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BACKGROUND OF THE INVENTION

Assays that rapidly and efficiently identify cells that have been successfully
transformed with exogenous DNA are useful in a wide variety of applications
15 including, for example, identifying cell lines and/or transgenic organisms and
conducting high-throughput drug screening. Indeed;-itis-only once the insertion of
the exogenous DNA is confirmed that cell lines or transgenic organisms can be used
as animal models for drug discovery, elucidation of biochemical pathways, toxicity
studies and the like.

200 The most commonly used method for detecting whether exogenous nucleic
acid has been introduced into a target cell is by selection, either by a nutritional
deficiency that is complemented by the introduced DNA, or by drug resistance. For
complementation of auxotrophic mutants, the recipient cells have to be deficient in
that gene function. For drug resistance, the cells have to be sensitive to that drug.

- 25 . Unfortunately, many cells (e.g., pathogens) are resistant to drug selection techniques.
Candida albicans, for example, displays resistance to hygromycin, benomyl,
cycloheximide, mitomycin C and funicamycin. Similarly, other pathogenic organisms
(e.g., methicillin-resistant Staphylococcus aureus (MRSA), and some variants of M.
tuberculosis) have developed resistance to many of these routinely used antibiotics.

30 Thus, 1t has proven very difficult to transform these cells and to detect successful
integration events.
Methicillin-resistant strains of Staphylococcus aureus (MRSA) are the most

common nosocomial pathogens worldwide. MRSA are responsible for greater than
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antibiotic resistant selection. A more complete explanaftion of the basis for antibiotic
resistance and the emergence of resistant strains can be found in the literature (e.g.,
United States Patent 6,136,587 Tomasz , et al. October 24, 2000; Ohno, A., et al.,
Nippon Rinsho (2001) 59(4):673-680).

25 The lack of efficient screening systems in certain organisms can seriously
impair efforts to screen candidate drugs. In part due to the increasing numbers of
immunocompromised patients, infections with drug-resistant organisms and systemic
fungal infections with normally benign organisms are on the rise, for example, many
such infections are due to the normal human flora Candida albicans. Candida species

30  are now the fourth most common cause of nosocomial bloodstream infections
(Edmond et al. (1999) Clin Infect Dis. 29(2):239-44). Commensurate with the
increase in the number of people contracting serious Candida infections, is an

increase in the incidence of strains resistant to antifungal compounds (White, Marr, et
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(Wi te, Marrof éffecvedealtents thal iorg iR W (X3t BBE! i8R Bk %ﬁotﬁlltsdlf 1998)
Cin Mcrobiol Rev 11(2):382-402). To counteract this, new classes

antifungal coielo (Pl repaukly basiit bgeoshowh éhat é’ag-éds cambe fobesdi tnvesse (ageed. The
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tandem copi es and are quickly [ost w thout selective pressure (Cannon et
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Sacchar onyces cerevi siae, no centroneric sequence or au
replicating Imqmmfmgahasgdt;émm diromesbmﬂlcoimemﬂihd candidate gene&mmlbelo pl asm ds

o, be, et Nt sl aat LU A S8l O, OLGE f2etor, Lo, hacyngaer o0
this orggni Siﬁmast&#%%vaepéafmw l(Pds) GaRomBNAR1)ist B; Fohs et a1. (1993)
Genetics 134(3):717-28). Cells must be made auxotrophic for URA3, and creating an
auxotrophic strain from a clinical isolate usually reduces virulence si gniﬁcantly or
totally abolishes it (Lay et al. (1998) Infect Immun. 66(11):5301-6; Kirsch et al.
(1991) Infect Immun. 59(9):3297-300; Polak (1992) Mycoses 35(1-2):9-16; Cole et al.
25  (1995) FEMS Microbiol Lett. 126(2):177-80). A study has shown that even in
virulent strains, recovery of URA3 function may not necessarily restore virulence to
wild type levels (Lay et al. (1998), sitpra).
A third issue is that very few heterologous genes have been expressed in C.
albicans due to its abnormal codon usage (CTG coding for serine instead of leucine)
30 (Leuker (1994) Mol Gen Genet. 245(2):212-7). In order for a heterologous gene to be
functionally expressed in Candida albicans, every CTG codon in the gene must be
" mutated to other lencine codons (Morschhauser et al. (1998) Mol Gen Genet.
257(4):412-20). Thus, these and other difficulties have limited the study of Candida
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Met hods descr) bed TR U, S. Pat ent 5, 650, 135, nake possible the detection of
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Gen Cenet 257(4):412-20), GFP producing C al bicans cells have not yet been
i maged insio‘éa(ﬂé"lfﬁ“aﬁ% ani mal . Srikantha, et al., ((1996) JBacteriol

178(1): BH-9)  Thus, there remains a need for methods of detecting transformation of target
' | cells, particularly methods that do not involve selectable markers, The present
invention provides, inter alia, such methods, expression cassettes, transposon cassettes
and other tools useful for generating light-producing organisms, for example,
pathogenic organisms (such as, MRSA, antibiotic-resistant bacteria, and Candida
25  albicans) which are suitable for studies relating to infection and/or pathogenesis in

vitro and in whole animals.

SUMMARY OF THE INVENTION
The present invention relates to methods for introducing a polynucleotide of
30  interest into cells wherein no selectable marker is used, rather a screen for light
production is used to identify cells comprising the polynucleotide of interest. The
present invention also relates to cells produced by the metho'ds of the present

invention, as well as uses of such cells. In one embodiment of the present invention,
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PO SRR PR OSSR B IR R B 0 e,
i ncl udserg imedtded| i. a.nﬂlansformed cells. Such light producing cells are then isolated to provide
- substantially pure colonies (i. e., clones) of light-producing cells, for example, by dilution or
'streaking for single colonies.
The polynucleotide used in the transformation method of the present invention comprises
25  coding sequences for a light generating protein. Such a light generating protein may be, for example,
a bioluminescent or fluorescent protein. In one embodiment of the present invention, the
bioluminescent protein is a luciferase (e. g., encoded by luc or /ux sequences).
Any transformable cell may be used in the practice of the present invention. Typically such
cells do not emit light before transformation, although if a cell already produces light of a given
30  wavelength, then a light generating protein coding sequence which produce a protein producing a

different, identifiable wavelength of light may



cationic lipids), direct injection (e. g., mcroinjection), cell fusion,
m croprojectile bonbardment (e. 15 g., biolistic method24 Augest 2005DNA

particl eyRpphpbghgent), co-precipitation (e. g., with calg M ?ﬁ?ﬁ phate, or
ia ra :

lithium acetate), DEAE-dextran- or polyethylene glycol- nsf er,
and viral vector-nediated transfer. The population of cells is then

screened fog, @seﬁ'#?ﬂ%%rﬂ; LR Rls. CBLils %Ylhafq:an tl%ga\ﬁ?ﬁl&féﬁqg tl!geom%tﬁgds of

pol ynucl eoti de of I nterest. hese cell's are i el'r a ?Iity to

express t heprebdng hivegtéoreinaludaghup etk imited o) gravaguoen celts oeIg ,Gtari Qeitivee t he
pol ynucl eoti de of int er est . ?%ﬁ%{g r\Il)modum cells are isol ated. These

li ght prod u%ﬁaﬁ’g"‘??’é iygbagiena, ag ng ?Qﬁqut » P PR PR sl de-Bagcasheen
i ntroduced, giich a8 Candlﬂﬁﬂlsgﬂfcﬁﬁ@nﬁreg §lan§é@lg drlidilce qufﬁ%l' @QFC@SIJ? are then

isolated to provide substantially pure colonies ?I . ones
| i ght - prioduspiesidicsells)s Inseok cellr anayladso Howsell inuthe methods oﬁﬁne@a%mtgnfcmmom ngl e

- col oni es. otide used.. he tr nsf t|on net hod.of the
present i nvi::nnqnp&ﬁy eggﬂ%tsegé%se%mée&gp %B‘H{P@ﬁ'@gé) £8Y° @R a’ﬁg’h 4%t i ng
protein. Suebisant bagtiagfnekahbRImBhitilgh Redidiht RRaink OF SREAIBERcus Bireus,
bi ol um nescent or fl uyorescent Pr otein. In one enbodi ment of the present
€

i nventi on, %ﬂﬁ’eVaﬂEfPlB}’W‘?ﬁéﬁé%ﬁ{l Froged i(WRES stiaingy cMhediaegsbeqlls, afigr treatmentied by
I I paste] th t
uc or | ux gﬁﬂﬁm lgﬁgx gﬁ&pg{,[ﬁ{/ sugﬂu&ﬂak h@g%gptﬁ%g{lgg&el n e practice

of the pr esent yp| ca emt |ight before

t r ansf dmatpcdynucbdotzum ughplafedat mhﬁpr@;ﬁrt%ﬁtyee}ﬁhﬁgﬂb@@ﬁy basglhon te cligiypen 30-
wavel engt h, n a_light generati tei n codi ng _sequence which produce a
protein prdid ﬁ king of g’IeF’IFaeQ%&wthquf [%i AL RichEirstcln grarbens seregred fty WO
021072808 2ie pHAMSiordHdReht PCT/ US02/ 07029 be used to transform such cells.
Cells which ¢ be enpl oyed in the nethods of the present invention

i ncl ude, but ar einnmt embpiingsht Dﬁthepr@cxangrmmon ab¢ psly(nmlgatgdegmtmdupectl tive,

gram negat i, {xtot ilﬁtgz%fg‘do a%l e\:/\egromcﬁ(g etss eorl¥rpucp o?dtysea}ugﬁf: eng 1n§ (igh ot l c cells

(e.g., yeas acc ces cell's;

tunor qgl | Sgen&ﬂaﬁﬁglﬁro'@elﬁ p%ﬂ:bi@y,@@éﬂ §I)olyﬂd%§é%ﬁﬁe §&QJulefce 1B ¥xptesed Qﬁerus ed in the
met hods of the present invention. In one aspect of the present invention,

t he popul atintsaragpn ip the genameiod dhe tayget yeanipw, for exiigplamdidsantasr i a, for
A i b dubld b RRLh A ochblioP e Fheolt ABHNLRC ORI YE Tibors 20

~vanconyci n-reststant enterococ ar ge after

treat nent mayt donhrise pod:fymlszhmbédtldes nok@ingchutdiot limfisd Mﬂncégrafﬁalgldebﬁoad, e upt ake
of the 10 poI nucl e ei pl ated, at an acgpro_lprl ate screenl ng density
based on t HEM @W’“ﬁg’ﬁ@t ch mPbilp genetif glegtenite #1ch 260l Y OF Mariged or sol i d) on

_\which bpe cel s @LgoMel ﬁ?e&qnsga%ci&hde in%dweewsmeqﬁkge&ehIn%@tcombﬂseone
enbodi nent of the present invention, the polynucleotidé introduced into

‘the cel I nﬁgpr@mfs:r pperablydingad tathe esbnwdtqtm(sb@mm@@nse@ug adighencodi ng a
oo tssed JERERANS P8t & Rlibe SRIeGBI ay So1EHsR B8 G LohfafniRg Ve ! ©
polynucleotide sequences including, but not limited to integrating vectors,
transposons (or other mobile genetic elements, such as, TY or mariner), replicating
_ 25 plasmids, non-replicating plasmids, and the like. Plasmids may comprise, for
example, shuttle vector sequences that allow passaging in a cell type in order to’
prepare a sufficient amount of polynucleotide to be used in transformation of the
target cell. The promoters used in such constructs are functional in the target cells.
The light generating protein coding sequences are used to screen for
30_ transformed cells and, accordingly, other sequences of interest can be associated with
the light generating protein coding sequences (e.g., in the same vector construct). The

other sequences of interest may be associated with the same set of control elements

used to express the light generating protein or, alternately, expression of such

6



i ntegration into the genone of the target organism for exanple, adjacent
an endogenous pronoter in the genone of the target orgaddgmgugt 2006ber of
vectors lse such potynucl eotides including, but g?}' | 7] to
i nt egr at %0@%@%{#8; .20 transposons (or other nobile gen |£6§é)?)3#§gts
such as, TY or mariner). In another aspect, the polynucleotide introduced

into the tar efideslof ﬂﬁé’regtglgﬂydl%e%ﬁediﬁre? éﬁmﬁtgegén Hlféoﬁgbyelér%l%ﬁ% %sé\&atteﬁe

pol ynucl eot i de* 'sequences e ng a nerating pro nunber of
vectors nmay woithphe syusnmes)pf m@éstr Fooedatiphd, egpressidnyofiiind kglitigegeratigpuences
including, but not Limted to integrajing vectors, transposons (or other
mobi | e genet PEOAN SALAE SCAUERea n}fg,be%wﬁ?te Wﬁi&t)@,rowsq @é&gpwam%o? |

pl asm ds, . NORufiRPkddudhded B Rit@edi b beafibhidtbEby hiiBast Fk@&RHH ProniBtYr. CONPI i se,
for exanple, shuttle vector sequénces that allow passaging in a cell type

in order Yo'  prepaore aspeuiof theipsesentinwentionoyeapids (ransforowt ibyahe wethedsised in

transformatiqgn o e .t t cell. The pronoters.us I n,,such constructs
ar e Tunct rondreered R, ViaR teifpiatiets, B SRE LT SEMARHR il B RBlefng
sequences ar gn da@sdiviA tisk efiRncdsQiphBroduatiaf QirRsnsie! dckecaing of agcor di ngl y,
ot her sequences of interest can be associated with the [ight generating

prot ei n codi Kansfersedinopylatien gf cells mayrhe cegind opeby plating thetcelit ey SDaker ot her

sequences of 4i.nt bera | at ] . C

ol ament s usI YIS platcRE e, SLARA DA SHpltrbihch VSR by Rkithg
expressith o606 ugimlGudferifdigisdst &3 pasWielDaY A8 OGsRETEIISMAY B pRRedatquences
of interest may be_ned| at?f? blé independ&gt conltrol el erre&%lts associ at ed
with the seqtiiftepsyensities frdpidakscracpingelos faraplecat g, dguuity O approxmeately ght
generating {k i5 ' : i ; i L ter
and expressigrslq{)? @?%S??ﬁg?ﬂnz %tégggg’geg@“?%&@?ﬁﬁtﬁéﬁsﬁ%nﬁ@gﬂl(ﬁ’gﬁby t

| east a secotlfepplocmores plak diisobdimedspe dsolatfontdf¢hqurasfomed pellsmhaybs yeast i s

transforned by .the nmet hods .described herein. Yeast_.transformatio for
exanpl o of  CAHPUSERES o8 Y FampdeapieEHHE B ohicth OTER AR te gh
productipmn, prifc SPSBIRLRIESE ek @eﬁlstpﬂﬁiucfngargﬁf, HIBRRO M sfnbRR 1ph cell's
may be carried out by plating the cells on SD rather than YPD pl ates

(e.g., SD- urhqpdguberes, gspviagdincsds in liquid oultigesrcvalnitifigrabiquots ofieaphriquid 10 600
gg/m lucifeg] I : [t of | | maybe
pl ated at a E‘%/lg%? gﬁ o# pl‘ég{r'\égﬁ){l i @gntp%lrngi lfﬂ%f(fé‘lﬁgeé r%%ﬁ.gﬁ‘g‘,g c%lgsrp ré?(%cﬁ%é/ e, at a
d;ansiht y of alghtpdituthigeinyd plating liquiGaltaeks t@bbtii?iﬁsmwkiﬁgkfelﬂ@m?mi gdi ment
of the presept. i nventi pn, screenin akes ace on . a ate of soli

medi um p| sol hghtoandyde tﬁgmgrs c&lq{;g@p ed ﬁ'ggxysnpge celis p?oducmg hght,

200 Accordingly, the present invention provides methods of screening for

transformed cells in a population of cells, wherein the method comprises, for
example, providing a population of cells, wherein said cells are incapable of
producing light, transforming the population of cells with a polynucleotide _
comprising a light generating protein coding sequence, and screening the transformed
25  population of cells for cells producing light, wherein said cells that produce light are
transformed cells. The present invention also includes transformed cells generated by'
the methods of the present invention and uses thereof.
These and other embodiments of the present invention will readily occur to
those of ordinary skill in the art in view of the disclosure herein. ' |
30



carried out a nunmber of ways including, picking sanples of cells froma
region of the 15 plate of solid medi um conprising cells2¢pnagusti2ogs | i ght,

i nocul ati gy § @ Pl es into liquid cultures, grow ng thei, %0?/0‘/099' iquid
cultures, evaluating aliquots of each liquid culture for ITg producti on,
identifying liquid cultures conprising cells producing [light, diluting and
plating liquid Cuhktﬁﬂﬁaﬂlﬁ%ﬁbﬁ}fﬁ(ﬁﬁébﬁﬁs single cells producing Iight,
and identifying single colonies derived fromsingle cells producing |ight.

. 20.. Accor di ngl yFiguteel ]mewmﬂle pmmphmﬁmnr)mhgmnukéeatmmhmdaswffosmeeen| ng for
transf or med ells ei n..t he net haod rlses
for " exanp! eSrsiaypHeRgRaR g6 Bt Bt fprarpiciion S R o, SealiFiet b CRedHy
i ncapabl e of albpaggluci ng |ight, transformng the popul ation of cells WI th a
pol ynucl eotide  conprising a |ight generating protein coding sequence, and
screeni ng t he t r aFenes ddoangls ﬁ)msﬁﬂlﬁpﬁmmléfeo@@slvéeﬁ@rcrw ﬂ@q&fgtﬂdﬂci ng |ight,
wher ei n sai d tr pr esent
i nvention al s %Qﬁ%ﬁ%@t& a?llg% orrrelt-lggg a%ongﬁ?ﬁ%ix@%ﬁ%ﬁaﬁfh lgumEg;ds of the

present |nvepmsmmnllguﬁﬁﬁtéﬂ‘@hﬁefmlliﬂkbr%arm@nﬁieﬁehnmdl ments of the
present invention_ will dily occur_to_ those of ordinary skill in the art
in view of the d@’é}lﬁééﬁe% et 3C sraphigpll b@PEFF?ﬁGSnWCR%Hg@’G?WW

PCT/ US02/ 07029553l JektoPESCRI PTI ON OF THE FI GURES Figure 1 presents the
conplinmentary oligonucleotide pairs used for site directed nutagenesis of
| uci ferade for expression of t he codi ng sequence in Candida albicans. 5

Fi gures 2A and ZBDEresen ﬂﬂnuc eotides used to create a |uciferase
expressi on vect or VFHILER ﬁSﬁR N PEFHEOFVWENTBN of candi da al bicans. Figure

2C presents an ath@%raamcoqfth B HrivEntid o VT enb1 &Y dinfe O biheHWise 1 m&&%& B.
Fi gures 3A, 3B, and graphlecszlg ly reprrlesent egggngfrgctl on o1 1 pGTV- ENO

plhasm d vect@nvem@mmtms@smw,@m@mw mleeninr bidlogye practl ce of
convent : onal MREEbERY 8 pioiZP e dRbifaR IAUAP kMR Srd BB TS St op g,

m cr obi dl5ogyart.CSde) e.p, smgwoanﬁxﬂsagmmmsmmLB@UmRamomcm the skill
of the 15 art. See, e. % - Sanbrook, Fritsch, and Mani ati s I\/D_ECULAR

CLONING A NARDITAL 20 eslitian H89)1 CHRRENTPROAGCOLE &N

MOLECULAR BIOLOGY (John Wiley and Sons, Inc., Media, PA (1995)); the series
METHODS IN ENZYMOLOGY (Academic Press, Inc.}; PCR 2: A PRACTICAL
APPROACH (M.J. McPherson, B.D. Hames and G.R. Taylor eds., 1995) and

.20 ANIMAL CELL CULTURE (R.I. Freshney. Ed., 1987).

Before describing the present invention in detail, it is to be understood that this

invention is not limited to particular formulations or process parameters as such may,
of course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments of the invention only, and is not

25  intended to be limiting.

DEFINITIONS

In describing the present invention, the following terms will be employed, and
are intended to be defined as indicated below. Unless otherwise indicated, all terms
30  used herein have the same meaning as they would to one skilled in the art of the
present invention,

As used in this specification and the appended claims, the singular forms “a,

“an” and “the” include plural references unless the context clearly dictates otherwise.



MOLECULAR BI OLOGY (John Wley and Sons, Inc., Media, PA'(1995)); the series
METHODS | N ENZYMOLOGY (Acadenmic Press, Inc.); PCR 2: A PRAGHLEA005 APPROACH
WJ. MPhe§semsD. Haines and GR Taylor eds., 1995) a ANI MAL
- CELL CULTURE (R 1. Freshney. Ed., 1987). Before describing Tﬁlgsorz)frméoéz%nt
invention in de;ail, it isto be understood that this invention is not
limted to pahid, fHeREmpR! FBfreAdeAD FaPinteRT R RMIBSE AFRLAY ST (RS of Hidhe SR, Of
course, vary. It is also to be understood that the term nol ogy used herein
is for the pgaffose of descri bing particul ar enbodi ments of the invention

only, and is not i_nt ed.t Lig ting. ..DEFI N TLONS. n describing the
present inventi On?ﬁ?ﬁgnfgl?@ggﬁrﬁnaﬁg%r rré%%"f 1 mB%n%B-‘Pﬁyg\l&% gﬁgm%éﬁa i nt ended
to be defi negamSornfitl edlse cefBieloqhe rallf@Ss ittddEtidnseT d Mikicted@dmochlefgy s 30

used herein have the sane neani nggs they would to one skilled in the art
of the ptes&Bt diVactaneqnstructantq s tageqt gelf pich that dhq targehedlb afterfmrsfasmatipionded

iniess the cantaees ealeRY: ot mojecle) TR el rack RS Bitgs g Tl °°°

02/ 072808 PCH 4inp2l0i60 29 cdllsusheréiara sekpopalation oé fhercelic altinmtélpbompiisepha”

I ncludes a m xture .Qf two_Qr re ch  agents. The terns "transformation,”
"transformat P e‘ﬁﬁ‘f‘a&&ﬁm%@' '&lﬁﬁigleﬁpbl?‘tﬂugﬁ'@?&}ﬁﬁ ngpifse dhe inrpdyeed o ¢ he
transfer or hﬁﬁléi@ﬂé&ﬁh&&ébuw(?)laar@%hﬁug i&%ﬁﬁem,%%ﬁﬁﬁﬂ?, a%efcfion (e, VECL OF

construct, into a target ce such that the target cell, after

t ransf or Hat i ahility to gngor bs e selettivermediuing onasaicamdk.g wkpession dfppleabtype
transformatign t haods. are.applied .. to a pbo ation of, cells erein a
subpopul at | oALATARE iBrEndiRBn o Fells Fomr LR it afilet ] e

nol ecul e('s) . cdlRlthat d@hot dimitAn BROBIbAick® Audibic GRidy. ORPHasoinidtT Rt RAye8d
nucl ei ¢ acid nol ecul e(s{” are typically identified by, for exanple, a

sel ection (e tgnsformed egd”) pr greewisyirthel ham senesuedby irorsiormmtion) Sueh an screen
(e.qg., expressl t ' | fLcati f. cells
conpri sing tﬁgﬂo%@%ggg @g&%ﬁﬁ%ﬁ&gg}%@tgﬁﬁgéﬁ‘%& Igg ?%1#5%& ogjﬁ"(r)l‘gieﬁ)ect1 Snt ai n
t he i nt ridduceshsfurmlago’ iacirdr.to Aistihpstsit Goreficllulastranstahiatior.” oCellular

"transfornmed cell") .or qgrganismthat ha enerated by transformation, Such
an i nt r oductasfprEtion W%@géq the genyersipn eﬁ%. ) celfton Bropiastic faryumen) cell or r ed

to as "genet{fick ddicAYcOhEBt i TesditbiQVERE uhdbr theSdonBHb Al flefenf £19¢8es €1 1 Ul ar
transformation.” [Tdlar transformation refers to the conversion of a
nor mal cel | - ongogenssopinkss specifmally invivaedothdrwisshibe tertny firanaformatoadiassises t he

result of events riBdeh ot ictUnbfodhatdn, Ib! I8 S auchidS S5 uclic acid

[~

.20 molecule(s) into a target cell,

The terms “nucleic acid molecule” and “polynucieotide™ are used
interchangeably to and refer to a polymeric form of nucleotides of any length, either
deoxyribonucleotides or ribonucleotides, or analogs thereof. Polynucleotides may
have any three-dimensional structure, and may perform any function, known or

25  unknown. Non-limiting examples of polynucleotides include a gene, a gene fragment,
exomns, introns, messenger RNA (mRNA), transfer RNA, ribosomal RNA, ribozymes,
cDNA, recombinant polynucleotides, branched polynucleotides, plasmids, vectors,
isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes,
and primers.

30 A polynucleotide is typically composed of a specific sequence of four
nucleotide bases: adenine (A); cytosine (C); gnanine (G); and thymine (T) (uracil (U)
for thymine (T) when the polynucleotide is RNA). Thus, the term polynucleotide

sequence is the alphabetical representation of a polynucleotide molecule. This
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ohcogenes. .UnI ess specifically indicated otherwi se; the term
"transformati on" as used herein refers to genetic transﬂwugﬁéuzgm i.e.,
the intro j f nucleic acid ... 20. ...nolecule(s) t cell.
The terns 'n{)}é EIﬂg acid nolecule” and " polynucl eoti de" are ugzsg%%g&

i nterchangeably to and refer to a polymeric formof nucleotides of any

| ength, eith 4 ana '
thereot . Pol Rl S5t Fauetiiofinkh B8 Bl ipld e IRk e SR b Bt Pl ey
per f orm any pmmsmgmmﬂandme(bfor Bﬁ)mfnkﬁmm@ appleatidrisrsuth sgfuastdial fehotfics

pol ynucl eotlde§ cél ude ah%ene a gene fragment, exons, introns, nessenger
RNA ( mRNA) fosomal RNA, ribozynes, cDNA reconbl nant

pol ynucl eot i des, hr‘%%hggecgehm&laeeaﬂeﬁé‘éwmehaérmoé » Vs%f-‘etc&g%l Eét?dea ed DNA
of any sequence, isol ated any sequence, nucleic acl Pe

primers. 80 a\nmiesy acidneeie¢ude whishtiy pansatibed (@othp cssehTINA) squhtmarfsla@eds(equence

of four nuc eotld adeni ne osi,ne ua and
thymne (T) COFaS ef"?@ﬁ%t m"i “‘F}eﬂvﬁi dPH%éf%T Vﬁi‘i‘_ﬂi’hﬂ%ﬂp&%}qa& RNA) .
Thus, the tefegalaaﬂy Yéljieh@R (it @onSEIGKSNGHE ) fn 4 It g,tswﬁb«rhé BlndhSRISFIRNT at i on
of a polynucl eotide nolecule. This 9 WO 02/07280 24 August 2005

PCTI US02/ 0702%9ling ssauenseiarpdetorapnestum sttt epdona thes' (amine) termisuganddases in a
conput er havj r d i cs
appl i cat | onsaibidhiof SpicBlion B0 5 YeuBE kbl A ekttnd SHhuBldichh R ™20 ng

sequencel0 or bt iseejuimicsel m&nENA"fﬁjmcd%proaa@aﬁce@t@darpOhc’WACg%noﬂn‘ic S a
nucl ei ¢ aci dP | ecul e V\gl ch Ifﬂi transcri bed (in the case of

transl ated ( ferHenegE ok VIFARNATary pliiG OB PISSHTY PPN %éﬁe&ﬂya@éﬂc Emﬁer t he
control of LARES ah &y cﬁ‘-giﬁ'ott i . | IRals") 1n a
host system ghe bound:ﬁllge ?&f%n %Hg%ﬁ‘geéé}ég%%g%ggdtgﬁiﬁm ne% by a
start codon muﬂ;me 5' (amno) termnus and a translation stop codon at the
3" (carboxy) ter ) an inc ud 0 but .is not limted
to, cDNA fromvir 8@&?\?8{]?{@‘1 r=18{)8§%§8‘ﬁf8nﬂfdm {0, BARETIPEIA sequences
fromvirg, &g@lﬁfo)‘@tsh&} asHroRbRER iruMctiptidA\bhhaddes! eeﬁeﬂtssmiéaﬁ tigh DNA
sequences. A transcription term nation sequence may be |ocated 3' to the
coding sequéreationsigeals, and pplyedenylationsequences; mwtaaslatipuregalatornsuch i i t ed

to, transcriptd rs n t|on enhancer
el erents, 1 ranearret oh o aPaBbler ARloARe PURIRLE £, SARETGIRF)

sequencesdt r(aubsktmhe bindinggittpdequehces; undtranslation termination sequences. Promoters

can include inducible promoters (where expression of a polynucleotide sequence
.20 operably linked to the promoter is induced by an analyte, cofactor, regulatory protein, - . -
etc.), repressible promoters (where expression of a polynucleotide sequence operably
linked to the promoter is induced by an analyte, cofactor, regulatory protein, etc.), and
constitutive promoters.
A double-stranded DNA molecule comprises two strands of DNA having

25  “opposite orientations,” one strand being designated 5’ to 3’; the second strand being
its complement. Thus, a first coding sequence in a first strand and a second coding
sequence in the complementary strand have “opposite” orientations relative to each
other, that is, the first and second coding sequences are in opposite orientations
relative to each other.

30 An “isolated polynucleotide” molecule is a nucleic acid molecule separate and
discrete from the whole organism with which the molecule is found in nature. Such
an 1solated polynucleotide may be devoid, in whole or part, of sequences normally

associated with it in nature.

