WD 02/ 072808 24 August 2005 PCT/ US02/07029 METHODS OF SCREENI NG FOR
| NTRODUCTI ON  OF DNA | NTO A TARGET CELL TECHNI CAL FI ELD23 Alastpoesent
inventi onvggpebAkdsy rel ates to conpositions and nethods usfiseh@ter
detecting any target cell or organismthat has been transfor msg W t?]
exogenous nucleic acids without the need for selectable markers. These
conpositions and net - } i -PW\Ni nto any
transfornabl e cell ty%gﬂgﬁﬁj]?ﬁgiﬁggﬂﬂﬁgg’?ﬁ%’gﬁ%e s for

hi gh-t hroughput screeni ng of QF D)\ INTOtATARGBTAGHbbunds. BACKGROUND OF
THE | NVENTI ON Assays that rapidly and efficiently identify cells that have
been successfully transfornmed with exogenous DNA are useful in a w de

vari ety of applicaeigRfcatIikps! udi ng, for exanple, identifying cell lines
and/ or transgeni c_organi sops and conducting hi gh-throughput drug screening.
| ndeed- i t3i s- onl y Thppeesert anvientien gensrellyfrelateh to eomnpsiiions mmﬁmeﬁhgda:wﬁmfmd
that cell Ii i r ] can_be us s-animal nodels for
drug di scove@%,éaie%{gu%l& g%f%"lg%%h%f 8@%@#&%@ ar B%%’r‘ﬁa\k‘ég"g?c g)%tiﬁ(?f( ?%Pno'ﬁ udi es and
the |ike. 20nddi€icapidt withonmht yeddSotsetatabdnhkersd dheat dofgpowkichdid exogenous
nucleic acid has begen introduced, into a target cell is by selection,

either by a Mgthods F‘E‘ﬁ‘&@”ﬁéﬁ“@ﬂm OF-P&{AWOMWE o) tneend ke oduced
DNA, or by dijigedqent sdeFGhch deRlb forgl?%@{h%@nhmto a?ﬁg of PRk LPRRLC nutants,

the recipient cells have to be de Ient "l ene function. For drug
resi stante, t¢dmpawklbs have to be sensitive to that drug. 25 Unfortunately,
many cells (e.g., pathogens) are resistant to drug selection techni ques.
Candi da al bi cans, for exanple, displays resistance to hygromycin, benonyl,
cycl ohexi m de, m BakekBuLD dPdakURVERBSI N. Simlarly, other pathogenic
organisnms (e.g., nethicillin-resistant Staphyl ococcus aureus (MRSA), and
sone variants of #ssays tsbrapidlpsidgiiipigndy wlenkfysssthabbivetbgercaceessfdlyy of

th ti tipiofi 0 Thus,.it_h difficult t
tr anst or m ¢ RSB LRSS Py re IRER in 4 RSP S pifaliofhe o ' O
Met hi ci 113 n- ineRidérigd fir exbmpleRlemifybioaph hosairstSrantieaitSorg ity ardr € t he nost

common nosocom al _pat hogens worl| dw de. NMRSA are responsi bl e for_ greater
than 24 Augudndaeiing higiptigopgpasdme sereening 2indgperh df is 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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40% of hospital -born staphyl ococcal infections in large, U S., teaching
hospitals. They have becone prevalent in snaller hospi talsg(dosnci dence
in hospit ¥Sabhlys 200 to 500 beds), as well as in nursin Ct}%gq} nzel et
al ., 1992, An%%% Med. 91(Supp 3B):221-227). An unusual %’roper "39400 VRSA
strains is their ability to pick 5 up additional resistance factors

resul ting inghdtdehg I_W WoIRE! O § I aL.06; :
chenot her apeudt)%(?tglhl y %ls‘e} u n??%?%tla ! félg%étlgusclhhﬁgﬁt??gi’gésaimzltn gg’? s%%a}séi ns of
~bacteri a ar eThewhaverbevarthe ptevalont| inl smiatler lmapltdh@0Momsidende it hespitajsavitiogens

carry resist e chanis to all .but one (i.e, cin), ,of the
usabl e anti bg@tf @rqdéﬁ’eaéef’ﬁggleéﬁlﬁwﬁg é‘?m%ﬁ (.“? erg@lﬁai’\?fb@?%glglg se
(63:1279- 12851(3111;? 38102 1997)1 A5 AGRHaRbroP et SORIRS ARG 4106 BRGUBILIRESHiRN 1S
known for_its ability to transfer fromone cell to another plasnid-bom
resi stande fuaeeddiional esiptanse faciaanreswijiop i littlsios ng sesseptBility of these bzainssion f or
the transfer ,of resistan f rs.W-lle lead to.nore. and re bacteri al
Fesi stant . Coc s RRA, 1R Rhisics, Sugr AL TR ARE o Bederdl T e
of E. faeci utidwpfevalent brld-svil@dsithe worn olf &iese pahdfRBScartyredibtad@O0s,

Vancomyci n-resi stant enterococg¢i (VRE) were docunented as- having been
spread al | o%?haphsé“%r“ﬁlg’.“t PRel-P ol ¥RRGOMYSHY PE Hhedrable patibaghetial 388818t ant
strains, whi uﬁ%@rﬁe@%ﬂ.sf@ritl.tlﬂ Phhs glgg@g_rlggg)pns of anmpicillin or
gentamicin, Or to vancomycih, i ntroduces serious therapeutic dilemuas.
Furt her,1&t he abseAaethef noseomnial pathopenpEntaricotriue faecBmg ickatown fonitealfilityes wit h

the ability to mapi pul ate these ani s 20....... particularly in view
of “the Tact PHERSI 0T e G & ot hel sap g A Toinasenoreriian  anti bi ot ¢
resistant s e%ﬁﬁ&ﬂn?@in résiSRiR. SRBPh BlcBhsiih #idhd Rihs@lr of hRiskAse Bactdt will

antibiotic resistance and the energence of resistant strains can be found

in the |it erlgadtcemprs apd morerbactenial Sesastand tehnewn awibiggsRighdevehsz, et al .

ok 2, Gl e i R SRR e A 10

seriousli . i rgseesVaicoaych-fefisQar @fdtoSoD VIR )Bw e dgeumdnfedi@Havitigbet® t he
i ncreasi ng nunbers of i mmunoconpronm sed patients, infections with '

drug- r esi st aipreadralbeves the werdd. slherdentiicatemefnuitidruscierisiagt sifains, whichare y
due 10 the. nevaan i@coitEntdibfs of Mo SN Rl oo At 20", &' Mo

t he fourth nngbdaessaivusahsepenfic didanmasi Birther,abelshisepaofisaistitdiiyaps  ( Ednond

et al. (1999) Clin Infect Dis. 29 :239-44). Commensurate . with the
i ncrease in 1q4 Frﬁéﬁatelﬁi’ntﬁ‘g?fﬁﬁf‘@mé@ﬁ? fite, gy e MBI M nf ect i ons, s

. an i ncreas eydrficdiify i \EEWeR R Mt thit midsPBadtGRil %ﬁﬂ&nﬁaﬁoﬁ%&t&‘é'}g@'oncOWD_QU_U_C'_S_ L

(Wiite, Marr, et 2 24 August 2005 WO 02/072808 PCIl US02/0702
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

2



al., (1998) din Mcrobiol Rev 11(2):382-402). To counteract this, new

cl asses of antifungal conpounds and their possible targétrsignsts200be

i nvest i gaRflgrohRgsSt udy in Candi da al bi cans of new target L‘%ﬁﬂ to
anti f ungal attagﬁ, usi ng genetic approaches, has been ha?r)pere Q)ﬁ%}ﬁ%ever al
factors. First, the plasmds 5 used with Candi da al bicans are usually

P escur e (Camndi ) CUAMERESM A 1EA3820 Ao Ht e B IS Ve,

al . (1987) Muitifdegal cBupounds 1)d 16 poFsibletages makt be(it0BGyatGbne

165(1):115-20). Furt - unlike h | S ntromeric

seql(JeZ]ce or Zaut oﬁ%?f%ﬁ‘i’f vﬁgﬁfqa@?ﬁ%ﬁ@a@éﬁnﬁéﬁ%& S%%é@é&e@tgowc?m h vvloul d

al | ow epi somdind Berietia spprdscht h%bé%i%&%éféﬁl%g%{r&ﬂ%ct@ﬁy Tt @t p1@dmigé\not her
. a

factor that has hanpered the study o icans and the generation of
ef fective trewdimdth Gandidn albisnns B yaunllypresent inteellsgstandsbeopi¢smindiae

t hroughout i ,f ly rece has .kt th ndi da
can be force@ﬁ%%wrlr(gstt é& %\ﬁ)&%glée%\z%s%ﬁmggaéﬂ%neéﬁél%%oﬁg%\gf%?tzm et al.
(2000) Sci enB)ed AR Kary. eB417¢138D) Mol Belp Befi 1 W2(901 P14 &ira0 095 Geer apl oi d
state. The presence of genetic elenents akin to the mating alleles of S
cerevi si ae s{fgséé)élf]ss'%%a% urthsroynlike dagegrymyaes gernegisigesn9 (WRPPBIRES Seavenes,

however suc o W t I ' 0 study
nRew anti Fr Ry Rl aing SRS has BRA Aot AR bl © 2

must be lthacplesmide tb bewmaintagnedfvWitdwut emy tefeetiorl | . - To knock out both copies, a
construct called O....,..0..oUra blaster” s. devel oped an (1987)
Genetics 117(1): 5&'1‘2‘%“%?%95&8%113&?‘?‘“??53?35 S&%ééégi@g(@?&%ﬁe—n? ioncy | s
nust be madesfueefivOpeitBedtd that iSorg At a8 Adupdt 1%!115: AMSRE thRRBhGuSsN@ n from

a clinical isolate usually reduces virulence significantly o totally
abol i shes i teyeleayOmdy regently hazdgheenshewn thatfigndide 64 g fosadlto Bpatk(Magde et al .

ol bt al - 9RO RGare A B0 miRe(e. GORORSaHS2RE5 PR TR o
shown that epBiblygoiivg thiduphta tefkdpdoit Statd. EORMREMnES ot dRNSid slBGEMS AkiNAY Not
necessarily restore virulence to. wld type levels (Lay et al. (1998),

supra). Q;Hﬁ?&lariggagelﬁ%otiﬂaaﬁrev@iay spgggstidha menigoliEisparay Iead o hvplnd f
Sori ne st ot o AR RGP HANIBE B RGP LRBRRSET AL, 107

| n order f orne hetfengal tgget,doecteomosdmal foupies bOHhalchndidatppanaaastibe Candi da
al bi cans, every. CTG codon..in the n st. be tated to other_ | eucine
cottons (Nbr"é‘%%‘r‘(é@gé?e‘éﬁ&gqcf‘ o %é%ﬁ %B{H@Qﬁo‘é&? copiesgy popstrygtralipd a  Thys,
these ang othefpiditEiveddldelq Barli (19875 Gechbfes I 9LY:50f2; Fanslietia.
1021072808 24 August 2005 SpclTari (19875 €ieh s 11 ely:s0F2; FORA' 31 £1995)
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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PCT[ US02/ 07029 genes to strains in which URA3 or another nutritional marker
has been knocked out. Many reporter genes are not used2dwegts 20bs ef fort
needed towih fjsze them for expression. Methods descri t*}lpcq, Pat ent
5, 650, 135, make possible the detection of 5 biolurninescent 6%@%)3#0?% in a
living ani mal w thout dissecting or otherwi se opening the animal up ("in
vivo Toni Lo baisly strdeinitil URASIS LRGh Sk AU MatiP i &

ot her tradi tlgonglcfil "opgqulgmtlssues us% a ﬁdg y sgélsg?%elﬁ\%g%kaeﬁépg.

Al t hough gr ebdfany fi¢pootee ganen treprod nsadning G-fhe dfifast risedad te xpragened them ral bi cans
(Cormack, Bert rani? et al., (1997) McrobioloV 143(Pt 2):303-11;

Mor schhauser HFERE et al ., (1998) Mol 10 Gen Genet 257(4):412-20), GFP
produci ng C al bi CRi¥hods dbfriBay i DS PYi8ht SN I5TRRdsIHI Ohe AetebiddGF ani mal .
Srikantha, et al., ((1996) JBacterioL 178(1J:121-9)" reported expression of
t he | uci fr abeluinessentdagtepa irs § liRagiahinel methphiglisseeiingrorotheyviseopoming thet  t he

cost of - the £, coel I.azin mgkes. it iqmractical, for yse,in

Vi ng. ani mar bR B 8 FORRRARED R BB TR eeklerdd R Pt i e

or gani sns haythebeidtignally €spmfuaniissies 1t 2 BighBl sknsitid danfeird. CAlthduphsgresaki ng
transformati gn of these organisns difficult, if not inpossible by

cl assical ne H‘Ha%ceﬁtfprf"iﬂ"r@}&ih“}ﬁbm&xE@ﬁiﬁ’ﬂi%pn@’bganﬁfqmg’i%ﬁrﬁﬁ@eetgene and
selecting fo Res,) AL fR K. J0E for

transformati %ﬁqi%g) 64%5»0%; o .{3@.5'399%’%?}%%% e Fhedﬁrrgilfla rll’sé?g} .,n(ég%S)ng?l

met hods W déee Gener@ST(AAL2-A0NeGHFPprodicing Coefbicansetdlls hapandtiyetbaenl y et hods
that do not involve,selectabl.e kers. Th sent_ inv Ion .praoyi des,
inter alia, WfgAd f@f‘%@dk‘fln%ilﬂfr@g%rﬁﬁnﬁ’&sg@it @i&qspﬁﬁf%?zﬁ%éégslgh%s and

other tools kpehad expRissioh B RN Erhde P el m&o&ngta%m{&% if @ exanpl e,
pat hogeni c orlganl sns (such as, MVA, antibiotic-resistant bacteria, and

Candi da 25 atlbicaes:dbyt thiicest ofthe substirate ceclentrazineumiakes it imhpradtivgl foo useinect i on
and/ or pat ho@s‘fiﬂeﬂi%ailsn vitro and in whol e animals. SUMVARY OF THE
| NVENTI ON The pgesen “invention relates to nmethods for introducing a

pol ynucleot i de ofIn adQitionite E albidaitk eaéf biker pliRs Rt difarigheRivaYecomBr ker i's
used, rather a screen for |i production is used to identify cells

ght . : .
conpri si ng tisEisignl tpmest eyl aufibigdics; thuemakipg tripsdornpmtion of thase oxganises al so
relates to ¢ p &ﬁ# t f o [ ' i.Qn., as
wel | as uses(ﬁgfi&ghf:@gge s?.B)SFnﬂ}gc%ge@%%oqg%ﬁ?r%n%ﬁlgt&(@ﬁgégggéeéﬁ \f)?lﬁf\}lg%t ion, 4
24 August 20drbg résestanet penenmnyd delecting fobidnty resistandesbafere dytibe DAIA eseddor
met hicilli n_t{“aen%.o%n%t%n strains of Staphyl ococcus

20 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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aureus, and vanconyci n-resi stant enterococci (VRE) strains, transfornmed by
‘the nethods of the present invention. One aspect of the4pugsst200%nvention
is a nethod of introducing a polynucleotide into a cell, 5 that is, a

met hod of transformng a target cell. In this nmethod a population of cells
" is provided. The population of cells is treated with a pol ynucl eoti de of

i nterest under conditions that facilitate the wuptake of the pol ynucl eotide

by at | east a sublﬁgulatlon of the cells. The pol ynucl eotide of interest

conpr i desells mpybg angibiotie ssistagt backwia © 2o g lsuaviuhit straimnel Yeptoean of
cell's Lgrent bREMRLohRinS @ﬂ&% I'ng
cells arg tﬁen |s%lg?%d%h¥%ém%§%&x£{apa Q%#%%H%$B uc?géh}?gﬁ¥&%%gg§e cells
i nt o whtesnt inyentipsl ynucl eot i de has been introduced. In preferred enbodi nents
t he Ilght a b ol escent
protein, e. @%Q ggp@&t o@glcq)rré)s%ﬁll nqv% 19111 ﬂgcl 1‘3&90%6 Q'Ci:rﬁla)% g P%lé/nucl oljugcam?c{ a (63;1:‘;1 of
polyn uthlaersl 4 nielhod aﬁtmnafohamgattalgﬁl clellﬂayhlbmemnth pymdation € keldiinprovided. Theot

e O B B B S IR B S oo

m cr oi ppjtalet dfaky polﬁﬁh leofidistiyQi leakf aCubpupRiagibi bi the RARDRHMBMCIESide b inforest
biolistic peth such as DNA‘?artche bonmbardnent), co- preC|p|tat|on (e.
I

g., W PHIRIEFER [Qasﬁf SHMEE RO cingpdipg F%“Wa@@tp&%lﬁuomélﬁéi‘ffﬁ%ﬁd fog eells
pol yet {hl §68ucs |1i)gm0khé§€ﬂgﬁ$;§9d&f@r&%ﬁs%e th%ﬂ %o}é'terda’rhe ééﬁ%éyabl@%%l%b@&nglt fighpsfer.

The popul ation of cells is then screened for a subpopulation of cells that
halle t aRenllsuptorwachybe yﬂ]unlluéftsmﬂ@lb%dieem mtredussd.. In Predesedeaibodiments thedéght i fi ed by

their i L t i es
whi ch Slelebibl profi CERRDRAIOEe eldo8la HIANGIRLIRELPE AL £'d) 50 NAERRSS
i sol at mdthoﬁfsk@smc Imtg:lductpmoﬂqnolyngcI@ceidhsma)raeta@eﬂ dell maytha evﬂpilo;,rhd t:hr&udmg, but

ol ynucl.eot. been in transf or med ceIIs i ght
D et fo, Mo CRER: BPRARE bt et B RORS BnS B Leons o
(I . €. catiohinipils), afredt ifEdtiop (O GU ehitrGirgeetibis), cdllGusi6x MTHoProjdedilctolbhldMBniQE.

eakln%ﬁLor si ngl e col onji es. The pal ynucl eotide used in the
r

sf &r ¥apftigan chyps PN narticdchambaripesnt) shpreeipfition de 2o avithsalcip
s eq ue nﬂﬁ)‘é.pﬁaﬁﬂ! oammlﬂmceaeaj elf)EAEf&Exﬂ?a[rPBPle ethRHGR oycbl-BBbia 88 ReHA N Vbt el n

may be, for exigg bi ol um nescent” or fluorescent protein. In one
enbodi YaskE-mesdiatoskiranpies &rhf: pppivationiof ellstinthen priresinedhfon é§@@wl‘19ﬁ@1 eically thatg

luci T egR8 ﬁ’ tﬁh gogﬂﬁagﬁgie%\f rlté%ﬁtofheke‘%%n?%%‘i'&'ﬁﬁ Wﬁwa&@ﬂﬁfeﬁ’ﬁr% ble cell

may be use actice of resen |nven Stch - cel | s
‘do not hgmgtneratgg prdveif ooding mmsfces whtch oannpmaie tlhmn@rnuplﬁ:owdeczé Ilriteladitrleghiy

uce of a v t hen a.light ner.at | rotein
Zgld gprgc(_%cliJ cellsa 130%%({? crll)" flrjsgell t%?‘g‘{c rfe sr%'au%FHGOgvmlc&ﬂg? B(Flg?ﬂcﬂ:gtlg has ~ o
i denti Efeleahﬂtad\m:‘dexl engidsfemed cght SuchylighProRibihe2808ard theAu@lrdd 13 @vide
PCT/ US02/ 07029 be used to trans m, suc ceII Cells can be enpl oyed
in t he'"hEPHEdE POE P 8*%@&%@4 SR PD uql%%la»efm ﬁ@fﬂpﬂy H%‘ftwmorn ted to,
procary&ghﬁgﬁﬁghgh@gmgws gram positive, gramnegative bacteria, as well as

ot her procaryotes), and eucaryotic cells (e.g., yeast,
he 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



such as Candi da or Saccharonyces; plant cells; animal cells; tunor cells;
tissue 5 specific cells). Insect cells may al so be used Z4riugbst 2086hods of
the presqyy ¥Rt ion. 1n one aspect of the present inveptian, the
popul ation of cells conprises antibiotic- resistant bacteria, ?or exanpl e,
methicillin-resistant strains of Staphyl ococcus aureus, and

vanconyci n- | # el after

t reat ment Eéé%?attﬁe poﬁuc %d(géﬂl?r?el@%%n Efwwﬁt%&*:%c? tg?e upt ake
of the 10 pplle;ﬂmuﬂivemnmdmplude énlmbﬂatrmdhmﬁteditb pm@a@pncaﬂ& &g, %eﬁnqgsﬁl@esu ty
based on the cell Xeg and the kind of nedia (e. liquid or solid) on
whi ch the cERMsnegativgbactaniasas welhago Grrpfo‘fwt‘ff’r)oﬁllﬁ‘(ﬁ“f’%"%? cqlisdeg.. Yeastone
enbodi ment mchtab@amlea%spsadcﬁmmybw mmne%yrﬁam ggttm%%r tdlks! dyced into
the cell may conprise a pronoterl ess pol ynuc eot 1 de sequencé encoding a
light D5 gieeifisicely). pmsstiedells maymhod:ieluyt;d muhhnath@db yhihelpesstatdsvetiguence i s

