-labelled goat
anti-human IgG Fc antibody (ICPL, Inc., Gaithersburg, MD) is diluted 1:2000 in PBS/tween
and added to the 96-well plate at 100 pL per well. The plate is incubated for 1 hour at room
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7. The host cell of claim 1, wherein said host cell is an NS-0 mouse myeloma cell. 8. A kit comprising:
a vector comprising a poly-nucleotide that encodes a 3-ketosteroid reductase; a plurality of host.
cells that are auxotrophic for cholesterol; chemically defined, serum-free media; growth
supplements that support the growth of said plurality of host cells at ow-seed n ang clqnal densities;
and at least BHPFrOGEof SRR [ D4FAR WERILINE WS Sera kedsteroid reductase
comprises ataaineh Jetodter fitMBludiasee Sikrha®) 102406 kitinf Taira G wheredo 5a, iskr
polynucleotiq\g £n din g.g\id rgt%uc ase.com rr§{es %Q ID.NO:1 EQ.ID.NO;2, ar encodes an
amino acid seau'e‘li]%eer&gjcn%pr}ilssingpgéQ%brI%ﬁé ors é hglﬁé%ﬁ% %e %é%on o108 }ﬁ Oto(gg

M HySO, (Acros Organics, Geel, Belgium). The plate is read at a wavelength of 450 nmin a

ThermaoMax microplate reader or equivalent. ELISA results show positive for the presence

of the recombinant mAb product.
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11. The kit of claim 8, wherein said vector is a recombinant DNA expression vector. 12. The kit of
claim Il, wherein the recombinant DNA expression vector further comprises at least a first trgyuggirigtion
unit for a product gene under control of the human cytomegalovirus promoter. 13. The kit of claim 8,
wherein said host cell is selected from the group consisting of NS-0, NS-1, and CI-10-215. 14. The kit
of claim 8Mireiraitnisadd wost cell is an NS-0 mouse myeloma cell. 15. The kit of claim 8, wherein said
host cells are adapted to chemically defined, scrum-free medium. 16. The kit of claim 8, wherein said
host cells are adapted to chemically defined medium. 17. The kit of claim 8, wherein said growth
supplementsicdmgirisel latieagbonedofWitty acidefreecBB AL shiE-6, edymisinahdéuanerdingulin3sodium

selenite, sodium pyruvate, and et ine.. 18 Igl(? 'tap ' whegel id.otongh supplements
comprise%?r%ﬁ g%rllcé%\{l}lé%%s%s%ﬁt5§ % emlllcgagﬁl;lj%lgﬁned, er&%g#r%fg ed?a%y?(%%?% to 5% flatty acid-free
BSA, 1 ndprsictdl &ngmibrpolica.ed ang/mlaunot®phey fotedordsiaendt human insulin, 5 stg/L to about 8

gg/L sodium selenitc, 0.01 g/L to 0.3 g/L sodium pyruvate, and 0.5 mg/L to 3.5 mg/L ethanolamine. 19.

The kit of claim 8, wherein said growth supplements comprise final concentrations in the chemically
defined, sarilive flestneelia bt ket aityvduteretnd SRk G anggraidriradugaso ¢agprzgs a murine 3-

ketosteroid reductase.

3. The host cell of claim 1, wherein said polynucleotide encoding said reductase comprises
SEQ ID NO: 1 or SEQ ID NO:2, or encodes an amino acid sequence comprising SEQ ID
NO:3 or SEQ ID NO:4.

4. The host cell of claim 1, wherein said vector is a recombinant DNA expression vector.

5. The host cell of claim 4, wherein the recombinant DNA expression vector further
comprises at least a first transcription unit under control of the human cytomegalovirus

promoter.

6. The host cell of claim 1, wherein said host cell is selected from the group consisting of NS-

O, NS-I, and CHO-215.
7. The host cell of claim 1, wherein said host cell is an NS-O mouse myeloma cell.