10



as sequences for optimzation of initiation of translation, e.g.,
Shi ne-Dal garno (ribosone binding site) sequences, and t#&nglsi00on

term nati %?ﬁgﬂg&ces. Pronmoters can include inducible pmﬁ%é@&g\here

expressi on o ol ynucl eoti de sequence 20 operably |inke pr onot er
I's induced by an anal yte, cofactor, regulatory protein, etc.), repressible

pronoters (where gx LR 5 I i S ence _oper btlp% | i nked
to the pronoter i?ﬁ%’%@g@&bﬁg%%dgﬁg¥3%§?§%%?sgg (r)eﬁfe‘r PélgcanB‘ﬂ)rf@o 8t %i n,
etc.), and o bitiutitiatendacds) bfi. ackl dhalvpk corotiicd pestiiobiheial agel e
conprises two strands_of. DNA havi ng 25 "opposite orientations,™ one strand

bei ng desi gné‘t‘l?é’&it?)may@%i'“?eq ?ﬁép@é’ééhﬁn@qré’bfd’ﬂﬁéfoﬁ’@ﬂsn f"tf§xi‘56ﬂﬁle§%ﬁthef,Thys, a
first codi ngeREQUSREFHL 'natﬁe't&;'ﬁat“a?ﬂiﬁ@gﬂqﬁf@eétc?&ﬁ%matﬁﬁ%:aﬁ??rve L alor, ' N

the conpl enentary stran have "opposite"” orientations re each
ot her, that swthetleeniine a¢ids mthetapgigcioe dndibothépBrr &soptical isomerpnpadi t e
orientations__relatjve to e&gh ot her. .30 An "isol ated pol ynucl eoti de"

mol ecul e is AOHIRACH nalogs At BeRidMIMEUSSar ate and  discrete from the whol e

organi smw th whi cbgérhﬁym_ké‘&tﬂeﬁrﬂ % adhQeafgdier? 8F HeRentSWhBreiffhe! SOl at ed
pol ynucl eoti de may be devoid, in whole or part, of sequences nornmally

associ at ed wrempenenisisoigsambed are@oniizwed oy 280Peammtipirusudforction. Thus, a
PCT/ US02/ 070 " - t.. de" .i:sqused in it broadest sense to refer to a
it probRERE Bleralid 1RGNl boglne eaRER lo £ N R0 S eBES (012,

conpound of nore su am ho aci

pept i domoret cqmblefeffeqinpiihé tepreRionf thd dUdeth Rudiep Whds tHeqRsiser @hzvesOt her
bonds, for exanple ester, ether, _etc. As used herein, the term™am no

aci d” ref er s BEPresenh crheprpmiptsr ongthersentivhalerenis nesd 0ot by panignous with the aci ds,
i ncl udi ng gl yci: 0, : | &al . . Lno acid

anal ogs and %‘gdpl)t %%%%ncgi%ﬁghg gsq@g arﬂktﬁ&ﬁdn(ﬁlgégt{hﬁggg{egm?@grﬁogﬁ%ngenent of
el ement s wheeximple, hntervenimgamtranstatebya éranscribed saguendes vén prpreskns betaeh O
performthei function. . Thus noter that is opergijl y

| vee '
Pinked to a HSATMOCEIGERE 2nd the COUing seqiance Ahd B BTOTIQerISUaRcS SRBSt

ef f ecti ngs t hge BXRIRAR “SPerablyliifked OF tRIcoRiE @G ceNEN the proper enzynes
are present. The pronoter of other control” el'enents need not be contiguous

with the coding gﬁmmﬁmm palyhusiaptide” ashuspd heneitdaserities agiucleistacidhe
expression th . Eor o exanpl I.nt er veni,ng, unt rransl.at ed yet, transcri bed
cequences. caftosgascblBfia iR feniiRhSis Bur R BABRRE LYY codi ng
sequence andclohigPPORRHPLfisLIPMSHIaSmidasolstid, isclsf Rpreaans bybemadetcoPRs abl y
| i nked" to the coding sequence, . .

term “recombinant™ as used with respect to a protein or polypeptide means a

.20 . polypeptide produced by expression of a recombinant polynucleotide. -

2 LEN 1Y

“Recombinant host cells,” “host cells,” “cells,” “cell lines,” “cell cultures,”
and other such terms denoting procaryotic microorganisms or eucaryotic cell lines
cultured as unicellular entities, are used interchangeably, and refer to cells which cén
be, or have been, used as recipients for recombinant vectors or other transfer DNA,

25  and include the progeny of the original cell which has been transformed. It is
understood that the progeny of a single parental cell may not necessarily be

. completely identical in morphology or in genomic or total DNA complement to the
original parent, due to accidéntal or deliberate mutation. Progeny of the parental cell
which are sufficiently similar to the parent to be characterized by the relevant

30  property, such as the presence of a nucleotide sequence encoding a desired peptide,
are included in the progeny intended by this definition, and are covered by the above

- terms.
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"Reconbi nant pol ynucl eoti de" as used herein escri es a nucleic acid

nmol ecul e obt ai ned using the techniques of nol ecul ar bi okagyugust@oosxanpl e,
by cloni 0 nplification, plasmd isolation, use of |

syst ens, m.ﬂ%& term "reconbi nant” as used with respectpaigésg@g?ﬂg?ei n or
pol ypepti de neans a 20 pol ypepti de produced by expression of a reconbi nant

pol ynucl eoti de. " Bﬂﬁ'@' i t . (RURTS P S, gl
lines,” "cell cul '?Eres, PQ%&#&%’?&%‘?&J&? A ?Ce“?%& ﬂgﬁgtalélﬁlg S%‘ﬁ%lc’éer‘%?‘f%

m croor gani saiso are leoeariydiid art. CBipically esh techhiyuesddclade doverathinglles entiti es,

are used intercghangeably, a r ef to cells which can _be, .or have .been,
used as reci BP‘éﬁ‘f‘%d%fSS‘ﬂ“%‘é%BﬂgF Wgﬁﬁ‘&\ﬁg&%ﬁn% g/ o deierminipg theraminpygid 25 angd

i ncl ude the psREAEDenebddd T | It is
under st ood t hat th_eenpr oggﬁiﬁﬁ%’gg@gﬁgﬁgggg\é&gﬁa#ﬁ%&(Fserr%%hﬁgttﬁélg%ﬁc%%gari |y
be ?: onpl %t tehlyl:n'r?ok@rd $egad_:ncie|n Img&nph;b,l ugaptlt;{ refarsge gn nk:mlt nuclecgtch{fthNAt

conpl ement to ..original .parent, e to accidental or, deliberate

mut &t on, - pr QYRGS e eeid R aing P Copimanasee oL Ot PUYRIRIUAE 0 | ar ¢ o

the parent tgolgBegtidesafileftdsZzRebdMNvaINeTHEIoR WM sedfleie® YRl nicledtflonS t he
presence of a nucleotide sequence encodi ng a desired peptide, are included

“in the progefitinoncid)gaw bpgorapared biedsterminisg theim tpeent idovidy 8d Thy petsentabove
terms. 11 24:fausie 2095 N0, 0P H2A0BIRGHA50307 033 L Rehnl Ay, I or
determ ni ng nucleic aci d" and am no acrd "'sequence’ | en?qty ’;al’'so are known
in the atd. mypbealfleyact satdhes batveémmasalighed scd@entet dividedibyghé kagthrofeheot i de

sequence of the nRNA for a, gene _ang/or determ nj n(% the amno acid sequence

encoded ther ghouter seaeRcsapagd Iy ip!‘ﬁ@_ % lg‘é_qﬁ% AeRexiaiealigomentifos nusleistace or 5
am no aci d sgouene :’as O;%rﬂv'ﬁ@d‘@f fhe local H&H%l'_o%%%lg&ﬁfhﬁ{ of §r§iﬂ?£hc?ﬁ?énn

nucl eoti de-to-" nuc I de or” am no acl m no acl corresponglé’nce of two

pol ynucl eot i Adsanges inpspplivd Matbenatizg 2et82et? (1 ¢8).e Thiswabdoyithriivwen be applicd
sequences (pol ynucl eqtide or . am ng, acid) can.be c ed b el er m_ni ng
Thelr ™~ per s oRATHEARrsgentisySBIrEaRE Scorhe AT St PR, PE D beAESRlot hor
nucl ei ¢ pri dpRiteid Beq@ndss Hd SHUHARS 86.0. Doyhdreed 05 83 L3 WX RetiondAt ches
between two al 1 gned sequences divided by the I ength of the shorter

sequences anBiomfdiqapResegrabyFonpdntiopnWaghingien.faCs mmiliged biyc| ei ¢ aci d

vatorman. | AauRRar R ARy b AT RRURGEOA bRl Ao Bap o 1 o

can be appl i etthistabgoaithifiQo deteinifE HereeR tdenbity o3 JeGudnde isyEovidedbyraie i X
devel oped by Dayhoff, Atlas of 15 Protein Seguences and Structure, MO
Dayhof f ed. , Osndigs fompytes Esoupsdadigon; Yhin the Bestlt cutilitrarplicaon. Fhmdat i on,

Véashi ngtgn,  Bebule pdraiterersABAMNLIRbA 22 %eB¥ibed in the Wisconsin Sequence Analysis

Package ProGram Manual, Version 8 (1995) (available from Genetics Computer

Group, Madison, WI). A preferred method of establishing percent identity in the
context of the present invention is to use the MPSRCH package of programs
copyrighted by the University of Edinburgh, developed by John F. Collins and Shane
25 8. Sturrok, and distributed by IntelliGenetics, Inc. (Mountain View, CA). From this
suite of packages the Smith-Waterman algorithm can be employed where default |
parameters are used for the scoring table (for example, gap open penalty of 12, gap
extension penalty of one, and a gap of six). From the data generated the “Match”
value reflects “sequence identity.” Other suitable programs for calculating the percent
30 identity or similarity between sequences is generally known in the art, for example,
- ‘another alignment program is BLAST, used with default parameters. For example,
- BLASTN and BLASTP can be used using the following default parameters: genetic

code = standard; filter = none; strand = both; cutoff = 60; expect = 10; Matrix =
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Gi bskov, Nucl. Acids Res. 14(6):6745-6763 (1986). An exenpl ary

i npl ementation of this algorithmto determ ne percent pdengidteoos a
sequence iwwo ps/eMiseed by the Genetics Conputer G oup (Mdi sodhlezh N the
"BestFit" utility application. The ....20 default paranmeters for this

met hod are described in the Wsconsin Sequence Anal ysis Package ProG arn

Manual , Ver s gpyg¥mié 2 IFescriptionls =91 £qhéRas; 6 B% %ﬁlggﬁ??%ﬁ%’; r]])aﬁ:lygkbg = Madi son,

W). A preferred nethod of establishing perce cont ext of
t he present hewveadundamt,iGenBank $EMBE WVPBRIH PlaB kiadenBaik §IDR) tranmsbationspyr i ght ed

by the Univegsit f. EdL nbuyr evel ape John F. | 1j ns. and Shane 25
S. Sturrok, gﬁass&fcggpﬁﬁﬂuggatg& I'I)I%t éﬁ?f?’%eﬂ%éﬁﬁy%?{%rw caﬂ%t}-‘ﬂ'ﬂ%ﬁ Eﬁrﬁ?ﬁ ew, CA).
Fromthis seillotvigd infaadt ad@ssd: Rep HNvhnWilndh oWl BB Agr.can be enpl oyed
where default parameters are used for the scoring table (for exanple, gap

L}

open penalty of 12 “ggusy refers tersradynustentide goniginisg at leagt @ne openyeading fivgne Fr om
t he dat 3 N f " ce 1dent it ¥rrah
Suitanl o prodPaiSapltiCor tbfille a phRIcHfr pOUETET, SFOIERIG bEFAL b Kvayr

bet ween sequ&pgieally, thegemetginky inch@es control Bjuarndes adsotiardavifl e exprogidier
al i gnnment progéam is BLAST, used with, d$f ault paraneters.- For exanpl e,
BLASTN and BPi8spraduct. b fermy “grae igpus hefers [ haphypiabpesition of genedn the:

genetic codgemm nickd | " . i =: 60" expect
T s s R S U T S Tt LT E 0 1
Descr i pt ibnsbeusd te slgutfydager fragrherty orfuli SIS CRIREY sdaemisa s bthe genes with

-redundant , . GenBank + ENB . PDB + GenBank CPS t | ati +
Sui 55 prot o MhieR GRS Bociele ledinds of isoling HEEG IRDILRIUERS BE KBTAG

the foll ow fahbdelddskifitin @ddress: http://ww. nebi.nl mgov/cgi-bin/BLAST. 5 A
"gene" refers to a polynucl eotide containing at |east one open reading
frane that is capemdegresfofspquearatplaedngss betweamtwomydlgistacidmgieculgs

pol ypepti de, ' ' -tk "gene" i,ncludes contr ol
Cequonces. asuBisf ft Brtionkd la suchh G btainhh hEFE b RTER suliiBo HERs ~Bone
| ocus” rif erpartiallyt identjpaymictdd agid Seduence will & IgeNSariidllyt ilRibitGasaaipEetely an
organi sm Any of ihe pol ynuc| eot j.de sequences descri bed herein may 10 be
used to i denidFRyral sgayencedionyhbrdiziag tq 4 jarest mnlecrtec danhyion o bibridizition ¢ he
genes with ' ; ' | gl I r agnent
sequences ar%ﬁgov\%ﬁggéga {d ﬁ%tgcgﬁ%:‘ﬁhg&%ﬁm P/EB%%%'@%%‘T‘E @%@%ﬁg’ggg%? E{sh(?alguence
rel at edness drewedidmownon thealriefec. dnuthenmblet Noetherndflfte sdlstidhieybeidizatbe oy and

dent cal nulbt dke a8 PRkt ol MeRetBE it ATabeHoRl Mgl Seckg’ ' T Y
_conpl et edgy  Edition, (1989) Cold Spring Harbor, N.Y.). Such assays can be conducted using
varying degrees of selectivity, for example, using conditions varying from low to high
stringency. If conditions of low stringency are employed, the absence of non-specific
binding can be assessed using a secondary probe that lacks even a partial degree of
sequence identity (for example, a probe having less than about 30% sequence identity
25  with the target molecule), such that, in the absence of non-specific binding events, the
secondary probe will not hybridize to the target. ‘
When utilizing a hybridization-based detection system, a nucleic acid probe is
chosen that is complernentafy to a target nucleic acid sequence, and then by selection
of appropriate conditions the probe and the target sequence “selectively hybridize,” or
30  bind, to each other to form a hybrid molecule. A nucleic acid molecule that is capablé
of hybridizing selectively to a target sequence under “moderately stringent” typically
hybridizes under conditions that allow detection of a target nucleic acid sequence of at

least about 10-14 nucleotides in length having at least approximately 70% sequence
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i dentical sequence fromhybri dizing to a target nolecule. ibition of

hybri di zati on of the conpletely identical sequence canzbaugaaeseﬁed usi ng
hybri di zagypey@ssays that are well known in the art (e.g. #ﬁ%d bl ot
Nort hern bl ot, solution hybridization, or ‘the like, see gc ok, et al .,
Mol ecul ar C oning: A Laborator_,y Mnual, Second 2.0... Edition, (1989)

Col d Spring K SANFedGRL t

degrees of sﬂgﬁﬁﬁ??‘(}f}yﬁs‘;"é‘? %@n‘%ﬁs usi ngle(l;:%}l gﬁsg%ﬁét%b*ﬁ%%% ow to
hi gh st ri ngemditions tym@didlailownk:tmﬁom ofyaeget nun@mcnagﬂdaecp;eauq:sl afyekbasttabeutabsence

f - i fic, binding. d d b t Iack
oven a parti - T4pinedds? in Be R anRER FaRRenes PR o R Sran BRI Ay ng
| ess than abgith 0% seEs 6PH stREBY ht:dleid Acid frébe hfyﬁlﬁﬁ&%n EOkBGsakefuPUCh

that, in the absence of non-specific binding events, the secondary probe
wi || not Shybior arobe/targethybrigizatien whes dre probe and tm;ehhwm apdclﬁatdpgme btsed

detection sy ﬁ%éﬁéﬂce?degaﬂgégﬁfbea&tgnﬂnaecfzﬁ 5 gygrglglls ?{tg 8 tlary to

a target nucléeic acC

condi tions tAﬁdﬂ{ﬂhﬂl@ﬁdﬂh@rﬁ fcgEApﬁﬁﬂQB@l&)rs B@.&@mu@m mytm'ggihz,e, " or 30
bind, to eac@ other to forma h r|d nol ecul e. A nucl eic :acid nol ecul e that

is capable stfﬁﬂ Harhingiqns JEL)PT?S@) a target sequence under

detect i on of & t aonresnclibSBinztney WRBERE R 1yBARLaRRDH L RpbyEin g! O
nucl eot ilfes arhthla dtmlmaaqunglaﬂ c¢1&his¢nsapmbaxmmyed;oﬁsmﬂlsleqpmmalaﬂ3 24

el oot ed nuCIETEISEPY i INge or SERPRGORE BVTBREATTolfe IRl BIhpi cal |y
sel ected nu 0 pi cally
al | ow det ectyrghe fd thpeRluaiiel tase AmhythsRRA S RSArBhs ?équle&.%§t about  10-14
nucl eotides in length having a sergmence identity of greater than about

90- 95% Wi t wonh@n@éqnseqf@eltbmdwbe bedtzeulonméutmncﬁoamouelps,dh@prewm pdi zati on

condi ti ons bridi z on mhe e th e and

t ar get have%z)gésn%em Pf"gﬁ‘agég%‘ﬁ QE‘%%%E%@H Sa@ﬁﬂ’%&?g Hn%%% Wned as
~is knowsi n sulfetepddd folwehylé gl@ea) Bl bridibhtiongtactioAtrsbdiviard fidamhd on: A
Practical Approach. editors B.D. Hanmes and S.J. Higgins (1985) Oxford;

Washi ngt on, mmrsmé’sfésas v ingeashcerditipnss {hersglepiegn e&mrtmdarsset ofr
hybridizati nfzaﬁén dt1 Q?é“ééléc diBfow &&sﬁa{agl 4 &ié gé“fla' ent

conditions c to esta ITsh & par rlnge cy
varyi ng, forexematepSanbﬁobk dtal.| Molacalaf Ghonings : Aﬂ.]aboﬂa&mmMma_mElSemhdre of

probe and t et C ba 0 iition of the various sequences,
. concentrati ?gg%lésg gﬁ%f’ ?rgﬂﬂvng&?& zation sol ution conponents, the
_Ppresenceqgor = abseNget a@ﬂd%ﬂﬂ?ﬂu@%%ﬁedﬁb h%ehﬁ@ﬁh%& hf?é]ez%%fd&' ons

- (e.g., formam de, dextran 15 sulfate, and polyethylene glycol)

hybri di zat i oengesias’td emraspensingipelyreptide or RN product. For example, a DNA
sequence comprising an open reading frame encodes the polypeptide whose sequence

corresponds to the open reading frame. As another example a DNA sequence can
encode a corresponding rRNA, tRNA or mRNA sequence.
25 “Purified polynucleotide” refers to a polynucleotide of interest or fragment
| thereof which is essentially free, e.g., contains less than about 50%, preferably less
than about 70%, and more preferably less than about 90%, of the protein with which
the polynucleotide is naturally associated. Techniques for purifying polynucleotides
of interest are well-known in the art and include, for example, disruption of the cell
30  containing the polynucleotide with a chaotropic agent and separation of the
polynucleotide(s) and proteins by ion-exchange chromatography, affinity

chromatography and sedimentation according to density.
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paranmeters, as well as, varying wash conditions. The of a particul ar set of
hybri di zation conditions is selected foll ow ng standard2agtuhosts00p the art
(see, for §AfMige: Sanbrook, et al., Mlecular doning: y
vanual SSSE $é’gition, (1989) Col d Spring Harbor, N. Y.)ﬁ’digé.g.a?@”?g.. A
nucl eic acid conprising a defined sequence of contiguous nucleic acids
“encodes" a corregpepgi | g B |,€ i3 DNA
sequence conpri si%g gﬁbfggseﬁéﬂrag%??yg ?Igirrr’rlg enc%gg%%lglteoﬁgé?/géei%@'&ém 1ose
sequence covectmgads/itab vediersgreticul sackrriersf andriiposdmenAypienllyendwpiter a DNA
sequence can___encaoge orrespondi.ng r RNA, or_ nRNA sequence. 25

TPur 1T ed poTRL oG Pado = AETIBR doKostopeiRhlsl SaPr RS e R ERag anifest
fragment t hpgeRbgerbiifh Nilds 380 VR Kard bSRansferfly pré&seftlifioR sagabRft han about
50% preferably I'ess than about 70% and nore preferably |éess than about
90% of the ¥gpbeation imiarget whlls Krangient pedtons dypieadlyi dbendt baveanieridin pf associ at ed.

Techni ques for..purifyin ol ynucl eotides .,of interest are |l -kngwn in the
art and | nol GakCatoR i 3 RS BE b b Reth dr opE WBichdoeS St ifcncnifile e
pol ynucl eot i gtetan domdRionk anthe ep& cal) etcontitiof AP afigin sTieplicatibig).

pol ynucl eoti de(s), and proteins by ion-exchange chromat ography, affinity
chr omat ogr aphy andV&deif ARdExpressoeeElr dreiys toanievignbly. whigh ixsapgilesbsos 24
August 2005 diPéEELgﬁ%?{e%?néféx&@we'br lo8nd ﬁ&k&t.ofhéﬁl?cﬁgﬁé §4d! ng gene
sequences to target cells (e.g., viral ®“vectors, non-viral vectors,

parti cul B e ogtessienvectanthchidpos proamyer whiehi Bapessblydinked ¢d the sequensdsrorc f
‘refers to a nugge'.c aci d_vector .éa@abl e of transferri nﬂ ?equenc s . of
interest i ngets phiiereRy Plher Urlietemeaisqnasebs Resent anwal: Forsrempls i3
present in of4ae@ABl R QmpbneRiR ok GRbiREsion cheAEthE labifiid DnsRik Ry a¥RCt Or S
typically do not have an origin of ‘replication that can function in the
target cell,inoludenee gihnote olesalhmigif(shafireplivatiogjeme ot groraselectableimariers i n

the target cel.l (a.“gonditional" I gi.n replication). " ejc acid
expr easton vAtEBUFEREs RE Rl ol filln &8s SRl nasd BRA R g ¢ ne
expressin o183 ofighiisesticatioN)eh enMiplé BlofingSite, ahGQ “Mbihifaan? GrEinlér
expression vector_ includes a pronoter which is operably linked to the
sequences orreplietiop £§.80p SVid0ar adenovinnenigie of rapdrat&mgnent s may be present as
wel | . For exanpl e,k L.t 0 . . ' :
cassette, the pl a%lr]n' %(pggsgg) rcg%s{éﬁ%ﬁg/oﬂmﬁﬁg%@ﬁﬁﬁ%%u ea(gé\g&%ﬁ %@%g@ ar iga]
origin(s) ofpotepiclentitie gene(Dne sajueniae(s) capdbbcdbialig exprdsesdin a ellsi gnal whi ch
all ows the géasm’d construct to exist as sin Ie-stlra ded DNA (e.g., a 15
ML3 origin OFXREEIECARICHRY may confpip; ig1additiop e Refyayqleptids,gane(s)-qra mal i an"

.0rigin ofg sequence(s) of interest, additional transcriptional, translational or other regulatory or

3 44,

control elements. Such cassettes are typically constructed into a “vector,” “vector
construct,” or “expression vector,” {i.e., a “nucleic acid expression vector) in order to
transfer the expression cassette into target cells.

A “transposon” as used herein defines a polynucleotide which comprises a

25 repeated element capable of relocating from one genetic locus to another (e.g., from a
chromosomal point to another chromosomal point, or from an episomal point to 2
chromosomal point), i.e., a transposon is a mobile genetic element. In a preferred
embodiment of the present invention, a “transposon cassette’” comprises a minimum
unit required for transposition (e.g., first and second transposon inverted repeat

30 sequences flanking an internal polynucleotide sequence comprising at least a
transposase capable of inducing transposition mediated by said transposon inverted

repeats). Alternately, a transposon cassette may be first and second transposon

inverted repeat sequences flanking an intemnal polynucleotide sequence, where the
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replication (e.g., a SV40 or adenovirus origill of replication). An
"expression cassette" conprises any nucleic acid constr @dtAugasicro05ont ai ns
pol ynucl et e(s) or sequence(s) capable of being expressed in a cell.
Expr essi _O(rqi&(l():g %%g@es may contain, in addition to polynucl %&T?'gséwﬂg’ﬁ%(s) or
20 sequence(s) of interest, additional transcriptional, translational or

e

ot her requlatory or .control
const ruct ed frﬁ?%no%asc \%’(?PS? 1S.Pr

l.enents. Such cassettes are typiccally
_ : \ 8‘3@%&% am(%?‘?_s"t"lcﬁ‘ietd, X %?al't%ﬁ‘ﬁrté’é'ﬁ%ﬂnvect or,"
(i.e., a "nueseitte (6] BulSHROEHRItRE 14AGIR6N invBrt&l RBEats AankifgAhs iREmbe
expression cassette into target cells. A "transposoW as used herein
defines a poP9bynediedsidesequsnrdn Asipd heseing tpmspessasessatte camprines abloatl e of

rel ocating f [ 3 , b a_,.chr onpsonal
point to anogvﬂéeqrnggﬁ r o%@g‘%‘ﬁgﬂdegg#ﬁ%&?qﬁﬁ‘g‘?nﬁ‘gﬁ%%%% gﬁ?ﬁ%ﬂ%ﬁﬂnr?g]tof} ey
chronosonfal pmitaih kranipogase cadingatpRacodmdict othate&juched df @itbiestelAesahBinatit N a
preferred enbodi nent of the present invention, a "transposon cassette"
conpri ses a FAPFESARIATIOT 0N 4 ransgoton Sasseide iswr deliayess i IR igkemad region-IR,rvhera iRy
second tr a“Sfé@?é},Qntb SRV &GEdERaRL Iﬁgnaﬁ&%?f%%ﬁﬁnédt?d‘%é RlerftBlidnk E%ﬁﬁ‘fow :
pol ynucl eoti de sequence conprising at least a transposase capable of
i nduci ng tr alpgsIR,ivdrereagirepresintsya temispbsaseagenpo Forthérn YRy deqdence exf &aérs)t.
Al ternately, t.ransposqon cassette be first and second transposon
inverted r ep'e%’f’ ‘@eﬁﬂ%ﬁ?@%y%Iaaﬂtg?rne@lhﬁ}/m?ﬁ’e‘mﬁﬁe Bgfrgiﬂﬁggg"mpﬁél%gﬁquence,
where thg 15m%dia$dgiélﬁlhe 20 9Squeiiles OB e 3 hehitet! $/904/0 6P 4R ihveRaARGARE

e

function is provided in trans or is encoded external to the transposon
cassette (i.®aybpinclyded ipthertrpasposen cassefiepplare indicatad: Svltranspesenscaidettaki ng t he

i nternal po G . des seque .. As used herein trransposon cassette
conpri ses atﬁ’?‘{lglgs %El\l\%ﬁi ﬁlvfg# Sgér%?’"@ﬁ ar °‘%%Q18elﬁc?8%ab?fi§fn HE°RE i nter nal
regi on. The traispoditibn irefhtitgiriym SThORNAI TakspaRBPOypRElE RS b & eElURNCE
and/ or ot her sequences of interest, A schematic representation of a

transposon cHBishiteansposqy hagintegipded inte thacell's4PNeMeyi on- I R where IR
t h i LOED) . ] i E,,. i i
represengs the | ”Kgfhfggf,jg\%x\ﬁpﬁﬁk ﬁogélﬂ %Pgﬁélﬁ{enﬁgﬂgﬂir%{gl is Qbfogﬁﬁ%‘?%h?%gp, 'S

as follows: IRtn ere repres S ansposase gene.
| R- sequencefludrescaniepmétin capdbip of Rradeping déght sypiedllyamothh aangenbd 00rant to

capabl e of i ci ng transposjtion, 10 di aed by the IR seque s. Further
cequences, 5l TUTMAPrelTan Bt IE PoRapELse. DRAP-DaPPRETIIEH HOH Teand
Lransposon Cassein)e VBiBliininEdbRabRtkind® prédiide PRSRNMIEARSCH! EhenliBA! rdaltion
“functional™ in a‘host organismis one that is capable of undergoing

t ransposi t i ofiypiealiyheequisingam isubstrateh energy rsputcz,aambos:egm). tl}h{mrcs;lehypmeéim s to
a cell i which a.-transpgsen has integrated i.nto.the .cell’ engne. 15 A
W ght "'gié’n é'r%{Pf&ﬁcgea‘b%héﬁ‘b‘Pﬁgq‘ B "’QT‘F%‘%Q %ﬁ&eﬁnﬁas*%‘} 8t fé‘?ﬁ*“’? g g S SRR cent

or fluorescent protein). Examples of bioluminescent proteins include, but are not limited

to, the following: “luciferase,” unless stated otherwise, includes procaryotic (e.g.,
bacterial lux-encoded) and eucaryotic (e.g., firefly luc-encoded, or Renilla luciferase)
luciferases, as well as variants possessing varied or altered optical properties, such as
25  luciferases that produce different colors of light (e.g., Kajiyama, N., and Nakano, E.,
Protein Engineering 4(6):691-693 (1991)); and “photoproteins,” for example, calcium
activated photoproteins (e.g., Lewis, J.C., et al., Fresenius J. Anal. Chem. 366(6-
7):760-768 (2000)). Examples of fluorescent proteins include, but are not limited to,
green, yellow, cyan, blue, and red fluorescent proteins (e.g., Hadjantonakis, A.K., et

30  al., Histochem. Cell Biol. 115(1):49-58 (2001)).
“Light-generating protein substrate” or “light-emitting protein substrate”
describes a substrate of a light-generating protein, é.g., luciferase enzyme, that

generates an energetically decayed substrate (e.g., luciferin) and a photon of light
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fluorescent protein capable of producing light typically in the range of
200 nmto 1100 nm preferably in the visible spectrum (4.Augustnseen
appr oxi na nmand 750 nn). Biolunm nescent proteins produce |ight
t hr ough aR@ééﬂéggp reaction (typically requiring a substr® éféUS%ﬂ Yy
source, and oxygen) Fl uorescent proteins 20 produce |ight through t he

absorption a S di ation (such or escent
protein). Ex (iagg n}h %f’ Sﬁﬁ%ﬁ?lhgé%ﬂler% &engcﬁﬁﬁworg@ﬁ&?% 804, B¥XY8 i t ed
to, the foll emmﬂﬂes of 4ih bEYsBERs IncileCHB 283 Wt BehiRURE M A1 irl HE bA83al fux |
procaryotic (e.dg. bacterial | ux- encoded) and eucaryotlc (e.g., firefly

| uc- encoded, SYﬁtenRerﬁﬁ dlézym&-(@hﬂkew&+h§nz0ﬂ1ea@§,ﬁ1§4-th@que¢arb<a@hoarac:glnt(sr
| t | 25.1 uci,f
PO Vagk s St OB i BTG U g ol B

Protei n Bngi hm&nmngscéﬁﬁmn@&l}"ﬁﬁﬂué kﬁ;&icm ,syﬁad (‘I]ahﬂiedﬁfrplwlmw ‘16(53;)r1933)arrpl e
- cal cium actl ot oproteins (e. g Lew s, et al., Fresenius J.
Anal . Chem ?@1507’)3 erglo-aipinoppangl) in @Faﬁﬂ%é”‘lﬂm Diplgrardise langar Hstems

L ncl ude, but asbendiftstion 1664 {1976). OiShe &yEiblRV%s ek mgfh?“ fyictn

fluorescent proteins (e.g. dj ant ona
CeI | Biol. 1b&pasei a&aswn@mnﬁl)ellghtggmatggmmteml ng prote| n substrate" or

"light-emtting pi escr a subst ate of
i ght - gener at i g SPBEG ey it onfely Sied Bt & se romarel g radstan
ener get i p@l | ¥a w}emﬂ tof deBveef- MBout 200Cikh qE. gn)fmaov-e) RiPRIAL Q700 bt 16
24 August 2005 02/ 072808 PCTI US02/ 07029 typically wwth the addition of

an energy so(&&cniraigdh The wayelepgthmfiskide lightdarsey @elNVeen mﬂlmﬂ% ouh

Systom 4. 5. B pAPmOly 3 ' el fhoud SO mdfd S Gl i o

aci d (or si mysirod). | ed luciferin) in the Firefly I uci ferase (luc) system
"panal " in the 5 biaolum nescent fungus Panel |l us stipti cus syst em
(Tet r ahedr on 44 15@mwbom1§ebe)ref%domu geu-hamap ypumah pigedsheg anethort t he

earth q’Sﬁ’Fl 9 some
syst errsmlrsm D‘ cr| E) e@ggﬂsss\é Z‘ﬁ] dag éanla%g]eplé %&gs;_ aéggg%se%’r zgltg)ew?tgcp t he
| i ght - gener amamglaﬂrr &lahl as dbgd gind 'caiss Ialaefatmrgdarhm‘aﬁimaﬂigeﬁrew; diaet and

ot herw se, J ect tic radiati 10 hayin wavel engt h of between
about 200 ruWP % g entsr 5 gpe 5 B10%, fiSy te"i’l%bﬁ%??ﬂg(%m&a Pigh oty ismyan The

wavel engt h O}f)m’riht%& bllneluhinﬁhéhlﬁlﬁﬁl%és befpee i 20RE AN 'RAE la¥sot R 1 MwithBut
appr oxi mat el €., between about 4,000 angstTons and about 7, 500

angst r ons) . ?/mﬁﬁtm ‘bi ypu@aﬂilng doutestics wilsl andhgamae bindsnsughiaseshickens; Ituracyag
: \#oﬁ ch)'sut 2(5)15 ir}dnotﬁé}' éa?l?ﬁacéoal‘lr rﬂn%m g%lkg e&{‘ afid thealtllgel, g weﬂeepdmﬂﬂﬂ% ﬁl ts and
insects, reptiles, etc. The term does not denote a particular age. Thus, adult,
embryonic, fetal, and newborn individuals are intended to be covered.
A “transgenic animal” refers to a genetically engineered animal or offspring of
genetically engineered animals. A transgenic animal usually contains material from at
25  least one unrelated organism, such as from a virus, microorganism, plant, or other
amimal. The term “chimeric animal” is used to refer to animals in which the
heterologous gene is found, or in which the heterologous gene is expressed in some
but not all cells of the animal.
The term “selectable marker,” as used herein, describes a coding sequence that
30  confers on an organism transformed with the selectable marker coding sequence a
growth advantage on a medium relative to the non-transformed organism. Examples
of selectable markers include, but are not limited to, (i) the complementation of a

mutant gene by a functional gene, for example, complementation of an auxotrophic
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manmal s such as dogs and cats; |aboratory ani mUsincluding ferrets, hares
and rabbits, rodents, such as nice, rats, hansters, geebiAugust@005gui nea

-~ pi gs; nons ri mates, including chinpanzees. The term ! " may
al so incl t}’gig@é\nlzz?(ﬁout limtation; birds, including domssH)]iC X 2nd gane
bi rds such as chickens, turkeys .20 and other gallinaceous birds, ducks,

geese, and the like, as wel|.as i bians, f.ish insect reptiles, etc.
The term doed’ urtl%{ond%ur?gtag usr ?)gﬁ? Piﬁ%ens ?d[qmﬂg?ﬁté'ﬁ‘?ﬁj tm“(imﬁﬂﬂlégmukm%f etal ,

and newbor n afdindbldua kfovairtthe AbeAcest dridideoor aeacdy, €H) the inttdRBeEEREa 881 mal
refers to a genetjcally engineered animal or offspring of genetically
engi neer ed afRf ARPENE geque direvides agamipataelegtablsphsnefypevdercaxample pom at