- expressed ter ation i.nto.t tar et organism for
et e, adresaerdh SRR B BraR bR R se B Tee: FEtiohget
organi sm AreBistaeackiay ff eRéfp BPYcBHNRA-r &kt il GRaile by Mdph R84 dc8RSmiraed udi ng,
but not limted to integrating vectaors, .20 transposons (or other mobi | e

genetic el efdritaBcomyriprreristantentsrocrei (KRE) straips. sHest taesct eallseafter tmeptenent

pol ynucl eot e a pronoter
operably | |‘hfﬂﬁg{ ﬁﬁe&gg %/%‘% E&Fmtcliﬁ{ g@%ﬁ%ﬁ%é‘gﬂ%ﬁgﬁ%@lg | i ght generating
protein0 A pnlyrhateouﬂe \aea‘.:plrateﬂ araty ageoRisteerenaiz qunsinpbaed onticaicllithge :

pol ynucl eot i de, se! ces, | di ng, b not limted to |ntegrat|n vectors,
t ransposon egﬁﬁ@?n}ﬁ% g 3 ‘?r(,so )é??e‘f‘ilt"é’ the refs gee bemg swreepgd fafer ) |
replicati ngn@prdaué§d SSighpon-replicating plasmids, and the like. Plasmds
may conprise, for exanple, shuttle vector sequences that allow passagi ng
in a cell type iinooedmbotment pf ép@r@em; irsmdntibn,ithmpo]anmlmtideﬁnmn!uyemcl eoti de

to be used.in transformation of t ar,get, c ters,used in
such const r‘ﬁ‘& °° &P CHE%HY‘S%%P"O‘T‘O*?‘FSS R4 “"F"’Fd Teél“e“fﬁg Ogo ¢ §8her at i ng

pr ot ei HSCOCﬁdﬂ&aﬁﬂg]pﬂw&STﬁii@a}%ﬁ @ﬁcH@p&ﬁ[&%txﬁ@eeq%gnéerlaeﬁéreﬁseﬁﬁﬁ&e| I's and,
accordingly, other g‘;Jences of interest can be associated with the |i ght

gener at i ng iBfe8raEPA HE-@ TRFNOBGIE Hredtsr sekorganisipfor peamplpeadjasenton construct) -
Th th t of
fre' other aomatien Gl hesh Mt IS dSsPSLALEH X AABS RIS ©

“al ternatel )ma}eommlﬁms iso¢ch pdlyﬁﬁiﬂdsbtlﬂes?ﬂclﬁﬂ@ﬂgﬁuﬁﬁﬂﬁm\’@i O2inEef2ARG vectors,

PCTI US02/ 07029 se % .nterest may be nedi ated by, |ndependent control
el ement s adEBEROsP or other mobi}e genetic elements, such as, TY or matiner).

200 In another aspect, the polynucleotide introduced into the target cell may comprise .
a promoter operably linked to the polynucléotide sequences encoding a light
generating protein. A number of vectors may comprise such promoter-containing
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



wi th the sequence(s) of interest. For exanple, expression of the |ight
generating protein coding sequences nmay be nedi at ed by 24 Augnsit208bonot er
and expr egss further sequences of interest nay be i at
| east a sﬁ%ﬁ%‘@?‘gﬁot er. 5 1n one aspect of the present Wéﬂ'ﬁ@g‘ﬂgﬁ%east IS
transforned by the nethods described herein. Yeast transformations, for
exanpl e of i . . i ne | i ght
production, ToO °§§e§(§%i’{é;§m§rcﬁ?‘§enﬁ?£d‘%?&? %E%P%gns gﬁﬁ%@i%}é%ng?&%?%%%%f cells
may be carri edthahé sdypemdedd)iofintdrése. Feot dxampie, Skpressidieof the hghn g¥iiisatidgat es
(e.g., SD-ura pl.ates sugcgéenente W t 5(2 ug/ m uridine, containipng 10 600
gg/ m 1 uci f ePTHFIN CQURE SequiEnees mayde fagdiatgd i # HEt PIOTpeie” 3 XBIepEon by be
plated at a fyuel Sdoteies d€ MRrkdt %ﬁgf&rméd@étéd% atSIE4se 8 94dodd pfdfotercanpl e, at a
density of approxinmately 2.5 x 105 cells/ 140 mmplate. In one enbodi nent
of the present i nheond aspectof theenésant inverition, ydastde tramsfermst dyshomethotls d

nmedium 1Isolatio the gransfaorned.cells may .be..carried out umher of
tays el udi ookl LSt o PR PRk e o e BREHe o
sol i d nmedi umps @ Mdingh Mgkt efianSesNiphEpRIdNGIdN, BtexarhploCitthing® e sanpl es into
liquid cultures, growing the cells in liquid cultures, evaluating aliquots

of each |i quirgnsfernadposulagien pf eplls maydererticsrput byiplating hereglls o 8Ddratker t ur es
conpri sing cgl.hSy1h i i i ] Bl af | I au] .yres to
obtain isol a_.ﬂeah Si ngﬁ&% _ég'g]’ g bplrgghbaé%néél Hﬁ]}eﬁ%ﬁ?ﬂ%@lﬁ %%%% %@ﬁ%&ogﬁ%ﬁ

col oni esl@er 6&edgimldmifiringl Femetdlls, arwelliad dther tigghiof celB0may Ae pbiteli 4t@l y, t he
present invention provjde rre_t_thsds of s?reeni nlg for t_r%gsfornpd cells in a
popul at i on o3&y pEdengiics IorinifiglscrRonBIoE SRBRRIEE 2 depsity of RBPRORENAEY ovi di ng
a popul ati onggf | i i . i . : i:

l'ight, tr ans% grxmﬁﬁg L’%ﬁéwgg{ﬁﬂ’%ﬁs ?rﬁ%? Q@gﬁ?@{e\?\} dt’ﬁﬁgal%g%rl; h’ﬁ%?té@{’ :g%lg%g

conpri si ng atakegphliacey@na phtd ofgolid predium. dsdation of dipteansformed dellsanaebd ng t he

t f d 25. | at i Ils f el ducj ng Li ght, wherej id
el 1's that prBHRL U b o5 weFs Biluf e Do sRUBIeH REkDs Solht feeiiehiPon al so
i ncl udesi § r aprfcIEBAd GRldlun B8RRI EEEIR YrodubRig TRL) dbuliing R sBRBRE Mito

invention and uses thereof. These and other enbodi nents of the present
i nventi on wi liquid enlinres, ssewing therells froiquid tulsires, sualyatisigi aliquets of eashdiquid n vi ew

By EF Descrs DIEROLef| Roafioflaii A Nt Bhe R ool ooy )7

ol i gonucl eot light, ihiting and @thtihg tiqeidtcaltutks macn(sjteﬂ if?l:fg&@ﬁﬂgl&icsnmroﬁukﬁhé erase for
expressi on of .the codi seguence in ndi da i cans.
P Iight, and identpt%ng sgng?e colonies d%%lved from s?ngle cells producing light.

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. ' |
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5 Figures 2A and 2B present oligonucl eotides used to create a luciferase
expression vector for use in the transformation of CandR4augldrizoahs. Fi gure
2C prese i gnment of synthetic |linker A and synt heji

Fi gures 32(?%%&2%% 3C graphically represent construction %q&f% V- ENO
plasm d vector. 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The pr actl ce of
the present i nvenhhgﬁmg(_lmﬁrmg%.rﬂrﬁ]ggﬁ therw se indicated,

conventional techniques of chem stry, biochem stry, nolecul ar bi ol ogy,

m cr obi ol ogy, cel Figieol mg;eMepemphmemmoli‘gmnclmldclpamesedquzrmtc t he skill

of the 15 ar Fritsc Mapi ati s, MOLECULAR
CLONING A @A@?ﬁ{?ﬁ%@gﬁﬂﬁﬁiﬁ%‘ ﬁ’aé £ FE‘P’SES‘?‘&%‘;‘ Sotfed Seabpneipaniite
MOLECULAR Bl gbfoays. (John Wley and Sons, Inc., Media, PA (1995)); the series
VETHODS | N ENZYI\/D_OG Acadeni c Press, Inc. ); PCR 2: A PRACTI CAL APPROACH

W J. MPHerson, Anind 2Bhpressiroligenpiclsetidesgised thouepte amurifemse . . . ANI VAL

L e e e (OB TR A 22
limted to pmkanmhrmhghﬁreﬁwﬁﬁynmeﬁc tinkgprioaessmphetiatiske® as such may, of
course, vary. It is aI§ Q be, understood that the term ngl ogy used herein
is for the pur poli8vEs geé@rm gﬁ'&P{CPﬁXJT?FeS%‘HﬁBH?WH?%OBﬂwPﬁgY KP¥ht i on
only, and i syRghidaRciont ended to be limting. DEFINITIONS In describing the
present invehtion, the followng terns will be enployed, and are intended
to be deined as indicated bel ow. Unless otherwise indicat ed, all terns 30
used herein have jhe sa mean as th woul d to one skilled in the art
of the present i 5%?@‘35%“& 0?3“@%@%&]8& fication and the appended

clains, the si ”gufl?éﬁ»rﬁﬁidéﬁ)f 1 presenffhvedith will "plly%%ﬁoﬂ%fwﬁ% mHR;faFeHences
unl ess the context early dictates otherw se. August 2005

02/ 072808 PCIngCHMeIActiquey of chemisty.dripdhemisteyf motagular bivlogyn ant i gen"

i ncl udes a ter St rmation, "
"transfor naﬁn)o%trrl&;r}é 0%{5‘ , ﬁ%l‘ﬁégm(frﬁ% EPa‘%%ﬁ%s‘?” @I%Q S@Piﬁ" ®t0 the
transf erisor irotSaedeg! SambiokaFset, and mmsnmmwm& CEONING; Aa vector
construct, into a target cell such that the tarqget cell, after

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.



conprises the nucleic acid nolecule(s). Typically transformation net hods
are applied to a population of cells wherein a subpopubatiugast@oshe cells
ul timatel yy Qﬂ%ogethe nucleic acid nolecule(s). Cells

"~ subpopul at1 on I ch conprise the introduced nucleic acid ¥ Tted(}:gﬁ] 0 Z 23 are
typically identified by, for exanple, a selection (e.g., 10 ability to
grow on a selrgged irRxaRpleUrBferBhcedo ¥4k ﬁﬁfgeﬁ’enﬁlude@&(ﬁf A58 FwBlor RO GRAL YPE
that allows the identification of cells conprising the introduced nucleic
aC| d versus agagld. s that do not contain the introduced nucleic acid). A

"transfor mant is el | (e g "t nanst orne o] o] IS t hat has
gener at ed by transﬁor TRT S'% sﬁg@gﬁo@ gﬂ?ﬁ‘f‘u'ag%??lghmg d H%I |chaC| d

mol ecul e(s)  irdsformiggtdllsMeefer0 thefraista@dr imroaﬁcnmtm@lei&a&d Aosdcale(®! | on”
in order to distinguish it from"cellular transformation. " Cellular

t r ansf or nht i &8 AIFEPECANSIIGtaing (ABge P@‘hS‘b"h that b tagget eqdl, Iaﬁ?UT@Sf%@BU%t ic
(or tumor) cg #rp%néé@ﬂ{é bR £ hbIRAREY); g@cﬁlmz{nﬁfdﬂnratu?ﬂ % e ﬁgﬁéd the
enes. fi ca y i

control of di rent classes o onc nl ess speci I cat ed
ot herw se; t tvea papiuhatioh pfinaisoriatinarstbpopulisied of thercellnultiefaeslg cbmpﬂﬁ’tﬁé i C

el oo kg S VBl i o ptnes
. ol ecul e( and
"pol ynucl eot halasic akig n&bi@dﬁle(é)%@fyfp%ﬁ??&%ﬁe& %%Pefaﬁfp@é alsBleBidiP{eygier i ¢ form

of nucl eotides of any |ength, ei deoxyr i bonucl edt i des or
ri bonucl bt i aabity tograman egslectlmeerm@humm ysonesndegi, dupressgn ofmplenatype

unknown. | Nor | Rlopibe BeltifrasBRr SRl PR Ping Aot i BHE geone

fragment, exoR$hat d6hbOSHitaiBESEREGEIceRNe1602MA). At‘mﬂﬁt)ﬁﬁan?%,a delifegomal
RNA, ribozynes, cDNA, reconbinant polynucleotides, branched

pol ynucl eot i deansfopmed esll3 or orgepigmghat hag generated mﬂléﬂforﬁw}'logeﬁuféh@b i sol at ed
RNA of any Sﬁ‘&ﬂﬁ&({%n 8?%?1L191'eﬁ: a%fd of%&?l@% into 9”8 @@?eﬁ‘errg toAé[ p‘g eb icl eoti de

is typically conp I'C sequence o nuc ses:
adeni ne (%A ; trﬂnsfdiﬁllaﬁen(iﬁ)old@llaﬂisnﬁgl(lﬂi) it ﬁand“denwm nms(f&-)naﬁuﬁaocélhﬂéi) for
thymnne (T) Wne? the%'E é/nucl eotide is RNA). Thus, the iq r.ra pol ynuc) eoti de
sequence i s FHIstIMgh 1 éﬂt}#eéﬁFgﬁﬁ‘Paf‘i‘BW celHadageoplasipfordemag icell ul e.

This 9 WO 02{0i¢R8ARc A1y RLSIYIE Qi ﬁgéﬂsg‘%eqa%n%Pgﬁh%feﬁ%lasses of

representation can be’input into databases in a conputer having a central

processi ng uericogenss Usbds $pecifisialy frfdivateal athegwagepthe derti ‘Grensfoumhtias’ ds uset i onal

e AR TR oL N Aliort 061 B iSESHSRSS or Sleidl S§gUence whi ch
.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

9



5-a nucl ei c. acid nol ecule which is transcribed (in the case of DNA) and
translated (in the case of NRNA) into a pol ypeptide whea Aphastedosinder the
control ofyspRf9Rki ate regulatory sequences (or "control |n a
host system e&l%oundari es of the coding sequence are degelél?gagr{éﬁz

start codon at the 5 (amno) termnus and a translation stop codon at t he
3" (carboxy) i RiitipMS C no Lim’ted '
to, cDNA froal v{l r alpﬂ aﬁ%ﬁ%‘gﬁ?@%@i@ﬁ@% &[&bape%ﬁxlg«%omégtgfn}{ vin L@ré’ uences

fromviral, pmwcessingtundt, andmsq:ﬁ'ﬁbtbfqubnﬁatiaﬁ\lépplﬁﬂﬁbrﬁ\sﬁﬁh sa/fmhbﬁiﬂals daldfhics
sequences. At ans%@Ftlon term nation sequence may be | ocat ed 3" to the

coding sequ Montrol el ements”, include, but are not limted
to, transcriptiong 45dine esthRhe or a%mne@wmcﬂﬁa; 8y o SoRRRA o RbAS AN Cer
el ements, transcription termnation signals, pol ya enyl at|

sequence S5 antiucleigneidanoloenle wiichas tmls;pnbesb(lm thasasmlf UMApsnd tpanskypdd (i zat i on

of |n|t|at|o of tr ne arno r|bo bi ndi ng site)
sequences, a c?? fgﬁ@?‘éﬁﬁ?&pﬁ}&ﬁw @@d{?ﬂ%ﬁgé@da ?g PP ude

i nduci bl e pregRheis séiilestes (6 ROBESI %@is”ylmpﬁdsﬂgﬁk&@t TREbSRRNSRST D
operably linked to the pronoter is induced by an analyte cof act or,

regul atory pPasiRg spquenseary detorapnedslay pitert pedswst dross (amispkteanisnes] on of a
| | eot h b
el e, - cof ERARHSRESARTLARL X (bRl iehfinds" 3 BIMRIGhe ul fIERE, Y 20

A doubl ekGst riantdenotDiNtedth peDiN A fﬁnﬂ‘pﬁa@mcmz@éﬂ@lﬁ@oﬁémi},&ﬁbmﬂ: 25
"opposite or ﬁlrxiatlons " one ?trand bei ng designated 5 to 3'; the second
strand bei ngb SEQUEFEF BREYiral, BugaTy oL, of Procaryelis QBI%@HQSH%YPWCHC DNAt
strand and ag,pg&ReEd & y ?@” ave
"opposite": ore;ae%{taat [ o(rilghr e g?ﬁ\%ﬁﬂgﬁggg g%eﬁgwtg ere?@ toﬁé gt and
second codi m}qse_-mpaences are in opposite orientat | ons reI ative to each
other. 30 An "i at.ed ..pol i,de" ecul e uc ei ¢ .aci d nol ecul e
separate and d| gt E?"B%’n ﬁ@e\ﬂ% 18018?%5}“ @Wﬂﬁ ll“ﬂlt {0 FARSGEPHM ecul e i s
found i mmatﬂégﬂatoﬁlﬁﬁbh A&promoledd, adnseﬁbﬂmiha@éelr dRniERY, Bﬁls@ﬁﬂt%rﬂ i n whol e
or part, of sequences normally associated with it in nature. 10 WO

02/ 072808 24empigation sigups, apdpplysisnybiion sequenqﬁg;rgrﬁéml@bon regulamst sheh i t
br oadest t d
roades Sena%%eé}?en?gg fok o@:ﬁ%;&aﬁ&ﬂﬁf’ n |cs Paiﬁﬁn@ée t?lﬁgﬂh%@?mbgol f‘ﬁ'kez

am no acid anal om ne U unrts
by pepti de hpibdsonms blhslmgtsite}selqmrdSs, ah®trar@kAion tanfedtion segidhess. 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.
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etc. As used herein, the term"amno acid" refers to either natural and/or
unnatural or 5 synthetic am no acids, including glycinezamdgtaatboshe D or L
optical i §ens@nd amno acid anal ogs and peptidom net ifcsrmslb%‘ﬁ{z?bl y

| i nked" retrers to an arrangenent of elenments wherein the “conponents so
described are configured so as to performtheir usual function. Thus, a

gi ven pronoter thate] I t caodin equence ., a
reporter gene) isgldJ °§?§§§‘?e§9%¥segf“?ég’?‘?aﬁgs"% ﬁ%sgg?(f)e%%rztgi%&ﬂmg "ﬁ%ﬂ%’cﬂrng
sequence whemdrésutuni paineRAds RRinoch] HarRPer.otheh pepidofiineticsOIThet her
control elenents.need ng‘,télkbe contiguous with the coding sequence, so |ong

as they funcElOWitEgaybedpkeq hepepkige Bandsay byinthes spnds-Ey exapplagsier, ether,
I nterveni ng gpt @%%E@B&Qigyfﬁ-ﬁ tér’&?‘gﬁ:ﬁﬁé h&@> Ragy %‘&gﬁ{ &%HIBIIP En({?cErEiﬁﬁQﬁuﬁe&v‘een

the pronoter sequence an e codi ng sequence an ronoter sequence can
still 15 be synbéttemedo iapsiadding glykied ind bothhlee DadLnsptisaldsoemas.and

"Reconbi nant _pol ynugl epti de. as.used herein described es a nucleic acid
mol ecul e obt Mcffgm&gﬁﬁ&fwgﬁ}ﬁlﬂ%&csof mol ecul ar biol ogy, for exanple,
by cloning, PCR agptrhblydimkb® refch RuH atkahShdt bPBleme whkreiXiBEESSi ON
systens, etc. The term"reconbinant” as used with respect to a protein or

pol ypept i de Aeapencatszg deerriped preicaniigured s asitoperfony theirsispal fofictimnr dhwusts nant

pol ynucl eot i i : , st _cell cells, cel
nea ~cel ERenpRTAE LA ASNE 166 Bir ot aliiss Ry piBRih ssprER

M croor gali s oapable ofe€iastip!the egbdsionioféle codiig setRshcd Svhieh therbper @hzy@dd 1 es,
are used interchangeably, and refer to cells which can be, or have been,
used as reci BiedHREssNt orhepzematsT prptherceptrelielerpentypopdmot bapmrtigrousipith s and

i nclude the t L Of ' frmed. It is
under st ood tﬁgﬁﬂg%u%’;cg,g%ﬁlyi?%? gigggﬁ‘r?%ﬁééﬂ %o‘é@%e%?%@%%g@?g?%@&%@f Iﬁlgerc essarily
be conpl et ekxanmplentieo@hinguntrenstdted yay yranscribed sezpaendes caxt bé presednt Bitiveen
conplement tqQ the original raEﬁrent due to accjdental or deliberate

mutati on. Pr BY§ERMETET sgjuenesaaf the coding) sequgree pnd the PLometersedpRncy <& sl ar to
the parepd tge BShsRiAKRShELLEARILY e Ly aherdl. PTOPErty, such as the

presence of a nucleotide sequence encodi ng a ‘desired peptide, are included
in the progeny i ntResgabinapt péliysuciketide] asi usad henetir dasTrilmo waneldicagid he above
terns. 11 24_A t . 2005 WO 02/ 072808 RCT/,US02/07029 .Techni ques for

deter i ming TOLRAROPEIE] usie R e aie o Al il B (7 g Lo ar e kown
in the art. JdlgpingAPCH anfpli€ibationsplasmidasolhtisil, usteofiRpREdbMEy Emsec. ThE! eot i de
sequence of the NRNA for a gene and/or determ ning the amno acid sequence
encoded t her 5, TeermbagRh Asvses Wila sespect fue prasein oppelypentidnaneansc? eot i de or

.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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5 am no acid sequence. In general, "identity" refers to an exact
nucl eoti de-to- nucl eotide or am no acid-to-am no aci d cedregpsigdesce of two

pol ynucl e} pol ypepti de sequences, respectively.
sequences %gf@%g@l eotide or amno acid) can be conpar ed%‘ﬁ@%@?ﬁ ni ng

their "percent identity." The percent identity of two sequences, whether
nucleic acid or arLR;aLl > [ ‘ cl t shes

et ween fwo al 1 gnos Bagt frdBRRGEpaIde bolfafd BB B BHE eI
sequences andismatetknolwingd thimyartl ODypichily aquph cechnigiies iatlhdmdserinihiag tigicl ei ¢ aci d
sequences is _provided by the |o onol ogy algorithmof Smith and .

