WO 03/ 106684 PCT/NLO3/00432 1 Title: A nmethod for sinultaneous production
of nmultiple proteins; vectors and cells for use therein The invention
relates to the fields of biochem stry, nolecular biology, pharmacol ogy and

di agnosi s. \M?Bﬁlﬂ%@ﬁd fically the present invention rel at epciriNLos/bR32
production of proteins in a host cell.;And even nore specifically the

i nvention relates to a nmethod for inproving expression of two or nore
proteins 5 in a (host) cell. The nethod is suited for production of for
exanpl e reconbi nant anti bodi es that can be used in a pharnaceuti cal
preparation or as a diagnostic tool. Proteins are produced in systens for a
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research into cellular an Ieculgr .10 function, production of proteins as
bi ophar maceuti cal s ora’h‘i‘é Fiuge fReXSt s, and nodification of the traits or

phenot ypes of |ivestock and crops. Biopharmaceuticals are usually proteins
that have an extracellular function, such as antibodies for inmunotherapy
or hornones or cyt The ieeention welates to bloe Heldsaf bidchenristryomoteculamhielogy, wi t h
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occur in bacteria. Mreover, the specific o osaccharides atfached to
protei ns by gliycosidnatelaigs éoaymethodfer appivirsg exypressioh-of ywe orgpesi ffirioteinghese
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may be inappropriate. Even the subtle differences’in protein glycosylation

bet ween rodentteoland human, for exanple, can be sufficient to render
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of activity. ThisS limts the choice of host cells further, to human cell
i nes or 6 WOudGick)pssiudeion dfipastedasi8®biopharmaceuticals or diagnostic reagents,
and modification of the traits or phenotypes of livestock and crops.
Biopharmaceuticals are usually proteins that have an extracellular function,
such as antibodies for immunotherapy or hormones or cytokines for eliciting a
cellular response. Proteins with extracellular functions exit the cell via the
15  secretory pathway, and undergo post-translational modifications during
secretion. The modifications (primarily glycosylation and disulfide bond
formation) do not occur in bacteria. Moreover, the specific oligosaccharides
attached to proteins by glycosylating enzymes are species and cell-type
specific. These considerations often limit the choice of host cells for
20 heterologous protein production to eukaryotic cells (Kaufman, 2000). For
expression of human therapeutic proteins, host cells such as bacterig, yeast, or
plants may be inappropriate. Even the subtle differences in protein
glycosylation between rodents and human, for example, can be sufficient to
render proteins produced in rodent cells unacceptable for therapeutic use
25  (Sheeley et al., 1997). The consequences of improper (i.e. non-human)

glycosylation include immunogenicity, reduced functional half-life, and loss of

activity. This limits the choice of host cells further, to human cell lines or to



2 cell lines such as Chinese Hanster Ovary (CHO cells, which nay produce

gl ycoproteins with human-I|i ke carbohydrate structures (Liu, 1992). Sorre
protei ns of biotechnological interest are functional as mul ti nmers, .
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expressi on sybe¢.dhey ciigsteof twondn more; possihly differ¢at) pdlypeptide chainsiin thei at i ng

i on Tevells (B bF Bioke o i e fPFip; Bafioled Mot BfPan iR
producti on of h? mmhtssnprém%eqﬁmmgeﬁéﬁé ﬁfﬁt@ﬁﬁt(Gr@@ﬂxé\bélcbad anced

proportions (Ka 2000), and (3) declines in | evel s of expression
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production nust be conpatibl’e wth the scal @ of the industri al processes

that are Hpl fp}nemon&maﬂptmph;q, pnmtatrydnba;emng bermenre, fglélnb shimotating a

protein of injerest re used in i n)
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scal e-up and production. This_is achieved by integration of the transgene

i nto the genodfienltdue th@saumber of luwitatiens o cwnbﬁxmesmeu@me;mfrhw |
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cell's. WOH3/ pffkié tFEM oAk MPpeptides at high levels (predmtablhty and yield), (2)
difficulties in attaining production of the monomeric polypeptides in
stoichiometrically balanced proportions (Kaufman, 2000), and (3) declines in
the levels of expression during the industrial production cycle of the proteins
(stability). These problems are described in more detail below.

20 (1) Recombinant proteins such as antibodies that are used as
therapeutic compounds need to be produced in large quantities. The host cells
used for recombinant protein production must be compatible with the scale of _
the industrial processes that are employed. Specifically, the transgene (or the
gene encoding a protein of interest, the two terms are used interchangeably

25 herein) exprt?ssion system used for the heterologous protein needs to be
retained by the host cells in a stable and active form during the growth phases
of scale-up and production. This is achieved by integration of the transgene
into the genome of the host cell. However, creation of recombinant cell lines by
conventional means is a costly and inefficient process due to the

30 unpredictability of transgene expression among the recombinant host cells.



3 The unpredictability stens fromthe high |ikelihood that the transgene
wi Il becone inactive due to gene silencing (McBurney et al., 2002). Using
conventional technol ogi es, the proportion of reconbinant host cells that
produce owe opabsspepti de at high | evel s ranges from 1- 2%PATYNI@SMAeB2t O
construct 5 a cell line that produced8 two pol ypeptides at high levels, the
two transgenes are generally integrated independently. If the two
transgenes are transfected sinultaneously on two separate plasnids, the
proportion of cells that will produce both pol ypeptides at high levels wll

be the arit MRhikpredRéaslity st from/ thdHikh Yikelihesd shatdhe traRseae el
Therefore the proportion of such 10 reconbinant cell |ines ranges from one
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transfecti 0&1&%&@6u§?ﬁ§n&%]s@?ha@é PIRAEIS, thefropitich 6f @MsaBat &illand poor
stability. The high costs results fromvarious factors: in particular, 20
the time ansdredurelhothpolypeptides at bighslevelsriliher the atigmesipprodsichgf the | | i nes
I's doubl ed,_since hi&h .ex&ressi on of eac#}) sgﬁunit St ge creened for
separ at el y.pn_’ﬁ% 1888f oV BF |qrag§g§BF§.iT1§pr 2 ?_pf‘@ ?8?? PES ing two

pol ypeptp degedotntinafif BAEHHEH ek fEdi8 ohB k8 2BV0 tobiiedihi 10,000.Foreach of the
two transgenes. (2) Production of nultinmeric proteins requires bal anced

| evel s of =Biltimerseprqteinsivath dhreetoramertessvbumits, thepraporvonsdedingh of the
pol ypepti de nommrs. .l.nbal anced expr.ession, of, t he NQNenRS. i. styef ul  of
Phe” bout 1y fyrBEETHeBe gt Praictie SAIFTigRy nify RloiadielB b atfed BB o
expressi on @olaed fréfhRREREstGEThE pYFuldeion! FThe easthels esdrfirédtd igesiefdr. These
effects include (a)_  sequestration of cellular factors required for

secretion othesecare bighexpuessing cpll dines aze timeyconsapaganskexnensive. endopl asni ¢
reticul yn ( Chevg}l a%er%!ati{re %c?gi%rll)dtaﬁ/ggug %{'&lgs?gc ﬁ)npocET tlwlgl‘t?gxllggeél%?bearing
plasmids is sequential transfection. In this case the proportion of high-yielding
clones will be the sum of the proportions for single transgenes, i.e. 2-4%.
Sequential transfection however has (major) drawbacks, including high costs
and poor stability. The high costs results from various factors: in particular,
20 the time and resources required for screening for high-expressing cell lines is
doubled, since high expression of each subunit must be screened for separately.
The poor overall stability of host cells expressing two polypeptides is a
consequence of the inherent instability of each of the two transgenes.
(2) Production of multimeric proteins requires balanced levels of
25 transcriptior,lal and translational expression of each of the polypeptide
monomers. Imbalanced expression of the monomers is wasteful of the costly
resources used in cell cultivation. Moreover, the imbalanced expression of one
monomer can have deleterious effects on the cell. These effects include (a)
sequestration of cellular factors required for secretion of the recombinant

30 proteins (e.g. chaperones in the endoplasmic reticulum, (Chevet et al., 2001)),



4 and (b) induction of stress responses that result in reduced rates of
gromh and protein translation, or even in apoptosis (progranmed cel

deat h) (Pahl & Baeuerle, 1997, Patil & Walter, 2001). T goﬁkgrious
effects | e¥@®PQ%%8ses in productivity and yield and to highér overhead
costs. 5 (3) Silencing of transgene expression during prolonged host cel
cultivation is a comonly observed phenonenon. In vertebrate cells it can be
caused by formation of heterochromatin at the transgene | ocus, which
prevents transcyiptjon of the transgene. Transgene silencing js stochastic;
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mllilitre i ruttivatiorisoa soramoh]lYobsdriéd pheomenore InTeetebratecedls it edn be

popul ations (1014 - 1016 cell are_prone to serious deglines.i,
product i vi t y cayeed bygfq%%fg%ef %@qemfbm@am 3 thg transespe docus, yikigh prevents
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reconbi nant host ¢ S 1s parti evere transgené copy nunbers
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PCT/ NLO3/1(04 3tften scaled up to, and maintained for long periods at, cell densities in excess

of ten million cells per millilitre in cultivators of 1,000 litres or more. These
large cell populations (1014 - 1016 cells) are prone to serious declines in
productivity due to transgene silencing (Migliaccio et al., 2000, Strutzenberger
et al., 1999).

20 The instability of expression of recombinant host cells is particularly
severe when transgene copy numbers are amplified in an attempt to increase
yields. Transgene amplification is achieved by including a selectable marker
gene such as dihydrofolate reductase (DHFR) with the transgene during
integration. Increased concentrations of the selection agent (in the case of

25 DHFR, the drug methotrexate) select for cells that have amplified the number
of DHFR genes in the chromosome. Since the transgene and DHFR are co-
localized in the chromosome, the transgene copy number increases too. This is
correlated with an increase in the yield of the heterologous protein (Kaufman,
1990). However, the tandem repeats of transgenes that result from

30 amplification are highly susceptible to silencing (Garrick et al.,, 1998,



5 Kaufman, 1990, MBurney et al., 2002). Silencing is often due to a decline
I n transgene copy nunber after the selection agent is renoved (Kaufman,
1990). Reroval of the selection agent, however, is routine during

i ndustriglg 5)_;1(3 gr maceuti cal production, for two reasonBCT/RLO3#0432cul ti vati on
of cells at | ndustrl al scales insthe presence of selection agents is not
econom cally feaS| bl e, as the agents are expensive conpounds. Second, and
nore inportantly, concerns for product purity and safety preclude

mai ntai ning selection during a production cycle. Purifying a reconbi nant
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protein is i nt ended 10 for pharmaceuti cal use wever, Is technically
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sel ecti ons ﬁgﬁﬁﬁﬁn%e%tﬁbf?ﬁ&ﬁi&léﬂef&&'%wo%&é‘dﬂ’éal?h‘ég'éﬁltﬁéh&%f Bfllscan be due

to epigenetic effects on transgene 15 tandem repeats, a phenonenon
known a$ Reipdastrialdcales ifidhe pSideane dhigeletiRinGRients\is het enonemieally 200 1). In

t hese cases, th opy nunber of the .transgene.i g, stable,.and silencing
occurs due £BSPIRAgdbe; age{l{eea.r@mxgﬁxéewe'co P%@%'\?@"B‘P (afid Mfsgenes
(MeBur ney %ﬁdrtanﬁ@%hcer-ﬂaffopﬁﬁﬂ%ﬁﬁuﬁiy énd 8 ip28cludd Sitinthihid}y cel |
cultivation may be ‘unable to prevent”silencing of "the 20 transgene

t ranscri pt i sededriont dinéng ageroductinyeycle. Syrifying amedognbindeppratein and

expression of the s Iectabl mar.ker.. The l.ack of a ns t rev RIGS in
Comventi ondemevifg sl iaceaa ThABeISTHn Ao if acpsrcaf fpe nyoteifl if irishadd

productig/i tfr phaemBEARIGIRisB SHOwb RIS ié‘tbéhﬁ@ﬂYﬁHiﬂi@ﬁR'anWﬁ%ﬁﬁﬁﬁ@eErXpr essi on
technol ogi es for protein production and nore specifically for nultinmeric 25

protein prozipensive toldesol gndldammastratmgathaeehtsmastbaenachlmd iaalspst em t hat
OVer cones t%gé g al ens. Th ent i ngp I%_es to. a n veI stem
for  or eat i HIBGHbERS exBpisiye Jijersre am PrhaoE0 TAPsBRpiccT e At o o
proteins, fQi un%%mlxﬁxal%eééhcé@f é%lé&io‘ﬁ@%%hﬁkeafmgﬁ&&aﬁatﬁ@é’o@t ionall'y

pr oduce funct lonal rmultineric proteins fromthem ortant exanpl es of
het er ol ogous nulAltemmatiyely, sdenéing canéerthxecmtnpmemetmaﬁ tore the tnanggene

enbodi ni%nt an%e}nnx\'/e%%.{:sog ﬁﬁe‘%%?ne\ﬁgn /ojwon6§§ pge.rt/ f\"a%ce&) %ne Silencing
(RIGS) (Whitelaw et al., 2001). In these cases the copy number of the
transgene is stable, and silencing occurs due to changes in the chromatin
structure of the transgenes (McBurney et al., 2002). The presence of a selection
agent during cell cultivation may be unable to prevent silencing of the
20 transgene transcription unit because transgene expression is independent of
expression of the selectable marker. The lack of a means to prevent RIGS in
conventional transgenic systems thus results in costly losses in productivity.
The problems associated with conventional transgene expression
technologies for protein production and more specifically for multimeric
25 protein production clearly demonstrate a need in the art for a system that
overcomes these problems. The present invention relates to a novel system for
creating (host) cells/cell lines that efficiently express two or more proteins, for
example two or more polypeptide monomers and optionally produce functional
multimeric proteins from them. Important examples of heterologous multimer

30 proteins are recombinant antibodies. In one embodiment the invention takes



6 advantage of proprietary DNA el enents that protect transgenes from
silencing, termed STabilizing Anti-Repressor (STAR or STAR M the terns w |l
be used interchangeably herein) elenments, for the production of two or nore
protei ns. SWOR¥196p84cnt i on al so di scl oses a novel confi gur RATEYL0H0432
transcriptional and translational elefrents and sel ectable marker genes. In
one enbodi nent, the invention uses antibiotic resistance genes and protein
translation initiation sites with reduced translation efficiency ar exanple
an Internal Ri bosome Binding Site, IRES) in novel ways that inprove
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proteins, (2) b%%?m@%?%hgej%% p?r o%o??ﬁbnal e@(prgss?.on tc?? two or nore
pol ypepti de mpeotedtiss whi ch are constituents of a 15 nultineric protein, and
(3) creates reconbjnant cell Ijnes with stable oductivity characteristics.
Ther ef ore, St he i nvEREIBFERHQY eélscmssﬁé_% ﬁﬂq%watlanﬁé{%ﬁqlatwn@m%‘ini ng
a cell Which il 8ea6allatmBhtd B Esdll @hBle1RaRIdrSL h LU b ort I1RA C
cell with two or nore protein expression units encoding sald two or nore

pr ot ei ns, chariavémiorsasks antilfiatic a¢sistansd gémes axfd peitdimptranslamionxpitistsimon

units conprise at |least o STAR.sequence. The ter "cell"/"host cell” and
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in cell culture nown in the art, "and at have "the ability to
express hdler expgessonp Thieaionshindtien vfthw SBARredaments' and thespiothéd glements t o
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it refers tot esses of transcription, translation and WD 03/ 106684
PCT/ NLO3/ 00432high yields of heterologous proteins, (2) exhibits balanced and proportional

expression of two or more polypeptide monomers which are constituents ofa
15 multimeric protein, and (3) creates recombinant cell lines with stable

productivity characteristics.

Therefore, the invention provides in one embodiment, a method for
obtaining a cell which expresses two or more proteins comprising providing
20 said cell with two or more protein expression units encoding said two or more
proteins, characterised in that at least two of said protein expression units
comprise at least one STAR sequence.
The terms "cell"/"host cell" and "cell line"/"host cell line" are respectively
typically defined as a eukaryotic cell and homogeneous populations thereof
25  that are maiptained in cell culture by methods known in the art, and that have
the ability to express heterologous proteins.
The term "expression" is typically used to refer to the production of a
specific RNA product or products, or a specific protein or proteins, in a cell. In
the case of RNA products, it refers to the process of transcription. In the case

30 of protein products, it refers to the processes of transcription, translation and



optionally post-translational nodifications. In the case of secreted
proteins, it refers to the processes of transcription, translation, and ‘
optionally post- translational nodification (e.g. glycosylation, disfulfide
bond for napioomgesst c. ); foll owed by secretion. In the caa/niosnous2i meric
proteins, it includes assenbly 5 of fhe nultineric structure fromthe

pol ypepti de nononers. The correspondi ng verbs of the noun "expression" have
an anal ogous neaning as said noun. A protein is herein defined.as being
either (i) a product obtained by the processes of transcription and

transl ati on nﬂ?' | Aol | l,BeiRard Of a
mul tinmeric Bﬁf)ltgel ??%r%gggf#gﬁgmaﬂgubunﬁo L‘élr@?ig?ca(siég)fBéa&gté?d%fgfelgg’t%i ned by
t he processesfend ta thenmocesses of franseription,i toanslatioppand op tiemsllyposinal

nodi fication. The term "yl timer™ or, "nultjmneri tein',is  typically
defined as & tigpalm ahpn K%%sleWﬁyiﬂu% Flé&“ﬁ%@sl?% oﬁlﬁ‘ﬁtmﬁd@i‘f&' cal ,

pol ypepti de ' - Mg, | hfee F&ggr- 1 L.meric
protein canf e pﬁ%}(eﬁ‘%m?ﬁgg’tg}ceiégﬁgf?ﬁ}g y eq‘sugaa or’lﬁﬁ%ét}ﬁgféésr%ﬂel#s. In
ei t her cése of thempdiimerid sinucine fromnthegadyseptidemoabingrd.iThed by t he
functional structurg of the yultineric prot ej,E. The term "protei.n expression
unit" is heCeRRSRANAING yerks iOUR, FEPHCSSIGR BV%@P&Q%O%%‘?WBQB%SQ on

and typical ly;£osm.i ses a functional pronoter, an 20 open reading frane

encoding a protein of interest and a functional terminator, all in operable
configuration. AAfprotdindadlerginalefined asbeingeithet @) a phaduct ebtaiapdibiyehef
initiating transcription in.a parfjcular, cell  Suitable pronotors. for,

obt ai ni ng ePEPeESsHH tr%n%cam%w{:tr@étﬁf@%aem{ PRsSEN Dt sies pepessaribpaaid) i an

EFl-alp PLASPIR s part BRI Ml fPetdih Mok 'eR Abufi Q/oR" ter. A 25
functioggl ermcﬁ:ﬁgr IS a tdé??nlenat%y#%gt 'es c p%glse ?%%viogi(ﬁgy
transcri pti enodud obtaiatd diy. theproeessespdfdranscaiption, didmslatéomandpost-i s an SV40

(or "t r ans geteyational mGhackfivy it fort maltimeT o et ST AIRE codes.f or
ahioh 15 optiacanf fehed 35 atnateigRat CumplRRTtud (1 RO, HeBebly B8 mome of a
host cel|l. ldentival,yshdypdptiideethains ("snondni3s") 0TES diffegehinayod(+8 2n a8
15 multimeric protein can be present in stoichiometrically equal or unequal
numbers. In either case, the proportion of the monomers is usually fixed by the
functional structure of the multimeric protein. ‘
The term "protein expression unit" is herein defined as a unit capable of
providing protein expression and typically comprises a functional promoter, an
20 open reading frame encoding a protein of interest and a functional terminator,
all in operable configuration. A functional promoter is a promoter that is
capable of initiating transcription in a particular cell. Suitable promotors for
obtaining expression in eukaryotic cells are the CMV-promoter, a mammalian
EF1-alpha promoter, a mammalian ubiquitin promoter, or a SV40 promoter. A
25 functional te,rminator is a terminator that is capable of providing transcription
termination. One example of a suitable terminator is an SV40 terminator. The
term "an open reading frame encoding a protein of interest (or a transgene)" is
typically defined as a fragment of DNA which codes for a specific RNA product
or products or a specific protein or proteins, and which is optionally capable of

30 becoming integrated into the genome of a host cell. It includes DNA elements



required for proper transcription and translation of the coding region(s) of
the transgene. Said DNA encoding said protein of interest/transgene can
either be a DNA encoding a product obtained by the processes of

transcri ptiwooangesst r ansl ati on (and possi bly but not nece®€aMNLF0W3] d
product is part of a 5 nultineric prot&in, for exanple a subunit) or a
product obtained by the processes of transcription, translation and
post-translational nodification. The terns "reconbinant cell/host cell" and
"reconbi nant cell line/host cell line" are respectively typically defined as

a host cell agejdisstbfpepeoper trpapetiptioroand therstation of thendvdide fediom@pofrhe has

been introduced for the 10 purpose of producjng a heterol ogous protein or
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15 recovered from the human genome. A STAR sequence comprises the capacity

to influence transcription of genes in cis and/or provide a stabilizing and/or an
enhancing effect. It has been demonstrated that when STAR elements flank
transgenes, the transgene expression level of randomly selected recombinant
cell lines can be increased to levels approaching the maximum potential

20 expression of the transgene's promoter. Moreover, the expression level of the
transgene is stable over many cell generations, and does not manifest
stochastic silencing. Therefore, STAR sequences confer a degree of position-
independent expression on transgenes that is not possible with conventional
transgenic systems. The position independence means that transgenes that are

25 integrated 11} genomic locations that would result in transgene silencing are,
with the protection of STAR elements, maintained in a transcriptionally active
state.

STAR-sequences can be identified (as disclosed for example in example 1

of EP 01202581.3) using a method of detecting, and optionally selecting, a

30 DNA sequence with a gene transcription-modulating quality, comprising



providing a transcription systemwth a variety of fragnment-conprising
vectors, said vectors conprising i) an elenent with a gene-transcription
repressing quality, and ii) a pronoter directing transcription of a reporter
gene, thewomshewss urt her conprising perform ng a sel ectirornatospossn said 5
transcription systemin order to idemtify said DNA sequence with said gene
transcription nodulating quality. Preferably, said fragnents are | ocated
between i) said element with a gene-transcription repressing quality, and
ii) said pronoter directing transcription of said reporter gene. RNA
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conpris th uality to maintajn WO 03/106684 PCT/NLQ3/00432 1
P fg cee]_l gr with Znot%er type ofl promoter. ’I‘%'anscription can be influenced tgrough

a direct effect of the regulatory element (or the protein(s) binding to it) on the

transcription of a particular promoter. Transcription can hoﬁever, also be
influenced by an indirect effect, for instance because the regulatory element
affects the function of one or more other regulatory elements. A gene

20 transcription modulating quality can also comprise a stable gene transcription
quality. With stable is meant that the observed transcription level is not
significantly changed over at least 30 cell divisions. A stable quality is useful
in situations wherein expression characteristics should be predictable over
many cell divisions. Typical examples are cell lines transfected with foreign

25 geries. Other’ examples are transgenic animals and plants and gene therapies.
Very often, introduced expression cassettes function differently after
increasing numbers of cell divisions or plant or animal generations. Preferably,
a stable quality comprises a capacity to maintain gene transcription in
subsequent generations of a transgenic plant or animal. Of ecourse in case

30 expression is inducible said quality comprises the quality to maintain



i nducibility of expression in subsequent generations of a transgenic plant
or animal. Frequently, expression |levels drop dramatically with increasing
nunbers of cell divisions. Wth the herein described nethod for

i denti fi catWO3/1¢66849 DNA sequence with a gene transcri pti ACTEGA0BE3E Ng
quality, it is possible 5 to detect ant? optionally select a DNA sequence
that is capable of at least in part preventing the dramatic drop in
transcription levels with increasing nunbers of cell divisions. Preferably,
sai d gene transcription nodulating quality conprises a stable gene

transcri pti oninduaibikith ofdxiphddsit ih sfos@Qﬁ@itt%ene@@uims 6f D frasEBHic pRamtesice Wit h
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sequence wi t hqwalifarrompriges stgblegenedramstuipdionrgpalital Ptrjkingly, é‘@%ﬁ@‘lﬁé‘nt s

designed to introduce a e of |nte est.,i nt,q the genone. .of a I to
Ot e oxpr esABRERE £ PYEL foRlonl Wi S4id il dfe HAIF AR dhalf cah
observed.10 f dé&t@etedaindbptioredlydselsdiod Kfith tHetietHodofos ddentidA tRAGBIAONAV th  a
gene transcription nodulating quality was introduced, nore claones could be
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genome of 15 ai ﬂl\}%)sgcﬁ{e%%g %ﬁh Ecé-glngunoe%sggﬁgi%n n]ﬂ}dulatmg quality in an expression

vector with a gene of interest, results in a higher level of transcription of said
gene of interest, upon integration of the expression vector in the genome of a
cell and moreover that said higher gene expression level is also more stable
than in the absence of said DNA sequence with a gene transcription

20  modulating quality.

In experiments designed to introduce a gene of interest into the genome
of a cell and to obtain expression of said gene of interest, the following has
been observed. If together with said gene of interest also a DNA sequence with
a gene transcription modulating quality was introduced, more clones could be

25 detected tha’t expressed more than a certain amount of gene product of said
gene of interest, than when said DNA sequence was not introduced together
with said gene of interest. Thus an identified DNA sequence with gene
transcription modulating quality also provides a method for increasing the
number of cells expressing a more than a certain level of a gene product of a

30 gene of interest upon providing said gene of interest to the genome of said



cells, conmprising providing said cell with a DNA sequence conprising a gene
transcription nodulating quality together with said gene of interest. The
chances of detecting a fragnent with a gene transcription- nodul ating

qual ity “gH¥sWebdd t he source from which the fragments arperNidsodyed.
Typically, there is no prior know edge of the presence or absence of
fragnments with said quality. In those situations many fragnents wll not
conprise a DNA sequence with a gene transcription-nodulating quality. In
these situations a formal selection step for DNA sequences with said quality
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repress nscrl roma pronoter cription system used.
Said WO 03/106684 rEéfEbElllf&SﬁHdeBﬁtﬁéﬁmn ofa DNA sequence with a gene

15 transcription modulating quality is particularly suited for detecting and

optionally selecting a DNA sequence comprising a gene transcription-
enhancing quality. It has been observed that at least some of the selected DNA
sequences, when incorporated into an expression vector comprising a gene of
interest, can dramatically increase gene transcription of said gene of interest
20 in a host cell even when the vector does not comprise an element with a gene-
transcription repressing quality. This gene transcription enhancing quality is
very useful in cell lines transfected with foreign genes or in transgenic animals
and plants.
Said transcription system can be a cell free in vitro transcription
25 system. With, the current expertise in automation such cell free systems can be
accurate and quick. However, said transcription system preferably comprises
host cells. Using host cells warrants that fragments are detected and
optionally selected with activity in cells.
An element with a gene transcription repressing quality will repress

30 transcription from a promoter in the transcription system used. Said



repressi on does not have to |l ead to undetectabl e expression |evels.
Inportant is that the difference in expression |levels in the absence or
presence of repression is detectable and optionally sel ectable. Preferably,
sai d gene- O e¥W6Bipt i on repression in said vectors resul PETNEI3/00432
gene-transcription 5 repressing chromdtin. Preferably, DNA sequences can be
detected, and optionally selected that are capable of at |east in part
counteracting the formation of gene-transcription repressing chromatin. In
one aspect a DNA sequence capable of at least in part counteracting the
formati on of WphRessidd doscidtiHidvertoleqnt tsahdetectablo@tpressionsvedeInspatalill e
gene transcription 10 quality. Preferab)y,. the DNA sequence involyved in
gene-t r anscr i i§tthahthe QrGegR expressingnleyelsinthe absancs o presensn ofed by a
protein conpl | ﬁia; h I PRyl [ aid
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used in a transcription em Wen_host cells e used it is 25 preferred
that the vectEﬁPrP%Sl%1%%%?99@“@&#%%&?%@%%‘? by 2 witein compplex and f ect s
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origin frpm t g /A BkAde PrdleIbOMOBAAEanisths comprise one or more of these

proteins. These proteins frequently exhibit activity in other species as well.

Said complex can thus also comprise proteins from two or more species. The
mentioned set of known chromatin-associated protein complexes are able to
convey long-range repression over many base pairs. The complexes are also

20 involved in stably transferring the repressed status of genes to daughter cells
upon cell division. Sequences selected in this way are able to convey long-range
anti-repression over many base pairs (van der Vlag et al., 2000).

The vector used can be any vector that is suitable for cloning DNA and |

that can be used in a transcription system. When host cells are used it is

25 preferred that the vector is an episomally replicating vector. In this way,
effects due tc’) different sites of integration of the vector are avoided. DNA
elements flanking the vector at the site of integration can have effects on the
level of transcription of the promoter and thereby mimic effects of fragments
comprising DNA sequences with a gene transcription modulating quality. In a

30 preferred embodiment said vector comprises a replication origin from the



Epstein-Barr virus (EBV), OiP, and a nuclear antigen (EBNA-1). Such vectors
are capable of replicating in many types of eukaryotic cells and assenbl e
into chromatin under appropriate conditions. DNA sequences with gene
transcri pwooos/wessal ati ng quality can be 5 obtained fronpch/Ni®roessz sources,
for exanple froma plant or vertebrat®, or derivatives thereof, or a
syntheti c DNA sequence or one constructed by neans of genetic engineering.
Preferably said DNA sequence conprises a sequence as depicted in Table 3
and/or Figure 6 and/or a functional equivalent and/or a functional fragnment
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occurrence if'éncf‘t&ﬂaég@ﬁl%ﬁf}t\ﬁ@eﬁﬁoﬁ he frequency of occurrence of said at |east

cequencts i bri ey ek Rhod SR e/ AREL RO RSG5 ORI RleRl Mt irs

sequence pafioni 8 familyesffBNAdegueh@saGhadingld\Rrienlcnton féftuye dBiddher ent
nmet hods are availahble in the art. Preferably, the step of determ ning that
sai d occur r 8preencs identifiersnagsubsegientlicbg niagd o idontify seaueneewthat shareai d at

cast One SSRYSESA3AA 0 oo 0 ARR BEBHORE 5 GBI AGE ST
PCT/ NLO3/ 00%kely tbdbe members of the same family of sequences, i.e are likely to share the
15 common feature of the family. Herein, a large number of sequences comprising
STAR activity (so-called STAR sequences or STAR elements) were used to
obtain sequence identifiers (patterns) which are characteristic for sequencesv
comprising STAR activity. These patterns can be used to determine whether a
test sequence is likely to contain STAR activity. A method for detecting the
20 presence of a STAR sequence within a nucleic acid sequence of about 50-5000
base pairs is thus herein provided, comprising determining the frequency of
occurrence in said sequence of at least one sequence pattern and determining
that said frequency of occurrence is representative of the frequency of
occurrence of said at least one sequence pattern in at least one sequence
25 comprising a STAR sequence. In principle any method is suited for
determining’whether a sequence pattern is representative of a STAR sequence.
Many different methods are available in the art. Preferably, the step of
determining that said occurrence is representative of the frequency of
occurrence of said at least one sequence pattern in at least one sequence

30 comprising a STAR sequence comprises, determining that the frequency of



occurrence of said at |east one sequence pattern significantly differs
between said at |east one STAR sequence and at | east one control sequence.
In principle any significant difference is discrimnative for the presence
of a STAR ?@Hﬁ@ﬁ@@? However, in a particularly preferred BAHSH3PER t he
frequency of 5 occurrence of said at | &st one sequence pattern is
significantly higher in said at |east one sequence conprising a STAR
sequence conpared to said at |east one control sequence. As described

above, a considerabl e nunber of sequences conprising a STAR sequence have
been identi fi edtulimnet nf shid atslepsismicdeguencaupatéinesignifiantydiffesshdatoebrst how

efficient a pattern is in djsgrimnating between a control sequence and a
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sequence 1o LG SSELLL AL SEent LR S0 NS atuene o aceifance of
15 15 is selected on the basis of optimal discrimination between said at least one
sequence comprising a STAR sequence and a control sequence.

Preferably, the frequency of occurrence of a sequence pattern in a test
nucleic acid is compared with the frequency of occurrence in a sequence known
to contain a STAR sequence. In this case a pattern is considered representative

20 for a sequence comprising a STAR sequence if the frequencies of occurrence
are similar. Even more preferably, another criterion is used. The frequency of
occurrence of a pattern in a sequence comprising a STAR sequence is
compared to the frequency of occurrence of said pattern in a control sequence.
By comparing the two frequencies it is possible to determine for each pattern

25 thus analyse,d, whether the frequency in the sequence comprising the STAR
sequence is significantly different from the frequency in the control sequence.
Then a sequence pattern is considered to be representative of a sequence
comprising a STAR sequence, if the frequency of occurrence of the pattern in at
least one sequence comprising a STAR sequence is significantly different from

30 the frequency of occurrence of the same pattern in a control sequence. By using



| ar ger nunbers of sequences conprising a STAR sequence the nunber of
patterns for which a statistical difference can be established increases,
thus enlarging the nunber of patterns for which the frequency of occurrence

i's repreaesabdese for a sequence conprising a STAR sequsiGRrosfihBher abl y
said 5 frequency of occurrence is regesentative of the frequency of

occurrence of said at |east one sequence pattern in at |east 2 sequences
conprising a STAR sequence, nore preferably in at |east 5 sequences
conprising a STAR sequence. Mrre preferably in at |east 10 sequences

conpri sing STAR sequence. Mre preferabl aid fregyenc f ogccurrence
is repr esenfaéfg?‘i/%“ eTHoL §eAUPRERT FORPFIARE 8M§ﬁﬁl’-}em" i‘l}k/'%ge!l ast one

sequence plafj,éfgéﬁ%é‘ {dr @J&:i&lggfsgat%&ica? Qﬂféi@ﬁg‘?c&i)ﬂ@ bbiplghad HAEasRALRICE-

Parti cul ar eferred, requency occurrence I's representative of
t he frequeneyladgingahemumber ofipasieras filr whkizhtthe dregyueady ef oecupredriceriss i n at

| east 50 sequences conprising a STAR The pa rns that e i ndjcative for a

sequence coffFFPeantgtize farmsadyence cuRpESHEA §h§#‘m&f§re&r$h@swpe of

control chej ' : I | r abl
gu fr@hgelﬁc‘gsc? ddg@ﬁl?ﬁ@r% rteﬁfbpsenfgtl\féod}'tth@ fre?ﬁ.@dgﬂ? Of obt2ierbrce o?%&}i;d\g y

selected on t S e sequence 1n which the esence of a
sequence i sat leabeonkesaptende pRttefeimbt least Aisdquemmes comprsingeaSTARMpri ses a

random sequence conprising a,simlar AT/CG content as, sai | east one
sequence ;o?ﬁﬂqegpﬁgn%@f&?@r%&ﬂa@eaﬁéﬁpme?eorﬁpﬁﬁm%gﬁf{ he control
sequence | Sséﬁ@feh%(?.q\/lgf SR bRAEatSIBES AP s e%@égcoﬁgﬁgﬁwsg%g?” sing said

STAR sequence. I nstance, 1I'f a test sequence iIs cruti ni for the
presence of saqueiéd: Merpupreferabhg tshidefre quencyl e otcwabhee ishepresentdtiveadfl y t he

control_seqyence is al so derived frop plant cell. Sim/larly, for esting
for ST acfhe\/fi%%@u%wﬁﬁmﬁe%@ qf,sa%ﬂ]%ta]é’éﬁ‘i ORft SeARSNSE eg]g&m ’-‘%{?tlﬁaﬁgbabl y 25
al so derive %ﬁgﬁ QJS@I"RR : Yoy S5y ri ses
bet ween 50%&%8%88%@ t g ases Sg ﬁéﬁ‘feg@g%%lfﬁellaaglt ongélgg%’uencg%ggﬁ%ﬁrgi ng a
STAR sequenaccaence is mwprgsentatier oftthe fseque ncy of podursenpesnfsaid atnjeast es

bet ween 90% and 110% of ..t he. bases of ~said at | east. one nce conprising a
STAR Soquon iR SagEBoS PEEIL I ot [BEL DL BaIGEIeS FIBHSE WOIRE 1oceed |

PCT/NLO3/ 00432 1 fuftatls it G0 ik RERIVFor 3"boqRUiBSEorkpribopSTARDEr L han

15 sequence are also dependent on the type of control nucleic acid used. The type
of control sequence used is preferably selected on the basis of the sequence in
which the presence of a STAR sequence is to be detected. Preferably, said
control sequence comprises a random sequence comprising é similar AT/CG
content as said at least one sequence comprising a STAR sequence. Even more

20 preferably, the control sequence is derived from the same species as said
sequence comprising said STAR sequence. For instance, if a test sequence is
scrutinized for the presence of a STAR sequence, active in a plant cell, then
preferably the control sequence is also derived from a plant cell. Similarly, for
testing for STAR activity in a human cell, the control nucleic acid is preferably

25  also derived f.rom a human genome. Preferably, the control sequence comprises
between 50% and 150% of the bases of said at least one sequence comprising a
STAR sequence. Particularly preferred, said control sequence comprises
between 90% and 110% of the bases of said at least one sequence comprising a

STAR sequence. More preferably, between 95% and 105%.



Preferably, at |east one sequence pattern conprises at |east 5, nore
preferably at |east 6 bases. Even nore preferably, at |east one sequence
pattern conprises at |east 8 bases. Preferably, said at | east one sequence
pattern 5 c¥fh¥ 96843 pattern listed in table 4 and/ or tabPET/BLO3NOgRL t er n
may consist of a consecutive |ist of Bases. However, the pattern may al so
conprise bases that are interrupted one or nore tinmes by a nunber of bases
that are not or only partly discrimnative. A partly discrimnative base is
for instance indicated as a purine. 10 Preferably, the presence of STAR

activity is verifigeateriGad cobijfitdehy nuBb&RYE basd darder TRAAQWHS. are
presented herein to determ ne whether a sequence conprises STAR activity.

STAR acti vi t yPreferahlyi atnledst éne seguencppaitern eonaprisgs at least ponpre preferably

| east one of t fpl.lowi ng,functions, (i) at least in part inhibiting the
ef fect of seqﬁgff’é‘égéé’ﬁﬁ?sf'?vﬁg Igoﬁeeﬂr@f?rf"hi?'sei#??t@c?ﬁ%’%ﬂﬁ%%%W&?erfS el enent of
the inventiongorhpiisesht le@868 baBed PrbfePAKIGKiA1 ot Né ¥R R GEAG FHiGSm
repression, (iii) at least in part blocking activity of an enhancer, (ivV)

conferringd upemprisenpabicry listedkiadtable 4 and/axdablechod patigra mayaeensist of pon

unit conpared to the nucl ej,c_aci d alone. (iv-a), a hiaher

b edi cta, 1 1 t oeepiTn B e §in Rt Bqfon e a8 gk hoses that,
(iv-c) a highgfe sitaRiptéd ofé of b2 Eimhé¥ bPA ndiier ofbalsbsEhatldi@ nodlogenlinber
of sequences conprising STAR activity identified herein open up_a w de
vari ety of popsrtly HiscriszinabivgeAmaztly digesimisative fhase 4 fardnetance angicatedras t he
sane activity in_kind not necessarily in anmount. For instance, it is well
within the redd8-a skilled person to alter the sequences 25 identified

herei n andot est t hPretbizdetheqsidsstes of STARS é&iﬁ? igvdrifiedusingd filtictignal
sequences are therefore also included herein and can be used in nmethod for

obtaining a cepsayndereradmethode are presenteddrarein ot detarmine wihethares spadencs
et 119, b0y RT3 Bt AP B SHBSl hEnfs, or
of 30 one or offpsdotiafipsat leasthensseihe F61dsvingPui iR §DAatReddtih@atD0432 17
Sequences conprising STAR activity were identified in stretches of 400
inhibiting the effect of sequence comprising a gene transcription repressing
15 element of the invention, (ii) at least in part blocking chromatin-associated
repression, (iii) at least in part blocking activity of an enhancer, (iv) conferring
upon an operably linked nucleic acid encoding a transcription unit compared to
the same nucleic acid alone. (iv-a) a higher predictability of transcription, (iv-
b) a higher transcription, and/or (iv-c) a higher stability of transcription over
20 time.
The large number of sequences comprising STAR activity identified
herein open up a wide variety of possibilities to generate and identify
sequences comprising the same activity in kind not necessarily in amount. For
instance, it is well within the reach of a skilled person to alter the sequences
25 identified he’rein and test the altered sequence for STAR activity. Such altered
sequences are therefore also included herein and can be used in method for
obtaining a cell which expresses two or more proteins or in a method for
identifying a cell wherein expression of two or more proteins is in a
predetermined ratio. Alteration can include deletion, insertion and mutation of

30 one or more bases in the sequences.



bases. However, it is expected that not all of these 400 bases are required
to retain STAR activity. Methods to delimt the sequences that confer a
certain property to a fragnment of between 400 and 5000 bases are well
known. Tk @10ée8y el sequence |l ength of a fragnment conpr¢ENDG/OBBAR activity
Is estimated to be about 50 bases. 1Table 4 and table 5 list patterns of 6
bases that have been found to be over represented in nucleic acid nolecul es
conprising STAR activity. This over representation is considered to be
representative for a STAR sequence. The 10 tables were generated for a
famly of 65 ST . - RS+ ar t Fdoong from
a different set %’%@%ﬁ@?}%ﬁ@% a@%ﬁggg@nﬁ grf&gpﬁ ae‘r%g%% 0gtzjjcttdoof STAR
sequences. baseaitlewevdrsitriepxperted thatvsotfadl ofth83AR00 bgsenare reihired tos over
represented in sajd STAR seguence coppared. to a sequence nqt conprising a
STAR el enefgtain éﬁtWaﬂﬂéﬂ‘ﬂgﬁP the segignres thatroniera eq a
non-rel eva ' uhe| I | erably
conpared t 8%‘223%@%?%%?%%%“85@? 5thhoecérl'gélo%fe.§‘?‘%%g:‘%grq‘a ﬂn'grﬁégenone of
a vert ebr atminimap seqiiencede rgihr effachragung nt cdmprisingeSDAR. achivityiigestimaded part

of a genone is for instance a chronosone. Preferably the sequence

conpri si ng tabS‘ﬁm%éa & and said control sequence are derived 20 from
nucl ei ¢ acid of T’l‘a’Bﬁe iﬁg‘atiBfeCés ﬁ&g%&ﬂf‘%bﬁ@%@ﬁﬁ&ﬂﬂ%ﬁ&%ﬁn&%@%fOr the
determ nation of the requency occurrence of sequence patterns, the nore
r epr esent atovee rémreseribARA duvteip atidanoclecalee comprrishtge STAR activity. This over

under - r epr esent ed, Consideri({c%g (ijha]'g many of t hef functional featuyres that
can be di sPEBIRSENIAIGNES onsidegedito bereprosentativy %Tdagff BRBeRST

nmol eculy@s QLAY ' Il £ I esent.a ernis
over -1 o5 o Eie ek chbratel 2o BRELT oF 60 STIRR chfonch g AR Aokt aP e *Can
be, part ofgeaemtedistarting frofroa differbninseirafiSTAR sequencesiirdeoh e siPaléreombl y

said frequency of o rcence is representative of the fr cy of

occurr enceei%geé”éieﬁl °§§¥ %ecq“SH%essgcﬁPzﬁ%ré‘ isgeprasanfative for éﬁﬁg Sé@“"s‘é:ﬁuences
conpri si ng ;a; gﬂﬂg (=1 r é’id,ﬁnc 6684

PCT/ NLO3/ Ool'ggig%fs qugﬁgg@g%ﬁ’gﬁgégh R%%%%ﬁ?é.a%ﬁﬁ%&%%@er ably in
at | east 1@omprising a STAR element. This can be a random sequence. However, to

15 exclude a non-relevant bias, the sequence comprising a STAR sequence is
preferably compared to a genome or a significant part thereof, Preferably a
genome of a vertebrate or plant, more preferably a human genome. A
significant part of a genome is for instance a chromosome. Preferably the
sequence comprising a STAR sequence and said control sequence are derived

20 from nucleic acid of the same species.

The more STAR sequences are used for the determination of the
frequency of occurrence of sequence patterns, the more representative for
STARS the patterns are that are over- or under-represented. Considering that
many of the functional features that can be displayed by nucleic acids, are

25 mediated by proteinaceous molecules binding to it, it is preferred that the
representative pattern is over-represented in the STAR sequences. Such over-
represented pattern can be, part of, a binding site for such a proteinaceous
molecule. Preferably said frequency of occurrence is representative of the
frequency of occurrence of said at least one sequence pattern in at least 2

30 sequences comprising a STAR sequence, more preferably in at least 6



sequences conprising a STAR sequence. Mre preferably, said frequency of
occurrence is representative of the frequency of occurrence of said at |east
one sequence pattern in at |east 20 sequences conprising a STAR sequence. 5
Particul ar| WHBEPEEt ed, said frequency of occurrence is reRFENERMR Ve of
the frequency of occurrence of said al®l|east one sequence pattern in at

| east 50 sequences conprising a STAR Preferably, said sequences conprising
a STAR sequence conprise at | east one of the sequences depicted in figure
6. STAR activity is feature shared by the sequences listed in figure 6.
However, 10 isbigertessomptisimpa STAR séqienceridbraptefetablyein heleastre0i denti fi er
sequence. It is very well, possible that different identifiers exist.

I dentifiers magueensrdFomprisingsAidR peqiiance Marepreferabivnssid Bsaueneyiofy it

t hough this i C i . ' QML S STAR
activity Tor QetRraltEIspicseitaiis of PheltRoipAPLroRaRats LA b bhe
pattern or patsh@idiice pattdra incsdedBt0t R queftedtonfiatding AsSTARsequéendgdr € of ten
than others present or absent in_such a STAR sequence. In this way_ it is
possi bl e t & fiBsatisalerky prefered, said fpgponcy; plegurrenge repregentaides of the

represented i .~ t r nr
bafterne are MSAEReL SIS Rhce of AU LR celhopt iRttt I SBALY
sets. Anot her gagitertdes ¢6inpaistng & ISTAR. referably 8okl sdqtiehesasvngitisinglat STAR 1 s

to determ ne which pattern or conbinatjon of patterns is, bﬁst suited to
i dentify a STARINGNG comprisecat least ong of dhe spuancep depickedimbigwre.i stics we

h dentifi . ' . vt i v
cequence. corpr Lok Ak iR ESAGLEY HE Lh fhdRecR Ttbed T £EEY 0 HOPGE,
sequence 29 pahisddes Hodmetai tHeitithgy mystAR stend the samerifientifier sequeqoerités

pattern GGACCC, CCCTCC, . AA ..CCCCCA and/ or AGCACC. K Preferably, at, |east
P ot "sard s dgte el paskibe Hant diEorRREdde nnkes el Qansifions anash R i o

U0 031106664 FEFLOIESOIAT b RerebF nioliRid Inilkh dBRo Rot perRRACCT

determine one sor nore consensus sequences therein. A consensus sequence for
a STAR el enent is

By using more sequences comprising STAR activity for determining the

15 frequency of occurrence of a sequence pattern or patterns, it is possible to
select patterns that are more often than others present or absent in such a
STAR sequence. In this way it is possible to find patterns that are very
frequently over or under represented in STAR sequences. Frequently over or
under represented patterns are more likely to identify candidate STAR

20 sequences in test sets. Another way of using a set of over or under represented
patterns is to determine which pattern or combination of patterns is best
suited to identify a STAR in a sequence. Using so-called discriminant statistics
we have identified a set of patterns which performs best in identifying a
sequence comprising a STAR element. Preferably, at least one of said sequence

25  patterns for detecting a STAR sequence comprises a sequence pattern
GGACCC, CCCTGC, AAGCCC, CCCCCA and/or AGCACC. Preferably, at least
one of said sequence patterns for detecting a STAR sequence comprises a
sequence pattern CCCN{16}AGC, GGCN{9}GAC, CACN{13}AGG, and/or
CTGN{4}GCC.



t herefore al so provided herein. This consensus sequence can of course be
used to identify candidate STAR elenents in a test sequence. 5 Mreover
once a sequence conprising a STAR el enent has been identified in a

vertebr atwolos166884 be used by neans of sequence honol ogy deqyniodidse f Y
sequences conprising a STAR el enent ign ot her species belonging to
vertebrate. Preferably a mammal i an STAR sequence is used to screen for STAR
sequences in other manmalian species. Simlarly, once a STAR 10 sequence has
been identified in a plant species it can be used to screen for honol ogous

sequences W th sim,l ar ction in other . plant s I es. STAR Ssquences

obt ai nabl e by a%tﬁéfﬁa%%%cﬁ%‘aﬂhaﬁ&bﬁ gt?ﬁﬁ‘ rm,lg\&;io&gd) rther

provi ded i $oAsdihb %e@lméﬁbegfchémﬁﬁ@&ﬂs@ﬁs@seq?fe%@ G4 BTAR SlembRis Sequence
is a vertebrate or ant STAR sequence. More preferably, said STAR 15
sequence |$harerf@mm1£so proviieshhereiiu dihie comsensus sequanse can ofvoasetbe wedh as
rice or d| Mor e referab sai d STAR sequence is
a pri mate %ﬁgﬁﬁﬂa}f E%@ﬁé‘?@? n%\alt Ysegpe 1%"‘é’éuences conpri si ng STAR
activity can beMb'i@QvérOoH&t@ééﬂd%%ce Bﬂ@mgaasmémmqﬁsmrl ses a STAR
el ement. There are, as nentioned 20 above, many different nethods for using

such a |i stidénfifiechinsa ertpbeate iReast ke ubed/by mazwsiof dequensedomilagy to

determ nin her a nucl ei c. aci ut 0 base pairs
Conpr 1 ses JEAE SOHERRS GO BRI £ ST S BT aR no R NP R TP 5, t abl o
of sequencgepRbifeNPraferabl ¥%‘ﬂﬁm§ﬁ§1aﬁ STARSRGVieRée RO tBRE el fopai d
patterns in a collection of STAR seﬂuences of 25 the invention, generating a

second t ablSTAR smencpam ethes nmyet:iee Snnd@nlﬁmycecﬂf STABurrence of

sai d papterns in east. .one.r fere ence lectin | east one
ot tef d0or sARPeIediasPoERAARRREST BT BLG RBrizs tren bf Beeha fied fare o

tabl es, de%!amw% se&héﬁldeﬁ with dirfile ﬁid&n@ﬁ']ﬂ o%ﬁaqﬁaae sﬁémes'ilSTAR 50-5000
base pairs, the Trequenc occurrence of at |east one of said 30 selected

patterns, aaguereesohtaina e\MYea methadas desenibed hezeinraredibgistprevidedc! ei ¢ WO
031105654 BTk Pu9RATs yRSich bERT AR ORISRl RaeFSRETTCS, O
sai d det er gbghditteds Abferfdeate or plant STAR sequence. More preferably, said STAR
15 sequence is a mammalian STAR sequence or an angiosperm (monocot, such as
rice or dicot, such as Arabidopsis). More preferably, said STAR sequence is a
primate and/or human STAR sequence. '
A list of sequences comprising STAR activity can be used to determine
whether a test sequence comprises a STAR element. There are, as mentioned
20 above, many different methods for using such a list for this purpose.
Preferably, a method is provided for determining whether a nucleic acid
sequence of about 50-5000 base pairs comprises a STAR sequence said method
comprising, generating a first table of sequence patterns.comprising the
frequency of occurrence of said patterns in a collection of STAR sequences of
25 the inventior}, generating a second table of said patterns comprising the
frequency of occurrence of said patterns in at least one reference sequence,
selecting at least one pattern of which said frequency of occurrence differs
between the two tables, determining, within said nucleic acid sequence of
about 50-5000 base pairs, the frequency of occurrence of at least one of said

30 selected patterns, and determining whether the occurrence in said test nucleic



determ ni ng whet her the frequency of occurrence in said test nucleic acid is
representative of the frequency occurrence of said selected pattern in said
5 collection of STAR sequences. Preferably said nmethod further conprises

det er m ni ng™MHB{1PEB4 sai d candi date STAR conprises a gene tPEEISDO3iopd3zon
modul ati ng quality using a nethod desc® bed herein. Preferably, said
col l ection of STARs conprises sequence as depicted in figure 6. Now nultiple
nmet hods are disclosed for obtaining a STAR sequence, it is 10 clear that we
al so provide an isolated and/or reconbi nant nucleic acid sequence
conprising a soidfs $6sreesative of the tdedrrefcsleiidaid beldctedrRitternAnShAR sequence

can exert its activity in a directional way, i.e. nore to- one side of the
fragnment cont eallectigniof STiAdhseqnemies. diltramativelye saidrdetgmaming comnprisgs can be

lified i t b | tiplyipg th f STAR. | ts..Th
"arter suggestermipin Wegef bl B abeicy B hnhos Rl ta ANE Brid S
conpri si ng STARPrasddtitivy of MOEBGhetdYocelirredenbf Jaid BeledtcdHteAeEin sud@abl e of

conferring STAR activity on a fragment containing it conprises selecting
from a verd ebedlestion of STAR seqnenses Praferablysaid meshed further eompprisest i vity

d identifyigg wheth f '
conserved 1 5 SsHEHRE AGILF BaRRa Al WAR EoBiBrRE0 B REINBIGRERS, 20
to be functi giddulese §RLIRS: ustHg A MetHR¥ddcfibéd hewsih Pysferaibly, saglience

conprising a STAR el enent conprising selecting a sequence of about 50 to
5000 base patallectionof $TARs eomnprisesreqpenen as@enitted indigueH. ng a STAR

el emrent and ident,fyvin eth eqguenc f 1 anki sai d ted seqyence
in said species 25N8¥'em§g¥r\t@8%egt§o§%gﬁ Selig?d g)ﬁé)lbggﬁ‘é?g gméngcfeuﬁtlﬁer
provi de aigret egr t0dt wélal®ProtilletdiLisplaR6& BaA/08 re@nifRNnS BUURICEIM t hin a
nucl ei ¢ acid sequence of about 50-5000 base pairs, conprising identifying a
sequence conp#eadienge gomprisimgse STARE sequenge by e method asdesspibeddessing cel | of
a speci es and det egtd Lani fi (o} A ' e a
sequence of a chr o%t%lg% S%%%Eé:ggi%}‘f’ gcrlgg &géét cﬁeéﬁ%ﬁé@éﬁgﬂﬁégﬁ%ﬂ%

di ff erent speshesidesfthel SraigdfiiticohRanindGt @Bdd 66 Bdtothicr/ MobSdvPASPARZ 1

Preferably, said species conprises a plant or vertebrate species, preferably
a manmal i an agdvityean he amnidied inameunt by rndiphéne the numhbey Ofﬁg‘Afﬁ?esence of
a 15 elements. The latter suggests that a STAR element may comprise one or more

elements comprising STAR activity. Another way of identifying a sequence
capable of conferring STAR activity on a fragment containing it comprises
selecting from a vertebrate or plant sequence, a sequence comprising STAR
activity and identifying whether sequences flanking the selected sequence are
20 conserved in another species. Such conserved flanking sequences are likely to
be functional sequences. Such a method for identifying a sequence comprising
a STAR element comprising selecting a sequence of about 50 to 5000 base
pairs from a vertebrate or plant species comprising a STAR element and
identifying whether sequences flanking said selected sequence in said species
25 are conserveai in at least one other species. We further provide a method for
detecting the presence of a STAR sequence within a nucleic acid sequence of
about 50-5000 base pairs, comprising identifying a sequencé comprising a
STAR sequence in a part of a chromosome of a cell of a species and detecting
significant homology between said sequence and a sequence of a chromosome

30 of a different species. The STAR in said different species is thus identified.



STAR el ement within a nucleic acid sequence of about 50-5000 base pairs of a
vertebrate or plant species, conprising identifying whether a flanking 5
sequence of said nucleic aci d sequence is conserved in at |east one other
speci es. Mo dspoéggportant to note that nethods as di scl osgdrRESGRoks2§ OF
detecting the presence of a sequencg conprising a STAR sequence using

bi oinformatical information are iterative in nature. The nore sequences
conprising a STAR 10 sequence are identified with a nethod as descri bed
herein the nore patterns are found to be di scrim native between a sequence
conpri sing viTAR}{seq ence and a.contr

th f d
di seri m nat R, SPTRP L CURTISA L 36 15 FPEISHEAE SRS RBTARD Ban b
 dent i 1 e yhlohialihf b Wb A16HprblRS inclhod e @il e rdeslessrd m nat e

and so on. This 15 1terative aspect Is an iInportant aspect ‘of nethods
provi ded heSEAR eldinent withiguahudsiciacid sécatenoe of abauts¥ho@0 basecpairsofa an

activity of s sequ The term STAE se nce STAR el enent, as
used herei n¥e lé%?grpﬁﬁni We§§ﬂﬁmfb%n€6‘?ﬁﬂ§f@$’@wgﬁ €5 ﬁ%‘?‘l&“gf t he
mentioneyl g&NRienkd Qf‘ﬁﬂ'rﬁfc &@a&iﬁ%éﬁéh&@m%ﬁéd b&%n af st BRELIERNA sequence”

as used herei'n 20 does, un ess ot herw se speci |ed not refer to a listing
of specrflespﬁcmrl ng of bases but rather to a phyS| cal "piece of DNA. A

transcription g I|t wi.th refer nce cer s, to an effect
that said DNA s powaut tonote that Eﬁrfrtg?ﬁi%# Gﬁscg’g@i m&i%tre‘é%? the
"Quality” aﬁre‘ééﬁ&a $F‘a[ §dduehgd %ﬁgh@m%eé Smé&gueBEQﬂﬁﬁig'TlﬁﬁﬁérxﬁaﬁédlbUt es of a

nucleic acid or protein in a transcription system he present invention
provi des, aimfonysation hmEerzuzlvaamIMurarTMMrmse@emes:edmpmm STadtesses two

t fordhdent ft
or mor oy cte@iiRRes Erd edtiendrith A TRRiiot S dgeiRad her iR SRR AR o uni 1

It is cl earafehﬁhnﬂfio%'dﬁdi‘ﬁﬁﬁla%m%@t%l@ﬁiée feRbmpriangad SFEARODt ai nabl e
STAR sequences can be used. For exanpl e, TAR 30 seguence fromfigure 6,

table 3, t a$ﬁ|qelenpe andlaccoftrl sequ:lcaaUlsmgsthebe newly f Ip@indnatdes84

PCT/ NLO3/ 0043 ref er abl sai d .STA uence i s ver

sequence orP %1%5’? ess‘%gegg @;&b’ﬁgﬁe‘}em“é‘?@r% ‘te&?’fe\‘}evfﬁﬁﬁr ate
STAR sequengetird ¢hlarge the set of patterns that can discriminate and so on. This

15 iterative aspect is an important aspect of methods provided herein.