25 | east one . i . - r i i i

o ant - or ot RetefethEbuing SRR RGmAN AR, ¥id ) ELEFQAAARNLATY |
ani mal s i % woeltdf 4 twlingwejeerak dly eenfgBraesistadceun d drupr added vhihe mddiven,
het er ol ogous ne i s expressed in some but not all. cells_ of the aninal.
The term "sef a&ﬁ‘%‘eeb%i)%méseggnet@@&m@@m ?Q@Q@F‘Pg%swi‘)b‘b@ia% sequence
that 30 CONtEHiginRiR AibiANARANA SHLEE SHafleMBSks\Wot thehlag a_stﬁérﬁ&ttﬁﬁlﬁﬁnﬁﬁsri(er

coding sequence a growh advantage on a nediumrelative to the
non- t r ansf or phehobypgdhrt senst B sgopddhy a nin-giovdie reddsedassay, lsacksas the blitity, tobut  ar e

l'imted i):.4.h ' fie . f [ I
gene, ' for - exasre bR parTL robk SR e err RSB e S5 005 v
02/ 0728080 PClighiS02/ 07029 nut ation, such as use of the LIJRA3 gene to

conpl ement ura3- nmutants (such nutants are unable to grow in the absence
or uridine or uracf\ralyte( ps ysedrherdimiefers troatysempauerd or bptancegyhese efesing

sequence tha rOui ] , . t it T1QUes e, a
sequence enc&redg ’n@ﬁg&g’?luogr egglsgﬁl ahgnftal S??"Jﬁ%g%%&eﬁfo 2% n%glnﬁd?{sfngmg

i ntroduct i onanintats aﬁadSneIEdadds diftheprest imger&ﬁﬁuSEemaﬁeiluabs mohide, st arerm: Ist ance
to a drug added to the medi um uch as the beta-|actarnase, gene all ow ng
growt h of bag{ﬂé'ﬁt‘ ip, (CE‘?m%l wnnqmgﬁxe ac?}@ﬁeléaompﬁan%nﬁ?ldpmdﬁss pgptides,

sel ect abjs. bR&L&ES: 21 : : t hat
must be scopg%lgrﬁ@dgﬁﬁgﬁ?g?g%-ge }ictﬁeagﬁg say,ajﬂgtgg%ﬂa%‘ﬁ{’ﬁse@gﬁi |$§{“¥%?
gener at e | i ghtstitutes af$kedlthgrhaimaceutidad andeshermienl ‘tarpomdings) have targehldhrarigsinif]l i t y
to generate .10 .i.ght. . "Analyte’ used herein ref.ers to any conpound or
subat ance. whEEEEHREbilodies] oYpovith fEht BB r UpELE PRIRESFS At spect 11 ¢
pronoter) cagrpent@ied batRbr ekirids. L iRhicBMbourdid/aliRl fes aitibaBhpRYed Rfthé he
present invention. Such anal ytes include, but are not |limted to, chem cal

conpounds, phapikecdihe prasent o1Wsoios, pol ypepti des, pepti des,

MODES OF CARRYING QUT THE INVENTION

Before describing the present invention in detail, it is to be understood that this
‘invention is not limited to particular formulations or process parameters as such may,
of course, vary. It is also to be understood that the terminology used herein is for the
25 . purpose of describing particular embodiments of the invention only, and is not
intended to be limiting.
| Although a number of methods and materials similar or equivalent to those
described herein can be used in the practice of the present invention, the preferred
materials and methods are described herein.
30
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15 pol.ynucl ooti des, andpol ym cl eoti de anal ogs. Many organi zations (e.g.,
the National Institutes of Health, pharmaceutical and @Hhewgast2005
cokponat i §)ohave large libraries of chemcal or biol oqjcq%soﬁeﬂ?punds
fromnatural or synthetic processes, or fernmentation broths or extracts.
Such conpounds/ anal ytes can be enployed in the practice of the present

invention. 20 MODEgnEkAICORRRVNY SFTHE He ENYYERT! ON Bef ore describing the

present invention in detail, it is to be understood that this invention is

not limted to p | . : | [ may,

of course, vary. a'Ptgé éﬂé‘ﬁﬁsgfgﬁg g}ﬂi)lgl%ﬂlng%?@#%gﬁg%ﬁgﬁepﬁ%ﬁggﬁ%&%g}% gaé’gHﬁgc’ed

herei n is f oconfdrdighproducipg peopefticd @aaniobgannpardell ofibas’s ehdioeli Porties tiid t he

invention only, and is pot _ intended to be |limtjing, Al though a_nunber of

met hods and Wé‘?@ﬂ“&ﬂ% a'é‘{] methaas Bg'géa{ﬁs%!l%‘f??“‘?‘baﬁ‘?‘f‘gg’& m\'ﬂ‘é‘&fﬁ?’b%ﬁﬂﬁ'er ein can

be used i thayRicReEIE 8f Rterbdntd El‘%z'ﬁg@ttccll By B usil3Ca RGELRE @ﬁ‘&dir%; erials
b 30 18 24 05 WD 02/072808

and nmethods are described herein. ugust 2
PCTI US02/ 07 Olght-GEnERing I0ERYAVYoBrnIbE makde s i dentiffrtmnsforpents vof owb taget

met hods of th resent inyenti facilitate the abili.ty to copfer

11 ght - pr oduci g P RBRRTed T APl (955 A g SmeRlng Pisteilifea Srghbioke. Fur t her,
the conpositdmfsmatich 6BddNe satod pdlituchibfiaest intefose elihhates thewctRRy for a

i ntroduction of any 5 polynucl eotide of interest into a target cell or

or gani sm usi Sslfctebleanarkas forexampion ip diffiquitge tragsdorst eglls oy opgapistisn The a

screenahl ' ' r s or

or gani str%;oe [%é&g%ﬁ %c?glﬁg%%%g%_%gﬁ%gﬁﬁrﬁ%@a%n%%g@a%g %ﬁzaeg t(ggljglcr een for

t ransf or mat i lterofogoed gene of interastpat yroedimgty, ightgfroduntien esi seevé a8 n@p@sert he
necessity for a selectable nmarker, for. _exanple, in difficult to transform
cel I's or orQhFUshEsstufian Bnggtﬂﬂéﬁ@éseﬁé‘ﬁ H%e@i%owgmeﬁééwéﬁea&i ng protein
can be operably l'&kgg |

accordingly, Ii gh("tJ pr gchtgxtfiﬁ%prg%ﬁ% g@?‘b}gﬂ?gﬁlgﬁ%&g&o@t&g}m}? g%%gﬂéggggsf ul

t r ansf or mat i pplymicleatideinto acelh thiiés, hevethad efgumsfogeing aghrgentadl dsthis One aspect

of th t.inventior i thod of . intrpdyci. .
pol ynuciot iighof pepuaiv gt Celh Spipdded, Thamepyialipn pPeclBrtatet it ear ger

cel . In thigplynuelddBE&oLinteré® BHde cbAdltigs tB&lthdlifate BE ait«xﬂaré@dfthérhe popul ati on
of cells is treated with a polynucleotide of interest under conditions

that facilitRedenucleetidpburideast asupopplatimotthe selisl eligpodynuciegtide of interest
subpopul at i O&nﬂ)friségﬁ'z? ligl'ﬁl éeﬁerat-mf pI%?élX @(Hﬁlllge Eetq{lgﬁe.o fIn bi¥ Gh&sdiment the light

generating protein coding sequence encodes a bioluminescent protein, e.g., a
=20 Tuciferase. Numerous methods for the introduction of polynucleotides into a target cell -~

may be employed, including, but not limited to, the following: lipid-mediated transfer
(e.g., using liposomes, including neutral and cationic lipids), direct injectioﬁ (e.g.,
microinjection), cell fusion, microprojectile bombardment (e.g., biolistic methods, such
as DNA particle bombardment), co-precipitation (e.g., with calcium phosphate, or

25  lithium acetate), DEAE-dextran- or polyethylene glycol-mediated transfer, and viral
vector-mediated transfer. The population of cells is then screened for a subpopulation.
of cells that have taken up the polynucleotide of interest. These cells are identified by
their ability to express the light generating protein coding sequences which comprise
the polynucleotide of interest. Light producing cells are isolated. These light

30 producing cells are cells into which the polynucleotide has been introduced, i.e.,
transformed cells. Such light producing cells are then isolated to provide substantially
pure colonies (i.e., clones) of light-producing cells, for example, by dilution or

streaking for single colonies.
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conprises a |light generating protein coding sequence. In one enbodi nent the
i ght generating protein coding sequence encodes a bi oldmugestca®06 pr ot ei n,

e.g., a2 ' ase . Nunerous nethods for the introducty
pol ynucl eg’f(lﬁg‘gésﬁiﬁﬁt o a target cell my be enployed, incl ul; | ngé,&fl% ® hot
limted to, the followng: lipid-nediated transfer (e.g., using |liposones,

I ncl udi ng neutral pa | ani.c: LB | W] oM (8. .

m croinj ection), gg\q%ﬁgél’gﬁéaﬁﬁhig EJIS%}?%% Sélg*l %‘?@%n%égﬁggérdé& rglﬁéﬁ(gg?%?t,mgoi olistic
rrelt hods, ﬁucprot?'ss mwd,;fa:ref:qa?irp]@e, be ﬁﬂb{\n&;:tmm) in vﬁzgmmgtdrit)igtiﬁtvhmus(rﬁl:@lsi %ﬁ/v: th
cal ci um phos e, or i Um acet ate), - dextran- or e ene
G yool - noa PR PR R arahn i Geekedtt mibuipndR antiogdhesioanes B ol
popul ati on ofndastiks InSpabtit@ilarS WRARESE deSifatie RILIARRYLA TG pr&fuckg | S that

have taken up the polynucleotide of interest. These cells are rdentified by
t hei r abi?i t propertiex pr erganisms that@ra registantrtatahy gvalablesielectioninethodefaences

whi ch conpri the | yaucl.eot | of jnterest., Light producing.cells are
sl ateq. " Thegutf SeRRaBIRIERL pifos (4. Eldn Wi BRETEDERE ot

pol ynucl eot i Saphiscdiesy) ardiesioducodntibiofic or othéraddbatRéNBle sl MmarkSHC Dthight
producing cells are then isolated to provide substantially pure colonies
(i.e., clonegysapismswish i wenldcalspbedasirable tagonsstdighi-arodyging prapertish osr
streaki ng fof..Si | . - : :

PCT/ S0z, 070 B PR et ey riefortB Bt HondOaTRIGE Ui ot 1 11 gt
generatiHy prgahisms swhichudrd diffioult examppatebad fbiidhdvasd noi prievionsty buen

nonitoring in varbtfgus nodel s Oafl'glti nfection or used in the tracking of

i nfection antflgt* ?W&@%F@‘f Yventiof: ¢ he f ood industries. |
particular, it mwhépxleeer@%weﬁa&{ RadiRs aﬁnisesfﬁughids'agabiqgef&%%@ués

n
properties on organisms that are resistant to any available sel'ection
met hod. For (eexampdificd biferase opdronpanddrassprsaom ogpesttes contgining BAADUT+1B] cans

and some speci St ogoccu are resistant to antibiotic, ar ot her
common sel octiine e RAFETHSREEEIG} gihiralERnt BfEspisran ot s s bding:
desi r abl g5 t Ob@@idt Binited &) GrmQbgativitbaptcaR Gt lugfgeliodh&tarnpyA6m aflisthe Ry,
Chl anydi a, Treponenma pallidum Heliobacter pylori, and other 10 organi sns

whi ch™ are di Brangapsitivebagteriafinchidingselptedoreanitms suchigs Ganydivand, been .
ble t i | nt | : ' i.gn teaches th
e of pi aonFRORRAGERLER wdd bASBlC Bl SRS sl SR Yok (LR iR J0S (N

operons and #fbanspasbsthe@rsettes containing Tn4001, Tn917, and the |ike)
to facilitate the_genetic ni pul ati on of organi snms of interest, including,
15 but not |i ni tehl%,as@%%%%awweawr@%@ to CoRsiydis g i bact er pyl ori
.and ot hejs) ; jucifade pasi i Fﬁti@nﬂﬁx{ el iftventiBh idag ré-Bhdth&Hling a encaryotic

organi snms_such-as- Chl anmydi a and”™ Treponenma pal I'I du and~eucaryotic
or.gani sns s ukshiferssey fasxaplec ludifergseCrnidedifiom Photinus pyralis. The re-

engineering of these luciferase operon includes, for example, site-directed

mutagenesis to alter (e.g., optimize) codon usage. Nucleic acid coding sequences
encoding a chosen light-generating protein may be optimized for expression in a

25  target organism by methods known in the art in view of the teachings of the present
invention. -

By way of example, it is known that in most eucaryotes, CTG codes for amino

acid leucine while in Candida, CTG codes for the amino acid serine. In order for a
heterologous gene to be expressed in Candida, it appears that the CTG codons in

30  eucaryotic luciferase must be mutated to leucine-encoding sequences (e.g., TTG).
The re-engineered luciferase operon can then be inserted into a vector comprising one
or more of the following operably linked to the luciferase-encoding sequence: (1) a

promoter(s) that is(are) active or highly transcribed in the target cell (e.g., C. albicans

20



al bi cans and others). In one aspect, the present invention relates to
constructs containing a ...20 luciferase gene. In parti @dlfaugustt2®85i nventi on
i ncl udes = .peering a eucaryotic luciferase, for exa | ferase
derived f&gomﬁgﬁ}(% I'nuspyralis. The re- engineering of thes?ﬂﬁ@?@@ée
operon includes, for exanple, site-directed nutagenesis to alter (e.g.,
optim ze) co Nucl ei ¢ acl d coding.sequences codi ng a.chosen

| i ght - gener a? Il?c;r;lagégrgg?)eli) Hyon%éeng’eé ﬁ%P?%@e@HE’PB? 9’@9&‘%@9 oﬁ?b!“ﬁm AW ¢ a1 get

or gani sm by (®RCodsolyienlatioh sifieal)Rehd(B)a Hétawlotous BéheloF aitbreMd In @brtdine

present invention. By way of exanple, it is known that in nost eucaryotes,
CTG codes f ofmApdingntsgihe promeien(s) @ndder pelyadenyiation gignal(sy Banl thedusifarasene” ani no
acid seri ne.ﬂgé}ogrder for a heterologous gene to be expressed in Candi da,

it appears that the CTG codons in 30 eucaryotic luciferase nust be nutated
t o | euci ne- encodi hparottgu aspees thedneentiod Téhtes tolthe usecofgnghoeeesduditieadeer ase

operon can then be inserted into a yector copprisi .on or nore of the
fol | owi ng op&FSBIS 1 AREI™ RIS acinfassh i Rehtiediginedhsaoiyee by 1) a

pronot er (s) iretratini(Bé eassa@ihw%ggeﬂbmﬂm&s%g%ﬂm théhnks 3¢ a b@RGRS0L ! |
(e.g., C albicans 20 24 August 2005 WO 02/ 072808 PCIT[ US02/ 07029 "enol’ase

(ENO 1) pr onwhetejn the Mtegratiest gostiesrayliasenton esilegeabuy momoter @ tikltirgeins act i n

(ACTl) polya ] ati 1)..._an .net er.ol ogous e of.interest. In
Cort m nonnBEtisRy F20 eRHIE ool Riadds e Rl B0 AR et aRCw Y kel i)
flank the | ugclRi488 PtrafiPpescN andeel 1B o8 itHérba fvedS MieR trandfignddrviginh kRRne el ates to
the use of pronoterless |uciferase cassettes to transform organisns of

i nterest to ¥edtergRuyiBedheEndy] fucdferasy senstpct. | Trarspositipm gvantesubassiertte i nt o

the genorrie of it hose PJSQI%%H izlnrfﬁtg 1% 8Fthe (Mci%rats% @&§&%Siﬁﬁéth% ﬁ?rgo(@’?é gfot?lggm sm

i ntegrati on occurs adjacen ogenous pronoter in
For exanpl e, hest praanistrearidassulted i the abidiey ¢£the orgahisi) topasdiet lighiyafiegrated t ed
into 10 the Tp4001 transposon, and cells, of interest were then transfornmed
with a shuttfebe © BLFQ)FIISS savectie heBing angefivepaTics srene vielded
Transposi4 i y : t | e egration
of ‘Tho | el { o SEEARRNE RIVEH AT pRAuCERRRERR, | She R dpRial vkl 0
resul ted i n difilereabgénieraoftfiranhpositingdrectenn werpmadeiaghtiygight-produepgatiitten of
t he ot herw s'%g_g{.ormt erl ﬁids ii‘;ssette behi nd an active pronoter sequence
yi el ded 15 hEEEHEHYEloL MAUGRI. g 5 | i ght - produci ng phenotype. Using this
approach several THS EdiRir@dtt dSeABSPREIn @ AMhidei el NG PR bRishAdIvRide
mad- e- Ef i ght - Fy i ght-produci ng, either

transposon constructs) can be inserted info a suitable backbone (e.g., a shuttle vector)

--20 . and thereby confer the ability to produce the product of the coding sequence of
interest {which, in the case of a light-generating protein, also confers the ability to
produce light in a cell or animal) upon integration of the coding sequence of interest,
(e.g., light-generating protein coding cassette) behind an active promoter region in the
host cell genome. In one aspect, the constructs described herein allow for the

25  generation of light-producing organisms (e.g., gram-positive bacteria) and the use of
these organisms in animal models.

Many types of light-generating protein sequences are useful in the practice of
the present invention and are typically optimized for expression in the target
organism.

30 Thus, provided herein are methods of screening for introduction of nucleic
acid (e.g., heterologous gene of interest) into target cells without the need for a
selectable marker. This is particularly useful in pathogenic strains, such as Candida

or resistant bacteria, where there is no available selectable marker. Target host cells
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constitutively or inducibly. The constructs described herein (e.g.,

modi fi ed luciferase plasnids and transposon constructsp4dagusie?d0hsert ed
into a sui ckbone (e.g., a shuttle vector) 20 and nf er
the abili ﬁ/&?%&ﬁ%duce t he product of the coding sequence ﬁé}%sﬁ%?o@gt
(which, in the case of a light-generating protein, also confers the ability

t d |, | I ' LDt t f th '
sequence of Pivepsipnd (hmSlonSphPlcsctpatherdh BB b eprogSnlidter T

behi nd an ackibsequendimégestion@ditinicleid Sads. Miktreadtitg 1aPrRIucing f]ﬂl@ﬁbt?ﬁd}ec'[,
t he construct _%{e;qs_‘cr*%bed her.ei n daI l.ow for the 25 generation of

| i ght - pr oduci BN constifulive; indugible prispressible depandmng o the prpperiies 9€ theof
these or gan! piBinétr 2RioMenil® Which thbBApbiRRAs@tte) dal MendfRNBEAd difedy’ O €1 1
sequences are useful™in the practice of the présent 1nvention and are

t ypi cal | y5 opsuatesséud tfapsfopmgiioms.si on in the target organism 30 Thus,

provi ded herein age t hads of screeping for, i.ntroduction of nucleic acid
(e.g., heterol ogogg‘;}gﬁﬂﬁ‘? ef?ﬁ?lg‘rlﬁ@f ?‘@B?Bsetdaf‘tfé’f‘meéﬁtgsﬁ{eﬁﬁﬂfd‘ #% need
for a sel ectabdier MBIek@Es in WS adBinRRiThAIGHORIS. YOS Péritoldriesh BlaP SLARBH: fight
strains, such as Candida or resistant bacteria, where thére is no

avai | abl e sepedpgtigneatiyiuiable to the apivity o€ proowitdrs iducelbysnéretion 2008 uspd
02/ 072808 P ) | C ts.descri bed
herein to pgéﬁgﬁ%ggéﬁﬁﬁh%ﬁ%?@ﬂagéﬁ g‘“‘u\t’}&s"tég’é‘l‘égnﬁ % c%ﬂgé{hg '%‘Hﬂ’étfsh e -

nucl ei ¢ d@i dprodibigor 6 ubddito fhitét@Rberith@ifalGind Goftisl ARINYNE , TheNBipeHmeEal be
constitutive, .inducihle or repressible depending on the_properties of the

promot er r egPYMAFAE Hgn WSt vtk Rhagnacsutierl agen sbintaestc Beth ien be used to
detect 5 suc i | f t hen be
used, for exa fé’%gn%%@g?‘iesg‘{r‘\lﬁgféén | ggsﬁg%bg%gf&%ggﬁﬁg@?ﬂ%qtro and in
ani mal nodel sffediivklager{toidentficalrs dls)se twiath, dortexhimplel exginiguish tiodabilityao

attri but abl eg&tﬂ%t e activity of pronoters induced by infection can be used
to identify ueq hight. phar maceutical agents. For exanple, cells which
exhibit {4ght 10 naoﬁu&gegemrp%eseﬁﬁﬁvéﬁoh%&ﬁe,@e&%éhmﬁﬁﬁém, control
animal s. The experinental animals are then treated with a pharnaceuti cal
agent of i nt aresformimge Mandieof ergpaisinsanelnding Giramiositing badterig antibiotis- ar e

nmonitored for Jij roduction, an ffective.agents. identifjed as those
Whiche for clestPLbreBhBmRidrdhia, AR s ) phEnRERER R ekt 5™ "0
Advant ages oOferch@ingpeaeintexpravgon hptﬂoédlfdnuﬁﬁne@uﬁéaﬂims,mich)fm &efhple, (1)

transform ng a variety of organisns, includi r:lgb am positive bacteria,
antibi oti c- permits more sensitive detection of light produced both in vitre and in vivo; (iii)

~.20. ... integration of the cassette into the host chromosome such that the sequences encoding -~ - -

the light generating protein become operably linked to host cell promoters, which, for

example, permits identification of promoters involved in pathogenesis; and stable

light production from such organsims at physiological temperatures (e.g., 37°C-42°C).
Specific aspects of the methods and constructs of the present invention are

25  discussed below.

1. Light-Generating Proteins

The practice of the present invention will typically employ nucleotide
sequences encoding light generating proteins. When using the light generating
30 reporter proteins described herein, expression can be evaluated accurately and non-
invasively as previously described (see, for example, Contag, P. R, et al., (1998)
Nature Med. 4:245-7; Contag, C. H., et al., (1997) Photochem Photobiol. 66:523-31;

Contag, C. H,, et al., (1995) Mol Microbiol. 18:593-603) and described herein.
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resi stant organi sns, Candida, and the like; (ii) obtaining high |evels of

| ight generating protein expression in those transfornedAgga&mosss, which,
for exanpl its nore sensitive detection of l|ight produced both in
vitro and ‘?‘HO%/F@%&E (iii) 20 integration of the cassette i Md/YH&0HL:
chronosone such that the sequences encoding the |ight generating protein

becone operably | ih%l?edasﬁjgct%9%ﬁ\}'ﬁ?‘%ﬂgag{Lﬁgﬁtglft[%gfg‘é@iggcgr}?teﬁ{f lg‘{% arrp! e, permts

i dentification of "pronoters i | i ght

production f BislusiiescentprRides apbwhifylSepdrag sEstdm FRRARK RferiaPindection
37C-42C). Specific aspects of the nethads anjél@%:onstrug?{g%f t he present

i nvention ar &-825-YiiPatentNed 63 b)- Lucifgregsis ctanaapliedtornembsrs of Tfemily

practice of : ' | ] ' . cl eat.i de.
sequences en%ggllv%sglgl gﬁtésgoeﬁrﬁgeﬁr %h?:fbnt‘g% E}rog%%ff hgﬁljowcelﬁérgél% ﬁ’éﬁ]et% éoYlflegﬂY“ﬂl a

gener ati n§ 36ubseper(t.glr, lyrifetinj losg-dksn aidble;diemet:eliemrazéne?,rzﬁﬁaieﬁgy sgagbe?e.g_, f
eval uated ac t d non- invasiyvely as previously, describe see, for
exanpl e, Con?‘;tg)fi oré%l@fﬁf—l?) g@o&qy_ggn.( '@f@%wgﬁ\ﬁ‘?@fz@r‘?@é& clagsifind into cogyalic C H.
et al., (199Ficifehetqehdtk ' R ATyBtie :
(1995) oI M o opral g ‘ggg?‘%%e?ésgﬁg&ﬁ’leésﬁcéﬁ?iéﬁ%“cﬁg%%g@%é’egﬁy i’%‘tg%ezlk’s)zoos
WO 02/ 072808 Epcaryegoe¢iferaed “hun "oin tyrasatly chcasked b e sinplegenicdsce, &6 de iV

generating pratein,;i cphfer ) i @l.um ¢ vj des power f ul
epor ter syet-Smd 8 QoRHIyPieE Al eetufor TisaE 3P IR 7R7S de s RER B ho.

5, 650, 135) . 987§ pohRIl Bicd 17Xy ¥ppl i ed to nenbers of a family of diverse
enzynes whi c(ﬁ shgre t he plr_operty ,(;;P_pro_duci ng |ight when provided with a 5
substrate (e.g., Bededadeqiferase (i Hipighliicmydeumef twol suhunitsAorend, B)an ener gy
source (e.g. TP or ‘FMNH2) = and en, . Lyci ferases can je broadl
classified i Cé’é%‘itj%{“i/oo‘ﬁfﬂgm)nf ke gif(‘\éfg aud @Hﬁ%ﬁ’a?ﬁoﬂeﬁ‘@'g &% ?&Sﬁﬁg“es
prokaryotic bultHefoperadhiun(®IgoDaRd P E) dicdde ARsonzymbByRanied fot btds%ﬁleﬁ@ép
("luc ") is typically encoded by a single gene (see, e.g., de t, J.R
al ., (1985), theklehydgagupstrote.aBactesigl luxis gresent g crprobiphginestentgtam-J. R, et

al., 10 98 |, B ; . Lal..Jyciferase ("lux") is
typi cal l gléLnnchi%gafJ{gé %?c@\ﬁ/o(e'ggt{? ﬁf%réa%i??il]n"?ﬁé{)ce'gz(ﬁ‘%%{ e%"f)dy'ﬂ?ﬁgp%ﬁopf%r ent genes
(1'uxA and | uoddprediCRDABE! ux operon. Three ot her genes on the operon (lux C,
|l ux D and | ux.E) encqde the en%yrres required for biosynthesis of the

I

al dehyde substrat :ad Hiopefnoghor Pggtenal gsne durth isplateddlyamiribnio Braharintswet Gram
15 negative pPamb&dds %S,%\%%‘g fluof3L® pRAGH ¢EFP Y Ts iSRG R WicR Bt Yoo 1igat YPe

operon is ordered
with a lambda max of 545 nm when acted upon by the luciferase enzyme. See
e 20 - Baldwin, T.O., et al. (1990} Biochem 29:5509-5515.

In another aspect of the present invention, the light-generating protein is a

et

fluorescent protein, for example, blue, cyan, green, yellow, and red fluorescent
. proteins.
Several light-generating protein coding sequences are commercially available,
25  including, but not limited to, the following. Clontech (Palo Alto, CA) provides
| coding sequences for luciferase and a variety of fluorescent proteins, including, blue, |
cyan, green, yellow, and red fluorescent proteins. Enhanced green fluorescent protein
(EGFP) variants are well expressed in mammalian systems and tend to exhibit
brighter fluorescence than wild-type GFP. Enhanced fluorescent proteins include
30 enhanced green fluorescent protein (EGFP), enhanced cyan fluorescent protein
(ECFP), and enhanced yellow fluorescent protein (EYFP). Further, Clontech
provides destabilized enhanced fluorescent proteins (dEFP) variants that feature rapid

turn over rates. The shorter half life of the dEFP variants makes them useful in kinetic

23



In addition, another bacterial gene, luxY, isolated fromVibrio fischeri
strain Y- 1, encodes a yellow fluorescent protein (YFP)24ausui200st e which
emts yel (gizwéhts with a | anbda max of 545 urn when acted _upon by the

| uci ferase R see 20 Baldwin, T.0O; et al. (1990) Bi G&H&02/07029

29: 5509-5515. In another aspect of the present invention, the

cyan orean SyRfts B bERTmlitgRe ropsiBlss RRBY it feqlencel et AibI rom 1
| i ght - gener aClqigedh (Aitpi/Mvowdiontch amashafoAtQoRARERED/Akl/¥DNRIL&kEPl e, 25

i ncluding, but not limted to, the follow ng. C onte_chyé alo Alto, CA)
provi des collsRgd seisd flugseseat profein pasfulia expression,siudies. yFusther, Fradke¥cent
proteins, inglwding, , . | ent
proteins. En%éﬁ'(’:gﬂdﬂlglg’réeegn ?F&gl}sg@cﬂel%%&gér}%f) }eaﬁ‘lﬁh?%{gti@%)go%%% %)ﬁ%i%ﬁ%?tg wel |
expr esseds i nmuantahch poystess vaigte fandd flooresdehds (FERY Lah 1y (F)| 1an-Exrence

than wild-ty P. anced fl protejns, ponclude 30, enhanced green
f | uor escent i pucngs Fﬁﬁ‘_@@ﬁg}éwe?QI%Nesétﬂﬁﬁiwe?ew SCARRDER) , and
enhanced yel GENBANR! £66846n Nb.%ﬁmﬁfzﬁ\jFB}m?é;gégmﬁisonW@&ﬁgﬂ vi des

destabi li zed enhanced fl uorescent protéins P) variants t eature
rapi d turn eeding pegquesnces fordirs flyrlueiferasg|(for ekdmplefastchntaiigfin thempiGlidt s makes

e sl 53ty B 9SS SRR B SPESAERE

codi ng segueReASGBNB AN for Bk £nylE,dtessoN RbMBérs AY015995, AF322221
(http://ww. cl ont ech. conW echi nf o/ vectors/ vectorsD/ text/ DsRed. txt). DsRed

s ared flUOFOSMERH ABPORIIONATIMIIM0, AR2E35H RIS 534 AT 1964 U208
Fradkov, A g8t A(}adl'SQS eﬁ?fﬁ?g a\%ﬁ%bﬁé uorescent protein from
a% and 1ts mut ant's’ 5

D scosorna cor I'ch~pOssesses a unique far-red

fl uorescence (FEB dddition, fifthet Biht gkRetathidsys(er{3009y) be sty Sk Giterample GENBANK
Accessi on No. AF27£J1,1, protein, segueg&g, GENBANK' Accessi on, No. AAGL6224).
Promega ( MadVaehevayaing cspresyiQ ngels. Suhisysicns irkiisebutrans netlingted)tg,

| uci fera ( RXATPh&a- k.l ! qgﬁe&]tt ). Further,

codi ng sgséuefﬁg%lé for gaﬁt%%n%gﬁgg%&:‘q?ﬁ%%g\%%r% otréll S a%ﬁavai | able 10 from
GENBANK, for exanple, accession nunbers AY015995, AF322221, AF080431,
AF292560, AF292559, AF 92_&5?3 AF292557,  AF139645, U47298, U47297,
AY015988. AY01599%2 anf*RERSHaME CISSEUESdition, further |ight generating

systens may be enp gadpedt of tR%nRtiOn, celdORs@a boabiififg pXhRISItes i n cel |l s.
Such systens include, but are not limted to, 15 Lum nescCent

bet a- gal act o%icgding behbeistuesbandesubsiyaie-engodmedny geneyproducts are provided.

-.20..... Experiments performed in support of the present invention have demonstrated that -~ -
rearranging the zux genes, for example, from the wild-type CABDE to ABCDE, and
inserting transcriptional and/or translational control sequences, which are chosen
based on the target organism in which expression is desired, before one or more of the
lux genes, confers on the resulting luciferase an enhanced ability to produce light. For

25  example, when used in the transformation of Gram-positive bacteria, Gram-positive
| Shine-Dalgarmo sequences are inserted upstream of the coding sequences. When used
for the transformation of other organisms appropriate transcriptional and/or
translational enhancement sequences may be employed (e.g., Kozak sequences in
eucaryotic cells, Gram negative Shine-Dalgarno sequences for Gram negative
30  organisms). In some organisms, for example, eucaryotes, each of the Jux genes may
be placed under the transcriptional control of a separate promoter. The uxABCDE

cassettes express not only luciferase, but also the biosynthetic enzymes necessary for
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1A. Lux- Encodi ng Cassettes In one aspect of the invention, gene cassettes
conpri sing polynucl eotides encoding both the structural24agust 2005

substr at e- ' | ux gene-products are provided. 20 Experinents
per for mdf@gﬁ'ﬁﬁ%rt of the present invention have dermnstPr(gc(@ypwgr?
rearrangi ng the lux genes, for exanple, fromthe wld-type CABDE to ABCDE,

d i ti FRLI . , | .aki I . cCes, .
Which are chabsyhBRSE bRk ANIGRALCLOMAEY AIOUR ASARERl, SRUETFES
desi red, bef only eatrinstirrequirenaft fortbdoluminesgproewhers archeasseties drbgsedesul ti ng

| uci ferase an enhanced abilit o.produce |.jght. For .25 exanple, when used
in the transformath Y a@eﬁﬁg‘a&igf "W‘éo%gf&:‘t’)é%‘i%PE G easpetipeomprising

Shi ne- Dal gar Hgnﬁ%ﬁé&%ﬂﬁg‘ﬁm@éiﬁcb&lﬁgéé endep.SFaﬁa%@ie,wﬁn BRI DY SGRSRRES-

Wien used for the transformation of other organisns appropriate
transcri pt i ohaHBERYT gene cassstie reshitoindiroasiehing deamange efeanelangth ofdighbe enpl oyed

(e.g., Kozak s ences ., i eucaryotic | s,, G,am.ne | ve, Shi ne- Dal gano
sequences f of’mgégr’fﬁﬁ'gé 5’!‘39‘8”@6" er\'/"g%?HﬁaE‘ﬁﬁ%“? redend @ ﬁg]eovgﬁg]ﬁ?f‘@msﬁpe%fm exanpl e,
eucaryotes, Gan tRit 1bAgrivibveRAHH JighBMordRisi fraled Heingltiisuctas abmpareat i onal
control of a separate pronoter. The 1uxAB ‘cassettes express nhot only -

| uci f erase, UHEh o0& sharise wevelenathh selpecdemhodiments of tedmy B GPE Banpersaatigust

2005 WD 02/ : A : ' .UC] '
cubstrate - O agge iaaen Al s SMURAE fckloe W fodcld gt °
requi rentht hoa moiue affindresshgnihe sasitivityof bpsikateiswhichemplesed. | n anot her

aspect of the, knv,ention, | uxY may be added to a cassette conprising |ight
generati ng pPOlURIRCICSRGS AT ATERRILA EEDS.-For  exanpl e, adding the | uxY gene to

the 5 | uxABCDE g%ﬁﬁ%ﬁiﬁ%ﬁlﬁ gé&l daSeektBs Q&mg?%g&%dﬂ%gpusreaggg?gf wavel engt h

of light emtted escence to e red en the visible
| i ght spect r ransfor@atien of Kaam Ipositiec onganising,the haxdBghassetter typiealdy ¢ontgimaet r at es

i vi ti .ed tq.li.ght. hor t ngt ks, ted
erbodt ment o GFR RET i Hekaoetegunife sedllsp SSTotP 1918 oy ELBHREHDEAL | on i ||
t her ef or g5 adéﬁqhérﬂﬂé?bfgéfaﬁl GnMeEupshRarh bf ¥adhQt tRdpSPREMRes entBdiad IerBRANS Of

I ncreasing the sensitivi g of applications which enpl oy biolum nescence as
a reporter nBaiéhenused for the parsformatinmpf efbercoreamisas apoptiate Bansotipleanal \Wien

eporter e ot i
cagset tes RIS RE- ORI ARy bu AR L b P AR E e Ol C (i o

referred to sguenceSIK owakSeqpacadt eddarprigues Gradprpable/SHinaRalgatmpst r eam of
each of the %(gll ynucl eoti des encodi ng | uxA and B. Wen used for_the
t r ansf or mat i HAUEHCES fHTagy REEAIS RESHEHRSN HOost ereapigms caryng A Bgasseite

_transl atjpna, i eRARIRBceSQANERTSviTBY whf e£0RnBYEHddifydd subshaRPLEL B
cassettes confer higher levels of luciferase activity than found in previously known
constructs, particularly when expressed in Gram-positive bacteria such as
Stapholococcus or Streptococcus.

The coding sequences of the Jux encoded genes may be optimized for
25  expression in a target organism. For example, given the sequence of a polypeptide
product of a Jux gene, appropriate codons can be chosen to encode the polypeptide
. where such codons are chosen based on the preferred codon usage in the target
organism.
Modified lux coding sequences have also been described, e.g., WO 01/18195,

30  published 15 March 2001, Xenogen Corporation.