WAt er nan, AH@‘Q SFW%&%?Q%@E“@%E%ﬁ%g aﬁ‘g’ﬂg -t%'ggm(‘&@ﬁ'.i%“?m‘frﬁﬂé. al gorithm
can be appli %eﬁ&: bR tRELEY, SFALGREEheMest SEqnddi%o 5%&! hﬁ'ﬂu&@tﬁtﬁd&iﬁ o

devel oped by Dayhoff, Atlas of 15 Protern Sequences and Structure,

Dayhof f e¥. , aminougspd seqBerg83 Isgderaldidentihl” refBiscoradiexat nivdestadedh- Foundat i on,
Washi ngton, D.C -, USA- -and.nornalized b & i.bsko Nugl . Aci.ds Res.
14(6) : 6745- 67 e‘@&é’é)ﬁf““}i’n&"é&'ﬁ’rﬁ?‘é‘f’ﬁcgﬁﬁﬁéwé’ﬂf‘%{?f’ ghtwapolyycleo §59% t hm t o
det er ni ne pepelgPéptiddeBduchyesOfesfecB CIVETHS o MoPé QGubiRgs Bolirigleof8O6t | CS
Comput er G oup. I\}/)adi Sgt?’l W) f‘% theyl" BestFit" ﬁétql i t_y@gppi [ ggt i on. The
... 20 def aubmingacihhsee be compared iy detenmipig sheir ‘therent Bewity.; The pwesatonsi n

Sequence Ana - : i . {avail abl e
from Geneti cis&é%% 05?@? %@@%%wgyﬁgﬁ%w Mﬁ?@?%&?@g‘%h‘é@%f
est abl i sHi ngnpebararfiexad enitchiey bétwetevo diznedsdqueices tivided dyahs lenpthesTithe®n i s
to use the MPSRCH package of prograns _copyrighted by the University of
Edi nbur gh, dERAEIEHFRIHETRFS sabmupligh by 108 ARdPmRERatosiamment for nagleicagid

di stributed bdd ' | %%P is suite
of packages t géﬁg%gtsr#rﬁtﬂ gb ?113551 %g??élﬁmnggg%bﬁgﬁﬂe%%ﬂle q g?ég)nég’f aul t

par anet er s aAdvargeslinf Applict Mathonativg 2t483+489((1981) e Thisplgoritlgaparopeappiiedal t y of
12, gap extensi.on nalty of ong, .and a gap, of .six)., From ta
generated th® a‘WB?éﬁs_se Eleé‘hryélﬁ’r“@éﬁ%s‘mg@ H@H&d‘?"&@fﬁl F&%ﬂyéih‘ﬁe&i@&ft abl e
progr ans1 ¥ or Pradif BeaidnBe dnl Stiewfe M. 03 DalKisTnbd.! ¥ siippl. 3: 393088 Nytibgdiween
sequences is_generally known in the art, for_ exa Ipe, anot her al i gnnent
program i s BBrSrdicaRasearchoyedation: Weskiagten.d?-€ - o aad aephaized ByASTN and

BLASTP can bg.. LN I | PR [S,:: netiG. code =
st andar d; fiﬁf1 §$l%§, Nl ,Rcf Rel 4&63\343?, 2695%@18 b: &%@é%@tm&%ﬁm&/gpri X =
12 WO 02/ 07 280Bis2Agoditiutitd d26@ine PETEvTRAi0 1A% BhdnbbéptoviBesby thet | ons = 50
sequences; sgrt by = H GH SCORE., Databases = _non-redundant, GenBank + EMBL
+ DDBJ + PDECsnetishBamputenSreun{Madisonod) in theiBestFit wilidy applicaiepdEhee + PI R

Details g 550 PLAYERIBrF B REnS@Haheribell f 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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followi ng internet address: http://ww.nebi.nl mgov/cgi-bin/BLAST. 5 A
"gene" refers to a polynucl eotide containing at |east oneapgest20eadi ng
frame thgyobsogsmabl e of encoding a particul ar product (Ei>(9{‘ SO 07029

pol ypeptide, protein or RNA). Typically, the term"gene" inc es contr ol
sequences associ ated with the expression of the product. The term gene

l'ocus™ ref er BLIOBUNIE2;ASHisiRiIng RO deby@hold; sért 85 081dH E&glﬁ%mﬁﬁﬁs&f—- an

organi sm Any of the polynucleotide sequénces descrl rein my 10 be
used to i denpori-yedundapGenBagkerENBo/+ PB4 BDBthGedink RS trareshations ¢f t he

enes with kch th &l e,as ods _of isolati arger f ragnment
gequences ar wf(‘“’%g telgyk Rulﬁ’ggt imﬁ%?llsl\gftﬁﬁgp%msﬁ% (Tgn'g‘?éilea ¢ sequence
rel at edness o mter@etlamle@d GttPE e WREE G BB v/c ElﬁmEAST'e efficiency and

strength of hybridization events between such nolecules. A 15 partially
i dent i cal? nucl ei cAa(gP%P §§f§£ﬁetﬁ@é}qmucleatld¢ eqidainipg et feast lope ppdn teading frame

PahTbiti on oftahiisFnIC GEEARHG b A bhocflckp 99 81 Beb B BlorRRERNAT, e
assessed usi figpibalhy, iicti tzmi {'geneadvhydes tdhimiol sajzencss bisokiadwiiinthé Bgpragsion( €. 0. ,

Sout hern blot, Northern blot, solution Eybl’ldl zation, or -the like, see
Sanbr ook, et SL{he ProghiFlo diie AP 59 IRFus Arofen bt e Bhysispl hesien of asss mathe. O
Bdition, (1988Honididn ShEdhRith, "RAPBF the ownhcleér&ef&e@ﬁﬁé‘éé%garbehﬁg&%ﬁu ted
usi ng varyihg degrees of selectivit or exanple, using condition

varyi ng ¥ onb¢ wsedttoidengfy larger fra@'eamyor ﬁlll—lcmg‘lhlcmdmglsequéndemmf tieigengevidy are

enpl oyed, the,a nce of non-s ndi n ssessed u

secondary pr8 ggtstﬁé’tar? 3S(§R“S‘at89eﬁfejhoﬁf§r°tf fsgiatlaéﬁggaf%gm g’éﬁﬂ@ﬂl?és f‘rﬁzﬂf’%’fly (for
exanpl e, a poaheseltFwkidn kst t han about 30% sequence identity 25 with the
target nolecule), such that, in the absence of non- sgecrflc bi ndi ng events,
t he secondary erBhﬁadWWOfﬁ%uqli%ﬁmﬁh’éS&hﬁtwm twamyeleic agidmolecules zi ng a
hybri di zati o he [ robe gsep t hat
2o eeniLiie g oAl ey bl TR ny Bl S AR bR Bl S SRR ER, | o

of appr ogr i apzﬁtmwmtm@nmcudiea@d@a@eﬁmﬁﬂm léaaflwﬁalﬁreiﬁhﬁttﬁlﬁzonﬁﬁétﬂ?t ively
hybridize,” or 30 bind, to each ogther to forma hybrid nolecule. A nucleic

aci d ol ecul Werteal sqagencs Siom Bybrifizing i 7 Wrest ﬁt‘;’l@ﬁrﬂe—éﬁhlbémy of Bybridizatipat

sequence un
Condi 1 ons Hape SRR ARl LAIRRe cal BB BRI pol UG AR Rn A0S

| east about 6wk knowhewthedes(eign, Soeuﬂga'rhblba\?iqntyeatblbleacﬂutmplnybm»dnmt)m,lqr 70%

e s e e N T
_condi ti gps tydities! (1988 doRySsiaiEr Iu'be‘ N’f{ t%ﬁn@ﬁhssﬂ%“daﬁ'b%c@ﬁﬁ&teﬁ%ﬂ%mes of at
| east about 10-14 nucleotldes I n ength having a sequence identity of

great er t harvasysgdegreesgdgslectivity, 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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wi th the sequence of the selected nucleic acid probe. Hybridization
conditions useful 5 for probe/target hybridization wher g4 Rhbgufarobs and
target hawe g/ @pqgi fic degree of sequence identity, can Hehshihded as
is known in the art (see, for exanple, Nucleic Acid Hybrityg:l zat ?%@&A
Practical Approach. editors B.D. Hanes and S.J. Higgins, (1985) Oxford;
Viashi ngt on,  endiBRlwil e Sdquedl dd ileRd 4k Y SEA hetHyBRS:

hybri di zati on, | |ls V\e?‘%quﬁnoe\t/\%ﬁh{lﬁ&?ﬁg %ezér%dx?ﬁ%fg tC"ngma g{lljtsﬂygggll%%fnent
condi ti ons cemdiimne plicyizadllow detctin oftarget paol¢ic acid aequentesi ofgeleast abyut

varying, for l.e...the following factors:, the l.ength _and. natur f
probe and ta}(gi?gg(éaq}ﬁﬁﬁ fylen th?’@wt‘}gWB@TF%WFB?WNEI‘%%IFW%E% “as,
concent rat i oRfth @fe seghdnte 8NtheQbIRGED BNNEL ALAFOIR IR a00n COMRENRN Sl t he
presence or _absence of bl ocking agents in the hybridization solutions

(e.g., formefer pebedargettubridization where theprdbgand tetdeyhaviee spesifiodpgree of

hybri di zati o : | re and .time a ers, as | 1,.a5.,.
varyi ng was h&ggﬁﬁféﬁe@ﬁ?ﬁ %%é géet%ner":l Toh l%k"%wrb{i'raq]? gﬁ}(%ﬁc’ E()étex%lllmﬁe,ﬂ_u_cig_g
hybri di zat i oAciddybiridization:i 4 Predtizal Afproad, editorg BId. INaashndes. 1 ¢Hseing the art
(see, for gﬁang)l e, Sanbrook, et al.. Mlecular doning: ‘A Laboratory
Manual , Secddd® )If‘a’Fff’YdéwaS(mD@illﬁLgﬁ?ﬁshg Harbor, N.Y.). 20...... . A

nucl eic acid co XN [ Watile) I  ds
Mencodes & corr ousnrebel @SirrEhe, AR RN I3: RRKELE AAUET,
sequencd Oc ot thei mgnaousopmival@h domiitidnsaae be anphdyed tdhestablisly peaticdiar whose
sequence corresponds to,the open readi f.rage., As_another exanple a DNA
sequence carﬁm%g‘?g%gy LB ggﬁg?fﬂp g'%fgﬁag’(‘,wnélﬁﬁt%f' Wﬁﬁﬁ‘(’g@éﬂﬂ%‘%‘é"@ 0%5
"Purified pglrypesidaaidef@quiifes basd &nﬁ:dﬁﬁia‘ﬂ@fmee\%ﬁbﬁ?s&][ﬁwﬂl&g,er est or
fragnent thereof which i's essentially free, e.g., contains |less than about

50% pr ef er aghgentatigns ofisalis arsbethertydyidizatiomsndwiopreoimpoatity, theprssenieanr about

90% of the protei ith whigh. th ol.vnucl ept.ide, i s naturall ssoci at ed.
Technt ques. APasS EpYekite AR inhE BRI sSRpET e, Rbih deliin” o the
~art and 15nclsutfate, i potyciibee glfédl), hpbridiPativh réditiofi @drhperaitrecaiditahdli Ng t he

pol ynucl eotide with a chaotropic agent and separation of the

pol ynucl eot iR¥ERYteIsRE WilbaseVaiyingywish orditiprm decsricotien o pashigularstt ofi t y
chr omat ogr a%gﬁ?&%g%@g%@% QcRAGSSW g s{agg%ﬁ Qﬁét@éqs iﬁﬁle;’& {Qléé 342808 24

August 2005 vector” 1s~ca e o ransterring gene
sequences t extaplpeBambiobk, dtal.gMpleculanCloniee t AL aboratny Manahl, $ewndr s,

Pleters o dehtien S BoNERl SebROIRERL MY & of "ty AnsTer i ng sequences. of

_interespy A nucleic acid comprising a defined sequence of contiguous nucleic acids

“encodes’” a corresponding polypeptide or RNA 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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_invertedyyepg

into target cells. Nucleic acid vectors can be transiently present in or
capable of 5 replication in target cells. Transient vectawrsgtst@ooal |y do
not have Mid9kgg of replication that can function in t 9/8‘}0 gell or
one whi ch does not function under certain conditions in the arge cell
"conditional" origin of replication). "Nucleic acid expression vectoe'
refers to an asseghi, i f?n:fﬁ i f a
sequence or gene }g? ?ﬁw:rlgg?daﬁlfﬁgﬁﬁﬁi %gg%lf %f%%ﬁée%g E)&r tlaggse?gﬁfssé'?t’ JitaP

i ncl udes a pvemlmt,monvﬂnad:heut&s,qmﬁncaﬂﬂtg'cdmmk,eahdti[posdsmessetIlypmal@s aO‘chctglene( s)
of interest. Qher,,control elenents sent_. as well. For_.exa

addi 11 on t o’ SHTRGHRS 1t 8671 SR Ao YL CRBhIE o SOR PR RIS B eBhs 7 uct
may al so 'nﬁk&ﬁ?ge@@ﬁlso'NdERﬁ@a&@%&érk%ln@étrﬂis%‘ﬂ%r pQéseﬁﬁﬁlolre bRbf one or
nore sel ectabl e markers a signal which allows the pl asmd construct to
exi st as i n@phcailonalmébégbtmk (Tramgient aeqt@rsmﬁcaﬂm@ ot bhve gpdrigiapf on) , a

Svao br - aceripgensfie g o gyof Bl s or RhEBieh doBEpef Bhesllanfe”

conpri ses anébrmﬂﬁtﬁdﬁloaﬁirdthewgétfcﬁnta %hsﬂﬁoﬁﬂnbﬁgﬂﬁofrﬁﬂic)ﬁﬂb@ eoti de gene(s)
or sequence(s) cagml g of being expressed in a cell. pressi on cassettes

may contain, in adWialeipAcid SXprersenIYactsT reders foarppssymbly »21@0% tfapile k) of
i nterest, ad@ikéchﬁggiucﬁma%ﬁbpa g&@@ﬁceofr SRS ARIRARR! TR nhdiekeif coul atory or,

control elenents cassettes are ty I'cal'ly cons Into a "vector,
"vector 1o nsﬁpmsezbn'Vectbr ihe}upieea; proawterendiicit is'op€tably. linkad 'tmthelsec'm:naﬁsl ot
expressi on vect 55 jn order. to trapfsfer t he exp ressi o ssette into

target cell s8°U8 Pf‘é‘utf’sff;% eragnfm!@ nw@rse}w'aeel? ?F‘é’éa%wﬁ1 PLRSREWNS: i whi ch
conprises a &ﬁxtﬁ&%%@&n@ﬁ&@ﬁ@bf&@E‘ﬁﬁés‘%mﬁfca&%ﬁémcﬁé {)Iﬁﬂnfdréﬁﬂhtﬁfb?ﬁrﬁg%‘ﬁ{o' c

| ocus to another (e.g., froma chronmosomal point to another nosomnal
poi nt, or frmniudﬂon@o@ombaptannltongm(a) ofatplivation remke opoiont J¢ledtabds markers,

ransposOn BTV ERTASH Sof bbb FbGalHontPBATRL,

requi r ed 5 ormiBIREROSH replAticn), gmulﬂiplé Sloni@dits emaNd‘ midnAAsIRGS Ofg hfoerted
repeat 30 sequences flanking an internal polynucl eotide sequence conprising
at least a @Ph‘?ﬂélﬁéé%tge3@5[63541'@(1@10"1%@!@:81%@ frepiEaFeRi t i on medi ated by said

{ransposon | nver t &4« RRR Shescll RHIALEL Iy &d&@&&@%&gmsm@ﬁ b§niRy be

first and second tran oson | nver seguences nking an i nternal

pol ynucl eot i pidynetpocde gene(d)eﬂr eedubncels) cﬁﬁabkmmﬁngw@‘iessm:l%em 2808
PCT/ US02/ 07029 transposase function is provided in trans or i s encoded

S
external to %e&swarféﬁ%%maxa@g@m@ﬂéﬂlh@ntoa‘e}vgv eotide 8epRSk o ¢ r ansposon
béncblsPOinhed, mﬁatﬁharmhcnmhmn&&{s@gbh%rm efBhoryt Used

hereln a traﬁsposon cassette conpri ses at
control elements. Such cassettes are typically consu"ucted into a “vector,

3 44,

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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two inverted repeat sequences flanking an internal region. The internal
region may 5 contain transposase codi ng sequence and/ or dtAgusisEpdences of

interest.‘é) ?ﬁ tic representation of a transposon cassefte is_as
foll ows: ?jri e%al region-1R, where IR represents the ispﬁi%&%ﬁé/s"%peats.