The term quality in relation to a sequence refers to an activity of said
sequence. The term STAR, STAR sequence or STAR element, as used herein,
refers to a DNA sequence comprising one or more of the mentioned gene
transcription modulating qualities. The term “DNA sequence” as used herein

20  does, unless otherwise specified, not refer to a listing of specific ordering of
bases but rather to a physical piece of DNA. A transcription quality with
reference to a DNA sequence refers to an effect that said DNA sequence has on
transcription of a gene of interest. “Quality” as used herein refers to detectable
properties or attributes of a nucleic acid or protein in a transcription system.

25 The present invention provides, amongst others, a method for obtaining
a cell which expresses two or more proteins, a method for identifying a cell
wherein expression of two or more proteins is in a predetermined ratio and a
protein expression unit. It is clear that in all these embodiments the above-
described obtainable STAR sequences can be used. For example, a STAR

30 sequence from figure 6, table 3, table 4, table 5 or combinations thereof. More



human STAR sequence. It is furthernore preferred to use a STAR sequence
froma species fromwhich a gene of interest is expressed. For exanple, when
5 one would |ike to express two or nore proteins and one of the proteins is
a human pr MHPBAY%EHhe preferably includes a human STAR seqRferiNED3{08432¢ he
expression of said human protein. As ottt | i ned above the STAR el enents

fl anki ng an expression unit are the basis of the stable expression of the
nononer transgenes over nany cell 10 generations. W have denonstrated that
STAR el enments can protect individual transgenes fromsilencing. In the
present i nvenprefordbifatsadtdBTAR séguenics ieX vertidbrhit GTAR sedi@itemiar phaptessi on
uni t |ntroducedéufreferentlalIy) I ndependently in a reconbi nant hqst cel

Expr essi on uniSdAR peguenca. Fyan mor%mk%feraégly,srmhmteh@&@% SAERIIC§AS 2
f t h t
S UTIECIAPR iRt st it ST

met hod for oblfmmamgeaesﬁdm whiclha @sné ef fterdsiis @Xpremdel"bt@kempie oedogr i si ng

providing said cell with two or nore protein _expressi o? units encodi ng said
two or mor8 praesiadd liknde sxpesssdwa or meteRrotaing anf ongof the PEILEIH 1§ 2pr ot ei n
expressi on uniy ifkd- The
present invent ﬁ%\g}éﬁﬁ@%&%ﬂ&& b nggg%]bclg%?lor gﬁir odgg‘?Ro%&@fe%%\gd c};‘rﬁb

proteins and tehpf&bmntdf@aidlhﬁﬁiammomiﬁvi des (1) an increased predict abl lity
in the creation of reconbi nant cell nes that efficiently pr oduce 25 the
het er ol ogous nul ti ﬁ‘éM“&hb?‘bﬁb‘i"f?sthéfSTAHB@1%%‘?11153(@)“]‘&% AREPESBIPD VB ATB ¢ he

heterol ogous :ﬁib%b&%r&f%h&% tb‘i‘é E%preésoi%m%??@ fnofifile V?%?A&H&eﬂésfﬁ Iﬁse Lok ogous

mul tinmeric pr elrns, even onge atron’rn ce of
sel ect i on 18gengenerutions) W&haveﬂmﬁmstmiaﬂ&hapS@Mnfemz@cabbmtbciansgene

expression cha rlstlcs vmtgrut, Ilflcablon of the transg q&
i ncreased Vi ellﬂél’é(f yal teaniesges fro encing. Indhe aeesen) 1’81‘%“?9?’(/@% |°3Ha be VO
03/106684 PCT/N le?%ﬁ@é%@mo%@ tHQﬁ%hQ%Q?fgssi!oﬁ fﬂﬁg&%%ggﬁmt TRaryy, W thout

sel ective co-a Icatron usin exanpl e otrexate
system This rmdepdnslentlygneaﬁeec)mbmant host cell. Expression units that are not

flanked by STAR elements can undergo significant silencing after only 5-10
15  culture passages, during which time silencing of the STAR protected units is
negligible. )

The advantages of a method for obtaining a cell which expresses two or
more proteins comprising providing said cell with two or more protein
expression units encoding said two or more proteins, characterised in that at

20 least two of said protein expression units comprise at least one STAR
sequence, are multifold.

The present invention uses STAR sequences for the production of two or
more proteins and thereby the invention provides (1) an increased
predictability in the creation of recombinant cell lines that efficiently produce

25 the heterologous multimeric proteins of interest, (2) an increased yield of the
heterologous multimeric proteins, (3) stable expression of the heterologous
multimeric proteins, even during prolonged cultivation in the absence of
selection agent and (4) the invention also provides favorable transgene
expression characteristics without amplification of the transgene. The

30 increased yield of heterologous proteins provided by the invention may be



stability, since the transgene copy nunber is low and is not susceptible to
decrease due to reconbination (MBurney et al., 2002) or repeat-induced gene
5 silencing (Garrick et al., 1998). Fifth, the broad applicability of the

met hod of wdbsdsgpgention includes its utility in a wde i)é’ﬂ&%oﬂ(fohOSt cel l
lines. This is for exanple useful/desgirable when a particular multineric

protein is preferably expressed by a particular host cell line (e.g.
expression of antibodies from |ynphocyte-derived host cell lines). 10 A
met hod according to the invention therefore provides an inprovenent of

[ L. t ei ' h (1. ..l t nbodi t
Tho nvent Shtaspe AhUEY rarBERnG ooty dnBaey Pttt Selociin? RRHDReaEE e ot on
of two or nREg) s SlasplesSthd DERR/AEhGITaRA16 Gystdil. TThis P8RiltSidgreRtayi di ng 15

- a collection of cells wth two or nore protein expression units encoding
said two ostahility, sinnedhadransgene copy nymber issloghand ieneh susceptable towo or nore

proteins, and - identifying.f.romt bt ai ned s lon. cel.l s that express
said two or d se P‘(’)lt%%%cé’%fkf‘?ngﬁ]f)ﬂ @@8@?@??‘3 ﬂe?@gﬁ %Fé%%i?’_é@?%eﬁa B in
that at heagflehdifg @Gafréle et 0, T9B) SFiftHe XRE BEsHdOApplitabilityUTRhé Bfethbd beast one
STAR sequence. The selection of cells which express said two or nore

prot ei ns nmayhé invensioaripcludes itshitiitydn Dyidearange of hgstcedbinemdhisigfoysi s, a
Western bl ot _anal ysi r .an ELLSA, _which,are al.l techniqgues | ch,are known
by & per soncx&RPH Her i SbeiEiir idta PRl B Rime PRI PREREIPLY  on.
The identi f egpidsoet BP aGfaréitila:r Hd3RbelBKRE €58, SHroadiv® oPantiBédied eI NS i N
said predetermned ratio can also be perforned by these techni ques. The

presence of lymphygrte-denivad hophcell linesdst two of said protein expression

St oi ohi afet 1 cal fypaod iesh ok e Rl FeHaR thietorebrBiides b Bhirobbndte,
03/106684 Pof éfr084i01 48 two 3¢ nisriegrbRiihy in\h Gogipéelnept i des of a multineric

protein are produced according to a nmethod of the invention it is desirable
to provi de the rbyaneth¢r emthodiment thenimvention prevides nanethed foxideatdyimgt f or

the formati nceﬁfwﬁear'egn expression of two or more proteins is in a predetermined ratio

comprising providing |
15 - a collection of cells with two or more protein expression units encoding said
two or more proteins,
- selecting cells which express said two or more proteins, and
- identifying from the obtained selection, cells that express said two or more
proteins in said predetermined ratio, characterised in that at least two of said
20 protein expression units comprise at least one STAR sequence.

The selection of cells which express said two or more proteins may for
example be obtained by performing a SDS-PAGE analysis, a Western blot
analysis or an ELISA, which are all techniques which are known by a person
gkilled in the art and therefore need no further elaboration. The identification

25 of cells that express said two or more proteins in said predetermined ratio can
also be performed by these techniques.

The presence of a STAR sequence in at least two of said protein
expression units, again, provide the desired predictability, yield, stability and
stoichiometrically balanced availability of the two or more proteins.



mul tinmeric protein. Hence, preferably said nononers/subunits are produced in
5 a biological relevant balanced ratio. If for exanple, a multineric protein
consists of two subunits A and 1 subunit Bit is desired to produce two
subunits A P&038084 subunit of B that_js produced. Hence, PE/BHBEHM3Rr ni ned
ratio i s herein defined as the natural ?bccurri ng ratio (stoichionmetry) of
the different subunits/nmononers/ pol ypeptides which conprise a nmultineric 10
protein. In a nore preferred enbodi ment a cell obtainable according to a
method of the invention expresses two proteins. For exanple, two proteins
whi ch toget her prB¢péedaty wWismapdypdptilelswf advualtirmgrio peotein aeé prdducad even
nore preferred enbodi nent the gred,eterm' ned, ratio_of the two_expressed
proteins is 19cqordingrin a method of therinyention at is desirabiatqpronids theregpired

mul timeric pr | ' l t i y |.O i cal
exanpl es are %ﬁﬁ%ﬁs&u b%‘%qnc%ﬁ%%gﬁﬁelg{é@yﬁg ?%%ﬁo;rngaﬁc%dr} (\)Aﬁ)s-g%{(i?g ht

chai ns. Pref emadiltimerib proteist (Heéwve, preforalltssaidebintersMihieiits feiptoduedin

nore protein expression units further encode at |l east two different
sel ection 20 mebirlogical zplevantbalancedratiodt fsexamnlecr muhmaricgroleinpng- st ep

sel ection nar . i i e, r.el | ' ected in a
first step on ct5 ﬁé“&g‘?fgg‘g’n%{g“ﬁ?tiﬁfa gggjtédsbéixﬁ@pilg#q%%ﬁ%r&g‘#gdﬁe gﬁéecond step
on the presengabahitsd A fravedy sebatit oDB tiat keproduded. [T en@ragdedetatrmited he

i nvention a two-stage antjhiotic selection is 25 used which regine results

in a high propétipiishepsinidedngdas the satesal peewrring rati (hirkhiomedr piithe 1 and

2 at high level.g. ' aq 28] .ol . nad L nat do not
contain the e% 6& %%eéﬁq§ﬁﬁhﬁiﬁ%/n(§)én U n?rig;sqoﬁglr?gﬁgiﬁg OVhégﬂclz S%Bgisg%eﬁgmégflgct i on

el i mi nat ed0colpebtees. t hat do not transcribe both bicistronic nRNAs at high

| evels. This reginme is one of the aspects for the 30 jncreased frequencg of

mul ti mer - expr essi ndnAcagrhPraiprred embodiment acell ebtainphle\gocersing s g metho

PCT/ NL0O310043 . | v%ﬁﬁ' ' . .

descri bed her g)lf ﬁﬁgil{'%%rdeoglu Sb?%sgﬁgﬁ)%éfeg%%?oﬁ% %ﬁﬁ}l%’&gﬁdu%ﬁéﬁgig@ﬁﬁessor

| i nes by nor e tbfethet provide @& thekdpetichlip mdeahtugieornbffedteIn avevth @orer ovi des a

met hod wherein at ; . . .
preferred embodiment the predetermined ratio of the two expressed proteins is

15 1:1. This is for example useful in the production of multimeric proteins in
which the monomers are in a 1:1 ratio. Typical examples are antibodies that
comprise two heavy chains and two light chains. |

Preferably, the invention provides a method, wherein said two or more
protein expression units further encode at least two different selection

20 markers, and wherein said method further comprises a two-step selection
marker screening on said cell, wherein said cell is selected in a first step on the
presence of a first selection marker and in a second step on the presence of a
second selection marker.

In this embodiment of the invention a two-stage antibiotic selection is

25 used which r,egime results in a high proportion of isolates that express for
example transgenes 1 and 2 at high levels; the first stage of selection
eliminates cells that do not contain the expreésion unit or units, and the
second stage of selection eliminates colonies that do not transcribe both
bicistronic mRNAs at high levels. This regime is one of the aspects for the

30 increased frequency of multimer-expressing recombinant cell lines achieved by



| east one of said protein expression units conprises 5 a nonocistronic gene
conprising an open reading franme encoding a protein of interest and wherein
sai d nonoci stronic gene is under control of a functional pronoter. In yet
anot her eWP®ditemé$t t he i nventi on provides a net hod accormingLo3om3z he

I nvention, wherein at |east one of s d protein expression units 10
conprises a bicistronic gene conprising an open reading frane encoding a
protein of interest, a protein translation initiation site with a reduced
translation efficiency, a selection marker and wherein said bicistronic

gene is_undgfo irGoALhRlofihafed HGhv8RbnAAETHOR: AdSebdithd MirBupE" e T ed

enbodi nent the 1 nvention provides a net according to the 1 nvention,
wherei n at tesadis inmm micressedn phofregnercypofespiressor lines by cooerthaasen-fold.

bi ci stronic gene conprisin n open reading frane encodjn r.otein of
interest, a pr oteIé‘i #ngt, ﬁh%@gpaﬁ‘?‘ﬁﬁ&* ilﬁY‘?rH?‘P%P’E‘B“ St%m&%‘é‘gﬂi’@gelprainsl ation
20 efficie ' g ,]F\e{% rel l.d bicistronic gene is under
control of n%%tﬁ%??%%fppg{r}tg%t& r, sé\lﬁlﬂc pr(%t ﬁlélgxpressi on unit further
conpri se% aa muocisttomie geng eneprgingansopen wadinefraneeshicodify apeoteircafli ng a
second sel ection rlfr and wherei n sai,d nonoci st roni cwgege I s under
control of terest apdavheysm saidsnqnasistronic gens 1 upderconfrghp aé\éﬂ‘i—f}‘m s

typi cal | ngﬁ‘ﬁdnﬂkﬁgras a gene capable of providing a RNA nol ecul e t hat
encodes t prot er'ns/ pol ypepti des. The term "nonoci stronic gene" is

typical ly defi nde pt amoghercerabgditneat the inpremtiot provideRM methodcadeerdihgt
encodes one pr.ot.ein/ pol ypeptide.. WO 03/106684 PCT/ NLO3/ 00432, 26 The term
"sel ecti on teathedpventien, wherein at leaskene of said proten pXpresgignunits of or to a
gene anﬁ or &1 whose presence can be detected directly or indirectly
in a cell, Tor éexanple a gene and/or a protein that inactivates a selection
agent and pi bicstroniclpenbesinpeing 4 open headige fitdrse batdadihg arproteimih

interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter.

15 In a more preferred embodiment the invention provides a method
according to the invention, wherein at least one of said protein expression
units comprises
a bicistronic gene comprising an open reading frame encoding a protein of
interest, a protein translation initiation site with a reduced translation

20 efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter, which protein expression unit further
comprises
a monocistronic gene comprising an open reading frame encoding a second
selection marker and wherein said monocistronic gene is under control of a

25 functional promoter.

The term "bicistronic gene," is typically defined as a gene capable of
providing a RNA molecule that encodes two proteins/polypeptides.
The term "monocistronic gene" is typically defined as a gene capable of

providing a RNA molecule that encodes one protein/polypeptide.



5 inhibitory effects (e.g. an antibiotic resistance gene and/or protein).
Anot her possibility is that said selection marker induces fluorescence or a
col or deposit e.g. green fluorescent protein and derivatives, |uciferase,
or al kalineW t§4t ase). The term "sel ection agent" is tRETNBIY0P4efi ned
as a chemcal conpound 10 that is abl&to kill or retard the growth of host
cells (e.g. an antibiotic). The term"selection" is typically defined as the
process of using a selection marker/sel ectable marker and a sel ection agent
to identify host cells wth specific genetic properties (e.g. that the host
cell contains a tre@Rsgena "séletieed Aaeker ot Solédtablaanarikar! isfypléiyr@ssdsto’ cl one”
and "isolate" typically refer to a reconbinant host cell [ine that has been
i dentified andefexdb atgememndierprotein whase prpsance The hergntestedstitestlzosyvi ded by

a met hod accor.din 0. the jnvention, have three inteqgrated.as S.. (1) Wth
xSt ng ayst SHURORelish A ERlribF BkeRle 1 BEe hREBE aiioPolathabuRiREglRa |

accept abl e quaslectib®ageht hHE pesiaesRhe hebt &l fivhi tHEPadentRIetRIl S geswtibe
created only at_very low frequencies; the present invention jncreases the

pr edi ct abi Bi t ynbibitory affeetg (Riggan pntibiticgresistands genet andiewpratein). Anofderpy a

factor of ten _or .mre.. Exihsty ng systens. dp nNot, provi .

St ol oni omet r 1 EAPRR s NBkkei S PaRE He Rt S BBt ona ey fepgit

nul tineric prgéel Bfeenti@orBSRnE Protel 8Ad deFfivaitel, eacifdiate, [dialR IM&SSi on

| evel s 25 of the subunits will be bal anced and proportional. (3) Existing
systens do notphopphatiage). a neans of protecting the transgenes that encode the

protein subunits omiragnhsgene silencing. rovi d a on-limking,
schematic repr esenmir%]rfnofagﬁtéo%?g‘?ﬁels %%b%%qrge of° ?%ﬁ%macfg tcmg\_po’flﬂé _

i nventi on.10F! @hdt #& #16 t& kil dBréthfitie\Brosh o hakRidldfe®d. @nariiFbEes|I on units.
This is the configuration of the DNA WO 03/ 106684 PCT/ NL0O3/00432 27

el ements of the exphedermriselaction'iip typieally defined as theprocgss of weingiant egr at i on

. H : . \ ; H . ;
eadi ng t rans "Fiseodh oo atkeRReltiab1e Bek e SRE Abeldliion Ackt 10 lack N, BolPedifl PPC"
(TG S1, transgfbk spodifie gbndtio propBitied @.g2!REAT iR hédt ceh@ontdifs datfikdaleV

integrated into its genome).

15 The nouns "clone" and "isolate" typically refer to a recombinant host cell
line that has been identified and isolated by means of selection.

The improvements provided by a method accordiné to the invention
have three integrated aspects. (1) With existing systems, recombinant cell
lines that simultaneously express acceptable quantities of the monomers of

20 multimeric proteins can be created only at very low frequencies; the present
invention increases the predictability of creating high-yielding recombinant
host cell lines by a factor of ten or more. (2) Existing systems do not provide
stoichiometrically balanced and proportional amounts of the subunits of
multimeric proteins; the present invention ensures that the expression levels

25 of the subuni’ts will be balanced and proportional. (3) Existing systems do not
provide a means of protecting the transgenes that encode the protein subunits
from transgene silencing. .

FIG 1 provides a, non-limiting, schematic representation of one of the
embodiments of this part of the invention. FIG 1A and FIG 1B show two

30 separate protein expression units. This is the configuration of the DNA



5 IRES, and of the open reading franme encoding the zeocin resistance

sel ectable marker protein (zeo). This bicistronic transgene is transcribed
at high levels fromthe CW pronoter. Next to this is the neonycin

resi st ancwosshegssabl e marker (neo; this confers resist aaentodnidis
antibiotic 418 as well), transcribetr as a nonocistronic nRNA fromthe SV40
pronoter. These two genes are 10 flanked by STAR elenents. In FIG 1B a
simlar expression unit is depicted. It consists of a second transgene (a
second reporter gene or the open reading franme for subunit 2 of a

heterodi meric_protepn (I1G S2).) upstr.e of _tha a n . . RES and t he
bl asti ci di nelgﬁeggﬁ 8%&5’ Wﬁ%%‘g%agh ?’égg% Réfs‘?@a%&’%‘ggﬁ%h%’dr@%@g ronic
transgene ithtBogehéMe0ERprdabion ity 6hsid oW REFIG 18Vt portaiiscdn oplaxt to
this is the neo selectable marker, transcribed as a nonocistronic nmRNA from

the SV40 prreadieg frameforwotrgosganei (a rehertergensior sulpmit diof a mnltimerie f| anked
by STAR el e s well. |t 1. | gar to a, persopn.skilled.i rt that
t he possi bl @?ﬁbfwg%%sﬁmgéﬁe@ sl WF’%@P’SO'@GMWEE E%EQX;I es of
possi bl e5 antRMS A oL EHESPURL Fellfng FAmR chcBARY thehedtia i@ sisTdife @BRcBABIE DI Ot i C

that is particularly advantageous is zeocin, because the zeocin-resistance
prot ei n (zeweirkeR)rateins(zey). m%mbmgtmmc tramggeneis transteibedtihighlgveless.

Therefore it is.e o titrate the anou of drug that kill,s cells with
Fow L evels PR N-Brampte ek ¥ T 8 e oot resiapih eierBBle O, o 1 o
survive. Al apkéemedNEHibcohfeps FaIdtahad et Hithibtic G118% GOSN bratseribé@
enzynes, and thus act catalytically (not 1:1 with the drug). Wen a

two- step sehesmaenocisirorde rdtNAfrom the SV} prosraterdlhase dAyodenes 8reise an

ti bi of ' ' i is, 1:.1 .bi ndi ode qf. ' ,
fhe antd bi BFRked BY S Slemehitin iR o wimibis Emaoctt Gnfhio Mo 2KCC The
zeocin ant ¢ds@dts 6f h%eédh@trhﬁ@%eﬁee(ﬁ S84 AT tdpoiteF e @r tREBpEe deatlih B
puromycin-R or 30 blasticidin-R in the second bicistronic gene

neonyci n- R Gameyfgr sihenit-2vfiacheteradisesic mrotwin(G6) ) gpstregm of tilﬁgn
Tonoe U1 Onk g IchE PRSI R SRk R BB,
provi des i nftdfiiel @A Thid bitstesifie emsgenavy tiAnfiribedds Kighdéwrls GepOEhE -
15 CMV promoter. Next to this is the neo selectable marker, transcribed as a
monocistronic mRNA from the SV40 promoter. The two genes in the second
expression unit are flanked by STAR elements as well.
It is clear to a person skilled in the art that the possible combinations of
selection markers is numerous. Examples of possible antibiotic combinations
20 are provided above. The one antibiotic that is particularly advantageous is
zeocin, because the zeocin-resistance protein (zeocin-R) acts by binding the
drug and rendering it harmless. Therefore it is easy to titrate the amount of
drug that kills cells with low levels of zeocin-R expression, while allowing the
high-expressors to survive. All other antibiotic-resistance proteins in
25 common use are enzymes, and thus act catalytically (not 1:1 with the drug).
When a two-step selection is performed it is therefore advantageous to use an
antibiotic resistance protein with this 1:1 binding mode of action. Hence, the
antibiotic zeocin is a preferred selection marker. For convenience the zeocin
antibiotic is in a two-step selection method combined with puromycin-R or

30 Dblasticidin-R in the second bicistronic gene, and neomycin-R or hygromycin-R



51t is also clear to a person skilled in the art that different pronoters
can be used as long as they are functional in the used cell. The CW
pronoter is considered the strongest available, so it is preferably chosen
for the bi cwOts/a#68 gene in order to obtain the highest pPUSHNIIBA0432 oduct
yield. Qther exanples of suitable prototers are e.g. nmamalian pronoters
for EF1-al pha or ubiquitin. 10 The good expression and stability of the SV40
pronoter nakes it well suited for expression of the nobnocistronic gene;
enough sel ection marker protein (for exanple the antibiotic resistance
prot ei n neonyi theRmbAodisitopicagamee cited herein) is made to confer high
expression of said selection marker. Hence, said_ SV40 pronoter

preferential |y useld iadurthprmaps dearthajihis alpepesgihledeicombine a’l_@llﬁi@ti‘:
\?\,ﬁl ection mré(e%?tidwm%r?&eévﬁg{g gelgggf&gh{giﬂ&r {Rge ﬂ%’o@?&ésqﬁd%ﬂé’ﬂ ges a met hod
erein at |east one of said protein expression units conprises at |east

two STAR seqflibfes6enderbrafhiedGrovide e @l6 ddposit. enbodi nent the invention
provi des a nethod wherein said protein_expression unit conprising at |east
two STAR 20 sequenkds aise deartiafepersgn jskillpsk indthe arp thatediffexgnfy promalers 6any | s
fl anked on ey ' .k nor e
preferred en%%gllg ér%%% Mgssﬁecf %?%ugg{g&ﬂim%%géigggggﬁe%%%g@gi%ggeggg ? ally

i dentical. Essesidérelltle stionigesipdvadbblR, sodtispreferably éinisen dor therldcisteaicSTAR
sequences which are jdentjcal in_their inportant domain

] ! ) [ s, .but which y
vary within 28enak prdexde obtain the hishestapssblemvedueiwipk Qthsr exanples ‘gﬁe
transcriptiong, i1 7] ' ' ) S
poi nt mut at i On’smgéﬁlgrdrgﬁmg%sch{rﬁge. ?:& %%%Jﬁéaﬁuggawﬂ%%r&t%?g@gg cﬁi %br%ql\}\nlt{%i n
t he STAR 3@quithegood Brpiessidntdrad stybiitiyhbfehe SN0 rbndtelemakes it wdlABuiteduences
provi de equal . anobunts of transcription stabilizing_ or, enhancing aQti%/i ty.
WO 03/ 106684 faresmressigpeisthe monquisironis ggneipnomedcatlrationsnapker pratein(foreast
one protein e ' ibiotik Sed58in . Ob : ed. and
proporti onal Fg%@?isﬂ%%ﬁ}%élggg?%n 0 B P&%@ﬁﬁg&;@%&ﬁ%ﬁﬁ%@%ﬂfﬁo@@%
specifically hereihjis made eseoxfor high dwprossiowef saidgelettionimaikes. Hentegisagl The
STAR sequenceg create chr_omat%n donpins of 5 definite and 1;i)"tgabl e .
transcripti on2V 49dremotey is preferentally used ap apremoten driving the expression of

15 the selection marker.

In a preferred embodiment the invention provides a method wherein
at least one of said protein expression units comprises at least two STAR
sequences. In an even more preferred embodiment the invention pfovides a
method wherein said protein expression unit comprising at least two STAR

20 sequences is arranged such that said protein expression unit is flanked on
either side by at least one STAR sequence. In yet an even more preferred
embodiment the said at least two STAR sequences are essentially identical.
Essentially identical STAR sequences are defined herein as 'STAR sequences
which are identical in their important domains, but which may vary within

25  their less important domains (the domains that confer the transcription
stabilizing or enhancing quality), for example a pointmutation, deletion or
insertion at a less important position within the STAR sequence.
Preferentially said essentially identical STAR sequences provide equal

amounts of transcription stabilizing or enhancing activity.



transcription of each bicistronic MRNA will function at definite, stable

| evel s. A reconbi nant host cell |line created by the nethod of the invention
is readily identified in which these levels result in appropriate

proporti oweosfioesech nononer of the multineric protein @CTiNIogn®s? bei ng
expressed at high yields. 10 In anot®er enbodi nent the protein expression
unit contains only the bicistronic gene flanked by STAR el enents. The
advant ages of omitting the nonocistronic antibiotic resistance gene are
twofold. First, selection of high- expressing reconmbinant host cells
requires the usqﬂéfl}é%rﬂfﬁ’lt‘m.s driRbOtd ﬂﬁnka%%@%ne?&o%ﬁﬁ' ¥epieasiofRIReSi on of
the bicistronic and/ or nonocistronic genes by 15 thé phenonena of pronoter
suppr essi orisand of tlmaspdcpd ofbihelballamcedfaardeprop orticred develi efiexpressiom ©f conmon
probl ens in conventional, transgenic syst rrg, igl} whi ch .t wo ﬁ{ nor e

transcri pt it wpgea%enné@a%éa%%e%@@ﬁy P he exprgssian ofHhe HENOMeEs st r eam
(5') unit Iﬁu%ﬂﬁ@ﬁ 3i AR | ERSohRhh ABAlaind o er f er ence,
and represgilcfon y a %g?mﬁg%ﬂrsé%eﬂ@g‘?q%eﬁ{cgﬁgﬁéraggm unlzpstu;ls Zgntlermed

pronot es sujyfirdesamhstabléd trmmseriptidnad|poteritidll As aTreankicprqotensthatidries f er ence
can result in suppressjon. qf .adjacen ansgenes in all possihl

ar r angenent%apscEiRHan ofparhhics 9%@?&\@%2‘53@&@0&ﬁ;@@l?ﬁaﬁﬁqei‘wﬂazooz).
These phenolegdmiiiahe Hidiel I bhfddBl thatho Rl Lo thain Pdntidieid Ragiigenendent

and/ or nmonocistronic antibiotic resistdnce genes, an uce the yreld of
t he 25 tr andgretified Tinevteélo these levedsrbemilininapprbptiate propentionmofeadhr i si ng onl y

a bicistronic gene,flanked by STAR. el nts. provides an.,alternativye

conf i gur at IBABRRS PLEheGRBTNBATIS Protein of Fipreet e s sred et HEn st
accordi to thgy,i ' ; - el | sequence
S depilc%?ed I n ?—g@?‘\g lJan })%k?lﬁ%gefﬂllgﬁﬁgeé?a géioa uﬁ%ﬁtgﬁigfb[ggﬁ%/al ent
and/ or a f (hicistronid geneafimmiad hhSTARf eleEn €8/ TheGaBANRLFesNIOB1i0ing the 30 W

have isol ated and characterized.an extensive call.ection of STAR. . sequences
Uai g pr oprPERGHRSOBEAHLHC riRaacs Geith Hrodm okt Eursb qelRetion of ies
wi del y. Th'ézp‘réss'iﬁé‘i'éd%ﬂtﬁﬂaﬂb’hééﬂ‘%ellé‘&é/dtﬂﬂes%lgﬁf‘s%%f%iﬂy 06 Q¥ EBRRcs Of

transgene expression in reconbi nant host cells conferred by the STAR 5
el ement s; SYeeendTidRrevente meprepsionioflthé hicistponic antd/opménasistsinie genemby whi | e

15 the phenomena of promoter suppression and transcriptional interference.

These phenomena are common problems in conventional transgenic systems in
which two or more transcription units are located near each other. Repression
by an upstream (5') unit of a downstream (38') unit is termed transcriptional
interference, and repression by a downstream unit of an upstream unit is

20 termed promoter suppression (Villemure et al., 2001). Transcriptional
interference can result in suppression of adjacent transgenes in all possible
arrangements (tandem, divergent, and convergent) (Eszterhas et al., 2002).
These phenomena can reduce the efficiency of selection of the IRES-dependent
and/or monocistronic antibiotic resistance genes, and reduce the yield of the

25 transgene. TPerefore the embodiment of the invention comprising only a
bicistronic gene flanked by STAR elements provides an alternative
configuration of the components.

In a preferred embodiment the method according to the invention uses a

STAR sequence wherein said STAR sequence is depicted in Table 3 and/or

30 figure 6 and/or a functional equivalent and/or a functional fragment thereof.



others only provide partial protection. The range in strength of the STAR
elenments is also manifested in their varying capacities to inprove the
predictability of isolating reconmbinant cell lines that efficiently produce
the het er oMBUY6E ot ei ns of interest. For the present i nPEMNLOMME have
preferably 10 enpl oyed STAR el enents tH4t have strong predictability
characteristics, in order to have high nunbers of efficiently-expressing
reconbi nant cell lines. The STAR el enents enpl oyed have noderate to strong
anti-repressor activity, 1in order to be able to nodulate the |evels of
reconbi nant pr ot eiWe flravdisdlated dml chrercterizhe ancegiensive noldeavfont dfSTABduct

(e.g. balanced and proportional 15 expressi o] o] ti de nononers). The
sel ect ed STARPEIUSRESF USIBE DFORIPHAEY teé%ng & @gﬁl‘*&eg‘g}%ggﬁéesﬁﬁeﬂﬂ%m?ﬁabi lity

of expressi O”ré?{ggtgteﬁdé ﬂ?@&i&%ﬁgnﬁ?ﬁﬁdﬁ%ﬁe%ﬁﬁﬁg%gﬂé%ﬂi@% PRI

and host cell-t Specificity e Characterrstics are Ited to
create novel tmasggrexpressicn enmsecombipantnhast cele cpiferkedthyothed3TARt er ol ogous

Pl Gh*y1 el cb or ClamiRis e A T A 15BN BIRY MG T LSS o Slongings SEAP or o
specific ”Ddeomergéﬂgﬁ%%m éd(ﬂ:‘i'al f&@gﬂf?&&mﬁéﬁﬂgﬁn%&@thg@% Sirg gor onot er

or a constitutive pr ter; the usSe a pronoter with noderate strength or
hi gh st rengt helemtents is dlse nedmifestedim thedr varfying ¢dpacends (SiAfprevetiant s resul ts

app | cati ons. DTRCPCIABIIS RAfoolafihe AFOMP RRE) Gl LA AR eDREIF R BGHOHE 0F &
sequence depiietlo: T aRhfird ofilsfbet] FOLIR fobsnibbARSAE BAR, ASLLABIIS.

A functional equiv a sequence as depicted In T or figure
6 i s a setienemplayediSRAR eidrhentsdhathaversirong predietability ldialract@riatidé,an fi gur e

6. For instance, a 30 sequence.that,can. be derived from g.seque I n Tabl e
3 andl or 11 quPEes T pAUDIGE: BEGER PLotrNicaSp CORISIAE FSRRRL SHARF ng
and/ or i nsertirRg JIOGE 8ldnierith chifl8ycl BEHR08Sralté 88 8 ohp ahtRtreshor BEiflty,

figure 6, wherein said derived sequence conprises the sane activity 1in
ki nd, not necaseuler ity be mblmtampdulsite bhe beyalsrafere com blieyaing peoteim pTadiictiod tand/ or

from 5 two ofiAh BoEaER e Aanths BEPrt Fue IS ee gt Srgeranel A o
functionals expression of polypeptide monomers). The selected STAR elements also confer
significant increases on the stability of expression of the transgenes.

Some STAR elements also display promoter and host cell-type
specificity. These characteristics are exploited to create novel transgenic
systems to optimize the production of heterologous proteins that require a

20 specific host cell (for example, to achieve a high yield or a pharmaceutically
advantageous glycosylation pattern) or a specific mode of expression (for
example, the use of an inducible promoter or a constitutive promoter; the use
of a promoter with moderate strength or high strength, etc.). Therefore the use
of different STAR elements results in different embodiments of the invention

25  that pertain ,to these types of applications.

A functional equivalent and/or a functional fragment of a sequence
depicted in Table 3 and/or figure 6 is defined herein as follows. A functional
equivalent of a sequence as depicted in Table 3 and/or figure 6 is a sequence
derived with the information given in Table 3 and/or figure 6. For instance, a

30 sequence that can be derived from a sequence in Table 3 and/or figure 6 by



equi val ent can al so be a synthetic DNA sequence which is a sequence that is
not derived directly or indirectly froma sequence present in an organism
For instance a sequence conprising a drosophila scs or scs' sequence is not
a synt hewoos/smsepaence, even when the scs or scs' sequengermassdissld ficially
10 generated. Functional sequences @i STAR el enents can be delineated by
various nethods known in the art. In one enbodi nent del etions and/or
substitutions are made in STAR sequences. DNA that is nodified in such a
way is for exanple tested for activity by using a single nodified nucleic

acid or by n ! |l ' [ | dS: mSig said
modi £ e miitesfh Shiiy e An At kAR lsch 67 br B €l dl A fOTRI RO
sequences aamd/esfiglife 6oWheteinbaidderivedpytnntscaeprisscide sanie fitdrignt s with
a gene transcription nodulating and/or a gene transcription repressing

qual i ty. Ainkied, notaecessagileip agrount giirsequienee as dapictrdsin:T abje; Bre 3
and/ or 20 4| e r . t.a ‘ e 5 end
or the 3 et{r%19 g'("();r AfoPo%%ﬂf)%gl ‘?‘ﬁé?ﬁghg% sal rs"leé(;b ﬁgé%g%sgh@%%ﬁ%ﬁ%é@on

t her eof 5 Wigoirine® séquéftdsvdapictad it Muble 8 mpd/ordigurd 6. Aafmctiohalvi ty in kind,
not necessarily_ in anmount. In a nmpre _preferred enbodi nent sai d,  STAR
sequence a£qubylenicenn also bg argymthetic seqyqnea mehigh s a seuperwedhatl iy a

functi onal |\ L / Qr:_a ' r.eo t her
broferred foiAced ey cinlizelet Bt R Bbale A HRBher 1 diireniin

I ntroduct i GAstahcé a(ssgaknce doneprisihg B dosepitlBidatbrngsSeaedeREPot as an

exanple of a protein translatign initiation site with a reduced translation
30 ef f i ci efgRthaia spauANEH VP Srhancid 565 oF sesrsequencRvas atdigially i nt erest and
t he V\01%3/ #gggﬁﬁe CT/ NL0O3/ 00432 32 sel ection marker open reading frane. In
conbi nat’i orr"w or exanple the STAR sequence, this conponent of the

present inventi Panetithil ssgmedcdsrofiSTAR iehganemevantbe delineatsbbyvarisyst ens for
the expression of two or nore proteins, I,nterna! ri bosoye binding site

(1 RES) el erfeetheds aowrdnrtherastn b ong exsbegimend detations apshersybobitehiony - sal as,
1999), and jave, &OS’Pﬁﬁrbe'qqgﬂédsf DRA kflat is modified in such a way is for

example tested for activity by using a single modified nucleic acid or by

15 generating a collection of test nucleic acids comprising said modified nucleic
acid. Elucidation of functional sequences within STAR sequences enables the
elucidation of consensus sequences for elements with a gene transcription .
modulating and/or a gene transcription repressing quality.

A functional fragment of a STAR sequence as depicted in Table 3 and/or

20 figure 6 can for example be obtained by deletions from the 5' end or the 3' end
or from the inside of said sequences or any combination thereof, wherein said
derived sequence comprises the same activity in kind, not necessarily in
amount.

In a more preferred embodiment said STAR sequence as depicted in

25 Table 3 and/or figure 6 is STAR18 and/or a functional equivalent and/or a
functional ﬂ',agment thereof.

Yet another preferred feature of a method according to the invention is
the introduction of a (weak) Internal Ribosome Binding Site (IRES) as an
example of a protein translation initiation site with a reduced translation

30 efficiency, between the open reading frame of the protein of interest and the



screens of small synthetic oligonucl eotides (Venkatesan & Dasgupta, 2001).
The I RES fromthe encephal onyocarditis virus has been anal yzed in detai

(M zuguchi et al., 2000). An IRES is an elenment encoded in DNA that results
in a struct WOM{IPP68he transcribed RNA at which eukaryotic ¥¢H3GRES2can bind
10 and initiate translation. An | RES pﬁ?nits two or nore proteins to be
produced froma single RNA nolecule (the first protein is translated by

ri bosonmes that bind the RNA at the cap structure of its 5 term nus,
(Martinez-Salas, 1999)). Translation of proteins from | RES elenents is |ess

ef fici ent t haReleetionimsrkeenpen regsingfragme. Inicembipaiien Bithfosiexamme bae

-d d 15 A f 0
50% of 1 he. anSRR FeBEeptiy PrrbpSHEEE of FRS BlrreRP Sient{o Sayfagsee Rhatied O
| RES el ement Simpf%%iérﬁﬁh%ré%ﬁgﬁid@@ﬁdﬂ@tbrqfhe%'xbrédéidﬂ%ﬂﬁvgﬂér mofaipidteRisi C

protein fromone nessenger (MRNA), since it is not possible to achieve

bal anced and pr oplnternalatibeseprecbiniing site (CRES) elementsmretaovmfamnaral f rom a
Rl tia . : Hol of
"Res: dependienrmd paREAIHe RO ey ST 850 WIR HAREET beor IEREHEH if

current invenkéredns of sthhlleyatlidtic slifoaucleotides (Winkatbere & BDasguptal 2601)at e
their activit and | ower the expression fromthe | RES-dependent OREs to

bel ow 10% of IRESfrome gncgphalomyocaiditis virusehas heep analyzed inglegail Re\i; et
| ., 1996). Thg: i Dy _the | i a0 i :
b | o e AR B AR OIPARIRRS R b BRL400 R, bl gifis e

t he | RES- depe erco e nar rotein, i

relative | eveln afsthiceinsd it thentrafisibedRINA 4t whichksdiavyétid Fb6scinés can bind
transcription must occur in order for the reconbinant host cell to _be

sel ect ed. 13heprd dnitiate dranslatdon.ctn ARER nermitsstwa.en more prtainsto e progyced

necessity exp [ ne. ' / 4
PCT/ NLO3 100435‘%%%%%16 ﬁ%%@ﬁ%ﬁ%&o 5’?%?@“&%3??%@?5}#?&%6}%%
cap- dependent biFthd RNt the cap stehwtack ofit@bUedaninas, (Rdrtineadalas, 11998)).
product yields, It is clear to a person skilled in the art_that changes to

the | RES can PBeansiatiangf prejginssirem iRi elements isless gficiont thanGapPon of the

| RES (hence, | di el LQE enl t rafekO ' ] a

reduced tr ans?g’? %1%%5@g&%%@%@y@b%%iﬁ%ﬁfﬁgbﬁégn g&r%g??lsed(}pl%hggn%% of a

nodi fi ed LRESreddinp ftasned (QRFs) ranges from less than 20% to 50% of the amount from
the first ORF (Mizuguchi et al., 2000). This renders IRES elements

undesirable for production of all subunits of a multimeric protein from one

messenger RNA (mRNA), since it is not possible to achieve balanced and
proportional expression of two or more protein monomers from a bicistronic or

20 multicistronic mRNA. However, the reduced efficiency of IRES-dependent
translation provides an advantage that is exploited by the current invention.
Furthermore, mutation of IRES elements can attenuate their activity, and
lower the expression from the IRES-dependent ORFs to below 10% of the first
ORF (Lopez de Quinto & Martinez-Salas, 1998, Rees et al., 1996). The

25 advantage e;gploited by the invention is as follows: when the IRES-dependent
ORF encodes a selectable marker protein, its low relative level of translation
means that high absolute levels of transcription must occur in order for the
recombinant host cell to be selected. Therefore, selected recombinant host cell

isolates will by necessity express high amounts of the transgene mRNA. Since



capable of providing a small percentage of translation (conpared to a 5 cap
translation) is therefore also included in this invention. In yet another
enbodi ment the invention provides a nethod for 10 obtaining a cell which
expr essesWOMd/164684ror e proteins or a nmethod for identifyRawNe3eedsk wherein
expression of two or nore proteins i in a predetermned ratio, wherein
each of said protein expression units resides on a separate DNA-carrier. The
present invention preferentially nakes use of a separate transcription unit
for each protein and/or m)norrer of a multinmeric 15 protein. In each

transcripti ‘]1&@: A | 15| ndent
transl ation |EI sﬁ]Tb ure o ga:ﬁ%azﬁ(??@’#Jg%%@lyg%%ds&ﬁ@Rpﬁgg%ﬂn%%nant
host cells Wadubed)imhbdnddmcehebmltmghindhghipebdimtqﬁe]dach nononer, at |evels

that are bal anced .and proportion 0 the st orretr i meric
protein. The inSItté%]@érﬁ?édleE-‘EOé‘bﬁ ¢q i thepgt WEé eﬁg?ﬁgﬂ%%

cells are i i elfng of screening
for such is g?é,@@% eg%s%g%ror %{emﬁ na pre errbodl ment said

ENA— carrg erprmthﬁgex:pmtelgmammﬁm édntialhwntsitenwnhraeredmeld trmlmxgngeabl y
rein). In another [ nt r r r
b ef e 1 ed. CHRGHTREN FeSAPRE R EmoRe AR Ut of foRaditied (RIS paRcis il ™" ©
retroviral O@agp Y)?e% roin nh% &L@fpefcgn@eh&gréﬁﬁlhﬁ«gﬁ‘ Sdo%ﬁ:ﬂ'@%%?a g QQ{». ot her

viral vect can use accor g to the invention.
Conventionatraaslaltﬁmsnmthe&ybﬁreahoandﬂb&mbhmanb@om the formof a

L LR
30
e I g S O e 20

i mpr oved trniea@@ag@(@ibwhemnexpﬂeembnmf tpoeranorecretdinslisimmd  of t he

i nvention is the use | asm d.DNA for deliver of t.he expressjon system
A aerd CRrdaerEniRe qaBer wBroi Rh el AL PEUIGUL AERSARIOD gies ononn | n

the art, argan, Dﬁmcﬂn re?hﬁgf@deﬁ@ tﬁm Iﬁ‘e?éaljeﬁ ?ln?al{@rli‘s‘aeroffaor

propagat ion of t 'asm cteria a selectable marker that
functions i sepsamkteri;tansanpmm 8nit dox em:hpn‘oyemrahdllmuhanmbnef a elitinarat

15 protein. In each transcription unit the monomer ORF is produced by efficient

cap-dependent translation. This feature of the invention contributes that
recombinant host cells are isolated which have high yields of each monomer, at
levels that are balanced and proportionate to the stoichiometry of the
multimeric protein. The increased predictability at which such recombinant

20  host cells are isolated results in an improvement in the efficiency of screening
for such isolates by a factor of ten or more. In a preferred embodiment said
DNA-carrier is a vector (or plasmid; the terms are used interchangeably
herein). In another embodiment said vector is a viral vector and in a more
preferred embodiment said viral vector is an adenoviral vector or a retroviral

25 vector. It is glear to person skilled in the art that other viral vectors can also be
used in a method according to the invention.

Conventional expression systems are DNA molecules in the form of a

recombinant plasmid or a recombinant viral genome. The plasmid or the viral
genome is introduced into (mammalian host) cells and integrated into their

30 genomes by methods known in the art. The present invention also uses these



carry an integrated transgene expression system the protein of interest,
whose high-level transcription is brought about by a pronoter that is
functional in eukaryotic cells (e.g. the human cytonegal ovirus qp'or 10

i medi at e e¥P1%19%5%ot er / enhancer, p (Boshart et al ., ﬂﬁﬂﬁ%?“%ﬁa viral
transcriptional termnators for the transgene of interest and the sel ectable
mar ker (e.g. the SV40 pol yadenyl ation site (Kaufnman & Sharp, 1982)). The
vector used can be any vector that is suitable for cloning DNA and that can
be used in a transcription system Wen host cells are used it is 15

preferred thatyreseof R¥Agnolesulen te delivetsits improyled dzansggne ezprassionsystems. day,

ff d R ' ' ati.on of ided. DNA
ol ement s 11 ankrigreRegbedineihof i HyBRSh S Pre s AEREIE DRA S UHERY o
the level of of fip\fireBdibR Ry Stent. REpREAAR cEhtadi¢la iRl Rbfiponehfsect s of

fragments conprising DNA sequences with a gene transcription nodul ating

quality. |n acoaventismal cemtpenewidi keown daithe arls ave apemsin sbreplicationiatsk 4 on

dint N ; : e i
CEpta 1) | & icAelpetaBis Btk ptbhtEati e Badmi P h A IEI G, RUHRbIe
eukaryoti c ceh#frkepthasfiriFbbals inbekawtieslls tb idaeify andisatehicst celsthatons.

In a preferred enbodi nent the invention provides a nethod for 25 obtaining
a cel | which expyansiyegrateditransgengexnrepsion systenidhppaotein of bierdshi ng a

cell wherein expressi of .1 wWo Qor..nore, pr ot ei | 8..1.N [e mned ratio
conpri sing prSVwo ?Z’bgl?'\?&)veiit}anrﬁfﬁe)lpg?ngtmepﬁouéilg?@g# ﬁé%a&’ﬁ? 0 er\/\ﬂ%&g#n one of
the said prot g¢infcteondl &8 SuRArybtic &l e.gailé RiMhRick{dme@ilovithetRgér encodes an
i mmunogl obul i n heavy chai n and/ or wherein another of the said 30 protein

expr essi oAOuniimanestiategarly praraoter/enhancer,p €M (Beshastiebaknl 380)h andodsd4

PCT/ NLO3/ 0043 35 .1 punogl Lin kight chain. Aeceording ta.thi di ment
a nultimeric %Ibarrbst%lél g{%gﬁ%gﬁﬁgggo&, fdl?tgleécg?.t%gﬁg .0%%%9?%5% éigtrh e[é' gfeg%%%irgson
skill ed in thensler(ég! thd SV46 pplyadehylativa siteQKat€man® Shavh, TIBPKpr esses an
I mmunogl obul in heaﬁl chain fromone protein_expression unit and an

i munogl obul i n | i ghbedegion ysed g bameyHactqrrthab inswilghle fon Janimg PN and 5

Lhi rd protel n ApLERRE AoNOh h cROGRAEBGn oRGE WhORhoSPRRIEN usbl ifid O "1 10

chain. In this € pro
15 preferred that the vector is an episomally replicating vector. In this way,

effects due to different sites of inte’gration of the vector are avoided. DNA
elements flanking the vector at the site of integration can have effects on the
level of transcription of the promoter and thereby mimic effects of fragments
comprising DNA sequences with a gene transcription modulating quality. In a

20 preferred embodiment said vector comprises a replication origin from the
Epstein-Barr virus (EBV), OriP, and a nuclear antigen (EBNA-1). Such vectors
are capable of replicating in many types of eukaryotic cells and assemble into
chromatin under appropriate conditions.

In a preferred embodiment the invention provides a method for

25 obtaining a c‘ell which expresses two or more proteins or a method for
obtaining a cell wherein expression of two or more proteins isin a
predetermined ratio comprising providing two or more protein expression units
wherein one of the said protein expression units or said protein(s) of interest
encodes an immunoglobulin heavy chain and/or wherein another of the said

30 protein expression units or said protein(s) of interest encodes an



exanpl e sl gA and pentaneric IgMis provided. Preferably, the used host cel
secretes the produced nmultiner. In this way the product is easily isol ated
fromthe medi um surroundi ng said host cell. 10 Mre preferabl t he

i nventi oWQ®4066¢ in the production of a functional rrul'c’?%?‘.“"%ﬁ’é
functionality of the produced nultif®r is determned with standard
procedures. For exanple, a produced multi subunit enzynme is tested in a
correspondi ng enzymati c assay or binding to an antigen, for exanple in an

ELISA, is used to test the functionality of a produced antibody. 15 Hence,
t he sel ect i smmamoglobutiallighiichaiy. Adeersing &0 thigembadimegt & multitexie i nvol ves

I tipl t {. i ch t I ti f l, .t hat
211t he desPioReits BRARHIYT & SHimerl T s o B adrrhys sERleadnitBhart MR v e s
of sai d mul {igHREibldNJ Providida dell wmcklnle&ﬂﬂegtwﬁgcn ith SludioBldbulin Ieavyahaipn | evel s

of the 20 subunits is desired as well as t formati on of a functional
mul ti meri c froot eieprodéinsexipgessidnmnnitandsan pnimgineglobulirhbightschash feongTAR

sequence. for_ the production .of the bupi.ts of a nultineric.protei.n results
i h SanotRtber Brdes heeiSh watcu B ik piitefs S ndBh siEERk it o7 o)
vectors w t@@éﬁre?oﬁ}&ﬁp%ﬁ@ﬂ_@&fﬁjoinﬂﬂ%}@ﬁiﬁf In £118 waiiDiHatpretuétiowe bf fral
multimeric proteinis relatively higher 25 when conpared to the control.

Product i on exXampleslgdandrpentamerierlg isproyideduncti onal multineric protein

fromthese subunits is i articul.arof inportance for the produciion of
ant i bodi es. V\heﬁ,lfei%ra%yagygé’ﬁﬁﬁh 0% § ﬁeﬁfl‘%’g%m? Rm@?ﬁ?‘ié%‘]ﬁg‘ﬁg%fag%i e are
flanked by gapthRpssHuens Badily Bolabsd/from the Mmelivih SuritfRidies 541 st tomct i onal
30 anti body, as conpared to control vectors w thout a STAR sequence. Hence,

t he WO 1B/ 106684Mperpidfanbln 4be inggitiomcresnlie inthe psrdvreticapfanBuctienal ts in a
hi gher degree.of predigtability of. ., fungtiopal ;antibody, expressi.gn.

pr of or abl y, Pedomel e SufBionality 8 a0 Rbeel Bufiierd i RRRBT il e

whi ch sequegta@dasd Pr@bﬂﬁf&eﬂ‘oﬁ egdmpieat pretidcederaiilif $abaNitEHzymeSisftbaged on
either side by at [east one STAR sequence. 5 In yet another enbodi nent a

met hod accoitdd aeFreepanding aparmabaassay grivedingito amankeen.sir expmplasinran
expression Eﬂ![éﬁ, A &edth Q:g&%%% %ﬁéti’%ﬂél@ of gsperduced antibody.

15 Hence, the selection of a final suitable host cell expressing a multimer

involves multiple steps amongst which are the selection for a cell that
expresses all the desired subunits of a multimer, followed by a functional
analysis of said multimer.

With regard to a multimeric protein high expression levels of the

20 subunits is desired as well as the formation of a functional multimeric protein
of said subunits. Surprisingly, the use of a STAR sequence for the production
of the subunits of a multimeric protein results in high amount of cells that
express the subunits, as compared to control vectors without a STAR sequence;
Moreover, the amount of functional multimeric protein is relatively higher

25 when compared to the control.

Produ::tion of subunits and the formation of functional multimeric
protein from these subunits is in particular of importance for the production of
antibodies. When the heavy chain and light chain expression cassette are
flanked by a STAR sequence this results in a higher producﬁon of functional

30 antibody, as compared to control vectors without a STAR sequence. Hence, the



into said cell. Preferebly, a functional pronoter is a human cytonegal ovirus
(CW) pronotor, a siman virus (Sv40) pronoter, a human ubiquitin C
pronoter or a 10 hunman el ongation factor al pha (EFl-a) pronoter. As

di scl osed hd¥@9¥l0¢id¢ hi n t he experinental part, a STAR sequB@BdLEA432conf er
copy nunber - dependence on a transgene 8&pression unit, making transgene
expressi on i ndependent of other transgene copies in tandem arrays, and

i ndependent of gene-silencing influences at the site of integration. Hence,
15 the invention al so provides a nethod for obtaining a cell which expresses
two or nore pregbitesf PETAR®guetcd sultddnta highagdegreeldf ppbditeibilitgxgfr essi on
of two or nore proteins is in a predetermned ratio in which nultiple

copi es of a piugctional antbedysexnresson. Rrgtezablyy eachemressionfumpeqpprises at

integrated i f |1l . (L.e. I ' I .
anplificati ogfeg?é P“ﬁ%ggwe@?‘ °PR E'{(jal‘!rvglsc?1 eélegu%{rméageaﬁ% %?%eacsg%rhcﬁhﬁgg?lg this part
of the inventggitesdibe uplitoiseflahk@dpned thersidaby at dast ohd1STOMR eefhience.

simul taneously into said (host)_ cell or collection of cells by nethods
known in the art. Rexesas etpbediment agmgvhodaccerding toyhe mugphients wi t h an

SPPLOPLL ¢ SRR W R S AT ARG

anti bi otic orimb saidcelhi nati on of antibiotics, for exanple a conbination of
zeocin and blasticidin, is/are applied, and antibiotic-resistant cqQlonies
are identified andPrefersbli afunttiena nromotersisahwyancytomegalovisps EMMssi on

expr east on anPromeh HEbiaS RN G0 bR A AP EK S ol By 2y,
gene conpil si hgnih dlpagaticraticier A1pRACEFNA)ProgoterPr ot ein of interest, a

protein translation initiation site with a reduced transl ation efficiency,
a sel ection mar kerAagdisclosed derein ayighi thesqmeﬁp@néehwtsam SeQUANCe 6RNof a

functional pr &gﬂ%f é(fpzli ﬁuﬁ%e{-ﬁg’één&%ﬁ@e ?g%ﬁﬁfiﬁ%?‘@%g‘gﬁ%&& {IR{t,em%'kﬂger red

enbodi nent sal N expressi on un rises
transgene expression independent of other transgene copies in tandem arrays,

and independent of gene-silencing influences at the site of integration. Hence,
15 the invention also provides a method for obtaining a cell which expresses two
or more proteins or a metho;i for identifying a cell wherein expression of two or
more proteins is in a predetermined ratio in which multiple copies of a protein
expression unit encoding a protein of interest is integrated into the genome of
said cell (i.e. in which cell, an amplification of the gene of interest is present).
20 According to this part of the invention, the protein expression units are
introduced simultaneously into said (host) cell or collection of cells by methods
known in the art. Recombinant host cells are selected by treatment with an
appropriate antibiotic, for example G418, using methods known in the art.
After formation of individual antibiotic-resistant colonies, another antibiotic or
25 a combinatiop of antibiotics, for example a combination of zeocin and
blasticidin, is/are applied, and antibiotic-resistant colonies are identified and
isolated. These are tested for the level of expression of transgenes.
In another embodiment the invention provides a protein expression unit

comprising



a nonoci stroni c gene conprising an open reading frame encoding a second
sel ecti on marker and wherein said nonocistronic gene is under control of a
10 functional pronmpoter. In an even nore preferred enbodi ment said protein
expr essi owausimesseonpri ses at | east two STAR sequences WGHRLEI08432
preferentially arranged such that s3&id protein expression unit is flanked
on either side by at |east one STAR sequence. Exanples of such a protein
expression unit are provided within the 15 experinental .part of this patent
application (for exanple Figures 1 and 5). |In another enbodinment the
rotein ex [ | ! '
Cequences, " uharohftdond chieaishde b obSf rod g HARP ofiRMRbE ATIORIAS, |
preferred eintertsteanprdtbin tranelationninitiatidnisite withr areducedtpardstian 20 unit
conprising -g bicistrani n readi ng frane encodi ng a

ni ¢ gene,co an
protein of eMGENCEsR Sg]ﬁcﬂ?’gfl@rke’f ggﬁiﬁi’ﬂg’&rﬁaﬂ‘xgi‘il%&r?@ﬁg? £48 RPEEr a reduced
transl ati oNg,, ﬁ%l'o?'a%@ﬁh}pﬂalsﬁoﬁﬁttélon mar ker and wherein said bicistronic
ro

gene is under cont nctional pronoter 25 - at |east one STAR
sequenceh andtleaste BTAR sequenve.ded Wi th a rmnom stronic gene cassette,

wherein said ST uence,i s de ed in Table 3 and/or fi 6 and/or a
functional equi %rﬁrPdP@Freél MW@H&ISa-\dr exﬁ’ﬁ%?sé% (f“ét\b@ﬁ nor e
preferred wagh Eh al d STAR seqguence is STAR18 I n anot her enbodi nent a
protein expression unit according to the 30 invention is provided wherein

sai d pr ot ei anicmoEtrnio gehenédxhpﬁ'sing an tbpaen/weaklin'g B3¢0 aiifrla R&EbnNL 03/ 00432

38 reduced transl atio eff l.ency copprises, an, | nt er nal boso ntry Site
(1 RES). Mor lpstis %ﬂf&%ef?lﬁcfal nogisteBic gqneps U o GBRTOT of Jet

anot hery d@”bﬁﬂic%ﬂklﬁréﬂﬁﬁe?' n expression unit according to the invention is

provi ded wherein sa rotein expression unit is a vector. In a 5 preferred
enbodi nent said IIhNﬁaemn nmre psefarmdcelnduodémenpbmdrpndtemmmr@smumﬁ used
i nt erchangeabl here| her enbodi. e r al

ent said, vect
vector and sambrings & Bhat b GHPRERVRISH §6 Araferetislly airenged sihovi r a
that sald protein expression unit is flanked on either side by at least one STAR

sequence. Examples of such a protein expression unit are provided within the
15 exper‘imental part of this patent application (for example Figures 1 and 5).