In alternative embodiments, the sequences producing two or more light-
generating polypeptides producing emitted light at two or more wavelengths may be

provided as the first sequence of interest in separate transposon casseties; the

25



sequences, Kozak sequences in eucaryotic cells, Gram negative
Shi ne-Dal garno sequences for Gram negative organi sns) . 2aghustr2gasi sns

carrying cassette ............ 20 .... exhibit bi ) nce
when prov?@gghﬁgﬁﬁ exogenous al dehyde substrate. LuxAB c&géﬁﬂ%gﬁﬁg nf er

hi gher | evels of luciferase activity than found in previously known
constructs, Lcul arly when. expressed..in. G.am positive bacteria such as
&t aphol ocoechaibpid Aietelil R P Ehdedin GBI ERBEL vEfor RPEnTeioded
genes may bemapipléraest Haekthodbs. E3tRh@6AstAK s Maybbd Wed 8 prtBcY) fsiBrample, €xanpl e,

gi ven the sequence of a pol ypeptide  product of a |ux gene, appropriate
codons can b@n&lﬁ@élew%&?n@ﬁ@&mmumfmwm ca%sﬁfées@fghmemauwgnm

chosen base LRt r ' A Modi fi ed
i codi ng. seie BERIEHEh R AR A3l e el oo Bl Bar 30
publ i shed 15ervHiight &@fereferavglengtfiar poration. In alternative enbodi nents,

t he sequences producing two or nore |ight- generating pol ypeptides
producing emtted light at two or nore wavel engths nay be provided as the

first sequence ofqgnt enggngdainﬁgQgS@&gstransposon cassettes; the 25 WD
021072808 24 August 2005 PCT[US02107029 transposon cassettes may in turn

be provided in ei Thepresentinvghtemedsat includecgdne cessettesithat atfowtfopégressionad
backbones. Such caonstructs.may b ed to produce,.for exanple,.. single
et oor gani SHEOBERF MeGti i Bikeetf pelh cBs R e e Frien S ey SR i ©
inventi om,  Ndvembeerd fd@nﬂiﬁaﬂzﬁﬂ%@&rﬁxﬂéﬁﬁm&%aime,Q&@ia&ﬁ&?ﬁﬁsﬁﬂcﬂﬁ@Lﬂener ating
pol ypeptides that 5 emt light at different wavel engths.” 1B. Luc-encodi ng

Casseftes THETYRessMadiseneWi) eontaanssnPhotams aweligdiniferseset t es that al | ow for

expression of eu [ e ] | I ceal | . oted QVEe,
vari ous eucaryoti ‘g%rﬁﬁgt&fog}‘%%*safsgﬁ%%ﬁh\ggeggge%vg%tg?ﬁ I?F Ji‘%%éa;lﬁ‘gluélpg’ @ut{ no
commer ci al | yliraited toathedolléwing e BawSlerf fldds.M. Vadd, U.§. Paesie e, 5,5703sen, W)
contains a Photinus pyralis luciferase. A variety o uci f erase encodi ng

genes have b&BIFdizdeiepiemben 1 IHe Kaeamg]- gl Hot- PannﬁNLeléL@‘b,u% ABued 1§ owi ng:
?937 82225 ;r ﬁﬂﬁgr&}ryl g%”ﬁgéﬁ' ZeHH'Sgt ﬁgg’?;?ta %Nésﬁ’ %ggzl@ §V: @@Egﬂjg P%%Htltzg[)ﬂr) 5;r y
1997; S. Zerio,3,80,289, isshed 2Pl e RS TNK. V5W28, US2PaisntWNo. \&fekd 640, Bsuddatdent
o 5,550, 250 \BRSD 28 B0 O g oS B ey 041 o0t
i ssued 20 Jui9o3; M.J. Cormier and W.W. Lorenz, U.S. Patent No. 5,292,658, issued 8 March
1994; M.J. Cormier and W.W. Lorenz, U.S. Patent No. 5,418,155, issued 23 May
-20-.-...1995; de Wet, J.R., et al, Molec. Cell. Biol.'7:725-737, 1987; Tatsumi, H.N., et al,
Biochim. Biophys. Acta 1131:161-165, 1992; and Wood, K.V., et al, Scz'encé 244:700-
702, 1989. Another group of bioluminescent proteins includes light-generating
proteins of the aequorin family (Prasher, D. C., et al., Biochem. 26:1326-1332
(1987)). Luciferases, as well as aequorin-like molecules, require a source of energy,
25  such as ATP, NAD(P)H, and the like, and a substrate, such as Iuciferin or
coelentrizine and oxygen.
Wild-type firefly luciferases typically have emission maxima at about 550 nm.
Numerous variants with distinct emission maxima have also been studied. For
example, Kajiyama and Nakano (Protein Eng. 4(6):691-693, 1991; U.S. Patent No.
30 5,330,906, issued 19 July 1994) teach five variant firefly Iuciferases generated by
single amino acid changes to the Luciola cruciata luciferase coding sequence. The
variants have emission peaks of 558 nm, 595 nm, 607 nm, 609 nm and 612 nm. A

- yellow-green luciferase with an emission peak of about 540 nm is commercially
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1993; MJ. Cormier and WW Lorenz, U S. Patent No. 5,292,658, issued 8
March 1994; MJ. Cormier and WW Lorenz, U S. Patent [a.Augudti®®oss5,
i ssued 23 y\o¥r0780s1995; do Wet, JR et al, Mlec. Cell. Bi : - 737,
1987, Tatsum H°N.. et al, Biochim Biophys. Acta 1131:%{‘-7%@?“2 992:
and Wod, K V., et al, Science 244:700- 702, 1989. Another group of

Fami 1y (r achraiRbRfidd Pronflpa Sfasisbi At el oAb BDGIRY A Fdpcfimld Wik eauor N
Luci f er ases, amemission pask afxoot 610-rirh ksedeseritied) fop sxaniseytin Koneagsoul,. CE98)

energy, 25 such .as, ATP .and the lik and a bstrate, such as

| uci 19 gri n or%f:&zéfdeﬁ' #F?gﬁ%‘gﬁlm@ﬁl (wéld%%@"&ﬁ:éﬁl'éégl-&i‘Pf‘é&‘gges.
typical |y hayguefdeSsTaQtici i MRriddd ﬁ&ﬁlﬁenﬁﬁ(?léﬁéllgﬁ hadiSE bOYSde¥& Hegnt s Wi th

di stinct em ssion nmaxi ma have al so been studied. For exanple, Kajiyam and
Nakano ( Fr ot @nRNPn GENBASNK68dceshon Nood Y] 5288Sprorin Ancesbion A30G5093D, 906,

I ssued 19 July 1994) teach five variant firefly. |uciferases.generated by
singl e anino aci d?ncél.'gﬁ&%sgmf%‘ apﬁgle&?gis g?"t‘f“h?(ﬁ]&ffr o ?W@P@Fi&%@?&ﬁ thg
sequence. Thpreferabli aiddifiddasahfToasn agd RAlests Hose 08I Imdrd Bfikd MedGR the'm 609
nm and 612 nm A ]iel | ow-green |uciferase with an em ssi on peak of about

540 nmis colgst eslal Codopgnedfioationcag s adievrdgles exangs. bynetitizmeshe Crdow

avail abl e fr r E@&EE j : me pG.3. A red luciferase
with an em gg%%r?pea ’3%%2%@%%W%d%%g%bed, for exanple, in Contag
et al. (1D98http:Natwvw hertsa.dl.jpAbddd.7 Fanekakaé, yaThnditla de.cod®@IG iBort . Eng.

4:691-693. The codjng s.equencﬁlg OEJ' a, luciferase deri vgd fromRenilla
muel | eri  has®RrEEehEASHAE EFIBIEVBIlY IFRpRY QRNsARFey Het dadiding Koryrahis)i 5988,

prot ei n Accegst ,ﬁﬁ%@ ] C f LHCHS - hhed
herein, a euggpggtei C Iu%?faelregglgglrés%g're gcr’rélo ”frlriggﬁe?%} soat(ﬂg?%ég on usage
refl ects thosdhe§dpyrelinbs modifiedto TT6dor ayt dther codonthat Sekpres@das feucine

nodi ficati on. c(?l(gmﬂ;l)%)achi eved, for exanple, by utilizing the Codon Usage
Dat abase, avai on the Wrld Wde Wb at 10

http://vagn. kazusaAGirefeRéERRMA of Ed-spRsAERIE mutdfinEantali ffastRPeoadoty CTG i s
expressed as a serine residue, while in many other eucaryotes (including P.

pyralis), aringBCRxraggbprogeduses forBCRes taughtindviackbersenichglh, PCR:tA i s
: . . | S
bt her codon T RHABAcn, AR Mok ar BER ARk, Q001 3R (77 3™

met hod of sid¢amditjiee ifér caelh hpplicnticai ieBgion taychd enpfiealbpitaming. by numbémg PCR

CGener al rocedures f.or PCR.as taughf in ci Pherson et al., PCR A
P parameters mfluence the successgJ ott a react%?l. Among t(})xese parameters are

.20 .. annealing temperature and time, extension time, Mg2+ and ATP concentration, pH,
and the relative concentration of primers, templates and deoxyribonucleotides.
Exemplary primers (e.g., oligonucleotide primers) are described below in the
Examples. After amplification, the resulting fragments can be detected by agarose gel
electrophoresis followed by visualization with ethidium bromide staining and

25  ultraviolet illumination. Site-specific mutagenesis is also described below in the
Examples and Figure 1 shows oligonucleotide pairs used for site-directed mutagenesis
of P. pyralis. Preferably, the changes do not affect the amino acid sequence of the
resulting protein. |

Another method for obtaining a modified Iuciferase is random mutagenesis to

30  randomly alter the amino acids, followed by screening for clones exhibiting efficient

luminescence. Random mutagenesis can be performed, for example, by generating

oligonucleotide(s) to randomly alter the target DNA sequence.
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PRACTI CAL APPRCOACH, (I RL Press at Oxford University Press, (1991)). PCR
conditions for each application reaction may be enpiricalla;gdeteosi ned. A
nunber of ers influence the success of a reaction. hese

par amet er y@%&g@% ...... anneal ing tenperature and tine, 3%?"8 i nme,
My2+ and ATP concentration, pH, and the relative concentration of priners,
tenpl ates and deoxyri bonucl eotides. Exenplary priners (e.g.,

ol i gonucl eotide priners) are described belowin the Exanples. After
anplification, thg res Itti ng fragnents can be detected by agarose gel

el ectrophoresi s f0l 8°B§/’gvi sualization with ethidium brom de staining

and 25 ul traviol eThé éelqﬂﬁid&@-bﬁd@ﬂingﬁiéﬁ%@ﬁﬁﬁihﬁ'jl;-)ﬁotﬂiHE BALMES bS uded tal SO ,
described below in the Exanples and Figure shows ol i gonucl eotide pairs

used for sitesirpeceeiarsfor nigandiy Eansfrmptionygf atprast cqb: Jeverabsugh congrustsanges
do not affect .t ' ' u | tein. her
method {6 ofiF SeseiibEl BPBTImpSY SAGEtbr hidhn it AGPRICH Bh Ben Y 30
random y al t ke divided autb meo gedups, prémbieotesicdnstracts emhproghot@rcofaimigs exhi bi ting
efficient |um nescence. Random nut agenesi s can be perforned, for exanple,
by gener ati nfP5B¥Honucl eotide(s) to randomy alter the target DNA
sequence. 27 VIO O] QAZARAAUIY She ARBucPTH LIEABHAIARS, -0 YBRLAISn The

sequences encodi ng |1 ght generating proteins can then construct
vectors for shaitle vectonedetailaddiedowatin otheoémbodinnentss havedvir, tigecoastaket swill h

construc 5 ar.e described in the |l es..Vectors for use.in.t pr esent
vent 1 ol caffe iR aPERYer FaugTes cREEDY APBe] Ry FoUgESe HaURborHEaLD:

constructs ag pRiRéEt i8 acttiThahdaliikt 661 Hrbmbteds fanbiorRE i AafbeeoRafisAENt S, the
constructs will be pronoterless (e.g., transposon shuttle vectors detailed

bel ow). | n owaEpe iepbledlanexaminpadheprioratassasipted with the thigetl ganion delg. a
pronoter seque | pked 1.0 ot | f,erase seguence., Preferably,

t he pronot er%’l és}%glgﬁ ﬁ‘\gﬁeg‘f’ur)l%tf#e&?%‘g‘é@t Srcizljéﬁ?r.w%f%hr?{) %Fssc T I%:é'tl F%%gll. in a target
or gani sm nau‘aﬂsﬁtibﬂﬂﬁbbhffrd)leﬂbrbgnteaﬁ’é@i&féﬂﬁ@ytd&ﬁv?i fromn tmd taé@f ngahiahlled \l/vith t he
target oyfganism(e.g.,  as_exenplified below for Candida). Simlarly,
further {S?anscri p ?@HHFtS&HHPBFaPWIWMW%WFﬁ@t BITETALRE Profpie
preferably d@cfcﬂiﬁ@[eéigﬁé&%&@%séfﬁf D traFEHRIB A vechors SR iﬁt@%ltaﬁof{virft@%t a
pronoter associated wth the I'i ght generating protein T¢Toding sequences are
useful for tgansfeontthe thirget oxgatiomss déstrad.i It thiprsauatom, exgressidneof thehghte of t he

_target organismi.s desi.red, I.n this,.situaiion,.expression.of the.light
9 9 generating protein and subsequen? hgsht productiod is cfégend%nt on the finte:gratlon &h

the light generating protein coding sequences adjacent an endogenous, active

20 " promoter. Vector constructs containing such promoterleéss light generating protein
coding sequences may be linear or circular. They may include sequences to target
integration at a specific genomic location(s), such integration may be mediated by site
specific integration (e.g., a single crossover event with a homoldgous sequence in a
circular vector; or a homologous recombination where two crossover events occur to

25  essentially replace a genomic segment). Alternatively, linear or circular
polynucleotides may be introduced that randomly integrate into the genome. Such
promoterless constructs may comprise additional elements, including, but not limited
to, those described below. |

In another embodiment, the present invention employs vector constructs where

30  the light generating protein coding sequences are under the transcriptional control of a
chosen promoter (i.e., a promoter containing construct). As described above for
promoterless constructs, promoter containing constructs may be linear or circular and

they may contain elements that direct integration to one or more sites, or such vectors
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generating protein and subsequent |ight production is dependent on the
integration of the light generating protein coding sequanggas@adiogcent an
endogenoui’g %Cw Ke 20 pronoter. Vector constructs containing such

pronot er | eS8 generating protein coding sequences n&RFTHERPHEAr or
circular. They may include sequences to target integration at a specific

genom c | ocation(s uch. i nt egratj on,may be di.ated .by site .specific
i ntegration %?3%,‘3%0@??.‘&“0‘8%@%%(7@" ?}Féﬂ?‘_lﬂ{égﬁngn ﬁ’ﬂ?"ﬁ%‘?ﬁ%&ﬁ’gt%quence in a
ci rcul ar vectafisfoidiangs. honol ogous reconbi nati on where two crossover events

occur to 25 essentially replace a genomc segnent). Alternatively, |inear
or circular pol yAtes & light senesdfingroten cpensingisqanuences dergbhedhareinsarn hee into

t he genone. nr o, rJ igional el enments,
el i ng, - b e B LR RS b By RTR VLB RS,

enbodi nenf, tédmpyiseasent mony efthe dslloviipd: §Y)soneet hivre polysdenybition wigaile, (20 t he

| i ght generating protein coding sequences are under the transcriptional
control of a®N&PJeers IplegrpeR fargsting sequsngss i) PR o pReATEPIsaHcalien(4)  As
descri bed ab : : t.ajini tructs
oy be || neat r SR RERisEon mARADE LR aff CTPAS FON Bl g aaps
integration bbintm&t.oﬁ'hmcﬁn&dqes;cemf ipigdst typimﬁy sofipridhédingwat 2005 WO
ot egr at i on ERBFAPRR o5V G RioR ERURD FRETES. Foh O lat P PERSGINRr at | ng
prot ei n gpcofjiGehfatRnpR ikl SSiridesuls afll B pfitfotBefuntisiAl inaf faRlp vectors
pronoterl ess or pronoter containing vectors that further 5 conprise one or
nmore of the exganis ipgperphly ligked ora apding spariopeciefiptesest, dhe ¥ecdpranay, fugthgr  one or

ot cat | on. sl Ist R SRR oo K BBl sRiscfbiongg (s)

one or nore tedighfgareiiapafcin@hcddigdegtdncesTh8maREirRGcAPIMERAGE] €EmERt er est
typically conprise their own transcriptional and/or translational control
el enents. FoRssesialep Math the coding spquence b ieresto In anpiher exereplary sipqsimert n

construcfgis ' | gani smis

oper abl yisl i nﬁ%%ﬁ%ﬁ&%@g%ﬁ@%ﬁ&g%@ﬁ%ﬁ?ﬁ% léﬂ#ég%r%ﬁﬁ{ohgcft%%s? ggdlﬁgy further

E:orrpr i se E r asmu?ﬂqe‘f ﬁﬁinlte;rgﬁgaydmiimm?gaq uéthq;rer_nbtrﬂpssﬁicfjmgenaeamgtﬁmteim?h .
ranscription e li tger@ra lng ro elqr}..enco I@ﬁ sequences,..fromthe

_transcripti O?pdg%rqug?ncgf,, R thesogdiog 3eeengsal piesIBeP g ORE S

i nterest. | nGapRbofivESRAPLA! PalgiRedediRRdos td erehiR! cs8XATIRY SseitiiRed thansf or m ng

Gram positive bacteria, pronoterless coding sequences of interest may be

i n tandem wi plevisieamelnistionii hessegegener ati ng protein codi ng sequences,
~wherein e codi ng, SRAUENE &Pt brds G iiRbion BE Y8 RASE oMLY doPEda

transposable or mobile genetic element.

2A. Transposable or Mobile Genetic Elements
In one aspect, the practice of the present invention employs the use a
25  transposable or mobile genetic element. The specific transposable or mobile element
is chosen based on the target organism. Exemplary target organisms and associated
transposable or mobile elements include, but are not limited to, the following:
bacteria (e.g., gram-positive, gram-negative), yeast (e.g., Saccharomyces cerevisiae
Ty elements, Boeke, Garfinkel et al. (1985) Cell 40(3): 491-500), plants (e.g., maize),
30  and insects (e.g., mariner in Drosophila). For use in the present invention, the
transposon or mobile genetic element is modified to include either a promoterless
light generating protein construct or a promoter containing light generating protein

construct. The transposon or mobile genetic element may be modified to further
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G am positive Shine and Dal garno sequences to create, essentially,

sequences that provide a polycistronic nmessage. 20 In Qa@\l@@mmf t he

pr esent the pronoterl ess constructs conprise a gsabl e or
nobi | e ge&y@:ﬂ%{b@ Brent. 2A Tr ansposabl e or Mobile Geneti 3‘%(@2’1%%% n one

aspect, the practlce of the present invention enploys the use a 25 _

transposabl e; ér%l %ﬁch%%%ﬂbnal}ggnﬁ&%ﬂ%s% o gélso[}?t%%res or mobile

element is chosen ase arget orgdnrsm e ary target organi snms

and associ at mjrplchnya, raﬁpmsqhhmtoadd&ﬁm the teheposoi 6r mobileigtpctidelbmasiteard Ot

limted to, fallown bacteria (e. g gram positive, gramnegative),

yeast (e.g. WH&PW oundariesiod the fupctionalgansposopobmebilegenetiskel et al .
(1985) Cell é%ﬁ-}l e@%n@&h,rfp@aénéﬁh%t%en%&a@s os@goﬁﬂl%ﬂﬂé&féhé (e.g.,
mariner in Drosophil e In the present entlon transposon
or nobi | e3 gerskicnt mﬂcma‘@dﬁhe sl ded domhpaentsonovecyisid thedransposomopmolmib ganktis s

| i ght generattﬁn_% rotein construct or a pronoter containing |ight

generat i ng p construct. The transposon or nobile genetic el enent nmay
be modified to fugnaekeRBlalArRA05063300us3n MeGHen2RGioR FTTAB02/ PARRS

I ncl ude ot her elenments, such as additional Eol ynucl oot i de- sequences of

i nt erest. Typmp@ﬁlﬂe;typwwsemmnmﬂyamgﬁ tShephyloseuspose (GeneRamk| e
genetic ele u n

t ransposon g?‘%e Nd ﬁe@g%ﬁgéﬁgpjﬁ ftﬁ% &ﬁﬁ&lc y Qbﬁa{\iﬂ g?hgﬁ]’t hat

when thelor ammgaﬂmsmnmm A(1989)aFédne 83: 365|1 %E}nt Thie bmﬂﬁhﬁd ca;famea@lded
conponents -nove wWith the transposon or nmpbil e genetic elenent.

exenpl ary t r S8t Bhigh deetes of Rademaess ito thekateralphramasemsef, Gramu ass |

(Gonodank  ACCIGLATRRRRES. PAGKRRY erfonatdiniinh PTG BARML SRR, (210,
see Byrne, Viydidataibht, the h@ndpn@on ﬁmcﬂbnﬁkmﬁmynegam(c ho4t@8D9 asGeele 81: 361- 367) .
(he bact er | al  chr HoSeRRsPIs TR TR toeoer BrInghED e St RRNOBRREN f of ned
in suppo{4 OihetIB%@fr@é@iBh séd?l\éﬁé'ét bﬁ@ent'a@ﬂiv@ﬂ&@reb@ﬁé (IRhS WHi@\ &g functions
in Gamnegative host cells” as . The conponents of the Tn4001

t ransposon i MskEdgs Sé(l.l)encmerebemepmaﬂnd({b)m @@Smsasmmﬂ@atQMIn fiwertion
seqguence, pres t,as V e .an nsertion
sequence. t hel bRk BRRRATOF 850 & i etist, o, PEEL BT 10 Ehe

I Everted I epaahsposodths invdabd repeata Brel dBRSIAERO D b&@eeb@idaw of@RActi®fagrring to
the

transposon unif. This basic structure may be further modified and placed into a
.20 . variety of vector backbones, as discussed below.

For example, additional sequences of intercst may be inserted between the
inverted repeats (e.g., 5* — IR — light generating protein coding sequences -- sequence
of interest — IR 3°), as well as the light generating protein coding sequences. In one
embodiment, the additional sequences of interest lack an associated promoter region.

25  In this case transcriptional enhancement sequences may be added between each
protein coding sequence (i.e., to create a polycistronic message). In an alternative
embodiment, a promoter functional in the target organism is operatively linked to the
sequence of interest.

When promoterless constructs comprising the light generating protein coding

30  sequences are used, the light generating protein coding sequences and any additional
sequences of interest are preferably introduced into the 724001 transposon such that
the direction of transcription for the inserted sequences is opposite that of the

direction of the transposase coding sequence, and is therefore not under influence of
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transposon the inverted repeats are considered to be the boundary of a
functional transposon unit. This basic structure may besfaigtéeroogodi fied
and pl acegv' tqlﬁ) 20 variety of vector backbones, as di scussed bel ow. For
exanpl e, d%‘ﬁ% %1 sequences of interest may be inserted dt{WEER%Ehe

I nverted repeats (e.g., 5 - IR - light generating protein coding sequences
-- sequence of interest - |R3"), as well as the |light generating protein
codi ng sequeleRseosass PromOtere Hsaes. tassequenses &ébﬂ?‘ihﬁﬁﬁ‘ﬂs%@&g é‘ﬁl?&m@f“ﬁtlﬁt er est

| ack an assog; : : | : t,hi: I Ot
cnhancement LAt aiorR Wb e ignes tefindin bl GOSRV ST MBS0 .
(i.e., to creaue. AApotorollattbisimeans tied ge)coding saquentdsdontiieiopen readingdi nent, a

pronoter fungti ongjl in the ta%tﬂﬁt or%ggtiklsm i s %@grat.i vel%/.l i nked .to the
sequence of HATE ¢ the SFALTCRT nBieest & GARHICHEE 4<CB PBPYLierfieRtEORg Pht
generating PHRUNTA. Q0fhReely, 3% SAPI_ACIeqRNEe Hafle pdéntlih filsagigner ati ng
protein coding sequences and any "additional sequences of interest are

pref erabl y i emendaticned thewequenice of tdeest, providss twbh isloctted Hawnstieam afithasct i on
of transcription for the.inserte equences.,i s gsite that of th

i rectton of “SRENEr e 8 SRR MR e Sal AR P B e R e

i nfluence of amDexXpfesEidh 7 2R30EhPdendbiding tprat 6 enEprodLiQ2iod T e dritas posase
pronoter. Hence, the sequences will not be transcribed unless and until

integration of th¥heRAPEMRQIEFESE CORRETEE apretier dn the Paratice of Bie paesentiayetion,
pr onDt ery g e%@{ﬁﬁgﬂg&%fﬁingﬁgqtﬁa%&;@g@&? pilafly Gl ol WinclaBEencOBr £

sequences for pen r ences i nferest and
t he transposgemotereontainad pathirt the oranposableiciamsenit.n'Thatti) @o PiAnotét seguamicdt y, t he

t ranposase sequepnce nmaybe _present in the same _orientati.on t he sequence
of interest OHIAUY Beeel Rt the mansposan et criAedinte sanesrptian of tedightnce. i

order to avo%&te{]agﬁg- }&iéia.u@hapfe@éﬁémﬁnﬁdaﬂﬂ%me%ghf-éégé%é%?ot%gg@&e%e and

expression o i ght generating protein gene product prior

i nt egr at i on. is\itseried rdjaeené ot insdose protimily te ther3d end efithe §” invertpd sapedtce of t he
present jnvention, 10.fhe.lji.ght-generatin ,ein sequences are typically
Erpl oyed 3 n THESREsufes B s EpaRE F Rt TR o ERe R RE B Bos bl o

el ement. Thajpsérfed ifl@n BfiEMRA®T oppREiehatof the trhnjiisisRsEYueRt€ AL thi éRhRvitthe
transposon that can nediate transcription of the |ight- generating protein.

In a pref er r&hserpfinn ofdha transpese segrancy E1eet soedgnprXien of drage of s
i nserted adj -1y . C : L ; ' ] .y ted
e AR 0, LA Aot oSl b el R 52
t he sequencethe genomsef drastganismanf aitéesitadjacent aappiied et ploadotafregiba. t r anposase
sequence, such that even with ) )
SeET 0 7 The transposon cassettes are typically cloned into shuttle vectors for ease of
manipulation and isolation of large quantities of vector DNA. A number of such
shuttle vectors are commonly available, e.g., pAUL-A (Chakraborty, et al. (1992) J.
Bacteriol. 174:568-574); pE194 (Sozhamannan, s., et al. (1990) J. Bacteriol 172:
4543-4548; see http://phage.atcc.org/vectors/gifs/68359.gif for a map of this vector;
25  see fip./fip.atce.org/pub/vector_seqs/pE194.html for the full sequence); pMK4
(Sullivan, M., et al., (1984) Gene 29:21-26), pDL289 (Buckley, N., et al, (1995) J.
Bacteriol 177:5028-5034), pSK+ BLUESCRIPT(Stratagene, La Jolla, CA); and the

PpSUM series mycobacteria shuttle vector (Ainsa, J.A., et al., (1996) Gene 176:23-26).

Similarly vector backbones can be chosen for any given transposon or mobile genetic
30  element based on the host (i.e., target) cell into which the transposon or mobile
genetic element is to be introduced.
For TN4001, such vector backbones may comprise, (1)} a Gram negative origin

of replication {(may be conditional, e.g., temperature-sensitive), (2) a Gram-positive
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transcription of the transpose sequence there is no transcription of the
sequence of interest (e.g., light-generating polypepti de AagdstrRposSequences)

prior to i con into the genone of an organi sm of i glngacent
an activelﬁg%é%%dgrmt er region. 20 The transposon cassettgﬁsﬁ'réﬁ%ﬁ{“y cally
cloned into shuttle vectors for ease of manipulation and isolation of

| arge quanti {.j-&; 3 r of ,such, shuttl.e.vectors.are
comonl y ava%bgrgllog?ep\éﬁgtﬁo?{&%e&% i ?ﬁﬁgﬁ*‘?a% v JEP e&“"ﬁﬁ?“(’é@zégﬁ.po@lgﬂ%?reri ol .
174: 568- 574) regidn] 94d (4Poahsoniption ermsnatio fegddns. (1990) J. Bacteriol172:

4543- 4548; see ht{p://phage. atcc.org/veetors/gifs/68359.gif for a map of
this vector: 25 slégaf{lle}?/llcgeﬁ'ﬁ?b&ﬁ@& Ehgrystisn pb et srempley/ransmsable elementef t he

full sequencgkHreMA | 4 ; }g%n@ 1 Dotk 289
(Buckl ey, N., é)tr al . ?ve%x%}gns?léj‘ﬂn %J;;(%?nerl o[fH Si”#@%@fr 3 ,%Bﬁita@pmg%
BLUESCRI P ( Stedinggpemences.aEdahpla 2 dedribeatin intraductiGUdS the tiaasposycilbaat eri a.
shuttle vector (A % Gene 176:23-26).  Simlarly

o J. A t .al. 1996 ;
vect or backbBHBE, gﬁfg%grséﬁﬁ@éff’rfﬁf(’d&ﬁé’gé]ﬁ/ HISPOSQR PG SIRIREr pbdilieeentenet i ¢
30. elenent basath Fxahiphe DA&cribes e of bA¢ S&he vgﬁéﬂfumﬂﬁr%ﬁ)&gﬁ&?ﬁéh&ﬂ% lbafsPoson

or nobile genetic elenment is to be introduced. For 1, such vector
backbones malfarséempiclskiolumipesgentcglantesg £¢lls transforgied byshe mepiododthepresenty be

diti |, . . - it] e} i ti 31 .MO
557 072808 24 Rebion VSERBALLESHORINE cokBls s £ R oh s AR e
condi ti ortal , usingoptidabdqestivhuhe ne@sliitdlidn. (3) a pol ylinker region, and

(4) transcription term nation regions. Exanple 1 describes the construction,
of an exenpl ary tHu9n$6RHPEthSPESHERL InVAMtioRNeCloF backbpnesRASARSF FAnscripion

scquonces. EYamRaobRgBbRER HERLER Bnl LRI ARRIA: PSR hoteRIY
hunber of vedtmest, foséapurpase dfipreventing exprdskien of diedizhs generating palypeptids  of

different bacteria. Exa 3 descri bes, use of . one t he .
vect or / t r ansPE¥4A "E?ﬂ%??‘ﬂ%lttge Farses giafhe P?%HWHQ&P%OEW KEYRE AR

col oni ess %@ﬁiﬁaﬂémrm.gyﬁfeﬂﬁnﬁmwﬁé) MERE) E&4B80;3503eNnt 1 on wer e

I.sol ated from ano col oni es pl ated at ensity on solid fredium 10
usi ng opt i caMadeeraid Ldh, eirdl (Ke9)all Moé dielt 2321 1030RT@TeTeangp 8., avfal (IO esent

i nventi on, vg@%gy%/g?%%ga?gggﬁé?ﬂﬁgéss transcription termnation sequences

fl anki ng one transpo”son or nobile genetic el enent,

for the purpose ofn th¢ picBittddENRNER WHRF: BE ofiBin IfirgilicaBENR' BhdtIMGal in
pol ypeptide prior to integration of the cassette into the host organisms

DNA. Such r eRfthfsammssatiyeiand (Framrpasiive rganissiseths pgeseneeeefia GranFnagative 1996)

_.Ann_Rev #geNelrigtl ofRpiidation permits replication of the vector in Gram-negative organisms,
thereby facilitating manipulation of the inserted sequences while avoiding the
restriction endonuclease systems of Gram-positive host organisms, as well as
permitting isolation of large quantities of vector construct DNA. In this case, a
selectable marker may be included in the vector to facilitate passage in the gram-

25  negative organism, where the resulting DNA is to be used for transfbrmation of the
gram-positive organism. Selectable markers are employed for passaging vectors in a
host organism in order to obtain a quantity of DNA. In this aspect of the present
invention, selectable markers are not used to identify transposants, rather expression
in a target cell of the light generating protein sequences is the screen used to identify

30 transposants.