I n anot her enbodiment, a representation is as follows: IRtnp-1R where
tnp represents a transposase gene,. Further, |R. sequence of interest -
tnp-1R repre gﬁpgsvg?ur&ﬁg{l I"Fe‘?rg‘é’ﬁ%lﬂitmto,r lsceilﬁg%qdzﬂghfm‘{‘]ﬁ%lg’@imsﬁqs%sposi tion
10 nedi ated basséthe(i b RoGeHeFERIwo lidhédtBon SRENGTEBSats B: 3 intBinaf he

inverted repeats may be included in the transposon cassette where
i ndi cat ed. APPlyRMHeRIKISSequense) t As upabhergis, a ranspesooisassett¢ gpmprirss at leasyani sm

i's one that j ' r | 1 ha ot hat _organism The
term"trans p@%ﬁ?gﬁ%{/%fjg%lsﬁ@gﬁéeeggiragﬁp g agtf@g@ﬁi Iiteggﬂvmﬂg ﬁi‘{lgm?l?rgglé’f}&%’n has

I nt egr at ed | odmaih hengrishdeoditigcamienddand/orl otlgh seRAGK AT iMeref! N S6hBmaté
"l'tght-emtting protein’ is a biolumnescent or _fluorescent_protein
capabl e of prERIEHIAGCD Phmiranspeson gassetie is as hllavey JB-igternad cegign-Ho WhetoR nm
preferably i hSd 5 u ' o c] | m and
750 nm. Bi olfég?néggrggg}géﬁ? {’%?ecﬁa)t e n{ss' g}rl 0 ?theer [ gqpﬁﬁ’r%ﬁgﬁe@g@éﬁ}g@@ggbt I on
(typical |y rRynprIRygvierspsepratents adramsgpsassogene.e Fuding, dRyspgndnce foif irneresic ent
proteins 20 produce |light through the.absorption.and re-em ssion of

radi ati on (sh%ﬁqgsreﬁf_eﬁ%q@}(%@ﬂmﬂ IW@%‘B@%C%F@EQF uclag HApipasitig _

bi ol umi nEE C emediatedtbyi tAS TR BédueRs. PutithadsSquefbes! 5 THnied of iR indd@dreaRM NY:
"l'uciferase,"” unless stated otherw se, includes procaryotic (e.d.

bacterial | useaphe insduledan thedranspopen rassetts where fridicatady A ranspossodassetior

Al tered opt 1 04 Bpfinsibt Ll 838 RreaRSulf ph il Sl SraPoRREREC ol T erent
col ors of |ighispbsitign in thaf oryaiifin. The tedhi Chr gt fypicallyfePére tdla E€lBinneer i ng

4(6):691-693 (1991)); and "photoproteins,” for exanple, calcium activated
phot opr ot ei n¥hich agranspqs@n &as integratedsiptogthe celfs geuameys J. Anal . Chem 366( 6-

7):760-7 2000) ).« - of ereseant. n; | OAS: b not
I |) mted ?’g, ( gr eZa%]\, I%f%ﬁ@g%gﬁ%&%l Sg, ﬁ%ﬁ?n{r}g%tgﬁrﬁ%}neggé%?&pr 0 gﬁeﬁggf e.g.,
I(—lggjoil;l; onati Byordscknt, pw![te_:in %paijk; of pl'rcslhgin?dight @,qiféﬁl&l_ﬁr trl:te Jriﬁg_eg%f 200 nth tto _

. "L - generati,ng. protein su rate" or "li -emtti protein
Subst 1t e LR pae Ay e e oot i befeea eP e 400 151 gnd
luci ferase epsy in). t BiblungigBRER By RGN li%ﬁl InfoubBC 8y AttnAbRS tadlih
(e.g., luciferin) "and a photon of |ight 16 24 ‘August 2005 WO 02/072808

PCTI US02/ 070(tepicaihi teghiringn shbstmts, suetiey isonrcef ant oxygenyy Rewrescent pwtdinas ATP

or FMNI H2, and .ox n anpl es of such substrates .include, but,,are not
it od 0o, THRASKRIRR el R Bl lor” e R aclalon tilh o Wil
4, 5- di hydr o- udrscbiidiroteiin) 2 Baampes bf biotinyihgscédntiproteitg it@ichoutydré GolehHed Or

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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sinmply called luciferin) in the Firefly luciferase (luc) system "panal" in
the 5 bi ol um nescent fungus Panellus stipticus system ( PatAgnsczons

44: 1597- 1 g% and N-iso-val eryl -3-am nopropanol in the earth worm

Di pl ocar di P%%’S System (Bi ochem 15:1001-1004, 1976). B¢IEBHROMIL: ens,
as described herein, aldehyde can be used as a substrate for the

l'i ght - genera N I s defined r ei st at ed

ot her wi se, b’péﬁ%gg %’r’%& ﬁ%‘l‘*‘%‘g?’}aﬂ} T BSOS ﬂ'ﬁslaﬁ&@ £Rd B¥Y858t ween
about 200 ri Exarhflegof such bubdifates irtiilledbiR Whe dot BehittdRo, deBarfdl in th@i)é&éﬁﬁ)lux The
wavel ength of visible |ight ranges bet ween appr oxi mately 400 rim

appr oxi mat el ?YS?ES@ e -dihydr '2'%1:1W§@W'&ﬁ@m0thlam}d)-&rtbﬁmlmbm&icalagldt (6’1; 500
t " l . | u
angotroms) . s aiel MRS Vil SLETSh), AIOALVIEY SRR wahlS! OO,

hor ses; dbrrebioilmmnasmmtaﬁmgmB@eaas dﬁm&:uamglstemt(i‘,etrhlféﬂwrﬁn4>ﬂ$97 1602, 1988)
~ani mUS| ncl u%ﬂ{](ﬁferr hares and  rabbits, rodents, such as mce, rats,
hansters, s1802% 0 ‘ﬁ‘é‘gloﬁ}"@’ém" InBh theu saith Wﬁﬂlﬂgcmﬂﬁcl%iﬂ nvg'stem

chi mpanzees Bencher1S(00NI1084, 1978). Bl e

bi rds, incl uglg-lng dorrestlc Wi }’ gama?sgi gls suc éﬁgguceréli;grllés&wﬁ%eys
.20 and ot hebeg@ﬂlasn&uimm&fbrﬁﬂéxgh&g@mtmg@wan and the like, as well as
arrphi bi ans, fish, ec reptiles, etc. term dpe s not deno a
particul ar age. hIU‘§H %ﬁfﬁined%?‘m%l?ﬁsmt?@f’g\“w’éﬁd’sﬁ e?\‘ﬂ 9‘%6‘{% s are
i nt endedig o mlﬁ%nwaeaenmbtmﬁﬁ%ﬁ%summ (cEcht&r oVt amg@mﬁﬁ '1@96)51}{1

engi neered animal or offspring of genetically engi neered ani mal s.

transgeni ¢ atfgeinfrardhThy wayeleagthof visitde light rmgymbalweelzgppremat@jméwnmel at ed
organi sm sugh r ant or ot her an| The
term "chi rrerlfoc ‘%ﬁo{l %EQ];? %bsrﬂ'g Qg] ?‘g‘%éﬂt élnl n@ ANESTRIS ¢ Ia 7@60

het er ol ogousw@ﬂ&ns)s found, or in which the heterol ogous gene |s expressed

in some but not all cells of the animal. The term "se| ectabl e marker," as
used herein, describERla Rigihg rekfudAce taadumay aumebr wchiling st sm

transforysd hliidd) | HELAR! Bol ke Ol BIESUERNGE o 1RO oty 208

on a nediumrelative to t non-tran
sel ect abl e nmeherats sudhl aujdogsbamd zomw; mlhbrdtmnyl mﬂMgt feeretso akeznant at i on
conpl ement atj on of an

of a nutant ne b ctional ge for ex
auxot r ophi ¢ ?g 154 194 tsu"gbé%% 6895’0 S pEeF ﬁg f BPEE BIEH AIOWmAY ch as

use of the LiiiAdescmeluliReCOiRbRIRE, UriRSterfléAitha” (AMF RISUIRIGS, walhBuunabl e
to.grow in the absence or uridine or uracil), (i1) thHe introduction into a
cel | limitation; birds, including domestic, wild and game birds such as chickens, turkeys

20 and other gallinaceous birds, ducks, geese, and the like, as well as amphibians, fish, -
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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of a codi ng sequence that provides a dom nant, selectable phenotype, for
exanple, a sequence encoding a drug resistant ribosomab4pugtstizopsand (iii)

~the intro nto a 5 cell of a coding sequence that

resi stancg’%bi"%sr ug added to the nedium such as the be&?ﬁ@@?’gﬂﬁase gene
all owi ng gromh of bacteria (E coli) -in nmedia containing anpicillin.
sel ectabl e mar mar ker t.hat .co eno e that
nust be scor&d if vnasnﬁgﬁasa? \’/ﬁ}ﬁ W%e €l opplerppt firas Lﬁﬁ%@?‘ﬁ' E%gg

generate |i ghte unéBleltS EbWNBT thE abseﬁ@é SHirRinet QracHy, (BEMe %u&da&uémtd addility
to generate 10 li.g "Anal y as used herein refers to any conpound or

subst ance megécm&&qgenqeéhg prowmﬂqnamrsekesbmm for exgapies pc
pronoter) ca &V, L.heE h
present i nveﬁet: %n %tlﬁgﬂﬁgna %gis I'nc %oSé@a]gﬁ&e@?éﬁdn@{vmg?ﬁ#@ggu%@ cefeterri cal
conpoundsy pheit oﬁa:mdixig:alquemﬁpm ndmfprsmbgmap:teltd egrugaeided dethe rrﬂeﬂtu(m ]
polynuclootl olym cl eoti anal ogs ny argani zations, (e.g., the
Nat i onal §‘E°|%t"’l§t%é§b%‘? i IR ger&naj 8]”@%1‘]’ figria Oi‘SF“ Weidor at i ons)
have | ar ge | coHaihir@SanQficiilfl) SV Q8¢talfE mRhQk ASHsGRY int RIAR g%gﬁeﬁm&%ﬂﬁtsta al or

synthetic processes, or fernentation broths or extracts.- Such
conpounds/ anahwaspeéhm niyist berplonsidel @ mon-growilpredated essaynfsucthas the alsibitt to

or esent i nvoREIE PR AR hPEn, Colpehue TR eTo A ot IR et on | <

not |imt@d tightparticul ar for mul ati ons or process paraneters as such nmay,
of course, vary. |t is also to be understood that the term nol o%¥f used
§

herein is for the AQ@W&UP?)B%‘Q hereirjesders foamyFopwetnd o sbstanssouhesestfectss t he
i nvention onjy » @ﬁgﬁtlo% o@% o%%%g&ﬁﬁ?ﬁmkﬂo@r eé%!}ﬂ%‘dqgtgg &ﬂt%{%’ter of

net hods and S Si m ar or equiva ose escri in can

be used in thsinpisandintehafs dfftiee m@emwentmne&clomalﬁb@mprueé eyut et nofat eri al s
and et hods escri bed herein, 30 18 24 August 05 . WO 02/ 072808
PCTI US02/ 0703@1@ FJB& @@mw@:pwavwmﬂomo » Pelpentides psRtdesd

met hods pf  t B& RiESRIAbs, Al PBIynRGediftfe!dhhibal EMAAG o éwsi GR
I i ght - producP gmproperst’l es‘ﬁownaneorgan?ls% or cg Fé?in} a(%n% gcho‘?ce} IEurt her,
the conposi Insnhmesaxfdlaahhmmsnmuﬁmamﬂ@mema corperations) have tange Mteraries of
i ntroduction ,of ol.ynucl eo of interest a target cell ‘or
or gani sm usi ﬂbenacai]é)agg)ﬁ%élagﬁewp om natural or syntheplc processes %r

fermentation broths or extracts. Such compounds/analytes can be employed in the

practice of the present invention.

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

18 -



propert 8s dRoiGwEpan NutRerewsmethpds fop thednizpduction aiRo

| i ght-generating protein as a screenable nmarker to identify transformants
of such target <cells or organisns. The ability to use &4lAugh$t-2986er ati ng
protein ag@osFhgn for transformation of cells with a p@cﬁﬂ%ﬁﬁfﬂ&d de of
interest elit mnates the necessity for a selectable marker, 'tor exanple, in
difficult to transformcells or organisnms. The 10 sequences encodi ng the

li ght - generati ng @eRERANOVERVHSY BPFHERVENTiGked to any heterol ogous gene
of interest and, accordingly, light production can serve as a reporter for

successful t ransf pidmiARidhs udflelnoti bint BEOEHRIAKAIRGIAERS Bl B €T €St
One aspect of the present 1'nvention conpriSes a nmethod of T ntroducing a

pol ynucl eot i ebmfériight-prodating ptdpattics on aa ongahisnvoradelltof ans’s ohoice) gFutiegtiget

of cells i 5 CPHASEATAARAAROR SHAEPESET R eBHoT K Do EHoR BLEDE | one ¢ hat
facilitate thaysiRlakae 8f intdi6st iﬂehx&geﬂc@ﬂfo} B ah¥mAlsingtPsthuénes Lhaimy At 1 on of
the cells. e pol ynucl eotide of inlerest conprises a l'ight generating
prot ei n codi ightgengratiegproten ahesceerinoble memker thulehtifylitansfpeonentavf sughpargetei n
codi ng sequep encodes a.bhio il nescent, protei.n, e.q., a 20 |uciferase.
NUTer ous net?‘?glggr?{g@%swg‘ iTﬁ'f?%@E?c‘toiuﬁﬁaggh%%ﬁnﬁ?ﬂgBBc’tt‘igHggais?{F?}’};’rt arget cell
nmay be enpl oyg@fornagdnie culls witha pulymdcledtilesl infrest Bigminates @ nigessity for a

| i pid-nmediated transfer (e.g., usi n_gﬁl | posones, including neutral and
cationic | i piclgstablegnarkes, forgramplegip disficylt to trapsdorn pglisrioggapismse(Thet ysi on,

m cr opr gjpectd . 0l 1 ST | . particle
bonbar drght )%ehﬁ%@%%’?ﬁgﬁ?% %ﬁﬂ%g?%@%l%@ eﬁfﬁ%@?’f%@%ﬁ%ﬁ%ﬁ%{‘é‘?ﬁnr 25 [t hium
acet at e), DHiferdiegdusagenc of imperestantydcesrdinglyy tight prediiciibadan savsiser repated Vi r al
vect or-nedi at ed transfer._ The, popul ahi Qn of cells is then screened for a
subpopul at i offT s¥seesER) I“é‘n%fﬁﬁ?atf?&\f-g acq é“ﬂthdge heterolngoyngenesdinta®stor i nt er est .

These cells are i 'Eét%@t}%reéeﬁﬁin%aﬂpig'r]éog%ﬂ%&ﬁﬁ@ﬂhtgﬁéff dhéi@%oti de of

generating protein codi ng sequences npri se e pol ynu
i nterest. Lipplynusleotideintga cell,|that as, @ metiddatfarinsiraing al taxget cedl0 Ipttosluci ng

il

Cranet arimea Teied & b8licH st Rohnteiah T ipultin PREIhAELETES b oui ae

substanti al Imxwr&ti&@bﬁﬂt%t Uhde® conditi®iaRat fRdilifateahé uptaRéloetheg cells, for
exanple, by dilution or streaking for S|gtglge col onies. 19 24 August 2005

WO 0210728090kwrclestidy by aisastasubmopiistien obihg sells ikhemedynualgotideef intstpsbnces
encodi ng 11 gy 9RASI A tinerBfid Sotiin 8&41‘1'1#358{18{%%?89? %rgb(%%ﬁm 'eth{!ré‘g{gk"“ thin

vVivo nmonitoring In vari [on or us i ng of
i nfection anghematingploode 0eding seq@efice encoddshdiflamtheséend pttdinasg., 4
particular, it would be desi rtibl e _to confer such lli ghﬁ-q_oﬁr oduci ng 5

deinton Brgef epfl -

met hod. FOr 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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exanpl e, certain ubiquitous pathogens (e.g., Candida al bicans and sone
speci es of Staphyl ococcus) are resistant to anti bioti c 2drAugubier006onmon

sel ect abl Q,ﬁ?ﬁ%&r(,g% QO her organisns which it would al so bFC %@ﬂﬂbe to

confer lig cing properties on organisns such as Chlany
Treponenma pal lidum Heliobacter pylori, and other 10 organi sns which are

difficult to mani pylaLe ' ' : eto
pharmaceutical i ntFer ventol?é(;%.ré%llﬁgﬁg? gﬁg@ngtﬁgilil ﬁ%ﬁ%{éeg%ﬁ%yedéﬁgéh tlg%gg?%s of
pl asmi ds andpsstgnessild Horcasapld, bs follosved withiadiifo radnitormiglin vaseisapeietnsf and

transposon cassettes contaj nj ng. Tn4001, . Tn917, nd the like) tg facilitate
the genetic széﬁ%BBIoéPf’. ngiﬁe%?%ﬁ}ﬁ%&é‘&foq. &a f)g?‘??éﬁsuﬁg'nﬁeth'i&%‘ut not
limted to, (HdasHiBE IR da¥RoudRCH Vol Hel desikatilé moﬂférlsg&ﬁﬁgﬁrprmﬁ'cﬁ{g' and

others); Gampositive bacteria (including relate i
or gani sns” subtepasicchn argagismsahal arenesiptanidrany availablergelegtion mathady Box c-

or gani sns su yeast (tnel udi Candi d al.bi cans and, ot hers).. In one
aspect, the ﬁg))f e e?ftcelggll\l}e“&fﬁuétﬁu? %%%gs &t?"%@‘?ﬁ%’??‘%‘%ﬂqdﬂ(’mw&eé{@ ‘?EZO
| uci f er ase gSmPhylbéocRay)tatCresiatant folkatibioue b btBer doRthéil SledisblCMakBRCIOHEr a

eucaryotic luciferase, for exanple a |luciferase derived from

Phot i nuspyr aPjganismg avhich it sioyld-al hedpsizable tnepaler ight-prodyeing prapsrics g8l udes,
for exanple, \Shig:di . ' 4 i odon
usage Nl e BaEg shaisXhialyaRRRscha IR et dbter iR, Shd Bhof 0100
protein hhy tmgamsiswhichohrt diffiexdptoaasiipuiate and whth Haxe get previgasty beerby net hods

known in the art 'in view of the.teachjngs of the present invention. By way
of exanple, PheRad ?tﬁd\l}%ﬁm?‘ﬁ’ﬁl‘m? ¥ tOflcar yot es, CTG codes for amino acid

| euci ne while in €anpheddh ifvERiGPHGShel Be usO 8f AN ARE SxrBlsidieasdetedr der for

a heterologous gene to be expressed in Candida, it appears that the CIG
codons in 30(eeucmpdificd tuciferisé eperons amddtansposom cassestes contaiming Fret08hchdilfig
sequences (e, 1G).. ~ The re-engi.neered, | ucif.erase operon can en be
haerted i nt g BEFTp i e RERUR IR ot SreAp R RS g e bRty
l'inked t15 t hiutlnet lifneed $6; (RBGQHAEVeIRAER CRclutihl HelidbEBDSA6A4 Bid dthak); s(are)
active or highly transcribed in the target cell (e.g., C  albicans 20 24