In another embodiment the protein expression unit according to the
invention comprises STAR sequences, wherein said STAR sequences are
essentially identical.

In a preferred embodiment the invention provides a protein expression

20  unit comprising
- a bicistronic gene comprising an open reading frame encoding a protein of
interest, a protein translation initiation site with a reduced translation
efficiency, a selection marker and wherein said bicistronic gene is under
control of a functional promoter

25 - atleast one STAR sequence, and is optionally provided with a monocistronic
gene cassette, wherein said STAR sequence is depicted in Table 3 and/or figure
6 and/or a functional equivalent and/or a functional fragment thereof and even
more preferred wherein said STAR sequence is STAR18.

In another embodiment a protein expression unit according to the

30 invention is provided wherein said protein translation initiation site with a



vector or a retroviral vector. It is clear to person skilled in the art that
other viral vectors can also be used in a nethod according to the

i nventi on. &ﬁ{ln a preferred enbodi mrent a protein expression unit according
to the inv %%W“?E provi ded, wherein_said protein of intBFENI30433N

| mmunogl obul in heavy chain. In yet andt her preferred enbodi nent a protein
expression unit according to the invention is provided, wherein said
protein of interest is an imunoglobulin Iight chain. Wen these two
protein expression units are 15 present within the sane (host) cell a

mul timeric prradsiced rahskatien effisianicy campyisea andntérnad RibesomasBnbydiite The

I nvention inc cel |l pbrquided w a _protein ressiqn unit
conprising a é#g{%? ﬁlﬁée Pﬁ‘?@?ﬁ%&gﬁ lﬂpgﬁepnﬁ'gu{?fégﬁ%{’ Eﬁ ¥ &M conprising at
| east one protein In%t%'&ﬁ@ﬁéxﬁ'ﬁod&ﬂiegltW&Qh'&p&&sﬁdﬁuhﬂ%@éﬂd@ﬁ'g todHeh a

(host) cell is then for exanple used for |arge-scale production processes.
The i nvent i oninvestionns puaidded wher¢insiaichpreteincexnyression myit is aaveebore Infa t he

nmet hods as,. descr.i bed herein. The i ntion furthernore jncl.udes .a protein
bt ai nabi & § r BYFEAEA RO Pt SeE TN AAroin 1 hyORiPE aSulegid B Prt ke
purification) ysetbinte@h@haddbly Hedéish). MnCirfither SmBodimhdntBid GestbPied Hirald even
nore preferably said nmultineric protein is an antibody. Such an anti body

can be used i vectphandriiz aunoxeeprefargdembpdignend said ajnal veetor dnan aderovizalegoi ng
di scussi on and the follow .ng, ex Les are provided for, . i 1] ystrative

DU poses. | anaVedilk ot e RETH N TenLdt Rtr i oaren SRl inihemst Hstedhan Sosa
PCT/ NLO3/ 004 3giraBPedtéseidin 4180 BE usbdin'R InétPbR akeordney totHiinveRtiON! de some of
the preferred enbodinents of the invention. Mdifications and variations,

whi ch mayl@ccur thn apeefefredrambredimenk alfrotain efpression wnis agparding torde

I nt ended scope_of .thi.s__invention..Various, ot het enbodi nents applv t0 the
present i nventI'gAoR if RepidFdgy Befein Paidista AF antiRs b 5 ammatopldhylih peg
el enents or nRedsy éHaindld PatldidtRer pidferrad eibodimeRt Aroteli® eRpessioh st i Ng
transcription includi n% pronoters, enhancers, introns, termnators, and

pol yadenyl at i 8eroxdingdo the payentigniisrnrouidedowherdinsatd peateinogf intarest is an

onoci st roni Cin%ﬂlqm%igfoib%ﬁirn né.hclz (gl%rllr?SWhgﬁ Qﬁése two protein expression units are
15 present within the same (host) cell a multimeric protein and more specifically
an antibody is assembled.

The invention includes a cell provided with a protein éxpression unit
comprising a STAR.

The invention also includes a (host) cell comprising at least one protein

20 expression unit according to the invention. Such a (host) cell is then for
example used for large-scale production processes.

The invention also includes a cell obtainable according to anyone of the
methods as described herein. The invention furthermore includes a protein
obtainable from said cell (for example, via the process of protein purification).

25 Preferably, s?id protein is a multimeric protein and even more preferably said
multimeric protein is an antibody. Such an antibody can be used in

pharmaceutical and/or diagnostic applications.

The foregoing discussion and the following examples are provided for

30 illustrative purposes, and they are not intended to limit the scope of the



anti-repressor elements or parts, derivations, and/or anal ogues thereof;

ot her 10 vector systens for delivery of the inventive DNA nol ecules into
eukaryotic host cells; and applications of the inventive nethod to other
transgeni W0 &18¢84s. WO 03/ 106684 PCT/ NL0O3/ 00432 40 EXANMPUED3/0mcanpl e 1:
STAR el enents and two-step selection3 nprove the predictability of
transgene expression 5 One object of this invention is to inprove transgene
expression for heterol ogous protein production by using a two-step
antibiotic selection procedure. The two-step pr ocedure i ncreases the

predi ct abi | jfpy 3 sl d REGATHGY, 55??; rfifil sbinB@? thBlereagliess L he

transgene to hi l'eve i'nc eas e yle het'er ol ogous
protein. 1O0ebbdimeits oﬁhhle hbxelnadn Madifioaitibns @imslt varid tioas, Wlﬂch)ﬁﬂy(ﬁicﬁz and
pSDH G B/ Z fam |igs of pl ds, were constructed ag follo The zeocin
sel ect abl e Wa‘?‘!@e‘?fe Qrdnary F%Hh% Mﬁs@eeaﬁé ACqpe.

anplificati ) using primners
E99 and Elogﬂlfﬁﬁ%P& p{ri% ﬁg?ez an(fq%?gse%%ﬁ%q :t?%gnucﬁié/gl??eég%equences are
i sted i Taelwlihg: othed selectabie mdrkacgemsad)dhyér IRES ¢lbmeXbaor aredndlof | si tes
of multiple clonin | (MCS) B.of _plRES ontech 6028:1) tp greate

pl RES- zeo. Wén‘b?*égg ik’h&l %tg’égye@{héﬁle@@@ Pngdganscrmpiquime ﬁW%R from
plasmd p n 5 d cl oned
directi on%@cﬁf %)A {é ﬁh&&g&? m\%iln %bﬁq;mg ??es’%%? egﬁé@ﬂ% (l)égroetgtag

pl RES- bsd. didersSA®ot seienedtichsodfithe mocidtﬂﬁﬂ@ahdﬁt)lsﬁrenmrgeaes;gﬁher was

recovered by PCR from pl asm d pSEAP2- baS|c tech 6049- rimers
FIl and ES74nHEPFasset CERLEOT BAP derpyat tsmzs Ana%ogareﬁzéerfeﬁ gﬁ%fp

LS, OO RSl 335 BRSO DR i OB ulat e O

reporter gene wa m plrasm rat agene 240059) by
restricti onhatgeHs; aad applicationk ofitlte fiiveRtive amsthod to other transgenic

systems.




| i gated directionally into MCS-A of plRES-zeo and pl RES-bsd to create

pl asm ds pl RES- GFP-zeo and pl RES- GFP-bsd. A linker was inserted at the 30
non-net hyl ated Clal site of each of these plasn ds (downs he WO
03/ 106684 MXOM¥0e84 00432 41 neonycin resistance marker) %%ﬁgﬂ¥ﬂ%g%ce an
Agel site using oligonucleotides F34"and F36. The pSDH- Tet vector was
constructed by PCR of the luciferase open reading frame fromplasmd
pREP4- HSF- Luc (van der Vlag et at, 2000) using 5 priners.C67 and C68, and
insertion of the Sacll/BanmH fragnment 4 EH"JJ/BanHI-digested pUHD10- 3
(Gossen & Bujard, 1992). The lucifera XpreSsion unit was re-anplified
with primers C65 and C66, and re-inserted into pUHD10-3 in order to flank
it with multiple cloning sites (MCSI and MCSII1). An Ascl site was then

i ntroduced i nExapnsie bySq'BAgeglﬁmnwi and grarRsteposelegtionsimprewedhea | i nker

(conprised of _anpeal 0l i t] nd D94). The CW pronoter was
anplified fro%%ag%ﬁ\gghgycﬂ/g?%g%%q}%&p$$%?%ﬁl D90 and D91, and used to
repl ace thg Tet - Of Onplobjset of tlis ipRRtiohds tb Ymphwiel tr&asddnedixpesdsismnioand

ligation to create vector pSDH CW. The luciferase open reading franme in
this vector wheteralggaeepreigingpedugtion by (usirg a jwetster aptipiobiqselagtigdls di gest ed

with Sacll an anHl d I ; |4 S

i sol ated f romg ﬁgﬁwﬁ%%%c%y&ﬁgﬁweggﬁ ?%ﬁ%sﬁéﬁ%%@e%ﬁ%@%é{% | i gat ed

i nto pSDH CWrédant¥ifahEhyatelllinkSbhatSxprb8s thdtiadByend Lo Eighdevdls ethgene under
control of the SV40 pronoter was jisolated from plasm d pBabe-Puro

(Mor genst er n &nqrapsing thegjeld pf therhetgrolpgoynpuetsin. 20 C81 and C82. This was

| i gat ed i%o vector pGA.3-control (BanH site renpoved) (Pronmega E1741)
digested wth Ncol/ Xbal, to.create pG3-puro. pGE3-puro was digested with
Bgl 1l Sall toMgserialeahdddgHdds puro resi stance gene, which was nmade bl unt
and ligated into Nhel digested, blunt-ended pSDH CS. The resulting vector,
pSDH CSP, i s dlhestmia comsinychionSTARIS was i nserted into 25 MCSI and MCSIT in

B Ll o R,
t he STAR el emenhstwiactedakdoliowe dlHeyzeoeist sdledtable miagkerivgas recovered by
15 polymerase chain reaction amplification (PCR) from plasmid pEM7/zeo
(Invitrogen V500-20) using primer—s E99 and E100 (all PCR primers and
mutagenic oligonucleotide sequences are listed in Table 1), and cloned
directionally into the Xbal and Notl sites of multiple cloning site (MCS) B of
pIRES (Clontech 6028-1) to create pIRES-zeo. The blasticidin selectable
20 marker was recovered by PCR from plasmid pCMV/bsd (Invitrogen V510-20)
using primers E84 and E85, and cloned directionally into the Xbal and Notl
sites MCS-B of pIRES to create pIRES-bsd. The SEAP (secreted alkaline
phosphatase) reporter gene was recovered by PCR from plasmid pSEAP2-basic
(Clontech 6049-1) using primers F11 and E87, and cloned directionally into
25 MCS-Aof pIFES-zeo and pIRES-bsd to create plasmids pIRES-SEAP-zeo and
pIRES-SEAP-bsd. The GFP reporter gene was recovered from plasmid phz-
GFP-1 (Stratagene 240059) by restriction digestion with Nhel and EcoRI, and
ligated directionally into MCS-A of pIRES-zeo and pIRES-bsd to create
plasmids pIRES-GFP-zeo and pIRES-GFP-bsd. A linker was inserted at the

30 non-methylated Clal site of each of these plasmids (downstream of the




The identity and orientation of the inserts were verified by DNA sequence
anal ysi s. Sequenci ng was perforned by the dideoxy nethod (Sanger et al., 30
1977) using a Beckman CEQ000 aut omat ed DNA sequencer, according to the WO
03/ 106684xB803/hd¥k8d3/ 00432 42 manufacturer's instructi onPCTHLaNN492 DNA was
purified fromE coli using Q ApreptaSpin Mniprep and Plasmd Mdi Kits

(Q AGEN 27106 and 12145, respectively). Cycle sequencing was carried out
usi ng custom ol i gonucl eotides C85, E25, and E42 (Table 1), in the presence
of dye term nators (CEQ Dye 5 Term nator Cycle Sequencing Kit, Becknman

608000) . pShkbiaPEinteatthilde mafker) 6o Htrod¥d £l ABEINite WHHE oligohittlestidss
follows: for receiving SEAP-| RES-zeo/ bsd cassettes, an Agel site was
i ntroduced ¥B4tand B3P.1 | site by insertion of a |linker, using

i | eoti d 32 F33;, f | Vi GFh~KLR l.bsd ttes,
Agel Si e vas 10TPRESTIe: vartor ResisBiSiol iy BoRrehs Hafges B0 ey ™"
usi ng ol | G0l gl o 1l RAGTP DHSISEAR (1 BESer VH erhlo 000 simghe!

inserted into the é)SDH— STARL8 pl asm repl acenment of the Bsu36l 1Agel
f ragment 5w primdrs C&bane £}68ndnd indertignofithe Suck{ BenaH frpmar/mto co/ bsd

| ids. T - - hLb ' bt DH- CSP- STAR
BI sz d: bygﬁgﬁ?é)%;ﬁgﬁgﬁ?etggfpm?égﬁé‘%%&% r P&&ﬁg%% ?ﬂeﬁﬁ‘g‘a@ﬁ? espondi ng
fragnents fpemeskidg wikGoasPERESIMAOEFitH pfleds CeEmd €66!! drdek-isastedd
famlies, pSDHSIB/Z and pSDH G B/ Z, are shown in FIG 3. Al cloning steps
were carri eintoUHN 108 im grdendo flagkrit stithomnltipledlomingtpjtestMCHleand act urer s

of the reag sed,, agcordi ng,to.nmet hods, kno My the art 2 afgbr ook et
. topo) MUSHIER ABESEA b hof adoRRA PR NS T, diacBibn A HEBRF Oy
cell 1ing CheHdsdriibalof@dinkeh) (copriséd bf khRshled o didatidenddegnd 10% Fet al

Calf Serumcontaining 2 mM 25 glutam ne, 100 U penicillin, and 100

m cr ogr ams/ M9+ Feep CORY promatersvasammlified frage plasmid rRCMVaBsd sutlenrimens t he
oS0t 12 135y B30 SUBFL R b AT ORS R BSAR  ur
over ni ght t §alDSQHYdegsttioneiEligatitiftd&ehte vector pPSDH-CMYV. The luciferase
open reading frame in this vector was replaced by SEAP as follows: vector
15 pSDH-CMYV was digested with Sacll and BamHI and made blunt; the SEAP
open reading frame was isolated from pSEAP-basic by EcoR1/Sall digestion,
made blunt and ligated into pSDH-CMYV to create vector pPSDH-CS. The

puromycin resistance gene under control of the SV40 promoter was isolated

from plasmid pBabe-Puro (Morgenstern & Land, 1990) by PCR, using primers

20 C81 and C82. This was ligated into vector pGL3-control (BamHI site removed)
(Promega E1741) digested with Neol/Xbal, to create pGL3-puro. pGL3-puro
was digested with BglII/Sall to isolate the SV40-puro resistance gene, which
was made blunt and ligated into Nhel digested, blunt-ended pSDH-CS. The
resulting vector, pSDH-CSP, is shown in FIG 2. STAR18 was inserted into

25 MOCSI and MICSII in two steps, by digestion of the STAR element and the
pSDH-CSP vector with an appropriate restriction enzyme, followed by ligation.
The orientation of the STAR element was determined by restriction mapping.
The identity and orientation of the inserts were verified by DNA sequence
analysis. Sequencing was performed by the dideoxy method (Sanger et al.,

30 1977) using a Beckman CEQ2000 automated DNA sequencér, according to the



reagent was conbined with plasmd DNA at a ratio of 6 mcroliters per 30

m crogram (e.g. for a 10 cm Petri dish, 20 mcrograns DNA and 120 WO

03/ 106684 PCTI NLO3100432 43 microliters SuperFect) and added to the cells.
After over nV@8/196684bat i on the transfection mxture was rRgQI/N@3Mo4s2t h fresh
medi um and the transfected cells wer® incubated further. After overni ght
cultivation, cells were seeded into fresh culture vessels and 500

m crograns/ m neomycin was added. Neonycin 5 selection was conplete within
3-4 days. Fresh nedium was then added containing zeocin (100 g/m ) and

cul tured fur theiufatitaeys thtudioaReBrisfyeDNA lastrdifidd Ro6mAEDcdlfMsingnd
cultured further. Expression of the reporter_laene was _assessed gi/]é’geasuri ng

SEAP acti vi t \RI&nyen dpimMiniprep sadiBlagmid Midi Katss(QIAGHN 27196 and

Al kal i ne Pho ta . J: V4 ]

Hent horn et :{nga‘*c?’%@é’()ﬁ‘ﬁ% S %}nﬁgﬁgﬁ?ﬁg‘%ﬁ% &%g%%?ogﬁ P ﬁgo%lb ?05’?%Smdi a
of the cl oneC8mEAechad Ha2e@able 1S ¢lhid prebehye dfhdytrpuingions CCEQDpat ech
Great EscAPe kit #K2041). Briefly, 15 an aliquot of medi um was heat

i nact i vat &d dierpenatorGucle Seausnsing Kit Begkmap 60800Pkr and CSPD
hem | um - ) 10
Tt o The.r at e PSPHGRE pERmUE AT, RTARIEn. AIREB HORE R

| umi nonet er  (fFlleweforfécdBibl SHAR-IRESNRMsdWassaltdss bl ARl sity veasunt i ng _
trypsinized cells in a Coulter ACT10 cel| counter. 20 Results Transfection

of the pSDH Spizodwpgthat hepPeldE sibe by desestionof 4 linkar; ngingadiggnpueleptides K82+ o) d

nore col oni es thl§§13, f | T € Y, ;@ft S : I resumabl y
due to the ir?élrdeaség&g?%:ggvg{léon oiR%rgﬁzﬁg{B%htcragns esé%lén ef%%%t%%ﬁo are able to
bring thaonedawodacedat tHeaBae3alaite Byoinsxticassf Dlinkdiaising cleganuchdotitleky pi cal

experinment is_shown in Table 2 _in which transfection of the enpty _vector
Vi ol ded - 100 Rétand E4PsThnSEAH TRESgeold capestiasctereonserted yoshARBD Ay cot or

yiel ded - 100Q:&p!aniefs plasmid by replacement of the Bsu36l/Agel fragment with the
corresponding fragments from the pIRES-SEAP-zeo/bsd plasmids. The GFP-
IRES-zeo/bsd cassettes were inserted into pSDH-CSP-STAR plasmids by
15 replacement of the Bglll/Agel fragment with the corresponding fragments from
the pIRES-GFP-zeo/bsd plas-mids. The resulting plasmid families, pSDH-SIB/Z
and pSDH-GIB/Z, are shown in FIG 3.

All cloning steps were carried out following the instructions provided by

the manufacturers of the reagents used, according to methods known in the art

20 (Sambrook et al., 1989).

Transfection and culture of CHO cells
The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61) was

cultured in HAMS-F12 medium + 10% Fetal Calf Serum containing 2 mM

25 glutamine, 100 U/ml penicillin, and 100 micrograms/ml streptomcyin at 37
C/5% COs. C:alls were transfected with the pSDH-SIZ plasmids using
SuperFect (QIAGEN) as described by the manufacturer. Briefly, cells were
seeded to culture vessels and grown overnight to 70-90% confluence. SuperFect
reagent was combined with plasmid DNA at a ratio of 6 microliters per

30 microgram (e.g. for a 10 cm Petri dish, 20 micrograms DNA and 120



The expression of the SEAP reporter transgene was conpared between 30 the

enpty pSDH- SI Z vector (hence, w thout a STAR sequence) and the WO 03/ 106684
PCT/ NLO3/ 00432 44 STAR18 vector (FIG 4). The popul ati ons of (418-resi st ant
| sol at es wobs§106684vi ded into two sets. The first set waspPcuNUos/ed32nv th G418

only (one-step selection). For thisdset, the inclusion of STARL8 to protect
the transgene from silencing resulted in higher yield of reporter protein:
the maxi mal | evel of 5 expression anong the 20 cl ones anal yzed was 2-3-fold
hi gher than the maximal expression |evel of clones wthout the STAR

el ement. Thenicrelitesd Sip&iFect) bAfdldddridae the dells) Afeasedraighdiinédliitiod yhe nore

t han 25% of the STAR18 clones had expression |evels greater than or equal

to the naxi ftansiegiionsmixiure Wmas|replaged Wmidufresh mediwmamnd $he gransdected n t hi s

Poel i | U MR bt furfi Al 30 PREARLTREE s e BRHEH PR
background lgeRlcultthe vessdl®ann 506 ndicropt ARk AsoByEn vaes dddedVMNUdNRes i N a

two-step selection. The second set of (418-resistant isolates was treated
wi th zeoBi nseleciionaeastqempleter withiry3rdaysyEreshapedivine stasdhenagdded wer e
assayed for expression .15 t heSEAP. repnokrt.er.tr ene,; lin | S_case too,
t he STARLS8 8?%%@“]?@ ﬁeﬂﬁ?eggéélg{%]g 3% eﬁ‘%g‘ggmﬁgﬁr'ﬁ%aﬁﬁgﬁﬂﬂlé‘ggzﬁ ones by
appr oxi mat eligolafedadterf £6dayd AadRubaired fbithér. Exp@sssids 6f tHiCiepasied geie

i ncl usi on of STAR18: '-'80% of the opul ati on had expression | evels greater
than the hi QW@setss(=>se19r1éo.éfsmﬁQStsqrmsaﬁ‘é‘a@slJJ a¢tiviby aprovinaately 8 vreksaftay sel ection
S corrparedtvm'tg%tthe two-step selection, it can be seen that the latter is
superior in PRERCYS™ bot h yield and predictability. |In fact with two-step

sel ectigp, no clones appear with background | evels of expression. This is
due to the requi rerrentl'i posed on clones that survive zeocin selection that

t hey have higiraea.g I KA ) fass
gene. As indicat i | i fHaty Q i ones by
t he second anti blgg:fb‘lﬁc]a%{éﬁbg( Its?te%"i@gﬁéggggh%%‘eétﬁg?gsg%’#gtlfng

findi ng hi glYapigadudi, 199%) g, culdiesd ntddiirbB thescloned was detdiniined @xpr essi on

unit, this increased Predi ctability is inproved framthree-fold. to
t hirty-f ol ddesgribed by the manufacturer’(Clontech Great EscAPe kit #K2041). Briefly,

15 an aliquot of medium was heat inactivated at 65 C, then combined with assay .

a1 A

buffer and CSPD chemiluminescent substrate and incubated at room
temperature for 10 minutes. The rate of substrate conversion was then
determined in a luminometer (Turner 20/20TD). Cell density was determined
by counting trypsinized cells in a Coulter ACT'10 cell counter.
20
Results
Transfection of the pSDH-SIZ-STAR18 expression vector consistently
results in ~10-fold more colonies than transfection of the empty pSDH-SIZ
vector, presumably due to the increased proportion of primary transfectants
25 that are able to bring the neomycin resistance gene to expression. The outcome
of a typical e'xperiment is shown in Table 2, in which transfection of the empty
vector yielded ~100 G418-resistant colonies, and transfection of the STAR18
vector yielded ~1000 colonies.
The expression of the SEAP reporter transgene was compared between
30 the empty pSDH-SIZ vector (hence, without a STAR sequence) and the



summary, when STAR el enents are used in conmbination with two-step 30
antibiotic selection, the predictability of finding clones with high yields
of a WD 03/106684 PCT/ NLO3/ 00432 45 transgene is dramatically inproved.

Appl i cati onYOX¥ P84 ncreased predictability to two or NnoOPET/NLEIN®IRNES
simul taneously will significantly inchtase the |likelihood of finding clones
that have high yields of multinmeric proteins. 5 Exanple 2: Sinultaneous
expression of two proteins is inproved by two-step selection and STAR

el ements A second object of this invention is to inprove the expression of

het er ol ogous SDARI1BRiektor (FOGEL)Fhé populasions bf Gal8aesistdiitdselutsgphérel0
denonstrates that the conbination of STAR el enents and two-st ep antl biotic

sel ection i nptigides mﬁetwpém%{l‘&arﬁrﬁ setoraselbuned swith G418comyiPrasteRost cel |

pol ypept i des SHHoqHea: HnaftaE Sofafe BchPitbh O£ PTARASHA Byt she BaShRICBRE
practice to nafldrcimf té‘suﬂfeﬁtlﬁlhlﬁhé‘zuﬁbldaﬁ‘ répoiteOptR6in: lthe nfaxdmadleel 8f ed in
this 15 exanpl e using two reporter proteins, secreted_ alkaline phosphatase

(SEAP)  arfu gemnsswmam«gérhe @m&ar(acbmfl was2al-fobd highea thantbes Pl asni s

20 The pSDH-SI B mlie d. |l e
1 are used. ?%’?"l%gﬁ‘*/&??gé?‘;eﬁeﬁ&gn‘?ﬁ ghtc}ilg %ﬁ?@%c@ﬁ%ﬁia H{C Eégpgf
host cells, MASE&%I&SI%@)&n@f&sd@ﬁﬁédl&ﬁBﬂib? E%e6phan 25%Tdfe;h@$amm elonéFP i s
per f or med accordr ng to the rranuf acture's instructions. 25 Results Results

show an i ncr caasdaxpressien levele grrater than et equad do the magiwune meﬁeéﬁlenrlgvelar e
Do et by STARLSE e B I NGRS SR Y el s
si mul t anemus kxdegmession@bove the background level, while only 50% of the STARIess
clones had expression above the background level.
The performance of STAR18 was even better when used in a two-step
selection. The second set of G418-resistant isolates was treated with zeocin.
Clones that survived the two-step selection regime were assayed for expression
15 of the SEAP reporter transgene. In this case too, the STAR18 element
increased the yield compared to the STARIess clones by approximately three-
fold. The predictability was also increased by inclusion of STAR18: ~80% of the
population had expression levels greater than the highest-expressing
STARIess clone.
20 When the one-step selection is compared with the two-step selection, it
can be seen that the latter is superior in terms of both yield and predictability.
In fact with two-step selection, no clones appear with background levels of
expression. This is due to the requirement imposed on clones that survive
zeocin selection that they have high levels of transcription of the bicistronic
25 SEAP-zeocin gene. As indicated in Table 2, the elimination of low-producing
clones by the second antibiotic selection step increases the predictability of
finding high-producing clones; when STAR18 is included in the expression
unit, this increased predictability is improved from three-fold to thirty-fold. In
summary, when STAR elements are used in combination with two-step

30 antibiotic selection, the predictability of finding clones with high yields of a



mul ti pl e pol ypepti des The expression systemtested and validated in Exanpl e
1 has been nodified to facilitate its application to any pol ypepti de that
is preferably co- 5 expressed with anot her pol ypeptide or pol ypeptides in a
host cel Iwobmrosedanpl e t he heavy and |ight chains of re®ORDdILANSM3I2ANt i bodi es.
It is designed for easy and rapid dbnstruction of the expression units.
This inproved systemis described in this exanple. 10 Materials and Mt hods
Plasm ds The construction of the plasmds PP1 to PP5 is described bel ow,
and their map is showmn in FIG5. Plasm d pd2EG-P (d ontech 6010-1) was

nmodi fied by A2m {g,lgg{ t pd2EGFP- | i nk.
The 15 Iinﬁ%drh% nﬁﬁ%e by a%#%a% in f’?%gﬁpc e?’%’??ggﬁléfgc?ﬁgé%%) i ntroduces
sites for ptmhﬁtabihtyﬁgl tiwlo, orandreEtra&gemsBimultaneomiyiwﬂlcshgmﬁmtlyT hi s
creates the,multiple i [ i,nser.t.ion STAR el enents. Then
i mer s FooincmRerdis estihood o Brdingaipnes ot Hoye el pildast R GREREpdoEHD,
whi ch was b g_ £d into the Bglll site of pIlRES (Contech 6028-1) to yield
pl RES- st uf. =20 I's introduces sites for the Ascl and Swal restriction
endonucl®ases at MCSI, and acts as a "stuffer fragnent" to avoid potenti al

i nterference, betwe JAR el enents and, adj gcent _pronoters. pl RES-.st uf was
o e, ST el i hP B pPOCHTRA 5 S 51 o
stuffier frm gé]@c% aﬁ)ﬂgmre ehdtitsRES el enent (flanked by nmultiple

cloning sites MCS A and B), and t he Sv40 polﬁadenyl ation signal. This
fragment was IlgAtsecbnd oblectdfethleamrentlblawmmwmweﬁ @ egp¥eskioniofpr oduced by

di t St ul |,d Th di
frames. of 1 REAraREpHe Sumeriadroteind plirbab ankboriee, This aXdmpRce vare |~

i nsert efgi NnHembliStrReeE thabehé cémbﬁfatfbfn &@ﬁz 'erIEQnﬁ@Ck%ﬂdFiEﬁr éﬂegkaxﬁ?oié»ﬁé | ows:
t he zeocin-resistance ORF was anpl | by 03/ 106684 PCT/ NLO3/ 00432

47 with pri adestlmanamesthaptechmabuas’mfmswmhmrecam@mmhwmﬂ@mﬂl and

Notl, and | LR gx%rg\éé l?alggce l\cyi)%i'c;p%l gx%atlleadm gr%tls% WO he%ero?oégu%l d pd2l RES-

polypeptides at high yields. This method of the invention is applicable in
practice to multimeric proteins such as antibodies. It is demonstrated in this

15 example using two reporter prdteins, secreted alkaline phosphatase (SEAP)
and green fluorescent protein (GFP).

Materials and Methods
Plasmids

20 The pSDH-SIB/Z and pSDH-GIB/Z families of plasmids described in
Example 1 are used. Cloning of STAR elements x and y, transfection and
culture of host cells, and SEAP assay are described in Example 1. The assay

for GFP is performed according to the manufacture's instructions.

25 Results
1
Results show an increased number of clones wherein the two reporter proteins

are both expressed. Moreover, expression was balanced in many of such clones.



| i nk-zeo. The neomycin-resistance ORF was anplified by PCRwith primers F19
and F20 from pl RES, digested with BanH and Notl, and ligated with 5

BanHl / Not | - di gested pd2I RES-1ink to yield pd2l RES-Iink-neo. The

puronyci n- r §0318668¢€ ORF was anplified by PCR with prinmer sPENLEAM3IF22 from
pl asm d pBabe-Pura (Mrgenstern & Land4 1990), digested with BanH and
Notl, and ligated with BanHl / Notl-di gested pd21RES-link to yield

pd2l RES-1i nk-puro. 10 The GFP reporter ORF was introduced into ‘

pd21RES- i nk-puro by anplification of phr-GFP-1 with prinmers F16 and F17,
and inserti orEghniple 3:Eabrallganiest CEttors for simultdnethie ekpoblisiontef i N MCS
A of the pd2l RE? l.i nk-puro plasmd, to yield plasmd PP1 (FIG 5A). Correct
orientation wadtltipderalgpepidesst riction mappi ng. The SEAP reporter ORF was

introduced into 1 =] nk- - iank- fﬁ%
anplification of g@%ﬂ%ﬁggﬁéﬁl%%éﬁﬁte%?@n%’?@@aﬂgﬁgh%% [ nsbé?%lll on of

t he EcoRI - di gmstHibdSoARcilitatsies hpplicitivnt toeadyopdtpeptids that ibptefdralily che

pl asm ds pd2l RES-1 i k-zgo (to vyield giasm’ PP2, FIG SE) anﬂ

pd2l RES- | | hk- pragessed With anosherspelypentifle qn Rolypeptidesdn abestseflefor 2pBwloas
verified by rasfyd.Ghi Hgﬁp ] rﬂ)@ L&, a

bi ci stronic ggi:]eeﬁ%ag& %(Hpr SSJI: onn%§ Pregbﬁlz)%})%%e{ﬁ%l?oﬁ g%%f‘g%&g% an%ieg%;%t e
resi stance naak@ rapidreoasthactivn of thig gxprussion waitst Thisinpioved isgsterl Bcti on with
separate anHE%i% oti ca,, a. ponoci stroni ¢ resi stance marker was i ntroduced as
fol l ows: pl seribed R dhis 8MBI8- with Cal, nmade blunt with | Genow enzyne,
and digested further with Bglll. This 25 liberated a DNA fragnent conposed
of the stuffier fragnment, the CW pronoter, the |IRES el enent (flanked by

mul ti pl e t0 onMagerialsemdMstkodsnd MCS B), the SV40 pol yadenyl ati on signal,
and the neonycin resistance marker under control of the SV40 pronoter. This
fragnment was €8 with the vector backbone of pd2EGFP-1ink produced by
digestion with Ba Al ;& BKsdAaRd HEIGR

descri bed above t@%}z%%%gﬁsd&%ooﬁr%ﬁgg%%%ﬁ@gg %12%3 18613%&%8 PCT/ I\?LOB/’O%?BZ 48
wer e i nt r oducrkir mapi islshoRBvin( FIGE55P)asnmdd ¢ AREGFIEMPloabethz@Ql G Bswas t es wer e

' ntroduced 10, \s%ict by tndortion orh Tinker at the BsiW site to yield pd2EGFP-link. The
15 linker (made by annealing oligonucleotides F25 and F26) introduces sites for

the Pacl, BglIIl, and EcoRV restriction endonucleases. This creates the
multiple cloning site MCSII for insertion of STAR elements. Then primers F23
and F24 were used to amplify a region of 0.37 kb from pd2EGFP, which was
inserted into the BgllII site of pIRES (Clontech 6028-1) to yield pIRES-stuf.

20 This introduces sites for the Ascl and Swal restriction endonucleases at MCSI,
and acts as a “stuffer fragment” to avoid potential interference between STAR
elements and adjacent promoters. pIRES-stuf was digested with BglIl and
Fspl to liberate a DNA fragment composed of the stuffer fragment, the CMV
promoter, the IRES element (flanked by multiple cloning sites MCS A and

25 MCS B), and the SV40 polyadenylation signal. This fragment was ligated with
the vector bz;ckbone of pd2EGFP-link produced by digestion: with BamHI and
Stul, to yield pd2IRES-link.

The open reading frames of the zeocin-, neomycin, or puromycin-
resistance genes were inserted into the BamHI/NotI sites of MCS B in

30 pd2IRES-link as follows: the zeocin-resistance ORF was amplified by PCR



Exanple 4: Predictability and yield are inproved by application of 5 STAR
el ements in expression systens STAR el enents function to bl ock the effect of
transcriptional repression influences on transgene expression units. These
repressi Qfp bpHokésgnces can be due to heterochromatin (" posnLoawos®ffects”,
(Boivin & Dura, 1998)) or to adjacamt copies of the transgene
("repeat-induced gene silencing", (Garrick et 10 al., 1998)). Two of the
benefits of STAR el enents for protein production are increased
predictability of finding high-expressing primry reconbi nant host cells,

and increas | ' *nol?l ; Lt
I 1 lustrat edﬁ?tr%ly élﬁ%ﬂsérgggﬁp%ﬁ @Jﬁgt e |a§%ﬁ§a gg:ci}{ %ﬁ%%g%ug?ﬁgg %I%dt he
pSDH vect or NotlhdndTifated mith BomHdNoilwdigested pdZHRES{Bik-koTwel d/pd2IRESva s
constructed by pol rase chain, reactj anplificatio P of the
| uci ferase Bﬁéﬁepeﬁﬁﬁ"mﬁlﬁ’e’eﬁ@%ﬁ% Q@ﬁ%w@mpﬁﬁéw&@ (WAEH PTIRSTS\] ag et
al ., 2000) ' 'GT?B é%gE ' ni c
ol i gonucl eo??%ggd?rize [ éﬁt |%r§§%§d %ﬁ{,ﬂ gﬁﬁﬁé%m%%%%etwgﬁl / BarH
}‘rag;rentsi nBan&EHthIBﬁgbﬁsiiedi;gHSRES-lhuleﬁeﬂi PEZIRTED itk - ey b, 1992)6 Thed
uci ferase expressi on uni re-a fi pI,j ners a , an

re-i nsertedp?-‘g%"b‘"ﬂwﬂﬁlﬁt@qem?d‘éﬁs q%p#x{igtﬁﬂy}ﬁél&mw Pﬁﬁlerﬁg&gia&%& oni ng
sites (MCSI b P Vi ' Is M‘I? by
di gesti on w&taﬁ‘dlgclxgﬁlh?r]?gﬁi@nsertq\@rﬁ&% a l%@d’%ﬁﬁg%ﬁwma%ﬁea ed
olcivg/ogug I ??aﬁﬂﬁtm%aggith ﬁmgzlﬂVNoﬂr—dirggﬂ;gtgd p&dﬁigg?pﬂmk g@ylield (rj o[n pl aslm' d
pCW- Bs n n - Wi primers an , and wused to replace
the Tot-Of fp%éw%ﬂkm“rﬁsm Tet by Sall/Sacll| digestion and ligation to
create ygctor pSﬁb@lﬂ? Stdr USRI ¥ £S5 Rﬁﬁ, d IS TRERED ]f'_ ukdbe 30 vector
was rep (gtced by SEAP Sléegbet gd A?ka%islng P g?spﬁgtgése) as fo POWSZ§V\D
03/ 106684 Paihphbiieation 48 phr-GFR-d with ppiank+sNG avad FA7garsd ambevdiom oSt and BanHl
and nade bl ynt;. the open 1 eadi was i ted. fr P- basi c
(d ont ech GES%G/RII 1%§te%‘gégglqpa§%qt¥e (%@gg?%gﬁsﬁ‘ggé“ b&%% en tQé “into
(F:’ gnDlt-t (C)::WO]E Olgﬁré%gr/g 8‘1%?%% g:% ?ﬁﬁl‘bﬁgmﬂ@ PUHIOYA). Trbsct DrRREAIGERAsUNder

verified by restriction mapping. The SEAP reporter ORF was introduced into

15 pd2IRES-link-zeo and pd2IRES-link-neo by PCR amplification of pSEAP2-

basic with primers F14 and F15, and insertion of the EcoRI-digested SEAP

cassette into the EcoRI sites in MCS A of the plasmids pd2IRES-link-zeo (to

yield plasmid PP2, FIG 5B) and pd2IRES-link-neo (to yield plasmid PP3, FIG

5C). Correct orientation was verified by restriction mapping.

20 Plasmids PP1, PP2 and PP3 contain a bicistronic gene for expression of
a reporter protein and and antibiotic resistance marker. In order to carry out
two-step antibiotic selection with separate antibiotics, a monocistronic
resistance marker was introduced as follows: pIRES-stuf was digested with
Clal, made blunt with Klenow enzyme, and digested further with BgiII. This

25 liberated a D’NA fragment composed of the stuffer fragment, the CMV
promoter, the IRES element (flanked by multiple cloning sites MCS A and
MCS B), the SV40 polyadenylation signal, and the neomycin resistance marker
under control of the SV40 promoter. This fragment was ligated with the vector
backbone of pd2EGFP-link produced by digestion with BamHI and Stul, to

380 yield pd2IRES-link-neo. Then as described above the GFP and puro cassettes



5 was isolated fromplasm d pBabe-Puro (Mrgenstern & Land, 1990) by PCR
using primers C81 and 082. This was ligated into vector pG.3-control (BanH
site renoved) (Promega E1741) digested with Ncoll Xbal, to create pG.3-puro.
PGL3-puro WAO 03iesesk ed with Bglll1Sall to isolate the SVARGINHNOMSE st ance
gene, which was made blunt and |igated® nto Mel digested, blunt-ended 10
pSDH CS. The resulting vector, pSDH CSP, is shown in FIG 7. Al cloning
steps were carried out following the instructions provided by the:

manuf acturers of the reagents, according to nethods known in the art

(Sanbr ook et atere inB®dpcedSiorfield BR¢ (FEG wh)) candtler SEAR amd zdd0Sissettes Wes | i n
two steps, by. 15 _di sti.oEig]fq t( =,§£§R el ement and the pSDH CSP vector with
an appropri at dntroduged t0 Y1 §y e7 991 | owed by ligation. The orientation of
STAR el ements in reconbi nant pSDH vectors was determ ned by restriction
mappi ng. The identity and orientation of the inserts were verified by DNA
sequence anal \ExamplsdsyPaedietability pods yield areimprovid byxapphication(@fanger
et al., 1917) ﬁ%ﬁgl% 20 Becknan CE%OOO €utomat ed DNA sequencer, according
to the maRuf Slements i eXProsSIORSyES A was purified fromE col |
using Q Aprep Spi BTMR eRhet8 Fandtiddstd lodlt the dfifdct of B aNsbPipHénMorepbéhsiohl 45,

respectively). Cycle sequencing was carried out using custom
ol i gonucl eot i defluex®s onErBnsgent dxpregsicabnits.) Thése repressionsimfluencds aipcbe

term nat 25 Ter ni pat | €..S ' it 608000) .
Transt ect| on. 1 CRtAREPEIHARS (ieerlon, R s o Pt RSSO o0 et o1
Ovary cell |ingj4ddat %&pk@B@%@ﬁﬂManQé%né"ﬁaﬁepeﬁtlﬁdﬁ&g Oée%/erﬁ%%@ciﬁkﬂ,.((ﬂ%ﬁi%ﬁ 10%

Fetal Calf Serum contal ning 2 utam ne, 1 penicillin, and 100

i cr ogr amslont. als A9BBDNEyioret he bpnafite ol STAGD lemiewts RapibenATodBeiay 5% 02,

Cells were transfected wi.th,the . .vector, .and its derivativas
contai ning STAREGRe SPRRHEAHI B RdE sl Piesifs brthier REbR RS s
descri bed by tdBs®idimgtaded yieRr duting prodiction ¥péles. TRadasbrlefitSalte U €
vessel s and grown overnight to 70-90% confl uence. SuperFect 5 reagent was

conbi ned wi t h ifnatrated INhig examald.zed in this exanpl e by

=]

15 Materials and Methods
Construction of the pSDH vectors and STAR-containing derivatives: The

pSDH-Tet vector was constructed by polymerase chain reaction amplification
(PCR) of the luciferase open reading frame from plasmid pREP4-HSF-Luc (van
der Vlag et al., 2000) using primers C67 and C68 (all PCR primers and

20 mutagenic oligonucleotides are listed in Table 1), and insertion of the
Sacll/BamHI fragment into Sacll/BamHI-digested pUHD10-3 (Gossen &
Bujard, 1992). The luciferase expression unit was re-amplified with primers
C65 and C66, and re-inserted into pUHD10-3 in order to flank it with two
multiple cloning sites (MCSI and MCSII). An Ascl site was then introduced

25 into MCSI by digestion with EcoRI and insertion of a linker (comprised of
annealed oli;gonucleotides D93 and D94). The CMV promoter was amplified
from plasmid pCMV-Bsd (Invitrogen K510-01) with primers D90 and D91, and
used to replace the Tet-Off promoter in pSDH-Tet by Sall/Sacll digestion and
ligation to create vector pPSDH-CMYV. The luciferase open reading frame in this

30 vector was replaced by SEAP (Secreted Alkaline Phosphatase) as follows:



digestion with Pvul) at a ratio of 6 mcroliters per mcrogram(e.g. for a
10 cm Petri dish, 20 mcrograns DNA and 120 microliters SuperFect) and
added to the cells. After overnight incubation the transfection m xture was
repl aced wli@hodsBe£sh nmedi um and the transfected cel | s wareNLiowsat ed
further. After 10 overnight cultivat#on, 5 mcrograns/m puronycin was
added. Puronycin selection was conplete in 2 weeks, after which tine

i ndi vi dual puronycin resistant CHO pSDH CSP cl ones were isolated at random
and cultured further. 15 Secreted Al kali ne Phosphat ase (SEAP) assay SEAP
activity (Bejer pBDRICMVIRES digddsiad\Pith SticIPhnd BhIPEI akidiadelBint; théang et

at, 1997) in the culture nedium of CHQ pSDH CSP cl ones was det erm ned as

descri bed bySEAR opemuéading feame masnsdeted@@atpwﬂmsiq &CIOMQQIMSQW Bbiyef | y,
I t heat t t ,65C, d th

Sosay bt f ey Sl RRuAT it AR Chedd 3010 nfRE"CRE Rt fecth

t enper at ur e HSPFHIEE, PRI ©Dmydhe réds3dta ned Eﬁ@aﬁa&t EontFA B €hé BVAOUASioleN

determned in a | um noneter *( Turner 20/ 20TD density was determ ned
by count bng wasyiselabid frdncplasmid pBab@dlurbe(MOA@ilsiem&l Land,u998) by PCR,

T fect d | t f | | ds_Th

o5t eosar condSBHoPOBeet (B AndOF RS Fasclhssd iB0 vestin i P B AR
Modi fied Eagiig riRdved) cPraﬁlégEq«namﬁaigbsé@rm Némmam ﬂgczahta PFGLBSuro.
penicillin, and streptomycin ( Era at 37C/ 5% C02. Cells were

co- t r ansf eco&Laburo whe dmstmn BgildSalldndsolate ti@rSVé@-pm regi»taBed 06684

ol asm d pBalbanestiish Yt peBRarl Beaghiao Nl Bipefid bhiiandsios” "

conpl et goi N PBPIPRIE Thealfefsaluﬂwgdﬁoﬂ ?lsmmmspnlslunbwa%mv mem§nt U-2
OS/ pSDH- CW cl ones were isolated at random and cul tured further
Luci f erase @&tepmywere carried out following the instructions provided by the

manufacturers of the reagents, according to methods known in the art
(Sambrook et al., 1989).
STAR elements were inserted into MCSI and MCSII in two steps, by

15 digestion of the STAR element and the pSDH-CSP vector with an appropriate
restriction enzyme, followed by ligation. The orientation of STAR elements in
recombinant pSDH vectors was determined by restriction mapping. The
identity and orientation of the inserts were verified by DNA sequence analysis.
Sequencing was performed by the dideoxy method (Sanger et al., 1977) using a

20 Beckman CEQ2000 automated DNA sequencer, according to the
manufacturer’s instructions. Briefly, DNA was purified from E. coli using
QIAprep Spin Miniprep and Plasmid Midi Kits (QIAGEN 27106 and 12145,
respectively). Cycle sequencing was carried out using custom oligonucleotides
C85, E25, and E42 (Table 1), in the presence of dye terminators (CEQ Dye

25 Terminator gycle Sequencing Kit, Beckman 608000).

Transfection and culture of CHO cells with pSDH plasmids
The Chinese Hamster Ovary cell line CHO-K1 (ATCC CCL-61) was

cultured in HAMS-F12 medium + 10% Fetal Calf Serum containing 2 mM
30 glutamine, 100 U/ml penicillin, and 100 micrograms/ml streptomcyin at 37°



Luci ferase activity (H nes & Shannon, 2000) was assayed in resuspended
cells according to the instructions of the assay kit manufacturer (Roche
1669893), using a |lum noneter (Turner 20/20TD). Total cellular protein 10
concent r at i B8 %@&%68et er i ned by t he bici nchoninic acid metBd@ 58‘5‘?@ ng to
the manufacturer's instructions (Si gmat5 B-9643), and used to normalize the

| uci ferase data. Results 15 Reconbi nant CHO cell clones containing the
pSDH CSP vector, or pSDH CSP plasm ds cont ai ni ng STARE or STAR49 (Tabl e 6),

was then. det o/ieE0s Gl weredtansiecisd i i’xtthé osRarLRyf Veest. it (Fi G 5).

As can be see éﬁ?ﬁé ghint s wer e
i sol ated that rag};{grlaeg?gmgﬂ%ﬂpg | gﬁgr S P alggs\?ﬁi{/ asnmcililég%es whose
expr essi on u_m&upedEectc(QIAﬁ}EN)jﬁ ddseFibed byrbhetmandfacturer. aneﬂy,tdeélsrvmﬂeer of
ety o " PR ARk el S xovernight Wi bt GG

I t
R O e N A L L

cl ones. 25 Rec aining t
pSDH CW pl asnligsstiomnwithrfwnd) 87 AREtio of STédesol{téabper n‘n)crogmm (ewgl forreetiOtowr 3

weeks. The lugjferase activity in haost cell s was t hen_deter and is
expressed as (\ﬁéﬂtﬁt 158, 2Q mi¢rogtamps Ptr?h?gs‘mgiﬂ?@ @}crohtﬁrﬁﬁ“ﬁ’fgﬁeqt})a’?g‘lagﬁe@é
protein. They Qg&? FBREef

expression 30 gﬁl%tegph élrgg?ﬂ%‘gﬁ%ﬁ)ﬁaﬂeqﬁg@@fess 1?:rlecgﬂfles ItI'%e hi ghest
expr essi on V\Dmhfﬁfshaﬁecﬁﬁﬁ Nrdyhet4aesfed2d ebBe weee incubat ST ARShet. After was

2-3 fold hi,gher tha expressi on from TAR-| ess clo TARE cl ones had
i ral  eBF o uPERERE et Ao, b RGBS P EAERG S PR A G- BRGRBEENThe. STAR

el ements conf %E:Ie%ﬁoﬁrvé‘e?st&f Opl@feeﬂx f%@k& a% eraémﬂeﬁ'timeflﬂdwhﬂiilpﬁ Iy‘é‘inem‘v‘”ts
15 to 20% of the cl ones | spl'ayed luciferase expression at |eve
conparable to res1s§mﬂa®HO/p$ﬁH—CSB claikéRvéressolateshat mindont hed leuttueed

expressi on Ievel These results denonstrate that, when used with the strong

156 Secreted Alkaline Phosphatase (SEAP) assa;
SEAP activity (Berger et al., 1988, Henthorn et al., 1988, Kain, 1997,
Yang et al., 1997) in the culture medium of CHO/pSDH-CSP clones was
determined as described by the manufacturer (Clontech Great EscAPe kit
#K2041). Briefly, an aliquot of medium was heat inactivated at 65°C, then
20 combined with assay buffer and CSPD chemiluminescent substrate and
incubated at room temperature for 10 minutes. The rate of substrate
conversion was then determined in a luminometer (Turner 20/20TD). Cell
density was determined by counting trypsinized cells in a Coulter ACT10 cell
counter.
25 \
Transfection and culture of U-2 OS cells with pSDH plasmids
The human osteosarcoma U-2 OS cell line (ATCC #HTB-96) was
cultured in Dulbecco's Modified Eagle Medium + 10% Fetal Calf Serum

containing glutamine, penicillin, and streptomycin (supra) at 37°C/5% CO2.

30  Cells were co-transfected with the pSDH-CMYV vector, and its derivatives



pronoter, STAR elenents increase the yield of heterol ogous proteins
(luciferase and SEAP). Al three of the STAR el enents introduced in this 10.
exanpl e provide el evated yields. The increased predictability conferred by
the STARVEIBeG86 i s nanifested by the | arge proporti orp@iNLd@o3Eones with
yields equal to or greater than theShighest yields displayed by the

STAR-1 ess clones. Exanple 5: STAR el enents inprove the stability of
transgene 15 expression During cultivation of reconbinant host cells, it is
comon practice to maintain antibiotic selection. This is intended to

prevent traaesinphg STARG & STARBAA MCSI aadIMEBID ¢i®ngWith @ifs®id pBibe-
transgene fromthe genone by processes such as reconbination. wever it is

undesi r abl éPyre) usingioaparFactofsupta)p Purenyein selactignwamheomplete tnd sresksFi r st |

the antibiotdcs jthat.are use re quite expensiV L but e

St ont 1 canttenehiohdifh indi ity fuinyeR whiient GiE OSIPSDFEPMY dtéhts

bi ophar mac aéicCigblabsiat t4ifloRk @h8iclltided flghetenonst rably pure, with no
traces of the antibiotic in the product. One advantage of STAR elenents for

het er ol &gous protein production is that they confer stable expression on 25
transgenes ﬁur.bng eorol onged cultivation, even in the absence of antibiotic
sel ecti on; LT y is denonstrated in this exanple. Materials and

Met hods The U 2 IGRifefdde dctivety@Rmdsa® Shaaned, 2000) viditadahgsdinl pSDH- Tet - STARE

30 and cultivated as described in Exanple 4. |ndividual puromnycin-resistant
WO 03/ 1066g¢sreppndedeels agordie tol thednstnueonssofl theawsan ftomanifasteert ur t her

I n the absence, o ycl.ine., At. weekl y, inte cel l.s were .
transt er  ecsny 66T Faink W aolioplRiT Hurpor AYRTTY oS pefetiEoRotein,
acti vi ty WanoBmehfies wils iteiitied Hy IR Miginthasinidlesa thad@ddidecérdin@ts 4-
After 15 weeks the cultures were divided into two 5 replicates; one
replicate dbetmaneficturer’sdestructionsoipyena B-A613)e andaised fte normalipe the e
received n ?{}éﬂa%&gita% for the remai nder of the experinent (25 weeks

total). Re ] ble 7 presents the data on |uciferase expression by an
expression unit

Results

15 Recombinant CHO cell clones containing the pSDH-CSP vector, or
pSDH-CSP plasmids containing STAR6 or STAR49 (Table 6), were cultured for
3 weeks. The SEAP activity in the culture supernatants was then determined,
and is expressed on the basis of cell number (FIG 8). As can be seen, clones
with STAR elements in the expression units were isolated that express 2-3 fold

20 higher SEAP activity than clones whose expression units do not include STAR
elements. Furthermore, the number of STAR-containing clones that express
SEAP activity at or above the maximal activity of the STAR-less clones is quite
high: 25% to 40% of the STAR clone populations exceed the highest SEAP
expression of the pSDH-CSP clones.

25 Recom’binant U-2 OS cell clones containing the pSDH-CMYV vector, or
pSDH-CMYV plasmids containing STARG or STARS (Table 6), were cultured for
8 weeks. The luciferase activity in the host cells was then determined, and is
expressed as relative luciferase units (FIG 9), normalized to total cell protein.
The recombinant U-2 OS clones with STAR elements flanking the expression

30 units had higher yields than the STAR-less clones: the highest expression



fl anked with STAR6 during prolonged growth with or without antibiotic. As
can be seen, the expression of the reporter transgene, |uciferase, remains
stable in the U2 OS host cells for the duration of the experinent. After
the cultur ¥ %ReP¥8%Yi vi ded into two tr%?t ments (plus anti YGHNEO3QMI2wi t hout
15 antibiotic) the expression of lucif¥rase was essentially stable in the
absence of antibiotic selection. This denonstrates the ability of STAR

el enents to protect transgenes fromsilencing or |oss during prol onged
cultivation. It also denonstrates that this property i s i ndependent of

antibiotic seowemdrfromﬁ'léABB&l@esw&m%ﬁf@W@g BF thax the exprgesian Broam wi t hout
th
brocesst ng. BeTgRcet dghelt SABE LoRe? b BBl Seblg Sl QU ol f Blber o

elements are ﬂlﬁ‘ﬁ'b&b@FARqeééélGnébemh@STARfeﬁﬁﬂem dasaredgrbdier ei n.  The
screen uses libraries constructed with human genom c DNA that was size- 25

fracti ](c)nat ed predigbpbidity #ﬁt‘@lb for. bpth SZFIFRI%% 18tp 28% of the clomer el enent sf
5
e 17 SO oA, B AR ) e M e 1

smal | er DNA fgaaREREs &1baev¢1ﬂeth@high@lst yxpresdiah deletl one. It is useful to
determ ne these mni mum f ragrrent sizes that_ are essential for STAR activity,

30 . for two reasokieserpsults demansizate thadt whanused st thaaireng ¢MYd be WO

g%rlggg?gnpveé]{wi&%p?ﬁ%%ei%ﬁ?’lqyﬁﬂ&\a/egg ors. ragﬁl“l ?&ﬁg I?J%l%?%@wth hi gher

ef ficiency. Sgﬁ@miasaeh&sﬂmli’m\u three wmeeS'SARtelaineSIsbﬁitﬁahmedeﬁshger mts
the nodification of those uences for enhanced functionali Two STAR
el enent s %veemnlemrﬁ@ds% d vieddsiebhe incrrased eredigtahilbisy 0@5%@9@. ¥/the

sequences. (1520
base pairs) have@begé%eﬁ %lesl\ﬁ EIBE Sd%%%qﬁlgﬁl}}qéggﬁ%}% ?%%f?e%'&v W@syl eld
sub- f ragment se@fialto o gpsctst ltrhale Itlxe highebt yiehly displayed by the BTAR-ledswlonigsi ti al
testing, these have been cloned into the pSel ect vector at the BanH site,

and transfected into U-2 OS/ Tet-Of/LexA-HP1 cells. The constructi on of the
host strains E@ﬁnﬂﬂ%rb STAR elements improve the stability of transgene

15 expression

-

During cultivation of recombinant host cells, it is common practice to
maintain antibiotic selection. This is intended to prevent transcriptional
silencing of the transgene, or loss of the transgene from the genome by
processes such as recombination. However it is undesirable for production of

20 proteins, for a number of reasons. First, the antibiotics that are used are quite
expensive, and contribute significantly to the unit cost of the product. Second,
for biopharmaceutical use, the protein must be demonstrably pure, with no
traces of the antibiotic in the product. One advantage of STAR elements for
heterologous protein production is that they confer stable expression on

25 transgenes Quring prolonged cultivation, even in the absence of antibiotic

selection; this property is demonstrated in this example.