8. A kit comprising:

a vector comprising a polynucleotide that encodes a 3-ketosteroid reductase;

a plurality of host cells that are auxotrophic for cholesterol; chemically defined,
serum-free media;

growth supplements that support the growth of said plurality of host cells at low-

seeding and clonal densities; and at least one protocol to utilize said kit.

9. The kit of claim 8, wherein said 3-ketosteroid reductase comprises a murine 3-ketosteroid
reductase.
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MCSLLP recombinant human insulin, 6.7 ug/L sodium selenite, 0.11 g/L sodium pyruvatc, and 2.0
mg/L ethanotamine. 20. A composition of cell culture supplements comprising 0.1% to 5% fattgl.LP
acid-free BSA, 1 ng/mL to 9 ng/mL MIL-6, 5 ing/mL to 15 mg/L recombinant human insulin, 5 ug/L to 8
ug/L sodium selenite, 0.01 g/L to 0.3 g/L sodium pyruvate, and 0.5 mg/L to 3.5 mg/L ethanolamine.
21. The composition of claim 20 comprising 1% fatty acid-free BSA, 5 ng/mL rhiL-6, 10 mg/L

recombinant an insulin, 6.7 yg/L .sodium selenite, 0,11 g/L .sodiur uvate, and 2.0 mg/L
ethanolari1 e?H% e %Jﬁ%ﬁc% of I Lim% %Iﬁlgsgl céjl(lﬁr}% %%%ﬁ%%ﬁ%pﬁ%nﬁ)?ag%o%Eélt%%ﬁa%)lrg%lsse&rvw ing
cholesterobfie@:medBig) ieMzhoo eompesingamindrandfesting@ enkamyeig SSIQAHA N@udxatrophic
for chole%%{(?éfgiw .Xector comprising a polynucleotide that encodes a 3-ketosteroid reductase and
optionally at teast one polynucleotidc that encodes a heterologous protein; and wherein said

polynucleotide that encodes the 3-ketosteroid is expressed by the transfected cell to confer the ability
to survive,i olesterol-fre me%ium. % h th(%g 3 alm 2R xhereinsaid cells are selected
from the glr{giu%g1 %gﬁs?itfr%%f & e,r N&: ?daﬁleﬁ&%?ﬂg. InGJ @18 8 SSfd g

12. The kit of claim 11, wherein the recombinant DNA expression vector further comprises at

least a first transcription unit for a product gene under control of the human cytomegalovirus

promoter.

13. The kit of claim 8, wherein said host cell is selected from the group consisting of NS-O,

NS-I, and CHO-215.
14. The kit of claim 8, wherein said host cell is an NS-O mouse myeloma cell.

15. The kit of claim 8, wherein said host cells are adapted to chemically defined, serum-free

medium.
16. The kit of claim 8, wherein said host cells are adapted to chemically defined medium.

17. The kit of claim 8, wherein said growth supplements comprise at least one of fatty acid-
free BSA, rhIL-6, recombinant human insulin, sodium selenite, sodium pyruvate, and

ethanolamine.

18. The kit of claim 8, wherein said growth supplements comprise final concentrations in the
chemically defined, serum free media of 0.1% to 5% fatty acid-free BSA, 1 ng/mL to 9
ng/mL thIL-6, 5 mg/mL to 15 mg/L recombinant human insulin, 5 pug/L to about 8 ug/L
sodium selenite, 0.01 g/L. to 0.3 g/L sodium pyruvate, and 0.5 mg/L to 3.5 mg/L

ethanolamine.

19. The kit of claim 8, wherein said growth supplements comprise final concentrations in the
chemically defined, serum free media of 1% fatty acid-free BSA, 5 ng/mL rhIL-6, 10 mg/L
27



24. The method of claim 23, wherein said cells are NS-0 mouse mycloma cells. 25. The method of
claim 22, wherein said medium is chemically defined and serum-free or chemically defined.\?6SALP
method for obtaining cells that have the ability to survive in a medium lacking cholesterol and have the
ability to express a heterologous protein comprising: transfecting eukaryotic cells that are

auxotrophie feftdhate siersdwitiyaivecior coiihprisimgnaspizlying elebtigel e rodidimgryB-keto stat Gid)
reductase aﬂgl ?lg IeaPt one MCSLI.P polynucleotide that encodes a heterologous protein; and
selecting f’ﬁ% cSisinat iave the ability to survive in medium lacking cholesterol. 27. The method of
claim 26, wherein said cells are selected from the group consisting of NS-0, NS-I, and CI10-215.