August 2005 4pnoprgtivebeteaingsingriisl agaisnesicingUhfamydisender) ; (2) a.
o yrln! o o i P i T BRI o0 |
t he pronot er ébjcaanaddsth@e).yadenyl ati on signal (s) flank the |uciferase
operon. In one aspect, the present invention relates to constructs céntaining a
...20 .. Iuciferase gene. In particular, the invention includes re-engineering a eucaryotic
luciferase, for example a luciferase derived from 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
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5 In anot her aspect, the invention relates to the use of pronoterless

| uci ferase cassettes to transform organi sns of i nteres4thaigast 2005

| i ght-pro ' enotype by integrating the cassette int rrie of
t hose or g%gir)r‘gn y nmeans of a transposon, wherein the intP3: F@ﬁﬁgccurs
adj acent an endogenous pronoter in the target organism For exanple, a

pr onot er.| ess j_f CQoas X assett.e was Jinserted.into 10 the
Tn4001 trans Bll(l)ég%j’r? ,(%gﬁ);ﬁ & éq%?%e%’f(br% %’%@8@?’3”@?8 SRl {eEr &It’lg ?bd?%&c‘imt h a
shuttle vectACTURsdlyddedylatiéh siphDR) ind(FFs hEERERE 0GP BéHc M Giiteredtt FASH@SL | ON
events subsequent, to transformation resulted In mt&gratlon of the

| uci ferase c&@Bedimenis,thg prosoterés) anrd/op polyadenylagen sigryés flank thedueibaseset ed i n
the ability gi.tje organismto produce light; integration of the otherw se
pronoterl ess tassette behind an active pronoter sequence yiel ded 15 host

or gani snms5 havi ng In drogiiet agreod teiineentibe neldtgpe. thélasensf prémstedppriodtdassever al

di fferent genera, of Gra%rg_gsiti.ve bacteria were n%jj-e-Efi ght - F '

|'i ght - pr oducFH§HeE e HapsIotELoIER It PLBIFesh o ¢ hgitiurredusneRheietPe bY uct s
descri bed hefifégiatirfi: tle casdBifd ihtoGHe bétohni oAt e Rk SREEAHYARNs bF 3 A3RGDWN,
constructs) can be inserted into a suitable batkbone (e.g., a shuttle
vector) 20 whereithidie éngereider eqcursiadjagenitl antepdogsnpusopfometer frethgtargetct of t he

rotern, ol soregafive 2 ERBil Moo RbBinie eyted o g afT et ffe
upon i Nt HYr atheMh40D! travispsash, Al cefll Ve @ e fwdrdiheh B8hsformed Witk a shuttle
| i ght-generating protein codi na cassette) behind an active pronoter region

in the host vesdgncaguingtee TndP03 deciferase constuple Trapsppsition svemswbsesigntter ei n
allow for th ' f. LJ - J: | S

gram positi vgmég%@%%% S{éﬁ%j @H%"Je%lgga%ﬁ t ﬁgéég%g?é%%ﬁe&%i tir}gggl?drrr%? Dfn%ﬁel S.
Many types ohost bgfahisgeadrasulted imthe bbility sfifid erngaRnpto@roduet light; intédratigy acti ce
of the prese i nvention and are typically optimzed for expre_sgsrieton in the
target or gadt g VIR ROqiFLlS crserrdieBi G VRRTRBYLT S79SEP RIS f or

target ool <"y P aEieRlshav g adiepEpducillEpRAPHERCARPRNS dBppoklh RieRR) 1N
parti cul ar | ydifisedng geriena p%(ﬁtwgmﬁittv@anaaﬁawersmatﬁ’%@lﬁﬁ{ﬂigh&pmchcingedt}m ant
bacteria, where .é‘?ere IS (@o. vai | abl e sel ectabl e marker. Target host cells
21 24 August “FEBEIVRHBIYBE0s PCT/ U502/ 07029 are transformed with the
constructs descri PRélcdiRir@td désLribddNerélf (4. 5 ndRIRA Ik ferabe bRismigdnzequent

integration of the nucleic acids. The resulting |ight-produci n&]phenotype,
whi ch may betréspasonicgnstpusts) catbroinpgrteddptoracsyitalyls bag outég@@ shytdmvaecks)

Propertifs of g PLOIRl B R BbRfYe b MBbGRoHBE bEAPIERRRE SpSSette.

can then be use
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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5 successful transformations. Such transforned cells may then be used, for
exanple, to screen candidate effector nolecules in vit 28 Augdstiz®0ani mal

nodel s. col onies) that exhibit light productio ' ble to
t he acti\?ﬁéﬁgéﬂ%orsormt ers induced by infection can be use&%‘#@ﬁ% ify
effective pharnmaceutical agents. For exanple, cells which exhibit Iight 10

production ar, L J | pental .,and contral .ani nals.. The

experi ment al a%aﬁhﬁl%@ggwgh?ﬁée%&ﬁ% Eef%c{/l\n&f%heéelﬁﬁ%?r @8 ?%Oﬂﬂﬂ’% O of

i nterest. Boklibsetpent Bxgpestloneiftind maldiomdids. aTk rehidtinOiht PrGduing pﬁ@ﬁ&r}g&,ed for
or

|'i ght production, an effective aq)ents i dentified as those which,

exanpl e, ext M BRY hepngiitufiye.yndust I%PU&B@&‘PIF’&ﬁP‘?HdWES’HAB?ﬂFﬂpﬁé@Q obthet he
present 'nve?fdn%}eﬂ ﬂ%ﬁfoﬂ‘ﬂ@linin@%ﬁdﬁr e [}Qﬁsgl)édﬂ daE8tk Qoan Hieh betlfs@ﬂ'gf "9 a
vari ety of organisns; I ncluding am positive bacteria, antibiotic-

resi st ant S or gantessfid, tra@sfotmatmns.and the like; (ii) obtaining high |evels of

| i ght generating_,proiein expression.in those_transfornmed organjsns, which,
for exanpl e, perﬁf‘?*_é_?ﬂ??%mggﬁ@fﬁrl}l%ﬂ*&%ﬁ’%&ﬁ%@f&?‘%’?@h@ Sﬁﬁﬁﬁlg%‘@l&faﬁ%t hin
vitro and i neffboter mblebhlds 2WikShRDniAA fbdeld TSR 3 olshids) it Eﬂﬁbf@ﬁgﬁt _
chronmosone such that the sequences encoding the I'ight generating protein
becone oper aprogugtigrkattributeblege theastivity pbprometers indhtasthy infactiowgamipt esedper nit s
i dentificatign,of,.or rs .| ' | S5 stabl.e. .light
product i on 1 oS BIPERLE RS BT b hul Hor QUERAS i APfh SR Sjpnt ' ¢

37C 42C) 10 Sppriduttioraasp asddso @ifedtkepefthdinginad Bentesl Akinidls t Pheddxpbhfichtabsent
i nvention are . 25 discussed _below. 1. Li ght-Generati ng Proteins The

practice of BNEAk sk tiealed mithapharmpcepiionl agent of krigsedy Bathctheot i de
sequences engﬂ% ' LAl | ' : WS] - | ght
generating 3 re%%rn %dérgllﬁ%)nra%?%ﬁ r@é éesgﬁa&%ﬁioﬁ@rgﬁ&]@%b@g{:@bﬁl, (%Jg(g be

eval uat ed acefiecive lageranidentfied dsthazsiwtethy farexpmele extbigyist dscatiltgdo (see, for
exanpl e, Conta%, P. R, et al., (1998) Nature Med. 4:245-7; Contag, C. H.,
et al., (199P°UPFkBthem Photobiol . 66:523-31; Contag, C. H., et al.,
(1995) M¥ M cr obisghantddds BPReGPREn@Rdefion HhdREILRSE S limitedd, dpOust 2005
WD 02/ 072808 PCT/ US02/ 07029 1 n one aspect of the invention, the |ight

gener ati ng pirenséominga vardty of erganismgiin¢luding Esamrpositive beiters aatifpotier f ul

5820, 135) *TMpEhraRbbnY BB R ik T Shisfhe En fevetsragtenl ™ of i ver se
enzymes whi CBerfehing préteinekpRedin indthodd tRilkfoned bigghiem¥heRichl orédahini th a

permits more sensitive detection of light produced both in vitro 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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5 substrate (e.g., luciferin, |long-chain al dehyde or col entrazine), an
energy source (e.g., ATP or FM\H2) and oxygen. Luciferaaemgggmmbg br oadl y
C|aSSIerq¥6p%@n§ caryotic luciferases (encoded by |uc genes

prokaryot| rases (encoded by |ux genes). Eucaryot %H F@@P%se
("luc ") is typically encoded by a S|ngle gene (see, e.g., de Wt, J.R et

| ., 1985 P 82: 7870-7873: J R et
Al , (10 (12987)“@/&1“&%55?3@(:%]3 inVriiog, L‘?%ﬁ?“‘%‘é%ﬁ‘&%%fPt%’éq?‘ég@& que) i s
typical |y naddolumimbcene®prwiiesaipdwednlaeporter systdis Glathddind BHtetiafl fn?écﬁﬂﬁ genes
(luxA and luxB) on the quelsogﬁ%ﬁ]s‘3 Thr ee ot her genes on the operon (lux C
S

lux D and | uk&-&) Ush&atset Ng Lpgifpipsedu teom appbiesterrnenbers of 2 fanki

al dehyde sub I | oI nt G am
15 megat i ve Drorery SRy ke 8 pRERY Bt orBudl kR RRRRE S o
operon isS osdesiret (ERABEIfetin, ladgl—nchalm aldehiydatdneélem:ed),l i e@gjﬁsoui-d@(é’ 2.,

I solated fro br eri str odes a yellqw fl uorescent
protein (YFP;RT\Q orslé&@ﬁ)a %Pfg?:‘h WW%W%F‘?"&H’[CW fied intojeygpaatisrax of
545 urn whenpastsd f

al . (1990) Bi ocherﬁ%gﬂugg(%b%m e'tdl&ir)l agéri\glt%ﬁ{gﬁ’ﬁgas/gggféggs (fgﬁe(ﬁgérﬂej l&geﬁeg

i nvention, t BucaryefistlugifaraseAt'iung) iptypieily eneodad by lastnghsgant(se; ege lda Wiétor

cxanpl o b U AU BB Fph M5 L5k BB e GRCL R, 0 o0
i ncl udi ngd  byrogapMol. |cr§11t3gbzt73725t.’y@7)f ol lowing. Contech (Palo Alto, CA

provides coding sequences for luciferase and a variety of fluorescent
proteins, includi Bgcterbald@clferaﬁyédux’@uSe@nlcalioemadﬁ/wp eftovorsubiusits (or aeld®nt

t ei Enh EGFP t |
o essed | nORARART B Cyistf B Uk R bbLom e nsfotnFee piigtetie ence
t han wi | d- ty@@tlﬁlﬂi}eroﬁrlmfweﬁx Dl @ uLgg endode t Bizded féﬁhiﬂ&?ﬁﬁ@uﬁ?ﬁ'ﬁ@ﬁ@@f green

fl uorescent {)rotel n (EGFP), enhanced cyan fluorescent protein “~(ECFP), and
enhanced yel fswldenyds substsite. Bageral fuqisprosynt 11F9|‘Pftaﬁéb10h@1@m(@@tfﬁfam-ow des

dest abi | jgzed, t hat .feature
rapi d tt%n O%ﬂﬂ@?g%gesrf a (%%(ré%% t‘al%‘g?iﬂlg% %e E‘F‘i tthégmgjaéﬁ/ﬁ%\‘})g?ﬂogﬁ? s makes
t hem usef ul ometediGDABE23 24 August 2005 WD 027072808 PCTI US02/ 07029

........................ studies and as quantjtative reporters. DsRed
codi ng sequences Hradditipn; angiacs bacterisl geng, g tolated from Vibrio fischeri strain Y-

(LD v SO BB e SRR GAS LS Bt e
Fr adkov, with a Jambda max of 545 nm when acted upon by the luciferase enzyme See
20 Baldwin, T.Q., et al. (1990) Biochem 29:5509-5515.
' In another aspect of the present invention, the light-generating protein is a
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
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A F., et. al., described a novel fluorescent protein from D scosorna coral
and its 5 mutants whi ch possesses a uni que far-red fl uokédmgust@00FEBS Lett.
479 (3), -%@2808(2000)) (mMRNA sequence, GENBANK Accession _No. AF272711,
prot ei n s%ﬂ% 38" GENBANK Accession No. AAGL6224). Pronmed&T(WdP@eh, w)
al so provides coding sequences for fire fly luciferase (for exanple, as

contained in ‘ rs). FEurt codi ng sequences for nunber of
f1 uor escent 6{}1@ 68?%%&%%%&%"? a%ge?oﬁpswéﬁ% ,Iﬂ:leﬁf'reea)yﬁ'rlr"gﬂl%ﬁo'gccessi on
nunber s AYO1G3&RechAhfipZ/Aahy.cloAfedB0dmAechiMie/ V&b /vebiodINRRIpDAEA2H58,
AF292557, AF139645, WA47298, u47297, AY015988, AY015994, and AF292556. In
addi tion, fuPsRed 153 rdlugessesns protein sgefbldnexpressionstedies. Kusther, Fisadkexanpl e,
when eval uati r i i I i e e not
e o A78. BRL MRS ahofel dibres b Brtd TR DB ortdbha 65 10T
(Clontechy. mAtartsiwhiehposicsgs Cankjat fased fluaeseas@EBSALett. 489 ()Y EIM-131, gene

cassettes co i Si.n | vnucl eqt | encodi.ng, .bo he structural and
subst r at e- encoth %d“ﬁﬂﬁ‘gﬁg%nfff’ W@N& ‘gccﬁ_?%‘\’ﬂgyéd‘w 2’}25? baeieimgsarence,
perforned i nGHMIPANK Afcesdisn RbERRT 6bIWe @}drgnégtaftﬁyaﬁisﬁg,nmﬂns Bdidedat

rearrangi ng the lux genes, for exanple, fro he w | d-type BDE t o ABCDE,
and i nserti peding sgqnendes tfordfira iflydnei fasase(foa nxdmaple.masaiontainet i thep€tidences,

whi ch are ch .the target. _organi smjin whi ch expression.i.s
s v od bt Srabs), SURRS SRuRD Fooh RS for R O Pk & Pl o b Big g

| uci feras@ afrofNGBNBANRIok EXample) RERSUR QumbaBiAYFIZoo2 N KNP e, when used
in the transformati on o Gramgom tive bacteria, Gram£05| tive

f
Shi ne- Dal gar A§08@leAEB82300e AFARETSP AF 256 B AR BIS STAF B861hd 4 8ences.
When used f t r i of 40 gani sns appropriate
transcripti o%?ﬁégﬁ&%ﬁ%??’@%@%’na ‘%é\%g?\%érrent sequences nmay be enpl oyed
(e.g., Kozak sequbnaiition) furthee HehtQlieheratigy dyStenfsinaay egaployeal, Biieremplal ganmo
sequences for Gram negative 30 org ni§n%)é). I n sone, organi sns, for exanple,
eucaryot es, ¥ReheYHuating expresgiuniCcelisy Sudhsysirme amelufisdyt apgotidimiteddes pti onal

control pf aygeRREGNehELQAREREd U@&Héﬁ@é@ﬁ syeERACidRedpyPr €SS _not only
| uci ferase, but also the%g%%osylnﬁwet?c enz meé geceggrye%r 24 24 August
2005 WO 02/072808 PCTI US02/ 07029 the synthesis of the lux luciferase's
substrate -- al dehyde. ,Accor di.ngl xygen is the only extrinsic
requirenent for b?%T g%ﬂﬁ%@'«?ﬂg@%ﬁ{@ﬁ&g%ch cassettes are used. In anot her
aspect of the Inygmxiecaspedtuxﬁiemnhmgdﬂ@éasmtegcsﬁﬁﬁﬁhg folsARAEItRIESNT | i ght
generating protein coding sequences. For exanple, addin he | uxY gene to

the 5 | uxABeERdigeheticiheskvetural end gubsiraterernodingdns ggwtmegmraﬁge pedvidesvel engt h
_of lightyy |

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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em tted during biolum nescence towards the red end of the visible |ight
spectrum G ven that |onger-wavel ength I'ight nore easila mgostaoabes |iving
ti ssue as to light of shorter wavel engths, sel ected enbodi nents
of the Iuﬁ&g@@%}gne cassette of the present invention wqugqﬁqu@fz%re
additionally include the |uxY codi ng sequence, 10 as a neans of increasing
t he sensitivi ' | I oY, 2l ' e . orter
meane. I onciosyhe@RBr el BTl EhRER: b RSB Reli B8 e
t r ansf or mat i only@ktriasannepuisintént dordnigamirestencs tvheh suchBagsetecirt esedt ypi cal |y

contain a Gampgsitive ribos . bi ndi n jte (also referred to as, a
" Shi ne- Dal gar no" "Sa‘?é%@ﬁ??éﬁ O'Stggf‘afﬁvﬂ}oq’ ?‘Y‘Fa)éﬂa i‘%@‘éf‘ﬁ prasgediciPoBPre g
pol ynucl eot i gg g%ﬁ&qﬁhgﬁrdtaﬁeoaﬁgsecﬁene_é@.eﬁ?xtb%%ﬁlg}ézadaihgﬂielrmﬂ?%& {f@%ﬁeon of

"
ot her organi sis-appropfiate transcriptiona or transl ationa
enhanceneht &edBéidegenvmpssistic easpltoipdaogdening therangoofwavebagticofdight Kozak

& am nogat i VEHG NS i Rtect CRERane e o] Geneo P IAR wageihe o~

------------ &ven. that 16XgUr W dvelRhSth ighNRSRAAGE, phiRfalRE BVind @idsud sk BoRpaegnous
al dehyde substrate. LuxAB cassettes confer higher |evels-of |uciferase

activity thate §ghteéshartepmayelengths selaeiohembedimentsof the it BCRE 1264 asteitlen

ST ept ococous MERLRER ihikoR 3l Mool ipl P ARAS MEREP KMl scougpoe

opti m zelD f oas 2measngufdsatasing the serisaivitytof appiivatism whioh eephiypl e, gi ven the
sequence of g,g}gll_l_ypeptide product of a |ux gene, appropriate codons can be
chosen to enBOYEUARRCERES B 3dEPIHE MSAR%Rr e such codons are chosen based on the

preferred codon Uﬁﬁ&%' | : I i ng
sequences have al so edégﬁe%’g?ﬁ?ggﬁ',[cag%g, V\gp%vi 18&%%8*%&@% shed 15
March 2001, terséorerati@oof Girahipositive orgahisms,the uxd Beatretestypicslly ¢cdntaisequences
produci ng t or nor.e l.jght- .generati pgée ti des,pr cing,emtted
light at _t\/\om@liarm%ﬁl{%v {)/cgﬁ%’r‘? Wg"%ﬁ‘%’@g“ %gﬁ?g’e?f%?hgwggiﬂﬁ?@ sequence of
interestign &gﬁé{o% Epdrhily IVREP HpF38H A bfth of thepAPniMR A EHR e Zh A HFUST
2005 PCT[US0Z2107029 transposon cassettes may 1 n turn be provided in either

a singl e vecBoWhsadieed fer the transformation pf ethorargarismhsempopriate r8senptiamabt r uct s
b q & VETES . \
may be used §o, 010006 %p]éagféglg%t%eqtgﬁb&%gy i g&ﬁﬁ&%ﬁ@[gs. 01?18%% 'hgg

mul ti pl e transposon casset e'present’ rnve : ere
transposon cagaeidesKomy seprhcein egerydtighicllgehamaicmiveSHiyPPplgethes t hat

sequences for Gram negative organisms). Host organisms carrying the luxAB cassette

.20. ....exhibit bioluminescence when provided with exogenous aldehyde substrate. Lux4B
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
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Senmt light at different wavel engths. 1B. Luc-encoding Cassettes The
present invention also includes gene cassettes that all QWAhgnst@opsesa on of

eucaryoti ase in a target cell. As noted above, ryotic
| uci fer asgqs &ic[‘k ﬁ%ve been identified and are comerci al | yq’éifg‘ﬁ’é{ﬁﬁ‘ég for
exanpl e, pl as.m d pGa.2 (Prorrega Madi son, W) contains a Photinus pyralis
Iuciferase. v riet uci ferase enc enes. have been_identi.fied
ol udi ng. - bEeRBET eiter S AR FETRBM GRS BB GrBT BRI ipod,
U.S. Patent ﬁﬁltl}ﬂe %r@ﬁﬁkbonw BirH cdBstWRRBURIDRY usla@@ggroﬁﬁf?@fd}'exaﬂl ple, €1 al .