Materials and Methods
The U-2 OS cell line was transfected with the plasmid pSDH-Tet-STAR6

30 and cultivated as described in Example 4. Individual puromycin-resistant



described (van der Viag et al., 2000). Briefly, they are based on the U-2 OS
human osteosarcoma cell |ine (Anerican Type Culture Collection HIB-96).. U 2.
15 OS is stably transfected with the pTet-Of plasm d (C ontech K1620-A),
encodi ng wiops/mises4n chi mera consi sting of the Tet-repres®OT/NDBBOMBNdI ng

domai n and the VP16 transactivati onSomain. The cell line is subsequently
stably transfected with fusion protein genes containing the LexA DNA bi ndi ng
dormai n, and the coding regions of either HPl or HPC2 (two Drosophila 20

Pol yconb group proteins that repress gene expression when tethered to DNA).
The LexA-r eglopes wergizobited nadwatidvated fiurthler of thdabdesice OF otyoyolne.i At i onal
regul atory system (Gossen anﬁEBuj ard, 1992). After selectiop for hygromycin
resi st ance, WEBKIX- Atsthefetls seere fra pch#p fnegh g ¥e§s8Es lotcent rati on.

Tr ansf ect ed . j? ' it ' ] . jlity of the
25 STAR fra%l?r‘gér}@ °?§'2§’r' %’tla gig?lla{gﬁé@%%@oﬁgﬁg&%@%&nﬁjﬁﬁm&%ﬁ %épr ession
due to Lexdeddibeliind@Etagnplé. AFiet A668de 3T heMulir8d#are dbbddéemtottaro In this

experiment STARLO and STAR 27 confer  good protection agajnst ene

silenci iy, kepheatpss pae remicate pontinyadsto; receiys PMEAMEEIN, othebwt h in the
presence Of yg6idroctival o Wintihi SRS Hoadah g ekférifictiQabarginal o)
confers on ranstected cells VI gorous growth in the pteésence of zeocin,
exceedi ng ttogal)of the full-length STAR elenent. Cells transfected with

pSel ect constructs containing the other 2 sub-fragnents do not grow in the
presence of zeocin. These results identify the -400 base pair 10A fragnent
as enconpasR' he 10 DNA sequence responsi ble for the anti-repression
activity of 0. STAR27 confers noderate growh in zeocin to transfected

cells iX0this €eRgisde iTnmreberitelthe 83a oOhacifefradchexprabeion byraanéxpressivh unitSTAR,
27B (-500 bgse airs ermts weak grow h of the hgst cellg.in
zeoci n- contﬁ?%kfﬁgwh@d%@ﬁﬁe g w@g%quserpwah “flﬂéoéﬁf‘al%ﬁlnég’é?%‘h Aftivity

of this STAR. ' d ' = , ful
Scti Vi ty 1 et B Ba, o borksiofl G kb byt Aol RINECRR, pellhind! L ) s
wel | . stable in the U-2 OS host cells for the duration of the experiment. After the

cultures were divided into two treatments (plus antibiotic and without

15 antibiotic) the expression of luciferase was essentially stable in the absence of
antibiotic selection. This demonstrates the ability of STAR elements to protect
transgenes from silencing or loss during prolonged cultivation. It also
demonstrates that this property is independent of antibiotic selection.
Therefore production of proteins is possible without incurring the costs of the

20 antibiotic or of difficult downstream processing

Example 6: Minimal essential sequences of STAR elements
STAR elements are isolated from the genetic screen as described herein.

The screen uses libraries constructed with human genomic DNA that was size-
25 fractionated }:o approximately 0.5 — 2 kilobases (supra). The STAR elements

range from 500 to 2361 base pairs (Table 6). It is likely that, for many of the

STAR elements that have been isolated, STAR activity is conferred by a

smaller DNA fragment than the initially isolated clone. It is useful to

determine these minimum fragment sizes that are essential for STAR activity,
30 . for two reasons. First, smaller functional STAR elements would be



Exampl e 7: STAR el enents function in diverse strains of cultured manmalian
cells 20 The choice of host cell line for (heterol ogous) protein expression
is a critical parameter for the quality, yield, and unit cost of the
protein. COfEPHEEt i ons such as post-translational nodifiRGVNBROMRZecr et ory
pat hway capacity, and cell line i mor t4l | ty dictate the appropriate cell
line for a particular biopharnaceutical production system For this reason,
t he 25 advant ages provided by STAR elenents in terns of yield,
predictability, and stability should be obtainable in diverse cell I|ines.
Thi s was t est advintagemuwgpmr thegldsipn 6ficoatpash expreSdidRFectors,entaismaller 2 OS cel |

line in which it was ofigjnally clqned, and.the ceJl, line which is
wl Qe appl | oGRS BRBEEEnhoT e s it Bistes PHiseesT- Seivl. Je)UH I £o
Material s anddYﬂ&eﬂséssZHﬁ?fgﬁgmsggggaﬁc&fpe%ﬁf@éh% ,ﬂpafﬂ%aﬁeﬁ%wlw&et 0.

Results 6 The expression o reporter gene in CHO cells is presented
in FIG 8; theegencesfirenbancedfunativnhlitynskwe SPAR demgatie have beén B8ecel |s i s

presented Ln FIG 9. By, conpari,.son of .the results of these two experiments,
it is appétr emappﬁgttotdﬁipr%péﬁgrmpaigsqegﬁ@{l PYHEPH both cell ines:

reporter gene expression was nore predictable in both of them and clones

of each cell line 10 displayed higher yields, when the reporter gene was
shi el ded fr omViaterinlsoand Mdthads by STAR6. These two cell |ines are derived

and ovary) . refi eco AR PasPrIGRErTABSY (b0 Barpainin it
Bcampl e 6 STRRE B SR e b e R B O et pt i onal
pr onot er s10r anppraxématelyequablengbh (BIGh 0 legead) Horphiialigsting, thesmbgesme open
been cloned into the pSelect vector at the BamHI site, and transfected into U-2
OS/Tet-Off/LexA-HP1 cells. The construction of the host strains has been
described (van der Vlag et al., 2000). Briefly, they are based on the U-2 OS
human osteosarcoma cell line (American Type Culture Collection HTB-96). U-2
15 OS is stably transfected with the pTet-Off plasmid (Clontech K1620-A),
encoding a protein chimera consisting of the Tet-repressor DNA binding
domain and the VP16 transactivation domain. The cell line is subsequently
stably transfected with fusion protein genes containing the LexA DNA binding
domain, and the coding regions of either HP1 or HPC2 (two Drosophila
20  Polycomb group proteins that repress gene expression when tethered to DNA).
The LexA-repressor genes are under control of the Tet-Off transcriptional
regulatory system (Gossen and Bujard, 1992). After selection for hygromycin
resistance, LexA-HP1 was induced by lowering the doxycycline concentration.
Transfected cells were then incubated with zeocin to test the ability of the
25 STAR fragmgnts to protect the SV40-Zeo expression unit from repression due
to LexA-HP1 binding.



readi ng frame under control of an exogenous pronoter. The choice of pronoter
20 is influenced by the nature of the (heterol ogous) protein and the :
production system |In nost cases, strong constitutive pronoters are

pref erredwbeg/ass® of the high yields they can provi de. PEaMNLO¥DNM4AL pronoters
have these properties; the pronoter¥Senhancer of the cytonegal ovirus

I mredi ate early gene ("CW pronoter"”) is generally regarded as the
strongest pronoter in common 25 bi otechnol ogi cal use (Boshart et at, 1985,
Doll et al., 1996, Foecking & Hofstetter, 1986). The sim an virus Sv40
pronot er i sReksksnoderately strong (Boshart et at, 1985, Foecking &

Hof stetter, 1986 nd is frequently used for ectopic expression in

manmal i an cel | vtb%ﬁ@?P%@%sTéﬁllmg'@B 2% C‘PW@ESP  Brote¢ilomagHpser | s
repressed i f t [ : il ofl

(doxyeyel i nEeRe SIHERENE exloclol FROAT). T¥Ra 36 nlHiBeblt by o Rllieb PR 55,

03/ 106684 PthHe piddsn@Ddf¥idocim( pl asm d (C ontech K1620-A), and renoval of the

antibiotic resul in_transcriptional induction (Deuschle et at, 1995,
Gossen & Buj ard,biﬂ@ﬁz? STARO sub-Baements, 1939@,409#}% P@P%P‘?‘,ﬁte{%%). 5

Materials a Mk | at vectors
I s descri be‘E}qnlygetcE&z:?repqseﬂg?ﬁggﬁévg%ﬁ){hse%rg%rgﬁ‘beg%oglgf g,g&gg%c? q':m/om
pSel ect - SVAthefudl-lenkble STAR elentynty€ell® transfectedwithl phalattsconptraktact - SV40- zeo

is constructed as follows: the pREP4 vector (Invitrogen V004-50).is used as
the pl asni deombayHBgkBe other; 2 pbsfragments, do ngt gE9W; 1mihe DERSepce,pf #A0SINL{

replication - L F]wﬁl (Y ANe| : 'fg{k-n& ' (. Lcation
in prinmate ’(I:‘QP% ﬁ%%ss ]ld? e %%gr%&yﬂcﬁgﬁq)ra félgli%%an e %@%aese%ct%ﬁﬁ%ﬁ%ﬁ hgl% di ne
Ki nase p0 onDINA sequbncp abypuimible dbr thie miti-eepression alctivityaf STAR¥mal i an cel | s;

and the ampicill]j resi sfance gene and col El qrigin of replicatign for

mai nt enance. | n ESRABRY cplera lodorate EFRItH g8 Feacin oA tEATRLectesh pellsnit | ve
LexA oper at ' ] t bl i { and

i ngst on, 1004 Ry BFCIE6E ORealr the Bl Hign s of s FPAR, PR (- R0BRR 07 &
pol yl i nker pairs), permitsofedkhgrowihlof ehe hostr @llisin zeocin-dntaning medium.

Hi ndl 1 1-Ascl]-BanHl - Ascl - H hdHl ., Between t he . Nhe| _si d a.Sall siteis
the zeocin JFB&% egatis éﬂwm-r@ﬁ%essvwcﬁ%méh%ﬁﬁ‘@ 1s partially
15 localized on sub-fragment 27B, but full activity requires sequences from 27A

and/or 27C (each ~ 500 base pairs) as well.

Example 7: STAR elements function in diverse strains of cultured
mammalian cells

20 The choice of host cell line for (heterologous) protein expression is a
critical parameter for the quality, yield, and unit cost of the protein.
Considerations such as post-translational modifications, secretory pathway
capacity, and cell line immortality dictate the appropriate cell line for a
particular biopharmaceutical production system. For this reason, the

25 advantages Il)rovided by STAR elements in terms of yield, predictability, and
stability should be obtainable in diverse cell lines. This was tested by
comparing the function of STARG6 in the human U-2 OS cell line in which it
‘was originally cloned, and the CHO cell line which is widely applied in
biotechnology.

30



20 pol yadenyl ation site, derived from pSv40/ Zeo (Invitrogen V502-20); this
Is the selectable marker for the STAR screen. pSDH SV40 was constructed by
PCR anpl i fi 232{36% the SV40 pronoter (priners D41 and D42 from Iasm'd
pSel ect - SV40* 81 1 owed by di gest i op, of the PCR pr oducPC P?i’/@ and
Sall. The pSDH CW vector was di gested %5 with Sacll and Sall to rermve t he
CW pronoter, and the vector and SvV40 fragnent were ligated together to
create pSDH SV40. STARE was cloned into MCSI and MCSI|I as described in
Exanpl e 4. The plasm ds pSDH Tet, pSDH Tet- STAR6, pSDH Tet - STAR7, pSDH SV40
and pSDH SV40Miﬂmm@Mﬂlhﬁ§:ansfect ed with pBabe-Puro into U-2 OS using

Super Fect as descr, e 3/106684 /NL /00432 58 manufacturer.
Cel | cultivation, %‘Eﬁﬁ’fﬁ% gtﬁv@cﬁto q ‘ﬁ‘ﬂ“ﬂ T&t8 et e assays were carried
out as described in Example 4. Results 5 FIGS 9, 11, and 12 conpare the

expression of the luciferase reporter gene from3 different pronoters: two
strong and COBSﬂLL&Jtlve viral pronoters (CW and SV40), and the induci bI e

Tet-Of t th tested i h t ext
STARE el oot i n U2 eXpisaod of P SRR FiEeFicy Banher (O BHER biRbegRih 5n
predictabili tFIG@"t‘hé‘le#pﬁsﬁbﬁrﬂ?ftEé Rucifeaskrebbftes 38R iR -2 Eells i3 descri bed

I n Exanpl es 4 and AR6 is beneficial in the context of the CW pronoter
(FIG9). Simi pmsentm}m/EI@@t Byapmpszison iofithe tesultsrifehesetwae expesimentsy Uhlﬁt er

FIG 11 th | d,f t- Al 2-3
ér eat er )| t hanei’l 5 Qgttﬁﬁfgﬁgrhé’g/gggﬁf gt i %ﬁﬁ%?‘%n”gﬁ&oﬁ 8%&3‘%0’%&’8?“{ ﬁgne
popul ation) hagy e¥é18hd§a§1ﬁ19i’@bré<ﬁlc%ﬁb1ehﬁ HoER of #iRen®, A R8s of @mﬁeeﬂ Finé he

context of the ﬁrom)ter under i nduci ng Iow doxi‘gi;cl i ne)

concent r alf ondlspmﬂﬂna evyields; when tha e‘emzéeldgeanps slieddedbfrom gosiden

t th h t h
Dot ord i onopfeit B TTARe: Thessel GG RIRA A UeRabeBifatos (350
of the popul gufRah ahdeanisiRkIEnd LFeént ﬁ@dhetdyﬁe@@&dnesamxbeﬁ% refledng It 1S

20 concluded that this STAR elenment is versatile inits trans
gene- pr ot ect i Hae bysadpanige of host ¢edls inwhigh this§TRAR relementean bautibized i i ous

bi ot echnol ogi cal {‘(X/mg %eyelrologous protein expression.

15
Example 8: STAR elements function in the context of various
transcriptional promoters

Transgene transcription is achieved by placing the transgene open

reading frame under control of an exogenous promoter. The choice of promoter

20 is influenced by the nature of the (heterologous) protein and the production
system. In most cases, strong constitutive promoters are preferred because of
the high yields they can provide. Some viral promoters have these properties;
the promoter/enhancer of the cytomegalovirus immediate early gene (“CMV
promoter”) is generally regarded as the strongest promoter in common

25 Dbiotechnological use (Boshart et al., 1985, Doll et al., 1996, Foecking &
Hofstetter, 1;986). The simian virus SV40 promoter is also moderately strong
(Boshart et al., 1985, Foecking & Hofstetter, 1986) and is frequently used for
ectopic expression in mammalian cell vectors. The Tet-Off promoter is
inducible: the promoter is repressed in the presence of tetracycline or related

30 antibiotics (doxycycline is commonly used) in cell-lines which express the tTA



pronoters of transcription. Exanple 9: STAR el enent function can be
directional 25 While short nucleic acid sequences can be symetrical (e.g.
pal i ndrom c), |longer naturally-occurring sequences are typically

asynmet r iw@l03/106884 a result, the information content of ®GENI0Z0@3E d
sequences is directional, and the s€quences thensel ves can be descri bed
wWth respect to their 5° and 3' ends. The directionality of nucleic acid
sequence information affects the 30 arrangenent in which reconbi nant DNA
nol ecul es are assenbl ed usi ng WO 03/106684 PCT/ NLO3/ 00432 59 standard

cl oni ng t eqgladAIRECIsARNA KT62008), ahld redval 0khedntibiotic +8§ifl}s inSTAR el ement s

are long, asymmetrical DNA sequences, and have a directional ié%z based on

t he ori ent drdmseriptional induction (Renechle etjnhal 995, kasser & Bujard, p922,deumivect or .
In the exa ' above Si,n STAR el enents in pSDH 5 vectors, this
directi ona{?m\ﬁ?&gs@oﬁﬂﬁ étlﬂi’ggto)}ﬁent ation is described as the native
or 5 -3" orientation, relative to the zeocin resistance gene (see FIG 13).

In this exanple the inportance of directionality for STAR function is tested
in theSpSMaterialy anddvethedace the reporter genes in the pSDH vectors are

fl anked on bot hysi des, by..coppgs STA of interest..the
orientation of H:.o%trgﬁggﬁgﬁv I%Bﬁ}g%t %‘ﬁgsid’?ﬂwwﬁf B4 cgbggrrpar es
the native jpIE:@miplel £ HSDHISV40IS, zﬁﬂ@ﬁ?éttcﬁth@fd, detivbd ®dont pBEletBEV4bbiea! i al s
and Met hods: The STAR66 el enent was cloned into pSDH Tet as described in 15
Exanmpl e 4. Thepseb®tion vectowfor STAR elemends,tnleledt: SV 40-zemiscongametetcas

Beanpl e 4. S0 HEAERE £ hedbh IRu PRREy b S it 4Bl liid Tole "o

| uci f enngse va¥Rh&ES imprmaesiﬂi@pﬁt@ﬁpmﬁ S1EB oFighe df tepHehfibn add IBNW-1S The

results of the conparison of STARG66 activity in the native orientation and
t he opposi taclearemtigancior high-cinyvapisoma wplisation ém psmEeaelldingshthee

opposite onrientation, the vield of | v; one,.cl one i s reasonabky high (60
Ui 1 er ase HEFYRY S tesiaifngeqne with the Shyplidine iiage rombte 98 Lsi ng ol one
when polyadenylation site, for selection in mammalian cells; and the ampicillin

resistance gene and colE1 origin of replication for maintenance in Escherichia

16  coli. The vector contains four consecutive LexA operator sites between Xbal
and Nhel restriction sites (Bunker and Kingston, 1994). Embedded between
the LexA operators and the Nhel site is a polylinker consisting of the following
restriction sites: HindIII-Ascl-BamHI-Ascl-HindIIl. Between the Nhel site and
a Sall site is the zeocin resistance gene with the SV40 promoter and

20 polyadenylation site, derived from pSV40/Zeo (Invitrogen V502-20); this is the
selectable marker for the STAR screen.

pSDH-SV40 was constructed by PCR amplification of the SV40 promoter

(primers D41 and D42) from plasmid pSelect-SV40-Zeo, fo]lqwed by digestion
of the PCR product with Sacll and Sall. The pSDH-CMYV vector was digested

25  with Sacll a1,1d Sall to remove the CMV promoter, and the vector and SV40
fragment were ligated together to create pSDH-SV40. STAR6 was cloned into
MCSI and MCSII as described in Example 4. The plasmids pSDH-Tet, pSDH-
Tet-STARS6, pSDH-Tet-STAR7, pSDH-SV40 and pSDH-SV40-STARG6 were co-
transfected with pBabe-Puro into U-2 OS using SuperFect as described by the



25 STAR66 is in the native orientation is considerably higher (100

| uciferase units), and the predictability is much higher as well: 7 clones
of the native- orientation population (30% express |luciferase above the

| evel of thWOHBE%: - expressing done fromthe opposite- ori @M PUA?

popul ation, and 15 of the clones in t¥e native-orientation popul ati on (60%
express luciferase above 10 relative 30 luciferase units. WO 03/106684

PCT/ NLO3/ 00432 60 Therefore it is denonstrated that STAR66 function is

directional. Exanple 10: Transgene expressi.on jn the context of STAR
el ements is aeﬁplq%ahtbr@h(%@%éﬂﬁ@fﬁﬂn% 4 %ﬁé%@ﬁpeg%ﬁl@ﬂu TRge 435aYS
(heterol ogous)vr e%ﬂi@d%’ﬁ?%@ﬁ%ﬁ Ebé?lri%EﬂaﬁﬂEIeai' y integrated into the genone

of the host cell to ensure stable retention during cell division.
Integration can result in one or multiple copies of the expression unit
being inserted,into the genone; nultiple copies may or may not be present
as tanden1arri?§LJ§he I ncreased yield denonstrated for 10 transgenes

protected fy STAR Gefeeqlpy GHdPIoPdonthiad ! Egmtsﬁﬁﬁgggﬁggﬁg ol e to

pernmit the transgené expression units to tion in
i nfl uences on generfsmni Pdiffererstspomaiéxsd two stronlgersd comstituiine eiyahpramotiers t he

genone (i ndepe ce fromposition effects (Bqgivin . 1998). |t
suggests furt t"““"é]té{}ﬁ@’ Q?Q@%Fgﬁﬁﬁﬁ@ P Pr%?@#rgéﬁf@g? 8 ‘Hﬂ'?ef"_sto
function 15 i ndeReRdeM inthafcoflxd 3P Ohd SFARIIERCAE ih TR2 DM EARS THR rdBidks When

they are integrated as a tandem array (1 ndependence from repeat-induced
gene sil enci nipni@mtratekheat the yield 888 prediCbylityufiromr alll 8 pernhebers are

Copy nunbcl) | dBeresaed bFISTARR, AbessEibrE ARABLS Al s TS 18 RS AR NGRS
U-2 OG5 cells V\ﬁ{e?‘coﬁ‘&)éﬁtrog@ﬁé g?‘gg%r?igbfb 9ebi jéﬁﬂxﬁpﬁﬂ‘élnféﬂt& LY AE&H jnunder

puronycin sel ection as desc upra). Ei"ght 1 ndividual clones were
i sol at ed and ctbletdonbdxafthe SN0, promeberc@Gsl Wetle ieid/ rotethe bigtestae portion

(2:2| \l/vgs assayedezzp%ssliggls ¢ glogg Esl ¥-I3tf\61da gre% esrctrhlatl)let%e(bselép Bg})H-E%Orc?g&s?l ng
and 6 STAR clones (20% of the population) have yields higher than the best
15 STAR-less clones. In the context of the Tet-Off promoter under inducing (low

doxycycline) concentrations, STAR6 also improves the yield and predictability
of transgene expression (FIG 12): the highest-expressing STARG clone has a
20-fold higher yield than the best pSDH-Tet clone, and 9 STARS clones (35% of
the population) have yields higher than the best STAR-less clone. It is

20 concluded that this STAR element is versatile in its transgene-protecting
properties, since it functions in the context of various biotechnologically useful

promoters of transcription.

Example 9: STAR element function can be directional

25 While, short nucleic acid sequences can be symmetrical (e.g.
palindromic), longer naturally-occurring sequences are typically asymmetrical.
As a result, the information content of nucleic acid sequences is directional,
and the sequences themselves can be described with respect to their 5’ and 3’
ends. The directionality of nucleic acid sequence information affects the

30 arrangement in which recombinant DNA molecules are assembled using



were |lysed and the genom c DNA purified using the DNeasy Tissue Kit (Q AGEN
69504) as described by the manufacturer. DNA sanples were quantitated by UV
spectrophotonetry. Three m crograns of each genom c DNA sanple were

di gest ed WOW/1f8$84 | and Xhol overni ght as descri bed by theI/@d3medsaf act ur er
(New Engl and Bi ol abs), and resol ved ¥y agarose gel WO 03/ 106684

PCT/ NLO3/ 00432 61 el ectrophoresis. DNA fragnents were transferred to a

nyl on menbrane as described (Sanbrook et al., 1989), and hybridized with a
radi oactively | abelled probe to the luciferase gene (isolated from

Bam HI / Sackiafli 3§ t\diing %&ﬁﬂe&as know it aMSaniibek efisl. dP38D)] FEAR( Sanbr ook

et al., 1989) and exposed to a hosphori mager screen (Personal F/ X,

Bi oRad) . Tlahamestnlare ﬂﬂglawlswmbtugah A pequen8es, wal kawel a divdctignalisi t omet ry
to det | at, t t he | f h
rgprgsg;\tms ?‘F&ﬁ%g@héga@f?ﬁ;ﬂ‘gﬁ’ﬁg%h Yﬁéﬁf’?’%&&fgj"rﬁ'@n%ﬁ% S‘!flf’%%mtfes and
copy nunbe%éctBP% ﬁlf'é"&ahﬁﬁl@é‘?iv%h%bv@fumhgl%émeléi‘néﬂ'tﬁ ikp@mEs fromthe

pSDH Tet - STARLO cl one popul ation is shown in 16. The transgene copy
nunber bs Necfiors; this dis¢citoadlity wasipresdrred) This orlemsation issdessxibed sitbe i n

Copy nonbePAAYERRALRCEIeATRE: ToLaits B ok ori replRaR Gand Goe RIQITH " ©'°

transgene gx Rhfsse%daexgﬂb RHE lﬁﬁpaﬁahc@af ﬁ&@&iodah@f SSHCTEARTRRLAGN idtdstmRm
arrays, and indepen uences at the site of

ent o e-silencing In
i nt egr at i othe pSRHTet mctolsgnceaﬂmmpstemnues imthespShHaventorsiareflamkedbut not

20 enhancers e. nDters t o bat I ;i ve .a d negati ve

i nfl uences Brpe%gﬁ’éﬁﬁ XHfioP1es\P ltﬁe SW% ﬁé‘&%?‘fﬁsﬁ g}? 012\??1 ng?&ﬁ?hcl ass
of el eggnt S’ItAI%oﬁ%ﬁMst b@%ﬁél&é&%d' Tﬁid-’é&@@;ﬂe%ﬁlp%@@@ﬂfeeﬁétwgﬂﬂéﬂwfo% are
characteristicall'y able to affect pronoters evén when they are located far
away (manywith titﬂa@lmqgmemjemmméﬁcgﬂé) pronoter. Negative influences that
act by heterochromatin formation (e.g. Polyconb group proteins) have been
descri bed above, and these are the target of STAR activity. The bi ochem cal

basis for R}MiRRGE ahd Mdtheds:and for
The STARG66 element was cloned into pSDH-Tet as described in
15 Example 4. U-2 OS cells were co-transfected with plasmids pSDH.-Tet-
STARG66-native and pSDH-Tet-STAR6G6-opposite, and cultivated as described
in Example 4. Individual clones were isolated and cultivated; the level of

Iuciferase expression was determined as described (supra).

20 Results
The results of the comparison of STARG6 activity in the native

orientation and the opposite orientation are shown in FIG 14. When STARG66 is
in the opposite orientation, the yield of only one clone is reasonably high (60
luciferase units). In contrast, the yield of the highest-expressing clone when

25 STARG6 is m, the native orientation is considerably higher (100 luciferase
units), and the predictability is much higher as well: 7 clones of the native-
orientation population (30%) express luciferase above the level of the highest-
expressing clone from the opposite-orientation population, and 15 of the clones
in the native-orientation population (60%) express luciferase above 10 relative

30 luciferase units.



het erochromatin formation is fundanentally simlar, since they both involve
bi ndi ng of proteins to DNA. Therefore it is inportant to determ ne whet her
30 STAR equ;g%#FﬁE% able to block positive influences as well as negative
WO 03/ 106684 3/00432 62 influenges, in other wordsFCTOLEHIEIY
transgenes from genom ¢ enhancers in the vicinity of the site of

I ntegration. The ability to shield transgenes from enhancer activity
ensures stable and predictable performance of transgenes in

bi ot echnol ogi cal aE lications. This exanple exam nes the performance of 5
STAR el enents in a gemfamc@rls Bewonsirgtessthay STARGG functisatig direstiogalAR
activity that is inportant to their function is the increased yield they
confer on transgenes (Exanple 4). STARs are isolated on the basis of their
ability to miE¥mapldlohTka1SEEnEexpPesdidnSIIRS 8bAte N GNSTAR elements is

het erochromati n-form ng proterns are bound adjacent to the candi date STAR 10
el ements. Hi gieapspnumbesrdependentct ed to occur because STARs are

antici pate to bl SRL . Of I | D . i

expr ese;onduni ¢ AgttARe b BRI Tk BrhRlr R h b e Bl e | |
zeoci n-resi st geherdlyintsgrated Ritd the ganeme of timhastaelitohawardsiubldlfstontion at ed
to have the ability to overcone the repressive effects of Polyconmb-group

prot ei ns such dingcelldisision datesratinn capirpedt sn one or yytipde pepies pfthek &

Paro, 1995) . Ealances S 321 Lo YN SHRABRDRTINGN Sl SORSHIREPC

fal se positives;y since ers do not ere

for STARs. |n mt®eprésentdenandemaireayd) dtheShéfdased inld detiodisti@tedfdrancers,
t hey have been tested in an _enhancer assay. 20 The enhancer-bl ocki ng assay
and t he edRand&ansgeney pratecteddynPEAR edemanis\(supra) sygeests that STARglementsthe

oo eoneno ol aREASTELE She Yrardetdc bxbhood i uBll o nin@ion dSpERGLR B1 [ ©

bl ock enhancers”i’'s perfo usi ng OX enhancer s

protein is abliffluénced®hn trahscriptivisadsopiatahwith thieasit sfiiatedrationtinithe bound to
an E-box DNA 25 sequence | qQcated in the vicinity of those praonoters (Quong

et al., 2002).gepamei@ndepsprendefromposition ehiecte feeixin énDura,H %8y I¥ spgsastocyt e
differential | o, dehons iRl SPAR claRBfly pditfit bhcH Sxftlbéioh Qnlit BFfdreRohn di ver se

cell types when expresse
15 independently of neighboring copies of the expression unit when they are

integrated as a tandem array (independence from repeat-induced gene
silencing (Garrick et al., 1998)). Copy number-dependence is determined from
the relationship between transgene expression levels and copy number, as
described in the example below.
20
Materials and Methods:
U-2 OS cells were co-transfected with pSDH-Tet-STAR10 and cultivated

under puromycin selection as described (supra). Eight individual clones were

isolated and cultivated further. Then cells were harvested, and one portion

25  was assayed for luciferase activity as described (supra). The remaining cells
were lysed a;:ld the genomic DNA purified using the DNeasy Tissue Kit
(QIAGEN 69504) as described by the manufacturer. DNA samples were
quantitated by UV spectrophotometry. Three micrograms of each genomic
DNA sample were digested with Pvull and Xhol overnight as described by the

30 manufacturer (New England Biolabs), and resolved by agarose gel



ectopically (Petersson et al., 2002). The E-box is a palindrom c DNA
sequence, CANNTG (Knofler et al., 2002). In the enhancer-blocking assay, an
E-box is 30 placed upstreamof a luciferase reporter gene (including a

m ni mal pW&Psfcl%ﬁﬁf"V\o 03/ 106684 PCT/ NLOB100432 63 in an REGpNgssdosm vector. A
cloning site for STAR elenents is pl%ced between the E-box and the
pronoter. The E47 protein is encoded on a second plasmd. The assay is
performed by transfecting both the E47 plasmid and the |uciferase expression
vector into cells; the EA7 protein is expressed and binds 5 to the E-box,

and the E4JVe&rbpnoﬁei§pDNAEfagﬁ&xﬁsmra¢fa@$eﬁade@aam@i medlisranetdse
| uci f erase expreSS| on vector does not contain a STAR el enent, the E47/E- box

c?)rrpl ex enflesseibed|(Gambaeck et alptIB9)i and hyhmlizedwith ﬁﬁaﬁ%ﬁhﬁ y %’b@-}?ld STAR
t t t
oA BN BB LS OEE G ST

activity (Fh&blotAvaswiashéd 88 déscribell (SAANBPoslas AL, maw&ndrdxpaswmal uci f erase
expression js activated (FIG_17A, situation 3). The ability of  STAR el enents

to act Bs phespheriaagarscreens(Hemsonal X, BioRadd, The resuliing autoradiogram | n t he

absence of 4ot r ARl | pst ead,
nnancer bALE 18R bl kel by debsffa 3, deBbcfi s FRBR ket
| uci f er asetie hi%ﬁ'@fas@tIDNlA bails, ¥h9cy rdpressith ehertthndyend eotsf ©ainbag t he

| uci f erase expression vector Wi t hout the E47 pl asm d. When the expression
vector does not contain STAR el enments, luciferase expression is |low (FIG
17B, S'tuﬁg’sxﬂ@s 1). If STAR el enents do not have enhancer properties,

| uci ferase™expression is | ow when a STAR elenent is present in the vector
(FI'G 1¥®B, 20 siTh@th®mehctivities bd cdpgHRithberd (DN band inteneitigs) operti es,

| uci ferase, expression will be activated in the STAR—con;@ém ng vectors (FIG

17B, si t ubicigrass)in thgicdones)fxom the pSHddiet-SIARH clope poprladiondd shewd on

bhosphat agl BTG 16 ThE triilegela gty Aultet Snilily it WIRPAR RIS
al ., 1991) luciferaseasrpeéssitrein ﬂmsé@lsm& Tets8TAR10 ploass(xd=XB6)- Thisi ¢ ( Promega

E1751), to create p3.3-E-box-luciferase (gift of
suggests that STAR10 confers copy number-dependence on the transgene

15 expression units, making transgene expression independent of other transgene
copies in tandem arrays, and independent of gene-silencing influences at the

site of integration.

Example 11: STAR elements function as enhancer blockers but not
20 enhancers
Gene promoters are subject to both positive and negative influenices on
their ability to initiate transcription. An important class of elements that exert
positive influences are enhancers. Enhancers are characteristically able to
affect promoters even when they are located far away (many kilobase pairs)
25 from the pro'moter. Negative influences that act by heterochromatin formation
(e.g. Polycomb group proteins) have been described above, and these are the
target of STAR activity. The biochemical basis for enhancer function and for
heterochromatin formation is fundamentally similar, since they both involve
binding of proteins to DNA. Therefore it is important to determine whether

30 STAR elements are able to block positive influences as well as negative



W Romanow). The E47 expression plasm d contains the E47 open readi ng WO

03/ 106684 PCT/ NLO3/00432 64 frane under control of a beta-actin pronoter in
the pHBAPr-1-neo plasmd; E47 in constitutively expressed fromthis plasmd
(gift of WWRINAMEY). STAR elenents 1, 2, 3, 6, 10, 11, PLANIAHR043Y haye
been cloned into the luciferase expression vector. C ones containing the
Drosophila scs elenent and 5 the chicken beta-gl obin HS4-6x core ("HS4")

el enent have been included as positive controls (they are known to bl ock
enhancers, and to have no intrinsic__enhancer properties (Chung et al.,

1993, Kel | umisflgenees) in aid@p Words,rta shirld transggnes fofregennmis,gnhansensinvbet or

has been incl uded a negative cqntr . . ssavs wer e perf.ormed using
the U2 CS cé"ll‘fmfg?’r?i.tﬁ? ﬁﬁg ﬁ’_ingﬁ ﬁ%‘aﬁ:&o& &l&eoa?{élwg%l%n%@stawsﬁ%gs l:ﬂlflf"1 pl asm d was
co- transf ect eGhhiinkér Adtdvityehdes Stabix RH& PrediBtable H6FoEm AR Bhrifsdedles iRl
contai ning STAR or positive-control elenents). In the enhancer assay, the

E47 pl asm d Vustechnelogica} applicatignshTipAmample examinesdhe peafgrmanceof vect or
as a positdv trol for. enhancer actiyity; all other sanples received a
nock pl as dWﬁge%Sgﬁsrlm%@%ﬁ?‘ﬂ%@?g%ﬂem|y transfected 15 cells
were assayed for |Aigther RaCuRCHIITAR atfivity¥hat RfikfforPstal thelr faRsfieg id on
(supra). The luciferase activity expressed froma plasm d containing no

E-box or STARedoemeased pieddrbheysconder anitramsgensns, (Exatple d).| SEARe ares wolated
activities were ormal i zed to.protein content,as,descri.bed (supra 20
Resul ts F1G 1 ey pLAFIR AREEY §) Sl telR nSRb Il G oebtl Srot Sy fhef
absence of JARrRheomatia-oAhindProtaiagare Boang adjdeeattd tie lili®aeSEAR and
HS4), the E47/E-box _enhancer conpl ex activates expression of |uciferase

(*vector"}0 telements:Flighegpressian isipredisteskio apqun hecavse P TRsard aridcipatedoo.

Enhancer actiyityv ., 8. .25 bl d bv.all STAR.elenents tes . _Enhancer
ettty no Lesel thedthrend of ereRyrafiomehtines iCFitic SXBkERopaIET L, |
al ., 2001, GCeHewbvaya sbcéd SRnariod0@hat thtONA fragmlehts HEPBVREL-fadigtahhat i n
addition to their ability to block the spreading of transcriptional

si | enci ng ( nedemgsaontain erheneeys. Eghancetsdasiethpengemonsteated tohg¥athdre acti on
of enhancers (0% {d $erbdthb YR F&5basiVEeRttd 38 BBl cbixb. Holp 1I0fkifs such as

15 those used in the method of the STAR screen (Zink & Paro, 1995). Enhancers
isolated by this phenomenon would be considered false positives, since
enhancers do not have the properties claimed here for STARs. In order to
demonstrate that STAR elements are not enhancers, they have been tested in
an enhancer assay.

20 The enhancer-blocking assay and the enhancer assay are
methodologically and conceptually similar. The assays are shown
schematically in FIG 17. The ability of STAR elements to block enhancers is
performed using the E47/E-box enhancer system. The E47 protein is able to
activate transcription by promoters when it is bound to an E-box DNA

25 sequence locgted in the vicinity of those promoters (Quong et al., 2002). E47 is
normally involved in regulation of B and T lymphocyte differentiation (Quong
et al., 2002), but it is able to function in diverse cell types when expressed
ectopically (Petersson et al., 2002). The E-box is a palindromic DNA sequence,
CANNTG (Knofler et al., 2002). In the enhancer-blocking assay, an E-box is

30 placed upstream of a luciferase reporter gene (including a minimal promoter)



65 FI G 19 shows the results of the enhancer assay. The |l evel of luciferase
expression due to enhancenent by the E47/E-box conplex is set at 100
("E47"). By conparison, none of the STAR el enents bring about significant
activati oWwO 3f10468£i f er ase expressi on. As expected, the sm/mEod/obidd el enents
al so do not 5 bring about activationédf the reporter gene. Therefore it is
concluded that at |east the tested STAR el enents do not possess enhancer
properties. Exanple 12: STAR el enents are conserved between nouse and human
BLAT anal ysis of the STAR DNA sequence agai nst the human genone 10 dat abase

(http:// gengrih épresdishl veetior DA Blonsign bie¥\dor) STAR @M fiehtadh pisied Hetweeese

sequences have hi'gh sequence conservation with other regions of the human
genone. Thdbe Kibpk anditbd promiotars The &47proteintie esmmivd@incgsenond plasmidey do

h STAR agtivity,. th lL.d b i d t | d STARs
?t%v genesafg)bPj %éﬁ‘?&tlﬁ é’eﬁg\ﬁgﬁtbg tﬁ?e'%s(igcgﬁg 5‘3%&&%3@%9@3@3@@5 Cegngre 15
derived frquefe 4P lekpiisson FatEittintd-éellsl B/ ELT pBORST i@ résded id bindshuman
STARS agai nst the nouse

enone
(http:/meOethseErbbx,magh%usEﬁ{Echmmmlasiwldw)toab’sas aneshprpceredVhers of high
sequence cqgpservation between nmouse and human. Thi eguencge .C ation
as beon HURUFGTERr EEREAELRPOHE doay ok S ainS ST Rieaiet: URERITEE™ The 20
conser vat | Yy dngflex bhRIM &AM ukFerddde Eioh §FEG NFAQkithddioRajeWmahr s to 909
base pairs éTabI e 8). These degrees of sequence conservation are remarkable

and suggestSTABtelements Dednserjedhetseencihe dbhoe and ThRpaemptar; vheir abilityt he
nouse geno S | 1. .Sone of ,the sequences,fr t he nousg, and human
genomes | gritﬁ?féﬁvﬁie&ﬁhaawsa }Efﬁigﬂag?wgrsdu&@“ A ot ’(‘Fﬁ;@%sf or
geneti q RABNFIGAIR, siflisflion2)PE STAROEREHM Dlddk ddtdhcafs 16 ory roma
speci ation event ~ (Li, .199‘%)1. Fgr exanpl e, STARE is betcween thg SLC8A1 and
HAAO genes axpregsiarhist dntiviatied (FIEhH7Aptibmatipn®nes. I n ot her cases, a cl oned

human STAR has par.al o W Bi R the huma enpne, and..its porthol og has been
Mdenti {1 1n (b AiheotShaRelenfia}d 1P ad AR R eerd Wittrk 1B SR T e
15011. 2 30 Juederdike @kpitssivh vt DS fliabsencd Bf E47 ctHeTm-bog if481{Hbek 61 | Cal
(par al ogous) WO 03/106684 PCT/ NLO3/ 00432 66
affect transcription. Instead, enhancer behaviour by STAR elements will result
15 in activation of luciferase transcription. The assay is performed by transfecting
the luciferase expression vector without the E47 plasmid. When the expression
vector does not contain STAR elements, luciferase expression is low (FIG 17B,
situation 1). If STAR elements do not have enhancer properties, luciferase
expression is low when a STAR element is present in the vector (FIG 17B,
20 situation 2). If STAR elements do have enhancer properties, luciferase
expression will be activated in the STAR-containing vectors (FIG 17B,

situation 3).

Materials and Methods:

25 The lu,ciferase expression vector was constructed by inserting the E-box
and a human alkaline phosphatase minimal promoter from plasmid mu-
E5+E2x6-cat(x) (Ruezinsky et al., 1991) upstream of the luciferase gene in
plasmid pGL3-basic (Promega E1751), to create pGL3-E-box-luciferase (gift of
W. Romanow). The E47 expression plasmid contains the E47 open reading



with a DNA fragment at 5g33.3 on human chronmpsone 5, which is near the

I L12B i nterl eukin gene. These human DNAs share approximately 80% identity
with a fragr{g(ﬁlé R)f the 11B2 regi on on nouse chronosone 11. The 11B2
fragment is W64 the (mouse) IL12B i nterleukin gene. PRENEAIYNES STAR3a
and the nouse 11B2 fragnent can be stri?:tly defined as paralogs. In order to
test the hypothesis that STAR activity is shared between regions of high
sequence conservation in the nouse and human genone, one of the hunman STARS
wi th a conserved sequence in nouse, STAR18, has been analyzed in greater

detail. The $eamemaderoontzolefia betaiactinhpromaierinthopdBAPrdbnec péasonids h t he
ori gi nal STAl done extends |eftwa on,human 0, 2 for about 500
base pairs (@% lé’o?"ﬁsglﬂ‘ﬁ};{%‘a W&We(ﬁ g’ioﬁ Wﬁ?%ﬁq%g%%i‘%?w tion of
the arms of chromgyeefemendts 1 Bl 5, 64011 £18/and2PRAVELYIELEIBSE] idt8 thegi on of
sequence conservation defines a "naturally occurring” STAR el enment in _human

that is nore lugiferase ewprassioarngctort Glomes centpdniog tdiedroseplite scagemend andani ne
whet her the AR, functii on of. .t hj TAR nt i s nsefved. bet n._nouse
And human® vIPEREIEHEB e elimib dSu Rl e R Tt ol BRTERAOT miTagEE R

conser vat i on ysaitcontfits ttheyase kABwnSoBISIkECh 1@l d) yidIto Bve GldimErinsic
RP11-387A1 by PCR anplification, in three fragnents: the entire region

(priners E93 emivineoripropenties (Chung et alal 1998pKehums& Sdedhi@92Y2and dhel t he
i ght d hal f i E57 d. E94 Th ] i f ts.f h
oo s e Iufi s ko ko iektor T HEemU RGeS s eisoianstal At o °

same fashion e(s@ﬁ*méﬁe pOfoRned B8%g th8U-223S a8l 1iRA6 In fRetelfnRAMDISckdng

respectively). Al fragnents were cloned into the pSel ect vector and
transf ectl®d iassay.cthg B4Te)apmid orasioodxansieated avith the ducifexags expresmaon owi ng

transfection, hyar cin_sel ection, was Lhed out,.to sel gc for

ranef oot eq deerds BN wedofr RitRie STARER sosuiv ittt elemetion dn the
doxycycline cHiMziebF a@éagn theBd 7 pkasnaildi whd do-Bfankfeetdd withf STARIbsg fhéiferhSe

wi t hstand WD 03/ 106684 PCT/ NLO3100432 67 the antibiotic zeocin (a neasure

of STAR act i \dxXpyyssieis veetor8s adosifivierentisl forgenhagcer getévity;. all other samples

received a mock plasmid during co-transfection. The transiently transfected

15 cells were assayed for luciferase activity 48 hours after plasmid transfection
(supra). The luciferase activity expressed from a plasmid containing no E-box
or STAR/control elements was subtracted, and the luciferase activities were

normalized to protein content as described (supra).

20 Results
FIG 18 shows the results of the enhancer-blocking assay. In the absence

of STAR elements (or the known enhancer-blocking elements scs and HS4), the
E47/E-box enhancer complex activates expression of luciferase (“vector”); this
enhanced level of expression has been normalized to 100. Enhancer activity is

25 blocked by all STAR elements tested. Enhancer activity is also blocked by the
HS4 and scs elements, as expected (Bell et al., 2001, Gerasimova & Corces,
2001). These results demonstrate that in addition to their ability to block the
spreading of transcriptional silencing (negative influences), STAR elements

are able to block the action of enhancers (positive inﬂuences).



Results 5 The original STAR18 clone was isolated from Sau3Al di gested human
DNA ligated into the pSel ect vector on the basis of its ability to prevent .
silencing of a zeocin resistance gene. Alignnment of the hunman STAR18 done
(497 baseWpPdBMe84n t h t he nouse genone reveal ed hi gh sequavma®smesr| arity
(729% between the orthol ogous human @nd nouse STARL8 regions. It also 10
uncovered high simlarity (73% in the region extending for 488 base pairs

i mMedi ately |leftwards of the Sau3Al site that defines the left end of the
cloned region (FIG 22). Qutside these regions the sequence simlarity
between human g IPHEGwLHe FH5ARE o ChovhRAIter ABsay) MHeAetsl dfMutifdeadd, bot h
t he human and the nouse STAR18 15 el enents confer survival on zeocin to
host cel | s esppessian due thenhancament byrthe E4KBrboxcomulex ismet agL0§i (L7297 base

pair STARL§,clone and its e | og,both confer.the ability .to grow
(FI G 20, = Bhiapaitn, iesede dn STaR Smeas Briner ol pigadfeditackivkbRyr
from both ggnecRTasé 6LpreQsibAI A BEpeebdd,ith¥ scé AndHEM eRfbrtd afsddo Adtei r growt h
phenotype is nore vigorous than that of the 20 original STARL8 clone (FIG

20, b alfd &ringNteontdnsivasionrof the yénortestgeneqTbaraforesit is conduded hatiadst ed,
these DNAs . fr baqt and h n _confer growh and the growh
phenot ype ilga%g%&ag%te?%e#ﬁnﬁot PS&‘E)*’-S'%P&S‘%B rspr()PF’éleSZg, c and f).

These results denonstrate that the STAR activity of hunman STARL8 is
conserved in its orthol Sﬁxfrom nouse. The hi gh sequence 25 conservati oq

bet ween t hdézamwpladi2oS§TAR edenends aze sonserved hetweasnemauseand dutmea t hey
are not protei nyzwogdhn equ e i to the congl usi that they have
some regul atory%#&ﬁ'sﬁn@%ﬁ§gﬁm§%&wﬁpia}gaé%%ltu iho ?I§7 ela?%grgence
t hr ough omutdafthipdse (Ebtigﬁ//@mwﬁ@cséamgﬁbiﬁhgsat&aéy)Crle@@ﬂs thdifdned efrent s
identified by the 30 original screening pro%ram may in sonme cases represent

partial STAResszoRERoSHRAveITBhdequanmIRsenRtionswithtothenragionsaf thaal ysi s of

St onger stk ePultHs Tolbaa it AR e AR TR T AR SERGRERE, 11T o

sequence they do show STAR activity, they would be considered paralogs of the cloned

STARs (two genes or genetic elements are said to be paralogous if they are
15 derived from a duplication event (Li, 1997)).

BLAST analysis of the human STARs against the mouse genome
(http://www.ensembl.org/Mus_musculus/blastview) also reveals regions of high
sequence conservation between mouse and human. This sequence conservation
has been shown for fragments of 15 out of the 65 human STAR elements. The

20 conservation ranges from 64% to 89%, over lengths of 141 base pairs to 909
base pairs (Table 8). These degrees of sequence conservatioﬁ are remarkable
and suggest that these DNA sequences may confer STAR activity within the
mouse genome as well. Some of the sequences from the mouse and human
genomes in Table 8 could be strictly defined as orthologs (two genes or genetic

25 elements are,said to be orthologous if they are derived from a speciation event
(Li, 1997)). For example, STARS is between the SLLC8A1 and HAAO genes in
both the human and mouse genomes. In other cases, a cloned human STAR
has a paralog within the human genome, and its ortholog has been identified
in the mouse genome. For example, STAR3a is a fragment of the 15q11.2

30 region of human chromosome 15. This region is 96.9% identical (paralogous)



5 notifs STAR el enents are isolated on the basis of their anti-repression
phenotype with respect to transgene expression. This anti-repression

phenot ype refl ects underlying bi ochem cal processes that regulate chromatin
formation WH&H/18¢%84 associ ated with the STAR el ements. TheBel/BEB0882es are
10 typically sequence-specific and resfit from protein binding or DNA
structure. This suggests that STAR elenents will share DNA sequence
simlarity. ldentification of sequence simlarity among STAR el enents w ||
provi de sequence notifs that are characteristic of the elenments that have

al ready been witleatDNAdoagmentaichqIhd pn dumneam shromepaoma 8, wirich is agae the

notifs will a e 15 useful tomre nL ze | ai.m ne nts whose
functions co ml[%?‘?‘#tlgtlerhli@ﬂ% 55??1‘5%%}!5(& 3‘%.‘%% Q@gﬁﬁ gh%eal}pﬁ %@?gﬁ%@%ﬁ ude

i mproved yi el gdextetySkdRial firhymeht of tHREIBNAEIGX o 88606 dhifookehy Alli Théost
cells. Oher benefits of identifying sequence notifs that characterize STAR

el enents i ncl ddB2 fragmentoigialsoneas thedmaugerte1 2B interlepkinigens. dhesefareo

identificatio fhflew STAR el e i n 0 a e hsjon of a
rational e %or %;@CH#}’} %?F@éﬁmgpsgﬁghél%ﬁ?% &‘gln%’ %@?‘ﬁf}? %%ﬁrﬁse@)% %&%‘é ormati on
for functiongh o2déd ttest tHe Ipthadis tivatt S’I‘ARSchig'it?i ig-shated between, regivas@fice
simlarities anong STAR el enents have been identified;, the results are
presented i n high sequense eonsezvaiion imthy meuse apd dugran genomg) orRefitheound.
Regul at ory el e typically function via inter, ' i t

sequence- sp([a)?i%t“' a‘&%ﬁ‘%ﬁ%"&‘?‘ﬁ& (%P(?%ré’ieﬁss%au%?cc?}inn 8}1%%#12‘4%%%1\1%’ ibg °Br DNA

el ement's such aaalyzEARn @redmendstalh TR sef@8hécdéoncyrvdititReint theSmbasecgdinaie
identified, but whose interacti n?@'ﬁr oteins are unknown, requires a

statisticald aggbesiedwiidy thecnmigina] STARIR diynesesdonde lefiwpandien huymami s can be
hi eved b d . 06684
BCTI N 03/ 004 3sEREORm 2 fpE Bl SO0 T3E oV TIA IS S BRGNP B 00

el ements (e. gstditkard Wokeriplionentls) arsosobdladniotomer)f Bi ghisexamplenee (e. g.
the conplete human genone). The net hod determ nes the nunber of observed
and expected e¥emine whebkergherggionnfiseanenderongeuyatiogdedings\n ‘@atwadly. The
nunber of

occurring” STAR element in human that is more extensive in length than the
15 original clone. We also examine whether the STAR function of this STAR

element is conserved between mouse and human.

Materials and Methods
The region of mouse/human sequence conservation around STAR 18 was
20 recovered from human BAC clone RP11-387A1 by PCR amplification, in three
fragments: the entire region (primers E93 and E94), the leftward half (primers
E93 and E92), and the rightward half (primers E57 and E94). The
corresponding fragments from the homologous mouse region were recovered
from BAC clone RP23-400H17 in the same fashion (primers E95 and E98, E95
25 and E96, and E97 and E98, respectively). All fragments were cloned into the
pSelect vector and transfected into a U-2 OS/Tet-Off/LexA-HP1 cell line
(supra). Following transfection, hygromycin selection was carried out to select
for transfected cells. The LexA-HP1 protein was induced by lowering the

doxycycline concentration, and the ability of the transfected cells to withstand



5 expected occurrences is calculated fromthe nunber of observed occurrences
of each pattern in the reference sequence. The DNA sequence patterns ean be
ol i gonucl eotides of a given length, e.g. six base pairs. In the sinplest
anal ysi s,WP@3/1668 base pair oligonucleotide (hexaner) corpasmo4sf the four
nucl eotides (A, C, G and T) there &7 4A6 = 10 4096 di stinct

ol i gonucl eotides (all conbinations from AAAAAA to T'f Tfl'"). If the

regul atory and reference sequences were conpl etely random and had equal
proportions of the A, C, G and T nucleotides, then the expect ed frequency

of each hexaaRtibitielZdobif (A/mERRré 0P SPARPHotivity) WhiPissesded BibaitoFibhgquency

of each hexaner in the reference sequence is typlcally different than this
due to 15 e#lhgeawths the content of G C base pairs, etc. Therefore the
frequency of each oligonucleotide in the reference sequence is determ ned
enpirically by counting, to create a "frequency table" for the patterns.
The patterRe§hggiuency table of the reference sequence i.s then used to

cal cul ate the expected frequency of occurrence of each pattern in the 20

regul atdry el enEhe osiginal BTARLpeone wasriselatadfrom S@@Abﬂﬁaﬁf@d hymaan ¢ he
observed f ence,of t at.te tern at are "over-
represent e@w‘#ﬁ héf?g?tg g?]l(’?%‘f‘?q?le%nﬁf%ﬁ awkg F@bll}q:fytf)l% amer ACGTGA
i's. expecki@éhdifg 0£4 hzéoe'intrbﬁeﬁanb@ géfle kKALi@NASH: GRtheshutha s STURTSEclohelt | S
observed to occur 15 tinmes, then'it is three-fold over-represented. Ten of

the 15 occ(ﬂ&7ebasespam) ovith the mousegenome sevanded bighseamencemmilaier be

d | f h
conpost ¢ i ob/ A dE%h #ﬂ gttbglogs SR Bz, o e iiod STARIS BEeibls EAFBer e are
i dent i {0 edunéovelréd high eiﬁt?in (7B%) iR EReé r@gioﬁ extéadendfore18sitrisb pairshei r

1 T1

over-represent atlon 1 S 5|§ cant, or be due to chance. For th| S test,

a si gni fi cinmwediatebxleftveargs of the San3Al @1@@ gtotefiawsithedeth and of the qlﬁee
f f t.h babi | it
057 106664 HEPRCELS GakIH ey etd Fasiohe i ifipnir HRlardbibnBeg Bdian D o

di stributi gad d’&iﬁemNMobetb}élov&%%S I nto account the nunber of possible
patterns (4096 for hexamers% The hest si g val ues corespond to the nost

over r epr esent edA®indjeatied 20 l(oéihﬂi e Bumpanand the mougeSTARIS practi cal
terms, ;o1 gﬁ%(htg %ﬁfg? %u.Wﬁ/Ql c?x{ feocin to RSt cells expressing the lexA-HP1

repressor protein. The original 497 base pair STAR18 clone and its mouse
ortholog both confer the ability to grow (FIG 20, a and d). The adjacent 488
base pair regions of high similarity from both genomes also confer the ability
to grow, and in fact their growth phenotype is more vigorous than that of the

20 original STAR18 clone (FIG 20, b and e). When the entire region of sequence
similarity was tested, these DNAs from both mouse and human confer growth,
and the growth phenotype is more vigorous than the two sub-fragments (FIG
20, c and f). These results demonstrate that the STAR activity of human
STARI18 is conserved in its ortholog from mouse. The high sequence

25 conservation between these orthologous regions is particularly noteworthy
because they are not protein-coding sequences, leading to the conclusion that
they have some regulatory function that has prevented their evolutionary
divergence through mutation.