20. A composition of cell culture supplements comprising 0.1% to 5% fatty acid-free BSA, 1
ng/mL to 9 ng/mL rhIL-6, 5 mg/mL to 15 mg/L recombinant human insulin, 5 ug/L to 8 ug/L
sodium selenite, 0.01 g/L to 0.3 g/L sodium pyruvate, and 0.5 mg/L to 3.5 mg/L

ethanolamine.

21. The composition of claim 20 comprising 1% fatty acid-free BSA, 5 ng/mL rhIL-6, 10
mg/L recombinant human insulin, 6.7 pg/L sodium selenite, 0.11 g/I. sodium pyruvate, and

2.0 mg/L mg/L ethanolamine.

22. A method of making a cell that is auxotrophic for cholesterol able to survive in
cholesterol-free medium, the method comprising:

transfecting a eukaryotic cell that is auxotrophic for cholesterol with a vector
comprising a polynucleotide that encodes a 3-ketosteroid reductase and optionally at least one
polynucleotide that encodes a heterologous protein; and

wherein said polynucleotide that encodes the 3-ketosteroid is expressed by the

transfected cell to confer the ability to survive in cholesterol-free medium.

23. The method of claim 22, wherein said cells are selected from the group consisting of NS-

0, NS-1, and CHO-215.
24. The method of claim 23, wherein said cells are NS-O mouse myeloma cells.

25. The method of claim 22, wherein said medium is chemically defined and serum-free or

chemically defined.

26. A method for obtaining cells that have the ability to survive in a medium lacking
cholesterol and have the ability to express a heterologous protein comprising:
transfecting eukaryotic cells that are auxotrophic for cholesterol with a vector

comprising a polynucleotide encoding a 3-ketosteroid reductase, and at least one
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28. The method of claim 27, wherein said cells are NS-0 mouse myelom a cells. 29. The method of
claim 26, wherein said medium is chemically defined and serum-free or chemically defineq;:3Q..4
method of expressing a heterologous protein comprising transfecting a cell that is auxotrophic for
cholesterol with a vector comprising a polynucleotide encoding a 3- ketosteroid reductase, wherein the
vector furfagyreemepriseshat pﬁmgleﬁﬁdﬁcﬂm@mﬁmtbmmerologous protein; and culturing the

transfected cell |n choI ster ediym ’g r conditions to owd f said
heterologous prS? erﬁ% tﬁ?ﬁtgg%? cfalér# Wﬁél%llﬁesléll ce S a‘r%celsxg? cte(;???gmslthe group

consisting of NS-0, NS 1, and CIO 215. 32. The method of claim 31, wherein said cells are NS-0
e ey IR el e e W T s MR R BT A DB SRRl e and

serum-fr
O, NS-1, and CHO- 215

28. The method of claim 27, wherein said cells are NS-O mouse myeloma cells.

29. The method of claim 26, wherein said medium is chemically defined and serum-free or

chemically defined.

30. A method of expressing a heterologous protein comprising transfecting a cell that is
auxotrophic for cholesterol with a vector comprising a polynucleotide encoding a 3-
ketosteroid reductase, wherein the vector further comprises a polynucleotide encoding the
heterologous protein; and culturing the transfected cell in a cholesterol-free medium under

conditions to provide expression of said heterologous protein.

31. The method of claim 30, wherein said cells are selected from the group consisting of NS-

0O, NS-1, and CHO-215.
32. The method of claim 31, wherein said cells are NS-O mouse myeloma cells.

33. The method of claim 30, wherein said medium is chemically defined and serum-free or

chemically defined.
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