U S. Patent No. 5,604,123, issued 18 15 February 199 Zenno, et al,

U S. Patent Hgglesigrpgrganismsbesringapaltiple iranspesenshtsettegef s pegnpayentions yed 22

Jul'y 1997; 1997; N.
Kaj i yama and Ere@fg%nosy O%nggssgg{‘sen# %%h eg%31g§§é?ne#azlzlgggly§gptﬁ#@§ at1993;

M J. Cor i eremridightt A\differetneaveldnghs.Pat ent No. 5, 292, 658, issued 8 March
1994; MJ. Cormer and WW Lorenz, U S. Patent No. 5,418,155, issued 23
May .20 1995; do Wet, JR et al, Mdlec. Cell. BioL 7:725-737, 1987,;
Tatsum , H N., et1pl, rB-esdidie BhlpRy¥s- Acta 1131:161-165, 1992; and Wod,
K. V., et al, Science 244:700- g7 1989. Anot her group of biol um nescent
proteins i ncI udesThg msengimenmmah@mpludewm cafseitdsahatatjoerfonepaession of
Prasher, t . al Bi oc 1 1326- 1987 Luci fe ases, as
bel - as. aequarryoRt Rt BER pdf, A7 85t S, bt Manie 19%* %I%F&Fn as
ATP, NADP) Hhavemder {#ent:fiddandandlcamiRsdlly dvailablsl Gor AGmpls blaihi

coel entri zi ne and oxygen. WIld-type firefly luciferases typica Iy have

em ssi on nmaxiPEmega, 115%) eangains NEhesines oyredis lupietasod t h di stinct eni ssion

maxi ma have al so t tein
Eng. 4(6) 601- 03 05 £ sfast oo YRGBl AR AN LRURR i F
1994) teach lirited toatheabﬂoxfmngeﬂa Sheef frerkad3% VER)) &L Qi tRtknbNo. 56MQB86,anm no
acid changes to _the Luciold cruciata_luciferase codi ng sequence. The

vari ants ha/&SUefiZ3 Sepienpenk®7pKazatgl, hnft abob).§.iBatengdie. HA04.620 198edh8l 612 nm
Comer ci B 1y, SRR 00079588 S A eSE PR oYt Uit ¢ from
Promega, MadNe.dn650/88% mtdesd 22nkaln %y ; KG[SWoAd,rTéLS_Pﬂe_ff' 0. st 1vGdil hisswed 24
R A S R T L S TR
4:691-693. TIW3ICHO]. WhrmSR AHEWE W, Yordhz, U, fP%feﬁFHodfﬁﬁ'z/@Sk igs068 eirtH @
nmuel | eri has also been descri bed
4; 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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5 (nRNA, GENBANK Accession No. AY015988, protein Accession AAG4094). 1In
the constructs and nethods described herein, a eucaryot2¢ Augastfapogse i s
pref er abl yygpgdihigd so that codon usage reflects those cod&:}% ften
used in the t%?%@t cell. Codon nodification can be achi eved, %Bg[r(%ezgarrpl e,
by utilizing the Codon Usage Database, available on the Wrld Wde Wb at
10 http:// wwy, | el IEI i ngdi : CTGis
expressed as aalﬁsaé}réisf?loer& ?Iedsn?)é &3’2@%??’5% n mgirp% 0 Ezepr(ni Ig’ﬁc‘g?%uég&?l&ﬁg%udi ng P.
pyralis), ChGemissionpesssixboaistld e isdeseritedsfod aeample,an Cbntigley al. (19983
preferred th ( i he P. pyrali e dified to TTG (or any

ot her codon ?ﬁé%‘s’sﬁéﬁ%‘&é@é’éﬁ@yﬂwﬁé%ﬁ Plééﬁﬁg?%a‘b'wllgé%m?é? Pged

met hod of si (el 16@ ke Mfiddd 6 R, i usi ng PCR.
Gener al proceﬁ‘}res fgr PCR gs t aught iﬁh}@fggﬁ%ﬁ%ﬁ?ﬁaﬁ?ggﬁd‘%@%’sg A

PRACTI CALS APERRINGH GENERANEr Aecsssion Nef A 811988y protdin fefyssion AXGHWBY).. PCR
conditions for eagh.application reacti,on. be empirically.determ ned. A
nunber of parane n.{he Bﬁ?ﬁh'lugté‘ ﬁﬂ%“}eﬁp%g SESSEE%}/]&?E’Q’ ﬁ%ﬁ"ﬁiﬁ .I'Xcﬁgffﬁﬁ % hese

par amet er s apefaibly modifiedadtBalcbiéh GRAEP RITREL fifhs8 06ldnk Mbre BREELHGEIGH thd M,
My2+ and ATP concentration, and the rel ative concentyation of prinmers,

tenpl ates anBEREEHr cWP‘Bgﬁtw@sﬁaﬂ beaehipveds for sxample.cby(wiligmg the Codon

ol i gonucl eot {,de, A5 At Jav bl &?&%‘W@‘i’d W%hé)We'bgtt he Exanples. After
anplification, tThe residlting fragnents can be detected by agarose gel

el ect r opHbr ebtitis//fvolw kawash.dyipicodetsl] Faadiaamlayin Oasdilly tHewadbu O ie st ai ni ng
and 25 ultraviolet illumnatipn. Sjte-speci Li c nutagenesis is alsQ

described bePBRPSH! f3serEs FsistusswW Al man Y, ether curmyries(neluding PeBYnafa): pai r s
used for sit i 5 ki aual IS hanges
do not aff ecteTt@;| hlg%g}snﬁe %8%?%2@35%&%“3 c‘?{é cctuﬁg{gﬂ’éétsj ngﬁéﬁ{)tggﬂt%}‘ﬁw ?\r%t her

met hod for oitthe Ri perads bonpdified té TTGH(er ageother aodonithat inexprpesed sis $eucime 30
randomy alter.th m no acids, followed by screening for clones exhibiting
ef ficient ]lﬁ’nq‘fré@:aghce. Random nut agenesi s can be perforned, for exanple,
by genergsti ng ol AgRefEEEMHdA 0 kitd-SpecaRaPPntatihk @TudiRPast ¥padh iPHA
sequence. 27 WD 02/072808 24 August 2005 PCTIUS02/ 07029 2. Vectors The

sequences ent®es RgR} iGsneraheiesediresngr B Bras tanghtimmMagihsrsen etigle®GRs A const r uct
f | ' | h
vectors tor ?&1‘1& t REsrbY @g?g&ﬁi{iﬁ%ﬁ%ﬁg&%@gﬁ%&g@ Pr&ds ¢ F)?Q@é.ef’ék suc

constructs are descri be orsft e I'n the present
i nventi on catongitives dbrech application reaction may be empirically determined. A number of

parameters inflnence the success of a reaction. Among these 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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be divided into two groups, pronoter-less constructs and pronoter
containing constructs. In certain enbodi nents, the congiiglis 205l be
pronoterlqﬁéuﬁ -§hg: L ransposon shuttl e vectors detail ed ﬁﬁ#g&? n ot her
enbodi nent's,; "however, the construct will 10 include a pro TRS0UANE nce
operably linked to the luciferase sequence. Preferably, the pronoter is
active in the target cell. Pronoters functional in a target organism may
be identified by exam ning the prior art associated with the target
organism (e.g., 23 exgqﬁlified bel ow for Candida). Simlarly, further
transcriptional afid/ or “tPhsl ati onal control elenents are preferably

derived from the Thé gguheiedamdodig light eHRfdting kdteink E4OMbn Be REANTHL er
associated with the Iight generating protein codi Qﬁg sequences are useful

for transf or ARESITBS Veeletsdos tssHathg mnsiraptignof aferget erll. Spypshsuchiconsimictsar get

organi smgs i ' L LuatLan, I | . - 11 ght rating
protein asnd %&?Sgecgﬁg%wﬁh%%?n g#té'd?éf‘?%nf“fé&dg%?r@eﬁg I 1(‘)1%&?}103 %lgg%ra?}?on of
the |ight gebediaideddntptwd groupsgaomgiesigsicnsasctadpdp@niotadtosRidgenous,
active 20 pronoter. Vector constructs containing such pronoterless |ight
generating pfIEBRES- codi ng sequences nmay be |inear or circular. They nmay

i ncl ude sequencesyy Qb GBodirh &8 ShSldnSiucd wil h{otéﬂegse@%pm%g&%' on(s),
such integration may be nediated by site specific integration .g., a

si ngl e cr ossshnttie esgtoms detaitad teldvondh othsuembedjments chawevar, the constinant wiltct or ; or

a honol ogous. reconbi nat.i on where t rosspver events occur to 25
essenti aﬂfy g Séé’f%n%h%fﬂil%m&é’aﬁ\éﬁ‘%ﬁ!ﬂgﬁﬁ’efﬁﬁHP?‘?@F@?GQPFW&#’“@‘%Y&HYP cul ar
pol ynucl eot i geprotBdteiis atiéd iAdHCRLet Ball. Fromefmd fnkildROA BrdenbXahii® genone.
Such pronoterless constructs nay conprise additional elements, including,
but not | i mimeybe identifigblecxpatping tewpringlagiessaciatedhwith the targhbetcanism (eghe
resent inveptl I ..GANgt er 30 t.he.light generatin
Br ot ei n codi %gé%égﬁﬁ%i@%ﬁg&@?%‘%&:éﬁt %’élﬁ{i%i&rﬁiﬁ:%eﬁ fl%sr?gp{l%%arll rcg?r 019 a chosgn
pronot er (i . #anslationd eontrelrclaneitaire iphderablysictived fromAbe teget bidagidmabove for

prormter{ess cons@ructs, pr.onot er cont ai nj nt% constructs may, be |inear or

circul arllnd  t helyonstiycts grithenha progiatsrassocind with tedighheigrasing 8retei8 one or
' , : : : S02/ 07029
nore sites dirpAeudtRed AE2is&dI %? F?%ah%g Séct(mf 19@%1%&@% grﬁ- ftid

may be introduced into target ce random I nt egr at olted to

obtai n trangmomeafthe taffietisrganivm ib defived gbrthissituatiprp expressivnesfcoallighy

. sequences described her.ein,can be  inserted.into vectors pronoterless or
o oot er - conBFIRG PULE 4P Semstient R aro S s el Ao e iaston the
fol I owi ng: (¢ ligRexeRErafiRg Brobéih YoHAE ¥éqkh@D adfabibB endoZbnous, 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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one or nore integration targeting sequences, (3) one or nore origins of
replication, (4) one or nore transcription ternnationx®lggasmosand (5)
one or m)rvg o&j g{g sequences of interest. The codi ng sequences of interest
typically %ﬁrﬁ 8% their own transcriptional and/or trans/¥YEHAHP7%2¥nt r ol
el ements. For exanple, if a pronoterless 10 |light generating protein

' d.and f ' | .i h ' '
oper abl y 11 i ceansbaBel i Bidihesl a0 A dnlbsteiSn kTR 6RO 1y ¢ her

conpri se tragasdfbidn®) term nati on sequences to prevent read-through
transcription of the |ight generating protein encoding sequences fromthe
transcri ption confhes, the light gencrafing peqtain cacading sqapenced dessgbedthprein can be

interest. In; ' . t ransf orm ng
G am positi vleﬁg[g%{@h g%&%g%‘?%o%é"?[%ﬁglcoﬂ%’%ﬁ@%ﬁ%‘éﬁég@o atlviﬁ &f est may be
in tandend W témpriszmcai nessof the fidllogdne { B drie@r piicrt polyad g thition sigaslvqayes,
wherei n the codi ng sequences of jnterest include operat i_velfy | i nked Gram

posi ti ve Shi AR AHTHOISANGEIRHEN LEERHBA SRHICRES(PLQRROT BRSNS qfyeplicatitre (Bes
that provi dSn@orHﬁbﬁéC&a%"s&g;‘ﬁbﬁ tRIRAGR ele?r{éndspmﬂ@ a&@&%o@fcogiﬁg 394&5&%?
se of nobile

i nvention the prompterless constructs conpri transposa
geneti ¢ el enefinteréA. The enbppsabérecoof iMehist ypléelip tompiidegheinbwnl N one aspect,

th ti f th t, i ti t 25 t bl
mobi | e genet FsEai SdrpaGpr! ol RlembRss o EFenie | R PEFENGRS 1S

chosen bapediight dehérating AteiPEARIIAR udsd AAPh promdbter SIREtiHa0AhSiBgaand
associ ated transposable or nobile el enments include, but are no% limted

to, the foll egmgn is pperekly liak¢dtoq codmespqysoss of nterestythervertqranaydayther east

(S5 Sae PRt et sFh SR S SRl kel

mari ner i n Dhedighhpdn@iating @rotéig@nidling Rqidmeeehbmi they €Miscaptior ddatrol élamsmoson
or nobile genetic elenent is nodified to include either a pronoterless

i ght gener a®spRjats Stity the exsling sequence of intgresindn erothes remplapgembagkment,
be.modi 1 18a 16 FpESHS g m B o oS S0t SRR PR Groze T

i ncl ude ot heseqetmee nf mterett olayde imthail¢rn endhl prombieniess tight geferangpeotems of
interest. Typj.cally, all conpanents added to the transposon or i-l.e
genet o el entaRTE e FEAR B <AOES SEHEDE A B TeRu OO REPRLHrL R
transposon ogrdik BbdifvaISHAL fd DRLSE RbqueRed to cleRéeCisaiallPRAEchcesah t hat
when the transposon or nobile geénetic 5 elenent relocated the added
conmponent s - provislewi poflyaisteonicrraessgggson or nobi l e genetic
w20 In one aspect of the present invention the promoterless constructs comprisea - -

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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el ement. One exenplary transposon for use in the present invention is
144001, a class | conposite-type transposon ori gi nal |y Jusqlgatezhbokr om

St aphyl oc s (GeneBank Access ion No. M 1808 6, base ir 1- 1,3 24
of the se&ﬁéﬂ%@{zg ee Byrne, MR Rouch, 10 D. A, and Skur ?537/‘?%2&\7"2?1989)
Gene 81:361-367). This elenent is capable of inserting with a high degree
of randomess,. | 9@& L al : AR rgani sns.
Experi nments Enedtj%(r)ontfé%%ll n s&%%%cfﬁtasop&ﬁ E@ﬁg)@gg%iﬁgﬁl (%\r/% \Bﬁggéns Ofinﬁ |ecszgt e t hat

t he transposdypiculty, allapmponerfts addet egtteitta@sptesi ofbbite gRetiv\ElbmentTdie
conponents of the Tn4001 transgoson include (1) two identical copies of 15

the |S256 i nd@ided eugndprcoundanes of thefunctional ragpesep enmebile geneficyhi ch
define an i RGlh} QM SEAHRAGELRCLRATIIGH l?tﬁm i i
t ransposase- gene- ?’oc%a’t ed w tﬁ? ngiie Ql?nver@?é re%%aastog?“\}&g})%%g%lg Thes an

i nsertion? GCelesreat telgcateddine adsied compopents méne witlh thesmosppson emobileegdnetic
repeats are c&nsigered to be the boundary of a functional transposon unit.
Thi s basic sff¥Phre may be further nodified and placed into a 20 variety

of vector backboneme eﬁ&n?ia?cﬂﬁﬁﬁékoﬁ%ﬂWe it fle pResRATihfontidA G 114008] 2 QggUENCeES
of interest may be inserted between the inverted repeats. (e " - IR -

.9., b5
i ght genor acbmoedyps fanspesongrisinali wissod SomcHermioecussirsuri(Geneitank | R
3'), as well ' ' rall. t el L.ng. C e
erbod ment, (et St RBIGRERNED- IRl el SRk SR BIRCRER, Ko
pr onot er 10 egil0A., and Skdrifay, R.A. (@88%) Gdr8l 361 B67RNThis elRhrAcie dRRblessuences may
be added between each protein coding sequence (i.e., to create a
pol yci st r oni MspENgNGH a high dggreg pf ’@Pg‘éw"?ﬁé inte thshctiernk chromesopipfdiram-
functional i . ) o} Qﬁé?in% ' i ' . . . sequence of
I nterest. V\hg?lélgfeoé 'tglgrglltn%sg cons ﬁétf%{%ﬁgé%rs:ﬁgb%%l){tﬁgsﬂﬁ%‘ﬁfﬁﬁgﬁg?ati ng
prot ei n codi nglicaBdthsiethe tmospesar anciied in Gien-negdtivedostechs asngelpr ot ei n codi ng

sequences and any,addi ti onal eque of interest are ptef.erabl

"t oduced into t RES somBRRerts e Hie Gl drqpspopsps clugde o) qyp Mprice] coples of
transcripyi o180 54 hertion SEquRAceS BRYEH GS favieRePRBOSS IR’ S) RithicHdefnBandi r ect i on
of the transposase coding sequence, and is therefore not under influence of

30 WO 02/ 07280erin spquguse theadstwepCRnUSL e Baepesasy gavsiesatedevifiinthst er . Hence,
t he sequences w_.ll_not he .tr cribed unle ng, until_ .integration of the
I nsertion sebﬂYSﬁS reggﬁf’n"gl“élhgglﬁ}ef\?gu}?ﬁ%%t'i %{{%Qgﬁyew%)'?noe%flg&e%]eon occurs.
As a corol | atpmspbbdrstheBarted Rpbath B c2asitiaed seopiBBs 06endadf oft Nanemaal r eadi ng

frames for the sequences of interest and the transposase are_ in opposite
ori ent at i ons ttgpsposon unit. 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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5 the DNA. Alternately, the tranposase sequence maybe present in the sane
orientation as the sequence of interest, provided that i Augustepased
downst rea 0@2 that sequence, in order to avoid read-through fromthe
endogenougq é"r@%ﬁsase pronoter and expression of the Iid’%{ 2ting
protein gene product prior to integration. When pronoterless constructs are
used in the practice of the_present inventign, 10 the_light-generating

protei n sequefRSEYsaF BIOMATe enge, dhgrsegpenses wil et bepmepEbedunkess gdomdil er
contai ned wi f aﬁ&%ﬂﬁ%ﬂ?ﬁé&?%e@g@ﬁ&%ﬂ&d ahRRfivd &acﬁ?at%l@ﬁgp&ﬁ&elsﬁglt%ﬁnce IS

typically present wthi sposon that can nedi ate transcription of
the |ight- gesmaratAngcpobdrg)this rheana tipt dfeanding seqizadésnonthe dplereading

| i ght - generatin rotein sequence is jnserted adjacent or, in clqgse.
oroxi ity t oTERES r e fedugnoet el igterssh i the fapspResse aiedn SBRRN IS SBieniatigns in

5 -IR1ight gRIYAL menﬁeaﬂ%@wo&s%'se?&ﬁéé R8Y be bRBer 8HRNGHe! S I nserted
In an orientation opposite that of the {ranposase sequence, such that even

W th transcetigntation asfthe sequance of pberestsprquided that Has locitsd downsteeamoofithati on of

the sequence_of interest (e.g.. Jight:genepatin ol ypept i de codi
sequences) priortomiY &e dp é‘{cl'lg ﬁéaidﬁt%'%mg{l %’é’ "bglﬁgﬁ%‘%?go‘égntp%’gﬁ%sﬁfes?ﬁow?qg nt er est
adj acent an gt dxpeeskion bf theQight géncraiig ProteBEend produareios koitepafial t s are

typically cloned into shuttle vectors for ease of manipul ation and

i sol ation of | ar g¥hedRrmeteriess gensiicts gre wyed in fhepaabiss obthe presant igyentione
vectors e L e - , 1992) J.
Bact ori ot - 15 BRgesbo Rk ol sodudipes BEHpidauy KR i ppeBbra (1252
Bact er i oL17 Zpromblet 2odtamad within tht typnpdsablegdenaint.c That 4, ne gransiegsdqaé83s9. gi f
for a map of thig vector; 25 see : . i

tp://ftp. at cRPEAYY pressy seth the dgasnosen thaheaminedige tiapseriptiop ofhgdishte) ;. pwka

(Sul l'ivan, '\@eneﬁa&in?b}otéiﬁgﬁﬂ plet&fedéntsotiR&it, th@%ﬁls nefink pPdteinNequedte al -
(1995) J Batteriof 177:5028-5034), pSK+ BLUESCRI PT(Strafagene, ?a Jol | a,
CA); and t heis ipsStkd sdjndent onipcdise previnity tethetX lead vbthe 67 invarted epedt. A, et

al ., (1996) Cene 176:23:;26).... S ml.arly vect ackhoneg can be chosen for
oy o e bt S oy bl SRRl R TR PR R SR ROor (i o
target) cellinkéted inah eHerithgor spposiethatofthe Rkidsie soqiraté, sueh daB&enivitt 0 be
i ntroduced. For TN4001, such vector backbones may conprise, (1) a Gram

negative oriEKCrpon Qi he Banspese seqvsce erpisdiotTagmiption of the sequence of

t enper at ur e-; Ll Ve : 1 2005
PCT/ | TS02/ ofgg%é%&‘%‘%‘f %g%fg%%%‘gﬁlﬁé‘ﬁﬁ?fﬁ%ﬁfﬁhﬁéy‘&gé g“"é“oﬁn%ﬁ‘gu lﬁ ﬁ%ﬁg %étfg%."‘wﬁ%
t enper at ur e-thegsndrhe/ eff an drganism po intbrestladjacentagiaotive lentplodjotérragisar i pti on
term natjon regions. Exanple 1 describes the cqonstruction of an exeppl ar
irans p(')"s?;&)ol' e 'elglangi*ﬁ tr:g]spcr)rs%n cassettes are Ityp?ca,lly c oneg nto sllljuttlnla vectors for easé( 'ofm) ary
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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t he present invention, the transposon conprising pronoterless |ight
generating protein 5 codi ng sequences. Exanple 2 descrabea@uhemos