This analysis demonstrates that cloned STAR elements identified by the

30 original screening program may in some cases represent partial STAR



5 considered as over-represented. A pattern with sig >= 0 is likely to be
over- represented due to chance once (=10"0) in the set of regulatory

el ement sequences. However, at sig >= 1 a pattern is expected to be
over - repr esWR%@M66#nce in ten (=10A1) sequence sets, Si g>F TN 100
(=1072) sequence sets, etc. 10 The pa¥terns that are significantly
over-represented in the regul atory elenent set are used to devel op a nodel
for classification and prediction of regulatory elenment sequences. This
enpl oys Discrimnant Analysis, a so-called ervi sed” met hod of
statistical clersnts, eaditbat analpsistal tbﬂeeMmmlaI\ﬁarwwmlﬂ theyiare embedded
(Huberty, 1994 scrim nant., Anal SI t of known or 15 classified
items (e.qg. hﬁd ﬁ%engg%wﬁggar %F[‘éﬁﬁa éwﬁ%del to recogni ze those
itenms on the basis of specific variables (e.g. sequence patterns such as
hexanmers). The trained nodel is then used to predict whether other itens
shoul d be cl| désample 13s STAR edements comsainecharacterigtic NA gequgnaes a DNA
seqguence STARtQJ enent). In this exanple, the known itens in the training
20 set ar& STAR"Bfenents (positive training set). They are contrasted with
sequences that ar STARdthyntsalretdctstel @ihelisiiesfein Nagabpressibhai ni ng set)
whi ch have the sanme |length as the STAR el enments. Discrimnant Analysis

est abl i shes cphetD@tYRﬁW mneqtutmtmsgﬁge pmnesmoeSThmntm@gmassdeg based on a

var i abl s ar SUARRE ethich badkHide SR BRI b it el B b b di

hexaners) . Wmmhﬁenmmbﬁrar@fassbcﬁtedeﬁﬂesmsmlzpabhﬁhw ’Irk@‘esblpgbbee@dmreed to
t he S|ze of the training set, the nodel could becone _biased due to

over - t r ai Hl ngtypicallgrsegnenes-sppcific and WMQMIEW@@P%WT@N& fEngduse.epwi se
selecti on of iarl ot 8 LLHERARIANE T U400l Ok SLERIEEFGET | nan

Analysis is to e 'm nraum nunber of - vari vi des

maxi mum WO OSI/dbﬁﬁﬁ%tlB’Eth&@i’d&@éﬁﬂﬂaﬁﬂy 8in%aE ISTAR bleverdigtwillegrovidle positives
and negatives. The node| is trained by evaluating variables one- by one for
their abilitySeqyensopetify thatareicharacteristiepkthejelempatshatihaye sdreadidgani ve
Lraim g st Suptinea by a0 otk 0 QBautfl! Bl RPwhiPalk o™ 0e!

does not S|gn| frean I NCrease s pre
15  useful to recognize and claim new STAR elements whose functions conform to

the claims of this patent. The functions include improved yield and stability of
transgenes expressed in eukaryotic host cells.

Other benefits of identifying sequence motifs that characterize STAR
elements include: (1) provision of search motifs for prediction and

20 identification of new STAR elements in genome databases, (2) provision of a
rationale for modification of the elements, and (3) provision of information for
functional analysis of STAR activity. Using bio-informatics, sequence
similarities among STAR elements have been identified; the results are
presented in this example.

25 Bio-informatic and Statistical Background. Regulatory DNA elements
typically function via interaction with sequence-specific DNA-binding proteins.
Bio-informatic analysis of DNA elements such as STAR elements whose
regulatory properties have been identified, but whose interacting proteins are
unknown, requires a statistical approach for identification of sequence motifs.

30 This can be achieved by a method that detects short DNA sequence patterns



5 power (i.e. until the classification error rate is mnimzed). This
optimzed nodel is then used for testing, in order to predict whether-"new'
items are positives or negatives (Huberty, 1994). It is inherent in

cl assi fi cwOiosymoes4at i stics that for conplex itenms such aecriNiés/emeziences,
sone el enents of the positive trainiédg set will be classified as 10
negatives (false negatives), and sone nenbers of the negative training set
will be classified as positives (false positives). Wen a trained nodel is
applied to testing newitens, the sane types of mi sclassifications are

expect ed tEha&caﬁ‘éroveriré‘pfe'a@n@d%ia“ée@roT%éﬂafﬁ&{NNA%@ﬁ@h?@@.é]%@S’ItAIR* First

step, pattern frequency analysis, redutes a large set of sequence patterns
(e.g. all dketeniskemeparedito aarefdrencmsdgriense(e.gf thei qnifle teahmimhgn

over-represente tterns ,0. 100 hexaners);, {n the secon tep, Stepw se
Di scri rrgnt g%%q‘%sﬁg‘erréﬁﬂ’@ggelt%é“@ﬁﬁt ?ngﬁ}e_r Oﬁeb?%’sa eXRe¢&fns to the

subset of bhasfoiak be RS phiteind1aacHR EdRbory HsHh T hfibapser (€. 0. 5- 10

hexaners). Therefore thi's approach pro es” sinple and robust criteria for
i dent i f§i ngxpexted a¢conryerionidistacwntes] FomhthesnuiberSiidbseieadeovcurrediys of ndi ng

proteins can.,be distinguished on the basis of the type of binding site they
occupy. Soﬁ%‘:hrgﬁtg‘@mEéaleoﬁ’??r@%%?%aﬁ%nces; for this type of protein,

patterns that a ' t : ' s) are
The DNARBYESER g fsingtah %@%h%ﬁguaééﬁd&%f ﬁigggiléﬂl%hher

fruitful for bio-informatic analysis (van Helden et al ., ¢
prot ei ns 26.gosixtbdse mdrpidndhe diaplest amalysiss for o Grhdse bairwligonpelestiderf hi ghl y

d tri tid t ed - eqgi on fixed width
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conducted for this type of pattern, where the spacing between thé two
t ri nucl eot thiesegudstoryanddrefienceseqdences2fere compldeiing andah Xy hatkequal’ s are

spect 1! < THCheSkiSESCRUROE! RO UPIO0SCR: FCTMORO0R R Ialor. ¢
N Aty i e el
each hexamer in the reference sequence is typically different than this due to
15 biases in the content of G:C base pairs, etc. Therefore the frequency of each
oligonucleotide in the reference sequence is determined empirically by
counting, to create a “frequency table” for the patterns.
The pattern frequency table of the reference sequence is then used to
calculate the expected frequency of occurrence of each pattern in the
20 regulatory element set. The expected frequencies are compared with the
observed frequencies of occurrence of the patterns. Patterns that are “over-
represented” in the set are identified; for example, if the hexamer ACGTGA is
expected to occur 5 times in 20 kilobase pairs of sequence, but is observed to
occur 15 times, then it is three-fold over-represented. Ten of the 15 occurrences
25 of that hexameric sequence pattern would not be expected in the regulatory
elements if the elements had the same hexamer composition as the entire
genome. Once the over-represented patterns are identified, a statistical test is
applied to determine whether their over-representation is significant, or may
be due to chance. For this test, a significance index, “sig”, is calculated for each

30 pattern. The significance index is derived from the probability of occurrence of



Usi ng the genetic screen described herein and in EP 01202581. 3, sixty- six
(66) STAR elenents were initially isolated fromhuman genom ¢ DNA and
characteri Z%@? gﬁg%ail (Tabl e 6). The screen was performed on gene
libraries Cconst¥8ted by Sau3Al diges %on of human genoni BCHNRIS/84Rher
purified from10 placenta (C ontech 6550-1) or carried in bacterial/Pl

(BAC/ PAC) artificial chronosones. The BAC/ PAC cl ones contain genom c DNA
fromregions of chronosone 1 (clones RP1154H19 and RP3328E19), fromthe HOX
cluster of honeotic genes (clones RP1167F23, RP1170019, and RP11387A1), or
from human ceadvrpaitern, whichkisestirateddyea binprughdiptripyptionhEherpebahiliy si ze

BarH - a1 gost ol e ooyt s nbhe oAl IEBURRnd Biboe AERERRAT Ty

1989) . pSel echighekpsiEivé$usOstiraspbnddo tHeRibsy ©verFeprdsbiitdd éligonmicledtides (van
resi stance to_zeocin _at |ow_doxycycline concentrations were isolated and
propagat ed i nHelderesti alhi1998) dn pravijeal deyme mligopuelegtideywith $ig >STARre®| enent s

f Table 6. h d 20 I,mat ¢l - 200, _ : he h
cenon c o | R R RS ofBr BORIRKI IR, R plotkrf Wigh ol o= TR vkl C e
met hod ( Sangefepbsatited 9¢é td chahborceRes BNONinEhZR0 Of repul MoRy eléntdM

sequencer, using the manufacturer's instructions. Briefly, DNA was purified

fromE coli seduegces. AavegresprisigMT bragtiers @pwwmaélpw-mgse(n@dxem
27106 and 1216‘:?(; ] et%gﬁ’(%&bxﬁr%e)%lgn Gef%]egs,fsqgggnf(l) el%@@@g@bhéﬂie&%hcé’ﬁéﬂg

cust om ol i gontc Gt i°des co o°the p tor I'mer s D39
and D95, Tabletcl), in the presence of dye term nators (CEQ Dye Term nator
Cycl e Sequencing Kit, Beckman 608000). Assenbl ed STAR DNA sequences were

| ocat ed i B0t he hunhhe gatteres thatiarp smificanthsovrigepressntedin thecragylatonnol)

usi ng BLAT (Bggsl | 0, ,

PCT/ NLO3/ 004331%%%??%? #%%gaen@é"ﬁg@cé é‘{dﬁﬁg5?-“%%@?5@&%&@%%%) . In
aggregat e, t heegulatody Rbin&it AR eficssNThis eaploys Dis@Gdmbndnitl Abdyeispaiso<alledt h
an average length of 1.3 kilobase pairs. Sequence notifs that distinguish
STAR ol enfent s SuReRTIReR UmaHRoskelcrbstienl slaesificabion dea toengt asdenaTsabiiiar | o

anal ysi s using, g,d ¥ @R rf, 199%)' 1 Difcriminant Analysis, sets of known or

15 classified items (e.g. STAR elements) are used to “train” a model to recognize

those items on the basis of specific variables (e.g. sequence patterns such as
hexamers). The trained model is then used to predict whether other items
should be classified as belonging to the set of known items (e.g. is a DNA
sequence a STAR element). In this example, the known items in the training
20 set are STAR elements (positive training set). They are contrasted with
sequences that are randomly selected from the genome (negative training set)
which have the same length as the STAR elements. Discriminant Analysis
establishes criteria for discriminating positives from negatives based on a set
of variables that distinguish the positives; in this example, the variables are
25  the significantly over-represented patterns (e.g. hexamers).

When the number of over-represented patterns is high compared to the
size of the training set, the model could become biased due to over-training.
Over-training is circumvented by applying a forward stepwise selection of
variables (Huberty, 1994). The goal of Stepwise Discriminar_lt Analysis is to

30 select the minimum number of variables that provides maximum



follows (see FIG 21 for a schematic diagram. The analysis has two input
datasets: (1) the DNA sequences of the STAR elenents (STARL - STARGS were
used; Table 6); and (2) the DNA sequence of the human genone (except for
chr onosonwolba/ivdesch was not feasible to include due to iHCI/NIABH@3Si ze; for
10 dyad anal ysis a random subset of human genom ¢ DNA sequence (-'27 M) was
used). Pattern Frequency Analysis. The first step in the analysis uses RSA-
Tool s software (Regul atory Sequence Anal ysis Tool s; :

http://ww. ucnb. ul b. ae. bet bi oi nfornmati catrsa-tools/; references (van Hel den
et 15 al., di388miNaHonBbpsbrethedositAHtand/RdaltiRled The ncdel is t28{41)byt O
determ ne the follow ng information 1) the frequenC| es of all dyads and
hexaneri c eﬁalgmtmgweuagbesmerbytmem eirgbilityeto yropenly elaspidy teedems of t he
ol i gonucl eoti des

i ndi ces of é’ogf iwgeo%lb(gfl%%l a’?ﬂ%fé% d?h'?srrlr’%téoéjreeu%gl 4@%éh§£§| gljf:(r:\atnﬁg

20 STAR el ep@iilsles edHiRy ﬁ@dépdde@%oﬁﬁ arﬁl}efﬁ&éé;&e thBahoddl’s pi-@&icﬂ@@e W th 65
sequences that were selected at random from the human geno . from
ﬁBh.lgv

2689 X ﬁOAaoqmvdbasunﬁ;bthesqlasmﬁcatm e)rror nate] ie myjmimiged) RRHEZ%dTent s of
Table 6. Di t A Th ki | eqt i d d
dyaus 2o BPERe 66 SR ehnt S U BRSPS SR AR 2,

Li near SPAditve o neadives iBubbithe1994). 1994) . A pre-sel ection of variables
was perfor med by selecting the 50 patterns with the highest individual
dicrimnatory p mmhe@mtmeclaseéﬁcartw elabisticsithati fgp compleayitarns such ae

frequenc ses. These pre-se d vari a Ies vver ed f nodel
traine | DRAYERaod SR ERER R RORE LR bE e MBSRSER s et
di scri rm'marﬁeémv@g/ O AtfvhE)\laBd/ s@ﬁ@&em&ré?@ﬂfheﬂﬁgame(ﬂam@ig Sdtlweil
(Huberty, 1994). Variable selection was based on minimzing

cl assi f i catheoelassified as positivies Kf@ésﬂrs@etlﬁ%) {Whea aw’@gmeid/l@od@h @@@Bhe@ &i ons).
L0200 ol PSSl 5 oA R ARt o 52,
the per Centﬂﬂﬂlecﬁloflﬁfoiﬁlamﬁ&héthbd dﬂsaﬁbé& herd, ithé Sk st step, pattern frequency
analysis, reduces a large set of sequence patterns (e.g. all 4096 hexamers) to a
15 smaller set of significantly over-represented patterns (e.g. 100 hexamers); in
the second step, Stepwise Discrimant Analysis reduces the set of over-
represented patterns to the subset of those patterns that have maximal
discriminative power (e.g. 5-10 hexamers). Therefore this approach provides
simple and robust criteria for identifying regulatory DNA elements such as
20 STAR elements.

DNA-binding proteins can be distinguished on the basis of the type of
binding site they occupy. Some recognize contiguous sequences; for this type of
protein, patterns that are oligonucleotides of length 6 base pairs (hexamers)
are fruitful for bio-informatic analysis (van Helden et al., 1998). Other proteins

25 bindto sequence dyads: contact is made between pairs of highly conserved
trinucleotides separated by a non-conserved region of fixed width (van Helden
et al., 2000). In order to identify sequences in STAR elements that may be
bound by dyad-binding proteins, frequency analysis was also conducted for this
type of pattern, where the spacing between the two trinucleotides was varied

30 from 0to 20 (i.e. XXXN{0-20}XXX where X’s are specific nucleotides composing



The predictive nodels fromthe training phase of D scrimnant Analysis were
tested in two ways. First, the STAR el enents and random sequences that were
used to generate the nodel (the training sets) were cl assiljcj,rzﬁio ﬁ&g?nd,
sequences i WO Wt ection of 19 candidate STAR el enents (recentry ¢t oned by
10 zeocin selection as described above) were classified. These candi date
STAR elenents are listed in Table 9 (SEQ ID:67-84). Results Pattern
frequency anal ysis was performed with RSA-Tools on 65 STAR 15 el enents,

usi ng the human .geno t he ference sequence e d Si Xty-si X
(1667 hexamer T BT tEacrrte feraafofaans ateser U B Baft B4 Fh " he
set of STAR elogBEH)! Fhé Thatultsoflly AOHB iy Hhalyies SR 4166 WBBAWELinkab! e 4) .

The nost signifircantly over-represented oligonucleotide, CCCCAC, occurs 107
ti mes anong tRiscEmigTInRAmalainas dessuibedabexpect ed to occur only 49 tines. It
20 has a significance coefficient of 8.76; in other words, the probability
that its over-representation is due to randomchance is 1 / 10118.76, i.e.
| ess t han mneMaferiP8Qnd Metikgds Ni nety-five of the oligonucl eotides have a

significance coefficient greater than 1, and are therefore highly
over-represent ed iUsingdhgeameti¢ sereen desthedrhargin and oy & 0 B4} Skty-

ol i gonucl eoti de t el bserved and.expect CCURrences,. res i vely,
range from 6 %36@ ﬁ%‘f{ eg?psgtslwg?,e %&@%}sogaﬁad:.ona%aq 6‘;119%10@2@%9%“ for
oligo 120, CCH¥PmctedizédinQeff] (Table 6} ITHLIREGEN ak Perforined oddzediliraeieses
reflect factors such as the G C content of the hunan %gnorre. Therefore the

di fferences aspmstructed by iSgpRad digestignof humaregenamieddNAgeither putified drards i s

| ess i npoyt ang,.t han eir ~representation; f. 106684
boTT NLOG) Hhasbiabith (oihdesk BBROTRE ERGREAI Blleliplip §IBREYPAGHELRRARDOOCL, .
has a probabi tlirothos6ineB EThEY BAGIPAC dl8hskodbntiiaEchoddic DIAI flothirbionglof | | on
(sig = 7.75). Table 4 also presents the nunber of STAR el enents in which

each over- regremoseme b(clopes REHSAIHY arnd REIFASELQ) from the HOX glustersef
SRR oot . . .
Found 1 - onl yeneRERUEREE1fEs 587 Fde (kPHAIOo, RGP IR A TeSom" 0%

The | east abuh@@ah chromosome 22 (Research Genetics 96010-22). The DNAs were size-
15 fractionated, and the 0.5 - 2 kb size fraction was ligated into BamHI-digested

pSelect vector, by standard techniques (Sambrook et al., 1989). pSelect
plasmids containing human genomic DNA that conferred resistance to zeocin
at low doxycycline concentrations were isolated and propagated in Escherichia
coli. The screens that yielded the STAR elements of Table 6 have assayed

20 approximately 1-2% of the human genome.

The human genomic DNA inserts in these 66 plasmids were sequenced
by the dideoxy method (Sanger et al., 1977) using a Beckman CEQ2000
automated DNA sequencer, using the manufacturer’s instructions. Briefly,
DNA was purified from E. coli using QIAprep Spin Miniprep and Plasmid Midi

25 Kits (QIAGElN 27106 and 12145, respectively). Cycle sequencing was carried
out using custom oligonucleotides corresponding to the pSelect vector (primers
D89 and D95, Table 1), in the presence of dye terminators (CEQ Dye
Terminator Cycle Sequencing Kit, Beckman 608000). Assembled STAR DNA
sequences were located in the human genome (database builds August and

30 December 2001) using BLAT (Basic Local Alignment Tool (Kent, 2002);



ol i gonucl eoti de, nunber 166 (AATCGG), occurs on average as a Single copy per
STAR (thirteen occurrences on el even STARs); single-copy oligonucleotides
occur frequently, especially for the |ower-abundance oligos. At the other 10
extrene, WO0i03a06484 CAGCCC) occurs on average 3 tinmes in tRINEOGVEERZ i n which
it is found (37 STARs). The nost w dBspread ol i gonucl eotide is nunber 120
(CCCAGGE), which occurs on 58 STARs (on average tw ce per STAR), and the

| east wi despread ol i gonucleotide is nunber 114 (CGICGC), which occurs on
only 6 STARs (and on average only once per STAR). 15 Results of dyad

frequency ahttpy/fgenhofiecugt edt/cehbibihgGatewsyeVEablo Ghdie dgetdgatd, the 730) dyads
were found to pe over-represented in the set of STAR elenents (sig >= 0)

conpar ed t ocqmbinediEFAR sequenses sempripp 854 kilokasgmairs; ¥ith gn ayeEase epr esent ed
dyad, m@nﬁbf?%ﬂi@ﬁg&ms anong the 65 STAR elenents, but is
cur oil'y I NES.

expected to O It has a significance coefficient 20 of

9.31; in other vBédlience htotifs dhabdistinguidhaSTAR:1ements withixs bohein genonsicdue to
chance is 1_/_1019.31, i.e. less than one in 2 billion. Three hyndred

ni net y- stvePNA weme idgniified by bioinformatic analysisusing adweriter greegdure.d%an 1,
and are the | -r : ' . nong t he
over - opr eogeRy (gf RO HF b oLERARAE it THE anhiifie BACHRO Lt

respect i vel gatasatyy€1)f therDNAsseqduéndes@f thé STAR aléendnis (FEAR138STARG35, 493,
640, and 665)) to 118 and 63 (for nunber 30 (AGON2}CE5, sig = 4.44). The
ol i gonucl eoebeysedid abe 6y and (BitheoDPE srauence pf thehuwan gengmerexetnent s by

pattern fr eﬂﬂ%mé{msg%x U &a& fi5t f"e%sfbci§ t m[)l-?gﬁd@hﬁ& £ p?rsgiﬁ’} g\éﬁ%ej (i@bpower by

Li near Di scrim nant alysis. SCrim nan S Were

03/ 106682 PasfadNadalyeiys fandtin stbdet Wi hentad gerionic DNA degubred (~ATriMbh staison
anong the 50 st discrimnant oligonucleotide (Table 4) or dyad (Table 5)
patterns. TH&®opdel s achieved optinmal error rates after incorporation of 4

(6129 O1 5 1o g4, iy S Gt s AU apnapel v o'
nunbers 73, Taslé softare fRegulatory (SeghbrcebAnalysis Tools;
http://www.ucmb.ulb.ac.be/bioinformatics/rsa-tools/ ; references (van Helden et
15 al., 1998, van Helden et al., 2000, van Helden et al., 2000)) to determine the
following information: (1) the frequencies of all dyads and hexameric
oligonucleotides in the human genome; (2) the frequencies of the
oligonucleotides and dyads in the 65 STAR elements; and (3) the significance
indices of those oligonucleotides and dyads that are over-represented in the
20 STAR elements compared to the genome. A control analysis was done with 65
sequences that were selected at random from the human genome (i.e. from
2689 x 1073 kilobase pairs) that match the length of the STAR elements of
Table 6.
Discriminant Analysis. The over-represented oligonucleotides and dyads
25  were used to,train models for prediction of STAR elements by Linear
Discriminant Analysis (Hubertiv, 1994). A pre-selection of variables was
performed by selecting the 50 patterns with the highest individual
dicriminatory power from the over-represented oligos or dyads of the frequency
analyses. These pre-selected variables were then used for model training in a

30 Stepwise Linear Discriminant Analysis to select the most discriminant



The di scrim nant nodels were then used to classify the 65 STAR elenents in
the training set and their associ ated random sequences. The nodel wusing

ol i gonucl eoti de variables classifies 46 of the 65 STAR el enents as STAR 10
el enents (t W9D3386B4 i ves); the dyad nodel classifies 49 of PEHELEPAR2e| enent s
as true positives. In conbination, th& nodels classify 59 of the 65 STAR
elements as STAR elenents (91% FIG 22). The fal se positive rates (random
sequences classified as STARS) were 7 for the dyad nodel, 8 for the

ol i gonucl eoti de nodel, and 13 for the conbined predictions of the two
nodel s (20%) . cobhkingTibR of vaeiabhas(Haibekty] 49D4). ¥ arinble vdeetiowtivasbased bhed as
STARs by LDA are, STARs 7, . 22, 35, 44, 46, and 65. These el enents displ ay
stabilizing aRiRUIREHEhelassification efrrphrfrf&r{eﬁcsﬁ%ageafg?s@s negglivpe fact that

th t L 4 &lﬂg@@%} 0 :
ang%/hg; eclngs 581% %S:ﬁg%eéssgg?) %ﬁ@? RRayee‘%’@r%fgnt S. Oﬁ’fhg@& r%é 2" %atrv‘\agfgf ?@ggmfs ed
to classify tthe ddne diddiritdinanSapproalchitethe contol st of eandorg segtendest ed i n

Tabl e 9. The dyad nodel _classifies 12 of these é&ﬁdi date STARs as STAR
el ements, and(RHEMzING $hA Perestage ?éfa&e ROsHavg ¢lagsdtications). STARs. The

T8 07005 Thi's io Thf BraROive AoBle 2 B TR bR oo LAY ATRDS |0

Ei rai ning set wfegeﬁlﬁesﬁé'd\ﬁstwﬁ iwias'sid Eirebgmhé:ﬁﬁh AR elentiants afﬁd&anldoml-ﬁeqamécds%at

i scrimnant nodel s re train W t he 65 STARs of Table.6,. an

di scrininat i yyeﬁpﬁ%ﬁfw%g&ﬁ&mﬁ? the tharning ek WREY cgeéswgésgﬁmdg

represent ed i Bd ik €51 h0GSRIon FARUNiANE POON Lt EniSTARRAAT IRy " L Ne
een fully cha in viv

testing set have not yet racterized in ternms o
f unct i on, 10 30zeotin selgctioe s desaibedeattovevete cassified.dRhesetcdanditate STAR

properties. 03/ 106684 PCT/ /00 7 _Thi s anal ysis denonstrates the
power of a st &ieM8OtE gre QBW%&C%OQ%gﬂé% pﬁ’lﬁgr%tic classification of STAR
el enents. The STAR sequences contain a nunber of dyad and hexaneric

ol i gonucl eoti de patterns that are significantly over-represented in
conpari son w Resalie human genone as a whole. These 5 patterns may represent

bi nding sites for proteips that confer STAR gctivity: J ny ca form
a set of sequence hBHFFRIHCARPITINHESHIAP Ef‘ﬁ@%ﬁ%@ﬁf@o}{s 5335 S

15 elements, using the human genome as the reference sequence. One hundred

sixty-six (166) hexameric oligonucleotides were found to be over-represented in
the set of STAR elements (sig >= 0) compared to the entire genome (Table 4).
The most significantly over-represented oligonucleotide, CCCCAC, occurs 107
times among the 65 STAR elements, but is expected to occur only 49 times. It

20 has a significance coefficient of 8.76; in other words, the probability that its
over-representation is due to random chance is 1/ 1078.76, i.e. less than one in
500 million.

Ninety-five of the oligonucleotides have a significance coefficient greater
than 1, and are therefore highly over-represented in the STAR elements.

25  Among the oyer-represented oligonucleotides, their observed and expected
occurrences, respectively, range from 6 and 1 (for oligo 163, CGCGAA, sig =
0.02) to 133 and 95 (for oligo 120, CCCAGG, sig = 0.49). The differences in
expected occurrences reflect factors such as the G:C content of the human
genome. Therefore the differences among the oligonucleotides in their number

30 of occurrences is less important than their over-representation; for example,



el enment sequences. Using these patterns to recognize STAR el enents by
Discrimnant Analysis, a high proportion of the el enents obtained by the
genetic screen of 10 the invention are in fact classified as STARS. This
reflects Wod8PesBHg sequence and functional simlariti escTamgodsbese

el ements. An inportant aspect of the’s nmethod described here (pattern
frequency analysis followed by Discrimnant Analysis) is that it can be
reiterated; for exanple, by including the 19 candi date STAR el enents of
Table 9 with the 66 STAR el enents of Table 6 15 into one training set, an

i mproved digligol NCRCEBES I360I= Agfold @eradprebohfed, whiclhad a;gadbhbi@iaﬁ then be
used to classify other candidate regul ator el enents as STARS. Large-scale

in vivo scrafdeingded taparslen chanpeanfons in illioa (MigFABF5f the invention,

conbined with reiteration of the, bio-infar i anal.ysis...wll provide a
means of di scri A AlForAeRe dhe ALEntr Sl el fhichut R Syhith spPBlRce Toous
recogni t i orrepisheRtRTbliddridledtidelis FUHE Fas ckiipld) &He Mkodt Sigdifiegited in its
entirety. These stringent and conprehensive predictions of STAR function

wi |l ensur eligeauclgptide, plige ISCFCCAENEIrcursl @7 timesohut iscfoundia oaledShvai | abl e

for use ind ovi ng_transgene expression. .25 4; I n nd
char ;ct elri z‘%%ﬁvllcﬁ’ BRART elﬁ\?ﬁ?lgs(r%fa%o o RPY i%’%@@k ’?ﬁ%? ?‘?ngg%{rlgg?gtene
si | enci ng oHpdhticledtillé, ansaBeY LoPLLATEGE), 6ubs bh Qvefdgdnecd bﬁgﬂé;%tgi{)ﬁi?

. In

post-transcrixil onal levels (Myer, 200 Vance & Vaucheret, 2C
ei t her caseSTARdthirteenegcursentes asfelevemSEARs) singlesopy oliganudeotides

conprom sed_ b Il enckng; theql aw ressi nd i nstabil i f the WD
Sof Toesss st Ferbdy Rt GENaw3 R R indficd RROM, thd offfer "¢
desi r ablpe tdx@tdnte,(Rigd-4 (CEGCCE) bet 18 OR)avirage 8BiniéLirthoaé STHRNHI whith
proteins. It also results in poor predictability: the proportion of

transgeni c ipisfoundi(B3STAR eThe mast widesnyead oigonuslentidehisarwrgberal3d, usef ul
oo o L ROHBES RESSRLI e KIS NS AR oA RE DA LRSS O
char act er i Jeagtswidébprea@oligphacldeiids ideembbel14 CETCHC)Y whidi\becuel eent s from
the genone of the dicot plant Arabidopsis thaliana for use in
only 6 STARs (andD on average only once per STAR).
15 Results of dyad frequency analysis are given in Table 5. Seven hundred
thirty (730) dyads were found to be over-represented in the set of STAR
elements (sig >= 0) compared to the reference sequence. The most significantly
over-represented dyad, CCCN{2}CGG, occurs 36 times among the 65 STAR
elements, but is expected to occur only 7 times. It has a significance coefficient
20 of 9.31; in other words, the probability that its over-representation is due to
chance is 1/ 1029.31, i.e. less than one in 2 billion.
Three hundred ninety-seven of the dyads have a significance coefficient
greater than 1, and are therefore highly over-represented in the STAR
elements. Among the over-represented dyads, their observed and expected
25  occurrences, respectively, range from 9 and 1 (for five dyads (numbers 380,
435, 493, 640, and 665)) to 118 and 63 (for number 30 (AGGN{2}GGG), sig =
4.44).
The oligonucleotides and dyads found to be over-represented in STAR

elements by pattern frequency analysis were tested for their discriminative

30 power by Linear Discriminant Analysis. Discriminant models were trained by



preventing transcriptional transgene silencing in transgenic plants.

Ar abi dopsi s was chosen for this exanple because it is a well-studi ed nodel
10 organism it has a conpact genone, it is anmenable to genetic and

reconbi nant WOMKL0AESAI pul ati ons, and its genone has been segaemncesbogievan et
al., 2001, Initiative, 2000, Meinke ef6at, 1998). Materials and Methods: 15
Genomic DNA was isol ated from Arabi dopsis thaliana ecotype Colunbia as
described (Stamet al., 1998) and partially digested with Mol. The digested
DNA was size-fractionated to 0.5 - 2 kil base pairs by agarose gel

el ectrophor eSét&]f)&ﬁge paleétiore of tHerbdst 6omblititidel arabhg\thé 68 nfedt discriniglan®n Kit,
Q AGEN 28706),  fol |l owed b,i( ligation into the pSel ect vector (supra). 20
Tr ansf ect i on qligogugleetide £TasleHa or dyad (Eable Jppatierns.| Theomedalsashiaveron f or

zeocin resistanece | ow doxycvel | concent s at i r as

descri bed (s‘tPg%‘&?fé‘ﬁPgE%eg@%?%%%ﬁa& gad} f4r@ aggg%\fg?{a?%g)lie%tgﬁ col oni es
and re- transdigéfi@inativevitigbles roaboligd asdliybisexwniibarel11, 130094, 1920uEa4CI NY
of Arabidopsis genom c DNA fragnents that conferred 25 zeocin resistance
upon re-t rianst@t(Table dkidhose frommdadanalesie areaymbenp 73) 194149, anh482quences

wer e conpar ed(,It 1d sequence of the Arabi dopsis genone by BLAST anal ysis
((Al tschul et 1 , ’1990); URL http://ww. nebi.nl mnih.goviblast/Blast).

STAR activity was Tiesdierifdihahiciolyls Waethen asefRd\clagvi€y shd 65 STAR 30
hygronyci n- and zeocij n-resi stance genes .in reconbi nant host cells by reverse

WO 031106684 Hemertsiiilpoizaning et apg thair pejasitpdrapiommenyences) The grodehe
U-2 o5/ Tet- O %kgg@gﬁg&g@g@e lé%quble%\g{a%?iﬁrgg%%fo?(fhﬁi%lﬁvg'f&R% St R @FARIS

cont ai ni ng Ar enen osop a scs elenent, or

cont ai ni ngD NoeleffeRts (trGe positived)h tiedyakbmedeldlassifit€d9 ofithy STARyslethehtd a@
weeks at hi gh doxycycline concentration, 5 then the doxycycline

concent r at i onttHaPOFBikesctn eubinatiag) the madelsglassily R ofithe ROFFAR efnraenisr

PO, Ao Rt Ao HC2D, Tt Bl

synt hesi s wasclasdifieé ds STARS) iwagethfor Bay dyadinbdel,r&for $he atigonucleotide model,
and 18 for the combined predictions of the two models (20%). The STAR

15 elements of Table 6 that were not classified as STARs by LDA are STARs 7,
22, 35, 44, 46, and 65. These elements display stabilizing anti-repressor
activity in functional assays, so the fact that they are not classified as STARs
by LDA suggests that they represent another class (or classes) of STAR
elements.

20 The models were then used to classify the 19 candidate STAR elements
in the testing set listed in Table 9. The dyad model classifies 12 of these
candidate STARs as STAR elements, and the oligonucleotide model classifies
14 as STARs. The combined number of the candidates that are classified as
STAR elements is 15 (79%). This is a lower rate of classification than obtained

25  with the training set of 65 STARs; this is expected for two reasons. First, the
discriminant models were trained with the 65 STARs of Table 6, and
discriminative variables based on this training set may be less well
represented in the testing set. Second, the candidate STAR sequences in the
testing set have not yet been fully characterized in terms of in vivo function,

30 and may include elements with only weak anti-repression properties.



cDNA Synthesis kit (MBI Fernmentas 1622) using oligo(dT)18 priner as 10
descri bed by the manufacturer. An aliquot of the cDNA was used as the - '
tenplate in a PCR reaction using primers D58 and D80 (for the zeocin

mar ker), ¥P39G$84nd D71 (for the hygromycin marker), aneciysop3bbes:

pol yner ase (Pronega M2661). The reacf?on conditions were 15-20 cycles of

94C for 1 mnute, 54C for 1 mnute, and 72C for 90 seconds. These conditions
15 result in a linear relationship between i nput RNA and PCR product DNA.
The PCR products were resolved by agarose gel electrophoresis, and the

zeocin and hygQrrHi¥Gnalysad dsmonsieatés tthe hedePyf Satdtistidal appiddchgoddo-descri bed
(Sanbrook et al., 1989), using PCR products produced as above with purified

pSel ect p|m§qmaté@cl@ewﬁlcatileno TARglements. Ihe TEOR sqquemcesrgrip @ n si gnal s
DS ; ' ot .
rosul 15 ThegpRpEet Afad S ReREREREBRATINECH Riolle AR FE SEARHS

conprised &RrePrdicntd ih édrdp@ssonwith the hum£0¢endmelak chwhelel Thekd nserts.
The average 25 insert size proxi mately 1000 base pairs. the library

S a
t her ef ofe rRetexns MaY repissen bﬁaﬂgl@mmipbprqtﬁ@%b@fsicaemisél‘l’g%ﬁewtmnport i on

t this Lib . . o . :
tas. o1 anst CEBLpet RV IREA Y G¥ MR HHN sl g iEeq (4 LGRS STAIE N0
sel ecti on vélemefPB8sqibricesi sol ate transfectants, which 30 resulted in 27,000

surviving colonies. These were then subjected to zeocin_WO 031106684
PCTI NL0O3/ 00432 Bgingdhese paiiterns tpgocagiaecy EARrlemgnbsehy Pagarninaphit at i ve

Tnto £ corthaat BXpE Rupdrpill ot R SRR BREY b Bhe BoidSiren 681
Forty-fiour bk ihbestonhes i dft cla98ifiell akISTARS. dBliik dteflécts uadprlyhiy sigiedcgeoci n

resi stance on,the host cells at |ow 5 doxycycline concentrations,

denonst r at i 40l funetionphsiilaritigsamgng thepeslements. ArcHnportan; aspegbiptidiees t hat
t he pSel ect efL. J ' i 4G .af. ection
of "STAR of e TbdshbBl{HRRe Witicrkt dehicl Anallef YolloRlel 1y BiskriBint 32
candi dat e Adyeisp ietlist itvedre be deiterated) dok exdmpley by induding therioner e

identified as single J]oci in the databas f
candidatg STAR elements o Tabie 9 wit tc:ixe 66 STAR elements of Table 6

15 into one training set, an improved discriminant model can be trained. This

improved model can then be used to classify other candidate regulatory
elements as STARs. Large-scale in vivo screening of genomic sequences using
the method of the invention, combined with reiteration of the bio-informatic
analysis, will provide a means of discriminating STAR elements that

20 asymptotically approaches 100% recognition and prediction of elements as the
genome is screened in its entirety. These stringent and comprehensive
predictions of STAR function will ensure that all human STAR elements are

recognized, and are available for use in improving transgene expression.

25 Example 14; Cloning and characterization of STAR elements from
Arabidopsis thaliana
Transgene silencing occurs in transgenic plants at both the
transcriptional and post-transcriptional levels (Meyer, 2000, Vance &
Vaucheret, 2001). In either case, the desired result of transgene expression can

30 be compromised by silencing; the low expression and instability of the



10 Arabi dopsis nucl ear genom c sequence (Table 10; SEQ ID:85 - SEQ I D: 119).
Four others were identified as comng fromthe chl oropl ast genone, four were
chinmeras of DNA fragnments fromtwo |oci, and one was not found in the

Ar abi dopsi s Yeptees8dat abase. The strength of the cloned Arabimopsioss2STAR

el enents was tested by 15 assessing tR&ir ability to prevent

transcriptional repression of the zeocin- resistance gene, using an RT-PCR
assay. As a control for RNA input anong the sanples, the transcript |evels
of the hygronycin-resi stance gene for each STAR transfection were assessed

too. This analrjfisgenea®stiite in peoi expreskitw of dédirable thudtsea ipdsipisitaricdiRor
el enments. The results (FIG 23) denonstrate that .the 20 Arabj dopsis STAR

el enents ar e lewpaeldgofirgcombingng sepirinsa salso spsrisin peosespdictabiibhthel ) and
the enmpty vecé,%@oﬁo%vgp%rag%%ﬁéhyﬁtgggétrér)fé?reé&ﬂeq%ﬁ%%eigqtl ty to protect the

zeoci n-resi st € gen SCriptio repressi I'n  particular,

STAR- A28 and Kibt¥shAdldgsadiyl wselulflovels id g wlich @bsessitateadaboriotieandt ance gene
expression than the scs elenent (normalized to the internal 25 control of

hypronyci r r egiPengivesceramngrRiRpngfosmediadividyalsifar those sdthbenaficialypr essed.
These result Se)%%ggéggﬁ %ﬁ‘&&c‘céﬁétiéshgp&gé&&%elﬁ ]éiﬁé%?%és“c‘ﬁ%%dlgﬂoﬁ dpsh

successful ly app 0 recovery from genones of ot her

speci es than élunents from shecganmiadf thipalicataslhinnAtrgbiGdpdts chadisatd for fusedma pl ant
30 genone is particularly sjignifjcant because, it, denonstrates the w de
t axonomi ¢ WO Rrsyendagirgasrrintionabtragsgens siensing B\ @ansgania rlasds.net hod of t he

I nvention is .| . 1 . of
bi ot echnol ogi%g?dlggéisz% %ﬁr?ea{%[%&gog#pﬁfse%@%?ﬁ%ﬁﬁgIl%eg éfe-%tg&tg@aﬁxéx? 8{Blesi de on
mul ti pl e WECteiganisne: it haeapdoassat gehomk] Aie atennbleto(dnetieland Bddibbmlamtent s

function to block the effect of transcriptignal repressign influences on
transgene expP8¥kmanipwiationsprd ge cepems 5\?@%693 sgauencer (Beyangehak, 2Q0H,

het er ol ogous f;aLELE %WM&#%Q ejtﬁl.:‘ ﬁ%sg't)ncreased predictability of finding

hi gh- expressing prinary reconbl nant "cells. This feature allows for 10
t he sinultaneous expression of different genes that reside on nultiple,

di stinct Materials and Methods:
15 Genomic DNA was isolated from Arabidopsis thaliana ecotype Columbia
as described (Stam et al., 1998) and partially digested with Mbol. The digested
DNA was size-fractionated to 0.5 — 2 kilbase pairs by agarose gel
electrophoresis and purification from the gel (QLAquick Gel Extraction Kit,
QIAGEN 28706), followed by ligation into the pSelect vector (supra).
20 Transfection into the U-2 OS/Tet-Off/LexA-HP1 cell line and selection for

zeocin resistance at low doxycycline concentration was performed as described

(supra). Plasmids were isolated from zeocin resistant colonies and re-
transfected into the U-2 OS/Tet-Off/LexA-HP1 cell line.

Sequencing of Arabidopsis genomic DNA fragments that conferred

25 zeocin resistance upon re-transfection was performed as described (supra). The

DNA sequences were compared to the sequence of the Arabi_dopsis genome by
BLAST analysis ((Altschul et al., 1990); URL
http://www.ncbi.nlm.nih.gov/blast/Blast ).

STAR activity was tested further by measuring mRNA levels for the

30 hygromycin- and zeocin-resistance genes in recombinant host cells by reverse



vectors. In this exanple we use two different START-shiel ded genes, GFP and
RED, which are located on two different vectors. Wen these two vectors are.
transfected simnmultaneously to Chinese hanster ovary (CHO cells, both are
expressed WOW06684 t he correspondi ng, but unprotected G-RcendosReid2genes, 15
show hardly such simultaneous expres® on. Material and Methods The STAR7
elenment is tested in the ppd Z- STAR7 and ppRI P-STAR7 vectors (FIG 24). The
construction of the pPlug&Play (ppd Z and ppRIP) 20 vectors is described

bel ow. Plasm d pG-P (O ontech 6010-1) is nodified.by insertion of a |inker

at the Bsi VY, é:gfﬁgf‘oﬂ 150 c%é% TORER GAQ%T% fﬁi@U TS/ Tet- g)ﬁﬁxmlHPﬁl%ﬁqméﬂg

ol i gonucl eot GTA TAATT G3'" an

5' GTACCT Tmimfm@ﬁﬂlﬁﬁsélbct plasmidcemtaining ArabidopsisFIAR  Bgl 11, and
EcoRV restr tion end nuclﬁases Thi s creat S. t he ITU|'[I£| e cl orp[\hng 25 site
MCSI | for i€ ?‘E‘iso & PraspRhlla seselgment 9150 insert (supra)

(5 GATCAGAWE@@EE%@&__BWH@@W%W%M&%atmn,
(5" AGGCGGATCCGAATGTATT AAACAAAT AGGEES are used to a
regi on 6f @Ohey thddéxymychm-Eyncehtrabionsvasioweredi to Atlong/ind th!lldluce;Eee 30 of
5 o bk ot DB T ano oS P B AE h
WO 03/ 1066 r i eases at
MCSI, and 3y, ﬁu 1a£ g%;mgwﬁw gk de§&1lf%\ﬂ°dﬂtﬁé%§ﬁhu§c|tui-é}t Phkgrence

bet ween STAR eI ment s | acent” pronoters S- st Is digested with
Bgl Il and BtmnddNAsynthesiawabidrriedoumtending the (RBEelrttAﬁd Fiest Steed er

i os nes ROV iais ki bt forempngas 160 0umng DUEPGH) L8 BHAST sty s f  agment
5 | 1 9abed déhiribdd By YROEABAHIEANSn i CEPtd ABNA Rey wsch Byt gestion wi th

BamH and Stul, to yield pl RES-I1nk. The open reading frames of the
zeoci n- resitsmalate ig@nRCRsrenactiay usidgiprimerstDgS Badiidg lrthﬁ zessimf MCS B in

N thopri moreaiedrat D en B er e bR esiacRaEey s TRE DIASC Y PR

polymerase (Promega M2661). The reaction conditions were 15-20 cycles of
94°C for 1 minute, 54°C for Iminute, and 72°C for 90 seconds. These conditions

15 result in a linear relationship between input RNA and PCR product DNA. The
PCR products were resolved by agarose gel electrophoresis, and the zeocin and
hygromycin bands were detected by Southern blotting as described (Sambrook
et al., 1989), using PCR products produced as above with purified pSelect
plasmid as template. The ratio of the zeocin and hygromycin signals

20 corresponds to the normalized expression level of the zeocin gene.

Results

The library of Arabidopsis genomic DNA in the pSelect vector comprised
69,000 primary clones in E. coli, 80% of which carried inserts. The average

25  insert size was approximately 1000 base pairs; the library therefore represents

approximately 40% of the Arabidopsis genome.

A portion of this library (representing approximately 16% of the
Arabidopsis genome) was transfected into the U-2 OS/Tet-Off/LexA-HP1 cell
line. Hygromycin selection was imposed to isolate transfectants, which

30 resulted in 27,000 surviving colonies. These were then subjected to zeocin



5' AGGCGCGGCCGCAATTCTCAGTCCTGCTCCTC3' from pl asm d pEM// zeo, digested with
BamHl and Notl, and ligated with BanmHl / Not| -di gested pIRES- |link to yield

pl RES-1ink-zeo. The GFP reporter ORF is introduced into plRES 15 |ink-zeo by
ampl i ficati WO Bt -GP-1 with primer PCT/NLO3/00432

5' GATCGAATTCTCGCGAATGGT GAGCAAGCAGATCCT%AAGS' and

5' AGGCGAATTCACCGGTGTTTAAACTTACACCCACTCGTGCAGGECTECCC AGE3', and insertion of
t he EcoRI -digested G-P cassette into the EcoRI site in MCS A of the

pl RES-1ink-zeo plasmd, This creates the pp3Z (for GFP 20 | RES-zeo0). 5’
START i 5 ol oneeloqtimmoat low dewcydinecconemization ratevess DABComieginelaspiids

site. The pur CkAl: | ' RN | | [

5 @TC@T@#M@%W&@&I%&&% thto BBl 'abld BBt Boted

5" AGGCGCGECCuteAZ@STeCOHLeSHI Caelld. IRartypioas of dheddapla s d (9% of the
(Morgepstern & Land, 199Q), digested with BanmH and_ Notl, and ligated wth

BarHi / Not | - di Blasags pested) qonfrrredyzqaci tesistance pp ke bastocellsrat oD gene i s

anplified . : . .

5 c GATUUA%XT@@W%%&E&A%W%”%Wt the plasmids carried STAR

5' AGGCACGCCGT T élenientd ATHISTANCALSs Hhed (e oBelett suredn s huthaBOUHDOBa@As (€5l ont ech
6943-1), digested with Xbal_and Mu] _and ligated to Nhel WO 03/.106684

PCTI NLO310043highdy efficientpidateetipn,o ishmpatsdrem Blaat geppmicD Ndgr

pPpRED- | RES- pur 0) . /& ' ' I ' a2 TART 1S
cloned into the pagh%ﬂ&@@%}f%%gg Igh@%ﬁc{ﬁ?ﬁ@%ﬁ&‘@%&%@gﬁeg% The

Chi nese Hanst detepurnyd. CBiilrty-five of Hent et Idetitified- £519inglke locilintthe elhtalbase of

HAMSB- F12 nedi ym + 10% Fetal Calf Serum containin | ut am 100 U m
penicillik0 a ah@epwm&aar@pﬁm%@%ﬁpe%ﬁbqe &8: éEE\A@%%'(ﬁEQn&M@-ar e
transfected w ks | Malelj h-ne.7.000 i

deocri bed by FRar bilferd wEdident s drRREHEA BRI ash BEN U6 MBEP s
vessel s and gchimeras ef RINA tfrdgméits iih ¢woflbcicmod oné wasfrt foumd én theeagent i s

conbined with plasm d DNA at ratio of 7.5 mcroliters per 3 mcrogram
(e.g. for a 1678 dPEFIPigeHPE‘ﬁ,daafBg?ﬁecrograrrs DNA and 120

The strength of the cloned Arabidopsis STAR elements was tested by

15 assessing their ability to prevent transcriptional repression of the zeocin-
resistance gene, using an RT-PCR assay. As a control for RNA input among
the samples, the transcript levels of the hygromycin-resistance gene for each
STAR transfection were assessed too. This analysis has been performed for 12
of the Arabidopsis STAR elements. The results (FIG 23) demonstrate that the

20 Arabidopsis STAR elements are superior to the Drosophila scs element
(positive control) and the empty vector (“SV40”; negative control) in their
ability to protect the zeocin-resistance gene from transcriptional repression. In
particular, STAR-A28 and STAR-A30 enable 2-fold higher levels of zeocin-
resistance gene expression than the scs element (normalized to the internal

25  control of hygromycin-resistance gene mRNA) when the lexA-HP1 repressor is
expressed.

These results demonstrate that the method of the invention can be
successfully applied to recovery of STAR elements from genomes of other
species than human. Its successful application to STAR elements from a plant

30 genome is particularly significant because it demonstrates the wide taxonomic



mcroliters Lipofectam ne) and added after a 30 m nutes incubation at 250C
to the cells. After a 6 hour incubation the transfection m xture is '
replaced with 15 fresh nmedium and the transfected cells are incubated
further. wotoenoeesser ni ght cultivation, cells are trypsi ricaad.oanazzeeded i nto
fresh petri dishes with fresh nediwhwth zeocin added to a concentration
of 100 g/m and the cells are <cultured further. Wen individual col onies
becone visible (approximtely ten days after transfection) nediumis
renmoved and replaced with fresh medium 20 (puromnycin) Individual colonies

are i sol at egngdgvér whithdheGefHdd 2f the idvetRhSS apPlicakle] 44d Bedausg PoAhtR.

Expression of the GFP and RED reporter genes is assessed approximately 3
weeks af t eare parsfpertamdtarg@iofbistechnaegicalrdevelopomasitst s of a nonoci stronic
gene with the GFP 25 gene, an | RES and the Zeocin resistance gene under

control of the CW pronoter, but either with or without START el enent to

flank the @¥drmple 18NSTARshiclded’denes tieatrtdide G Ehil#ipleGRtIbES aref a
nonoci stronic gene with the RED gene, an | RES and the puromycin resistance

gene unfier expressed simultaneonslpiofBHE celst either with or without START
el enment to flan 30 entire. constiruct, (ELG,24). W).03/ 106684 _ .

PCT/ NLO3/ 00432 gglﬁﬁﬁﬁlg_‘%%ﬁ% Futon oot t%e;?ééec%? é’ﬁl’ia&sﬁﬁlﬁfi?«’?[&crﬂf%s.smé} abl e
col oni es t hiflued®s onStrhfiégie dxpreddiuBiRe DAe afthadbERMtS bSBAR expanded
before the GFP and RED signals are determ ned on a XL-MCL Beckman Coul ter

f | owcyt onetelementsifer bete@el@gag%pmtei@epnlﬁucﬁon i:ﬁﬁthﬁolnsrgased aredicabiliprefe
itive f : 5 RED sj i il t
rMREAR T R T A R S S

shows fibat thé glithtikafedis exression efdifferémdgnrRadhnt retd b nail€iple] igtideny ci n
resi stant CHO col onies of GFP and a RED reporter _?en,es that are_fl anked by a
STAR el eneivectoss Jn;this examplegwe use twp different STIAR T-phieldedgenes, GEBtands-p and

START ol omanED; FafdRRBEarhd ohitis BBk Vb, W' O eI REGraRTeN - ThE

transfected simultaneously to Chinese hamster ovary (CHO) cells, both are

expressed, whereas the corresponding, but unprotected GFP and RED genes,

15 show hardly such simultaneous expression.

Material and Methods
The STAR7 element is tested in the ppGIZ-STAR7 and ppRIP-STAR7
vectors (F1G 24). The construction of the pPlug&Play (ppGIZ and ppRIP)

20 vectors is described below. Plasmid pGFP (Clontéch 6010-1) is modified by
insertion of a linker at the BsiWI site to yield pGFP-link. The linker (made by
annealing oligonucleotides 5'GTACGGATATCAGATCTTTAATTAAG3' and
5'GTACCTTAATTAAAGATCTGATATCCS") introduces sites for the Pacl,
Bglll, and EcoRV restriction endonucleases. This creates the multiple cloning

25 site MCSII fqr insertion of STAR elements. Then primers
(5'GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCGCGTTTCGGTGATGA
CGG3"Y) and
(5'AGGCGGATCCGAATGTATTTAGAAAAATAAACAAATAGGGGS") are used
to amplify a region of 0.37 kb from pGFP, which is inserted into the BglII site

30 of pIRES (Clontech 6028-1) to yield pIRES-stuf. This introduces sites for the



predictability of transgene expression in CHO cells. In the STAR-|ess
colonies 15 at nost 9 out of 20 col onies contain double GFP/ RED positive
cells. The ercent age of double positive cells ranges between 10 and 40%
The remai ni ﬁ@““%‘f“&‘bt of 20 col oni es hgve | ess than 10% GFREREEI38&R2t i ve
cells. In contrast, in 19 out of 20 c8fonies that contain the STAR shi el ded
GFP and RED genes, the percentage G-P/ RED doubl e positive cells ranges
between 25 and 75% In 20 15 out of these 19 doubl e positive colonies the
per cent age GFPI RED double positive cells is higher than 40% This result

shows that itAsc angrfwel restxictiomendenyaleasapabClL pndsantdnas 61 stulergenes i s
achi eved V\/nerﬁt hes t”gcggle§1(fiél<§tte|n£i%g§ﬁ§9fe%ricg batweeE b?‘gﬁf‘%l?:me%és gl e la

. e .
EXpI’GSSI on of %glflu ctl romtwo Ssepara asmds |'s easier

obt ai ned whenaa Rt Prembdrs. HIRME-stiliftis egeated FMIOBEID ahHFsHE ay Vibawde lai ght
chains. Due to the ability of STAR el enents to convey higher predictability
to protein eRPAfragment gempesassofthn shufferdsagment) the kM Vaprometey, the RES

di stinct 0 wecto 135 ' e es,
G and R, Y3 s OB eAsE EEMGRA B AR CRAA RS sYACC o
of a Iight angblpadgistidntighaallyTiah fagnent it tghed with thyaepio? bhekbone of
START- shi el ded |qht and heavy anti body cDNAs_that reside on distinct

t

vectors are sP@BPtlinkeprnduged byskigestionawith RomHé sadnBiid: oryielpiRET ks, This
results in the pr Ofain%céde%nre%iﬂgﬂgﬂeg%?!th@P%dc?r?—ggsifﬂ??ng{a %@ﬁé f%qinge{tgﬁlﬁxg%gt h

heavy and |ight chains are exptessed Sinmultaneous contras

si mul t aneous {HeaB&HEIING sites oAMCB BeinesIRESHihk aidollewyytheMebéiadiesiztiNie
shows hardly expression of functional .anti body. Materials and Methods 10 The

tested colkt r QBFsisamplifind by FORwitheprimestd i n Exanpl e 15, except that the

G-P gene is rapl i { d“‘f@t h the RINGL
ant i body (m@gwg&%@ggge%&?ﬁe g}gﬁ‘g‘t}ge&ep acg dy the gene
enc Fdi‘ ngdt Pe HA@GCh GGGGCﬁGbGMdI‘WNGAGfDCCE‘GE’I‘CGW@3P ﬁggi plabaiid pEM7/zeo,
anplifie romthe RINGL hybridqoma (Haney et at, 2002 RT- PCR using. 15
the prinmers sdigagtedmiticBerdthnnd @@A@’edfﬂiﬂh@’@ﬁ -digested pIRES-

link to yield pIRES-link-zeo. The GFP reporter ORF is introduced into pIRES-

15 link-zeo by amplification of phr-GFP-1 with primers
5'GATCGAATTCTCGCGAATGGTGAGCAAGCAGATCCTGAAGS' and
5'AGGCGAATTCACCGGTGTTTAAACTTACACCCACTCGTGCAGGCTGCCC
AGGS3', and insertion of the EcoRI-digested GFP cassette into the EcoRI site in
MCS A of the pIRES-link-zeo plasmid. This creates the ppGIZ (for ppGFP-

20 IRES-zeo) 5 STARY is cloned into the Sall site and 3° STARY is cloned into the
Pacl site.

The puromycin-resistance ORF is amplified by PCR with primers
5'GATCGGATCCTTCGAAATGACCGAGTACAAGCCCACGS' and
5'AGGCGCGGCCGCTCAGGCACCGGGCTTGCGGGTCS' from plasmid pBabe-

25 Puro (Morgepstern & Land, 1990), digested with BamHI and Notl, and ligated
with BamHI/Notl-digested pIRES-link to yield pIRES-link-puro. The RED
gene is amplified by PCR with primers
5'GATCTCTAGATCGCGAATGGCCTCCTCCGAGAACGTCATCS' and
5'AGGCACGCGTTCGCGACTACAGGAACAGGTGGTGGCGS' from plasmid

30 pDsRed2 (Clontech 6943-1), digested with Xbal and Mlul and ligated to Nhel-



CCGCTTTGTCTCTAACACTCATTCC3' . The PCR product is cloned into pcDNA3 after
restriction digestion with EcoRl and Notl and sequenced to detect potenti al
frame shifts in the sequence. The cDNA is excised with EcoRI and Notl,

bl unted aWQ B84 i n ppG Z pl asnid. The heavy chain i s ROTVLOBeE2 20 from
the RINGL hybridoma (Hamer et at, 20%2) by RT-PCR using the priners

5" ACAGAATTCTTACCATGGATTTTGGECECTGE3' and 5" ACAGCGGCCGCTCATTTACCAGGAGAGTGGE3! .
The PCR product is cloned into pcDNA3 after restriction digestion with
EcoRI and Notl and sequenced to detect potential frane shifts in the
sequence. Mial digdstddsp IRESlitiksparowotyieldppRIPAfst PRED-IRES-pado)abd cl oned in
PpRIP plasmd.  Results CHO cal gnies are simltaneously transfected with the
RINGL Li ghBTABYAselqmed)inke thexPaitsitecand 3’ SART tselpnedpgte the facl s¥pde on two
distinct 30 vectors. The Light Chain is coupled to the zeocin resistance
gene through an WO 03/ 106684 PCT/ NLO3/00432 86 IRES, the Heavy Chain is

coupl ed t oTisvesfedticinyed Bultefd 6f @HCecedl®ne t hrough an IRES. FI G 25 shows that
simul taneous transfection_to CHO cells_of the heavy and |i %ht_ chain

encodi ng cDNAs Fhe (hiresedHamsterdvagyiceHdine CHO-K1{Ad(dn §&er-62ki6ci n and
[ ' i f, he START
b et ¢ np SEpREI HAMSH 2ned ]+ 106 PRI Catfbondh ot BRI |10

as conpar eghitanihe 100 UMm] pardcillin,sand 100mhiicrogdiis/alletrptomydireatSIART el enent
t herefore conveys a hi gher degree_of predictabjlity gl Qfanti body expression
in CHO cel C&% G2 ellspariransiected withsthe plpgmidsguging dinofegtamyne 2008y pr ess

det t abl ' . ' 1 ' t t ai
the. STAR chrdftadi) B8 Heecrtb B Slanutdhodedd Bridhly, IR0 NGB B 2P "
anti botly t baltusbeieretls andgroRinlNSveraizhit g6 70i90% corflienée Akipafectdngns f i cant | y,

all these 7 colonies _ prqoduce higher_levels of R NGl antibody than the
hi ghest cofRagsnt %«F%bmegavlbhp}aeﬁmldP%T atzp ragtmod) 7.5 THCEOIHEEYPeT S hows t hat it

| c e . hous ¢
ant i body charberiE e Rk L0 LA P ARG R s IRANBIF TG SR |

el enent's. microliters Lipofectamine) and added after a 30 minutes incubation at 25°C to

the cells. After a 6 hour incubation the transfection mixture is replaced with
15 fresh medium, and the transfected cells are incubated further. After overnight

cultivation, cells are trypsinized and seeded into fresh petri dishes with fresh

medium with zeocin added to a concentration of 100 pg/ml and the cells are

cultured further. When individual colonies become visible (approximately ten

days after transfection) medium is removed and replaced with fresh medium
20 (puromycin)

Individual colonies are isolated and transferred to 24-well plates in
medium with zeocin. Expression of the GFP and RED reporter genes is
assessed approximately 3 weeks after transfection.