Alternatively, an origin of replication may be employed that is functional in
both Gram-positive and Gram-negative organisms, e.g., the origins of replication

present in certain Streptomyces plasmids (such as, pCK1).
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MacDonald L.E., et al. (1993) J. Mdl. Biol. 232:1030--'tb37Deng, S.T., et

al . (1997) Can JMcrobiol 43:1147-1156. In the preferrad,aa@ggcﬁgmsnt wher e
the origi QV(?Bz/JﬁQ)L%' cation is functional in both G am negat
G am posi tive organi sms, the presence of a G amnegative .70
of replication permts repl i cation of the vector in Gram negative

organi sns, there faC|I|ta ul ation of the inserted gquences

whi | e avoi di ng t h&he prginof g 18?1@%8% Cg’éé’mgf}éﬁrﬁmﬁ?“@?& gg?t i ve host

organi sns, agendt klegfent RAY BE Eithé?&oht%ﬁioﬁ&l}r aalﬁforlrﬁéﬁﬁst%@% é&nuﬁﬁnaf gct or

const ruct . In this case, sel ectabl e mark méK be i ncluded’ ' the
L))

vector to f aﬂieltﬁ’mmfét'—lfﬁi%@&’@ée pﬁgtnr@lgpﬁm@as mefgamd pAbii-&shuilher e t he

resul ting DN r rampositive
organi sm Sel eé(t:?ialﬁdﬁ] e aHﬁz’g‘?%f@F‘é‘h@p O%Ig‘% %‘ |§§1s hcélgv BP9 2 host
organi smi n ocomitucts of thetpaésentancgntioh iid tYlatCﬁuchBlémehfs pbhilﬁ stabiesionif thd e
present invention, selectable markers_are not used to identify

t r ansposant s eStol{oqastrust 1y the Bt preanismyof ifegrst gromyn under permuSsivgIReNgEARS: at | ng
protein sequ « t

Al ternativel sﬂﬁggeﬁg?tlt%llgﬁh% G%a#%glﬁ ?tcl))?l &r‘r‘g‘%ﬁ‘ %ifﬂé%%gg/rtedﬁé@%?s éunct I onal
in both G arespictive corslitiomd (€ enmegHbic\cievated 40a soB-perenigsive lehel afier gi ns of

replication re n cert Streptonyces plasmds (such as, pCKl). 32
24 August 206§1 9@#@2#" al'313’CTY1JSOZ/ 07029 The origin of repl ication in

the vectmy carryIAec&ergtyr m&meranﬁmmwm@ea@%@m&bmtw%v be ei t her
continuously active or may instead be conditional,

t enper at ur e- %%%WE\P}@ isarispesenior sbgE geustic glement (\mrddcq»mpmwe e@WDL A shuttle

vector. An ditional ,ori | i cat n|n
Uhe veetor SentetEn@lildnatbidoRsBaRnb i R0k o el dongtiiRe o

permit st abitramfdrinantsate idhmﬁedafymmamgttwmduce lfghre Tpidallgf HfRnhsm of

i nterest grown under perm ssive conditions, while permtting the host

organi sm t o Bensigmation protooherllssEs platediaad regienme G?’?d@?te cpriginingdlight e

conditi ( BIREL: ﬂ%ﬂ’ ter
transpogﬁio Qratmggcu”g%éhﬁﬁg&%@égg CBQ?I@, af't er g?argj’rs]@sglﬁhg‘f &{%f t he
target or garmﬂtrmremdflﬂldﬂrmsﬁenmd) r:ellmpteasmgtl@lighemgqs@tammbdmbr le
genetic el emantﬂé“r c%h (of0) |ses EI'[B E‘iormt r cont ai l’llr‘i or

pr oot er | essSGBYLEH AHPDs cAR Bk cared eRtip gy Y Se-F9Id QUIRS f or mant s
are | denti figtchMls kbl ar@,lmbyfhg foP R GRicldtiplardiyPi cal Iy, after a
transformation protocol cells are plated and regions of the plate -
containing light 15 generating cells are identified. These areas are then

__passaged,f o provifle Mye BUE 1 prasmids

The methods of the presents invention can be used for the transformation of a
variety of cell types using appropriate expression vectors comprising chosen
expression control elements. Appropriate vectors and control elements for any given
cell type can be chosen by one having ordinary skill in the art in view of the teachings

25  of the present specification and information known in the art of expression vectors.

For example, light generating protein coding sequences can be inserted into a
vector which inciudes control elements operably linked to the coding sequence, which
allow for the expression of the gene in a chosen cell-type. Exemplary promoters for
use in mammalian cell expression include, but are not limited to, the SV40 early

30  promoter, a CMV promoters, HIV-LTR, the mouse mMm tumor virus LTR
promoter (MMLYV-LTR), FIV-LTR, the adenovirus major late promoter (Ad MLP),
and the herpes simplex virus promoter. Other nonviral promoters, such as a promoter

derived from the murine metallothionein gene, may also be used for mammalian
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operably lin

cultures of the transformed cells expressing the light gene ng protein

codi ng - sequences. Such manipul ations can be carried out24|A]nguglqg00@ or

sem -sol i materials as well, enploying, for exa mcrotiter

pl at es. 8"(3%%’%@ ors and Plasnids The nethods of the pr gpégﬁq%’ 2082t i on
can be used for the transformation of a variety of cell types using
appropriate expressi tors co ng chos sion control

el ements. Appropriate We%ﬂ?' rﬂgoélr’ff'"u eaﬁgrgpgyaﬁgqy?azm SEIRFBRCS AR | type

can be chosenisbypraes: heyieng' t@rﬂi’d fadslatiok slop coflor. reftfdbly, @s!filﬁéﬁ’c@fort he
t eachings 25 of the present specification and i nf ormation known in the art

of expressi oRPUEEZGPR of intigtion ph irpnstation; igpated @ nierthe Poringeguericn, iseliong
sequences ca %e%g? E)f‘eg FRhscR tlélnet(éfxﬁﬁl mﬁ?@ﬁl@a&%@ka‘t‘ﬂﬁ §1Igﬁ€lg 1;énr ngﬁ% X %F gﬁl S of

odi ng - sefience.

t he gene Hn deﬁbﬂﬁi@dﬁn@éﬁéﬂﬂ- hyygeecrited dnBhrabiooR) AN} Kipda,fad wellus @ bbinganmal i an
cell expression include, but are not Iimted to, the $SvV40 early 30
promoter, a EMAVHIGHReRS termipptor seppencen INtFRNS SO NFAINIRG splicedoper apdrageentarr

pr onot er (MVENeé—EB%alsglb\é dediBned il tﬁsieaﬁ&h&y%orr@e wlm'tﬂégrepénwm%ﬁﬁm( Ad M.P),

and the herpes Sinplex viruS pronoter. her nonviral Ppronoters, such as a
pr onot er de(@hmldnre{oni,tﬂﬁef rhaids Res. r(ﬂ%ll)l_ﬁ:BﬁV!ba%%) gene, may al so be used
for mammal i an 33 g sl% 2005 072808 PCT/ USO 07102 gﬁgrbifssr on.
Typical ly, transc c I@FWW 'q 'BAF3PE FERTFAL He§8€’ﬁ‘ 190, o

al so presgnt Neét@ﬁ@iﬂ@ﬁu&s E;eensmaytehm&b@tiﬁaﬁuesb@rhrsﬁ&qnmtatsfﬁé gty a
sequence for optimzation of initiation of translation, | ocated 5 to the

codi ng sequefddy g¢ns cahanser, }9? dessribed imBifksmast k., EMBESE (1996) 4161, the

dosor i bed i nOQREEL AP Be A Tfiyg e 10 it (EE] f38e BRTSHYRBR o

t er m nat or sé’mnnemeiesdrmed(im@onﬁﬂmml nPreg. Nedl. IA‘:.edd&ﬂ.OlrJSAir[ﬂigmy ePi6077 akd t es,
may al so be desi gned I%%:& the constructs for use with the present i nvention

(Chapran et Slemenjygerivetfrem hygan (Mygas %W@?Q%Wetatnﬁﬁlﬁﬁ@ﬁ bl enent s
may be uped 4. s@%@ﬁﬁ&r%&ﬁ@ﬁﬁm@d }1‘;‘%}@'@%9 g@e{ﬂ. ngéha fah Y a
t are no fe

constructs. Exenplary enhancers I nc to, tlh’e SV40
early gene eMranteds Ras(199%r12-B89-3986Di | kema et—at——EMBO J. (1985) 4:761,

t he enhancer/pro I de i ved fr ter R) of the
Rous Sarcoma Vi rgo %A %‘é’f’?"b& ‘?rﬁ"}fﬁl‘ilﬁaﬁgg ﬁﬁ"&ggs%h@gh‘o%ad Sci .
USA (1982b) za)aﬁfgo?freﬁnéau&{ RERLE (B?Ekﬂﬂﬂefﬂmﬂuﬁﬁmlcb@’m@ﬁ PAESECiIRgd 1 n
Boshart et al., Cell (1985) 15 41:521, such as elenenfs included in the CW

intron A seqlﬂ'fﬁ% @REEAapRAR @uvipgen, Cpulsbad AGA andRbs like)1 Sueh plaemBB72ge 3986) .

.20 -.disclosed by Sambrook (cf. “Molecular Cloning: A Laboratory Manual,” second

edition, edited by Sambrook, Fritsch, & Maniatis, Cold Spring Harbor Laboratory,
(1989)) and many such vectors are commercially available. Bacillus plasmids include
pCi94, pC221, pT127, and the like, and are disclosed by Gryczan (In: The Molecular
Biology of the Bacilli, Academic Press, NY (1982), pp. 307-329). Suitable

25  Streptomyces plasmids include plil® (Kendall et al., J. Bacteriol. 169:4177-4183,
1987), and streptomyces bacteriophages such as 0C31 (Chater et al., In: Sixth
International Symposium on Actinomycetales Biology, Akademiai Kaido, Budapest,
Hungary (1986), pp. 45-54). Pseudomonas plasmids are reviewed by John et al. (Rev.
Infect. Dis. 8:693-704, 1986), and Izaki (Jpn. J. Bacteriol. 33:729-742, 1978).

- 30 ~ Suitable eucaryotic plasmids include, for example, BPV, EBV, vaccinia,
-SV40, 2-micron circle, pcDNA3.1, pcDNA3.1/GS, pYES2/GS, pMT, p IND,
pIND(Spl), pVgRXR (Invitrogen), and the like, or their derivatives. Such plasmids
are well known in the art (Botstein et al., Miami Wnir. SyTnp. 19:265-274, 1982;
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Sui t abl e prokaryotic vectors include, for exanple, pl asm' ds such as those
capabl e of replication in E. coli (for exanple, pBR322, (ust 261

PACYC 184, RSET, pBAD (I nvitrogen, Carl sbad, CA) a é&% Such
pl asm ds ar 65}@9& | scl osed by Sanbrook (cf "Ml ecul ar %‘2};’1 ﬁ!ﬂlﬂggor atory
Manual ," second edition, edited by Sanbrook, Fritsch, & Mani atis, Cold
Spring Harbo Ofate F CI ally
avai |l abl e. B?(l:-&% aés/%()% [ nc?OI%POf@gﬁ%Fg%fg%g}ng%Zg feg’c I i ke,

and are di sclIxﬁmethnby Golt Spring(HarborThebobdodre cObMISpriBy Blatty, NV, phﬁtsam 1,
Academ c Pre 9 Suitable 25. Stre ces plasmds
i ncl ude plil 3?3]( %ﬂ%—‘i‘ f% é{28§53 28% 19%%&%?1} ¢at., &651114&1?1713@1&?51001 #8998, and

st rept onyces 15 eidi QR 8 €21 THOBgR5A @oﬁ;ﬁeh(e g%@feaﬂe 9, 3, Glne %(i%gce

| nt er nati onal Syrrp03| um on Actin mycet al es Bi ol ogy, Akadem ai

Budapest ,5 HEnpressior, me9mlcﬂbeSSAI§Y5]dp S56P6O8A88dNnas pl asnids are revi ewed by
John et al. (Rev Inf ect 93..704, 1986

Bacteriol . 33: 72018058 Il%aﬂ’%g pr%tﬁlnﬁp?c}mg %eq@ﬁ%cﬁféﬂl?ec&%‘feéém{’d’é‘y nHabGH%f f or

exanpl e, BPVcokR¥rcidBCaiallitle veckié t getrefit€éxPRestioh Gl the H3EPPMNratingPCDNA3. 1/ GS,
PYES2/ GS, pMI, p IND, pl ND(Spl), %/gRXR (%ﬁ\’/l t rogen)%ﬁand thé1 l'i ke, or

thel r deri vapﬂmgptldslf@wsslaag magdeer 0£trénsmrmatnnnmml apprapriatedrast $HBtEMSt ei n et

RCTT Us0a! 07030 Q"T‘"‘%}‘?deg Bt ateyitye e o it %@gw%ﬁ@vﬁf b%{é%‘%“g?%%

Sacchar ohfy c e gandforieatiOycR el IR, lent‘ie BAcanceiRUs mbmsm:\fmwﬁs baer Laboratory,
Cold Sprin r bor . 1981;. Broach, Ce 28: 203- 204, 1982;
Dl on ot ar. LABORAIQRY MaBisai 089 oeamp it diciechmbegs LVARS GO9T) 1 n Col
Bi ol ogy: A @%K@HSCY&’[&EB%(S ﬁﬁggg;@; ve r<TOP Bach Y § A Forma %Hrﬁﬁs?ﬂ:%ng

Academ c Press, 563-608 t generating protein enco
sequences cah. Meemlolﬁémzﬁm Br onmntidDLEfoLAmdBmme ,dblin/Walegiahd Sbas,vect or s

to generate h ener at i tlde use as a
marger of trg"r‘fpfbg‘?qﬁr%l?ﬁoﬁ qr‘:tF En"eﬁ ?@Sr yPast g""i‘?&l‘g’im siag‘}st ens

i ncl ude, 1put Télf&nl:gj@‘lsoh'm U@Pﬁ@ntﬁbq{]@ﬁ AN REed X/I%?élpfﬁlé% Jdeasd QW rus 10
transformati on Ijy R, et al., BACULOVI RUS EXPRESSI ON VECTORS: A

LABORATORY I\/WI-‘&JM&W@& 923, 62%208vissuedeMagl3, 19B7oGébBﬁ¢mﬁesl‘ Al ABWBid K@m1)

Phar m ngen; n formation,
Ausubel , X F. fg\‘/fe% efi%]ﬁk gﬁ%kﬁ (M%q%% ?@2&% ohn Wl ey
and Sons, | (1(992), Kodddel FA.V. Qiembacin; Eﬁtﬂﬁb@gﬁ1$ﬁ)ﬂ99@a€hﬂ&ie§tc§faﬁﬂ BRI on,

Rosenber g, @ind 15 Tekanp d so S. Patent No, RE35, 749, |ssued
March 17, 195k Mithedein Engymology L%(l9ﬁél ¥Rgtordor mammaliameell ransformatiog, 13,

1997, Gojg | sfftect Lif€ Tectnologft/ABEEBXR Grand Island, NY, Haynes, J., et al., Nuc.
Acid. Res. 11:687-706 (1983), Lau, Y.F., et al., Mol. Cell. Biol. 4:1469-1475 (1984),

Kaufman, R. J., “Selection and coamplification of heterologous genes in mammalian
cells,” in Methods in Enzymology, vol. 185, pp537-566. Academic Press, Inc., San
Diego CA (1991); and vectors for use in plant cell transformation, plant cloning

25  vectors, Clontech Laboratories, Inc., Palo Alto, CA, and Pharmacia LKB

| Biotechnology, Inc., Pistcataway, NJ, Hood, E., et al., J. Bacteriol. 168:1291-1301
(1986), Nagel, R., et al., FEMS Microbiol. Lett. 67:325 (1990), An, et al., “Binary
Vectors”, and others in Plant Molecular Biology Manual A3:1-19 (1988), Miki,
B.L.A,, et al., pp.249-265, and others in Plant DNA Infections Agents (Hohn, T., et

| 30 al, eds.) Springer-Verlag, Wien, Austria, (1987), Plant Molecular Biology: Essential

Technigues, P.G. Jones and J.M. Sutton, New York, J. Wiley, 1997, Miglani,
Gurbachan Dictionary of Plant Genetics and Molecular Biology, New York, Food
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Leeuwenhoek, 62(1-2):79-93 (1992), Romanos, MA., et al., Yeast
8(6):423-488 (1992), Coeddel, D.V., Methods in Enzynol egwyulgs(Zs80) ,

Qut hri e, R Fink, Methods in Enzynol ogy 194 (1991): vectors for
mamal i an%:%?ﬁ‘%?o nsformation, .20 C ontech; Life Technol d’&l)é@/)@“'@&%- BRL,
G and Island, NY, Haynes, J., et al., Nuc. Acid. Res. 11:687-706 (1983),

J
Lau, Y.F., e ) 1. Biol. 4:1469-1475 .(19 ufpan, R J.,
"Sel ection a%la)%lcl:l%tgr%p)%g %’fligcgz‘g’tli&onﬁﬂy’ 'JFT BFEP @?aﬂé’ffe‘gﬁlﬁ“rpg%ﬁ%?‘%an cells,”
i n Met hods i Bidksgy Newoditk, Oedpmah@% Haflpb®)7; 566. Academi ¢ Press, Inc., San

- Diego CA (1991); and vectors for use 1n plant cell transformation, plant
cl oni ng 25 vect or YecteIseRMpERING bt gansratiag proteia codipg peuanges magalsoand

Phar maci a L ' e, . Pl NN ati - N
Bacteriol . @glﬁsgﬁcﬁ%g%%k@%%%?@ Sﬁ%‘%ﬁﬁ"qﬁ‘? , etahé)%to%"ﬂﬁg ro(g%ittagg.t Lett.
67: 325 ( IP909rganinm (ef., alsingle' BNidagegueride hbmokigpustodneioh etose site iRltleedargvbl ecul ar
Bi ol ogy Manual A3:1-19 (1988)..Mki, B.L.A, e . 249- 265, and
other<i n pl Eeniayeed 1y EREALnkgilon Prasatgcss hadciifEiomologms) "¢
Spri nger - Ver jegGmbifhsh (e SWo! RquenéSSomolbgoito MRS H Plarddh BLidghe wl%?Mﬁﬁnt I al
Techni ques, P.G Jones and J.M Sutton, w York, J. Wley, 1997, gl ani,
Gur bachan Di deitensequendes Plank thedight géneratimg @rofbingoding se@ientesdys whlkas afor k

Food 35 24 [ Q7 8 PCT/ USP2/ 07029 Products, Press, 1998,
renry, R AR ool B R AR Ry B AP DurS e S Bl Rew Yor
Chapnan & Hafalgetihf Sdquelves tad be £ isbiafd, fdr@iaém}]gelbyrda&igﬁﬁg Pﬁﬁfeﬁd dhdcodi ng
sequences nmay al so 1nclude sequences that facilitate single site

reconbi nat i cHpPlHyBsthesequensedydiCR: The yeplifis} pspdpichramtherbejinseriedsintot e  DNA
h . Of ¥ ite | t
Faci 1t at o et a8tetaddh AP0 SaloreErcbitabilf doBAE: RESHANE. HaRind ©

reconbi nat i othe éegugncestwihiclsareg desiradto be imégrgted s Intepratingoid®ors Ma@bé sir@edr genone
wherein the tw sequences, flank the |jght generating protein coding
sequences (a¥ {epY aﬁ'ﬁwsms@eame@og%?#tgﬁpre&?% HRRUOTbYCClqRF £47BYing Belfences of
i nt er estyk. ki iikih 8dds L] bl Y

I sol at edl?s' fgéryEl gﬁagﬂgp}edt%?%g%“s‘% n “%g"éé‘?l nmer ga@n%ﬁﬂgﬁapﬁﬁmgﬁgg‘wgﬁgg @gtggllence by
PCR. The anpieqgfénsds pfiottmest) anbd inbndixed inte eelisshdiratdonaintégraivin eyemsr at i ng

protein codi egquence: cont.ai nin onstruct,. for. exanple flanking ‘the

sequences V\A‘#eg??% %?fof@ﬁ{l?%ogﬁ%eﬁfeggraﬁﬁgﬁ 'd?rﬁ’tﬁ(-ffﬁﬁf%ﬂn%%‘”@é’ﬂlﬁ?t§' may be

circular or |ineBfamgtéd UbRFibedithe REndtRLtioESNRCRIcBFativE Betingie @Rpetingvent i on

vectors carrying |light 15 generating protein coding sequences (and rel ated
;

control el enktos frsCausida alicnns, there the taggrivig 'sclor campresee proaiery be
R L s e T s T N
transformation experiments carried out using this vector. The results present in
Example 4 demonstrate that light generating protein coding sequence-containing
constructs can be used as reporter constructs in cells that are not amenable to
selectable markers. The methods described in Example 4 employ a luciferase gene
25  from the firefly Photinus pyralis altered to allow its expression in C. albicans.
 Transformed Candida albicans cells were isolated by screening for light production
without use of any auxotrophic or drug-based selection.
The high density screening described herein involved no selection and
provided an efficient method for obtaining transformants. Successful transformation
30  occurred at a frequency of about 5 x 107 to 10 (5-10 bioluminescent colonies/20
plates; Example 4). Identification of transformants (i.e., light producing cells) among
the great excess of non transformed cells was straightforward and repeatable. The

successful transformation demonstrated herein has been repeated with several virulent
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Exanpl e 4 describes the construction of an integrative genom c targeting

vector for Candida al bicans, where the targeting vector 2aQupusiSEgs5pr onot er

20 contai i | ight generating protein coding sequences. Further Exanpl e 4
descri beswq]%éﬂéﬁ%gr mati on experinents carried out using trFCJ"Jﬁ@%/P%?F The

results present in Exanple 4 dermnstrate that |ight generating protein

' cotl s e ag b e s Srod s 6 B peeshi R ion R hetpaton -

descri bed i nmipxeanlisted off MBhR¥lctiveufitdiSESHIAnMB Neci fRin! wmftﬁcémg ®kfey
Photinus pyralis altered to allowits expression in C. albicans.

Transf or ned Zawsi dae v waninagsd for light produesiont(weingyfors exammle, atenpeen | i ght

producti on i b i on. The
R g denei ¢y SbBln KRR BN RN Ry Conlitilir BRI ERIE™ o vt dea
an ef fi cisentidemifparkat of cel3tcanhtainhg iﬂdaaxpfeaﬁxﬂ@ﬂiesxghspﬁﬂesmé protéif@Bdingr mat i on

30 occurred at a frequen of abaout_5 x 10° 10-6 (5-10 pi ol um nescent
col oni es/ 20 §5AB§IESS (e dHpifaase)gengly 9T 19 %htusmlléﬁmv}eaﬁserw&m fgomieagh

l'i ght produgj d t 0 cells was
straightf orwarggélt% n?aenpeg‘tg’mf ﬁ&\%eﬂ%@@hﬁ@?&?@ ?%hr @Pocﬁlﬁcglt%lgo%&ggmnst rated
herei n has hdqnotse[ﬁémtce)@tnmghtmukm\;cemate then mibedtwiBolne@edRIinOWABGE a24 August

2005 PCTI US0210702 AT di ment of th t
mvent | on, (MRS LR S AL AP oE Rt B BIP BN, Cose Dt

cont ai nieg Imﬁr@fﬂgmghﬁgé@mu@fpr&einl e%diﬁ@rsequea&@uwhtalmg/éxamamwéeusrw&@d for
| i ght production (uUsing, for exanple, Xenogen Corporation |IVISTMimaging

system (Xendbblttﬁd@lldﬂdfﬂed le’rSingN eplenties toohfajn singls colpapidsolatesar eas of cells

contai ni ng and expres 0 | A I N codln uences
(e.g., luciferase g«%‘ﬁ?g@ ese re%“qg “%r?gﬂhgt @%%%gg I%Qgeprﬁ Eﬂ?gr om each

bright regi %qué-h&ntﬁirﬁigecoih@ﬂudwml uemsemﬁﬁuﬁgawer@itsewe@ﬁhg {oldétdcel cul tures.
Smal | aliquots of the overnight cultures were then mxed with lLuciferin in

wel |'s of a tAnsfosmpien eysnisandesiditionaly.alloyfer olspavatian sbwhele apingais.

roduct| n. Over t o tein
(Fi)OdI ng sgquence (r:‘]:)k%'t\I A fr\??gn%ﬁhgglré%gﬁ%mﬁb CB& hhﬁg hgﬁf%h% %&ﬁlﬁgroq%lgt ed for
si ngl e col omodmgtsequdniced, nazsbmﬁirmuhi(ﬂdamp mtsommbmmgb yan inbmﬂe,
results derrﬂ}strate .t hat eneratin tein

oot ence. SorE hichol iEad i9nfopiainban msghcy b En ispgsalionadtl ng t o

detect tranai®rdal EREmMEhEdRRd m@ﬂﬁélﬁ&@ﬁ?ﬂn‘te}ﬁsﬁﬁh|p9¥9’coﬁ1Qfou{=?tlﬁ§geéaYﬁ’eTr 40N in
whol e ani mal s. 15 The vect'ors of thé present 1nvention, conprising |ight

generating mf@tcenhdlmtegnahggs@qerences can be formulated into kits.

Corrpone%s of s uclrhulél 1tn§teacijl of us?ﬁ:g c!,'(l)%véntlonal selection or screening methods to

determine the presence of a vector in a transformed cell, a light-based screening
method may be employed. In one embodiment (i.e., a proinoter containing construct),
a light generating polypeptide coding sequence is placed under the control of a
_ promoter active in an organism of interest. Such control elements may be constitutive

25  or conditional. For example, the luxABCDE cassette, operably linked to a promoter
sequence functional in the target organism of interest may be introduced into a
suitable vector. The organism of interest is then transformed and the resulting
organisms are screened for their ability to produce light. In this method, the
production of light is used to identify transformants of interest. Light producing

30 colonies {or patches of bacteria) are typically cloned (i.e., physically isolated) by
standard methods (e.g., dilution plating, for example, using microtiter wells, or
streaking for single colonies). One aspect of the present invention provides a vector

comprising light-generating polypeptide sequences operably linked to promoter
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but are not limted to, containers, instructions, solutions, buffers,
di sposabl es, and hardware. Exenplary hardware may i ncl de,ea.@nstiguognsi fied

phot on- co ' mera or a cooled integrating camera. 2Q Thus, instead of
usi ng con%{’ﬁ%ﬁ@ sel ection or screening nethods to det AGHIR2PHE
presence of a vector in a transforned cell, a |light-based screening nethod

may be enployed. ln:.one enbodinent (i.e ... r t.er containing construct),
a |light genegegfl?%cﬁs Cﬁﬁ‘é"g?‘i‘ %IL}" ar ‘%‘é‘?{dﬁ‘ﬁ%&&@“ﬁ & (f‘{fﬁ@éf’gﬁvﬁ‘gescont r ol
of a pronot geardCiot iR traRsfofinftiddTosdinlsi fof WhiRE no sSe6tAbIE Yitirké(si@hemRNt s may
be constitutive 25 or conditional. For exanple, the | uxABCDE cassette,
operably Ii nﬂ‘é‘&fﬁ%ﬂﬁflﬁﬁr"@ﬂ*ﬁ%’ﬁ availableence functional in the target organism
of interest nmay be introduced into a suitable vector. The organi sm of
interest is then transfornmed and the resulting organisns are screened for
their abiSity to p€odubethodshuf Mdking LightGdnepsting Peoteipr@shsetwetsn of |ight is
used to identify ansformants of interest. Light producing .30 col onies (or
patches of bact er TBS MG PG AERTPIFIT Sasrrig, (ranspbson FEsSsHies nd Huly Yockeh) by
standard net fndfuéte debcribél hd#éin @ Bé AdskmBled ulliziRy ABThdioldiSdsNGoWhGh B t er
well's, or streaking for si n%l e colonies). One aspect of the present

i nventi on pr#Vpiaslegulaebiolnsy (sssnior pxdmje AuabelgEM s et ¢/n&u
ie . 724 23808
PO USo! 070 e Ruler BAISES sbih RBTEAESorknfe; MUHNTA E83) of SulBCaBCE® (i g

such a vext o4l)in@wviebthe teaaliingd ofithé fresdnt speifivation.i Dipiodlly) peredasseied or Whi ch
no sel ectable marker (such as a drug resistance marker) is available. 5
2C. Met hods GMIVERRERgIReNsRs cncadise ighhgenerabing PRlypeplides gea assempided.i ght

generating ' t :

donst ructs QLRuPde(RRESIAGT e, RO AREEARAAL hitficRll AT MEMBONE, | un
in the art iofo thelcenatuats abkwtablyypobtiens. f or exanpl e, Ausubel, F.M, et al.,
Current Protocols,in . Mlecylagr B ology. John W.ley .and Sons, Inc., Mdia,
PA (1995)  or - SanfhiBeRebediod af Shieiu sy eot e PUBBH HELAGM { he pr esent
speci fi cat i ofyqudners &l dhort, BR06M SASREEdLSqubREPE TR 0GERMIGRGRuRE§RdI Ng

| i ght -generating pol ypeptides are assenbled. Pronoters, control elenents,

and/ or ot herP@R @b éamghtia Madihersor st ala BCR: doPRye RoadH, (IRL Pressat

itabl e .pasiti ferred gethad of. obt aini. |
oo ey ot 0 LAREED TS, AP0 LR BBl BE LA eRle b b v
nucl eot i de siogepiciesly @et&%ed@ﬁ@lﬁrﬁb&r@%ﬁ%ﬁﬂ?§iﬂfm&ncd:fﬁRsmegs&ifght in

MacPherson et al., PCR A PRACTwWAt APP I IRL Press at Oxford
Uni versity Ficaaion. Among theseraranichers arg appealngrtcmperptuspand time.i e31enfigact i on may

.20 time, Mg2+ and ATP concentration, pH, and the relative concentration of primers,

templates and deoxyribonucleotides. Exemplary primers are described below in the

Examples. After amplification, the resulting fragments can be detected by agarose gel

electrophoresis followed by visualization with ethidinm bromide staining and

ultraviolet illumination. Another method for obtaining polynucleotides, for example,
25  is by enzymatic digestion. The components of a desired vector can be organized in

any suitable orientations and/or configurations.

2D,  Methods of Introducing Nucleic Acids Inte Target Cells
Methods for the introduction of nucleic acids into cells (or protoplasts of cells,
30  such as after the weakening or removal of yeast or plant cell walls) are known to those
of skill in the art and include, but are not limited to, the following: lipid-mediated
transfer (e.g., using liposomes, including neutral and cationic lipids), direct injection

(e.g., microinjection), cell fusion, microprojectile bombardment (e.g., biolistic
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be empirically determ ned. A nunber of paraneters influence the success of

a reaction. Ampng these paraneters are annealing tenperatalffs@ighst | me,

ext ensi on‘%gﬂélyfzg My2+ and ATP concentration, pH, and the rel at I ve
concentr at dﬁrl nmers, tenplates and deoxyrl bonucl eot iF§FEUSORRERD| ary

prinmers are described beI ow in the Exanples. After arrpl i fication, the

| t f t ed
Fol | owed by JRUTAPrEf i R FAGH Rt lrRon i SRR o1
i | I um nat i onphdsphitessr liBubogtefacy), DBAELdbkﬂgl-pﬁlpysmﬂiywab igtlRs]l-me@iatedxanpl e, 25

IS by enzymatlc di gestion. The conponents of a desired vector can be
or gani zed i ntraB§isr WY%I@“B?‘W@%E?@W@H%%MIN configurations. 2D. Mt hods

of Introducing Nu ﬁ\?ﬂlrﬁja? I EF% Lptraoduction
of nucleic acids ?higgﬁ%e ggéggogﬁggﬁast Cl(ﬁse?:@l S, ﬁlgfscg{%gﬁn Q@Eaag{jler t he
weakeni ngp or theemmpunat ofxiucjeaadid avai}abErfbr uselih theahéthdd. aABedromsfortatiohtiee  of
skill in the I mted t he follown

i pi d- medi at gells T?Ynﬁ%ﬁl d(ag 8‘5“3&1()&%83"5%%‘8%%%@‘“3 bR lighiiedorats SPlnd
cationi ¢ | i ptsisie pléied @€4 nhmb&UdeRkitidsefod exariple/) zﬂhﬁ&fngcmnemdﬂﬁtféﬁé on,

i croprojectile bonbardment (e.g., biolistic 38 24 Augtst

02/ 072808 PCY thetrangfpongl qaéltmul@nosuehll algnmnpay tdlfﬁﬁr%bﬂowibafpme)wr

CEAE ot ant e SR P PR B b M R

vect or - nB¥i atikélitobavsli@tctinghtantfoansd eslad iepopelationlof sllk yRhted by Yneehosen
depending on the cell type and 5 the ampunt of nucleic acid available for

use in the nansdmagippgethadanst or mation the cells may be pI ated at a

density that fac'bh&?%%%uﬁ?}{gﬁﬁ'up fa?fcaﬁn%};\gﬂﬁ)%@&f%taéeg%re k?netﬁ AR ke

pl ated at a nunber ng a-series of

dil utions ometplnﬁentrlavm‘tmnmtenigeeﬂehuammnlyahleoﬁed ti@ptfornpdtwhimghstbegnbinedli f f er s
by cell type; Eomeve S|ty plating for initial screening is
general |y pr&ff rﬁ?ee@“?l"ﬁmﬁi’ffg?m?g 'A% ease the 10 |ikelihood of detecting
transforyged cells in the population of cells treated by the transformation
met hod. One of ordinary skill in the art can apply the |light-based

screeni ng net hods3.of Ewvslupties ehl.ightngem¢riating Polypgptide Sequenices/indell sel ect ed
transformati on net hod €Calkbreed vvith the gui dance presented herein. 15 3.