I ntroduct % e transposon into a nunber of vectors u é¢$
|ntrodUC|hﬁ8t%e (gansposon into a nunber of different ?f %ngéygnple 3
descri bes use of one of the vector/transposon constructs to obtain

f d, o I d.b hod of
he prosent RO PRRERGE G B pontsh e e PR ad s Y BaoRoRrTgn

density on sndgucdt mﬂ(lll)ltlﬂans’lcﬁlpti&nf@m@&hbﬁﬁdgtéiﬁt ection and manual i sol atlon.
I n one aspect of tﬁ resent .invention, vector backbones possess
transcription Wﬂ& msﬂ%ﬁki‘)ﬁﬂl Wﬁmﬂ@m%ﬂﬂe@eﬁﬁntﬁ%

transposon of, ) E&nOSieh

expressi on of etﬂr%%e ﬁght gen%?éﬁl rfg‘%}t |é§§0ﬂg§eiﬂg$sel trgQIE&Xngron of the
cassette §nt oochh@sdqustcemrljmplrtrthiem%es edhtrodugtiomef ﬁteeraﬁ@dsmomno an the
art. See e.q. 1996), Ann Rev Cenet  30: 35-37; _MacDonal d
L.E, et al. ‘i“‘l_‘ggﬁ Vﬁ‘"’t"‘i%tseﬁ‘éf ptrodysing dhg,transpesen dlg g number of diffegnt (1997)
Can JM cr obi Bactd. ]ﬂﬂﬁ'lpiééﬁeschﬂestﬁk% oPBﬁ‘é S the Je SSHARHIS ﬁ@é&h BhRGRRs!BBpREA 91 N
of replication is functional in both G amnegative and G ampositive
organi sns, t Wenshredielugtinescantanlonisga Celletransformed byabe methgidrof dfe present

her oby 1 aci Py pRiorrerERataR] B Riork PiobSeilod & TuRRra B iy R0 4 g

the rest0i ctdinpogivdbdstedtioaaad mumustbolgtiond am positive host organi sms, as
well as permtting isolation of large quantities of vector construct DNA

In this case, a Yemsaspstef Wﬁﬂ@ﬁmﬁﬂ‘fﬁnﬁénd yeetot Bakbppes pRssess irarfcripton
facilitate pt%ﬁ-ﬁfﬁgﬁ? Eﬁf‘ceg nﬂ@&at#&ﬂi(ﬁg&r SR §Bs \9@?{&- rﬁ&qle:ﬁ%ﬁ%#t ' ng

DNA is to be use RS OI’ITB.IOI’]O ram o I've ‘orga
Sel ect abl e ndexhemtsfoartlm mnpdse\od prédventippexpaggkion oﬁﬂxetltghs gﬁ:marﬁmghmﬂ?}fpepﬁwnl sm

in order to obtain a quan . | n this aspec present
i nventi on, s@?@g‘t’é‘ﬂ?@ %%Léceﬁ@t%to eﬁtpagwgﬁfw %‘é ﬁﬁ&@&ﬁ?@ r at her
expressipn  hufbvh bAGRt. 56 &g otichios, —tmh@gg@mmtémar&gty%'srs»;sequences i s

the screen used to identify 30 transposants. Alternatively, &n origin of
replication MagDoraldhdi-osted (1928) Ji Aol Rt 2ﬂ1w3wﬂbﬁ@, STaetpb{i29Ne and

G am negati ve_organi a2 1G9 e origins of replication present in
certain Streg?'bngfﬁ?%nﬁggﬁilgg'l(légch as, pCKl). 32 24 August 2005 WO
02/ 072808 PCTY1J3@dhOpfeZirelenbvditént vﬂi‘eref @P btiginldfeeplicatibM R MAcoRhal ipar ryi ng
the transposon or nobile genetic element may be either continuously active

or may i nst ckgih GEamdsgatiesnd Gram-ppsitiverorganisaisp the preseacesef isGramy-aegativgi n f r om
. PE194,  afy | Sorf 2 BErepllcdtidh pafttehts fepRbitioh!o? 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 transfermation 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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vector. An advantage of including a conditional origin of replication in
the vector 5 constructs of the present invention is that4aighstelopgent s
permt stahilj L,on of the vector construct in the host o ismo

i nt er est g%%@g%%er perm ssive conditions, while perm ttﬁ%?@"ﬁ%
organismto be "cured" of the vector when grown under restrictive
conditions (e.g.,lenperature elevated to a non-perm ssive |evel| after
transposition ha .Tb%gﬁglpgg)re_p%f@%%ﬁ%m. Tarrying etf"r“ﬁﬁ‘ésPBPﬁﬁPgBﬁ_ of the
target organg&i#ivielehehhhay 86 tther coMtithdudly Attt hdyARSBAPI cdiiTRM LS.,
genetic elenent (which conprises either ronot er “contai ni ng or

pr onot er | essthsdefuperetate-sansitivr aysia frany DEI%‘Eﬁ%rSipWFbmpth@Pém)- shutflasf or mant s
are identifi y j | L} r [ . Jypi cal | after_a

t ransf or mat i g%t%i 0 o%ia{an%g%: #’tsﬂlélru Eel%ﬁPdact%ggﬁ%%} O?IgEgI} okt éﬁbcfa%?ﬂéi thp ypgor

cont ai ni ny. | cqistruds ofjthierakntrigvaioh s thatsuckl eleinehis@dmil babRizaticyast tig € t hen
passaged to Erovi de nore tg{ure cultures of the transfornmed cells expressing

the |ight geRETUORYS Bt BF Aot oapanym eldytieesst sownauder Fﬁ‘ﬁmiwea?pn@iﬁgnslean be
carried out {Bid Lo @@ "&QM 1% » | oyi ng,
for exanpl e, W?nu%:?%?lgg ﬂ;l)?g[{%g. Zgﬂlztg%vlé{({:rtg%réﬁgﬁgéﬁég?n& gngrégfhods of
t he present srestmebne canittans (bg., tgetrftae cldvetet! tan sbopemiisive kfclaftewari ety of
cell types using apprppriate expression vectors conprising chosen

expressi on ¢ ‘?ﬂsﬁ?ﬁlggrf g%e‘ﬁfgl.m propriate vectors and control elenents for
any giverp cell tXB@r&mBlyenG AR MY oMY ohfishalith feivebtol N the art
in view of the teachings 25 of the present specification and information
known i n thecontainisg thedsinspesosor mabile genetic Elamenk fwhiclecompriges eigleaner at i ng

protei n codi C ' rted into a. vect whi ch incl.udes
Cont rol. of enBRrE g sanaind dtbrbBele PRSI Enly heBund S TRBLeMiBR bRIFHE s o
the expr essiwmsfmiahs ageidentificdbyctheis abiligelolprédiiee lighix erpically, affepaot ers for
use in manmal i an cell expression include, but are not Iimted to, the Sv40

early 30 prowdisirmagorrptenobsrlisereplajed gnd regionsiof thaiate cammminglighimor vi r us
LTR pr te - : _ ' ' er (Ad
WLP), " o ¢ heaclibl oelke idenlincd i DreB B iRsdfB & pro B i OHRET
such as a prarmtesrof tlieetransfootmbd ol dxpressing tie light gédetting poetein @ding, nay al so
be used for manmmal i Zt%lt?) 24 Aut?ust 2005 . 02/ %72,808 PCT/ Us02107029

oxpr essi on. SFIBTESH SHChpRAIFHcS cahbe SariFt avh B HaNidPr STy SRS on
sequences ar@aicAhIS as Weﬁsaﬂ&oyihgpﬁ}eﬂani’;;xe,tlﬂicidaﬁertpﬁa@ ation stop codon.
Preferably, a sequence for opftimzation of initiation of translation,

| ocated 5 to the coding sequence, is also present. Exanples of

f
st

. transcrigpgion terygnatgrlpol Xafsnyhation signals include those

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 whjch includes 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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5 derived from SV40, as described in Sanbrook, et al., supra, as well as a
bovine  growth hornone term nator sequence. Introns, conyayusedsl ice
donor and ‘?(g?gfmz% sites, may al so be designed into the constructs for use
with the p %ention (Chapman et al., Nuc. Acids REETYYEH19

19: 3979- 3986) . Enhancer el enents nay be used to I ncrease expression |evels

of mammalian__10 vect canstruct en Iary include, but are
not linited P the: 5’6336 ?l @%‘H’ K= ﬁboé]r ?y&g ?Eft‘é)@&e‘i‘}‘?nffsjzﬁﬁna et
al ., EMBO J. alsbPB&kntdlothikd 3tthehe @ﬂh&ﬁ@ﬁg{oprcem epreﬂﬂu (Qdeduieats fre | ong
term nal repeat (LTR) of .the Rous Sarcoma Virus escribed in Gorman et

al ., Proc. Neptimizgtigy of mitiatiopghtranshon) lopged 7 7tp thmodn& weqBencs, idelsoved from

o oment s | noPGagy PRagpies A AR aRbdo ke Rinptor kel b sbind ieniab ™" o7 o

Res. (1991) #eridaPord 836, asStistritieldén Sambmiok OdtialL:, W%Wellmﬁhbdﬁmefor
exanpl e, plasm ds such as those capable of repli cat ion in E. coli (for
exanpl e, pBR§E‘?"’§;‘@8PE‘Pne teepinater sqgpenge. Infrons; qoptainiggsphice doponnd|agesnterogen,

Car | sbad CA);lt@é"Q]aSlrﬁ%olb'elﬂ@l ety tRE BEHSs ?Jr%se%@th é Q5 thvBYtigabr 00k
(cf " Mol ecul ar O oni ng g%oratory Manual secon ition, edited by
Sanbr ook, Fr (@hmman&thbmfm Hsids et. 1T I_EJQQ’F%:BB%) Laboratory (1989)) and
many such vectors e coerﬂ e. Baci IIus Ias€1 ds i ncl ude

TS S0 oS FahdefORE R Rl e BEH do3ierEise ERGrentioR o Pes Bn The
Mol ecul atg Bw@ét@gcbn@ﬁudt@eﬂﬁwm:ylenhﬁﬁa%ﬁmﬂd%@t&.ﬁe nB{\Inﬁlle‘a&%)me BW40307 329).

Suitable 25. Streptonyces plasmds include plilOl (Kendall et al

Bacteriol . 16¥ivacre-cphgger, 3&9@?@%@&@@@%@‘%@3%&%@66’5&@@9 such as 0
C31 (Chat | t al
5 0l ooy AkagiPiernrbiigiePuisivha ol B30 BRI REHEBATI A S ERbLISIEGERS! o0

Pseudononas Mlmmsdhsc&ibedﬁxe{&bﬁmdetlay Brlanved. Adad. $IREVSA (196288 79:607F and
8:693-704, 1986), @nd é{é (Jpn. .. Bacteriol. 33;729- 742 1978 30
Sui t abl e eucakewp Sl faémmeﬁw a&dﬁsc@@&ﬁﬁﬁ@sh@w -£B¢H (k?éé |n|a

SV40, 2-ygcrgp.seir A3 Q{\@ ﬁ%ﬁﬁn g@ﬂg
pl ND( Spl ), pVgFS\’XR ﬂﬁ?ﬁ %lro en ﬁEiudEg ; I ke, or %él r derivatl ves." Such
plasm ds ar éfuweMzdskamﬂ%h) 1078 3986Bot st e| n et—at— Mam Wtr. SyTnp.

19: 265 274, 1982: _3: . 80 / US02/ 07029 Br oach,
o S e Ml eoot autle o phc fittore intfudas o fimBRlp RIS S15h 68 HHSC nd

| nheritance”¢ fﬁ@i%f?ﬂi]icﬁﬂoﬁﬁr@(lbh e&aﬁ}qe B@chgﬁfl' PSCHW WGY@'YSAIP
445- 470, 198 Br oach, Cel 28: 203- 204, 1982; 'on &

Herat ol . Onc BV PBSETgpBAD@uyitragen; Gatlshad GA) @l the Bke) Sagh Phsmehens ive

ut
)

L Treatisey, Vth‘scI%Sed%@amsﬁfg&? Pc?'.e‘MolecuIar 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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5 Expression, Academ c Press, NY, pp. 563-608, 1980. Light generating
protein encodl ng sequences can be cloned into any nunbera4fuguepsasr cially
avai l abl e g 0 generate expression of the light gen

pol ypeptlﬁsﬁilwzg%e as a marker of transformation in an a?ﬁé@?@?o&ghost
system These systems i nclude, but are not limted to, the follow ng:
vectors for C

1§81

BACULOVI RUS EXPRESS( Wﬁ)&é&&k@? ﬁ@‘f%%%‘{ﬁ%m?iggbfe%%kﬂg et al.

Bi ot echni queirmbihta’ﬂw’ Cb8P8pring }Pdihdsmarhgmorygtolﬂtmhg I—Bﬂio@ Nﬂ{tp 4465\)70 vectors
for bacteri al ROTQCOLS | N

S
MOLECULAR Bl éﬁ%ﬂr@% ?@hﬁa\t&\?géw éﬁ‘?} %g%s[)ﬂm} ¢lat, r I@& Hemtol @W é%ﬁ9 4Bect or s
for yeast tra 0
Lor Jeast C Ao anmid . CERSAA0REh CSmpflind s, TREAIDVEL S0nfsequby
No. 5,629 20§Xpnesssmed\dad§mm3’re539§‘i' pp;émé@saas@e et aI , Antoni e Van
Leeuwenhoek, 62(1s2 -93.(1992), Romanos Yeast
8(6): 423- 488 (1952%}‘ é‘gli‘%lpmt \1eo ﬁ%&gn‘ieﬂcﬁh%ﬁ‘r%‘r%‘dﬁimf@g(“%5 of
Guthrie, C , cofithefoidlly aviilitie vé@rgﬂﬁ%ﬂe&téﬁﬁﬂéﬂoﬁgﬁﬂegiﬁh{ fakingvectors for
manmal i an cel |l transformation ontech; Life Technol ogi es/G bco- BRL,
G and | sI andpolsmeptidg foreuse ag a mager of transfprmationdn eh apReapriatethGBIYSROE ( 1983)

Lau tl'g gﬁ%{:ﬂg ]zncﬁﬁfe but %eql% ll?l'utjeﬁ%9 tﬁe4%io%§rg@eﬁtormﬁ) 10v11%s -

"u—

Sel ect | on an I cation of erol dgous an cells
in Met hot® i traxl:‘sfmyrmtibn,gymlly,d?.R., &ﬂﬁ,,mmﬁﬁdvfiﬁﬁExmsﬂm\OEd?bﬁssA I nc. San

Diego CA (1991); and vectors, f e in plant cell transformation, pI ant
cl oni ng 25 vm(kﬁ%ﬁﬁ@%é al., Bigtechnggyes LY (1994), and
Pharmaci a L KBy, eﬁcgg@k&g 6§4ﬁo cﬁg%ag@fa@xm%}% tejfifStmaFion, RhsuBb,

Bacteriol. 168:12 croblo Letf
67: 325 (1990FMAat ale CURRENT Pmmo SIN\MOLEIIJULA Biotb@it, ﬂdnswlhylahdﬁbns\/bl ecul ar

Bi ol 0 Manu A . 249- 26 and
other s i Pl ke Nirdie PR EPTRShL S foe vpieb isteritanp. Resbllicte, § 380

Spri nger t3/er TaghmpAOBRdn, PUSHY, iPaten( 148 OR35S ﬂQaEHsué\cpivFaEéH 128 15983|S(Pnﬂ¥ter Egsenti al
Techni ques, P.G_Jones and J.M Sutton, New Yor k Wley, 1997 MTglani,

Gur bachan Di B&S-dlatengNef 5.62%203, Gevest Mey 1é,nl?9l%ﬂ3éb€ﬁearGBemlowtomdeKaﬂ/or K,
Food 35 24 A 5 / 70 , 1998,
2o g AT O PR 0

Chapman & Ha(ll992jl,%de&@MJHemmlﬁdzﬂgolbggInss g9o9e); Guthfig, O, Qh@lGTRCOdI ng
sequences f’.ﬂil so include sequences that facilitate _single site
reconmbi nat i oRiNKnd48rhoRg! W@O&f—%‘lfla%bﬂ'ectsrs(fwgtawpm%cgl trangfarmatip DNA

_Sequence1oMpiRAHST O TeMRoREiRibcSBRE, Gpantdq?laﬁrﬁ'i\gie,tHaynes, I1.,-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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genonme used to facilitated integration) or sequences that facilitate

honol ogous reconbi nation (e.g., two sequences honol ogous4tmugasizmess in a
target ge (ngorei n the two sequences flank the |light generating protein
codi ng segﬁgﬁ%e (sas well as any related control el enent U P TR
sequences of interest). Once identified, the 10 targeting sequences can be

readily isol e b L. gni. n rimers lifying the
sequence by %@HCWE@&S%%?%% %Rrg'g?{ CtgggAEWéc%E%@ "3'22%’}‘%3' ' a light
gener ati ng pBRIghHINead oy, Clepuence Haanigi7ni ng construct, for exanple
~flanking the sequences which are desired to be integrated. Integrating
vectors may be ci VEgiPECcomprising light genergtipg proteip §p4ine seauentes Ay Llsef t he
present invejt.i ML NG ] -] ' I. g
Cequences. ( a8 LR Tnd Mciitdilal e ecbuiRAloR sh B RAFlDEGILRD

i nt er est )5 magrgbhmsir(t.godsinzte DNMAcsegetrics hamdiogandioronk ot egrasitedn tieaarkcs
detected by transformatian of. target cells and the identjfication of

t ransf or mant %‘?H_OE}?d’r?ﬁ‘irlTE’ fl&mﬁg’é‘?ﬁ' ’inffggét‘l“ﬁkorc‘i‘}ﬂ‘éqnlc% Pt(fﬁclgfat%lﬁpmﬂf’%%sat i ve
genom ¢ t ar gREbMBinallGFey., thlsefRndeddniIfidud i6a 10M1EME fift bHogRl WigeiyeCt Or
conprises pronmoter 20 containing |ight generating protein- Codi ng sequences.
Further, Exaliiplteoseqnencesiflank the lrght géreratmgipooteimcoding sequencess(as weld avarty usi ng

generating. pebta] SoRE R eRERE Rl ol RN FaterrRRRS [BAFach s, L 200 o

r eport er1(congtdetifil Sequendee lchis bé Rraliilpiselatd] for@RAAHIE By idesighinl paiRR fdnar ker s.
The net hods descri bed in Exanp a luciferase gene 25 fromthe

le 4 |
firefly Phot3mRlsfypethe $e§uﬁ}cﬁé}YeD{%R-o%g¢p¢gg@iﬁqd§f@%ﬁ ejsthem be insateddntiz ans.
T f d £ ' ' : 7 ; Liah
or oduct on Tete bR iy Sofice b ndhd SR Bl hlnd 0

hi gh densi t yths seencesgvhdesare idesickdhte be imegrated! Imepratingsedces inay babideulsr ovi ded
an efficient t hod, f or obtai ni ng trantiLor mant s. Successful transformation
30 occurred Htlngaf. 5ing theypgihpdssoting present ipveption yestorpcaniraiieifescent

col oni eg/s20 é&n@faﬁﬁ'? Pgﬁﬁﬂe&ﬁgé)s%%dgggégt(éﬁd I‘Eﬁ&é.d%nﬁi)l diIEABRE 8 FRINhSfulthe: »

| i ght producing ce anon reat excess of non transtorned cells was
st r ai ght f or viequerzasiof iofsesst)abaebe itreduced inte sefaAndtrardved ortegrsticmrevemtsonst r at ed

herei n has been repeated with several virul.ent 02/,072808 24 August
po0s | per USSR ATt fonthtioh PR bets il b el s B ranS AR oy ocent
i nvention, the trensife FabictiBes theXol@SicRbrRbRM ifRRgNEve gali&ﬁib taBetiiRdl a

containing luciferin. Alawn of cells were grown. The |awn was inmaged for
| i ght pr oductectss for(cendida albicans amsredhe jesgasiga yectOneqapraaes BrPmoirSTM i magi ng