One tested construct consists of a monocistronic gene with the GFP

25 gene, an IRES and the Zeocin resistance gene under control of the CMV
promoter, but either with or without START7 element to flank the entire
construct (FIG 24). The other construct consists of a monocistronic gene with
the RED gene, an IRES and the puromycin resistance gene under control of
the CMV promoter, but either with or without STAR7 element to flank the

30 entire construct (FIG 24).



WO 03/106684 PCTI NLO3/ 00432 87 Table 1. digonucl eoti des used for

pol ynerase chain reactions (PCR prinmers) or DNA nutagenesis Number Sequence
C65 AACAAGCTTGATATCAGATCTGCTAGCTTGGTCGAGCTGATACTTCCC  C66

AAACT CGAGCC 3088684 TCGTCGACT TTACCACTCCCTATCAGTGATAGAG  CBYCT/NLO3/00432
AAACCGCGGCAT GGAAGACGCCAAAAACATAAAGAAAGH 088 TATGGATCCTAGAATTACACGGCGATCTTTCC
C81 AAACCATGGCCGAGTACAAGCCCACGGTGCGCC €82
AAATCTAGATCAGGECACCGGECTTGCGGEGTCATGC €85 CATTTCCCCGAAAAGTGCCACC D30
TCACTGCTAGCGAGTGGTAAACTC D41 GAAGTCGACGAGGCAGGCAGAAGTATGC D42

GAGCCGCGGT TTAGI TCAlignGastGibSardehnFetedaCHOTKT EellaGtable cabmges that are

A B PR Bl ST T
AGGCCCATGGT : qu@ﬁm@%nqxﬁmﬁmmtew%@mm
TCCAAATGITC

D94 AATTGGECGCGCCTGI D95 TGCTTTGCATACTTCTGCCTGCCTC  E12 TA
E13 CCTAAAAGAREMPENCETAGR ofcblls AnGRGTIICOp ThaATEdumble RoSitive TABGATGTRGOAAATGG

E16 GTT g Tﬁ%osq!g_ngs st éLIZ a-srAmeasure%I%Tnl aneox% expression of both proteins

and this is plotted in FIG 24.

Results
FIG 24 shows that simultaneous expression in independent zeocin and
10 puromycin resistant CHO colonies of GFP and a RED reporter genes that are
flanked by a STAR element results in a higher number of cells that express
both GFP and RED proteins, as compared to the control vectors without
STAR?7 element. The STAR7 element therefore conveys a higher degree of
predictability of transgene expression in CHO cells. In the STAR-less colonies
15 at most 9 out of 20 colonies contain double GFP/RED positive cells. The
percentage of double positive cells ranges between 10 and 40%. The remaining
11 out of 20 colonies have less than 10% GFP/RED positive cells. In contrast,
in 19 out of 20 colonies that contain the STAR-shielded GFP and RED genes,
the percentage GFP/RED double positive cells ranges between 25 and 75%. In
20 15 out of these 19 double positive colonies the percentage GFP/RED double
positive cells is higher than 40%. This result shows that it is more likely that
simultaneous expression of two genes is achieved when these genes are
flanked with STAR elements.

25 Example 16: Expression of a functional antibody from two separate
plasmids is easier obtained when STAR elements flank the genes
encoding the heavy and light chains.

Due to the ability of STAR elements to convey higher predictability to
protein expression two genes can be expressed simultaneously from distinct

30  vectors. This is shown in example 15 for two reporter genes, GFP and RED.



E18 CCTCTCTAGGGATCCGACCC E19 CTAGAGAGATCTTCCAGTAT E20 AGAGTTCCGGATCCGCCTGG
E21 CCAGGCAGACTCGGAACTCT E22 !' GGTGAAACCGGATCCCTAC E23
AGGTCAGGAGATCTAGACCA E25 CCATTTTCGCTTCCTTAGOTCC E42 CGATGTAACCCACTCGTGCACC
E5? AGAGAWOTABBSRAATTTCG E84 GATCTCTAGAATGGCCAAGCCTTTGT GUEMB3/06E85
AGGCGCGGECCGCTTAGCCCTCCCACACATAACCAGAS E87 AGGCACGCGTTCATGTCTGCTCGAAGCGGCC
WD 03/ 106684 PCT/ NL0O3/ 00432 88 E92 AGGCGCTAGCACGCGTTCTACTCTTTTCCTAGTICTG
E93 GATCAAGCTTACGCGTCTAAAGGCATTTTATATAG E94
AGGCGCTAGCACGCGTTCAGAGTTAGTGATCCAGG  E95 GATCAAGCTTACGCGTCAGTAAAGGTTTCGTATGG
E96 AGCCCCIN¢#kARE A dltd AboisTekbeésbii - dfla [rehE8xd W@gﬁmww G E98
CAAGGGCCGCACIJTTAICI‘_ACATGTTC E9 GATCACTA ATGGCCAAGT GACCAGTGC E100
AGGCGCGGECCEestad T mmszmm -8 o 23

ACGOCAATT CABEEE P TRARCREIRE S FlS&Eﬂ&&tﬁbe@esfﬁ%d to Chinese hamster
GATCGAATTCH FHNMEAGAGHE d:ontmctmnal antlbody, indicating
AGGCGAATTCA GI TTAAACT TACACCCA!

@TMﬁMhmm@h@thﬁ@ressed s1mu1taneous1y In contrast,

T e A R h o e AR GeA Lot £ 424 light and heavy antibody cDNAs

GATCGGAT CCER SRR GEAGR OERGIA6Ra antibody.

Materials and Methods

10 The tested constructs are the same as described in Example 15, except
that the GFP gene is replaced by the gene encoding the light chain of the
RING1 antibody (Hamer et al., 2002) and the RED gene is replaced by the
gene encoding the heavy chain of the RING1 antibody. The light chain is
amplified from the RING1 hybridoma (Hamer et al., 2002) by RT-PCR using

15 the primers 5’CAAGAATTCAATGGATTTTCAAGTGCAG3' and 5'CAAGCGG
CCGCTTTGTCTCTAACACTCATTCCS'. The PCR product is cloned into
pcDNAS after restriction digestion with EcoRI and Notl and sequenced to
detect potential frame shifts in the sequence. The cDNA is excised with EcoRI
and Notl, blunted and cloned in ppGIZ plasmid. The heavy chain is amplified

20 from the RING1 hybridoma (Hamer et al., 2002) by RT-PCR using the primers
5'ACAGAATTCTTACCATGGATTTTGGGCTGS' and
5'ACAGCGGCCGCTCATTTACCAGGAGAGTGGGS3'. The PCR product is
cloned into pcDNAS3 after restriction digestion with EcoRI and Notl and
sequenced to detect potential frame shifts in the sequence. The ¢cDNA is

25 excised WithlEcoRI and Notl, blunted and cloned in ppRIP plasmid.

Results
CHO colonies are simultaneously transfected with the RING1 Light
Chain (LC) and RING1 Heavy Chain (HC) cDNAs that reside on two distinct
30 vectors. The Light Chain is coupled to the zeocin resistance gene through an



F22 AGGCGCGGCCGCTCAGECACCGEECTTGCEEGTC F23
GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCGCGTTTCGGTGATGACGG  F24

AGGCGGAT T TAGAAAAATAAACAAATAGGGG F25 GTACGGATATCAGATCTTTAATTAAG
F26 GTACCTT. TCTGATATCC F32 GATOGAGGTACCGGTGTGT  FEGT/NL03/00432
GATCACACACCGGTACCTC F34 CGGAGGTACCGGTGIGT F35 CGACACACCGGTACCTC F44
TGAGAGGTACCGGTGTGT  F45 TCAACACACCGGTACCTC WD 03/ 106684 PCT/ NLO3100432 89
Tabl e 2. STAR el enents and two-step selection increase the predictability
of transgene expression wthout STAR with STAR fold inprovenent (carry
out first antiBES the Heavedhaim s conplaseto thel moaycin reristapce gene throughHi gh

o oducers SN2 udgT R bR PSR IO Bl 0 L,
producers 19 héavy adlllighhabitemddir dDNArbsultSHl 616 éBblidhhbhieF
independent zeocin and puromycin resistant colonies. When the constructs are
5 flanked by the STAR7 element this results in a higher production of functional
RING1 antibody, as compared to the control vectors without STAR7 element.
The STAR7 element therefore conveys a higher degree of predictability of
antibody expression in CHO cells.
In the STAR-less colonies only 1 out of 12 colonies express detectable
10 antibody. In contrast, in 7 out of 12 colonies that contain the STAR-shielded
Light and Heavy Chain genes, produce functional RING1 antibody that detects
the RING1 antigen in an ELISA assay. Significantly, all these 7 colonies
produce higher levels of RING1 antibody than the highest control colony
(arbitrarily set at 100%). This result shows that it is more likely that
15 simultaneous expression of two genes encoding two antibody chains is

achieved when these genes are flanked with STAR elements.



| ow producers) Survivors to 5 30-fold3 150 characterize 'Col onies per

m crogram pl asm d DNA. 2Mani festing the three-fold i nprovenent due to the
presence of STARS in the percent of high producers in the original

popul at i oWQ3/186f8&Nni es resistant to the first anti bi oti cPCBNBOBIDERE i ng t he
arithmetic product of the fold i npro¥&nent in the nunber of colonies and the
I ncreased percentage of high producers due to the presence of STARs. WO
03/ 106684 PCT/ NL0O3/00432 90 Table S. Sequences of various STAR el enents
STAR3 forward ACGTNCTAAGNAAACCATTATTATCATGACATTAACCTATAAAAATAGCC 5
GTATCACCGAGTHBIeTI. CHigon Geldciid eI ased 46 pobptiecastehain reactions (PCR
GTACTGAAATAGGAGT T%GAGCAAATAAGATGAGCCAGAAAA. C

CATGAAAAGAREATRGLSTPX MYLREERASISEAGGACATTCCCAAGG
TGAGAAGGCCATATACCTCCACTACCTGAACCAATTCTCTGTATGCAGATT

TAGCAAGGT TATAAGGTAGCAAAAGATTAGACCCAAGAAAATAGAGAACT 10

TCCAATCCA ?FWIPATAGCAAATTTATTGATGATAWJ@Q CcC
AAAGGAACCA GTCC) AT AGCTGATACTTCCC
ACACCCAAAT JAsL GAGCORRREC ﬂ;@'ﬁwﬂ ALK CTCCCTATCAGTGATAGAG
CCAAC-I-GACCl O O OOT AAVEVAVNUUCUCNT TUA T AU \OT T O
AAATACAT TGSFCEEFCATMACRRRPGEATREAMEALEAMAMCATAMIGAMGG
CCTGGAAAT TTGATREY CCACMEERARITAGARDACARAREAAIGURRCET
ANATNNNGNT
GAGCTA AWE 20
AGCCCCGCCOCT T@E3CT ARSI T CEIEAAAGERAGEECECCTGI CCC
TCCTCCCCT T TCCog - CCOCt&AMGEf Aot b d Gtk & ACCCT GACC
CCGA 5l ALK aldrohbd et Sel A g CGT
CGCAAGCCCT # W TCTC
CTCCCCCT Gcmu;:%éép%& FH 3 O C

D58 CCAAGTTGACCAGTGCC

D70 TACAAGCCAACCACGGCCT

DT1 CGGAAGTGCTTGACATTGGG

D80 GTTCGTGGACACGACCTCCG

D89 GGGCAAGATGTCGTAGTCAGG

D90 AGGCCCATGGTCACCTCCATCGCTACTGTG

D91 CTAATCACTCACTGTGTAAT

D93 AATTACAGGCGCGCC

D94 AATTGGCGCGCCTGT

D95 TGCTTTGCATACTTCTGCCTGCCTC

El2 TAGGGGGGATCCAAATGTTC

E13 CCTAAAAGAAGATCTTTAGC

Eld AAGTGTTGGATCCACTTTGG

El5 TTTGAAGATCTACCAAATGG

E16 GTTCGGGATCCACCTGGCCG

E17 TAGGCAAGATCTTGGCCCTC

E18 CCTCTCTAGGGATCCGACCC

El9 CTAGAGAGATCTTCCAGTAT

E20 AGAGTTCCGGATCCGCCTGG

E21 CCAGGCAGACTCGGAACTCT

E22 TGGTGAAACCGGATCCCTAC

E23 AGGTCAGGAGATCTAGACCA

E25 CCATTTTCGCTTCCTTAGCTCC

E42 CGATGTAACCCACTCGTGCACC

E57 AGAGATCTAGGATAATTTCG

E84 GATCTCTAGAATGGCCAAGCCTTTGTCTCAAG

E85 AGGCGCGGCCGCTTAGCCCTCCCACACATAACCAGAG

E87 AGGCACGCGTTCATGTCTGCTCGAAGCGGCC




25 CGCCACCGCGECCT GCCEEEEECECT GCCGCT GCCTGAGAAACT GCGECT
GCCGCCTGGAGGAGGT GCCGT CACCT CCECCACCGLT GCCECCGCCECC

AGGGGTAGGA
TGACATGAAT

CTGATTACAGCCCAAT
ACCCGAGT CGCGGT CCCGCCCCECCGCTGCTCCATT

TTTTGTGTCCCCCTGITGTTGICGT
GICTCATTAA
GACCAAAG 30

PCT/NL03/00432

ACACTTAAGGCCACCCGT TGECCTACGEGTCTGTCTGTCACCCACTCACT WO 03/ 106684

PCT/ NLO3/ 00432 91 AACCACTCTGCAGCCCATTGGEGECAGGT TCCTGCCGGTCATNTCGCTTCC

AAT AAACACACCCCTICGACCECATNATIFCECEEECTTFCOSGAACGACCS

TOOGOCTNTTTN i

GCGGAGGATTCT I T TG4 TGCT

CTG

GGG@GMH!MAGG

GGTAAAGGCAGT GAGAEEACG]

AGECIGATACRATTAGT OOACEEICRATCG

GATGATGGTGGT
GCTGGGAAGCAG]

N Vo0 A den LD e eA CRieAPeAria brdit

GLLG ' A

ATGTGGTGGTGT
CCTCAGCTGEGT.

AALAA

AT

I'\k;l k/TI"'\U"\I LI

GITATGAGGGTA
AGTGAAAAGAGS
TAGAAGACGT CA]

[TTTEWGTAATRR

GGATTCAGT AGA

SCAGIRGT T,

crmmmmmm

GGAAAAACTTTT]

[ CTAEGTCTT.

AGGETEAATINENCH@EGACTAMNIOATCIERAGCTCGAAGCGGCCGG

GACATANGACNG

NGANEAGACC

AT AIGCADEIGAAT ATANGCEAGCATATCCTGAAG

GCNGAGGGAATT

| NCARRAAAA

VAGNOCARIFEAODRO KT A LA STEAEK Y CABTCATGCAGGCTGCCCAGG

CTATNTGCCTTT

AA

AR4

reverse GGA

I'IN AU

A —V_Vw_

NARAAA W&WMM@J@G@ NGLAVVATTESS
oh NS WRA A TEL

A "A’IQ [LCRY4S)

GGGCATGCGAAAT GEA

J

el
elelntel E«?ﬁ&éﬁ%&kﬁm& G&aGaca

F21

GATCGGATCCTTCCAAATGACCGAGTACAAGCCCACG

F22

AGGCGCGGCCGCTCAGGCACCGGGCTTGCGGGTC

F23

GATCAGATCTGGCGCGCCATTTAAATCGTCTCGCGCGTTTCGGTGATGACGG

F24

AGGCGGATCCGAATGTATTTAGAAAAATAAACAAATAGGGG

F25

GTACGGATATCAGATCTTTAATTAAG

F26

GTACCTTAATTAAAGATCTGATATCC

F32

GATCGAGGTACCGGTGTGT

F¥33

GATCACACACCGGTACCTC

F34

CGGAGGTACCGGTGTGT

F36

CGACACACCGGTACCTC

F44

TGAGAGATACCGGTGTGT

F45

TCAACACACCGGTACCTC




CNCTCATGGGCAGAGGGCTGECCTCTTGCAGCCGACCAGGCACTGAGCG
CCAT CCCAGGGCCCTCGCCAGCCCT CAGCAGGGCCAGGACACACAAGCCT
TTGACTTCCTCCTGTCACTGCTGCTGCCATTCCTGTTTTGTGGTCATCACT

CCTTCCCT GVOG3/s@ACT GCCCAGCACTCAAGGATGTCCTGTGGTGGCA 30 PCT/NLO03/00432
TCAGACCATATGCCCCTGAANAGGAGTGAGTTGGTEPTTTTTGCCGCGCC WO 03/ 106684

PCT/ NLO3/ 00432 92 CANAGAGCTGCTGTCCCCTGAAAGATGCAAGTGGGAATGATGATGNFCAC
CATCNTCTGACACCAAGCCCTTTGGATAGAGGCCCCAACAGT GAGGATGG
GGCTGCACTGCATTGCCAAGGCAACT CTGTNNT GACT GCTACANGACANT

CCCAGGACCT CRiab e BINSTAR bleThieatsTanlASREs T selegtimEifcreasedthe

C@W GAGTGGTTTCTTCAGCACAGCTT
CCAGA X R EXBERRINGCETTTTG 10
ACTAAACTCTGTGTTTTAGAGAGGGAGTTAAATGCTGTTAACTTTTTAGGG
GT GGGCGAGAGGAAT GACAAATAACAACT TGTCTGAATGTTTTACATTTCT

CCCCACTGCCT CAAGAAGGT TCAGKEFAESTEAR CCATGATAAGGAGTA with STAR
AGACCT CCCAGCCGGACT GT CCCTCEECCCCCAGAGGACACT -
ATATECTAACTGGACT TGGAGACT GGCTCACACT CCAGA { ';gﬁtIS

ch Am&l_\‘@\%l\l ~ > JW.Va'aawa'a'al. Va'alad Wa \ - - Y A

GGAGG

ACATT

NCAGA

ATNAN A1Q 4 ~1000
NTNT NARASCEANGEGLCNT TCCCNT TTNNAAATNNNAAAGGCCATTNN

-Prode S

GNNCN A FAACNNNTGSSCEENAALCAAACNTNTTCC
NAGACACNT T TORTTMItCCNGHEAT TTNTAATTTATTTETAANCE-foll STARH r ever se 15%
ATCGIGICCT L “_,‘Q%BGA TGAAGCTGGAAGLCATCATCCTCAG 150
CAAACTAACACACA PA(:AAEEA&AQAIACCACAIG[TCTCACTCATAA
" | (characterize 20 (20% of population) : (2% of population)
colonies)
High producers 1 3-fold? 3
Low producers 19 17
(carry out second
antibiotic

selection, killing
low producers)

Survivors to 5 30-fold3 150
characterize

1Colonies per microgram plasmid DNA.

2Manifesting the three-fold improvement due to the presence of STARs in the percent of high
producers in the original population of colonies resistant to the first antibiotic.

SManifesting the arithmetic product of the fold improvement in the number of colonies and the
increased percentage of high producers due to the presence of STARs.




GTGGGAGCTGAACAGT GAGAACACAT GGACACAGGGAGGGGAACATCAC
ACACCAAGGCCTGTCTGGT GT GGGGAGGEGAGGGAGAGCATCAGGACAA 30

ATAGCTAATGCATGT GGGGCTTAAACCTAGATGACGGGTTGATAGGTGCA WO 03/ 106684

PCT/ NLO3/ 00X$»03/1§653¢3CAATCCACT ATGGACACATATACCTATGT AACAACCCNREXAFIFI09432C
ATGTATCCCAGAACTTAAAGGAAAAT AAAAATTAAAAAMNATTNCCCTGG
AATAAAAAAGAGTGTGGACTTTGGTGAGATN 5 STARS f or war d
GGATCACCTCGAAGAGAGT CTAACGT CCGTAGGAACGCTCTCGGGTTCAC
AAGGATTGACCGAACCCCAGGATACGTCGCTCTCCATCTGAGGCTTGI\ITC

CTGCTCTCCT GAGCCCATGCT GCCT ATCACCCATCGGT GCAGGT CCTTTCT 10
GAANAGCT CGEGTGGAT TCTCTCCATCCCACTTCCTTTCCCAAGAAAGAA
GCCACCGT TCCAAGTARBEANMAIIGACAT TCCCNTTCCACCTCCTTNTC

NAAAGT TNGCCCAGGT G TONT AACAGGT TAGGGAGAGAANCCCCCAGG
TTTNAGTTNCAAGER AN PAA G ﬂéﬂ‘@&@\@*@Awﬂﬂ‘éTM AGGC

GGATCCCGA ye AP plys
CTCCT m CCC{3E

OCGGCT CACGGACAT AGAT GGCT GOCT AGCT COGGAAC A TGT
T COGGGOAT CCT A %E@@K%AAGGACATTCCCAAGG

TCTGCGACTTTGA (7
forward 25 T S
TTTTGTTGI CTTGITAGCAAGG TR AGGTAFCAGRAGATTAGACTCAAGAAAATAGAGAACT

TTT, T GTGTGIATAATTAAAA
CCT T GOCOCAPACT &Aﬁw N EFGATGATAACAATTGTCTCC
AT CAC

AAATATGITTTGGT g
GGAGTTTTGGICG

RAIPENTCEPRETAMAT GRAGCACGTEAGCTEAAA

ACAGCCAAATCTGCTTTGTTTTCATGACACAGGAGCATAAAGTACACACCA
CCAACTGACCTATTAAGGCTGTGGTAAACCGATTCATAGAGAGAGGTTCT
AAATACATTGGTCCCTCATAGGCAAACCGCAGTTCACTCCGAACGTAGTC
15 CCTGGAAATTTGATGTCCAGNATAGAAAAGCANAGCAGNCNNNNNNTAT
ANATNNNGNTGANCCANATGNTNNCTGNNC

STARS3 reverse
GAGCTAGCGGCGCGCCAAGCTTGGATCCCG CCCcCGLocececareeaececerea
20 AGCCCCGCCCCTTGCCCTAGAGGCCCTGCCGAGGGGCGGGGCCTGTCCC
TCCTCCCCTTTCCCCCGCCCCCTACCGTCACGCTCAGGGGCAGCCTGACC
CCGAGCGGCCCCGCGGTGACCCTCGCGCAGAGGCCTGTGGGAGGGGCGT
CGCAAGCCCCTGAATCCCCCCCCGTCTGTTCCCCCCTCCCGCCCAGTCTC
CTCCCCCTGGGAACGCGCGGGGTGGGTGACAGACCTGGCTGCCGCGCCAC
25 CGCCACCGCGCCTGCCGGGGGCGCTGCCGCTGCCTGAGAAACTGCGGCT
GCCGCCTG:GAGGAGGTGCCGTCGCCTCCGCCACCGCTGCCGCCGCCGCC
AGGGGTAGGAGCTAAGCCGCCGCCATTTTGTGTCCCCCTGTTGTTGTCGT
TGACATGAATCCGACATGACACTGATTACAGCCCAATGGAGTCTCATTAA
ACCCGAGTCGCGGTCCCGCCCCGCCGCTGCTCCATTGGAGGAGACCAAAG
30 ACACTTAAGGCCACCCGTTGGCCTACGGGTCTGTCTGTCACCCACTCACT



WD 03/ 106684 PCT/ NLO3/00432 94

ACCTGAT TGGAGCACT GAGGAACAAGGGAAT GAAAAGGCAGACTCTCTGA
ACGTTTGATGAAATGGACTCTTGT GAAAATTAACAGTGAATATTCACTGTT

GCACT GTAGEH 0571 dedse T GAAATGTAATTAAAAGT TTTTATTGAGCCCCCG PCT/NL03/00432
AGCTTTGECTTGCGCGTATTTTTCCGGT CGCGGACA T CCCACCGCGCAGA 5
GCCTCGCCTCCCCGCTANCCT CAGCTCCGATGACT TCCCCECCCCCECCC TG
CTCGGTGACAGACGT TCTACTGCTTCCAATCGGAGECACCCTTCECGEE  STARL8 reverse
TGGATCCTGCCGCTCECGTCTTAGIGI TTCTCCCTCAAGACTTTCCTTCTG 10

TTTTGITGT CTAACCASTOTGTAGOCCATTCEEEICA GGTOCTGCOGGTCATNTCGCTTCC
CTCGTACACACACGCAGTTMGGGTGATGTGTGTATAATGGA

CCTTGACCCA LETEACRFCCTTCGGGAACCACCC
AR < MANAANAGAACCGCTNGGG

ACCT GAT T GGAREAG TR ONCEETNOAMAGEEAGACTET CTCA
ACGTTTGATGAAATGCGACTCTTGTGAAAATTAACAGTGAATATTCACTGTT

GCACTGTACGAAGT CTCTGAAATGTAATTAAAAGT TTTTATTGAGCCCCCG  AGCTTTGGC 20 WO

03/ 106684 ﬁ@?f’ 00432 95 Table 4. digonucleotide patterns (6 base
pairs) over YW in STAR el ements. The patterns are ranked according

to signifi cRGCGAGEATTECETITCHETE OTGAGTISAGATTAGGPTCARSGTAGTGAW th the
sequence of the human genome as 5 reference. Patterns that conprise the npst

di scrini na@G@MG@G'HGAGMCA@'E&GGIGG@GATMQQTMT@ CREEA Wi t h
T ey N
107 49 B® 76GBTGGGAAGCAGTATATGTGGCGTTATGACCTCAGCTGGAACAGCAATGC
ATGTGGTGGTGTAATGACCCCAGCTGGGTAGGGTGCATGTGATGGAACAA
CCTCAGCTGGGTAGCAGTGTACTTGATAAAATGTTGGCATACTCTACATTT
GTTATGAGGGTAGTGCCATTAAATTTCTCCACAAATTGGTTGTCACGTATG
AGTGAAAAGAGGAAGTGATGGAAGACTTCAGTGCTTTTGGCCTGAATAAA
156 TAGAAGACGTCATTTTCAGTAATGGAGACAGGGAAGACTAANGNAGGGT
GGATTCAGTAGAGCAGGTGTTCAGTTTTGAATATGATGAACTCTGAGAGA
GGAAAAACTTTTTCTACCTCTTAGTTTTTGNGNCTGGACTTAANATTAAAG
GACATANGACNGAGANCAGACCAAATNTGCGANGTTTTTATATTTTACTT
GCNGAGGGAATTTNCAAGAAAAAGAAGACCCAANANCCATTGGTCAAAA
20 CTATNTGCCTTTTAANAAAAAGANAATTACAATGGANANANAAGTGTTGN
CTNGGCAAAAATTGGG

STARA reverse
GGATTNGAGCTAGCGGCGCGCCAAGCTTGGATCTTAGAAGGACAGAGTG
256 GGGCATGGAAATGCACCACCAGGGCAGTGCAGCTTGGTCACTGCCAGCTC
CNCTCATGE}GCAGAGGGCTGGCCTCTTGCAGCCGACCAGGCACTGAGCG
CCATCCCAGGGCCCTCGCCAGCCCTCAGCAGGGCCAGGACACACAAGCCT
TTGACTTCCTCCTGTCACTGCTGCTGCCATTCCTGTTTTGTGGTCATCACT
CCTTCCCTGTCCTCAGACTGCCCAGCACTCAAGGATGTCCTGTGGTGGCA
30 TCAGACCATATGCCCCTGAANAGGAGTGAGTTGGTGTTTTTTGCCGCGCC



2 CAGCGG 36 9 7.75 23 3 GECCCC 74 31 7.21 34 4 CAGCCC 103 50 7.18 37 5
GCCCCC702969734 6 CGEEEC 40 12 6.95 18 7 CCCCGC 43 13 6.79 22 8
CGGCAG 35 9 64 18 9 AGCCCC 83 38 6.54 40 10 CCAGEG 10%§imy§% 43 11

GGACCC * SQWQQyBWE% 35 12 GOGGAC 20 3,5.94 14 13 CCAGCG ¥ 24 14

GCAGCC 92 45 5.84 43 15 CCGECA 28 7 561 16 16 AGCGEC 27 7 5.45 17 17
CAGGGG 86 43 5.09 43 18 CCGCCC 43 15 5.02 18 19 CCCCCG 35 11 4.91 20 20
GCCGCC 34 10 4.88 18 21 GCCGAC 22 5 4.7 16 22 CGGACC 19 4 4.68 14 23

CGCOCC 35 11 4, '
CAGCOG 32 10 é&%&“ﬁ%ﬁéﬁ&%ﬁﬁ?@gb§§”§¥§¥¥§&f§@géﬁ%@%?iéﬁi@ﬁgﬂ%§ﬁ§%ﬂ§%&8
CCCTCC 106 60 CATINTCTGEACACTAAG T CUIPLG 6.8 dAGe 08 CAXERE TEAIG (AR Q04 32
96 31 CACCCC 77 40 3.75 40
GGCTGCACTGCATTGCCAAGGCAACTCTGTNNTGACTGCTACANGACANT

CCCAGGACCTGNGAAGNNCTATANATNTGATGCNAGGCACCT

STARG forward
CCACCACAGACATCCCCTCTGGCCTCCTGAGTGGTTTCTTCAGCACAGCTT
CCAGAGCCAAATTAAACGTTCACTCTATGTCTATAGACAAAAAGGGTTTTG
10 ACTAAACTCTGTGTTTTAGAGAGGGAGTTAAATGCTGTTAACTTTTTAGGG
GTGGGCGAGAGGAATGACAAATAACAACTTGTCTGAATGTTTTACATTTCT
CCCCACTGCCTCAAGAAGGTTCACAACGAGGTCATCCATGATAAGGAGTA
AGACCTCCCAGCCGGACTGTCCCTCGGCCCCCAGAGGACACTCCACAGAG
ATATGCTAACTGGACTTGGAGACTGGCTCACACTCCAGAGAAAAGCATGG
156 AGCACGAGCGCACAGAGCANGGGCCAAGGTCCCAGGGACNGAATGTCTA
GGAGGGAGATTGGGGTGAGGGTANTCTGATGCAATTACTGNGCAGCTCA
ACATTCAAGGGAGGGGAAGAAAGAAACNGTCCCTGTAAGTAAGTTGTNCA
NCAGAGATGGTAAGCTCCAAATTTNAACTTTGGCTGCTGGAAAGTTTNNG
GGCCNANANAANAAACANAAANATTTGAGGTTTANACCCACTAACCCNT
20 ATNANTANTTATTAATACCCCTAATTANACCTTGGATANCCTTAAAATATC
NTNTNAAACGGAACCCTCNTTCCCNTTTNNAAATNNNAAAGGCCATTNN
GNNCNAGTAAAAATCTNNNTTAAGNNNTGGGCCCNAACAAACNTNTTCC
NAGACACNTTTTTTNTCCNGGNATTTNTAATTTATTTCTAANCC |

25 STARG reverse
ATCGTGTC’CTTTCCAGGGACATGGATGAAGCTGGAAGCCATCATCCTCAG
CAAACTAACACAGGAACAGAAAACCAAATACCACATGTTCTCACTCATAA
GTGGGAGCTGAACAGTGAGAACACATGGACACAGGGAGGGGAACATCAC
ACACCAAGGCCTGTCTGGTGTGGGGAGGGGAGGGAGAGCATCAGGACAA

30 ATAGCTAATGCATGTGGGGCTTAAACCTAGATGACGGGTTGATAGGTGCA



32 GCGCCA 30 10 3.58 23 33 AGEEEC 70 35 3.55 34 34 GAGGEC 66 32 3.5 40 35
GCGAAC 14 2 3.37 13 36 CCGECG 17 4 3.33 12 37 AGCCGG 34 12 3.29 25 38
GGAGCC 67 34 3.27 40 39 CCCCAG 103 60 3.23 51 40 CCGECTC 24 7 3.19 19 41
CCCCTC 81WRA3/30668# 43 42 CACCGC 33 12 3.14 22 43 CTGCCERCINIZBOGI3D1 42 44
GGGCCA 68 35 2.99 39 45 CGCTGC 28 932.88 22 46 CACCGC 25 8 2.77 19 47
CGGECCC 28 10 2.73 19 48 CCGCCG 19 5 2.56 9 49 CCCCGG 30 11 2.41 17 50
AGCCCC 23 7 2.34 17 51 GCACCC 55 27 2.31 38 52 AGGACC 54 27 2.22 33 53
AGGCECG 24 8 2.2 18 54 CAGGEC 81 47 2.18 42 55 CCCGCC 45 21 2.15 20 56
GCCAGC 66 IXCAATT CGACTATGGEACACATATACCTATGTAACANCCCNAACITNTTGAE2 59

AT 10 Moutas T L b AR Bt s

AATAAAAAAGAGTGTGGACTTTGGTGAGATN

5 STARS forward
GGATCACCTCGAAGAGAGTCTAACGTCCGTAGGAACGCTCTCGGGTTCAC
AAGGATTGACCGAACCCCAGGATACGTCGCTCTCCATCTGAGGCTTGNTC
CAAATGGCCCTCCACTATTCCAGGCACGTGGGTGTCTCCCCTAACTCTCC
CTGCTCTCCTGAGCCCATGCTGCCTATCACCCATCGGTGCAGGTCCTTTCT

10 GAANAGCTCGGGTGGATTCTCTCCATCCCACTTCCTTTCCCAAGAAAGAA
GCCACCGTTCCAAGACACCCAATGGGACATTCCCNTTCCACCTCCTTNTC
NAAAGTTNGCCCAGGTGTTCNTAACAGGTTAGGGAGAGAANCCCCCAGG
TTTNAGTTNCAAGGCATAGGACGCTGGCTTGAACACACACACACNCTC

15 STARS8 reverse
GGATCCCGACTCTGCACCGCAAACTCTACGGCGCCCTGCAGGACGGCGGC
CTCCTGCCGCTTGGACGCCAGNCAGGAGCTCCCCGGCAGCAGCAGAGCA
GAAAGAAGGATGGCCCCGCCCCACTTCGCCTCCCGGCGGTCTCCCTCCCG
CCGGCTCACGGACATAGATGGCTGCCTAGCTCCGGAAGCCTAGCTCTTGT

20 TCCGGGCATCCTAAGGAAGACACGGTTTTTCCTCCCGGGGCCTCACCACA
TCTGGGACTTTGACGACTCGGACCTCTCTCCATTGAATGGTTGCGCGTTCT
CTGGGAAAG

STAR18 forward
25 TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTG&CTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTTTCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG
AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT
30 GGAGTTTTGGTCGGTAATCAAAACTAAAAGAAACCTCTGGGAGACTGGAA



64 CCGICA
67 CCGAGG
CCTCGC 23
03/ 106684
75 CCAGAG
GGGACC 48
CTGCGC 23

CGCCAC 33 15
CTGCTC 80 49

CGGIGC 18
CGECGEC 14

19 6 1.78 14 65 CAGAGG 107 68 1.77 47 66 CCCGAG 33 14 1.77 22

36 16 1.76 25 68 CCCGCA 11 2 1.75 8 69 CCACCC 87 53 1.71 45 70

P&‘H‘Nﬂﬁ%ﬁ‘bomz 97 73 CGCOGC
93 58 1.57 49 76 CGITCC 19

71 20 71 CAAGCC 59 32 1.69 40 72 TCCGCA 18 5 1.68 17 WO
8 51.679 74

24 1.48 31 79 CCGCGA 10 2 1.48 8 80 CCTGCG 24 9 1.45 17 81
8 1.32 14 82 GACCCC 47 24 1.31 33 83 GCTCCA 66 38 1.25 39 84

AGTEATHRCAERETTAGG AALAAGaGAN BRARKACH A GART GTOTGA

2 i-%@@&TGM@A@%@TG@M@TMP@%&PAT%MG%

10

15

20

GCACTGTACGAAGTCTCTGAAATGTAATTAAAAGTTTTTATTGAGCCCCCG
AGCTTTGGCTTGCGCGTATTTTTCCGGTCGCGGACATCCCACCGCGCAGA
GCCTCGCCTCCCCGCTGNCCTCAGCTCCGATGACTTCCCCGCCCCCGCCC
TGCTCGGTGACAGACGTTCTACTGCTTCCAATCGGAGGCACCCTTCGCGG

STAR18 reverse
TGGATCCTGCCGCTCGCGTCTTAGTGTTTCTCCCTCAAGACTTTCCTTCTG
TTTTGTTGTCTTGTGCAGTATTTTACAGCCCCTCTTGTGTTTTTCTTTATTT
CTCGTACACACACGCAGTTTTAAGGGTGATGTGTGTATAATTAAAAGGAC
CCTTGGCCCATACTTTCCTAATTCTTTAGGGACTGGGATTGGGTTTGACTG
AAATATGTTTTGGTGGGGATGGGACGGTGGACTTCCATTCTCCCTAAACT
GGAGTTTTGGTCGGTAATCAAAACTAAAAGAAACCTCTGGGAGACTGGAA
ACCTGATTGGAGCACTGAGGAACAAGGGAATGAAAAGGCAGACTCTCTGA
ACGTTTGATGAAATGGACTCTTGTGAAAATTAACAGTGAATATTCACTGTT
GCACTGTACGAAGTCTCTGAAATGTAATTAAAAGTTTTTATTGAGCCCCCG
AGCTTTGGC

EBOYG21 653 39
1.53 16 77 CGAGGA 23 8 1.5 19 78



94 AAGCCC * 60 34 1.03 42 95 CCGCAG 24 9 1.03 17 96 GCCCAC 59 34 0.95 35
97 CACCCA 92 60 0.93 49 98 GCGCCC 27 11 0.93 18 99 ACCGEC 15 4 0.92 13
100 CTCGCA 16 5 0.89 14 101 ACCCTIC 16 5 0.88 12 102 CTGGAC 58 33 0.88 32
103 GCCCa0671066840. 87 38 104 ACCGIC 15 4 0.86 11 105 ECUNCG/@®U3B 0.8 18
106 AGCCCG 22 8 0.79 14 107 ACCCGA936 5 0.78 13 108 AGCAGC 79 50 0.75 41
109 ACCCCG 14 4 0.69 7 110 CGAGEC 29 13 0.69 24 111 AGCTGC 70 43 0.64 36
112 GGGGAC 49 27 0.64 34 113 CCGCAA 16 5 0.64 12 114 CGTCEC 8 1 0.62 6 WO
03/ 106684 PCT/ NLO3/00432 98 115 CGTGAC 17 6 0.57 15 116 CGCCCA 33 16 0.56

22 117 CTCrablé4. Oligonueldatidé fatéexits (B Das€ paibs) dver-tdpreNented ihS 5 0.5
11 120 0.49 39 122 CCCCCA* 77 49

%5 0.49 58 121 CCCTCA 71 45
0.49 42 1 ents; o 48 14

The patterns are ranked according to significance coefficient. These were

determined using RSA-Tools with the sequence of the human genome as

5 reference. Patterns that comprise the most discriminant variables in Linear

Discriminant Analysis are indicated with an asterisk.

Number | Oligonucl | Observed | Expected | Significan | Number of
eotide occurrenc | occurrenc ce matching
sequence es es coefficient | STARs

1 CCCCAC 107 49 8.76 51
2 CAGCGG 36 9 7.75 23
3 GGCCCC 74 31 7.21 34
4 CAGCCC 103 50 7.18 37
5 GCCCCC 70 29 6.97 34
6 CGGGGC 40 12 6.95 18
7 CCCCGC 43 13 6.79 22
8 CGGCAG 35 9 6.64 18
9 AGCCCC 83 38 6.54 40
10 CCAGGG 107 54 6.52 43
11 GGACCC * 58 23 6.04 35
12 GCGGAC 20 3 5.94 14
13 CCAGCG 34 10 5.9 24
14 GCAGCC 92 45 5.84 43
15 CCGGCA 28 7 5.61 16
16 AGCGGC 27 7 5.45 17
17 CAGGGG 86 43 5.09 43
18 CCGCCC 43 15 5.02 18
19 CCCCCG 35 11 491 20
20 GCCGCC 34 10 4.88 18
21 GCCGGC 22 5 4.7 16
22 CGGACC 19 4 4.68 14
23 CGCCCC 35 11 4.64 19
24 CGCCAG 28 8 4.31 19
25 CGCAGC 29 8 4.29 20
26 CAGCCG 32 10 4 24
27 CCCACG 33 11 3.97 26
28 GCTGCC 78 40 3.9 43
29 CCCTCC 106 60 3.87 48
30 CCCTGC * 92 50 3.83 42




124
127
130
133
136
139
142
145
148
151
154

CGECTC 29
TCCCCA 95
CTCGIC 17

13 0.47 19 125 CTCGECC 20 8 0.46 17 126 CGGAGA 20 8 0.45 14
64 0.43 52 128 GACACC 44 24 0.42 33 129 CICCAA 17 6 0.42 13
6 0.42 14 131 CGACCA 13 4 0.39 11 132 ATGACG 17 6 0.37 12

CCATCG WO 83196684 13 134 AGGEGGA 78 51 0.36 44 135 GCTRERNR3/09¢320 35 43

ACCCCA 76 49 0.33 40 137 CGGAGC 2199 0.33 16 138 CCTCCG 28 13 0.32 19
CCEGAC 16 6 0.3 10 140 CCTGGA 88 59 0.3 45 141 AGGECGA 18 7 0.29 17
ACCCCT 54 32 0. 28 36 143 GCTCCC 56 34 0.27 36 144 CGICAC 16 6 0.27 15
EA 1660367 13~ A6 GAAGEE 62802539 T H4 7 GAABGE 79520
NoChEloq 52 0 | BACGOE I e T 50 o 9238] 100 Sidan 20 6 &b 17
CcCACEB229 14 0| fFCEECA A acTTcc A&la 0 17 18] 153 GAR8AC 48 23 P17 35
ACGAEB323 10 0.|MGEGE&GA55 CCGGAG 2@ 8 0.15 88 3.55 34
34 GAGGGC 66 32 3.5 40
35 GCGAAC 14 2 3.37 13
36 CCGGCG 17 4 3.33 12
37 AGCCGG 34 12 - 3.29 25
38 GGAGCC 67 34 3.27 40
39 CCCCAG 103 60 3.23 51
40 CCGCTC 24 7 3.19 19
41 CCCCTC 81 44 3.19 43
42 CACCGC 33 12 3.14 22
43 CTGCCC 96 55 3.01 42
44 GGGCCA 68 35 2.99 39
45 CGCTGC 28 9 2.88 22
46 CAGCGC 25 8 2.77 19
47 CGGCCC 28 10 2.73 19
48 CCGCCaG 19 5 2.56 9
49 CCCCGG 30 11 2.41 17
50 AGCCGC 23 7 2.34 17
51 GCACCC 55 27 2.31 38
52 AGGACC 54 27 2.22 33
53 AGGGCG 24 8 2.2 18
54 CAGGGC 81 47 2.18 42
55 CCCGCC 45 21 215 20
56 GCCAGC 66 36 2.09 39
57 AGCGCC 21 6 2.09 18
58 AGGCCC 64 34 2.08 32
59 CCCACC 101 62 2.05 54
60 CGCTCA 21 6 2.03 17
61 AACGCG 9 1 1.96 9
62 GCGGCA 21 7 1.92 14
63 AGGTCC 49 24 1.87 36
64 CCGTCA 19 6 1.78 14
65 CAGAGG 107 68 1.77 47
66 1 CCCGAG 33 14 1.77 22
67 CCGAGG 36 16 1.76 25
68 CGCGGA 11 2 1.75 8
69 CCACCC 87 53 1.71 45
70 CCTCGC 23 8 1.71 20
71 CAAGCC 59 32 1.69 40
72 TCCGCA 18 5 1.68 17




156 ACCCAC 60 37 0.12 41 WD 03/106684 PCT/ NLO3/00432 99 157 CTGGGEC 105 74

0.11 50 158 CCACGG 23 10 0.09 19 159 CGGICC 13 4 0.09 12 160 AGCACC * 54
33 0.09 40 161 ACACCC 53 32 0.08 38 162 AGEECC 54 33 0.08 30 163 CGECGAA 6
1 0.02 owdlé#o6ssECCC 58 36 0.02 36 165 CTGAGC 71 46 0. PQr/Mpo3/o063 AATCCG 13

4 0.02 11 WO 03/106684 PCT/ NLO3/ 00432
over-represented in STAR el enents.

significance coefficient.

random sequence fromthe hunman

These were

100 Table 5. Dyad patterns
The patterns are ranked according to

determ ned using RSA-Tools with the

genone as reference.

Patterns that conprise

the np&3—drscri QETTables 5 {dT Limear CE$crim nggy [Anal ysi Sgfe
I ndi clgted vm-fh%%ig:mﬁ. et ac—seaquente—Chse fxpected ni fican
ed ocklirenc—cel FEAMAG de coertifdlont J.".':,es59 CECh izé&,v 36—F—I-B1 2
cCaN Bl 40 10 CEAGAG cAav o ca@33s 8 7 13684 coen 3897¢cc 34 849 B8 5
CGGN 976CC 33 7{€&EPTCE CICN{9 CcadMWp 8 6.72 67 CCCN 1.580G 34 8 6l 8 CCCN
0} CAQ 7103 48 6. 6TGAGGA 23 8 1.5 19

78 GGGACC 48 24 1.48 31

79 CCGCGA 10 2 1.48 8

80 CCTGCG 24 9 1.45 17

81 CTGCGC 23 8 1.32 14

82 GACCCC 47 24 1.31 33

83 GCTCCA 66 38 1.25 39

84 CGCCAC 33 15 1.19 21

85 GCGGGA 23 9 1.17 18

86 CTGCGA 18 6 1.15 15

87 CTGCTC 80 49 1.14 50

88 CAGACG 23 9 1.13 19

89 CGAGAG 21 8 1.09 17

90 CGGTGC 18 6 1.06 16

91 CTCCCC 84 53 1.05 47

92 GCGGCC 22 8 1.04 14

93 CGGCGC 14 4 1.04 13

94 AAGCCC * 60 34 1.03 42

95 CCGCAG 24 9 1.03 17

96 GCCCAC 59 34 0.95 35

97 CACCCA 92 60 0.93 49

98 GCGCCC 27 11 0.93 18

99 ACCGGC 15 4 0.92 13

100 CTCGCA 16 5 0.89 14

101 ACGCTC 16 5 0.88 12

102 CTGGAC 58 33 0.88 32

103 GCCCCA 67 40 0.87 38

104 ACCGTC 15 4 0.86 11

105 CCCTCG 21 8 0.8 18

106 AGCCCG 22 8 0.79 14

107 ACCCGA 16 5 0.78 13

108 AGCAGC 79 50 0.75 41

109 ACCGCG 14 4 0.69 7

110 CGAGGC 29 13 0.69 24

111 AGCTGC 70 43 0.64 36

112 GGGGAC 49 27 0.64 34

113 CCGCAA 16 5 0.64 12

114 CGTCGC 8 1 0.62 6




9 AGCN 16 CCG 29 6 5.96 10 CCCON{4}CGC 34 8 5.8 11 CCGCN 13 GGA 26 5 5.77
12 GCGN 16 CCC 30 7 5.74 13 CCCN{5 GCA 25 5 5.49 14 CCCN 14 CCC 101 49
5.43 15 CTGN 4 CGC 34 9 5.41 16 CCAN 12 GCG 164 6 5.37 17 CGEGN 11 CAG 10

5.25 18 COSR B/1@683 33 4. 87

19 GCCN 0 CCC 26 4.81 20 CCHEINIAEA@04324 78 21

CGGN 0 CAG9 4.76 22 CCCN 3 CGC 32 8 $.67 23 CGCN 1 GAC 20 3 4.58 24 GCGN
2 GCC 29 7 4.54 25 CCCN 4} CGCC 76 34 4.53 26 CCCN 1 CCC 103 52 4.53 27
CCGN{13 CAG 33 9 4.5 28 GCCN 4 GGA 64 27 4.48 29 CCGN 3 GGA 26 6 4.46 30

AGCN
4.42
4. 37
4. 27

2

32
35

2118 63 .4 44 \\D 03/106684 PCT/NLA3/ 00432 101 31 CACN 5 CCG 22 4
CEEN 17 CCACGGTEAL 39 33 coN b GGC 69 80 4. 38 034 |CCTN GCA®B 7
SOBBl 0 GAC|1BGGCEA32 | 36 GCON®| GGC 40 164.28 30.560GN 2 CCR2E 6
38 CoPN 11 CCESBPCoGE 17 97 65 0.54 47
118 AGCGGG 21 8 0.52 17
119 ACCGCT 15 5 0.5 11
120 CCCAGG 133 95 0.49 58
121 CCCTCA 71 45 0.49 39
122 CCCCCA * 77 49 0.49 42
123 GGCGAA 16 5 0.48 14
124 CGGCTC 29 13 0.47 19
125 CTCGCC 20 8 0.46 17
126 CGGAGA 20 8 0.45 14
127 TCCCCA 95 64 0.43 52
128 GACACC 44 24 0.42 33
129 CTCCGA 17 6 0.42 13
130 CTCGTC 17 6 0.42 14
131 CGACCA 13 4 0.39 11
132 ATGACG 17 6 0.37 12
133 CCATCG 17 6 0.37 13
134 AGGGGA 78 51 0.36 44
135 GCTGCA 71 50 0.35 43
136 ACCCCA 76 49 0.33 40
137 CGGAGC 21 9 0.33 16
138 CCTCCG 28 13 0.32 19
139 CGGGAC 16 6 0.3 10
140 CCTGGA 88 59 0.3 45
141 AGGCGA 18 7 0.29 17
142 ACCCCT 54 32 0.28 36
143 GCTCCC 56 34 0.27 36
144 CGTCAC 16 6 0.27 15
145 AGCGCA 16 6 0.26 11
146 GAAGCC 62 38 0.25 39
147 GAGGCC 79 52 0.22 42
148 ACCCTC 54 32 0.22 33
149 CCCGGC 37 20 0.21 21
150 CGAGAA 20 8 0.2 17
151 CCACCG 29 14 0.18 20
152 ACTTCG 16 6 0.17 14
153 GATGAC 48 28 0.17 35
154 ACGAGG 23 10 0.16 18
155 CCGGAG 20 8 0.15 18
156 ACCCAC 60 37 0.12 41




39 CCCN 8 TCG 23 5 4.12 40 CCGN 1 GCC 30 8 4.12 41
42 GCCN 6 GGA 71 32 4.1 43 CCAN 4 CCC 96 48 4.1 44
45 GACN 12 GBC 45 16 4.07 46 CGCN 13 CCC 30 8 4.04
4.02 48 wWOoOMdessGSG 75 35 3.94 49 CGGN 13 GGC 30 8
8 3.92 51 AGCN 0 GBC 26 6 3.9 52 (OCCN 16 GEC 64 28
29 3.87 54 CCCN 16 GGG 88 31 3.81 55 CCCN 9 CGG 30
30 8 3.76 57 CCAN O GCG 32 9 3.75 58 GCCN 1 CGC 26

GGGN 5} GGA 101 52 4. 11
CCTN 14 CCG 32 9 4. 09

47 CAGN 16 CCC 92 46

3. $eT/NI3/6846IN 1 GCC 30
3.89 53 GCTN 19 CCC 67
8 3.77 56 CCON 10 CGG
6 3.74 59 CCTN 6 CGC

20 CCG

69 65 BGEN 15 CCC

27 7 3.73 60 GGAN 1 CCC 63 27 3.71 61 CGON 18 CAC 24 5 3.7 62
21 4 3169 63 CJANTGGEIS 2b 6 3. 630564 CGCON Z@ [CCC 28 071B
67 30[3585 66 '| COAGGEC b9 31 3.683| 67 GOONOH OGC 32.69 B. 61 68160CN 14
CGC 2871£93 59  HICEAFEET CC 89 453858 70 AN 16 Gy b3 2T 3- 34

160 AGCACC * 54 33 0.09 40

161 ACACCC 53 32 0.08 38

162 AGGGCC 54 33 0.08 30

163 CGCGAA 6 1 0.02 6

164 GAGCCC 58 36 0.02 36

165 CTGAGC 71 46 0.02 45

166 AATCGG 13 4 0.02 11




71 CCCN 15 GOG 25 6 3.57 72 CCCN 0 CGC 37 12 3.54 WD 03/ 106684
PCT/ NLO3/ 00432 102 73 COCN{16 AGC * 67 30 3.54 74 AGGN 9 GGG 96 50 3.52
75CGCN12Gg6:§§)673.46 76 CACN(8 CGC 23 5 3.43 77 CLAN 7 CCG 31 9 3.42
78 CGGN 1 95106684 41 79 CGON 14 CCC 29 8 3.4 80 AGCN{ BCODLOY®4ZS 3. 4
81 CGCN 13 GTC 18 3 3.37 82 GOGN 3 GcM%6 7 3.35 83 CGGN 0}GGC 34 11 3.35
84 GCCN 14 CCC 68 31 3.33 85 ACCN 7}CGC 21 4 3.32 86 AGGN 7 CGG 33 10 3.31
87 CCCN 16 CGA 22 5 3.3 88 CGCN{6)} CAG 31 9 3.29 89 CAGN 11 GCG 29 8 3.29
90 COGN{12 COG 19 4 3.26 91 CGCN 18 CAG 27 7 3,24 92 CAGN 1} GGG 80 39 3.21
93 cacN 0 ccl'ableld Byad patternsoyerwepresertes] img STHR edeyverdscae 27 7 3. 15

03 TooN 17 oo §rdi 4t el Ayt to Y ghieprgg footftiol TheteWere™® 1 215

determined using RSA-Tools with the random sequence from the human

genome as reference. Patterns that comprise the most discriminant variables

5 in Linear Discriminant Analysis are indicated with an asterisk.