Eval uation of Li - eratin | de- Cul ture The
T ght gener ati ng - brotEN PeRua e ot ERitE CangrP GorrEaaHoE PReThes
described above and in the Examples, can be used to transform a variety of host cells
20 and assay successful transformation events. Sultable host celIs mclude but are not
- hmlted to, eucaryotes (e.g., yeast, such as Candxda and Saccharomyces) plant cells;
mammalian cells (e.g., BHK, VERQ, HT1080, 293, RD, COS-7, or CHO cells);
tissue-specific cells; tumor cells; insect cells; prokaryotes such as Gram-negative
bacteria, Gram-positive bacteria and other genera not included in either of the
25  preceding classifications (e.g., Rickettsia spp.; Rochalimaea spp,; Coxiella spp.;
Treponema spp., including Treponema pallidum, the org;amism_ which causes syphilis;
Mycoplasma spp., and Chlamydia spp.).
With respect to Gram-negative host cells, the constructs of the present
invention may be used to transform organisms including but not limited to the
30  following: Clostridium spp., Vibrio spp., Brucella spp., Bordetella spp.,
Campylobacter spp., Pseudomonas spp., Escherichia spp., Enterobacter spp.,
Klebsiella spp., Serratia spp., Citrobacter spp., Proteus spp., Salmonella spp.,
Shigella spp., and Yersinia spp.
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descri bed above and in the Exanples, can be used to transforma variety of
host cells 20 and assay successful transfornmation event 94 Qigukeddos host
cells, include, but are not I|imted to, eucaryotes (e.g., yeast, such as
Candi da antP ®4E2#4r onyces); plant cells; nammalian cel | s RGE/EEO20WRK  VERO
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bacteria and ot heﬁ?1 ﬁ@eﬁt tﬁﬁrwsﬁgg?oﬁp%ﬁgﬁ%qon&@qt%gftgg PESeRledi ng
classificati pRentich Hay bdhsell & krdhsForiPreani5as HRIvAIRARAt BBPlimitcPwi R | @ SPp. |

Treponena spp., including Treponema pal |idum the organi smwhich causes
syphilis; lopiiz&ma spp., and Chlanydia spp.). Wth respect to

Gram negati ve hos | ]s he const.ructs of the.present inyention may be
Used 1o cr anet or misFete S SR RRHGY te rpltNE MR N s RO i

G ostri di&im gpp.StoNeBEIRuSD., Pliioteeduls 8pps Pind, Sty lbeb&uls 3psRAD -

- Canpyl obact er. spp., Pseudononas spp., Escherichia spp.,, Enterobacter spp.,

Kl ebsi el | a sPginocessasege(HeigpepccusapproBilpesicsefptherppegi ggnera yyeluding;| nonel | a
spp., Shige r.Sipi 2 072808
PCT/ US02/ 07o%’ﬁf?@%”%‘?gg(?ﬁ@’°%‘g“n§§§%1 t?fx’g‘é’ﬁ@?t%%é?'r g‘%f %%%%/glts%é'ét s of

t he present Enfaxentdiopp.naytibacidisteehtéactirspps iembae Sraepiteavecd spp), and othebut not

limted to the .fot‘kovvi ng: l;/b ers Pf t he C%am ositive cocci famlies
M cr ococcaceSEOIRPLI BREMERE): LHERpsioc S RUeRERSPEp ACToBF i sBB o cus Spp. |
and St apfy| OGQIﬁQlﬂésp'}JQF}?e)ptocoEZ‘%és @ﬂﬁpﬁéﬁ&?@ﬁt&g&‘uﬁﬂ%cmin%&&s .sp%.r,‘d Specl es

of other cocci genera including:” Sftreptococcus Spp (e.g., pyogenic
henol yti c st €eproceasss sppsppd spenes ofdhe ggpews Seudinaspp. ,  Ent erococci spp. ,

| actic acid strepiococci . naer obi ¢ r ept ococci )., ahd ot her
speci es of Strept %E%Oég?rfféﬁéﬂgcgﬁ@fp(%’ Yppocs aﬂ@ﬁ?‘f’f&&@l‘l@é&ﬁ?’?}mﬁgﬁococcus
spp., 10 Genspdrdla&fhucillufppl OLLekIHSn spP.PDesullaphaslibreph.O SEF6348ciradPp., and

Rum nococcus_spp. ,., Coprococcus spp., and species of the geneus Sarcina.
Endospor e-fo?pﬁﬁ%g"f&ea%?g F‘?IF‘W % ods and cocci including: Bacillus spp.,
Spor ol actpbaci | | URegidg; norfeb&@id, GlumiPositive rodecmtuliRigIREBbiNS ip. .
Sporosarci na_spp., and , species of the genus Oscillospira. 15 Regul ar,
nonspori ng, EsEtegeaiinsipdingshspathogenisapericsdeesunnppieasspfoundps st eri a

" Cinel udi . i’ . |
coni am nant sy ERE i BRARL, TGRS Wl LB ASaT BE  on
surfaces), GemusSErpriydopelcopir Brochpthrix sBy.ORGOobdvtariuns gyp.,, Kinelnu gy f &rdi um

Spp.., Kurthi .%egi%.f;) bfthggenus Caryophanon.

200 Irregular, nonsporing, Gram-positive rods, including Corynebacterium
(including the plant pathogenic species of Corynebacterium, Gardnerella spp.,
Arcanabacterium spp., Arthrobacter spp., Brevibacterium spp., Curtabacterium spp.,
Caseabacter spp., Microbacterium spp., Aureabacterium spp., Cellulomonas spp.,
Agromyces spp., Arachnia spp., Rothia spp., Propionibacterium spp., Eubacterium
25  spp., Acetobacterium spp., Lachnospira spp., Butyrivibrio spp., Thermoanaerobacter
spp., Actinomyces spp., and species of the genus Bifidobacterium.
‘Organisms of the family Mycobacteriaceae, i.e., Mycobacterium spp.
The nocardioforms, including Nocardia spp., Rhodococcus spp., Nocardioides
spp., Pseudonocardia spp., Oerskovia spp., Saccharopolyspora spp., Micropolyspora
30 spp., Promicromonospora spp., and species of the genus Intrasporangium. |
Organisms of special interest include: Clostridium spp., Vibrio spp., Brucella

spp., Bordetella spp., Campylobacter spp., Pseudomonas spp., Escherichia spp.,
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speci es of the genus Caryophanon. 20 Irregul ar,. nonsporing, G ampositive
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Corynebacteri u Gardnerella spp., Arcanabacterium spp., Arthrobacter
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M crobacterium spp., Aureabacterium spp., Cellul onmonas spp., Agronyces

spp., Arachnia spp., Rothia . spp., Propionibacteriumspp., Eubacterium 25
spp., Acet obé%f"égf‘{ffﬁr 305 K?@é’gﬂﬂé%l '@5[’ GER SPP- éﬁ'f%bf‘F’ﬂ' ‘E"%"(J) TeIeHS SPP-»
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spp., Nocardiides. ..spp.., Pseudonocardia s.pp. skovia s , .
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Canpy| obacteﬂpgﬁbﬂée%\i)ﬂﬂ@mﬂéiﬁﬁl muttple slangig sates pis. wi COMMKIR] 2005
WD 02/ 072808 _P¢ ' I . Lel ka: ratia
spp., Gt robggztgﬁg)fésig'g’%@%@gggggé?ﬁaﬂ%aﬁ%%ﬁg ’:%&g%g&, é@h@%@? Faansg%p_, and
Yer si ni a sppunschranatidonvectors toreddths likhr gdhodating prdtein yodihg segkhcs.and
eukaryotic cells agre kno in the art (e.g., Sanbyook, et al.) an :

i nclude, but are %étde?‘i“ﬁ’fs&gh‘)‘f%?ﬁ@éﬂ BAPLRTFIOB RS _ﬁ@%ﬁ@&qem reqyircthe

m croi nj ¢t i afdifibn 6f &% ERRAAbSAR: for e pRIRCAAN At (e DE ARRLIR 1 At e

regul atory elenents and nultiple clonihg sites are ely commercially
avai | abl e (eecypressBivcassifesie In hand enbadimEatl dfthe [Besamt ewhntidegthe sabstrate €al i f . )

and can be u S ckbpne. vectors,.to carry the |ight.generati protein
coding sequeleedin I RRCE R Biatrrat Burals. AlpRide ity wolPl i B soaephde

descri bed heggrdundR@uhé Sulh?€ medfd 28 dapdron dREctBOIROOMRIrS Bediaadh Biglidrort he
production of |light (e.g.,. luc and | uxAB expression cassettes). In a one

enbodi ment ofolidhe present invention, the substrate is al dehyde. Wen

acm 5G9 OBl hENA TR B0 BB DS B TR LENE . e o
s the 11 STHET KOS BPAE BB nilp N pE PPISTTERAARE sftent BRBBLRTARR. | TVENt 1 O
Xenogen Corporation (Alameda, CA). The IVIS™ imaging system includes a highly

© 20 sensitive camera (e.2., a cooled integrating camera (Roper Sciéntific Model LN/CCD
| 1300-EB/1; Spectral Instruments model 620 cooled CCD camera, available from
Spectral Instruments, Inc., Tucson, Arizona), a specially designed imaging chamber,
and software to run it all. In addition, the Livinglmage™ software analyzes,
organizes, and stores data. Typical specifications for the components of the system

25  are as follows in Table 1.

Table 1
Imaging Component | Specifications Comments
Sensor Back illuminated Grade 1
CCD

Imaging Pixels 1340 x 1300
Pixel Size 20um square
Quantum Efficiency ~85% ' 450-700nm

>50% 350-900nm
Read Noise <5 electrons RMS
Dark Current <100 electrons/s/cm®
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Power Reguirements

15A at 120V

Multiple light generating protein coding sequences may be incorporated into a

single organism using the constructs and methods described herein. In one

embodiment, each cassette may encode a light generating polypeptide which emits

light at a different characteristic wavelength relative to each other. Alternatively,

several cassettes carrying light generating polypeptides which emit light at the

characteristic wavelength may be used. Combinations of cassettes, comprising light

generating protein coding sequences, having a variety of such mixtures of light

generating polypeptides which emit light at a different characteristic wavelengths may

16

4.

be constructed in view of the teachings of the present specification.

Evaluation Of Luciferase Expression Vectors In Animals

In addition to the constructs and methods of the present invention for use in

transformation of a chosen cell or cell type, microorganisms carrying the constructs

15

comprising light generating protein coding sequences are useful for non-invasive

mmaging in whole animals. Non-invasive imaging in whole animals is described in

co-owned U.S. Patent No. 5,650,135, by Contag, et al. (See, also, Contag, et al.,
(1998) Nature Medicine 4(2):245-247; Contag, ef al., (1996) OSA Tops on
Biomedical Optical Spectroscopy and Diagnostics 3:220-224; Contag, et al., (1997)

20
Microbiol. 18:593-603).

Photochemistry and Photobiology, 66(4):523-531; and Contag, et al., (1995) Mol.

In the imaging method, the conjugates contain a biocompatible entity (e.g., a

transformed bacterium carrying a construct of the present invention integrated into its

genome) and a light-generating moiety (e.g., a luciferase enzyme). Light-emitting

25
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conjugates are typically administered to a subject by any of a variety of methods,
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Power Requirenents15A at 120V Miultiple |ight generating protein coding
sequences maybe incorporated into a single organi sm usizaguigass Zeast ruct s
and net hogi EZZ@ﬁ i.bed herein. In one enbodinent, each cassette By encode
alight g 2 8 pol ypeptide which emts 5. Ilght at a QFYER0EN{0»
characteristic wavelength relative to each other. Alternatively, several

char act ori o Mol FEG B bl Sod BBAe St Bedpofleorpdlshnd °

conpri sing | plghén e@ﬁ&@h@bhﬂ@e@ﬁlﬁjéﬁl ag Bl WotoxesEMGia6tes, IRY hibfechisvar i ety of
such -m xtures of generating poI ypeptides which emt light at a

di fferent chipigall brh“éﬂ?tdleﬁ%‘éﬂé BEheIFREMBIEPEEs-i n vi ew of the
t eachi ngs of the e

Expr essi on Vect orgﬁé@%&élfltﬁrgﬁ@t &5‘1 %ﬁlgﬁs?gythe %ggr)lég?fg ljfos g%@ t{?‘rlset hods of
the preseént ¢apakletof deteéting axsemlely lotwrlevedd off light-+ypically anglla(pﬁemn@eéﬂtswndcel I

type, m croorganisns_carr t he, copstructs 15 co enerating
protein codi Wge%@l?@m@ﬁl 9 QP an igaes R ﬁ{?ﬁ%{‘\? ﬁﬁﬁ%ﬁ’lﬁﬁgﬁ]?}“‘?yﬂol e
ani mal s.  Nonseh§Yies hN&o 'd@ﬁ&bﬂ;gnblﬂdé"@évl&s%t 'iEﬁE:%lfySthéiﬁﬁglé bR&En 'e@ent§96f9i’¥19d

U S. Patent No. 5,650,135, by Contag, et al. (Sée, also, Contag, et at.
(1998) Nat urféewmts:mnelew(:tzyi by 430, ar@bmas @voladl, for @@mﬁg wodiquop s on’

Bi di cal I t 3: 2205 2 t t al.,
(1997) 20 ProPBERRMRRER 8RT BroRBnmeIstay Pioutm VeoBebadera i g, ot
al ., (19956) iwBérent illaGleletioh syste?i.593-603). In the imagi ng nethod, the

conj ugates contain a bioconpatible entity (eﬂg a transforned bacterium

carrying a const riéeee %phqu@g@ﬁﬂagmsgmqrﬁ ,llhlﬁéag:ti%llwxpwmdlaﬁ@ genone)

and a |ight s tting
25 conj ugat e‘%%g(?%% c;)ll.ll & ?E F%gnl Stér é’h&%glt §h§uge T@‘ gggtféﬁe?arl ety
of met hods, sﬂ;BJeZﬂto@ngﬂéaﬁ@ﬂﬁof%ﬁﬁé@f&ﬁ(b&oﬁﬁlo&]ﬂ%ﬂﬁ@&ﬁhﬁbﬁ%d to

| ocal i ze within. the sybj ect, and i nage Since the | measuy,i ng
phot on eni sslpaﬂwﬁﬁméinmmeéewugﬁﬁwﬂagqspsm tq thesubigs f§WﬁuP%@P°%‘W£

subj ect jiss r I A8 e i magi ng
process. 15 %%S%g%ﬂﬁ“ﬂ*%gﬁa%t%ﬁtﬁ?ﬁg%én%‘?ﬁ es ?lr‘]a\k;%lzoggsﬁ;éﬁ%%gﬁgof a photo
det ect or 5 capatérgend indbe auti¢atg extrenmely | ow levels—of light--typically

si ngl e photon events--and integrating photon emi ssion until an inmage can
be constructed. Exanples of such sensitive photo detectors include devices
that intensify thgsi npfativh@ranhigapnt s before the events are detected by
a canera, and canmeras (cooled, for exanmple, with liquid nitrogen) that are
capabl e of det ect ThHegrassetigy desprinddiesein areruse i iThenakugting Narions pecaryotic and

.20 .eucaryotic cells in an animal. For example, the cassettes described can be integrated

into the genome of pathogenic organisms (e.g., Candida, Gram-positive bacteria, etc.)
and subsequently introduced into a whole animal. The animal can then be used to
follow the infection process iz vive and to evaluate potential anti-infective drugs, such
as new antibiotics, for their efficacy in inhibiting the infection. Thus, in one aspect,
25  the expression cassettes described herein are useful in non-invasive imaging and/or
detecting of light-emitting conjugates in mammalian subjects (e.g., infected with
bacterial or fungal cells carrying a Juciferase expression cassette). The transformed
cells may be administered to a test subject such that they become localized in a cell or
tissue type. Alternatively, the transformed cells can be administered such that they

30  become uniformly distributed in the subject.
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10 ihherent In a detection system Once a photon em ssion inmage is
generated, it is typically expressed as a pseudocol or izgaa%umgi nposed
reflected light image of the subject to provide a

on a "pho | c"
frame of S‘g‘?@gﬁi@g for the source of the emtted photons (HCTESO2PYURY| | ze
the light-emtting conjugates with respect to the subject). Such a

"conposite" 15 i e i l.vzed to determ ne the | ocation and/or
| evel of expressinﬁ' Of§%ﬁ£fag%§;&?ne:¥:sgrea % n the subj ect. 4A. Infection of

Ani mal s The casseA descibedaboyeoehaintdxpredsion bissedttel dbderib¥@herein roQuivethi OUS
procaryotic and, 20 eucaryotic cells in_an aninmal. For exanple, the
cassettes dedditionRf sxqgengis substiale £¢-84 lucifrp fonthe protistion pf bightKe ge ficc

organi sns (e o SR B da 0§, 1. Pﬁﬁ-% [ . . subhsequent |y
i nt roduced iﬁ%&ol a V\E%?rgﬁéorrﬁ c%%%ﬁhzﬁgﬁlﬁna caﬁﬁtto%éhnee%gseétslenggﬁé&’ ol I ow t he
i nf ecti orp probssse isnldihyde.alihle ubseata migtatsohetadntinisterednd the wihale thivealsdr ugs,
such- as new,antihiotics, for thrgt'br fficacy in inhibiting the infection.
Thus, in one”BRISRURIS concepirarions (ordbe suhsiratg cal be erapitically defernined &rsach o
useful in nofind s¥as Nl H@&!trﬂgtea.r“i‘hé’Eubsg%micﬁ%,%ciférﬂ tafB tting
conjugates in mamalian subjects (e.g., In ted wth acterial or fungal
cel | s carryi adyninislenesd bedorgseonsspitantly with,cae8ert the pdmifiiiration o€ fleramelyte afel | s

may be admi nj e t ubl ect t hat they becom calized in a
col 1 "or "t ol b o o R BI5h of HESpietlesp BE -2 BFeEBea fivgee “°¢ !

adm ni sty edarfaligd) Preddretll ROMe3Of AMGARR iU foPIhelsibstiatd intIaBE, et hrd dofe subj ect .
43 24 August_ 2005 WD 02/072808 PCT/ US02/ 07029 4B. Substrate Adm nistration
As descri bedimiel/e, nt@yengup obtopicabadrainistakiersen ypravding wberateindhe require
the additio g5 u (e.g., luciferin) for the production
of |ight (e.ﬁd}fnfagqh%{ée? anggﬁlﬁ%ll%’s&eﬁ%ﬁogssi on cassettes). In one enbodi nent of
the present invention, the 5 substrate is al dehyde. The substrate may al so
be adm nistered tp the whol e ani mal s. %ropri ate cogncentrations for the
substrate can be ®npi r¥teaf thefeorytrycivef ths Prescaplnventignor ¢ est  ani mal
constructed. The substrate (typically, .luciferin) can be adm nistered

bef ore, lPonconi t atang agirech thegrregent Byventinn ip diseqiedktorpaemeter eontpiningial yt e of
interest. T L1 I: shshs e as descri bed
for the 10@%%%%?3’ B&%?%%@Hﬁégﬁ)&%gg%ﬁﬁ%%ﬁﬁl straﬁ?ﬁ}gﬁs%gga he substrate

i ncl ude, buttransformetion vetidre tbrtaosarietyt ofaek ypes. The pregint alveation dlatsthei on or

b i di trate_i h h for- I . 5. Us
of The. ConatHERTEAGM e inia afiich e GHEOfS of the preseht inverion have been =

successfully introduced. This method described herein of using light production as a

—0

" 20 " reporter of transformation is particularly uscful for transformation of cell types where
there are no known selectable markers that can be used, for example, antibiotic
resistant bacteria, yeast with no auxotrophic markers. The transformation method of
the present invention comprises the following steps. First a population of cells of the
desired target cell is prepared, a light producing protein coding sequence construct is

25  then used to transform the cells employing transformation methods known in the art,
for example, (calcium precipitation; polyethylene glycol precipitation; lithium
acetate/polyethyene glycol transformation, Braun and Johnson (1997) Science
277(5322): 105-9; and electroporation, De Backer, Maes et al. (1999) Yeast 15(15):
1609-18). Cell that have taken up the light producing protein coding sequence

30  construct and which express the light producing protein are identified, for example,
using an imaging system. Transformed cells are typically further purified to produce
essentiaily pure cultures of transformed cells, by, for example, dilution plating or

streaking for single colonies.
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or pronoterless, |ight generating protein coding sequench LRASEJdast S used
as transformation vectors for a variety of cell types. The "present
i nventi on VP PBW38%Bhe identification of cells into which tREE/EEH8WRUCtS of

t he present invention have been successfully introduced. This nethod
described herein of using |Lght producti.on as a r rter of .
transformation is %ﬁtﬁs]?:%lt ﬁt%p Eli'thvef’h?“-’taerﬂ@F’é%ﬁﬁeIP SERCIDE PRI
where  ther ecdifif fQuéite\tBnstRlcER ua. SIn RS kR Sedphabion df tRQight Scherdii €xanml e,
antibiotic resistant bacteria, yeast with nho auxotrophic narkers. The

t r ansf or mat | Biotaieoriag srquenage issipisalht dependent pointegsatim igtesthe penoigd ¢fdhé ng
steps. First pul at i i he esi r.ed rget cel.l .is.prepared,
a light pr odﬁ@"gg&gr 0 Stecl%r%n@% ' %é %ée%%lﬁggv%lﬂﬁ% 4"%0(:6{1{ i%stg?%%n%cﬂgﬂo%@ed to

t ransf or n§ t heom@l Elemenpliwiheng gty a@ilsf or mati on nmet hods known in the art, for
exanpl e, (calciumprecipitation;, polyethylene glycol precipitation; lithium
acet at e/ pol yet hy eleangthee aspeetof fag pressat Fypntions a grometer cokiiriag lightoo7) Sci ence
277(5322) : 105594 : ' : Lo £ E999) Yeast
15(15) : 605t 18‘*?”_‘“%??‘?@%‘%%?"’%E%%f%ﬁ‘“ﬂ%‘Egﬁ“/e*‘fé’% dtngrﬁlggh%s?%%eﬁ Ot ei n

codi ng sequegameradifg poteinrcuding aeqhentys aimyeepnegmtddiia the gimbmprod thectarpgt pr ot ei n

are identified, for.exanpl.e, .,uysi an. i magi ng.system Tr.ansfqQrmed cells
are typical Ifﬁﬂ%‘f‘ﬁ@ﬁ “ﬂ&pﬁlﬁ%ﬂ%‘?fo&g‘?rﬁwe’gl%p%%@gﬁ I?ISWP?’B‘{}W@“E& tures of
transformed cel | sSThddhssdites ohe PRisent ifVentibh RusPhid DRI varighggaki ng for

single colonies. 44 24 August 2005 WO 02/072808 PCT/US02/ 07029 In one
aspect of t hepheatbeat Fpnexample theyangyrerampoyasksio chnjghetiagenigh agenegprpr ot ei n

codi ng seque .construct is..used.. ln this.case, expression of the |ight
gener at i ng ]g‘%%ime?caéo | %eozféﬁtﬁigﬁtctgsasslag ‘H?BTeéiTelt?gag ezlﬁ’(f&ﬁf’e”otﬁaqs'%ﬁ ation
i nto the genwiiktiefpenbor nicig atid eedlencd orihtefRiMRMher dd, gRGeAles @faevent is
adj acent active transcriptional 5 control elenents in the target cell. In

anot her aspe@PoRr Whieh indicaten suseasabititiapsformation nfbetargebprlbles pathpecgie

generat i p | [ u 1S, Sk L his case the
li ght gﬁer%@%ﬁgﬂs (r:‘g%ef?% co@?‘ﬁg@%ﬁ%@%‘éSﬁﬁaiﬁg‘%kﬁqé‘g‘?%ﬁsg@rﬁf"ﬂ 0’? he genone
of the targetonpegatiomr Thialis éspecially wsefill fsedlld thiay carotoharake psesafiselectable
extrachronmosomal vector). 10. The cassettes of the present inventjon is
aet ol 1 o5 e S frug e S SyP Rl wed e B Sl nioRepl oyed
In conjunctiQpn th a gene or nucleic acid sequence of interest to assay
whet her the target cell has been transformed wth the gene or nucleic acid
sequence of i nt ergeusfonmangs ey algwbelused|to identifeefiagtiveiphaamaceutical agents

-20----and determine their point of action. Afterisolating a successfully transformed target

cells, the target cell can then be used to infect multiple groups of experimental
animals, each group containing one or more of the genes or nucleic acid sequences of
interest and/or active promoters. The group is then treated with the pharmaceutical
agent of interest, and both the experimental animals and mfected, untreated control
25  animals are then monitored for light production. Agents effective in suppressing
transcription and/or translation {either directly or indirectly) or that perturb the ability
. of the transformed cell to function normally will suppress light production in the
treated experimental animals, while light production will be observed in the
corresponding infected, untreated control animals. Alternatively, compounds
30  enhancing light production may also be identified.
Organisms modified to produce light as taught by the present invention can be
used to monitor the presence of microorganisms, for example, in infections,

foodstuffs, in drinking water, and on food preparation surfaces.
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reporter which indicates successful transformation of the target cell (e.g,
pat hogeni ¢ 15 organi sms) via, for exanple, electroporatiamugdst 2005

phage- nmedi at ed transduction or conjugation. This is especially useful in
cel I's t hatV@4HABES¥%ake use of selectable markers (such as REWGSREZ28t ance)
that are typically used to assay for transformation events. Transformants
may al so be used to idenltify ef fecti ve pharnaceuti cal g\g@nt s. .20 .and

det erni ne their pdftARTUGYan e methodsrafthe pregsnbinvegion ag psdalder infrpdusing st or med
target cell SuclbldGiclREE! DAY infRRid BRkefG SRichR 1d RS trafibind RS e OUIPS
of experinental animal's; each group containing one or nmore of the genes or
nucl ei ¢ aci d esauplenpadiwgehnic eachrpotEsirgansiiole. gadidndelajrandentdristic-Tdsestayt oup i s

then treated, with th harmaceyti.cal agent .of interest, and hoth the
expor i mont ol DA e adRE U Bt e S seBts it ARG ar ot hen
noni t or eds f Okegidtat strilhOSLSThBIocoLSR Ahifeus| EREloLY &b Face R bE® SthBantibiotic
transcription and/or translation (either directly ‘or indirectly) or that
perturb the sistantgntericoedik transformed cell to function normally will
suppress light production in the treated experinental animals, while |ight
production will be observed in the corresponding infected, untreated

control animals. Beldf Mdtekyaplys ofpPREiaY REBoIeAB FONECAriEng 1@he fregdiiCt | on may
al so be identified. Organisns nodified to produce light as taught by the

present i nveHVEBROR aRharaamples gre Qffsrerhfor Hlustrativepuspesss anlys and as¢ 8ok gani sns,
f , e Rt ect i b dr bk ter, and on food
p?(rap:)r(gmﬁ édﬁﬁdggé‘gﬁﬁ%tgﬂgﬁ“’ﬁ%gﬁg’?&’gﬁg@ ’9\%}‘8% E)r%@;o\ga PCT/ US02/ 07029 I n

particular, the nethods of the present invention are useful for introducing
nucl ei ¢ aci ds (e.su DNA) into cells wherein it is difficult to select
transformants, fofr ARG AN YETHEYEni ¢ eucaryotic organisns (e.g.,

Candi da), and ant (RiiQ} ifdidabiotteRise, MAGHARIGh of AL YAbEEs B hudlOk ayagi ted
to, nosoconial pathogens (e.g., nmethicillin 5 resistant strains o

St aphy| ococc(sg-alN\syerepeniorord asmg stuodard metlods, astdvecribed i, s &1 $ambmoeki st ant

ent erocoggi ) ., Bel gw,ar | es, gk spegific.enbodi ment.s. rr.yi.ng out
t he presggr:]t e v&ﬂ&%ﬁ&eﬁﬁe&m@fgﬂﬂ SIS SIS oleqtlish Biolg Jtco%gwﬂ?}?ppses
only, and ar end®éns]thcl,M&ia P (1995). Mledshigdics i§d) eespictivg Rhzyhwent i on
in any way. MATERI ALS AND METHODS Unl ess indjcated otherw se, manipul ation

of cells, pr¥ee ehaipphipmdiey EnglandiBiolgbs, godifingpnayeres Wese ofpined fieal ng
standard net ?ﬂﬁ?egaao? Iﬂ)@ﬁl‘i’ﬂé&p ﬁrfjanhﬂeim?mgi othéqucfrgt%y chemicals were obtained

from Sigma Chemical Company (St. Louis, MO).

20 Efforts have been made to ensure accuracy with respect to numbers used {e.g.,
amounts, temperatures, etc.), but some experimental error and deviation should, of

course, be allowed for.

A. In Vitro Screening in Presence of Exogenous Aldehyde

25 _ Exogenous aldehyde substrate was added prior to imaging plates or cultures of
bacteria not containing the luxCDE genes. For imaging plates, n-decyl aldehyde
(decanal; Sigma Chemical Company) was spread on the inside surface of lids covering
the plates containing the bacteria to be imaged (“aldehyde vapor imaging”), and the
plates then imaged using an intensified CCD camera (Hamamatsu Photonics model

30 2400-32) essentially as described in U.S. Patent 5,650,135. For imaging liquid
cultures, 1 pl of a 1% decanal solution (in 50% ethanol) was added to 1 ml of the

appropriate 10-fold dilutions of the culture.
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15 et al., and Ausubel, F.M, et al., Current Protocols in Ml ecular

Bi ol ogy, "John Wley and Sons, Inc., Media, PA (1995). Unhesgusithiosat ed

otherwi se, restriction enzynes wer e obtained from New Engl and Bi ol abs,
nodi f yi ng%ﬁ%?é%osv\ere obt ai ned from Promega or Boehri ng@CTUSAXPB, and

ot her | aboratory chem cals were obtained from Sigma Chem cal Conpany (St.

Louis, MJ. 20 Efforts_have bee de to ensure accuracy with respect to
nunbers used _(_e._g].?’; a%a#@_ggn_?_ga@@dﬂeguetc ), but sonme experinental
error and deviation Sh@HieE’smﬁfcate&%H{Aefﬁ ﬁ%n&gn@‘g?gsﬁcﬁfwnﬁo 6‘%&{36 Substr at e

Screening in Presence of Exogenous enous a
was added prresmctlonﬁmh;gudgasps dNeA sampbslwtemmwdfto Sb‘beoeﬂiSamnmm 1rraomm¢ ni ng

t he 1uxCDE For | | at dec ;S
Chiem o8l ConfPATmoRe <ehPiah TR RnE Nertrarbbsd ALHECHemigI Cover  ng t ne

pl at es comt ai ni ng the bact erl a to be imaged ("al dehyde vapor inmaging"), and

the plates then imged using an intensified CCD canera. (Hamanatsu

Phot oni cs nodel 36- 2408ragsfprmationnfiBacteriabGellfescri bed in U. S. Pat ent

5, 650, 135. For irrggi gg{&tﬁ% EI tqr S l..s0lytion (in
50% et hanol ) was fign Gt GULE UniLes% npfcg{ed%%@gggﬁﬁé uf‘?cl)iés of the
culture. 46 aérmmwmomezae&am&uﬁmg WS&2g’r&Zﬂ39erB1ghPﬁﬂm.r aiveqnl of

DNA and C onipg Unl ess indicated otherw se I oW ngfgl gestion with one or

nore restri ?%C@HH%WW@&Q&IHOM@%PQ@ plymss g espFuliuEss 15 i n
to i t t t f 16C
over nigrd *s¥ere ki 37 A An3BNEE iy bP Al regaW"rf. HHEE B et ent

Cel I's.  Unl eseelisnébre thieft dhified o Wdesfor 3daki BEfoRd beiri) Hasvesivd bg otaﬁmmgaubﬁad as
follows. Bacterial cultures were grown overnight in LB. Five m each

cul ture wer e3.00@¥ gifer 1 hwinptA°e. Thespllswereresugpandedin Y¥rm] of elﬂlﬁ’é%(éd @Lﬁ Myr es
10 hak 0 t

10 uere SNAKER R (76400 b oA A0Re Ol ARRERNIR St oS

har vest ed byincanitgfiefthgaioldm s M suctof(B. aurgus) of dAL,OD cali). 48 thiEfmgegﬂlbs wer e

resuspended in 50 either cold 5 M sucrose (S aureus), or ddH20(E
coli), blérorf@llséveﬁgll?lgoemfgr%g% aaa@iqnégﬁgﬁeﬁtségm Fesuspendsd igi X mESt col d

0.5 M 0 |
wer'e hold onil4 SVYERY YR Aol el S bere Mg TP A R Sarc AT ARG 2

m of cold 10%glycerol. Aliquots of each cell type were frozen down and
stored at -80C. ‘

Electroporation. Plasmid DNA was purified using a Qiagen column, dialyzed,

and electroporated into competent cells using a “GenePulser” (BioRad). The settings
20 were 25 uF, 2.5 XV, and either 100 ohms resistance for S. aureus, or 400 ohm

resistance for E. coli and S. pneumoniae. The cells were left to recover in 1 ml of

culture medium 2 hr at 37°C before being plated on a suitable agar containing the

requisite selection antibiotic.