Number | Dyad sequence | Observ | Expected | Significan
ed occurrenc ce
occurre es coefficient
nces

1 CCCN{2}CGG 36 7. 9.31
2 CCGN{6}CCC 40 10 7.3
3 CAGN{0}CGG 36 8 7.13
4 CGCN{15}CCC 34 8 6.88
5 CGGN{9)}GCC 33 7 6.82
6 CCCN{9}CGC 35 8 6.72
7 CCCN{1}GCG 34 8 6.64
8 CCCN{0}CAC 103 48 6.61
9 AGCN{16}CCG 29 6 5.96
10 CCCN{4}CGC 34 8 5.8
11 CGCN{13}GGA 26 5 5.77
12 GCGN{16}CCC 30 7 5.74
13 CGCN({5}GCA 25 5 5.49
14 CCCN{14}CCC 101 49 5.43
15 CTGN{4}CGC 34 9 5.41
16 CCAN{12}GCG 28 6 5.37
17 CGGN{11}CAG 36 10 5.25
18 CCCN{5}GCC 75 33 4.87
19 GCCN{0}CCC 64 26 4.81
20 CGON{4}GAC 19 3 4.78
21 CGGN{0}CAG 33 9 4.76
22 CCCN{3}CGC 32 8 4.67
23 . CGCN{1}GAC 20 3 4.58
24 GCGN{2}GCC 29 7 4.54
25 CCCN{4}GCC 76 34 4.53
26 CCCN{1}CCC 103 52 4.53
27 CCGN{13}CAG 33 9 4.5
28 GCCN{4}GGA 64 27 4.48
29 CCGN{3}GGA 26 6 4.46
30 AGGN{2)GGG 118 63 4.44




101 CCCN 2 CGC 30 9 3.07

102 CGIN 3 CAG 28 8 3.06 103 CCGN 13 GAG 27 7

3.05 104 CTCN{6 CGC 28 8 3.04 105 CGCN 4 GAG 21 5 3.03 106 GCOGN 5 GGA 24
6 3.03 107 CCGN 1 CAG 27 7 3.01 108 CGCN 11 CCG 18 3 2.99 109 GCGN 19 CCC
26 7 2. 980 316686CN 18 GAA 21 5 2.98 111 GGGN 19 GGA 7BCPSLey®@832 112 CCAN 1
CGG 24 6 2.94 113 CCCN{7)GCG 25 6 m94 114 AGGN 1 0 CCC 84 43 2.92 WO
03/106684 PCT/ NLG3/ 00432 103 115 CCAN 0 GGG 97 52 2.88 116 CAGN 10 CCC 82
41 2.87 117 CCGN 18 CCG 19 4 2.86 118 CCCGN 18 GBC 26 7 2.85 119 CCCN 2

GCG 24 6 2.84 120 CGCN 1 GC 25 7 2.83 121

CCC 52 22 2.8
8 CCC 66 31 2.
CCCN 14 CGC 2

3123 CCCN| CACIH5R0CE 2. 78 1282¢CCN 16 A@Fd 23 6 A.4%
B3 126 CLONGNGRCOR 2| 2. 7127127 AGN §[CCG 31 4189 2.
g5 27 1@&“@@(}% 1974 Zgd| 130 CAGY B ACC 7838 2.
34 CCTN{5)GCG 28 7 4.37
35 GCGN{0}GAC 19 3 4.32
36 GCCN{0}GGC 40 7 4.28
37 GCGN{2}CCC 26 6 4.27
38 CCGN{11}CCC 32 9 4,17
39 CCCN{8TCG 23 5 4.12
40 CCGN{17}GCC 30 8 4.12
41 GGGN{5}GCGA 101 52 4.11
42 GGCN{6}GGA 71 32 4.1
43 CCAN{4}CCC 96 48 4.1
44 CCTN{14}CCG 32 9 4.09
45 GACN{12)GGC 45 16 4,07
46 CGCN{13}CCC 30 8 4.04
47 CAGN({16}CCC 92 46 4.02
48 AGCN{10}GGG 75 35 3.94
49 CGGN{13}GGC 30 8 3.93
50 CGGN{1}GCC 30 8 3.92
51 AGCN{0}GGC 26 6 3.9
52 CCCN{16}GGC 64 28 3.89
53 GCTN{19}CCC 67 29 3.87
54 CCCN{16}GGG 88 31 3.81
55 CCCN{9}CGG 30 8 3.77
56 CCCN{10}CGG 30 8 3.76
57 CCAN{0}GCG 32 9 3.75
58 GCCN{17}CGC 26 6 3.74
59 CCTN{6}CGC 27 7 3.73
60 GGAN{1}CCC 63 27 3.71
61 CGCN{18}CAC 24 5 3.7
62 CGCN{20}CCG 21 4 3.69
63 CCGN{0}GCA 26 6 3.69
64 CGCN{20}CCC 28 7 3.69
65 AGCN{15}CCC 67 30 3.65
66 CCTN{T\GGC 69 31 3.63
67 GCCN{5}CGC 32 9 3.61
68 GCCN{14CGC 28 7 3.59
69 CAGN{11}CCC 89 45 3.58
70 GGGN{16}GAC 53 21 3.57
71 CCCN{15}GCG 25 6 3.57
72 CCCN{0}CGC 37 12 3.54

CCONSGAC 19 4 2.81 122 GGAN O

125 AGCN
7 128
69



131 CGECN 19 ACC 21 5 2.68 132 GCGN 1 GAC 17 3 2.66 133 AGCN 1 GCG 24 6

2.63 134 CCOGN 11 GGC 31 10 2.63 135 CGGN 4 AGA 26 7 2.63 136 CCCN 14 CCG
17 3 2.62 1\230%6 20 GCG 24 6 2.62 138 CLAN 10 C&C 26 7 2.61 139 CCCN 20
CAC 69 33 2. llGCC2782.q 141 CGCN 18 CCC 2&CT/NLOK@N432142 CGGN
15 CGC 16 3 2.57 143 CGCN 16 GCC 24 6'% 55 144 CGCN 20} GCC 23 6 2.54 145
CGCN 19 CCG 18 4 2.52 146 CGGN 10 CCA 28 8 2.51 147 CECN 17 CCC 26 7 2.51
148 CGCN 11 ACA 23 6 2.51 149 CGGN O ACC 17 3 2.5 150 GCGN 10 GCC 24 6

2.49 151 GCGN 8_GAC 17 3 2.49 152 CCCN 15 GGG 84 32 2. .44 153 CGON 16 GGC

27 8 2.44 154 OGN 16 CCACCCH{IAGC 156 Gooe| coC 73 86(2. 4  1864CGAGN 4

GGG 94 51 2.4 WJ 98/ 106684 ARTENWICRAG0432 10406167 CCON 60 (BCG 23 8.52.]38 158

COGN 16 CGC 17 3[7538 159 CREN{IZCIEA O 28 B 160 CGLN 13 T(54@4 6 2.37
76 CACN{8}CGC 23 5 3.43
77 CCAN{7}CCG 31 9 3.42
78 CGGN{1}GCA 25 6 3.41
79 CGCN{14}CCC 29 8 3.4
80 AGCN{0}CCC 76 36 3.4
81 CGCN{13}GTC 18 3 3.37
82 GCGN{3}GCA 26 7 3.35
83 CGGN{0}GGC 34 11 3.35
84 GCCN{14}CCC 68 31 3.33
85 ACCN{7T}CGC 21 4 3.32
86 AGGN{T}CGG 33 10 3.31
87 CCCN{16}CGA 22 5 3.3
88 CGCN{6}CAG 31 9 3.29
89 CAGN{11}GCG 29 8 3.29
90 CCGN{12}CCG 19 4 3.26
91 CGCN{18}CAG 27 7 3.24
92 CAGN{1}GGG 80 39 3.21
93 CGCN{0}CCC 32 10 3.2
94 GCGN{18}GCC 26 7 3.18
95 CGGN{15}GGC 27 7 3.15
96 CCCN{15}AGG 79 34 3.14
97 AGGN{20}GCG 26 7 3.14
98 CGGN{5}CTC 26 7 3.13
99 TCCN{17}CGA 23 5 3.12
100 GCGN{4}CCC | 30 9 3.08
101 CCCN{2}CGC 30 9 3.07
102 CGTN{3}JCAG 28 8 3.06
103 CCGN{13}GAG 27 7 3.05
104 CTCN{6}CGC 28 8 3.04
105 CGCN{4)GAG 21 5 3.03
106 GCGN{5)GGA 24 6 3.03
107 CCGN{L}CAG 27 7 3.01
108 | CGCN{11}CCG 18 3 2.99
109 GCGN{19}CCC 26 7 2.98
110 CGCN{18}GAA 21 5 2.98
111 GGGN{19GGA 78 39 2.95
112 CCAN{1}CGG 24 6 2.94
113 CCCN{7T}GCG 25 6 2.94
114 AGGN{10}CCC 84 43 2.92




161 GCCN 1 CCC 29 9 2.36 162 CCON 19} GAG 26 7 2.35 163 GGGN 10 GGA 89 48
2.35 164 CAGN 5 CCG 32 11 2.35 165 CGCN 3 AGA 19 4 2.32 166 GCCN 0 GCC 29
9 2.32 167 CCCN 8 GGC 61 28 2.31 168 CCTN 6 GCG 22 6 2.29 169 GACN 6} CCC

48 20 2. 2WO0BnQ66BEGN 1 CCC 26 8 2. 27

171 CCCN 15 CCG 30pdHNE03R6432172 CAGN 9

CCC 84 44 2.26 173 CGGN 10 GGC 27 802,26 174 CGAN 10 ACG 10 1 2.26 175
GCGN 3 TCC 21 5 2.26 176 CCCN 3 GCC 75 38 2.24 177 GCGN 1 ACC 17 3 2.24
178 CCGN 9 AGG 27 8 2.23 179 CCCN{16 CAG 26 8 2.23 180 GGECN 0 CCC 62 29
2.22 181 AGGN 12 CCG 26 8 2.19 182 CCGN 0 GCG 16 3 2.19 183 CCGN 2 GCC 30

10 2.18 184 [N

CCG 32 11 2.1

CGCN 6 CAC 23

CCTN 19 OCG 2l 2

@d&N{fb éd@ 185 CA@;I 0 CCC ?85 2. 17 23§Q

3o Bobe 24 2 158yt

[ CCGN{I8}CCG " 19 )
CCGN{18)GGC 26 2.85
CCCN{2}GCG 24 2.84
CGCN{1}GGC 25 2.83
CCGN{B}GAC 19 2.81
GGAN{0}CCC 52 2.8
CCCN{1}CCG 29 2.78
CCCN{15ACG 23 2.75
AGCN{8}CCC 66 2.73
CCCN{3}GGC 60 2.71
AGGN{9}CGG 31 2.7
CCCN{14)CGC 27 8 2.7
CCGN{0}CCG 19 4 2.7
CGCN{8}AGC 23 6 2.69
CGCN{19)ACC 21 5 2.68
GCGN{17)GAC 17 3 2.66
AGCN{1}GCG 24 6 .63
CCGN{11}GGC 31} 10 2.63
CGGN{4]JAGA 26 7 2.63
CGCN{14)CCG 17 3 2.62
CCTN{20)GCG 24 6 2.62
CCAN{10})CGC 26 7 2.61
CCCN{20)CAC 69 33 2.6
CCGN{11}GCC 27 8 2.6
CGCN{18)CCC 26 7 2.59
CGGN{15}CGC 16 3 2.57
CGCN{16)GCC 24 6 2.55
CGCN{20}GGC 23 6 2.54
CGCN{19}CCG 18 4 2.52
CGGN{10}CCA 28 8 2.51
CGCN{17}CCC 26 7 2.51
CGCN{11JACA 23 6 2.51
CGGN{0JACC 17 3 2.5
GCGN{10GCC 24 6 2.49
GCGN{8}GAC 17 3 2.49
CCCN{15}GGG 84 32 2.44
CGGN{16/GGC 27 8 2.44
CGCN{16}CCA 23 6 2.42
GCCN{3}CCC 73 36 2.4
CAGN{4}GGG 94 51 2.4

CCCN( 5

114 189
3 2.1 192



193 CCGN 12 GGA 24 7 2.08 194 GGCN 9

GAC * 44 18 2.08 195 AGGN 10 GGG 94

52 2.07 196 CCGN 10 GAG 25 7 2.07 197 CGCN 6 GGA 20 5 2.06 198 CGCN 7} AGC
23 6 2.04 WD 03/106684 PCTf NLO3/ 00432 105 199 CCAN 13 CGG 26 8 2.03 200
CGGN 6 GGA MWD 3/196688 201 CGCN 19 GCC 24 7 2.03 202 CCAN RHOI/EE3/094327 2 (2
203 CGGN 1 GGC 41 16 2.02 204 GCGN 3 ¥¢A 25 7 2.01 205 AGGN 1 CGC 21 5 2
206 CTCN b CGC 24 7 1.98 207 CCCN 0 ACG 30 10' 1.97 208 CAGN 1 CCG 29 9
1.96 209 GGCN 4} CCC 62 30 1.96 210 AGGN 8 GCG 26 8 1.96 211 CTGN{1 CCC 88

48 1.94 212

CCG 29 9 1.92 2
CGCN 19 TCC 22 6
220 CGCN 1 G&CC 2

1.89

--16-CAG 85 46 1 94 213 CGCN-Q GAC 16 3 1.93 214 CAGN 6
15aTN 14 GEON{GIGCG 02 216 231oN 7 coc 69 35 1. 888 p17
1582 218 GEGN{I6}CGE 67/ 33 1.11| 219 CAGBI|13 CGE28B [10 1.9
715891. 9 2ATDCCNINIGCACG 17 4 @1 B9 222 AN 4 CCe.ag 31
160 CGCN{13}TCC 24 6 2.37
161 GCCN{1}CGC 29 9 2.36
162 CCGN{19}GAG 26 7 2.35
163 GGGN{10}GGA 89 48 2.35
164 CAGN{5}CCG 32 11 2.35
165 CGCN{3}JAGA 19 4 2.32
166 GCCN{0}GCC 29 9 2.32
167 CCCN{8}GGC 61 28 2.31
168 CCTN{6}GCG 22 6 2.29
169 GACN{6}CCC 48 20 2.29
170 CGGN{1}CCC 26 8 2.27
171 CCCN{15}CCG 30 10 2.27
172 CAGN{9}CCC 84 44 2.26
173 CGGN{10}GGC 27 8 2.26
174 CGAN{10}ACG 10 1 2.26
175 GCGN{3}TCC 21 5 2.26
176 CCCN{3}GCC 75 38 2.24
177 GCGN{1JACC 17 3 2.24
178 CCGN{9IAGG 27 8 2.23
179 CGCN{16}CAG 26 8 2.23
180 GGCN{0}CCC 62 29 2.22
181 AGGN{12}CCG 26 8 2.19
182 CCGN{0}GCG 16 3 2.19
183 CCGN{2)GCC 30 10 2.18
184 CCGN{11}GTC 19 4 2.17
185 CAGN{0}CCC 88 47 2.17
186 CCCN{5}CCG 32 11 2.17
187 GCCN{20}CCC 66 32 2.15
188 GACN{2}CGC 18 4 2.14
189 CGCN{6}CAC 23 6 2.13
190 AGGN{14}GCG 265 7 2.1
191 GACN{5}CGC 17 3 2.1
192 | CCTN{19}CCG 29 9 2.1
193 CCGN{12}GGA 24 7 2.08
194 GGCN{9}GAC * 44 18. 2.08
195 AGGN{10}GGG 94 52 2.07
196 CCGN{10}GAG 25 7 2.07
197 CGCN{6}GGA 20 5 2.06
198 CGCN{T}IAGC 23 6 2.04




223 AGCN{10}CGC 21 5 1.89 224 CCCN 11 CGG 30 10 1.88 225 CCCN 8 GCC 75 39
1.86 226 COGN{1 CGG 22 3 1.86 227 CCCN 1 ACC 71 36 1.85 228 CGCN 0 'CAG 25
7 1.85 229 COGN 19 TGC 23 6 1.82 230 GOGN 4 CGA 12 2 1.82 231 COGN 19 GCC
30 10 1.82 "i’?@ QCAN 10 CCC 85 46 1.81 233 CAGM 13} GGGp4mihsidsd 234 AGCN

BOTT8I™ 235 CeAN 8 CGC 11,45 1.81 236 AGON 4 CCC 63 31 1.8 237
GGAN 6 CCC 61 30 1.8 238 CGGN 13 AAG 23 6 1.8 239 ACCN 11 CGC 19 5 1.79
240 CCGN 12 CAG 28 9 1.78 WD 03/ 106684 PCT/ NLO3/ 00432 106 241 CCCN 12 GGG
76 29 1.77 242 CACN 1 ACG 22 6 1.76 243 CAGN 18 CCC 82 44 1.76 244

18 CGG 23

CGTN{ 10} GTC 19 fogl. 75 PECANIBCE 5 23 698|715 246 GAN 1 CFoad 5 1.73
247 AGAN 4 CCG (1. /SC i T0TAGL Z q 1. 77 44}3 CGLN Uz 12 2
1.72 250 CGAN &€t 4G 9] , a—ﬁf—p%q 15 CCC
65 33 1.68 :
202 CCAN{12}CGC 24 7 2.02
203 CGGN{1}GGC 41 16 2.02
204 GCGN{3}CCA 25 7 2.01
205 AGGN{1}CGC 21 5 2
206 CTCN{5}CGC 24 7 1.98
207 CCCN{QIACG 30 10 1.97
208 CAGN{17}CCG 29 9 1.96
209 GGCN{4}CCC 62 30 1.96
210 AGGN{8)GCG 26 8 1.96
211 CTGN{1}CCC 88 48 1.94
212 CCCN({16}CAG 85 46 1.94
213 CGCN{9}GAC 16 3 1.93
214 CAGN{6}CCG 29 9 1.92
215 CGTN{12}CGC 11 1 1.92
216 CTCN{T}GCC 69 35 1.92
217 CGCN{19)TCC 22 6 1.92
218 CCCN{7}GCC 67 33 1.91
219 CAGN({13}CGG 30 10 1.9
220 CGCN{1}GCC 27 8 1.9
221 CGCN{17}CCG 17 4 1.89
222 AGGN{4}CCC 63 31 1.89
223 AGCN{10}CGC 21 5 1.89
2924 CCCN{11}CGG 30 10 1.88
225 CCCN{8/GCC 75 39 1.86
226 CCGN{1}CGG 29 3 1.86
227 CCCN{IJACC 71 36 1.85
228 CGCN{0}CAG 25 7 1.85
229 CCGN{19}TGC 23 6 1.82
230 GCGN{4}CGA 12 2 1.82
231 CCGN{19}GCC 30 10 1.82
232 CCAN{10}CCC 85 46 1.81
233 CAGN{13}GGG 91 51 1.81
234 ' | AGCN{18}CGG 23 6 1.81
235 CGAN{8}CGC 11 1 1.81
236 AGCN{4}CCC 63 31 1.8
237 GGAN{6}CCC 61 30 1.8
238 CGGN{13}JAAG 23 6 1.8
239 ACCN{11}CGC 19 5 1.79
240 CCGN{12)CAG 28 9 1.78




253 GCAN{6} TCC 20 5 1.66 254 CGGN 3 CAG 33 12 1.65 255 CCCN 3 CCA 88 49
1.65 256 AGCN 3 CCC 59 28 1.65 257 GGGN 16 GCA 65 33 1.65 258AGGN8CCG

28 9 1.64 259 CCCN O CCG 29 10 1.64 260 GCAY5 GAC 16 3

ACC 60 29 1WEA31eE8 TGN 5 CGC 25 8 1.
CGGN 14 GCA 23 7 1.63 265 CCGN 8 coc!t
267 AGCN 8 GOCG 21 6 1.61 268 CGGN 16 GGA 29 10 1.61 269 CCAN 12 CCG 26 8
1.61 270 CGGN 2 CCC 26 8 1.6 271 CCAN 13 GGG 71 37 1.6 272 CGGN 15 GCA 21

6 1.6 273 CGCN
20 5 1.57 276

4 263 CCCN 14} CTC

P%%f%"i’%%é 264

8 1.62 266 CCGN 7 CAC 23 7 1.62

GCG 20 5 1.55 2[24ZCaN 2

GGCGN 13 CAC 58 28243 54 2§

PCT/ NLO3/ 00432

110 oL ChONTIZIGE0 5Ty croiBin oo 2628l 1 oo b74
EACNWHACGS5 | 230 | 18 COC 8% 47 1.516

b CAGNEL816CEC |62 318R./54 WD 034406684 1.76

1944 CGTN{10}GTC 19 5 1.75
245 CCCN{13}GCG 23 6 1.75
246 GCAN{1}CGC 20 5 1.73
247 AGAN{4CCG 24 7 1.73
248 GCGN{10AGC 22 6 1.72
249 CGCN{0}GGA 12 2 1.72
250 CGGN{4GAC 17 4 1.69
251 CCCN{12}CGC 26 8 1.68
252 GCCN{15}CCC 65 33 1.68
253 GCGN{6)TCC 20 5 1.66
254 CGGN{3}CAG 33 12 1.65
255 CCCN{3}CCA 88 49 1.65
256 AGCN{8}CCC 59 28 1.65
257 GGGN{16}GCA 65 33 1.65
258 AGGN{8}CCG 28 9 1.64
259 CCCN{0}CCG 29 10 1.64
260 GCGN{B}GAC 16 3 1.64
261 CCCN{9IACC 60 29 1.64
262 CTGN{5}CGC 25 8 1.64
263 CGCN{14CTC 23 7 1.64
264 CGGN{14}GCA 23 7 1.63
265 CCGN{8}GCC 26 8 1.62
266 CCGN{7}CAC 23 7 1.62
267 AGCN{8}GCG 21 6 1.61
268 CGGN{16}GGA 29 10 1.61
269 CCAN{12}CCG 26 8 1.61
270 CGGN{2}CCC 26 8 1.6
271 CCAN{13}GGG 71 37 1.6
272 CGGN{15}GCA 21 6 1.6
2173 CGCN{9}GCA 20 5 1.58
274 CGGN{19}CCA 26 8 1.58
275 GGGN{15}CGA 20 5 1.57
276 ' | CCCN{10}CGC 26 8 1.57
277 CTCN{14CGC 26 8 1.55
2178 CACN{11}GCG 20 5 1.55
279 CCGN{2}GGC 24 7 1.55
280 CTGN{18}CCC 85 47 1.54
281 GGGN{13}CAC 58 28 1.54
282 CCTN{15}GGC 62 31 1.54

15 CGA
CACN 11
281




283 CCCN{20} CGA 20 5 1.54 284 CCCN 8 CGA 20 5 1.53 285 GAGN 7 CCC 61 30.
1.53 286 CGCN 2 CCG 22 6 1.53 287 CCCN O TCC 98 57 1.52 288 AGCN 0 'GCC 21
6 1.52 289 CCCN 2 TCC 82 45 1.52 290 CCCGN 6 CCC 30 10 1.52 291 CGCN 13
CGC 16 3WOBY¥1066832 CCCN 1 CCC 28 9 1.51 293 GCCN 16 GCRCEILEH0IIH1 294
CCCN 16 CCA 84 46 1.5 295 CCGN 13 ®2C 19 5 1.5 296 CCGN 17 CAG 28 9 1.49
297 CGGN 18 GGBC 26 8 1.49 298 CCGN 14 AGG 23 7 1.49 299 CCCN 5 CGG 26 8
1.49 300 CCCN 6 GGA 58 28 1.49 301 ACGN 2 CCC 20 5 1.49 302 CCAN 9 CGCG 27

9 1.48 303

CCC 58 28 1. 47

GCTN 14 CCC 61

311 CCGN 8 CA

1.44 314 CCTH

19 CCA 78 42 1.48 304 CAGN. Q. (77 41 1.48 305 AGCN{l
28306 GCONCCCIN{20GA 1/46 360 [ACGN 18 GQA 25 8 1546 308
B2 1.46 | GOTNISRIGA4 CCC 23 201.46 310 53CGN 19 X[ 20 5 1.45
5083 10 L. FBA & E00M 6] GOC 28194 1. 45 Jb3| OOV H058FA 20 5
286~ °7| EBCN{ICCG 22 6 1.53
287 CCCN{0}TCC 98 57 1.52
288 AGCN{0}GCC 21 6 1.52
289 CCCN{2ITCC 82 45 1.52
290 CCGN{5}CCC 30 10 1.52
291 CGCN{13}CGC 16 3 1.51
292 CCCN{11CGC 28 9 1.51
293 GCCN{16}GCA 53 25 1.51
294 CCCN{16}CCA 84 46 1.5
295 CCGN{13}CGC 19 5 1.5
296 CCGN{17T}CAG 28 9 1.49
297 CGGN{18}GGC 26 8 1.49
298 CCGN{14AGG 23 7 1.49
299 CCCN{5}CGG 26 8 1.49
300 CCCN{6}GGA 58 28 1.49
301 ACGN{2}CCC 20 5 1.49
302 CCAN{9}CCG 27 9 1.48
303 CCCN{19}CCA 78 42 1.48
304 CAGN{0}GGG 77 41 1.48
305 AGCN({13CCC 58 28 1.47
306 GCGN{7}TCC 27 9 1.46
307 ACGN{18}CCA 25 8 1.46
308 GCTN{14CCC 61 30 1.46
309 GCGN{14CCC 23 7 1.46
310 GCGN{19}AGC 20 5 1.45
311 CCGN{8}CAG 29 10 1.45
312 GCGN{6}GCC 22 6 1.45
313 GCGN{10}GCA 20 5 1.44
314 CCTN{7}GCC 69 36 1.44
315 GCCN{13}GCC 54 26 1.42
316 CCCN{14GCC 63 32 1.42
317 CCCN({15}CGG 26 8 1.42
318 ' | CCAN{13}CGC 23 7 1.42
319 AGCN{11}GGG 67 35 141
320 GGAN{0}GCC 64 32 1.4
321 GCCN{3)TCC 61 30 1.4
322 CCTN{5}GCC 69 36 1.39
323 CGGN{18}CCC 25 8 1.39
324 CCTN{3}GGC 59 29 1.38




315 GCCN 13 GCC 54 26 1.42 316 CCCN 14 GCC 63 32 1.42 317 CCCN 15 CGG 26 8
1.42 318 CCAN 13 CGC 23 7 1.42 319 AGCN 11 G&G 67 35 1.41 320 GGAN 0 GCC
64 32 1.4 321 GCCN 3 TCC 61 30 1.4 322 CCTIN 6 GCC 69 36 1.39 323 CGGN 18
CCC 25 8 1.W903306484CCTN 3 GGC 59 29 1.38 WO 03/ 106684 PCT/BGTASSH%32
325 CCGN 0}CTC 22 6 1.38 326 AGCN 17 @G 19 5 1.37 327 ACGN 14 GGG 20 5

1.37 328 CGAN{12}GEC 19 5 1.37 329 CCCN 20 CCC 24 7 1.37 330 ACGN 12 CTG
24 7 1.36 331 CCGN O CCC 36 14 1.36 332 CCGN 10}GGA 23 7 1.36 333 CCCN 3

G&CG 21 6. 1.36
CGCN 10 ACA 22

339 GACN 3 GGC 43281 1. 32

1.31 342 GECN 9

26 9 1.3

334 &G\‘J. A _CGC. 22 2 1 "v 335 Cf‘f:l\l Q CC(" 1R /I 1 QR
R534 237 CEENOIETE G 43 10 2243 338 N 14 380
ASCNOOGCE CGC 19 991 32 341 HON 16 LBT
AIC 64 3PACEN{1HGGCCIN 9 G20 64 33 1. 33| 344 LB
328 CGAN{12}GGC 19 5 1.37
329 CCCN{20}CGC 24 7 1.37
330 ACGN{12}CTG 24 7 1.36
331 CCGN{0}CCC 36 14 1.36
332 CCGN{10}GGA 23 7 1.36
333 CCCN{8}1GCG 21 6. 1.36
334 GCGN{14}CGC 22 3 1.35
335 CCGN{8}CGC 16 4 1.35
336 CGCN{10}ACA 22 6 1.34
337 CCCN{19}CCG 28 10 1.33
338 CACN{14}CGC 20 5 1.32
339 GACN{3}GGC 46 21 1.32
340 GAAN{T}CGC 19 5 1.32
341 CGCN{16}GGC 21 6 1.31
342 GGCN{9}CCC 64 33 1.31
343 CCCN{9}GCC 64 33 1.31
344 CGCN{0}TGC 26 9 1.3
345 CCTN{8}GGC 67 35 1.3
346 CCAN{8}CCC 82 46 1.29
347 GACN{2}CCC 42 18 1.28
348 GGCN{1}CCC 54 26 1.27
349 CGCN{O}AGC 24 7 1.26
350 AGGN{4}GCG 28 10 1.26
351 CGGN{6}TCC 22 6. 1.25
352 ACGN{19}GGC 20 5 1.26
353 CCCN{8IACG 21 6 1.24
354 CCCN{18)GCC 62 31 1.24
355 GCCN{2}CGA 19 5 1.24
356 CCCN{8}GCG 28 10 1.23
357 CCCN{0}CTC 76 41 1.23
358 GCCN{11};CGC 27 9 1.22
359 AGCN{9}CCC 59 29 1.22
360 | GCTN{0}GCC 71 38 1.21
361 CGCN{3}CCC 26 9 1.21
362 CCCN{2}CCC 117 72 1.19
363 GCCN{9}CGC 23 7 1.19
364 GCAN{19}CGC 19 5 1.19
365 CAGN{4}CGG 32 12 1.18
366 CAGN{2}GGG 80 44 1.17

108

336

5 1.32
21 6

0 TGC



345 CCTN 8 GGC 67 35 1.3 346 CCAN 8 CCC 82 46 1.29 347 GACN{ 2} CCC 42 18
1.28 348 GGON 1 CCC 54 26 1.27 349 CGCN O AGC 24 7 1.26 350 AGGN 4 GCG 28
10 1.26 351 CGGN 6 TCC 22 6. 1.25 352 ACGN{19 GGC 20 5 1.25 353 CCCN 8
ACG 21 6 WwPdb/108s4 CCCN 18 GCC 62 31 1.24 355 GOON 2 CGAcARLG0bai4 356
CCCN{8 GOG 28 10 1.23 367 CCCN 0 CT@976 41 1.23 358 GCCN 11 CGC 27 9 1.22
359 AGCN 9 CCC 59 29 1.22 360 GCTN 0 GCC 71 38 1.21 361 CGCN{ 3} CCC 26 9
1.21 362 COON 2 CCC 117 72 1.19 363 GCCN 9 CGC 23 7 1.19 364 GCAN{ 19} CGC
19 5 1.19 365 CAGN 4 CGG 32 12 1.18 366 CAGN{2}GGG 80 44 1.17 WD 03/ 106684

PCT/ NLO3/ 00433
369 CCTN 16 T
1.15 372 GCCN

31 12 1.14

26707 ST GECNUBCEE O 22 efT, 200 CaFT 0 OLTIE PO 116
" ooc shOAGNBICET: 73 oo 89 Jooc sa B0l 14— B haan 3 o0
369 CCTN{16]TCG 20 6 116
370 CCCN{2}GGC 62 32 1.15
371 GCGN{13}GGA 24 8 1.15
372 GCCN{1T}GGC 66 25 1.15
373 CCCN{14GGC 58 29 1.14
374 AGGN{8}CCG 31 12 1.14
375 CACN{0}CGC 32 12 114
376 CGGN({18}CAG 28 10 114
377 AGCN{1}GCC o7 28 1.13
378 CGCN{18}GGC 23 7 1.13
379 CCCN{5}AGG 64 33 111
380 AACN{0}GCG 9 1 1.11
381 CCCN{10}CCA 88 50 1.09
382 CGCN{18}GAG 20 6 1.09
383 CGCN{T}GCC 25 8 1.08
384 CCCN{9ICcCG 28 10 1.07
385 CGCN{16}CCC 24 8 - 1.05
386 GAAN({13}CGC 18 5 1.05
387 GGCN{3}CCC 49 23 1.03
388 TCCN{11}CCA 87 50 1.03
389 CACN{0}CCC 70 38 1.02
390 CGCN{16}CCG 15 3 1.02
391 CGGN{15}AGC 21 6 1.02
392 CCCN{12}GCG 21 6 1.02
393 CCCN{9}GAG 59 30 1.01
394 CCGN{20}TCC 24 8 1.01
395 CGCN{0}CGC 17 4 1.01
396 ATGN{7}CGG 20 6 1
397 GGGN{20}GCA 99 30 1
398 CGGN{4}GGC 26 9 0.99
399 CGGN{16}JAGC 22 7 0.99
400 CGGN{5}GGC 25 8 0.99
401 GCGN{0}GGA 25 8 0.98
402 | GGON{20}CAC 52 25 0.98
403 CCCN{9}1CCC 97 58 0.97
404 ACCN{1T}GGC 44 20 0.97
405 CCCN{6}CGA 18 5 0.96
406 AAGN{10}CGG 26 9 0.96
407 CGCN{17T}CAC 21 6 0.95
408 CCCN{16}CGG 25 8 0.94




375 CACN 0 CGC 32 12 1.14 376 CGGN 18 CAG 28 10 1.14 377 AGCN{1 GCC 57 28
1.13 378 CGCN 18 GGC 23 7 1.13 379 CCON{5}AGG 64 33 1.11 380 AACN 0 GCG 9
1 1.11 381 CCCN 10 CCA 88 50 1.09 382 CGCN 7
GCC 25 8 1.9®033@B484CCCN 9 CCG 28 10 1.07 385 CGCN 16 CCC BAMLO304E2 354
GAAN 13 CGC 18 5 1.05 387 GGCN 3 cccld® 23 1.03 388 TCCN 11 CCA 87 50 1.03
389 CACN(O CCC 70 38 1.02 390 CGCN 16 CCG 15 3 1.02 391 CGGN 15 AGC 21 6
1.02 392 CCCN 12 GOG 21 6 1.02 393 CCON 9 GAG 59 30 1.01 394 COGN{20 TCC

24 8 1.01 395
59 30 1 398
GEC 25 8 0.99

CCCN 9 CCC 97 5§
406 AAGN 10 CGG

CGCN 13 GAG 20 6 1.09 383

9 coc 2bCAGNUBICGLs Loy 3 80 o0 TRl oo™ (IRl
10c0cn of BSCHHRGAG [ 402 dZdN 20 ca®Zp 25 0 @82 403
41197 40nGREIN(HTCEGC 44 20 6697 405 RN 6 CGM.98 |5 0. 96
26129 0. 96] GGCN{15}CCC 56 28 0.92
413 CAGN{12}CGC 24 8 0.92
414 CCAN{3}GCG 22 7 0.91
415 CCGN({16}GAG 22 7 0.9
416 AGCN{2}CGC 24 8 0.89
417 GAGN{4}CCC 54 27 0.89
418 AGGN({3}CGC 23 7 0.88
419 CACN{13}AGG * 67 36 0.88
420 CCCN{4}CAG 88 51 0.88
421 CCCN{2}GAA 63 33 0.87
422 CGCN{19}GAG 21 6 0.87
423 ACGN{18}GGG 21 6 0.87
424 CCCN{4}GGC 62 32 0.87
425 CGGN{9}GAG 28 10 0.86
426 CCCN{3}1GGG 66 26 0.86
427 GAGN{4GGC 66 35 0.85
428 CGCN{5}GAG 18 5 0.84
429 CCGN{20}AGG 24 8 0.84
430 CCCN{15}CCC 88 51 0.83
431 AGGN{17}CCG 25 8 0.82
432 AGGN{6}GGG 89 52 0.82
433 GGCN{20}CCC 57 29 0.82
434 GCAN{1T}CGC 19 5 0.82
435 CGAN{11JACG 9 1 0.81
436 CGCN{2)GGA 19 5 0.81
437 CTGN{5CCC 79 45 0.8
438 TCCN{20}CCA 71 43 0.8
439 CCAN{2)GGG 59 30 0.8
440 CCGN{15}GCG 14 3 0.8
441 CCAN{IGGG 69 38 0.79
449 CGGN{UTGC 24 8 0.79
443 CCCN{14}GCG 21 6 0.79
444 | CAGN{o}CCG 27 10 0.79
445 GCCN{9ITCC 60 31 0.78
446 AGGN{20}CGC 22 7 0.78
447 CCCN{6}GAC 42 19 0.77
448 CGGN{11}CCA 23 7 0.76
449 GGGN{14}CAC 57 29 0.75
450 GCAN{15}CGC 19 5 0.74




407 CGCN 1 CAC 21 6 0.95 408 CCCN 16 CGG 25 8 0.94 WO 031106684
PCT/ NLO3/ 00432 110 409 GACN{18 GGEC 39 17 0.94 410 GGGN 15 GAC 47 22'0.92
411 GCCN 4 TCC 66 35 0.92 412 GCGCN 15} CCC 56 28" 0.92 413 CAGN 12 CGC 24 8
84CCG 22 7 0.91 415 CCGN 16 GAG 22 7 0. 9CTALG3/NE2N{ 2} CCC 24
8 0.89 417 GAGN 4 CCC 54 27 0.89 4m8 AGGN 3 CGC 23 7 0.88 419 CACN 13} AGG
* 67 36 0.88 420 CCCN 4 CAG 88 51 0.88 421 CCCN 2 GAA 63 33 0.87 422 CGECN
19 GAG 21 6 0.87 423 ACGN 18 GGG 21 6 0.87 424 CCCN 4} GGC 62 32 0.87 425
CGGN 9 GAG 28 10 0.86 426 CCCN 3 GGG 66 26 0.86 427 GAGN 4 GCC 66 35 0.85

0.92 414y

428 CGCN 5} GA

0.83 431 AGGH\
57 29 0.82 47
GGA 19 5 0.81

5458 5 0. SUCGEN2IXICA 20| AGG 220§ 0. 84 430 CCCN (p740C 88 51
%@}CC(:ZAdN CéSZ/GGNb@SQLSQ o2 Z 45{)_ CN 20 CCC
2 FGCANTT] G N—tTACS 9 T 078Y, 746 CGON 2
454 CAGN({15}GCG 23 7 0.73
455 CCCN{18}GTC 45 21 0.72
456 GCGN{38}CCC 24 8 0.72
457 CGGN{11}GCC 23 8 0.72
458 CCCN{1}CGG 24 8 0.71
459 GCCN{4}CCA 70 38 0.71
460 CCCN{4}CCG 30 12 0.7
461 CGTN{2}GCA 21 6 0.7
462 AGCN{T}TCG 18 5 0.69
463 CCGN{15}GAA 20 6 0.69
464 ACCN{5}CCC 62 33 0.69
465 CGCN{14GAG 19 5 0.68
466 CCCN{7}CGC 30 12 0.68
467 GAGN{12}CGC 21 6 0.68
468 GGCN{17}CCC 58 30 0.67
469 ACGN{11}CTC 21 7 0.65
470 ACAN{9}CGG 24 8 0.65
471 CTGN{7}CCC 82 47 0.65
472 CCCN{2}GCC 72 40 0.65
473 CGGN{2}GCA 24 8 0.64
474 CCCN{0}TGC 83 48 0.64
475 CGCN{TIACC 18 5 0.63
476 GCAN{2}GCC 54 27 0.63
477 GCGN{8}CCA 20 6 0.63
478 AGCN{0}CGC 22 7 0.63
479 GCGN{2)GCA 18 5 0.63
480 CCGN{2}GTC 18 5 0.62
481 CCGN{3JACA 21 7 0.62
482 ACGN{13)TGG 21 7 0.62
483 CCAN{8}CGC 23 8 0.62
484 CCGN{9}GGC 23 8 0.61
485 CCAN{5}CCG 25 9 0.61
486 ' | AGGN{3)GGG 97 59 0.61
487 CAGN{2}GGC 78 45 0.61
488 CCCN{8}CAG 81 47 0.61
489 AGCN{5)CAG 80 46 0.6
490 CGGN{16}GCC 22 7 0.6
491 GCGN{15}CCC 23 8 0.6
492 CCCN{11}GCC 59 31 0.59




437 CTGN 5 CCC 79 45 0.8 438 TCCN{20 CCA 77 43 0.8 439 CCAN 2 GGG 59 30
0.8 440 CCGN 15} CGCG 14 3 0.8 441 CCAN 5 GGG 69 38 0.79 442 CGCGN 1 TGC 24

8 0.79 443 CCCN 14}GCG 21 6 0.79 444 CAGN 0}CCG 27 10 0.79 445 GCON{9
60 31 0.78 WM

TCC

20 CGC 22 7 0.78 . 447 CCCN 6 GAC 42 1%FHNE3004825 ooy

11 CCA 23 7 0.76 449 GGGN 14 CAC 57 24%0.75 450 GCAN 16 CGC 19 5 0.74 WO

031106684 PCT/ NLO3/00432 111 451 CGCN 2} ACA 20 6 0.74 452 ACCN 9 CCC 57 29

0.73 453 GCGN 9 CGC 20 3 0.73 454 CAGN 1b GCG 23 7 0.73 455 CCCN 18 GIC
=

45 21 0.72 456
CGG 24 8 0.71

2 GCA 21 6 0.7

ACCN CCC 62 33 Q.

) 0 2.0 0O 79 A LN 11 o 292 0 N 79 oy

AN RIARD 21 acs Bt g coo b 10 0 0B8] TN
94 AGCN FCEEENEHGE D 69 463 220GN 15 GAA PO 6 0.%89 {464
5 465 PCACNBICEC 19 |5 0.6d9 [466 CCON&| cac 300.59 |0. 68
496 CGGN{5}ACG 11 2 0.59
497 CTGN{4}GCC * 66 36 0.59
498 GGGN{18}CGA 18 5 0.59
499 CCTN{8}CGC 22 7 0.59
500 GCCN{4}CCC 67 37 0.58
501 CGGN{10}GCC 22 7 0.58
502 GCCN{5}GGA 54 27 0.57
503 ACCN{7T}GCG 15 4 0.57
504 CCCN{8}CGC 24 8 0.57
505 CAGN{5}CCC 77 44 0.56
506 CACN{14}GGA 63 34 0.56
507 CCCN{1}GCC 94 57 0.55
508 CCCN{5}AGC 67 37 0.55
509 GGCN{5}GGA 59 31 0.55
510 CGAN{17}GAG 19 6 0.55
511 CGCN{T}IACA 18 5 0.54
512 CCAN({13}CCC 87 52 0.54
513 CGGN{20}GGC 24 8 0.54
514 CCCN{17}GCC 58 30 0.53
515 CCTN{10}CCG 30 12 0.53
516 CCCN{8}CCG 27 10 0.53
517 CGCN{3}GAG 18 5 0.52
518 CGCN{T)JAAG 17 5 0.51
519 CGGN{11}GGA 23 8 0.51
520 CCGN{15}CCG 15 4 0.51
521 CCCN{3}GCA 57 30 0.51
522 CGGN{2}CAG 24 8 0.5
523 AGGN{2}CCG 24 8 0.5
524 CCCN{4}CAC 69 38 0.5
525 GGAN{19}CCC 56 29 0.49
526 CCCN{8}CAC 68 38 0.49
527 ACCN{6}CCG 18 5 0.49
528 CCCN{6}GGC 54 28 0.49
529 CCCN{6}CCG 29 11 0.48
530 CGCN{14}GCC 26 9 0.47
531 CCGN{5TCC 25 9 0.46
532 GCCN{6}GCC 55 28 0.46
533 CGGN{7\GGA 24 8 0.45
534 GGGN{6}GGA 87 52 0.44




467 GAGN 12 CGC 21 6 0.68 468 GGCN 17 CCC 58 30 0.67 469 ACGN 11 CTC 21 7
0.65 470 ACAN 9 CGG 24 8 0.65 471 CIGN CCC 82 47 0.65 472 CCCN 2 GCC 72
40 0.65 473 CGGN 2 GCA 24 8 0.64 474 CCCN O TGC 83 48 0.64 475 CCCN{ ACC
18 5 0. 63W0AT/B6E3BAN 2 GCC 54 27 0.63 477 GCGN 8 CCA 20 PETINI®F 004378 AGCN
0}CGC 22 7 0.63 479 GCGN 2 GCA 18 310.63 480 CCGN 2 GIC 18 5 0.62 481
CCGN 3 ACA 21 7 0.62 482 ACG\{13}TGG 21 7 0.62 483 CCAN 8 CGC 23 8 0.62
484 CCGN 9 GGBC 23 8 0.61 485 CCAN{5 CCG 25 9 0.61 486 AGGN 3 GGG 97 59

0.61 487 CA

80 46 0.6 490

GCC 59 31 0.59

CGGN 4 GCC 22

2)GGC 78 45 0.61 488 8 GAG 81 47 0.61 489 AGON 5 CAG
B3EGN 16 GGCCN{I2YDC6 491 Goem|[15 ccc 2B 0.6 019€]CCON 11
543 03/ 100 AGTIREE/00037 00432 1712 493 CGAN 2 ACG 44 |0.59 494
/530]. o9 4 JEWQG@@, Y 0 0682 490 1 o ACG &;4‘! 0.59
538 CCGN{3}CCG 22 7 0.44 ‘
539 CCCN{S}ACC 58 31 0.44

540 CAGN{15}GCC 77 44 0.44

541 CCCN{1T}CGG 24 8 0.44

542 GCGN{1}CCA 22 7 0.44

543 CCCN{14}CAG 79 46 0.44

544 CCCN{8}CCC 89 53 0.44

545 ACAN{12}GCG 23 8 0.43

546 AGGN{4}CCG 23 8 0.43

547 CGCN{13}GCC 23 8 0.43

548 GAGN{2}CGC 23 8 0.42

549 CCCN{9)GCG 21 7 0.42

550 CGCN{1T}JACA 17 5 0.42

551 GCGN{17}CCA 23 8 0.42

552 AAGN{18}CCG 20 6 0.42

553 CGCN{L}GGA 18 5 0.41

554 CCAN{1}CCC 90 54 0.41

555 CGTN{18)TGC 20 6 0.41

556 TCCN{14}CGA 17 5 0.41

557 CACN{5}GGG 56 29 0.4

558 CCGN{12}GCA 21 7 0.4

559 CTGN{6}CCC 71 44 0.4

560 CGGN{8}GGC 32 13 0.4

561 CCAN{11}GGG 68 38 0.4

562 ACGN{19})CAA 21 7 0.39

563 GGGN{20}CCC 72 31 0.39

564 CGCN{3}CAG 23 8 0.39

565 AGCN{1T}GGG 58 31 0.37

566 CACN{20}CCG 21 7 0.37

567 ACGN{1T}CAG 24 8 0.37

568 AGGN{1}CCC 60 32 0.37

569 CGTN{12}CAC 20 6 0.37

570 ' | CGGN{9}GGC 23 8 0.37

571 CGCN{10}GCG 18 3 0.37

572 CCCN{6}CTC 80 47 0.36

573 CCGN{10}AGG 23 8 0.36

574 CCCN{18}CAG 79 46 0.36

575 AGCN{1T}CCG 21 7 0.36

576 AGCN{9}GCG 18 5 0.36




497 CTGN 4 GCC * 66 36 0.59 498 GGG\{18}CGA 18 5 0.59 499 CCTIN 8 CCC 22 7
0.59 500 GCCN 4 CCC 67 37 0.58 501 CGEGN 10 GCC 22 7 0.58 502 GCCN 5 GGA
54 27 0.57 503 ACCN GCG 15 4 0.57 504 CCCN 8 CGC 24 8 0.57 505 CAGN 5 CCC
77 44 0.56 VHOB/I0K@BN 14 GGA 63 34 0.56 507 CCCN 1 GCC 94 BQT/HL&EBH04B08 CCCN
5 AGC 67 37 0.55 509 GCCN 6 GGA 59 3114.55 510 CGAN 1 GAG 19 6 0.55 511
CGCN 7 ACA 18 5 0.54 512 CCAN 13 CCC 87 52 0.54 513 CGGN 20 GGC 24 8 0.54
514 CCCN 17 GCC 58 30 0.53 515 CCTN 10}CCG 30 12 0.53 516 CCCN 8 CCG 27 10

0.53 517 CECN 3

8 0.51 520 CCGN
24 8 0.5 523 AG

56 29 0.49 526
GCC 54 28 0.49

GAG. 18 0 K2 518 7 AAG 17 5 0 51 5190 _CGGEN_11 GGA 23
| B%7 CCG 153 CCANSRIGG21 QCON 3 G20A 57 30 8431 522086GN 2} CAG
B7@ CCG J4GCN{BLIGER2 (CCN 4 B7AC 69 38 80% 625 B3&N 19 CCC
N 8 CAC ACGRESIGCR 527 ACGN b COCG 18 §(0.49 52 |OCCN 6
580 CCCN{14CGG 23 8 0.35
581 CCCN{5}CCA 91 55 0.35
582 CCGN{IJAGG 22 7 0.34
583 GGGN{10}GAC 45 22 0.34
584 CGCN{15}CCA 20 6 0.34
585 CCTN{19}CGC 22 7 0.34
586 CGTN{3}CGC 10 2 0.33
587 AGCN{14}CCG 21 7 0.33
588 GGCN{2)CGA 17 5 0.33
589 CAGN({8}CCC 79 46 0.33
590 CCGN{2}GAC 16 4 0.33
591 AGCN{19}AGG 70 40 0.32
592 CCTN{4}GGC 64 35 0.32
593 CCGN{11JAGC 22 7 0.32
594 CACN{4CGC 18 5 0.32
595 CCGN{1}CCC 30 12 0.31
596 CTGN{13}GGC 73 42 0.31
597 CGCN{16}ACC 15 4 0.31
598 CACN{18}CAG 79 46 0.31
599 GGCN{8GCC 68 29 0.29
600 GGGN{15}GGA 78 46 0.29
601 CCGN{16}GCC 22 7 0.29
602 CCGN{20}ACC 18 5 0.29
603 CGAN{7}CCC 17 5 0.28
604 CCGN{6}CTC 23 8. 0.28
605 CGGN{10}CTC 22 7 0.28
606 CAGN{16)CGC 23 8 0.28
607 CCAN{3}AGG 77 45 0.27
608 GCCN{18}GCC 52 27 0.27
609 CGCN{18}GGA 19 6 0.26
610 CCGN{20)GGC 22 7 0.26
611 ACAN({10}GCG 17 5 0.26
612 | CGGN{5)CCC 25 9 0.25
613 CCCN{T}TCC 75 43 0.25
614 ACGN{10}CGC 10 2 0.25
615 CCCN{3}TCC 81 48 0.25
616 CCGN{8}CGG 20 3 0.24
617 CCAN{15}CGG 22 7 0.24
618 - CCGN{6}CCG 17 5 0.24




529 OCCN 6 CCG 29 11 0.48 530 CGCN 14 GCC 26 9 0.47 531 COGN 5 TCC 25 9
0.46 532 GCCN 6 GCOC 55 28 0.46 533 CGGN 7 GGA 24 8 0.45 534 GGGN 6}GGA 87
52 0.44 WD 031106664 PCTI NL0O3/00432 113 535 GCCN{12} TCC 60 32 0.44 536
AGTN 16 %03,7065840 44 537 GGCN 19 GCC 68 29 0.44 538 GEEMIdsGE® 22 7 0. 44

539 CCCN 8

ACC 58 31 0.44 540 CAGN1iH GCC 77 44 0.44 541 CCCN 17 CGG 24 8

0.44 542 GCGN 1 CCA 22 7 0.44 543 CCCN 14 CAG 79 46 0.44 544 CCCN 8 CCC
89 53 0.44 545 ACAN 12 GCG 23 8 0.43 546 AGGN 4 CCG 23 8 0.43 547
CGCN{i S}GCC 23 8 0.43 548 GAGN 2 CGC 23 8 0.42 549 CCCN 9 GCG 21 7 0.42

550 CGON{ 17) AdRsTl7 5 0. FEAGRBIGOGN | [CCA 2359 0. 42 5P| AAGN @R 20 6
0.42 553 CGON T8 o CUAN T 90 57 555 65 18 TGC
20 6 0. 41 556%%&%%%‘%%??—0—% 558 COGN 12
GCA 21 7 0.4 :
622 CCCN{T}CCA 85 51 0.23
623 CGGN{3}CCA 24 9 0.23
624 ACGN{1}CCC 18 5 0.23
625 CGGN{13)TGA 21 7 0.22
626 CTCN{6}GGC 53 28 0.22
627 GCGN{2}GAC 15 4 0.22
628 GGGN{11JACC 49 25 0.22
629 CGCN{4}GGA 17 5 0.22
630 CCCN{11}CCG 27 10 0.22
631 CCGN{19}GCA 20 6 0.22
632 GCGN{0}GCA 20 6 0.21
633 AGAN{7}CCC 61 33 0.21
634 CGGN{2}CCA 21 7 0.21
635 CCCN{7T}CCC 89 54 0.21
636 ACCN{4)GCG 15 4 0.2
637 CCTN{15}CGC 20 6 0.2
638 AGCN{9}GTC 44 21 0.2
639 CCCN({18}CTC 74 43 0.2
640 CGCN({18}CGA 9 1 0.19
641 CCCN{15)GCC 62 34 0.18
642 ACCN{11}GGC 45 22 0.18
643 AGGN{15}CGC 29 12 0.18
644 GCGN{0}CCA 27 10 0.18
645 GCGN{B}AGC 18 5 0.17
646 GGGN{18}GCA 59 32 0.17
647 CCCN{1T}CAG 77 45 0.17
648 CCAN{8}CGG 22 8 0.16
649 CCGN{10}GGC 21 7 0.16
650 GCAN{0}GCC 76 44 0.16
651 CAGN{2}CGC 20 6 0.16
652 CGCN{81GGC 19 6 0.16
653 CTGN{1T}GGC 65 36 0.16
654 GGGN{14}ACC 46 23 0.16
655 CCGN{L}TGC 20 6 0.16
656 CAGN{8}CGC 22 8 0.15
657 AAGN{11}CGC 17 5 0.15
658 CCGN{6}TCC 22 8 0.14
659 CCAN{18}CCC 72 42 0.14
660 CCAN{0}CCC 84 51 0.14




559 CTGN 6 CCC 77 44 0.4 560 CGGN 8 GGC 32 13 0.4 561 CCAN 11 GGG 68 38
0.4 562 ACGN 19 CAA 21 7 0.39 563 GGGN 20 CCC 72 31 0.39 564 CGCN{3 CAG
23 8 0.39 565 AGCN 1 GGG 58 31 0.37 566 CACN 20 CCG 21 71,5% 7 0‘g‘sz ACGN 17
CAG 24 8 0.WPOIMBESBAGEN 1 CCC 60 32 O'Ii‘{a 569 CGTN{ 12} CAC &' 570
CGGN 9 GGC 23 8 0.37 571 CGCN{10}GocM8 3 0.37 572 CooN 6 CTC 80 47 0. 36
573 CCGN 10 AGG 23 8 0.36 574 CCCN 18 CAG 79 46 0.36 575 AGCN 17 CCG 21 7
0.36 576 AGCN 9 GCG 18 5 0.36 WO 03/ 106684 PCT/NL03100432 114 577 CCAN 3

0N 14) 0G5 23 {815 oo CAGRIBCEE, o[ cs o543 o, o]y aoabiih) o s
583 GGGN 10 GAC|#86222 0 3MAGEINE2OMGRC151 cca 2624 0 34 #2495 ccTN foldc 22 7
0.34 586 CGTN 3663C 10 2| CAGN{OEIGCAGCN 14 C2B|21 7 0.3F | 588 GBOM P CGA 17
5 0.33 664 CCGN{12)CTC 29 8 0.14
665 CGCN{15}ACG 9 1 0.13
666 GGCN{17}CGA 15 4 0.13
667 CCGN{16JAAG 19 6 0.13
668 CGCN{14)TCC 19 6 0.12
669 AGGN{T}CGC 20 7 0.12
670 CGGN{7}CCC 22 8 0.12
671 CGCN{4GCC 34 15 0.12
672 CGAN{6}CCC 17 5 0.12
673 CCCN{19}GGA 60 33 0.11
674 CCCN{16}GCG 28 11 0.11
675 CCAN{7}CGC 20 7 0.11
676 CCCN{6}GCC 80 48 0.11
677 GCCN{14)TCC 55 29 0.11
678 AGGN{14}GCC 64 36 0.1
679 CGCN{11}GCC 20 7 0.1
680 TCCN{0}GCA 17 5 0.09
681 GCGN{8}CCC 27 11 0.09
682 CCAN{11}JGCG 19 6 0.09
683 CACN{4}GGG 51 26 0.09
684 CGGN{7}TCC 20 7 0.09
685 GCGN{5}GCC 20 7 0.09
686 ACGN{12}CAG 26 10 0.09
687 CCGN{19}CGC 14 4 0.08
688 CGGN{8TGC 18 5 0.08
689 CCCN{LIGAG 65 37 0.07
690 GCGN{19)TGA 18 6 0.07
691 GGCN{15)GCC 70 31 0.07
692 CCGN{7}CCC 27 11 0.07
693 ACAN{19}CCC 63 35 0.07
694 ACCN{16}GGG 47 24 0.07
695 AGAN{1}GGC 64 36 0.07
696 | GGGN{ITITGA 64 36 0.06
697 CAGN{5}GGG 83 50 0.06
698 GCCN{13}CGC 22 8 0.06
699 GCGN{T\GGA 19 6 0.06
700 CAGN{14}CCA 94 58 0.06
701 CCGN{4GTC 16 4 0.06
702 CCCN{13}CGC 22 8 0.06




589 CAG\{8 CCC 79 46 0.33 590 CCCGN 2 GAC 16 4 0.33 591 AGCN 19 AGG 70 40
0.32 592 CCTN 4} G3C 64 35 0.32 593 CCGN 11 AGC 22 7 0.32 594 CACN 4} CaC
18 5 0.32 595 CCGN 1 CCC 30 12 0.31 596 CITGN 13 GGC 73 42 0.31 597 CCGCN
16 ACC 15W#® 03/106684 598 CACN 18 CAG 79 46 0.31 599 GCCCN{ @#a@3d.o680439 0.29 600
GEGN 16 GGA 78 46 0.29 601 CCGN 16 16CC 22 7 0.29 602 CCGN 20 ACC 18 5 0.29
603 CGAN 7 CCC 17 5 0.28 604 CCCN 6 CTC 23 8. 0.28 605 CGGN 10 CTC 22 7
0.28 606 CAGN 16}CGC 23 8 0.28 607 CCAN 3 AGG 77 45 0.27 608 GCCN{ 18 GCC
52 27 0.27 609 CGCN 18 GGA 19 6 0.26 610 CCGN 20 GGC 22 7 0.26 611 ACAN

10 GCG 17 5 0.

ACGN 10 CGC 1

617 CCAN 15 (A
PCT/ NLO3/ 00437

793 612 GUGNGHACE 9] 0. 25 1613 CCCN 74[CC 75 6
I 7640- 25 B@A GaaCO 8T 28gP|25 61645900 8 T

9052 _7 O ‘Cc?%”—@ EE68 1373 024 437 106;% 5
(706" CGCN{5GGC 18 6 0.05
707 CCTN{6}GGC 57 31 0.05
708 AGGN{3}GGC 67 38 0.05
709 CGGN{11}CGC 14 4 0.05
710 CTGN{18}GGA 77 46 0.04
711 CACN{17}CCA 74 43 0.04
712 CGGN{3)GAG 22 8 0.04
713 CCCN{9}CCA 82 49. 0.03
714 CCCN{LJACG 18 6 0.03
715 CAGN{L}GCC 72 42 0.03
716 AGGN{6}CCG 23 8 0.03
717 AGCN{9)GGG 57 31 0.03
718 CCCN{T}GGC 54 29 0.02
719 CCTN{13}CCC 88 54 0.02
720 CCGN{19}TTC 20 7 0.02
721 CCCN{7}CCG 27 11 0.02
722 CGAN{6}GGC 17 5 0.01
723 CGGN{4CTC 21 7 0.01
724 CGGN{0}CGC 13 3 0.01
725 CCTN{13}ACG 19 6 0.01
726 GGGN{6}CAC 53 28 0.01
727 CCCN{16}CGC 21 7 0.01
728 CCCN{10}CTC 76 45 0
729 CCCN{0}CAG 92 57 0
730 GCCN{5}CCC 65 0