25 D. Imaging Samples
Samples were imaged essentially as described in Contag, ef al., U.S. Patent

5,650,135, with minor modifications as indicated below.
In experiments performed in support of the present invention (detailed below),
the amount of light generated by a sample was quantified using either an intensified
30 photon-counting camera (Hamamatsu Photonics Model 2400-32) or a cooled
integrating camera. With respect to the cooled integrating type of camera, the
| particular instrument used was chosen from among three makes/models: (1) Princeton

~Instruments Model LN/CCD 1340-1300-EB/1; (2) Roper model LN-1300EB cooled
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El ectroporation. Plasm d DNA was purified using a Q agen col umm, di al yzed,
and el ectroporated into conpetent cells using a "GenePubgeyq uét@@@?e d). The
settings 20 were 25 .tF, 2.5 kV, and either 100 ohms resistance .
aureus, oI resi stance for E. coli and S. pneunoni FET/THY0WA | s were
left to recover in 1 m of culture nedium2 hr at 37C before being plated
on a suitable agar containing the requisite selection antibiotic. 25 D

| magi ng Sanpl&d <arpt Gyailehle iopaenpr Ssisatifi¢. dnd.yTupsom dyizonpi dnd (3)Cont ag, et
al., US Pa n tdbelow

I n experi rren?g per?'o?ilt?rrﬁgg11t§ %osdgpépdca))r(%pm%e ﬁwa;oroclla@g(?\ BIQ%J\}%?I av%ia%ge A ed

bel ow), theSpeotrahnstrimeitg e g@‘tmbﬁ,tﬂdzdm) arlmirpfe&eﬂ/aﬁpa:mmwai ted usi ng
either an i n}él nsi fi e% 30. hot on co Wanera Hamanmat su Phot oni cs Model
2400-32) or Hapgmatsy by t4nd il QnoinstRaneip Faspra

i ntegrating ﬁwﬁsemﬁwsaectmgr | &ﬁ%da@éd'aft‘ﬁceh n;%&atlaﬁ%%hosen from

anong t hree nmakes/ nodel s nceton Instr Model
1340- 1300- EBChLifofifi). Ro’@ﬂypmnf@bmbms 1309 EliRrgoaiuptedddevivg afray (ECD206F), ta\D

02/ 072808 PCT/ USQ210.70 avai | abl.e from Roper Scientific, Inc.,
N e A A et AT e Bt Lo SRRt e e 620
cool ed CCD cangReRufied@dh ntly R AR 2SBRE Bétadted BEh EMBRNECD piitg, -or, if YRR,
Arizona). The preferred apg;rat us was the Hamamatsu Phot oni.cs canera

nunber XEN- 3isa¥ed, thas deterisd by any pelested gionp of pixplss Ahi signabmay XF_N)IEUY be
h,or ni a.
respecti Nﬁ' y%ou'? tﬂmlugﬁ%%l ag"‘e C%l)(@éEQ ﬂhcg%égm% dﬂ{;h?@valﬂfé%}%m ornia

Both type canera Ice arr rray) to

gener ate a SPmaﬂuc@raﬁ@thhB@ﬁahsnhﬂedhﬁlmmﬁr (¢ithep B PCOMANIDGWinlloweNTUN t
area. The ChOi unit area nmay be as snall as that detected hy a single

CCD pi xel , OIBPHER GgrporaéwasMeProwﬁa@%eﬁaae@,ééFdBwnénW%)é?r@@fIwm@ﬂbup of

pi xel s. This fﬁﬁm}ﬁg Mfﬁﬁ Qslil,gé'n essor,
such as the @ﬁgegﬁl}glﬁﬁ%db eﬁlr}% mnamat u & (})ér;!:li’ecs an gﬁﬁﬂmgﬁ&c
transmtted swhas &bivmglmlagé”e(ﬁdnegerm@ﬁbmnmmm%bummys "ME softﬁ)eﬂel an@onrput er

Cor poratjon;, M crosoft Corporation, or a Maci,nt l e
Cohot or 13 LT PR SR e b Qe A R oD 2 PG GBle T4 ot | on.

such as "Li vifighemealy ke dsin Qp(fxp?rﬂtv'a%s vme?é"?ﬁd?%ese;mﬁe §&thaware
and/or 15 image processor are used to acquire an inmage, stored as a

comput er dat epordipates qffhe paimt ar grem Eral lelch mlgﬂﬁbwﬁa)wﬁeatcd( and areprepenyml ues,

wh coor di_nat es,” of.,t from
wni ch the 4 GRAFSARSClRLRNEH Sintof S PENER 8 RS ERadlh Rl BFnal °2n
that point or aredp f@ﬂﬂﬁt@ﬁﬁt@@r@t&hoﬂﬂie&i&taﬁ&e byipidalily didptSred B WSpseudocolor”

""" A imagez where a color spectrum is-used to denote the z value (amount of signal) ata -

particular point. Further, the pseudocolor signal image is typically superimposed over
a reflected light or “photographic™ image to provide a frame of reference.
It will be appreciated that if the signal is acquired on a camera that has been
calibrated using a stable photo-emission standard (available from, e.g., Xenogen
25  Corporation), the RLU signal values from any camera can be compared to the RLUs
from any other camera that has been calibrated using the same photo-emission
- standard. Further, after calibrating the photo-emission staﬁdard for an absolute
photon flux (photons emitted from a unit area in a unit of time), one of skill in the art
can convert the RLU values from any such camera to photon flux values, which then
30  allows for the estimation of the number of photons emitted by a transformed cell in

the sample per unit time. '
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To facilitate interpretation, the data are typically displayed as a
"pseudocolor” 20 image, where a color spectrumis-used 4y feBOigRst he z
val ue (anpbunt of signal) at a particular point. Further, the pseudocol or
si gnal i m¥YRO¥Y2808pi cal | y superinposed over a reflected |BRGHHS03H7029

"phot ographi c" inmage to provide a franme of reference. It wll be
appreciated that | f the signal is_acquired on a cangra that has been

cal i brated usi ng E'stau tHicatl W < I m e.g.,
Xenogen 25 Cor por gf,4 ' A BRET e
conpared to the Rm%%?lgtr%l@%y Ph%%a? r?éirq‘%iﬁt g%t{oﬁl;wsﬁg%len (l:atlgl rgttﬁhgg usi ng
t he same phodtiduteoms 9§ thersoluwtipamtamdlls blia P6rave]l it eanddmaging dhé platetake '

phot o- em ssign_s ard.for .an absol ut hoton flu hotons emjted from
BNt “ar ea fopeEb@HRvGin e - £ Gty o etaes b B4R BEB D he RLU
val ues from giptrifipole dFRE BotdersXBOkiiNhé bibk a¥d f8Re intdPleGRoWIRM sigfdl al | ows
for the estimtion of the nunber of photons emtted by a transforned cell

in the sanpf@rgspendizg to lightromuspaticylgrguell. DleodgnahGoopsagh 2§tese areas was

PCTI US02/ 070 tifiy i f. bl t | -wel | rotiter
Pl ates The a&rr%ﬂﬁ}la%%@ﬁi %idteg{gléeﬁgérha éd hféléﬁf‘;saﬂliénfogggfc@tqy egg,’t\;\‘%ge gquantified by
plating dilweicasd of sevlral s0the kiudies dehileddld e, iatluding ExatiplesgBat £andas]

i magi ng the plate as described above in the Xen-3 canera. The Livingi nage
software was then used to superinpose defined borders around the each area
of the iymge showi ng a signal correspongifg,Eq !ight froma particular
well. The signal fromeach of these areas was then quantified, and

expressed as a si nglensRuttionaifiseGiaor-Pesitive fweTtansidsessTRI00S howRCGDE @S i n
several of the studies detail ed bel ow, including Exanples 13, 14 and 15. 10

EXAMPLE | Construgction Gram Positive | ux Transposon; -Tn400L1 .| ux ABCDE
iR The LuxABoDe HEeARCRE Y iRl es Fensrtited o FIRRGG CRPRTED o1 11 ve
kanamyci n caggivyeinfdagsette BeogBFDL BT {H RNy, WD, et@l. (2995)/188&¢risl. Bacteri ol .
177:5028-5034) was PCR anplified using the priners KanF2 %5' -CIG TAG ACT 15

CGA GGA GGG 0280 034N waY BCBam g Hmd usingdhe primprs KoalFd 48 -CEGtBAG ACTpr esent
Xhol sj 'K : ( - . SEQ I D
ﬁQ 2? t?lfe5t ELF%G@%&S' represen gggﬁégﬁ@%ﬁeﬁg%d@%taés carried

out for 30 heptdserg/actillsing any BaR2q5 -CAGARACITGTCAGATSAGTSIGEGRATGRt 50C,

and 2 m nut 72C.. 20 The resulting anplification prqoduct provided a
promot er - | esg(ssk m&gi%ﬁh%bolﬁi%kegﬁra F@@sswalﬁﬁ@)a%@pllﬁva a3 carrisduct

was then cutowigsoatihgRblid W cles 881 $6kconds at 95°C, 30 seconds at 50°C, and 2

minutes at 72°C.

20 The resulting amplification product provided a promoter-less km" antibiotic
resistance gene. The amplification product was then cut with X#0l/Sa/l and ligated
into the Sa!l site of the pSK-lux4BCDE plasmid construct (see, co-pending and co-
owned application U.S. Serial No. 09/657,289 for further details about plasmid
construction) directly downstream of the luxdBCDE cassette.

25 The pSK luxABCDE km" plasmid construct was electroporated into E. coli
DH5a cells and the transformed bacteria were plated onto LB plates containing
25pg/ml kanamycin. After incubation at 37°C overnight, the resulting transformants
were screened for light production (see Materials and Methods) using a photon-
counting CCD camera (Hamamatsu Photonics, Shizuoka Pref., Japan; model 2400-

30 32). Expression of both kanamycin resistance and bioluminescence in E. coli (Gram-

| negative) were mediated by the JacZ promoter found in the pBluescript II SK+ or SK-

vector backbone. DNA was prepared from bioluminescent colonies. The correct
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into the Sall site of the pSK-1uxABCDE plasm d construct (see, co-pending
and co- owned application U S. Serial No. 09/657, 289 for4fAidlesoget ails
about plasmd construction) directly downstream of the 1uxABCDE cassette.
25 The pSRYQ BOWBIBE knR pl asmid construct was el ectropor atREF/FS9RO7RY col |
DHSa cells and the transfornmed bacteria were plated onto LB pl ates
containing 25g/m. k cin. After incubation at 37C overnight, the
resulting t raﬂgl?%?%ﬁ?ﬁ]@g%mcwaé@%&-%he F‘P‘g‘l’ﬁ segpensaLiciative fate Materi al s
and Met hods) pHSigeeH 2 (Rh?é ecBihd MRt | CS,

Shi zuoka Pref, Japan(;: rlmdgeglalu%480 %AO : Eggr essilon g%g[g%nts(#t g%g\%py{év?%

resi st ance abd/lizndkurdynestibeoesulting Estriation patBrasy negative) were nedi ated by
the lacZ pronoter . found i h pBl uescript. |1, SK+ or,SK- vector backbone.
DA was. pepar ed. FPRPITST & iAo Barsele Sonsining eyl B4 pnerieadhsg Auguet
2005 WO 09/ OZ&ﬁ@@m{E&E&@m%Pﬁbﬁﬁh@%SEMBGEE%&B&{E%M%&%& te

- (t.e., the coding sequence%I relative to the | uxABCDE codi ng sequences was

confirnmed byabay; usieg SealSailgdbe pads ofthe fregmmpass wererfilledan withmaclgntadepdds of
th | ti Lcti T 1 e
e Ceote ¢ Bl SO PRI e AR DB 0B3RS, ¢ o

the pSK | ux ABEREsaiiRpdMEBSST (Iojon epile(QAOSIEMBIONY d 7:62681607 Bpall ilkeddnstnldte ends
of the fragnments were filled in with nucleotides to generate bl unt-ended
mol ecul es. TRgsEonpstied it DHye cells. The Eapsformed bagiena wree platedorip LB medis| asni d

MGC57 tal . (] NBO.J. . 17: 6263- 6275 d th truct
Bl ect 1 opls ot edtfig 1shBAM N Ermtspicbl TSR sife pRmants i ST one o
LB medi a 10 GHghtprbdickign, dhibratplidnicol-ad¥b0s (OMR) IPkarRfiytinlRgistah@nsf or mant s

were screened for | ight production, chloranphenicol -resistance (CrR) and

kananyci n- r e@¥anRan QNA vyes preparcimnplightseapraing GmBKanRypelogieneFhe i ng, CR,
KanR col oni ¢ ' i | t
o Cohel oSt Sriefi MmO LAABERE At lhecif o ORI YR SRR e .

end of the Th#4@dGtquahaespaisen theass endof the Mad0dlytrafspo®al whtéonfiimed ggst i on

(Xhol / Nde] and Xhol | EcoRV), and restriction ttern gnalysis, as, well as,
by PCR ahhl yEFgichpn dtgestiop el g r’@aﬂéeﬁ}?@sﬁ«rwgeftﬁ@hm%wmm BAT- F1

(5' - GGT GIC &l a8l R i$HEDONASFRR Radrmidd sidistips ﬁ%‘n GCECA CAC
TCC TCA GAG ATGaCG-E’B' “8EQTD NO 4) under COI’ld(ilt i ons ﬁbe ai Fresg\isupr a. The
correct ori eGAdFbES vRETIGERCCT GUT AT ALYHERY, SEQAD M0:3) akKBVRARS
(5°-CCA CAC TCC TCA GAG ATG CG-3’, SEQ ID NO:4) under conditions
detailed supra. The correct orientation was identified by fragment size.

| EXAMPLE 2
~ Construction of Tn400] bixABCDE km® Shuttle Vector Constructs

A. Construction of the pAUL-A Tn400! hixABCDE kmR Shuttle Vector
The Tn400! cassette containing the Jux and kmR genes (designated IR
25  luxABCDE km" tnp IR, where, IR represents inverted repeats and tnp represents the
gene encoding the Tn400/ transposase) was inserted into a broad-range shuttle vector
having a gram negative origin of replication and a gram positive origin of replication
(either constitutive or conditional, e.g., temperature sensitive). One example of such a
shuttle vector is the pAUL-A vector (Chakraborty, et al. (1992) J. Bacteriol. 174:568-
30  574) which contains an erythromycin resistance gene that is functional in both Gram-

posttive and Gram-negative bacteria. This vector contains both a Gram-negative
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Construction of Tn4001 | uxABCDE knR Shuttle Vector Constructs A
Construction of the pAUL-A Tn4001 | uxABCDE knR Shuttle Yacd@ist 2opg Tn4001
cassette containing the lux and knR genes (designated IR 251 uxABCDE knR
tnp IR WYEQ B0R288; opresents inverted repeats and tnp repPEIEH030IRL gene
encodi ng the Tn4001 transposase) was inserted into a broad-range shuttle
vector having a gram negative origin of replication and a gram paositive
origin of reflgRelrepiicatiqn anddhe epmeraturesensivsPEIgh Giramaesitive grigin of
tenperature %ﬂggﬁwnye). One exanple of such a shuttle vector is the pAUL-A
vect.or (Chakraborty, et al. (1992) J. Bacteriol. 174:568 30 574) which
cont ai ns an er yt hHerejciha trasspostracasectige nfihe padsentsnfention mersahematichliy h G- am
positive and Gam.negative bacteria.. This tor ntains both a
~ Gram negat i véep%e'?ﬁggi@hg‘f"% %‘HVVW%?PW@&W&SB%Fﬁ?@WDQF PEMS of

replicatign &&%pb%lé&éfﬁ&{t.awé&ﬁdﬁgﬁ%ﬂeidé@ifgﬁﬁﬂo‘?ﬂfoﬁlr@'ﬁaﬂﬁﬁ)iséﬁ KQRO Aﬁg-!m, of
-replication. Herein the transposon cassettes of the present invention are
schemat i cal | yhencepr designated theszene ehending tie ganspesase.c Buritep elengen(sic®h bgener al | y

i ndi cate the f .th [ bl e el nt. AcgQrdi nal R
desi gnat i on ?(gdr}g? %glett{aggpsoggﬁs%lfldﬁ'ii'srg%ﬁﬁgat?%nsbmﬁgrﬁhe'g'\ﬂ%gﬁl@ “tf’ﬁlg I%@%{‘K‘s t he
gene encodi ngaskdie i reatepod sarmatiballt B4R IREABEDESEa4p tRe  added to the

t ransposon and ar? |ﬁ€é&2§§g@é’m larly, e.g., addition of a |uxABCDE kmni
cassette is rendetB% | 4P AR cpssettq wanibirorhpMG{p 7 using the | R

| uxAB rng,zﬁ,ﬂjg I : RN Ri .tﬂ% L he zZynes
EcoRV%)Elld(an |g%#§9ﬁ%@%ﬁg c((i) gg;fl sites o';esttﬁle UP?&X&%H?EI e
vector to gi vetdrite gbtihe shattleactor comtrattp AL pATL4001 EoABUTIEIKABCDE knR. E.
tali cells (DHa5) were h%a:?sformsd with the shuttle vector construct by

el ectroporation, i appvere drapgforned with theshuttls veptanpensiuetibya
ied ; . 4 _ Ny
concon 5 8oyl ARG oAU 7

eryt hr onyci nt30pgimL and mcaiznedyt 33P0 okanighy CThe readiing RaceoridianR)ere Pl asmi d DNA
was then isolated fromlight-generating, ErR KanR _col onies. B.
Const r uckd onscsrengdh forlight pradestion, soibeppyqinrresytangs (GmBY ardkapagmysin- 20 As an

alternative t@eMdsh LpAsAst Ay : m_ I X ARCDE
construct, tltﬁesgﬁaés]ﬁ%aﬁgypSK andﬁg(é%%fs t\i}é?’gﬁb&i;etgg I'n ottr%h?lﬁ%éplﬁg’%m’y&e n4001
cassette wascalmiexdd from pM3C57 into pSK as follows: The Tn4001 cassette

was cut from pM3C57 using Xhol/Pstl and ligated with-simlarly cut pSK
This ligation was el ectroporated into conpetent E. coli DH5a and

transformants ‘B.  Construction of the pSK Tn400] luxABCDE km" pE194 Shuttle Vector
20 As an alternative to using pAUL-A as a delivery system for the Tn4001
fuxABCDE construct, the plasmids pSK and pE194 were used in combination.
The Tn400] cassette was moved from pMGC57 into pSK as follows: The
Tn400! cassette was cut from pMGC57 using XhoIfPstI and ligated with similarly cut

pSK. This ligation was electroporated into competent E. coli DH5a. and transformants

25  selected on LB containing 100 pg/ml ampicillin, IPTG, X-gal. White colonies were _
screened by PCR using the primers including sequences from the Tn40017 transposase
gene. Colonies indicated to be positive by PCR were plasmid prepped and these
DNA'’s cut with Xhol/PstI to confirm that they contained the correct size fragment.

The luxABCDE km" cassette was then moved into pSK Tn400! so that it lay

30  between the two IR sequences. First, the ampicillin cassette was removed from pSK
luxABCDE km® using the enzymes Ahdl/Kpnl (in order to aid subsequent cloning of
the Jux cassette into pSK Tn4001). The luxABCDE km" cassette was then excised
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25 selected on LB containing 100 g/m anpicillin, 1PTG X-gal. Wite

col onies were screened by PCR using the priners includizaggpeauspses from
~the Tn4001 transposase gene. Colonies indicated to be . positive by PCR were
pl asmi d prEPpEW28%d these DNA's cut with Xhol/Pstl to cofGIHH0ZAHR t hey
contai ned the correct size fragnment. The | uxABCDE krrR cassette was then

Firet, the apSTLeRmRes e Rk Bshirpon s Sortpo. | Theassobr i iiang 1 ne

enzynmes Ahdl 4KRRlen (chf‘wﬁﬁi%Rif%n@h 1SR Wt BB neAﬂi:DEtméa%ngassette
into pSK Tn4001). The | uxABCDE cassette was then excised 4 August

2005 WD 02/ 072808Tﬁcﬁgumz\mmamponmmm campétent £.ioolid8i$t entd pSK backbone

with Bantl XhoL The PSK Tn4001 was then cut w hh EcoRV and |igated

with the bl uffRogf Fleatsep 1@?@%@%@98 re/mlammeiiin. JrishiEnsiosaits por at ed
nto.co te el n

10 SOt S b 408 0 AT B AL BB T

chl or anpheni posnhvmlok@mmnﬁrméﬂte/ RCR meiop tlmrpmmraerSiﬁ anfl Ituxd-Rpositive

r firged by P i ng .t M.3 L Ne SK
Tha001 1 uxABCDE ket REETRHL et 1l b SaUneic v e sad Bt erag: [y
this DNA was Firﬂrﬁ? thisTRU Ry Wi théh 1 bélawwﬂﬂgﬁﬂt dded cieMdut BE194 1re§uﬁ erl 'rt]ilﬂg in

the pSK Tn4001 1uxABCDE knR EfE’f 94 shuttle vector construct.

construct wadSKEITa00bpoAdECEE kmt pEXYmbuttlervectr canstrictDHSa.  Tr ansfor mant s
wer e seI ed on cont.ai ni n t hro b |ting |ight

col oni es re thekﬁﬁﬁﬂﬂﬂ'&t Wﬁg Eleég’pgfﬁﬁdalpw‘?‘?ﬁmf%?a ?ﬂlﬁgﬁﬁfxcr Ilin and LB
contai ni ng eirtRRformAntd Welld shRRABHALE cHtaihm ngbrﬂr%/Rrﬁhé&rh%mi?eﬂlrsehmn& C.
Construction of the pE194 Tn4001 pSK | uxAB K Shiuttl e Vector A Tn4001
| uXABCDE Ki Rlighitdoldnéeswesrt dienwachedorstd LiBcdonchinihg 100 pgintleanipicillin addaB i ve
origin was |located inside of the two IR sequences Firstly, the

G am negat i veontainingeitheror wg/ml kegnasresnerd Spvatobehlgzmphesiel- wi th t he

Gram positive erythronycin resistance plasmd pE194. pM3C57 was cut with
Pstl 1 BanH and bl unt-ended. At the 20 sane tine pE 194 was cut with d al

and bl unts ended. ThesEoistctidgerné ﬁEIID4DTramUY gSK Mmem“lsw_reeﬁemd this
m X was eIectroporated |ntoc ent col I DH5a and , transformants
sel ected on LB coftHh lg %Y%W&aﬁCO@é@GWGI‘Xheﬁ%Eh@GTam‘

chl or anpheni ﬁ ek h r?a?éﬁ

renmoved fromt a y I\/[%S? pE?LQ4 cgﬁgggﬂﬂg &gﬁggﬁgﬁ%ﬁ@}éty&ﬁegﬁh@&ﬁ om a
nunber of abib‘uéO(Hropntarmny plasmidepV GICA A twas dhised imath thraé}ram{powutvh exgthrbin}tial
(sites resistance plasmid pE194. pMGC57 was cut with Psz//BamHI and blunt-ended. At the

20 same time pE194 was cut with Clal and blunt-ended. These two linearized plasmids

were then ligated and this mix was electroporated into competent E. coli DH5a and
transformants selected on LB containing 150 pg/ml erythromycin.
Secondly, the chloramphenicol resistance cassette and the Gram-negative
origin were removed from the pMGC57/pE194 composite. Plasmid DNA purified
25  from a nomber of above erythromycin resistant colonies was cut with Kpnl/Xhol (sites
| flanking the chloramphenicol resistance cassette and the Gram-negative origin) and a -
proportion of each digest was run on an agarose gel to identify a plasmid of the
correct size. The remainder of a plasmid digest eppearing to be the correct size was
then blunt-ended and ligated. This ligation was electroporated into S. aureus RN4220
30  and plated onto chocolate agar containing 0.3 pug/ml erythromycin.
Finally, the pSK luxABCDE km plasmid was introduced within the IR of
Tn4001. Plasmid DNA purified from 10 of the pMGCS57/pE194 ori cm” S. aureus
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fl anki ng the chl oranpheni col resistance cassette and the G am negative
origin) and a proportion of each digest was run on an 293ugss @k to
identify a plasmd of the correct size. The remainder of a plasmd digest
appear i ng‘Y‘g 0¥¥288e correct size was then blunt-ended andOT/{AVEN20 Thi s
ligation was el ectroporated into S. aureus RNV4220 30 and plated onto

h | at t [ th Fi nal th SK | ux ABCDE
kol aam o vaen gt e B RK R preohoRadrol Shitiges e R e et | o
from 10 of thadaMéra plaki®sras c%t&ze%e%aﬁ@e%a@%ﬂ deR5nYeAHE2/ 072808

PCTI US02/ 07029 cl ones was cut with EcoR V and %Ol’tl on of each "di gest
was run on afiesgardsiedapproximataliebkb) yasthen h&%’ﬁ’chwﬁh luné-endndrBastH¢ute. The

r emai nder the.c rrec z roximately 6
by st herP K BarBhE e iR An TS Hadtbrahig e b Sl DISER D, Thi s
|1 gat | on sasy R ARAEREESH oh KEodnififing 15 Aokl ARARRRIRY BistEhtRbaf on LB
containing 150 g/ m erythronycin. m nescent” col'onies were then
patched in da:q%mesatvereahéropdtﬁenlmdqﬂwatemhm DB piptes doheinihg eithey Sorjg/mkdlananyci n
or 100 pg/m_anpicillin to confirmthe activity of the latter _antibiotic
casset tes. SKHEBYPRETIOBEAT] repicitin tosrnfing fiscotivibnef the lattenantibintis ¢ he

former plas t«j[ﬁ?% ! 9BC @?{ml g % it
was deci ded Sewe‘gu&cﬁ&fggégj}%ﬁ‘g}% s6 ou be 1den ﬁ%l o Qﬁt@tﬂﬁgﬁ% plésnlﬁﬁ S.
aur eus ( onl yinghaserrets osiertitidnshould tichapprogimnatelg t5084, itevdsateciod tlmparchl ng

bi ol um pﬂg}zcent upon transposjtio LE 3 High-Densit glr eeni ng of

Bi ol umi nidsceYAramisgrulddadendified b)(é’)hﬁlﬂf’tweﬂélsn&‘f’ ey (Qnly plgem ey tBet i ve

medi at e bi ol WHRESEGRL: ng col oni es pl ated
at high densﬂ%eegn so[tfogqﬁggﬂlt ﬁ%bﬂ@?ﬁbneg%gl@oﬁ%%Ewgﬁgn and manual
isolation. S. aureus 8325-4 cells were transforned with pEl 94 Tn40001
1uxABCDE, plated on solid non-selective, nmedia,plates at a density of 104
to 105 cells per plate, and 20 grown om—éﬁé at 37C. Strongly

bi ol um nescent singl e coiREH-BSnME Rréti G BHoMalimEcet Tridshbsaaler a, and

t hose col oni es were picked using a disposable mcropipette tip; the |ight
pr oduci n phenoty e of the_ desired caolony was confirmed wusing.the canera.

The col Was us aa@ alterpgiivgita the %evéﬁedu%qudm’ateaﬂgmsweﬁt comrmsmrem ch
th t | | gd 25
was then s fﬁ@%@ﬁ @E‘ﬁ %nkﬁgééloﬁ%ggﬁtea afthi ’gﬁ 3&!1@@5%518 éﬂﬁhﬁu&lpga 1

over ni ght at €SS WaS repea I'solation o ure col ony
was confi rrmdedﬁpn@héﬁranailllmiatm‘n. essentl ally uniformlight intensity anong

singl e col oni es
g S. aureus 8325-4 cells were transformed with pE194 Tn40001 luxABCDE,

_plated on solid non-selective media plates at a density of 10° to 10° cells per plate,and . .

20  grown overnight at 37°C. Strongly bioluminescent single colonies were detected
* using an ICCD camera, and those colonies were picked using a disposable
micropipette tip; the light producing phenotype of the desired colony was confirmed
using the camera. The colony was used to inoculate a volume of liquid growth
medium, which was then streaked onto fresh media plates. The plates were incubated
25  overnight at 37°C. The process was repeated until isolation of a pure colony was
confirmed by observation of essentially uniform light intensity among single colonies
on the streaked plates.
The preceding demonstrates a method that avoids the need for an antibiotic
selection as a means of isolating organisms of interest transformed with the

30  transposon cassettes of the present invention.
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on the streaked plates. The precedi ng denonstrates a nmethod that avoids the
need for an antibiotic selection as a means of isolating Qioa&tgess of
interest transformed with the 30 transposon cassettes of thée present

i nvent i on W&®/2808gust 2005 WD 021072808 PCTI US02/ 07029 BHETAMRIRE7129
Construction of an Integrative Genom c Targeting Vector for Candi da

al bi cans. Transformation and Screening of C. al bicans, and Uses of
Transformed Strains A Vector ConstructEmes, order to expr ess

luciferase in @%ﬂmoﬁb?wmg%;at%%&ﬁﬂﬁ@%a}%ihg%&e?ﬂn daﬁaﬁ{g '&%:-IFM:”E (ORF)
of the luciferase gene Were altered as 10 T FHIrst, se gene
in pGL2- Basi ¢ \fransformation end Rorepiing @ ! 785 1a) s ofiamsitragpdiBimins of al |
ni ne CTG codons t G,codon e fragnment contained four CTG codons and
& Veuecon

the other five CT Blo0er e ¢l oned separately into pBluescript Il

KS(+). 10s The codpisrdéEioxptdsSheierdSd iU draRi Qlbkan 0TeTdddohd @t be&t ed
mut agenesi s kit (Strat agene After each nutagenesis step, products were

sequenced t oreagingiframe ) Qf) fee lneiferpssczena tvere dfesedis:fellows Jripssrthe ed.
Briefly, plagm - 6 o i ni ' ralj

| uci ferase ggﬁlefgr\?/gés;g‘%gsqﬁ ?Pgtze%gs%mﬁ%éﬁﬁghgb Eice c@)% tgaf%gﬁttg{eg'ﬁ%mg}ég? Jrléasg“jrr%fnt
cont'a: ni ng ﬂl5nfml[FT©Eoddmet@TGGGm?Ol)T§(ﬂ)ﬁE ﬁdf@némebﬁteﬂne‘sﬁm@mgm dfdiﬁ:dif)ﬁmf rame
was cloned into pBluesgript, Il KS(+ Stratagene), A second, 751 EccoR
1-EcoR V fr a&mcr i RPdRpst S PR Cl9TedS LTl Ao et iet RS
separate [ | : : - €4 %ﬁj%g 2 mut at ed
by the &chﬁgﬁaﬁl{]ﬂggﬁ%ﬁél |‘?delé:stlIl egﬁﬁ ¢ %‘g{éﬁgggl iEdtng{g?r at gg%se '? o TTG
Pairs of con{Stratagenegy ) fipr cavhmsutagenesis 86p, prodictuweredequencadde confidm thae

site-directe t.agenesj.s kit. .Figure presents the conplinentary
ol i gonucl eot&’ﬁgiléf} ‘?%re “tﬁé%‘?f YaF: 4fd-ect ed nutagenesi s of | uciferase.

These ol i gonucl eoBiidfy, p¥antd peed-Baid (PESHhE) dbRainid S Whdiphidbyals by

site-directed nutagenesis into the P nuspyralis |uciferdse gene of pQ.2

Basi c. Nucl elyriferase gavegyasiregivieied withpddkdand Ecaftfand e$4A dp dugment aintagjeg CTG t o

TTG Un i | des,are .base changes eded for priner

stabi 11y Tatef el SRR T Rl BERe PR PAe R S0 (he
protein. FurpBkescripoll KSHESatiIBas)] AetolRRABE, bt AR LEcdRNE fiadieito TTG
nmut ati ons were in close egﬁ‘égéggr oximty that both were _incorporated in

one react i onconidipiag ths ethe Gpdens|was clenedseparatply e pBlugsedpt Il and EcoRr
| -EcoR V KS(+). These nine CTG codons were mutated by the QuikChange™ site-directed

mutagenesis kit (Stratagene) to TTG. Pairs of complimentary primers were

~20----constructed for use with the site-directed mutagenesis kit. Figure 1 presents the
complimentary oligonucleotide pairs used for site directed mutagenesis of luciferase.
‘These oligonucleotides were used to incorporate silent mutations by site-directed
mutagenesis into the Photinus pyralis luciferase gene of pGL2 Basic. Nucleotides
highlighted inbold are changes needed to change CTG to TTG. Underlined
25  nucleotides are base changes needed for primer stability. These changes do not affect
the amino acid sequence of the protein. Further, for primers RR45T and RR45B, two
of the CTG to TTG mutations were in close enough proximity that both were
incorporated in one reaction.
After mutagenesis of all 9 codons, the Xba I-EcoR I and EcoR I-EcoR V
30  fragments containing the mutations were excised from pBluescript I KS(+) and
cloned back into pGL2-Basic to produce pLucT9.
In addition to modifying luciferase codons, the constructs were also made to

include a promoter and polyadenylation signal, both derived from Candida. To this
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30 fragnments containing the nutations were excised from pBl uescript H KS(+)
and cloned back into pG.2-Basic to produce pLucT9. In @qqmgiugmdog

nodi fyi nga{,@ciferase codons, the constructs were also made to include a
pronot er 04 denyl ati on signal, both derived from Carfigs028@2 hi s 54
24 August 2005 WO 02/072808 PCT/ US02/ 07029 end, pBluescript Il KS+ was cut

i h , x . . i

(5 acrcacadE BN R s BN NBER M KDLF R, € phosphl e

Codons was anpli 1. oo by DO (1 6 DLuc T Lh b o e o LB and LU 5
ons was anpl.ifi ] (

?Icz)i gure 2A),g‘}[§pB?ﬁR:€$Tg)é§' %ﬁ%gﬁgfgag%%enéﬁ?ﬂi% frame gentapg thegineddhG er ase open

readi ng fraggyoi %@Mnﬁéﬁw&(%&gﬂmg @mlsitﬂa%ﬁ%nﬁersst _ anﬁkmgg' ified

product was restricted. with Bam H and Pst cloned into pBS-ASC to
produce the FHigwni2d)gBeducingfhprodustaimt contpins treahodifiediuedbiasmopengeatingf t he

e e L
priners ACT- With@ash ACInd P f Bhdslbedifto prBsuAs@ folprEsice theplBsmidiphb-1.| The and
|igated into pBS-L to gﬂc;_duce pBS- LA. The pronoter of the.C "al bicans

Enol ase genelrErdptgnal semingtionrecionishe Goalbicenomtin (48ddD pnedDelbruck and

174(21):6789 LI X Jchi i CAl 4 DNA
with the pri%eggé(lwgﬁ@%@ ﬁﬁf’gﬁée&i)%@s %}@@m%}%ﬁé@e@%S was chosen
because it wgehoslioBDNA oithalweprimée JC P IPAnd ACT-TEUFE giee BADS ®ithPst ] and

(Postlethwai{ and Sundstrom (1995) JBacteriol 177(7YIq7-2--9). The
anplified P 1 aed hgated igte PRy-L+fo meeduce gB8-Igvm HI and cloned into pBS-LA

cut with the sane | es 1 glgeegmﬁﬁ-a) t ENOL
pronot er was fusegﬁfgﬁ%)g&grﬁg?g?ﬁ@sf%%ggope re glg‘r%ds rigilsrfaéld\ﬁ,gdgg Bar n
EI o 20I .. Si t@99hbéB1zed'i¢ldﬁé(di1§§’é8§y9QDpsasrmﬁfmﬂ by RCR froinf@raiézéf[nﬁtsm:ain p](c)don.
st site ac I mredi a st codo e luciferase
gene. The nu?%?%Pﬁoﬁthtﬁu @?‘@ﬁﬁ%é}‘%@m Q-’tqﬁre%&w%g? %Bﬁ]t?@“ﬂfﬁr | site
to the ¥ wastHReBtah R WeLhoWn!th haveSuitbARited céﬂsﬁhﬁiwe%g%@@iéﬁ ng the
restriction enzyne sites Not I, Asc |, Hnd Ill, Fse I, f I, and Xho |

(Figure 2A @patlethwaitand Sundstrom (5335) VBazeriabl TUD £33t Pet i ¢ | i nker B, SEQ I D

NG 35; and Fi gur C | enent ar Yy t hese
synt hetic |inker g’)rgef @@%@i@ﬁ%@%&s aﬁ%‘ea’gﬁéﬁg? (Ea“rﬂP %’(’:‘%Iearngsceqne%l\é\?qﬁi nat or
cassette waspB3dissan wWithohe SR febifictibi BnA®ts ko podudd pBE-ELIA. aftdiscthened  into

pBS- NX to produce pNX- ELA. . The URA3 gene was anplified fromthe C
al bi cans- E. %18&1 pepieter wapfusediodhy pitered bicrierassenenreasyng framg Nraa Bam FHCR wi t h

_the 20 siteinserted immediately upstream of the luciferase start codon. A Pst I site was

placed immediately after the stop codon of the luciferase gene.
The multiple cloning site of pBluescriptll KS(+) from the Not I site to the Xho
I site was replaced with a synthetic linker containing the restriction enzyme sites Not
1, Asc I, Hind I1I, Fse I, Sbf 1, and Xho I (Figure 2A; synthetic linker A, SEQ ID
25  NO:34; synthetic linker B, SEQ ID NO:35; and Figure 2C shows the complemeritary
pairing of these two synthetic linkers) to produce pBS-NX. The promoter-luciferase-
terminator cassette was excised from pBS-ELA with Asc I and Hind IIT and cloned
into pBS-NX to produce pNX-ELA. The URA3 gene was amplified from the C.
albicans-E. coli shuttle plasmid pRC2312 (Cannon (1992), supra) by PCR with the
30  primers URAH and URAF (Figure 2A). The amplified product was cut with Hind IIT |
and Fse I and ligated into pNX-ELA to produce pNX-ELAJ.
For pilot experiments in the ura3::imm434/ ura3::imm434 CAl4 strain, the

targeting vector contained a completé C. albicans URA3 gene, which restored uracil
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30 prinmers URAH and URAF (Figure 2A). The anplified product was cut with
Hnd Il and Fse | and ligated into pNX-ELA to produce aMfdab@¥dosFor pil ot
experiments in the ura3:: imi34/ ura3:: irnmi34 CAl4 strain, the

t ar get i ng WRe¥HR8%ont ai ned a conpl ete C al bi cans URA3 gen@CH#H0R702%st or ed
uracil 55 24 August 2005 WO 02/072808 PCTI US02/ 07029 prototrophy to the
cells. In high density screening (see below, selection for URA3 function

was not car rPetPtephy i the celise I high idengityissisrpaing (sepbelowa aglpption fizdIRAZNd
90234. Al p lnglp '!;sgl | R td ressar L ed out
under standafr\ug§l con |tt%|£ﬂ5fr%§%€lgﬁ§lﬁbe%i sup{ég{aﬁg%r%%g%@ﬁ%@)%f accordi ng
to the manuf@23drer's instructions. Al ligations were electroporated into

the Escherichia col.i . strain DH5a (Life Techno] ogi es, Rockvill MD) , nd
grown in Luria-B {lé?ﬂﬂsmefﬁ?laﬂeaﬁ H}(ﬁi.enéﬂﬁ?t&? I5RGHenT BETSCATRE %i“&&‘?"lﬁt d m .

PCR was per fﬁnﬂﬁ%nw’;AﬁbuBel%ﬂﬁémk,%ﬁh?ﬂ? LR INBaRhAGTRI _CycCl er

- (Applied Biosystens). Reactions were carried 10 out” in thin walled 200 p.|
PCR t ubes i ninstryationsreABfligaidons wae thkcmopogatabinpmtbie Esofergditcoligiiagonuc| eot i de

Pol yrer ssb: D1t Crisfneinolneces ol bt §0um Sp hit-Batatl B medium
deoxynucl eOS&&%ﬁihE?ﬁ?PE%&"ﬁm& i pcﬂﬁf%l@&%fperﬂ:?ﬁe@@Tﬁam%ﬁN%@@R 1U of

Taq DNA pol ynerase e Technol ogies) and | ng of tenplate ]
Anmpl i fi cat i o¥yst@n &) avemated theomal aydlsr (Appdied Biosywierng).cBeagiionsowste cagiedycl es

at 94C f 30.,.segonds C f seconds, 7 for 1-2. m,nute ependi n

on the dibectutas b gangd A 1R iheS SR AF 0 Phonbiifick of Pols SEFREOC 1o

5 minutes. Bafghclestideprizidr(OponfSH of 1 O PURShuftdr €suppasd WaR TapDNAE Was
o8 :

passed t hrough spin colums CR purification Kkit; agen). 20 C. al bicans

targeting setflanesse; hifed eghrajogipdsd MM MEGInded mdfof¢ach the vector. At the

time of constr | t WWaly) t u [ osm ds
cont ai ni ng Cfi eg?iﬁf?lﬂgﬁ%gﬂé%‘lﬁ@ﬁqsp@ %B%ib%g’r %dgﬁdvﬁTgaé%%dgfgm%ﬁsg%kﬁgggessi on
nunbers: ALOBRPONA pNIARSEASY (L1 TE3R66I0gieHla03 3 WA DI tMBIAGINCA. Anghlifibatihdi3391) .
Put ative open readi ng franmes from sequence data annotati ons were_ 25 mapped

usi ng DNA Cotidt fagretd @t urder herfalioving eanditippg 40 plen a4 NrpT 3&eepePdd  regi ons
of appr oxi MY or3KRebitftl 7840k 12 iR depinP Bh Tl ABeABPBaL BAMENG T rames

wer e exani ne or repeated Candi da sequenc ana, Magee, et al.,
(1998) CGengirpductilat@(adfinal Z8en§ar) step ohBAHE! fogy mumtes. Beforp ostridiibe o6 PER r eadi ng

]; ;:g}eﬁ g( ﬁg%gdllgggé eed';ee j ggﬁix&g’ wlégkaasrs]gc{ th%)ung asi)ﬂll cotmany (PEIE[ Igil}r}ﬁ/c%tiglp Eﬂ,
Qiagen). '

7720 C. albicans targeting sequences were also chosen and inserted into the vector.
At the time of construction of the targeting vector, the sequence of six cosmids
containing C. albicans genomic DNA were downloaded from GenBank (accession

“numbers: AL033501, AL033497, AL033503, AL033502, AL.033396, and
AT1.033391). Putative open reading frames from sequence data annotations were
25  mapped using DNA Construction Kit 2™ (Textco, West Lebanon, NH). Several
regions of approximately 3 kb that did not contain any putative open reading frames
were examined for repeated Candida sequences (Chibana, Magee, et al., (1998)
Genetics 149(4):1739-52) or homology to other possible open reading frames (ORFs).
Large regions (~3 kb) not containing any putative open reading frames were divided
30  into 500 bp sections and each one was used in a blast search (Altschul, S.F., et al.,

(1990) J Mol Biol 215(3):403-10; Altschul, S.F., et al., (1997) Nucleic Acid Res.
25(17):3389-3402) of all known Candida sequences at that time (Stanford DNA
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30 into 500 bp sections and each one was used in a blast search (Al tschul,
S.F., et al., (1990) JMI Biol 215(3):403-10; Altschul, 22 Aug S%toogl

(1997) Nucleic Acid Res. 25(17):3389-3402) of all known Cang a sequences
at that tiYH@0VeR¥ ord DNA 56 24 August 2005 WD 02/ 072808 REEIUSOBORD 7029
Sequenci ng and Technol ogy Center website at http://ww+ sequence.

st anf or d. edu/ Upup/ Candi da) Regi ons that had significant honol ogy to known
genes or repﬁ%ﬁwlﬁéa%ﬁ@@@OIO%Fénﬁeéwebﬁ@Gafh@Eﬂwl deration. A region in
cosm d CAA1CIQ. Len Sil dida umber AL033501) from nucl eoti des 2356
to 5858 was region the first and | ast 1000 bp
wer e renoved frorrRegmﬁs uﬂmrl&ztllstgm&ranalmntcﬁog}oﬁo Knownigendsustacpoatedgequantey s t hat

may be present from acent en readi.ng.frane fragnents that were
sel ect ed’ f or WERdeBOVEhigom: CO’PSA ISR rP@@PHh%OSB’f‘SQ‘%ﬂaégt(@P aceBHIRat ed

by 125 bps i Npdfier Gansdizgen \I5sme Thcledkies IEABI5R 58 %9@&1&&&1 TR i@ B bp heDﬁg

strains used was sequenced from PCR products anplified from genom c
The regi onsregivnithefipstbnd Bitdd00 bp ek memed fomacoisiddiaion 20aAouwet ® | dent i cal

except that 202 ha denine resi.due i.nstead of anln resi due
e eor ciEC s any Sroftibtert Fhaf MR PR BrebiR BoHE A The o HERRD T | o
3942, a thynjrgiméntfthalWelegoletde fordRdS Mad’ eargeﬂ%qegieh%ftﬁaw&& a@é t he

nucleotldes 4007-4131. 15 Sel ected target|£g®reg|ons were cloned into. the

targeting vetpaatedbynidShy inHe Candidargsperse genoalip targigaegion afithet he URA3

gene. | ar f 41 fied by
BoR 7 romi T SRR WA Fodiphdel RRmRPER shdtnsf i ol GRS RMT R Gy
product was gionwir fhe PablishedoebnAs seduefdichnd| ATED 32031 werRderticAlléxteptphinduce
pNX- 5ELAU. Anot her region, from nucleotides 4436 to. 20 4789 was angl ified

by PCR from @C@%hweﬁ@%emmm@ﬁ& TARaRne resiiye at nualgotidedddXnpl i f i ed
d d
product was ?Moﬂ%ﬂtﬂre%%&mh s Rl égﬁuﬁﬂgaa?ﬂgﬂ%t%%ﬂn&@gﬁwﬁ]eaéﬁﬁeﬁﬁ@e produce

pGIV-Eno. Kpn | sites are outer ‘en ese:
targeting retpddramd aTareleooduptication ofdlse mugleovidesdFt1B1bef ore using it for

transformati on i da..al bi cans. e Co StI‘UIIOI’l of NO i s

gr aphi cal y repreéeeﬁcggg‘a{gﬁ URE TSNS W, Aeag%er}lm ’@g"FFgﬁgg‘g‘r tn of
Candi da al bi pgifsrase! dxphediod besétermtm@gmgrg%hé Umﬁrhﬁ&ué&iﬁ@s 3352tt5ansf orm
Candi da al bi cans usin fication of the met hod of Braun and

Johnson ( Br s4A07 94 A%RHOorss @Ay by PERdEom CAH DNA by primers TARSN and
TARSA (Figure 2B). The amplified product was cut with Not I and Asc I and cloned

mto pNX-ELAU to produce pNX-5ELAU. Another region, from nucleotides 4436 to
~20 4789 was amplified by PCR from CAI4 DNA by primers TAR3F and TAR3S (Figure
2B). The amplified product was cut with Fise I and Sbf T and cloned into pNX-5ELAU

to produce pGTV-Eno. Kpn I sites are located near the outer ends of each these
targeting regions. The construct was cut with Kpn I before using it for transformation
of Candida albicans.

25 The construction of pGTV-ENO is graphically represented in Figures 3A, 3B,
and 3C.

B. Transformation of Candida albfcans strains
The targeting construct was then used to transform Candida albicans using a
30  modification of the method of Braun and Johnson (Braun and Johnson (1997) Science
277(5322):105-9) (hitp://www.sacs.ucsf.edu/home/Johnsoni ab/burk/burk.html) was

used for all Candida albicans transformations. 100 ) cultures were grown in YPD

supplemented with 50 mg/ml uridine (Sigma), overnight at 30°C. The overnight cell
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277(5322):105-9) (h~ttp://ww. sacs. ucsf. edu/ hone/ JohnsonLab/ bur kt hur k. ht m )
was used for all Candida al bicans transformations. 100 ogiagutitoes were
grown in YPD supplenmented with 50 ng/ nk uridine (Sigma), overnight at 30C.
The over n-i"bﬁ’sfm%g(f% 57 24 August 2005 WO 02/ 072808 PCTI USORCHAFIYOWAL t ur es
were diluted in the sane nedia and allowed to grow to an OD600 of 1-1.5.
Cells were pelleted at..400Q rpmfor 5 mnutes and resuspended in 20 m LATE

buffer (100CHIATES Ve dilnteddp thesame medip and;alloyied tq ggowto a3 ODeoopfi lEbFA) . Cel | s
were pellet ' - f -
cells were m_@gg%&gfe’\,}de%lﬁt@%f gﬁégﬁﬁr}g‘eﬂﬁif Iﬁ’ltésdz{eggar?%lf fé‘ﬁiﬁg% eadrlglglhéa nodrt;f egper m
DNA (Sigma) 6 mMiGithgumakcetkion1d mM Gas HEW (pH A5 ImBANBEDTA)OCdllsoferPLATE ( 40%
pol et hyl ene gl.ycol 3350 in LATE butfer ed I xed gently with a
i cropi petto ?lye?‘“r‘ia?%"f“oﬁ?éﬁsme“&&d‘&ﬁ |“§r¥2§ ngﬁﬁ%ubﬁﬂd’?ﬁ%&?%‘ﬁ ef"?ﬁig% h and
heat shocikedwith 194 of 20 nftPmiidHaiuesd, shedafdd sSINEH $eRf DA eSigafladepugpgnded in
400 Id of YPD and plated on non-selective 10 nmedia containing luciferin.

C. al bi cans ©Kan { dizased plasmdANA TN of BLAWER@0% patethyleneglicol 3358 i 1993)

CGenetics 134 _y/ ' [ QVik Dr. . | th [

University o?i}rﬁ %%%@g‘% %S%ﬁ%}&gﬁlg?ﬂéﬁ‘gﬂg ? @F‘RBIP%%%@%E“%@%L and
90234 wer e ohmetioigdveré imeabatbatA0UT fr3rh dnddeafBHotkedeat 4010 e Ub ain(d¥RNassas,
VA). YPD mad"LJu 15 (qii 0 en(g, Car | shad, CA? cont ai ns. 2% w v) peptone, 1
sw v) yeast Cellt Varepelleipd anchinpuipede e 40R ! oS e platediominicacselestyy obi ogen
me a comnjgi o 1o U t nitrogen base w thout am no acids,

0. S%WIV%(ﬁaR’rﬁlrg%aljf%{{s%ﬁl %Itug, W v) dextrose (glucose), and 0.077% W v)
Conpl et e Suppl ene6t abicebuCAIN b UImmaA3dCira3 : (a8 ) (BYnzi drklrfvirr ¢h903Y | on f or

Cohr geni ne. apendiesd SEaET H 28 lgesly Breladednirl: fesiBierinany G iitkel 50
L- Leuci ne 10QfindesoteYSSAE (D QibitanVBiihORITCE 2032 LroPBEMHIB0SY RereUbtaihed

Threoni ne 100; L-Tryptophan 50; L-Tyrosine 50; and Val i ne 140; TOTAL 770
ng. 770y (fromghe dmerinan Tppsdddiure Colettiod (MandssasyV AGD YRD mediansSD- ur a.  For

Sded 't o HeftiFEy R ki R o R RN R REPO ik aliER mpd ) 1O
screeni ng, tI%Oi?ﬁv@gmaﬁkecGSylnﬂ}etwﬂﬁirIeﬂ@Bﬁ(%ﬁ@@n??ffiﬁfféodtéﬂ?@@ﬂ%@ﬂ/vgGT V- Eno

construct and the transforned cells resuspende m  YPD, | at ed on

red cel, )
twenty 140 n¥fRSNbPgendtase witheylspianisidse 8- SKpMvIsanmgpmm sulfate A%e(w/v)
dextrose (glucose), and 0.077%(w/v) Complete Supplement Mixture without uracil

(CSM-ura). The formulation for CSM-ura is as follows with components given in
+20---mg/L: Adenine 10; L-Argenine 50; L-Aspartic acid 80; L-Histidine-HCI 20; L-
Isolucine 50; L-Leucine 100; L- Lysine 50; L-Methionine 20; L-Phenylalanine 50; L-
Threonine 100; L-Tryptophan 50; L-Tyrosine 50; and Valine 140; TOTAL 770 mg.
770mg (.77g) of this powder is added to 1L of SD to make SD-ura. For growth on
plates agar (Difco, Becton Dickinson, Franklin Lakes, NJ) was added to 1.5%{w/v).
25
C. High Density Screening
For high density screening, transformed cells were transformed with a
linearized pGTV-Eno construct and the transformed cells resuspended in 1 ml YPD,
plated on twenty 140 mm SD-ura plates supplemented with 50 pg/ml uridine,
30  containing 600 pg/m! luciferin (Biosynth, Naperville, IL) (at a density of
approximately 2.5 x 10° cells/plate), and grown overnight at 30°C. Plating on this
media provided better light production (relative to plating cells on YPD media). The
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30 cont ai'ni ng 600 g/m luciferin (Biosynth, Naperville, IL) (at a density

of approximately 2.5 x 105 cells/plate), and grown overaigpfusetoos0C.
Plating on this media provided better light production (relative to

pl ati ng c¥QYYMB®PD nedia). The 58 24 August 2005 WO 02PETAZGY07029

PCTI US02/ 07029 nedi a used all omwed growt h of untransfornmed and transforned
cells alike, thus ffordi ng no sel ective pressure. Consequently, a |awn of
cells grows @ﬁd‘éé‘éﬁia ﬂ[%%.ﬁ%%%ﬁ%%ﬂgﬂ@ﬁ@%f%%ﬁﬁéﬁ ¢ ti§ed on t he

I-VI STM i magi t R Befelf; t j t ' j m
( Xenogen Cor;ggorrgt oﬂr?l)) : e@@?‘ﬁéﬁ%e Mst'.{ﬁjg 0 ’\/?/2?‘(‘3/}1 %{{;(e&-r?glggléélwgcg?%%?ﬁ%tgn
Al aneda, CA) was Tbenext moatngihegplaasiwardigged drihthe IVEYamaging sggemdons cases,

l'iquid cultures, and. pl at re i.maged usj.ng a photon. unti intensified
char ged" coupPErvieiE B Bs)R binpa ke wss CPorhanf ddneitant on cs.
Bri dgewatser , sdiare (éhok\COpERRIonOAlahicaR SERY W td Soqufidland@bfalyze the

bi ol um nescent can be detected 10 against the dark background of many

unt r ansf or neighages.| | ceptpintdageshiigihd deltures gndaflatepiveneiimgged usinga phdtén cul t to
pick a pure Leny.of hbialunn e el | refor ~,Were picked
fromthe pla Ogmg é’ éngd‘at ’egtfﬁg‘]gf %g&fpcq)%:g%?%enég?w ﬁaelg%r?lcgﬁﬁ(r‘lr@?é@g%t col ony,

t ransf err ed HamdmbtstPhotosiice@iigevhtegaNpubes and grown overnight at 30C in
SD-ura suppl enented with 50 g/m uridine. An aljquot fromeach tube was
9

placed in the 15 et low ppmber gbtransformed celly thakare blofinainggcent sambgdstestsdt ai ni ng
600 i g/ of | fery rﬂﬁg IV l ul tures
con ai ml;ﬂg bia aﬁﬁ%&?gﬂc&ac@%@fxﬁ&of&@@ﬁl u?@gﬁgﬂc lfssb“%etggﬂ%ﬁ%ﬂgi&?%fpl at es
suppl erment edplating) it56 diffiéult topickda puere fcolony of biglheniaedcentycells Altatdfare, cellse

resul ting biolum nesgcent cells were passaged (epeat edl .and were stable
with no | ossVgP Péqquﬁ om i p Ftﬁnér"i‘,“ﬁ’(“aéheg}toﬁﬁﬁ% ot fhebighmiseraeni colngy,

contai ni ng tigsfeRAtS st} Iﬂ{c?&{eﬁﬁ-ﬁﬂg@thbés'&dtg%ﬂ&&%ﬂi&hﬁﬁi%% iPsbha Sane as

the parental cells. D. Southern blotting Genom c fromtransformants of
t he clini calsupplgsientedvatnd) pFatusdiag2 An ahiguaili@n cacidb@dasplacekinithol at ed

1a(4)  538. 20y SRR Rl it e 0o R Ot bl 1 a

fragnent sparifies ¢etdignaged OFifiven@h GRS kel RdsVRSEaiTiNE Biolumihfdce@ deniginsf or ned
strains the construct was integrated at the correct location_ in the
genome. 30 EBvergdintediand spread p]bgg)-ura plates supplemented with 50 pg/mi vridine for

single colony isolation. The resulting bioluminescent cells were passaged repeatedly
and were stable with no loss of signal. In addition, the growth rate of Candida
20 - containing the construct integrated at the targeting region is the same as the parental

cells.

D. Southern blotting
Genomic DNA from transformants of the clinical yeast strains ATCC 32032,
25 10261, and 90234 was isolated accofding to Fujimura and Sakuma (Fujimura and
Sakuma (1993) Biotechniques 14{4):538-40). The genomic DNA was Southem
blotted and probed with a fragment spanning the genomic targeting regions. In all
three transformed strains the construct was integrated at the correct location in the
genome.
30
E. Vaginal infections
Female BALB/c mice >6 weeks old were used. To induce pseudoestrus, 100

ul of estradiol valerate was dissolved in sesame oil at 2mg/ml and injected
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Femal e BALB/c m ce >6 weeks old were used. To induce pseudoestrus, 100 Al
of estradiol valerate was dissolved in sesane oil at Z”Eﬂdﬁug%@szdd’ﬁl ected 59
24 August 2005 WO 02/ 072808 PCT/ US02/07029 intraperitoneal "at 72 to 96
hours pri 8O0 P47 #Bection and weekly thereafter. 50 ml  CulRGHE¥28702€andi da
al bi cans strains were grown overnight at 30C. Cells were pelleted at 4,000

rpmfor 10 nmi nutes, r ended in 25 nm phosph te uffered sallne (PBS)
and repeat edmctWPE'étOP‘?? ‘@ﬁi 0 6gurggapqrdo ?‘émpﬁ‘é ek itagefiarn S@ mi

hemacyt onet etzultal%g oﬁcbmzsﬁam&@&m FERI PR @%é’m%ﬁ{‘&t's‘oycf fellé fEkction. 201
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i nto the vagbelidted 44090 rpfifer dhimmiites, wenspenddddni2h malpliosplmte euffgredsalinon f or

1 mn after | | at Rona Pr ot | |
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days 1, 2, 3, 5, 5, and 21 post-infection with a
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6} e

adm ni stration strat 10rlle nouse
i mages showe@®drhani §ro99) eEBﬂeuBPWo%nQﬁzmmbbgizH@m tileaﬁrleg Tﬁmgﬂ@btm;tn

nonitoring of 15 the |ight produ ida. At day 21 the aninals were
eut hani zed t Was (g piace Tr six henr a,ﬁ%g&@a g&!“&?&?‘ﬁﬁ%@ﬁqﬁgﬁi Thi s tissue was

L 20edigiz] DI eS el O infhAl ol AlEREed b3y 15 2 85 6 913, 187 pluct ng

Candi da, was cl ear| nstrat ed oré i magi hg,”’m ce’ were
anest het i zedawl 2hpms$ﬂffbaimnatﬁ o fight-preduwimgistem oﬂ Uaradiidb ﬁlmeglng was harriefiol e

body i magi n rib aboye, when e ach 0 use hel |nan
ot ed posP i ERP Ava e oHse And BUSRis TRRcetiER ArcHbed Rwo8 gy

luci ferin anghefifdidy JMiNbRatiol 6T th ﬂﬁfs&ﬁe} I The/VRfe ééﬁ%@b}“ﬁﬁvw@t%&l@ﬁm‘é?&' nal

| umen and the | avage sol ution expel The | avage sol uti on was aspirated

up and downimageg shwdtth@pmgmmmwrse ofHofdction dgaﬂlsamwd byasanitofing b€

| uci feri soluti no d.in m.cro trl etue

| eaving & ou{ll f@%gﬁr\ﬁ%?%%%ﬁ?%g %p%ﬁfsﬁztg I Swfrg\% E)}f’% é"ggﬁ group of
3 mice were ﬁmb@dsamisddrmg@damﬁﬁm ahsdisbwwmwé&mﬁ reaé}@xoﬁmé 1000x) in
PBS were plated on YPD containin mg/ il ur.idine andp

ehl or anpheni E"g?cnvpla&?né’st %é? thedt r%pmgg@ap@ﬂa,guas@equukgnogﬁ@at%u nt ed.

Exam nation by Ii g xaT oY) Y- whkls L from
| avages reveal ed tEl?}e pr sence o?{”mg lcgnt ,r %ﬂe’ﬁn?ﬁ ‘?jo‘?fms 8 u@ gd cells.
30 Thus, theswnutes dhuddlﬂem&bwdtoﬁbctdyamagmgldﬁmrﬁ;séabwﬁ wvihen mjeapoaaﬂlr ucts
~can be qtped as T CRY AP SRS RitloR 58 idvadd \Bin 366 u TS pATERARNG O

16.6 mg/ml luciferin and 16.6 mM ATP. The pipette tip was inserted into the vaginal

lumen and the lavage solution expelled. The lavage solution was aspirated up and
down to rinse the lumen walls. Following lavage, most of the luciferin solution was
removed and saved in a microcentrifuge tube, leaving about 10-20p/ remaining in the

25  lumen. Lavages from each group of 3 mice were pooled and imaged. Serial dilutions
(10x, 100x and 1000x) in PBS were plated on YPD containing 50 mg/ml uridine and
15 pg/ml chloramphenicol. Plates were grown at 30°C for 24-48 hours and counted.
Examination by light microscopy of cell morphology of cells obtained from lavages
revealed the presence of virnlant, hyphal-forms of Candida cells.

30 Thus, these results demonstrated that luciferase-containing constructs can be
used as reporter constructs in cells that are not amenable to selectable markers. In
addition, these results demonstrated _that luciferase-containing constructs can be used

for high-density screening to detect transformation évents and, additionally, allowed
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addition, these results denonstrated that |uciferase-containing constructs
. can be used for high-density screening to detect transfgr kojpogvent s
and, addi %‘?F@Lﬁz? al l oned 60 24 August 2005 WO 02/072808 PCT/ US02/ 07029
for obser % whol e animal's. By using a |uciferase gt ¥¥8H%he
firefly Photinuspyralis aI tered to allow i ts expression in C al bi cans,
transforrred a albl s cells mer3| tedb for Iight
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Although preferred embodiments of the subject invention have been described
in some detail, it is understood that obvious variations can be made without departing

from the spirit and the scope of the invention as defined by the appended claims.
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What Is Cainmed I's: 24 August 2005 PCT/US02/07029 1. A nethod of
introducing a polynucleotide into a cell, said nethod cammigusi w55

provi di ng tion of cells; treating said population o ells with a
polynucleéﬁ?gﬁeﬂh er conditions which facilitate uptake JF%W%@Lkﬂmg

pol ynucl eoti de by at |east a sub-population of the cells, wherein said

pol ynucl eoti de co | jght generating protein coding sequence,;
screeni ng said po@@&%@aéhﬁn(igélls for cells that produce light; and 10
isolating cells that produce light, wherein the cells capable of producing
light are cells into mhiﬁh t he pal ynucl eoti de has been |ntroduced. 2. The
met hod of claim 1} AEFEP

p §
of mitrgdpeink e PelyRuGIetids dnigasel; s1d method
bi ol um nescepfyBsiht uor escent protein. 15 3. The method of claim2, wherein
sai d bi ol um nestent” protein is a luciferase. 4. The nethod of any of clains
1- 3, wherk®in sai dppoplihg@é populationoeflceds;i s a  popul ati on of procaryotic

cells. .20 5. The_net hod, of claim4, er.ei n .sai rocatyoti ¢ .cell re
anti bi otic- resi sfrgﬁlngbsﬁ’éf Pk%ogpéﬁéh% WC?%%QFHP , CWFgP‘é‘_F%Wéiﬁﬁd
procaryotic epflitite ApRks bARPHRGAUEMSR by # P8l AEIARPuldiéh obdelcens,a. 7. The
met hod of claim®6, wherein said procaryotic cells are grampositive

bact eri a. 30wdereRhsaidvpelymirlestide comnprises alight gengrating grejeiavegiogisequeacdact eri a

are of the speci A ) 0 MO 072808

PCTI US02/ 07029 5 %‘%"M‘i ﬁ‘%{q’ﬁ%@é’f gé‘#%%@%ﬁ@%‘&%“@%}‘gﬁmg‘rﬁ{ei n said

popul ati b of cel {slatiag @ellstbmpradiicelight, whread thelcelts €phbls of pRddudifig light hod of
claim9, wherein said Eg;i:gul ation of cells is_a yeast. 11. The nethod of

cl ai m 10, whaesels 3¢ whis4ae pelynusisotide hashesn anfrpgduced.

2. The method of claim 1, wherein said light generating protein is a

bioluminescent or fluorescent protein.

15
3. The method of claim 2, wherein said bioluminescent protein is a luciferase.
4. The method of any of claims 1-3, wherein said population of cells is a
population of procaryotic cells.
20 '

5. The method of claim 4, wherein said procaryotic cells are antibiotic-

resistant bacteria.

6. The method of claim 4, wherein said procaryotic cells are gram-negative or

25  gram-positive bacteria.

7. The method of claim 6, wherein said procaryotic cells are gram-positive

bacteria.

30 8. The method of claim 7, wherein said gram-positive bacteria are of the

species Staphylococcus.
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12. The method of claim9, wherein said eucaryotic cells are mammual i an
cells. 13. The nethod of any of clains 1-12, wherein sabd sRgLyeekeot i de
ronot erl ess pol ynucl eoti de sequence encodin i

conpri ses ?3 a li ght
gener at i naiV-‘SP &8, 14. The nethod of claim 13, wherein saSd’P8PYMELI eoti de
conprises an 15 integrating vector. 20 15. The nethod of claim 13, wherein

sai d pol ynucl eoti ge..co i ses a ransposahl e.or .nobi l,e. geneti.c. el enent,
wher e!on gai d trangp’gg%%ﬂ%é‘ogf’%‘@'n%ﬁ‘il?}méﬁé%gﬁiem%8%!’?%“4%‘03614}%611? 5hat
generating ppeh@itineFeidgyciremice. 16. The nethod of any of claims 1-12,

wherein said pol ynucl eoti de conprises a pronoter operably |inked to said
sequences encoding a light generating protein. 17. The method of claim 16,

wher ein sai d_pol yfychaotbalGs §PURG 835ndiln s28 phBLEREAL Qfls KoFI g, 18 The

met hod of claim 16, erein pol ynuc conprises a “transposabl e
or nobil e genetic el enent, wherein said transposabl e or genetic el enent
conprises said pronoter operably linked to said |ight generating protein
codi ng 30 sequenchl- Hhg methad H%‘Elﬁ‘HHIQ)fWW%Wﬁ?‘ﬁ@’?%&?"é‘ﬂﬁla@m]ﬁ?“ﬁol ynucl eot i de
conprises a circular plasmd. 63 24 August 2005 WO 02/072808

PCT/ US02/ 07029 20. The nethod of claim 19, wherein said plasmd further
conpri ses an ori gih Thef methpd bLeainmo, Whereinisaid zhcarpotgaictls elthanmzli2l. The

nmet hod of an lgf clains 1-20, wherein said polynucleotide further
conprises a st codi ng sequence of interest. 22. The nethod of claim 21,
wherein gpid first coding sequence of interest is operably linked to a
pronmoter functional in said cells. 10 23. The nethod of any of clainms 1-22,

wherei n sai d scr ebhi Hee methed obanyod cdaims 4-13, wheresr sagbpalynueiestidecemprisesi d

i sol ating comprises,picking.samples of cell.s fr. reqj gf the plate of
so 1 d g ot B Sh B ARSI saReRe Rrde 2 WM RoraBRbBRedhg "capres
into liquid cultures, growing the cells in liquid cultures, evaluating
aliquots of 15 each liquid culture for light production, identifying |iquid

cul tures conprisiHy g msthodpbelai hdy whegin saidpplyppcieptids SOBPESFSAS | i qui d
cul tures 4 O'fﬁli’éﬁétﬂrgiv%%ﬂt ed single cells

15. The method of claim 13, wherein said polynucleotide comprises a
transposable or mobile genetic element, wherein said transposable or genetic element
comprises said light generating protein coding sequence.

2
16. The method of any of claims 1-12, wherein said polynucleotide comprises

a promoter operably linked to said sequences encoding a light generating protein.

17. The method of claim 16, wherein said polynucleotide comprises an

25  integrating vector.

18. The method of claim 16, wherein said polynucleotide comprises a
transposable or mobile genetic element, wherein said transposable or genetic element
comprises said promoter operably linked to said light generating protein coding

30  sequence.

19. The method of claim 16, wherein said polynucleotide comprises a circular

plasmid.
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‘pr oduci ng' light, and identifying single colonies derived fromsingle cells
producing light. .20...... . 24. A method of screeni ng xudusegmbor med

cells in ion of cells, said nethod conprising prqyi.di
popul at i o?‘g?ﬂ@ezﬁgs, wherein said cells are incapabl e of 6’?:}?6‘848%8?? i ght;

treating said population of cells with a polynucl eotide under conditions
that 25 facilitate uptake of the polynucleotide by at |east a

sub- popul ation the cells, wherein said polynucl eotide conprises a |ight
generating protei 0.COH¢ mgthed@d ehain 19 ankkreia said plasthid Airthet canprisds poprigiat i on
of cells for cgells producing |ight, wherein said cells that produce |ight
are transf or REfPEgation funggogal in said cells.

5 21, The method of any of claims 1-20, wherein said polynucleotide further

comprises a first coding sequence of interest,

22. The method of claim 21, wherein said first coding sequeirlce of interest is
operably linked to a2 promoter functional in said cells.
10
23. The method of any of claims 1-22, wherein said screening takes place on
a plate of solid medium and said isolating comprises picking samples of cells from a
region of the plate of solid medium comprising cells producing light, inoculating said
samples into liquid cultures, growing the cells in liquid cultures, evaluating aliquots of
15  each liquid culture for light production, identifying liquid cultures comprising cells
producing light, diluting and plating liquid cultures to-obtain-isolated single cells
producing light, and identifying single colonies derived from single cells producing

light.

220 ... . 24, A method of screening for transformed cells in a population of cells, said . . ...
method comprising
providing a population of cells, wherein said cells are incapable of producing
light;
treating said population of cells with a polynucleotide under conditions that
25  facilitate uptake of the polynucleotide by at least a sub-population the cells, wherein
said polynucleotide comprises a light generating protein coding sequence; and
screening said treated population of cells for cells producing light, wheréin

said cells that produce light are transformed cells.
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