37

25 614
3 0.24



619 CAGN 3 GCG 25 9 0.24 620 GAGN 1 CCC 62 34 0.24 621 CCGN 18 TGC 22 7
0.23 622 CCCN 7 CCA 85 51 0.23 623 CGGN 3 CCA 24 9 0.23 624 ACGN 1 CCC 18
5 0.23 625 CGGN 13 TGA 21 7 0.22 626 CTCN 6 GGC 53 28 0.22 627 GCGN 2 GAC
15 4 0.22 W03/@BEH 11 ACC 49 25 0.22 629 CGCN 4 GGA 17 F@MNIP30@YH CCCON 11
CCG 27 10 0.22 631 CCGN 19 GCA 20 6 012 632 GCGN 0 GCA 20 6 0.21 633
AGAN CCC 61 33 0.21 634 CGGN 2 CCA 21 7 0.21 635 CCCN CCC 89 54 0.21 636
ACCN 4 GCG 15 4 0.2 637 CCTN 15 CGC 20 6 0.2 638 AGCN 9.GIC 44 21 02 639
CCCN 18 CTC 74 43 0. 640 CGCN 18 CGA.9 1 0.19 641 CCCN 15 GCC 62 34 0.18
642 ACCN 11 CEeble6 2§TMslem9tmm!qént&£eggmm lgcationamd dexgtly cca 27 10
0.18 645 GCGN 9 AGC 18 5 0.17 646 GGEN{18 GCA 59 32 0.17 647 CCON 17 CAG
77 45 0.17 648 CCAN{8}CGG 22 8 0.16 649 CCGN 10 GGC 21 7 0.16 650 GCAN 0
GCC 76 44 0.16



651 CAGN 2 CEC 20 6 0.16 652 CGCN 8 GEC 19 6 0.16 653 CTGN 1 GGC 65 36
0.16 654 GGGN 14 ACC 46 23 0.16 655 CCGN 1 TGC 20 6 0.16 656 CAGN 8 CCC
22 8 0.15 657 AAGN 11 CGC 17 5 0.15 658 CCGN 6} TCC 22 8 0.14 659 CCAN 18
CCC 72 42w® @A066660 CCAN 0} CCC 84 51 0.14 WO 03/ 106684 Hechi/mLd3»0430432 116
661 GAGN{6} CCC 53 28 0.14 662 AGCN 19 GCC 52 27 0.14 663 CAGN 0 CCC 21 7
0.14 664 CCGN{12}CTC 22 8 0.14 665 CCCN 15}ACG 9 1 0.13 666 GGCN 1?7 CGA
15 4 0.13 667 CCGN 16 AAG 19 6 0.13 668 CGCN(14}TCC 19 6 0.12 669 AGGN 7
CGC 20 7 0.12 670 CGGN CCC 22 8 0.12 671 CGCN{4 GCC 34 15 0.12 672 CGAN 6

%ng ?:G% %(2) 7%%@7%0&% g? ‘Béiéé‘lg?ilwg;l? &%Mé& gélég (6).7?1
g?ggAGG\l{ 14 GOG 4 36 0. 1] £49,CGC0N 11 GOC 20 7 0.1 | 680 TGgp|0 GCA 17 5
2 7p15.2 916
38 15q11.2 and 10q22.2 2132
4 1p31.1 and 14q24.1 1625
54 20q13.32 1571
6 2p21 1173
7 1934 2101
8 9q32 1839
94 10p15.3 1936
10 Xpl11.3 1167
11 2p25.1 1377 |
12 5¢35.3 1051
134 9q34.3 1201
144 22q11.22 732
15 1p36.31 1881
16 1p21.2 1282
17 2¢381.1 793
18 2q31.3 497
19 6p22.1 1840
20 8p13.3 780
a1 6q24.2 620
22 2q12.2 1380
23 6p22.1 1246
24 1q21.2 948




681 GCGN 8 CCC 27 11 0.09 682 CCAN 11 GCG 19 6 0.09 683 CACN 4 GGG 51 26
0.09 684 CGGN 7 TCC 20 7 0.09 685 GCGN{5 GCC 20 7 0.09 686 ACGN 12 CAG 26
10 0.09 68&,%@ CGC 14 4 0.08 688 CGGN 8 TGC 18 5 0.08 689 CCCN 1 GAG
65 37 0.07 "&Y 19 TGA 18 6 0.07 691 GGCN 15 GCC 70 PET/NL§P0433 g0

CCGN{ 7000 27 11 0.07 693 ALAN 19 G263 35 0.07 694 ACCN 16 GGG 47 24
0.07 695 AGAN 1}GGC 64 36 0.07 696 GGGN 17 TGA 64 36 0.06 697 CAGN 5} GGG
83 50 0.06 698 GCCN 13 CGC 22 8 0.06 699 GCGN 7 GGA 19 6 0.06 700 CAGN

14} CCA 94 58 0. 06—701-CCGN 4—GFC- 164006 702 GOGN-13-CGC22.8 0. 06 WO
03/ 106684 PCT/ NL§3/ @EAR 117 703 GChbastient 15 4 0. 05 Lawgth?AGN 20 GGG 81
49 0.05 705 4—-CEE-27 11005 706—CEEN-5HEEE-1816—0—05—797 CCTN 6 GGC
57 31 0.05 708 A@BA{3 GGC $192830.05 709 CGGN 11 CGJ 14 41068% 710 CTGN
18} GGA 77 46 0. 04

26 1q21.1 540

27 1q23.1 1520

28 22q11.23 961

29 2q13.31 29253

30 22q12.3 1851

31 9q34.11 and 22q11.21 1165

32 21922.2 771

33 21q22.2 1368

34 9934.14 755

35 7922.3 | 1211

36 2122.2 1712

37 22q11.23 1331

38 22q11.1 and 22q11.1 ~1000




711 CACN 17 CCA 74 43 0.04 712 CGGN 3 GAG 22 8 0.04 713 CCCN 9 CCA 82 49
0.03 714 CCCN 1 ACG 18 6 0.03 715 CAGN 1 GCC 72 42 0.03 716 AGGN 6 CCG 23
8 0.03 717 AGCN 9 GGG 57 31 0.03 718 CCCN{7}GGC 54 29 0.02 719 CCIN 13
CCC 88 54VQ0yW668420 CCGN 19 TTC 20 7 0.02 721 CCCN CCGPLY/NL3/43H 722 CGAN
6 GGC 17 5 0.01 723 CGGN 4 CTC 21 10,01 724 CGGN 0 CGC 13 3 0.01 725
CCTN 13 ACG 19 6 0.01 726 GCGN 6 CAC 53 28 0.01 727 CCCN 16}CGC 21 7 0.01
728 CCCN 10 CTC 76 45 0 729 CCCN 0 CAG 92 57 0 730 GCCN 6 CCC 65 37 0 WO

03/ 106684 PCTI NLO3/00432 118 Table 6. STAR elenents, including genomc
osation 3001 OSTOEESL SpRBRLIOLe LIS SaRpinge Lo Lena
g [ g g [

14g24.1 1625 §8R0ql3. 32 |(22412.36 2p21 1173 2331
40 22q11.21 1071
41 22q11.21 1144
42 22q11.1 735
43 14q924.3 1231
44 22q11.1 1591
45 22q11.21 1991
46 22q11.23 1871
47 22q11.21 1082
48 22q11.22 . 1242
49 Chr 12 random clone, and . 1015

3q26.32

50 6p21.31 2361
51 5q21.3 2289
52 Tp15.2 1200
53 Xpl11.3 1431
54 4921.1 981
55 15q13.1 501
56 includes 3p25.3 741
57 4q35.2 1371
58 21q11.2 1401
59 17 random clone - 872
60 4p16.1 and 6927 2068
61 7p14.3 and 11925 1482




7 1934 2101 8 9q32 1839 94 10p15.3 1936 10 Xpll.3 1167 11 2p25.1 1377

12 5q35.3 1051 134 9q34.3 1291 144 22gl11.22 732 15 1p36.31 1881 16

1p21. 2 1282vg%&%%%§}.1 793 18 2931.3 497 19 6p22.1 1840 20 8$13.3 780 21
6024. 2 620 q127’2 1380 23 6p22.1 1246 24 1g21.2 948 WD'B5P{¥t8s4

PCTI NLO3/ 00432 120 STAR Location' Length2 255 1g21.3 1067 26 1g21.1 540
27 1g23.1 1520 28 22gl11.23 961 29 2g13.31 2253 30 22 12.3 1851 31
9q34. 11 and 22g11.21 1165 32 21g22.2 771 33 21g22.2 1368 34 9q34.14 755
35 722.3 1211

STAR Location! Length2
62 14q24.3 1011
63 22q13.3 1421
64 17q11.2 - 1414
65 7q21.11=28.4 1310
66 20q13.33 and 6q14.1 ~2800

1Chromosomal location is determined by BLAST search of DNA sequence
data from the STAR elements against the human genome database. The
location is given according to standard nomenclature referring to the
5 cytogenetic ideogram of each chromosome; e.g. 1p2.3 is the third

cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1
(http://www.ncbi.nlm.nih.gov/Class/MLACourse/Genetics/chrombanding.h
tml). In cases where the forward and reverse sequencing reaction

10 identified DNAs from different genomic loci, both loci are shown.

2Precise lengths are determined by DNA sequence analysis; approximate
lengths are determined by restriction mapping.

3Sequence and location of STARS has been refined since assembly of
Tables 2 and 4 of EP 01202581.3.

15 4The STARs with these numbers in Tables 2 and 4 of EP 01202581.3 have
been set aside (hereafter referred to as “0ldSTARS5” etc.) and their
numbers assigned to the STAR elements shown in the DNA sequence
appendix. In the case of 0ldSTARS, 0ldSTAR14, and cldSTAR16, the
cloned DNAs were chimeras from more than two chromosomal locations;

20 in the case of 0ldSTAR9 and 0ldSTAR13, the cloned DNAs were identical
to STARA4.

5]dentical to Table 4 “STAR18”of EP 01202581.3.



36 21922.2 1712 37 22 11.23 1331 38 22g11.1 and 22gl11.1 -1000 WD 03/106684
PCTI NLO3/ 00432 121 STAR Location' Lengths 39 22g12.3 2331 40 22g11.21
1071 41 229g11.21 1144 42 22911.1 735 43 14q924.3 1231 44 22gll.1 1591 45
22g11. 21 WwO89406é68 22g11. 23 1871 47 22qll.21 1082 48 2PGTNIRIMM2 49 Chr
12 random cl one, and . 1015 3g26.3223%0 6p21.31 2361 51 5¢g21.3 2289 52
7p15.2 1200 53 Xpll.3 1431 64 4921.1 981 55 15g13.1 501 56 includes
3p25.3 741 57 4935.2 1371 58 21gl1.2 1401 59 17 random done 872 60
4pl16.1 and 6927 2068 61 7pl4.3 and 11925 1482 WD 03/ 106684 PCT/ NLO3/ 00432
122

Table 7. STAR elements convey stability over time on

transgene expression!

Cell Luciferase
Divisions? Expression?
STARSG plus 42 18,000
puromycin
60 23,000
84 20,000
108 16,000
STARG6 without 84 12,000
puromycin4
108 15,000
144 12,000

1Plasmid pSDH-Tet-STAR6 was transfected into U-2 OS
cells, and clones were isolated and cultivated in doxycycline-

5 free medium. Cells were transferred to fresh culture vessels
weekly at a dilution of 1:20.

2The number of cell divisions is based on the estimation that
in one week the culture reaches cell confluence, which
represents ~6 cell divisions.

10 8Luciferase was assayed as described in Example 4.

4After 60 cell divisions the cells were transferred to two

culture vessels; one was supplied with culture medium that

contained puromycin, as for the first 60 cell divisions, and the

second was supplied with culture medium lacking antibiotic.
15



STAR Location' Length2 62 14g24.3 1011 63 229g13.3 1421 64 17ql1l.2 1414

65 7 21.11=28.4 1310 66 20 13.33 and 6 14.1 -2800 'Chronosonal |ocation is
determ ned by BLAST search of DNA sequence data fromthe STAR el enents

agai nst t heWRWHa¥68%enone dat abase. The_ location is gi ven BdE3M?t o
standard nonencl ature referring to t hd?% cytogenetic ideogram of each
chronosone; e.g. 1p2.3 is the third cytogenetic sub-band of the second
cytogenetic band of the short armof chronmosonme 1 (http://ww.ncbi.nl mnih.
gov/ Cl ass/ M. se/ Genet i r gnbandi ng. tid ). . In cases wher he
Porward and r LobieE EimancTAR dEBiettls S thelf pisaflvrabust Greapios: on
genom ¢ | oci, shatfaddlelgsare shown. 2Precise lengths are determ ned by DNA

sequence anal ysis; approximte |engths are determ ned by restriction
mappi ng. 3Sequence and | ocation of STARS has been refined since assenbly of

Tabl es 2 and4—of—FEP91202581t—Sr—154The—FTARs—wi—th t'ﬁc?c - lui]JGCI s— n Tabl es
2 and 4 of Ep CE®P531 3 HABe pcHywman! 55i Moused caf t Similarity’ed o as
"ol dSTARS" et¢.) and theirq nunber§q3315_fi ghed 2ﬁ t he ST%BQ%P? ts shown in
t he DNA sequefice—appendix—tmtire_tase ot ot dSTARS—ot dSTA ; i
ol dSTAR16, th8 claoned DNAZ werle cRMe2as|fr #B%orel 1 hAOXEMBINr onbsomal
| ocations; 20gin the ¢ase gf ol dSTz¢Es and|0ldPBAR1I3| t Rg8HP8TH DNAs were
i dentical t¢ STARA. Jrdeniical 'q '%Qbe ? "§¢§§éa"or ER g 20, T B. WO
03/ 106684 PCTANLO3/ 00432 3 Tabt@9F2-25ThR e ntls cord® ;Pps il{ty over
time on trapsgene expression’ ell Lucifeérase 2. 163 bp 86%
5 6 2p21 17E4 437 bp 78%
6 12 5q35.3 11b1.3 796 bp 66%
7 13 9q34.3 2A3 753 bp 77%
8 18 2q31.3 2E1 497 bp 72%
9 36 21q22.2 16C4 166 bp 79%
10 40 22q11.1 6F1 1. 270 bp 75%
2. 309 bp 70%
11 50 6p21.31 17B1 1. 451 bp 72%
2. 188 bp 80%
3. 142 bp 64% -
12 52 Tp15.2 6B3 1. 846 bp 74%
2. 195 bp 71%
13 53 Xpl1.3 XA2 364 bp 64%
14 54 4921.1 5E3 1. 174 bp 80%
2. 240 bp 73%
3. 141 bp 67%
4. 144 bp 68%
15 6la Tpl4.3 6B3 188 bp 68%

5 1Cytogenetic’location of STAR element in the human genome.
2Cytogenetic location of STAR element ortholog in the mouse genome.

3Length of region(s) displaying high sequence similarity, and percentage
similarity. In some cases more than one block of high similarity occurs; in
. those cases, each block is described separately. Similarity <60% is not
10  considered significant.



Di vi sions2 Expressions STARE plus 42 18,000 puronmycin 60 23,000 84 20,000
108 16, 000 STARE wit hout 84 12,000 puronycin4 108 15,000 144 12,000 '
"Plasm d pSDH Tet - STAR6 was transfected into U2 OS cells, and clones were
I sol at ed vemoB/medsdi vat ed i n doxycycline 5 free nmedi um CeCTALO&00#32t r ansf erred
to fresh culture vessels weekly at12® dilution of 1:20. 2The nunber of cell
divisions is based on the estimation that in one week the culture reaches
cell confluence, which represents -6 cell divisions. 10 3Luciferase was
assayed as described in Exanple 4. 4After 60 cell divisions the cells were
transferred toTabbe 9c Camdidave STAR elanenta sesteghbby ddnear Discrimimamedi um
that containe gg}rjo,rryci n, as for the first 60 cell divisions, and the
second was sung’i S% th culture nediumlacking antibiotic. 15 WO 03/106684
PCT/ NLO3/ 00432 124 Table 8. Human STAR el enments and their putative nouse

200 b 0900 >3 CRBEERETL (D T bR on o eT iy Tt oo %5 T %P
10g22.2 14B 1.| 363STARB9%

T2 F 20q13.33 ~2800
T2R 6q14.1 ~2800
T3 F 15q12 ~2900
TSR 7q31.2 ~2900
T5 F 9934.13 ND?

T5 R 9934.13 ND

T7 22q12.3 ~1200
T9 F 21¢22.2 ~1600
T9R 922q11.22 ~1600
T10 F 7922.2 ~1300
T10 R 6q14.1 ~1300
T11F 17928.3 ~2000
T11R 16923.1 ~2000
T12 4p15.1 ~2100
T13 F 20p13 ~1700
T13 R 1p13.3 ~1700
T14R 11925 ~1500
T17 2431.3 ND

T18 2¢31.1 ND

1Chromosomal location is determined by BLAT search of DNA sequence data from the
STAR elements against the human genome database. The location is given according to
5 standard nomenclature referring to the cytogenetic ideogram of each chromosome; e.g.

1p2.3 is the third cytogenetic sub-band of the second cytogenetic band of the short arm of
chromosome 1
(http://www.ncbi.nlm.nih.gov/Class/MLA Course/Genetics/chrombanding . html). F,
forward sequencing reaction result; R, reverse sequencing reaction result. When the

10 forward dnd reverse sequencing results mapped to different genomic locations, each
sequence was extended to the full length of the original clone (as determined by
restriction mapping) based on sequence information from the human genome database.

2ND: Not Determined.
15



2. 163 b 86% 5 6 2 21 17E4 437 bp 78% 6 12 5935.3 11b1.3 796 bp 66% 7 13
9934.3 2A3 753 bp 77% 8 18 2q31.3 2E1 497 bp 72% 9 36 21g22.2 16C4 166 bp
79% 10 40 %ﬁgilj%m% 8F1 1. 270 bp 75% 2. 309 b 70% 11 50 6p21.31 17B1 1. 451
bp 72% 2. 1 D806 3. 142 bp 64% 12 52 7pl5.2 6B3 1. SXETAROYME2 2 105
b 71% 13 53 X P11.3 XA2 364 b 64% 1484 4g21.1 5E3 1. 174 bp 80% 2. 240 by
73% 3. 141 bp 67% 4. 144 bp 68% 15 6la 7p 14.3 6B3 188 b 68% 5
1Cytogenetic' |l ocati on of STAR el enent in the human genone. 2Cytogenetic

| ocation of STAR el ement ortholqg jn the nouse, genome. 3lLength of region(s)
di spl ayi ng hi Eﬁb%‘ééﬂ&ébl#‘mﬂ“& AR elgmondsof; ventionginalpding sone

cases nore th Pyl A Ity occurs; in those cases, each
bl ock is desc??ﬁgﬁﬁggggé:gf%?&h%ﬁﬁ}%}% <60%is not 10 considered
significant. WO 03/106684 PCTINL0O3/00432 125 Table 9. Candi date STAR

gl‘ige'rll'tstt ggéﬁg %@gggr Di SQBL.MQ&M A”Eteiiﬁjtﬁ, anqi date Location' Length
Al 1 1.2
A2 1 0.9
A3 I 0.9
A4 1 0.8
Ab 1 1.3
A6 1 14
A7 11 1.2
A8 11 0.8
A9 11 0.9
Al0 II 1.7
All 1I 1.9
Al2 11 14
Al3 11 1.2
Al4 II 2.1
Al5 11 14
Al6 11 0.7
Al7 11 1.5
Al8 (I 1.5
Al9 111 0.7
A20 111 2.0
A21 IV 1.8
A22 IV 0.8
A23 IV 0.6
A24 I\ 0.5
A25 \ 0.9
A26 \4 1.9
A27 A\ 1.1
A28 \ 1.6
A29 \ 0.9
A30 vV 2.0
A3l vV 2.0
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-2000 TMWO43/Ws68% -2100 T13 F 20pl3 .1700 T13 R 1pl3. BCT/NIQH004R214 R 11925
1500 T17 2 31.3 ND T18 2 31.1 ND 1¥nhronosonal |ocation is deterni ned by
BLAT search of DNA sequence data fromthe STAR el enents agai nst the human
genonme dat abase. The location is given according to 5 standard nonencl ature
referring to the cytogenetic ideogram of each chronosone; e.g. Ip2.3 is the
third cytogengppg sub-bandyof the secdnd cytogeneg} c band of the short arm
of dwommom,é
(http://wMMLn‘é.sn!nlﬂLb gdv/ Ol ass/M ACourse/ Gefd ce/ chronbandi ng. htm ). F,

forward sequenAB#g reacti §b result; It, reverse (s@guenci ng reaction result.

When the 10 ygégﬁrd send [¢ever se sequdenci ng regy { s mapped to different
genom c | ocat . éﬁ;ﬁme—ﬂas—extended t+o—the full length of the
original clone (as determ ned by restriction mapping) based on seguence
information fromthe human genone database. 2ND: Not Determ ned. 15 WO

03/ 106684 PCT/ NL0O3100432 126




Tabl e 10. Arabi dopsis STAR el enents of the invention, including chronosone
| ocati on and | ength STAR Chronosone Length, kb A | 1.2 A2 1 0.9 A3 |

Ad |
Al I

I 1.
'V 0.

0.8 Al 1.3 A6 I 1.4 A7 11 1.2 As Il 0.8 A9 Il 0.9 A10 Il 1.7

0.9

| 1.9 WA%/R0684 4 A13 || 1.2 Al4 || 2.1 Al5 || 1.4PCENE0YG0432 7 Al7
5 A18 111 1.5 A19 111 0.7 A20 1% 2.0 A21 1V 1.8 A22 1V 0.8 A23

6 A24 IV 0.5 A25 V0.9 A26 V19 A27 V1.1 A28 V1.6 A29 VO.9
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DESCRIPTION OF FIGURES

The drawings show representative versions of the DNA molecules of the
invention. These portions of DNA, referred to as (a) protein expression unit(s),
is/are created and manipulated in vectors such as recombinant plasmid
molecules and/or recombinant viral genomes. The protein expression units are
integrated into host cell genomes as part of the method of the invention, and
the schematic drawings represent the configuration of the DNA elements in

the expression units in both the vector molecules and the host cell genome.

FIG 1. Schematic diagram of the invention.

FIG 1A shows the first expression unit. It is flanked by STAR elements,
and comprises a bicistronic gene containing (from 5’ to 3’) a transgene
(encoding for example a reporter gene or one subunit of a multimeric protein;
TG S1, “transgene subunit 1”), an IRES, and a selectable marker (zeo,
conferring zeocin resistance) under control of the CMV promoter. A
monocistronic selectable marker (neo, conferring G418 resistance) under
control of the SV40 promoter is included. Both genes have the SV40
transcriptional terminator at their 3’ ends (t).

FIG 1B shows the second expression unit. It is flanked by STAR
elements, and contains a bicistronic gene containing (from 5’ to 3’) a transgene
(encoding for example a different reporter gene or another subunit of a
multimeric protein; TG S2), an IRES, and a selectable marker (bsd, conferring
blasticidin resistance) under control of the CMV promoter. A monocistronic
selectable m?.rker (neo, conferring G418 resistance) under control of the SV40

promoter is included. Both genes have the SV40 transcriptional terminator at
their 3’ ends.

FIG 2. The pSDH-CSP plasmid.
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FI GURES The drawi ngs show representative versions of the DNA nol ecul es of
the invewoosmoesdaese portions of DNA, referred to as (apcpibhSbddz£XPression
unit(s), 5 is/are created and nanipysated in vectors such as reconbi nant

pl asm d nol ecul es and/ or reconbi nant viral genones. The protein expression
units are integrated into host cell genones as part of the nethod of the

i nvention, and the schematic drawi ngs represent the configuration of the

DNAeIerrentsin ' s and the
host cell genont. E% %&%&%ﬁ'ﬁéﬂ'ﬁ% {)%p?d&?%%gz%ﬂ%m Y)%%& egﬁ?&i giri]&é |G | A shows
the first eymirebef the CMM proriotes, afﬂdaﬂﬂeqdubmﬁﬂ\ﬁsﬁét@mhaectabmwml ses a
bi ci stroni c gene cont ai n| n &%from 5 to 3') a trans%ene (encodi ng for

exanpl e a (@R i€ HNdRIgO éh%ﬁUéﬂunrO@pt%r Fiankingtheseiwn genes ars TG 3| |

"transgene s ra( ferring
zeoci nr oo PRLEIRE %loé%ee?@% (RO i STAR Qe Py BF HRba S8 plasiRl
sel ect apl e algy @ art BEi@in 60Rpticatiog (det)ldnd smpsd:ﬂnpﬁslstaﬂw gemp@m;fﬁ) fef the
SV40 pronoter is included. Both ?enes have the SV40 transcriptional

0

t er ni nat or PaePagation iz %ﬂkdéw t")c 20 FI G 113 shows the second expression
unit. It is flanked by STAR elenents, and contains a bicistronic gene
containing (from5" to 3) a transgene (encoding for exanple a different
reporter g@®IG 8/ ThegSPH-SIBMahdgiSBH-GIB/Z fandilieproftdasmid& S2), an | RES,

and a sel ectabl e marker (bsd, conferring
These plasmids are derived from the pSDH-CSP plasmid (FIG 2), by
10 replacement of the monocistronic SEAP and puro genes with a bicistronic gene
under control of the CMV promoter and a monocistronic neomycin resistance
selectable marker gene (neo) under control of the SV40 promoter.

Panel A, pSDH-SIB/Z in which the bicistronic gene encodes secreted
alkaline phosphatase (SEAP) in the 5’ position and blasticidin (bsd) or zeocin

15  (zeo) resistance selectable markers in the 3’ position, relative to the internal
ribosome binding site (IRES).

Panel B, pSDH-GIB/Z in which the bicistronic gene encodes green
fluorescent protein (GFP) in the 5 position and blasticidin (bsd) or zeocin (zeo)
resistance selectable markers in the 3’ position, relative to the internal

20 ribosome binding site (IRES).

FIG 4. Comparison of the consequences of one-step and two-step
antibiotic selection on the predictability of transgene expression.
Recombinant CHO cell isolates containing plasmid pSDH-SIZ or
256  plasmid pSDH-SIZ-STAR18 were selected on G418 (panel A) or sequentially on
G418 and zeocin (panel B) and assayed for SEAP activity. |

FIG 5. The PP (Plug and Play) family of plasmids.
These plasmids contain a bicistronic expression unit (containing an
30 internal ribosome binding site, IRES) between multiple cloning sites (MCS) for



bl asticidin resistance) under control of the CW pronoter. A nonocistronic
25 sel ectabl e marker (neo, conferring (418 resi stance) under control of the
SV40 pronoter is included. Both genes have the SV40 transcri ptional

term nator aWOO¥Hf§4 3' ends. FIG 2. The pSDH CSP pl asni d. POOYNLBS/MREH84

PCT/ NL03100432 129 The Secreted Al kal i#e Phosphat ase (SEAP) reporter gene
is under control of the CW pronoter, and the puromycin resistance

sel ectabl e marker (puro) is under control of the SV40 pronoter. Fl anking
these two genes are nultiple cloning sites into which STAR el enments can be
cl oned. The mphsetiod of SHIAR elemsern, MOST| 8bfifSalbXbiat dscbSwad; MCSBaaVPIl-ci | | i n

resi st ance ggipeggig% foi propagation in Escherichia coli. FIG 3. The
pSDHSI B/ Z and*® _ Ct-am | i es of plasnids. These plasnids are derived
romthe PSDH CSPPRLEER thd bicfitohic Mho'thdofBe oo DrIRIRRERE ON ©

SEAP and puro genes with a bicistronic gene Gnder contr
pronot er and aadrthequiretmyoirn resistangecmarkes(pstrannce sel ect abl e nmarker gene

(neo) under contrgl of the SV40 pronoter. PRanel A .SIBLZ in which the
bi ci stronPc gene g’ﬁ@ﬁi@sg&%@c@ﬁ’é’a‘m &?%??Wée‘bﬁ%ﬁtﬁf@jgghf‘%mp}?%aﬁ?\e 5'
position and t%i.{l Ko} ) 8Gh Brket eo) resistance sel ectable
markers in tﬁg )g%lgﬁh@ozg?ar (glegitlé?a\g/rg: to&f]{heiilzén(?er nal ribosone binding site
(I RES). Panel B, Pabkl Cl tiebicistmwnicgendendodes SHAThand ghe @eeacinadaistagrceen

fl uorescent pr oé ei 2 (GFP) in the 5 position and blasticidin (bsd) or
zeocin (zeo) ™ BéMce sel ectable markers in the 3' position, relative to

the internal 20 r paoRpne hd Bitidhbnit kend bifEabs GHICafld HEROPRA ARAdRochb®

consequences of one-step and two-step antibiotic sel'ection on the
predi ct aldi0l i tmowdcidtranis gene esggalees®pon. Reconbi nant CHO cel | isol ates

cont ai ni ng pl asm S | Z or . 25.plasm d pSD +Sl.<- STARLS re selected on
(418 (panel A) or??g‘ﬁ-eg;]ﬁlé’]lcﬁt g@ﬂ%e‘é e%g@ﬁa{%&ﬁ%ﬂ a“éfa%ﬁal%g yed for
SEAP acti Vi t Yy ofidcfétronid ienEBntddedhegnd Play) family of plasm ds.

Bicistronic genes are under control of the CMV promoter (pCMV) and

the monocistronic gene is under control of the SV40 promoter (pSV40). A
15 stuffer fragment of 0.37 kb (St) separates MCSI from pCMV. Both the
bicistronic and monocistronic genes have the SV40 polyadenylation site at

their 3’ ends.

FIG 6. STAR sequences

20 Sequences comprising STAR1 — STAR65 (SEQ ID:1 - 65)
Sequences comprising STAR66 and testing set (SEQ ID:66 — 84),
Sequences comprising Arabidopsis STAR A1-A35 (SEQ ID:85-119).

FIG 7. The pSDH-CSP plasmid used for testing STAR activity.

25 The Sgcreted Alkaline Phosphatase (SEAP) reporter gene is under
control of the CMV promoter, and the puromycin resistance selectable marker
(puro) is under control of the SV40 promoter. Flanking these two genes are
multiple cloning sites into which STAR elements can be cloned. The plasmid
also has an origin of replication (ori) and ampicillin resistance gene (ampR) for

30 propagation in Escherichia coli.



These plasm ds contain a bicistronic expression unit (containing an 30

i nternal ribosone binding site, IRES) between nmultiple cloning sites (M)
for WO 03/106684 PCT/NLO3/00432 130 insertion of STAR el enents. MCSI,

Sbf | - Sal | - Wioa0BAdewsd - Swal ; MCSI |, Bsi W- EcoRV-Bgl Il -Pacl .p ’ﬁ!gﬁis/o@hszt he
bi ci stroni c gene encodes green fluorascent protein (GFP) and the puronycin
resi stance marker (puro). 5 Panel B, the bicistronic gene encodes secreted
al kal i ne phosphatase (SEAP) and the zeocin resistance marker (zeo). Panel
C, the bicistronic gene encodes SEAP and the neocin resistance marker
(neo). Panel D, the bicistronic gene encodes GFP and puro, and an adj acent
10 nonoci stroni ¢ gene encodes neo. Panel E, the bicistronic gene encodes
SEAP and zgfIG 80STAR6AnASTAR4Dimprove predigabilieyandbgieldwof Bi ci stronic
genes are under control of the CW pronoter (pCW) and the nonocistronic
gene i s undEANSgane EXPFLS$ION. S\VA0 pronpter (pSV40). A 15 stuffer fragment of

0.37 kb (St) sepq . L SR 01

nonoci stronic g@ff@géﬁ‘%a%‘g@%%%%‘ﬂ%@?gﬁ%{bﬁ%%% te (%Qﬁét ag{lgr?ecged ends.
FI G 6. STA%R@SQH@SRQSSEHL@%IEﬁ‘WiﬁDI?-WARE W26 detShiined: 1- 65)
Sequences conprising STAR66 and testing set (SEQ J.D:6§.- 84), Sequences
conpri si ng eplASpontaiyingconstnpts G@Eg@‘ Breager R&Qy@tag&t@ apd) elggatedp csp

pl asm d usg;q?lhqrelét%tﬂo%ei asdp Xbﬂ%(:rucﬁ:%{l%ﬁ@ Secreted Al kal i ne Phosphat ase
r er 0

(SEAP) rep er gene 1s u contro e CW pronoter, and the
puromycin resistance selectable marker (puro) is under control of the SV40

pronoter. E Ki ese t enes are nmul tiple..cloning, si.tes into which
STAR el emar#ﬁ? @ag%@h{lﬁ . mpreye pregictability éﬁ“ﬂ?}‘éﬂrp f replication
(ori) gpd %@h?#bﬁé%xb?é&ﬁbﬁf‘ce gene (anmpR) for 30 propagation in

ol T.

Eacherichia ¢

Expression of luciferase from the CMV promoter by U-2 OS cells
transfected with pSDH-CMV, pSDH-CMV-STARG, or pPSDH-CMV-STARS was
determined. The STAR-containing constructs confer greater predictability and
elevated yield relative to the pSDH-CMYV construct alone.

15
FIG 10. Minimal essential sequences of STAR10 and STAR27.

Portions of the STAR elements were amplified by PCR: STAR10 was
amplified with primers E23 and E12 to yield fragment 10A, E13 and E14 to
yield fragment 10B, and E15 and E16 to yield fragment IOC. STAR27 was

20 amplified with primers E17 and E18 to yield fragment 27A, E19 and E20 to
yield fragment 27B, and E21 and E22 to yield fragment 27C. These sub-
fragments were cloned into the pSelect vector. After transfection into U-2
OS/Tet-Off/LexA-HP1 cells, the growth of the cultures in the presence of zeocin
was monitored. Growth rates varied from vigorous (+++) to poor (+/-), while

25 some culture:s failed to survive zeocin treatment (-) due to absence of STAR

activity in the DNA fragment tested.

FIG 11. STAR element function in the context of the SV40 promoter.
pSDH-SV40 and pSDH-SV40-STARG6 were transfected into the human

30 osteosarcoma U-2 OS cell line, and expression of luciferase was assayed with



WD 03/ 106684 PCT/ NL0O3/00432 131 FIG S. STARE and STAR49 i nprove
predictability and yield of transgene expression. Expression of SEAP from
the CW pronoter by CHO cells transfected 5 with pSDH CSP, pSDH CSP- STARS,
or pSDH CSPWOrHWes84as det ernmi ned. The STAR-contai ni ng c oORSTNLYW4Rof or
greater predictability and elevated yl%2id relative to the pSDH CSP
construct alone. FIG 9. STARE and STAR8 inprove predictability and yield of
10 transgene expression. Expression of Iuci ferase fromthe CW pronoter by

U2 OCScells transfected w th, pSDH CW, ARE, o SDH C\W- STARS
was  det er mi nll WHheIpRkectom GO &?@eéalﬁgﬂng& Méﬂgﬁr gn-resistant
predictabilityapd elevated yield relative to the pSDH CW construct al one.
15 FIG 10. Mninal essential sequences of STARLO and STAR27. Portions of
the STAR elenments were anplified by PCR STARIO was anplified with priners

Er5 and ETe t o7l SrosiAle Homenddungrimim the contaxbpf hed ol promabet Ly ;
and E18 togyield f smmet%zxg pEBH- fﬁﬁgtvperem&ﬁ&e&é&m%eaﬁ&a&nd E21
27 ese su

and E22 to yield f agrrent ragments were cloned into the
pSel ect vect orastedfsterona &k 08 télbline,retral Messﬁm dEluciiefddecnds &Riayeélvshth t he

grow h of the cuII res in the esence f ze nmonitored. G0
rates varied f¢dR 6?‘@*0?’&9."1% tony &Pmt%?“ﬁ %ngménﬁlrgm%%mwﬁa
failed to surviygszeocin treatment (-) due to absence of STAR activity in

the DNA fragnent tested. FIG 11. STAR elenent function in the context of the
SV40 pronoter. pSDH SV40 and pSDH SV40- STARE were transfected into the

e O SRR e rbhioRnS, P oo on ©f el erase vas
gene silencing by %-Eﬁgﬁa'tﬁ RHERIR 6F the 65é:5adidh of STAR elements as they are
cloned in the pSelect vector (panel A), as they are cloned into pSDH vectors to
preserve their native orientation (panel B), and as they are cloned into pSDH
vector in the opposite orientation (panel C).
15
FIG 14. Directionality of STAR66 function.
The STAR66 element was cloned into pSDH-Tet in either the native
(STARG66 native) or the opposite orientation (STAR66 opposite), and
transfected into U-2 OS cells. Luciferase activity was assayed in puromycin

20 resistant clones.

FIG 15. Copy number-dependence of STAR function.
Southern blot of luciferase expression units in pSDH-Tet-STAR10,
integrated into U-2 OS genomic DNA. Radioactive luciferase DNA probe was
25  used to detect the amount of transgene DNA in the genome of each clone,

which was then quantified with a phosphorimager.

FIG 16. Copy number-dependence of STAR function.



clones. FIG 12. STAR el enent function in the context of the Tet-Of
pronmoter. 5 pSDH Tet and pSDH- Tet - STAR6 were transfected into the hunman
osteosarcoma U-2 OS cell |ine, and expression of luciferase was assayed with
or w t houwomsadsegs i on from gene silencing by STARE i n pwcasi®Bsmessesi st ant
clones. 10 FIG 13. STAR elenent oridgddation Schematic di agram of the
orientation of STAR elenents as they are cloned in the pSel ect vector
(panel A), as they are cloned into pSDH vectors to preserve their native
orientation (panel B), and as they are cloned into pSDH vector in the
opposi te ori ent gheQRdpy Rmfler@f pSDHTEt-BTARA ¢ 8 re8siah initsih eabhRishd uncti on.
The STAR66 el ement was cloned into pSDH Tet in either the native (STARG66
native) or Wédsedesproineadebyophespharimagersarbeomparsd with thesgtivity sfishect ed into
U2 OS cells...Luciferase activity was 3ssa $d in puronycin 20 resistant

cl ones. FI iGiferage rop gesred gfeaé A®%nction. Southern bl ot of

| uci ferase expression units in pSDH Tet-STARLO, integrated into U-2 OS
genom ¢ DNA. Radi oactive |uciferase DNA probe was 25 used to detect the

amount Bf HI&nigchnhameerblopking aodeenhangenassay®, whi ch was t hen
quantified with hosphori mager.. Fl G 16. nunbe e _STAR
funct | on. Wb 037 TEAREIAEE PREGS ioppeciort yact R TE RTARACRS PaREn S

pSDH- Tet - ShidRking ¥RH @ahhAcertttivity! die SheWnkthematRa 1§ eTRE B-betbinding
phosphori magery, and cogﬁared with the activity of the |luciferase reporter

enzyne expstederithyEddenhancaroropimigupgtre rcdonimgsite foy STAR enhancer

. The;l ucif ’ ' t d.f ' A
enhancer - Elprsy DRGSR ORISRt 358 1t fe LETbHER BB . & box
gingi Ngo SicbRtroPsf 4 hanfedvalkaling pBbspatass fihfmaPsionestet Ghpp THeoni ng site for

histograms indicate the expected outcomes for the three possible experimental
situations (see text). Panel A: Enhancer-blocking assay. Panel B: Enhancer

assay.

15 FIG 18. Enhancer-blocking assay.
Luciferase expression from a minimal promoter is activated by the
E47/E-box enhancer in the empty vector (vector). Insertion of enhancer-
blockers (scs, HS4) or STAR elements (STAR elements 1, 2, 3, 6, 10, 11, 18,
and 27) block luciferase activation by the E47/E-box enhancer.
20
FIG 19. Enhancer assay.
Luciferase expression from a minimal promoter is activated by the
E47/E-box enhancer in the empty vector (E47). Insertion of the scs and HS4
elements or various STAR elements (STARs 1, 2, 3, 6, 10, 11, 18, and 27) do

25  not activate transcription of the reporter gene.

FIG 20. STAR18 sequence conservation between mouse and human.
The region of the human genome containing 497 base pair STAR18 is
shown (black boxes); the element occurs between the HOXDS8 and HOXD4

30 homeobox genes on human chromosome 2. It is aligned with a region in mouse



el ements. Downstream of the STAR cloning site is the |uciferase gene under
10 control of a human al kaline phosphatase mnimal pronoter (np). The

hi st ogr ans Wéﬁécate t he expected outcomes for the three possible

exper i ment alvO &1%808¢i ons (see text). Papel A Enhancer- bl oBKTA§03494Ry  Panel
B: Enhancer assay. 15 FIG 18. Enhance bl ocki ng assay. Luciferase
expression froma mninmal pronoter is activated by the E47/E-box enhancer
in the enpty vector (vector). Insertion of enhancer- bl ockers (scs, HS4) or
STAR el erents (STAR el enents_ 1, 2, 3, 6, 10, 11 1%, and 27). bl ock

| uci f er ase ac@hr@mqsemet%/thaﬁéhem B2% s2auencgridentity, I 'he xegian o ABer assay.

Luci ferase ex f l.1.RK t L&ﬂ]]g box
enhancer in tﬁ{er%gérrdﬁ glevieﬁgh%d{gé% 3 t Eggﬂ??‘gnmgaﬁeﬂgs@s an X?_%%gve rrehEtS
or various SThduet ehisrhesonRIZ\RE3% idehtity; gfay Bikes) beydiid thesd rdglondithe 25 not
activate transcription of the reporter ene FI G 20. STARLS sequence

conser vat i on Kenidedrepskelow (0% Thaabilifye ﬂ@@?éﬁ%ﬂs hyman gadgause,

cont ai ni ngx 49 .Qccurs
bet ween th% M&#%ﬁ%%on@o ogwlgbeénéeho o%r urran c rgFrr%)S?%grr'gHagéd S
al i gned with Ao geewth) +, mmodewsk Ww@Bj-&GGﬁ@&oB@'@ib&rﬂ&,/ﬁgé}&apidl@%mhrormsorre 2
that shares 72% sequence identity. The region of human chronosone 2

i mMediately to the left of STARL8 is also highly conserved with nouse
chronosone 2 gg/éty%dentity; gray boxes); beyond these region, the identity
drops bel ow 6 ie ability of these regions fromhuman and nouse, 5 either
separately or in cBcHennsli¢c diagram ofbid-exfopmatit analysieworkflowe. Forddetaile,ckee- |

no growt h; +, m)derate growth; ++, vigorous growh; +++ rapid growh. FIG
21. Schemi®i ctext agram of bio-informatic analysis workflow For details, see
10 text. FIG 22. Results of discrimnant analysis on classification of the

FIG 22. Results of discriminant analysis on classification of the
training set of 65 STAR elements.
STAR elements that are correctly classified as STARs by Stepwise
15 Linear Discriminant Analysis (LDA) are shown in a Venn diagram. The
variables for LDA were selected from frequency analysis results for hexameric
oligonucleotides (“oligos”) and for dyads. The diagram indicates the

concordance of the two sets of variables in correctly classifying STARs.

20 FIG 23. RT-PCR assay of Arabidopsis STAR strength
U-2 OS/Tet-Off/lexA-HP1 cells were transfected with candidate

Arabidopsis STAR elements and cultivated at low doxycycline concentrations.
Total RNA was isolated and subjected to RT-PCR; the bands corresponding to
the zeocin and hygromycin resistance mRNAs were detected by Southern

25 Dblotting and guantiﬁed with a phosphorimager. The ratio of the zeocin to
hygromycin signals is shown for transfectants containing zeocin expression
units flanked by 12 different Arabidopsis STAR elements, the Drosophila scs

element, or no flanking element.



training set of 65 STAR elenents. STAR el enents that are correctly
classified as STARs by Stepwi se 15 Linear D scrimnant Analysis (LDA) are
shown in a Venn diagram The variables for LDA were selected fromfrequency
anal ysi s WO9396684 or hexaneric oligonucl eotides (bligo®cdrmamnsoedsoz dyads.
The diagramindicates the concordarié® of the two sets of variables in
correctly classifying STARs. 20 FI G 23. RT-PCR assay of Arabi dopsis STAR
strength U-2 OS/ Tet-Of/lexA-HPlI cells were transfected with candi date
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FIG. 25. STAR elements improve expression of a functional antibody
in CHO cells.

20 The different vectors containing the Light and Heavy Chain of the
RING1 antibody are shown in FIG 25. The constructs are simultaneously
transfected to CHO cells. Stable colonies that are resistant to both zeocin and
puromycin are expanded. The cell culture medium of these colonies is tested
for the detection of functional RING1 antibody in an ELISA with RING1

25 protein as ar}tigen. The values are dividing by the number of cells in the
colony. The highest value detected in the STAR-less control is arbitrarily set at
100%.
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capacity to at least in part block chromatin-associ ated repression are
essentially identical. 7. A cell according to any one of the preceding
clainms, wherein at | east one polypeptide of interest conprises an

i mmunogl obuOrP3AREH, chain, or an i munogl obulin |ight cheimNL&od2cel
according to claim?7, wherein at |eastl4bne pol ypeptide of interest

conpri ses an i munogl obulin heavy chain and the ot her pol ypeptide of
interest conprises an i munoglobulin |light chain, wherein said heavy and
light chain can forma functional antibody. 9. A cell according to any one
of the preceWhigelaba By Suthbiaad "HsHearg W Viezan) 3V, Weatihg, Lapad Gayrick, at

| east in part block chromatin-associated repression is _chosen fromthe
group consi sD-$30%) Erigemstes effecty op tramsgene expressipnMethodsiMolabiob ddfy al ent
of SEQ ID: 55%%8Figure 6; and (c) a functional fragment of SEQ ID: 7 of
Figure 6. 10. met hod for expressing at | east two pol ypeptides of interest
inacell, said nethod conprising culturing a cell according to any one of
t he precedinqulains under conditions wherein said _pol ypepti de expression

units ar edexeghd), and Maryisen,sdpt(LR7) &dfct o5 glysosilationomantthody: - a
bicistronic . CORPLH-S] gt 0l | ! . @ eagdi ng
frame encodi %‘gﬂ&éo%ﬁo ;’ %2%@?%%%&&?%{12 P %g;#e%g)ﬁgﬁdf g‘é@%&%géﬁ Entry
Site (IRES), and (iii) a selection marker, and wherein said bicistronic
gene is under_control of a functional_ prompter; and - at |east one sequence

havi ng the cXgag OV Sipair Py Bage, P4, and Kam, 5Hc (199'0-Quantifisatien of gane
b bk ohr onat RETsbusRltl LEERABIRANL ndsfRabARARR bl Ry Blom BISEIGRRY |
of. (a) a0y @3e1vf0-8EQ ID. 1 through SEQID:. 65 of Figure 6; (b) a

functional equivalent of any one of SEQID: 1 through SEQID: 65 of Figure
6; and (c) a functional fragnent of any one of SEQID:. I through SEQ ID: 65

of Figure 6. 1 I i ' | ' i.m 11,
conpr 'si ng. iRy e, $ap8 AABYE Grbph s Bollolil. AR AIA WRrdh BT 20
i n part bl oclnkibitsrtheiatesssiwtitypota transpictivat@rto ity taggeDNAIBmbidditt4sai d
pol ypepti de gx%re sion unit is flanked on both sides by at |east one of
sai d sequenc £6f ang the capacity to at least in part block chromatin-

associ at q¢ repression. 13. A pol ypeptide expression unit according to claim
11 or 12, wherein said




pol ypeptide of interest conprises an inmunogl obulin heavy chain or an

i mmunogl obulin |ight chain. 14. A pol ypepti de expression unit according to
any one of claims | 1 to 13, wherein sequence having the capacity to at

| east in part block chromatin-associated repression is chosen fromthe
group consisting of. (a) SEQ ID: 7 of kygure 6; (b) a functional equival ent
of SEQID: 7 of Figure 6; and (c) a functional fragnment of SEQ ID. 7 of
Figure 6. 15. A pol ypeptide expression unit according to any one of clains
11 to 14, wherein said selection markiimencodes the zeocin-resistance
protein. 16. A nmethod for obtaining a host cell expressing two pol ypeptides
of interest, the nethod conprising: a) providing host cells conprising: (i)
a first poI1.y]|9epti Qecelll(flflﬁ;lsﬁdiﬁkylyrﬁoﬂyp@pﬂiﬂbrdxﬁeﬁgoﬁulﬁgsfﬂasﬁ én?ﬁmggereesltconpri Si ng
a pronoter functionally linked to, a sequence encoding a first pol ypeptide
of i nt er esPneRfYREPtidq pfdptess), sharagierized i %étrsa&ewixpe fide qxprgssign saiteat

pol ypept i dg, _'é%?l%%:é?%né’E'ciqtuel%rﬂa{/iin@it}{%aﬁa&tiy% SR CpENEICMBhAF-NY 2
pronoter functionally I1nked to a Sequence”encodi hg a second polégﬁftlde of
C

i nt er est aawocigted eapoassiosevieartinistid sequekerhayimgéhe wohegivitn aslgad ispard

sel ectabl e ;marker gene is different fromsaid first. selectable marker gene,
and 145 wRPER i eSPed Farsss i dsrr b el R & L Rl Cone

pol ypept i dSEEXDF esigbegh SEMIID; 6506f gl 60fb) & &indtibnal s§uiealehtadianly secsfd

pol ypepti de exBression units conprise at Ieasélél one fequenc havi ng t he
capacity toEQtDr baupughSEAIP: &) @fdiswrrpotdi(Pri Weeipmabiragnent 8panysdieGh, wher ei n

sai d sequeRg@ 1payiigudheeGanass dorifedl | east in part block chromatin-
associated repression is chosen fromthe group consisting of: (a) any one of

SEQID: | through SEQID: 65 of Figure 6; (b) a functional equival ent of

any one of ,SEQ ID: , 1 ,,through S | D 5.ong ur .an c)..a functiona
fragnent of" any onAe “6111 a%:ﬁd%l?%jo CFa%]tthN ggrge 8 “%EB’:O%@’EP%?G %péeﬁglgggr;u?sand b)

sel ecti ng aachd6ithet ehdodby dbfidretstlegionafiarRespr essi on of said first and second
sel ectable nmarker genes. 17. A nethod for expressing two pol ypeptides of
interest, the nethod conprising

3. A cell according to claim [ or 2, wherein at least one of said
polypeptide expression units comprises a monocistronic gene comprising an
open reading frame encoding a polypeptide of interest and wherein said

monocistronic gene is under control of a functional promoter.

4, A cell according to claim 1 or 2, wherein at least one of said polypeptide
expression units comprises a bicistronic gene comprising in the following order: (i) an
open reading frame encoding a polypeptide of interest, (ii) an Internal Ribosome Entry
Site (IRES), and (iii) a selection marker, and wherein said bicistronic gene is under

control of a functional promoter.

5. A cell according to any one of the preceding claims, wherein at least one of
said polypeptide expression units comprises at least two of said sequences having the
capacity to at least in part block chromatin-associated repression, arranged such that said
polypeptide expression unit is flanked on both sides by at least one of said sequences

having the capacity to at least in part block chromatin-associated repression.



culturing a host cell selected by a nethod according to claim 16, to express
said first and second polypeptides. is. A nmethod according to claim17,
wherein the two pol ypeptides of interest formpan of a multineric protein.
19. A nethod according to claim17 or 18, wherein at |east one of said two
pol ypeptides of interest conprises an iiggrunogl obul i n heavy chain, or an

i munogl obulin I'ight chain. 20. A nethod according to claim19, wherein at

| east one of said two polypeptides of interest conprises an i mmunogl obulin
heavy chai A. and t h& cell heordipployglemts, ddersin dait & least twomepednsesshaging the

i mmunogl obul in. ligh hai_n rein id h SN naj forma
funct i onal “RaerHisay et pik HEERE o BB oG RY estRSion sk herfil ek 20
wherein at | east one of said bicistronic genes conprises an internal

ri bosone entry site (IRES), 22. A set_of two, polypeptjde. expression units,
said set cénprisinfyocagording toany PP%P“SBP%%& ﬁ@“@xﬁ*‘%@‘é‘i BIFAAE conpri si ng
a bicistr OBISpGRAE o MR Bdrtfridds alpfr&m(%qobhuﬂﬁeav?!aﬁaihyoﬂ dnni@finbRloBulgequence
encoding a first pol ypeptide of interest and a irst selectable marker
gene, and (ightxchansecond pol ypepti de expression unit conprising a bicistronic
gene conprising a pronoter functionally linked to a sequence encoding a
second pol ypeptide of interest and a second sel ectabl e marker gene, wherein
sai d second. sel ect alktikastardey togddim 1, svheietd &rlent oderpoigpsptidt dfiintstestsel ect abl e
mar ker gene, and wherein said first polypeptide expression unit, or said
second pol §YYBHESCHA0 BXPHRAEbyLn Llj‘ﬁ?‘iy,CElﬁ)‘P aB%B}? Oﬂﬁeéipalyf’gprt@? of fferssti d second

pol ypept | d@orﬁ{ﬁweewrﬁﬁuﬁ@wbmiﬁ GERT dha R, RhertRA IRAG, aiﬁqg@n%in bavfoRgat he
capacity to at least in part block chromatin-associ ated repression, wherein
sai d sequefimetipral arigpodiie capacity to at least in part block

chromati n-associated repression is chosen fromthe group consisting of. (a)
any one of SEQ ID: | through SEQ ID: 65 of Figure 6; (b) a functional

equi val ent 9of any Arell adcofsfif foliny lont bf the glrec &6 ¢1hims, Gheefn daidusgeence and (c)

a functional fragment of any one of SEQ ID: | through SEQ ID: A 65 of Figure
6. ﬁaving t%g i e(':lst in part blocEghromatin-associate% represtion 1s chosen g

€ capacity to at |
from the group consisting of: (a) SEQ ID: 7 of Figure 6; (b) a functional equivalent of

SEQ ID: 7 of Figure 6; and (c) a functional fragment of SEQ ID: 7 of Figure 6.

10. A method for expressing at least two polypeptides of interest in a cell, said
method comprising culturing a cell according to any one of the preceding claims under

conditions wherein said polypeptide expression units are expressed.

11. A polypeptide expression unit comprising:

- a bicistronic gene comprising in the following order: (i) an open reading frame encoding
a polypeptide of interest, (ii) an Internal Ribosome Entry Site (IRES), and (iii) a selection
marker, and wherein said bicistronic gene is under control of a functional promoter; and

- at least one sequence having the capacity to at least in part block chromatin-associated
repression, wherein said sequence having the capacity to at least in part block chromatin-
associated repression is chosen from the group consisting of: (a) any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; (b) a functional equivalent of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; and (c) a functional fragment of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6.
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12. A polypeptide expression unit according to claim 11, comprising at least two
of said sequences having the capacity to at least in part block chromatin-associated
repression, arranged such that said polypeptide expression unit is flanked on both sides
by at least one of said sequences having the capacity to at least in part block chromatin-

associated repression.

13. A polypeptide expression unit according to claim 11 or 12, wherein said
polypeptide of interest comprises an immunoglobulin heavy chain or an immunoglobulin

light chain.

14. A polypeptide expression unit according to any one of claims 11 to 13,
wherein sequence having the capacity to at least in part block chromatin-associated
repression is chosen from the group consisting of: (a) SEQ ID: 7 of Figure 6; (b) a
functional equivalent of SEQ ID: 7 of Figure 6; and (c) a functional fragment of SEQ ID:
7 of Figure 6.

15. A polypeptide expression unit according to any one of claims 11 to 14,

wherein said selection marker encodes the zeocin-resistance protein.

16. A method for obtaining a host cell expressing two polypeptides of interest,
the method comprising:

a) providing host cells comprising:

(1) a first polypeptide expression unit comprising a bicistronic gene comprising a
promoter functionally linked to a sequence encoding a first polypeptide of interest and a
first selectable marker gene, and

(i1) a second polypeptide expression unit comprising a bicistronic gene comprising a
promoter functionally linked to a sequence encoding a second polypeptide of interest and
a second selectable marker gene,

wherein said second selectable marker gene is different from said first selectable marker

gene, and
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wherein said first polypeptide expression unit, or said second polypeptide expression
unit, or each of said first and said second polypeptide expression units comprise at least
one sequence having the capacity to at least in part block chromatin-associated
repression, wherein said sequence having the capacity to at least in part block chromatin-
associated repression is chosen from the group consisting of: (a) any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; (b) a functional equivalent of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; and (c) a functional fragment of any one of SEQ ID: 1
through SEQ ID: 65 of Figure 6; and

b) selecting a host cell by selecting for expression of said first and second selectable

marker genes.

17. A method for expressing two polypeptides of interest, the method comprising
culturing a host cell selected by a method according to claim 16, to express said first and

second polypeptides.

18. A method according to claim 17, wherein the two polypeptides of interest

form part of a multimeric protein.

19. A method according to claim 17 or 18, wherein at least one of said two
polypeptides of interest comprises an immunoglobulin heavy chain, or an

immunoglobulin light chain.

20. A method according to claim 19, wherein at least one of said two
polypeptides of interest comprises an immunoglobulin heavy chain and the other
polypeptide of interest comprises an immunoglobulin light chain, wherein said heavy and

light chain can form a functional antibody.

21. A method according to any one of claims 16-20, wherein at least one of said

bicistronic genes comprises an internal ribosome entry site (IRES).

22. A set of two polypeptide expression units, said set comprising:
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(1) a first polypeptide expression unit comprising a bicistronic gene comprising a
promoter functionally linked to a sequence encoding a first polypeptide of interest and a
first selectable marker gene, and

(i1) a second polypeptide expression unit comprising a bicistronic gene comprising a
promoter functionally linked to a sequence encoding a second polypeptide of interest and
a second selectable marker gene,

wherein said second selectable marker gene is different from said first selectable marker
gene, and wherein

said first polypeptide expression unit, or said second polypeptide expression unit, or both
said first and said second polypeptide expression units comprise at least one sequence
having the capacity to at least in part block chromatin-associated repression,

wherein said sequence having the capacity to at least in part block chromatin-associated
repression is chosen from the group consisting of: (a) any one of SEQ ID: 1 through SEQ
ID: 65 of Figure 6; (b) a functional equivalent of any one of SEQ ID: 1 through SEQ ID:
65 of Figure 6; and (c) a functional fragment of any one of SEQ ID: 1 through SEQ ID:
65 of Figure 6.