. SYS .t..A..e-m- %e-no&%&ilgﬂé Bgﬁt%h%ﬁnébn%@é?g %‘odix%a‘ggqugfces. Further, Example 4 describes

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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|
E

5 identify areas of cells containing and expressing the |ight producing
protein coding sequences (e.g., luciferase gene). Four 2uqxugustroosnal |

sanpl es e i d fromeach bright region on the plate _and used to

i nocul at W&%ﬁ%ﬁ@ﬁt liquid cultures. Small aliquots of tH&ETREFA{OGht
cultures were then mxed with luciferin in wells of a mcrotiter plate and

h aliquot | uat | i ght duct ion. Over.ni ght cul 10.
conpr i ng. | TOHE TEharitn ARk R pughst iBulon, e HAFwionssi ng
cells vere @id whssladdnRboalsERcilie msdif8dRaifk MVifint A RRAIMReRd Wefee col ony

i sol ates. Accordingly, these results denonstrate that |ight generating .
protein codingWHsé‘g‘a wepimaged ferdisbbproduciionduging, foeexaspde, Xenogergh- densi ty

cbservat L on PATREPR YIRS HBEATELRn W ER By Cforid. WS Eln o,

conpri si rig |idedtify gesae otélRGoptaitiing and exprlissige drdiphnprduciag prddéinlcodiay! at ed
into kits. Conponents of such kits can include but are not |limted to,

cont ai ners, CASEICHTAS Boriyciigate goneh £oup e sight smaffisapples press pickidfrom £aehvar e.
exenl ary B idiPh P fndhikell B FBSUIAL SV RlaiailinR0sha=r a o a

cool ed integrating canera. , Instead o ng conventi onal sel ection

or scr eeni nplypbisod thet avermightenitiree wereathen memdoetlofucHenme ot wellsiaf aa

t f d | | | i ght - based ' h b d. In
erbodi ment . (gt pizte S ot R iguRCavAAlsH dor B BopoRoh, Gy GHRbCHIG S (g
pol ypeptiigde mﬂamnggafe@atﬁ@ ﬁ%teﬁl%dm@céequem@c&ﬁahfngyengesﬁn%gag%@r

active in an organismofl interest. Such control elenents my

const it uti vediiednndapdated farsingle coleresde shisiresinglp solony ARGDES. casset t e,

operably linked t a_pronoger nce functi | _in the target,.organi sm
of i nterest my HeotrBpu s REE ERSE L YR ephfalnlf o Bt Sanl, Vot
interest is dehighce-Lamaing@asminds Ednchber@ed fdr hiyh-deisinbirsdiin@ioadetdet eened for

their ability to produce light. In this nmethod, the production of light is
used to i derffansfprmptionesntrandsadditiqnatlyatiew for pbastvabips duwhalg 2a8unas| oni es (or
pat ches @f bact erq ' . | . rr% | v ated) by

st andar dlgmet hods ?Ige?vge.@fo?%ﬁ't&% Pgéﬁé%llﬁe?ﬁglg cé féxp ﬁg)l(lg@l ?{‘Zé&%ﬁtﬁéé bFn%q%?ot I ter
well's, or stodiglceqeentes, can bglfeemohtainegits. Compang@s b aichtkite cpr mshde,

I nventi on pr,ovi des vector conprising.light-generating. pol ypeptide
sequences ol BOPt AieadorconBsF o ions SoRGRas o Bsto dishgHBr PRda0s
PCTI US02/ 07 Q203w REUBRERPlafHRGEWARFhay ilclAdd & BifnsHcaPRbOMN RlmfidY &hegd - Ui ng
such a vector provides neans for the transformation of organisms for which

no sel ect ablag areplednntegnating aamera. drug resi stance marker) is available. 5

_2C. Methpds of Making Light.GCenerating brofein Constructs

of using conventron 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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The light generating protein cassettes, transposon cassettes and shuttle
vector constructs described herein can be assenbl ed ut iZ4igigast 2005

met hodol og}ﬁy@%}\gﬂ in the art of nolecular biology (see, fgor exanpl e,
Ausubel , PQPUEE8,1  current Protocols in Ml ecul ar Bi QIHESO2ZIBRA Wi ey
and Sons, Inc., Media, PA (1995), or Sanbrook, et 10 al.) in view of the

t eachi ngs of ethe corgén%gt aé?ec' fication. T .gi ca{ llﬁ . gen cas§ettes

conpri si ng S%&B%l}l(?% ency 'rf‘@ ¥BY ﬂ{gaﬁléﬂ]e d ‘ieﬁad'p ?‘9%@% i 0 °5P50vé%e§enbl ed.
Pronoters, cgehrsdor tHeafBfofmatdNf ofga@ishR forWhich abisdRciaFlg WaEG {swhksal SO be
I ntroduced into the constructs at suitable positions. A preferred nethod

of obt ai ni ngdﬁﬂélf%ﬂﬂfééﬁﬁrﬁ%ls%’@ﬂ%béﬁal e regul atory 15 sequences and short,
random nucl eoti de sequences is PCR Ceneral procedures for PCR as taught

i n MacPherson et al., PCR A PRACTwWAt APPROACH, (IRL Press at Oxford

Uni ver si ty Press, 2C199Method3@RMaking Ligin Gédneratharc Prapipl Castimts r eact i on may

be empirically determned. A.nunber of paraneters influence .the success of
2 ronction. Aronght RN ReRITRRTRIEDR Geutin Eamason EERPES 200 r R e,
ext ensi on 20cddstiets Wb tib@keréih Bart BOERBHbRE nfifizinp hetRAHdIdG knblvalih MR
concentration of prinmers, tenplates and deoxyri bonucl eotides. Exenplary

primers are @tgtmpokeulapbiolngyilseet fve examplaphussbelaAF My eixip IGuttientRrotogolstine
resulting fr 0 e aqar . t [

For | owed by WeEllaf BIABe obiF ) B Bty ARG Mgt (RRE L RBPBRR 2. o1 e

i 11 um natlQ ongl)An&idvest tive tdackingsf thbdp@kanit BeecifidajionlC Tesitaltle genef cagsetsanpl e, 25
Is by enzymatic digestion. The conponents of a desired vector can be

organi zed i nCOMRTIFIAY Sedugnces encrding lichbernemting pelvpepides arcassemled. 2D,  Met hods

of I ntroduci ' | . %]P -] ction
of nucleic ajcs:]lig slﬂ]&%\’? gﬁtgéﬁl%ﬁ%&#;tag?%%tgﬁta%u?gogﬁ °Le Ig&% c@rg{alg%ié‘ﬁldggb hg?%;r t he
weakeni ng orintcetho wahstokts\ae astablerpopitians. cel | wal | s) are known to those of

skill in the art and jnclude, .but are not limted ta, . the foll ow ng:

i pi o- modi ated  tAdrepEr pietipd o pieta obgutsiretides. wakbla guReRt ral Cand
cationi g4l i pleddnceslhfEsHort, Rin@&h nAfleotidt BquendtSis PCOR. CGEAR M proides FiSi on,
m croprojectile bonbardnent (e.g., biolistic 38 24 August 2005 WO

02/ 072808 PAICRI8s taughtimdMaghhpxsers et aly BRRad Piy inBRE Presstay |

0,2 SC1 P! L0k (ol 60 60 Om APERBATRS pacnb U TGRS
vect or - medi deaspiriodlBf @dtermifel. 1A AGbaofphiagieter®ini@ndesthe Miticekldf chosen

depending on the cell type and 5 the anmount of nucleic acid avajl able for
use i n the risatioa. Ampeng theseaemnion afepnedng te@pergtusggndfime, | exteagiont a

_densi ty dohatyhagiibhl B EATPShAGARN b, BH, bPb QLA T nk AftratiGh oF Srimers,

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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can be plated at a nunber of densities, for exanple, by preparing a series
of dilutions of the transformed cell population. Cell pladjqugestRRsity
differs b)(Y (3%‘{, %{épe; however, high-density plating for initial screening
i s general @ %%rred in order to increase the 10 Iikel i F6dPBR0URL ect i ng
transforned cells in the population of cells treated by the transformation

met hod. One rdi AR he,art can apply.the light.based

screeni ng ne e(t)ﬁ@)fsd 9’05;&% F‘%@N& éasr{elnf3 E’Plﬁl\%r gnlegﬁ, ?JGS-E 1%8}63%%0&1(]5 1ggl‘7191 ‘i}ul?el ected
t ransf or mat i phosphatbost lithinhi atetite) VDEABLdetrant poBRtIVI@S gRicalmeeigidn. 15 3.
Eval uati on of Light-generating Pol ypeptide- Sequences in Cell Culture The
|i ght gener af'PRYCTpHt WIH vegar-mgdisisd temeler-const ruct s such as the ones
descri bed above a ' 3 gﬁ,ﬂi o ]&qﬁf ri.gety of
host cells 20 andngg%&fgsﬁlca?égs u tlrS S o?r?gﬁ%gr? ?}{g;] S. ‘gﬁ%lgfﬁ’g gst
cell's, inkl uthe anmuint af micleie acid avdilabld fooysedn tmrmethed ABergransfoemation thech as

Candi da and Saccharonyces): plant .cells; . mammalia l1s (e.q., BHK VERO
HT1080, 293, °© s Hateg o %ﬁ@s@grlpag)&}cﬁlt@tpggggq%@rﬁg _Pé%él}“é‘,g“«t (Rt cells;
i nsect cell scarbMated @i £AuRbéibraenHi@NToR 8LahPI¥ oy PafdrRii adseritd SBiRARLE | Ve

bacteria and other genera not included in either 'of theé 25 preceding
cl assi fi cat i efthe trangformed esilleopulationpel] plRting dénisimdiffaspby cellypedidwevenp.

Treponema Spp; 1. 4 e r al i he .or gani sm whi ch cayses
cyphi 1 or  Miebleaghha o SRAAHRRDk U PP oty efeatetie

G am negHl i vHkélihwbd o€disctinghtmsoRaéd ¢ulls $n e pobelaléesudlls trieité@BY kign nay be
used to transform organisns including but not limted to the 0 foll ow ng:
O ost ri di um Yppsformatigpimethads | Brucel | a spp., Bordetella spp.,

Campyl obacter spp SkEl) . . e 8.30D. 4, r «Spp.,
Kl ebsiella spp., (ral? rggt I a g%ﬁﬁ l%&?r%%@tggﬁ&g{)h&t rot éﬁggé%g?‘?&@%q%r%ﬁel | a
spp., Shi getheprasppt invantkin Yieing iesseatialppany30le2téd AragsfoimA 0 methfd 2ABIREB08
PCT/ US02/ 07029, Wt h .respect to Grampositive host cells, the constructs of
t he present Wﬁh%ﬁ'}‘@?"ﬁﬁgﬁsﬁg%ggﬁmt o transform organi sms including but not
limted {9 the followi ng: Menbers of the G ampositive cocci famlies

M crococcaceae (M crococcus 5 spp., Stomatococcus spp., Planococcus spp.,
and St aphyl ococcud sppEyaluatien nblight-gereratipDFolppeptideSeqyrmeds inaell speci es
of other cocci genera Calthvei ng: :

The light generating proteiﬂ coding sequence constructs such as the ones
described above and in the Examples, can be used to transform a variety of host cells
20  and assay successful transformation events. Suitable host cells, include, but are not
- "limi.ted tb, eucaryotes {e.g., yeast, such as Candida and Sacchéroinyceé); 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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Streptococcus spp (e.g., pyogenic henolytic streptococci spp., oral

strept ococci spp. Ent erococci spp., lactic acid streptzqqaqygt@.gtm

anaer obi ¢_St r ept 0CocCi spp., and other species of Streptococci);
Leuconosté\ﬁo%‘g’ZO 8Pedi ococcus spp., Aerococcus spp., 10 GREAVYS27eY

Pept ococcus spp., Pept ostrept ococcus spp., Rumi nococcus spp., Coprococcus

spp., and speci es the us SarC| Endospor e G am positive
rods and cocci eﬂ’&c ﬂnl’%l E’SB‘OSt cegﬁéﬁ%f%?_?fgﬁ&&glﬁ?sgﬂp ,

C ostridium ﬁﬂ@nttoxﬁﬁ%é%@@@&bﬁs‘ﬁﬁﬁrﬁ amsﬁ?ﬁfcﬁﬁﬁfgﬂu@ﬁoﬁlﬁ’f&ted RNHe speci es of
the genus Oscillospira. 15 Regular, nonsporing, am positive rods,

i ncl udi ng Lafdlowarg:l | us spp. Li st eria spp. (including the pat hogenl C

speci es Lister kv 0 foun tuffs
~drinking water, %g’\é;sf %r ep ?eocnocg1 @?é&egwmc@%c CeaeEé@gmﬁgf%fhrl X

spp., Br 0$h0&1}pr l&ommcaccﬁsempbamwcbmsm, andiSMpHicRo6dM spp. pnd  speci es of

“the genus Caryophanon. 20 Irregular,. nonsporin Gram positive rods,

i ncl udi ng @Pﬁ%ﬁ%ﬁ‘éﬁ“?@ﬁ?l”Q?WWHgWeﬁP%?ﬁO (CReR @snera insduding of
Cor ynebact er gyl t&é%e Bedel%lﬁrgg%mc héﬁ&lm@ga%wo S5 Bral sﬁgﬁbéo%mﬁ.}ﬁf

spp., Brevi bac eriums acteri act er “spp

M crobact er i Bmesgpcei spp keliandidsirepmwapg.spp. thdetdbmﬂquoampz spp., Agul othipces
spp., Arachnia spp Rot hi a. s , Propion b‘?ct erium spp., Eubacterium 25

spp. . Acet ob%D&P@EPBWr% OCCH), KA EISIOF SPR o CH10G8GE45 PRy BETAEOSHIS SPP-»

Ther moanger OBagER spd Peprodb bl OpY. Cﬁéatéd?r@ptocé&% wcxzﬁﬁmeéocrcbsespg»enus
Bi fi dobacterium O'gani sms of the fam |y Mycobacteriaceae, |.é.

Mycobact eri uﬁ’vyppoccw@mcﬂ@drsmtmeﬁqfrthnsgemmISar,hlmg Nocardi a spp., Rhodococcus
spp., Nocardi oi de Ps.eugfnocar

Sacchar opol yspor a gg‘boﬁg greT\t)P’E?IBE I?Ef%’rsﬂwe §?FD sanf, coccl’-”?rl?ﬁfc@?% ?%E’H%sp%’? a spp. ,

andI sgeci és sﬁorazgaolgzemuﬁspbnuoaﬁﬂwgl Daﬁulfg%ﬂﬁﬁfmp oSpo&meagaJ Splp ll’lirﬂl’ est

i ncl ude: ost r.i di rio spp., Brucella spp., Bordetella spp.,
Canpy! obact e?pe%‘ﬁsp"f'ﬁ'clﬁ@[)?&)ﬁ%ﬁ%’ “spp., Escherichia spp., 40 24 August 2005
WO 02/ 072808 PCTf RIgQa4r0ddhiBoriy, Srahaokitive 6, mcllﬁuﬁlgslaekdbacﬁmp plp sSerratia
spp., CGitrobacter spp., Proteus spp., Salnonella spp., Shi a spp., and

Yersini a sppListerigragp-Gneiadingihe pAROESHIS speficatmigrmeraexfesdnes migs and
eukaryotic C@clnltasmi"i’nﬁtﬂs frkﬂg%ﬁﬁgff%] éﬁ Hféglﬁéé \G&f‘er%nd 0§%Hﬂ:f ;%l%&raﬁ&n 5’“ ﬁnd

i ncl ude, but are not hos preC|p| |on
m cr oi nj ecti GmlmrE@&zpdbﬂmbeppt Bagchodteitspp. sRmbﬁc@armnngypt Weurainp lsmnramtt e
regul atory e;p%(rgl%ggfsthgrglgnus phanC| oning sites are widely conmercially
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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avai lable (e.g,, Stratagene, La Jolla, Calif; Clontech, Palo Alto, Calif)
and can be used as backbone vectors to carry the |ight sgeqgustiong protein
codi ng sequences. As descri bed above, certain expression cassettes

descri bedqﬁgrﬂémﬁs‘?“equi re the 10 addition of exogenous sub{HE0¥0T3? the
production of light (e.g.,. luc and | uxAB expression cassettes). In a one

enbodi nent of_ the present jnvention, the substrate is al dehyde. Wen
adrmi ni st er ed l‘i”ff”@’éqgfeé’,s?%} @éﬂ%ﬁ @ 588y S5 IHR SPR- LI ADIERESER, T CSHE TP

sur roundi ng l;gbgn&,gh&?ﬁ Sm%g@@ ., and/ BROMiAppdirectly to the culture nedia
as a liquid or solid. 15 DeteCtion and quantification of |ight production

i s acconpl i shed uJirangformetion metheds &r bath prekasyndicidelsl aphetkeryotionelis avg camer a
(Ha-ffi-amat gu-_ Phot oni,cs del 2400-,32).. temparticul arly useful
for screan ndeANCPEAIRE: SHBhick Hat Biid indhoe, BT b5 Bof Rt s, Plictim

i nventi onsi s phbdphate YreeipitatiGROhiRenin¥eicAr aKirbIdrhteor. "OSBtorXeaRsiaihg@RE POr at i on
(Al aneda, CA). The T"' 1magi ng system.includes a highly 20 sensitive

canera (e.g. 2PRIOBABE Epuiaieny plamaniiandantiple clhope sitse preridely comsetialiny cCD
1300-EB/ 1 Sggfﬁfa{)ﬁﬁl(g.!gﬂﬁl%%@%%ggﬁﬂfgaﬁg' c%@fé'cﬁ%%:ﬁlﬁaﬁ?ﬁﬁggn&%%w ble from

Spectral |nstrunment I 'Zon d specialT'y.-desi gned i magi ng
chanmber, andssidsthacibont oectars to taray the libht gegleliatihg protéih eodihy say@gkigrgey m

sof tware anal yzes,, organi zes, and.stores, data. Typical specifications for
t he conponents of AFI‘?@“S@@?‘@ Vep SCTLANCXPECSFIGR Pﬁﬁ%ttqsrﬁi%ﬁﬁﬂe@iilfmﬂféﬂ'i“ée the| magi ng

component @heciditioRbt ARSERIIIRIbSraiROP M BAGhctiod MMARIEL, (a0 kapCCD 1 0T NG
Pi xel s1340 x 1300 Pi xel" St ze20um square Quantum I cT ency-85% 450- 700m :
>50%850- 900npxiResstbnNesstes. dh e one anbodduBntidithe Pasant mvediit:, Hesubstrtsiss/ cni

4l 24 August eﬁ%ﬁ%&%&%ﬁgﬁ ege%({glcg%? ézl{dglzygcégrnzlymbaegziip?)%ed in the atmosphere

Conponent Spe
surrounding the culture media as a vapor or directly to the culture media as a liquid or

solid.
15 Detection and quantification of light production is accomplished using, for

example, an intensified photon-counting camera (Hamamatsu Photonics Model 2400-
32). One system particularly useful for screening transformants generated by the
methods of the present invention is the IVIS™ imaging system available from:
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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M n Det ect abl e 300s exposure, Lum nescence<100 photons/s/sr/cnbi nning of

10, 10cmfield of view Lens9.95 - f/16 CCD Operating - 1&Qqu‘gggmngture

Field of S@ﬂ%%@ cm I VIS Darkbox 46cm x 46cmx 5 | cnk x Wx H Di mensi ons
At

Power Req 5A at 120V Multiple light generating prist"é¥¥92€8a? ng
sequences naybe incor porated |nto a si ngl e orgam sm u5| ng the constructs
and net hO Jf dabbl i bUd IC1 CI II CIIIJUUI rent P v @ cassette ||U|.y e Ode
a light gh onent =, " Smplffcamnsfg . Cpmme.n ferent
character|stic SSTHPIF 1 el dti ve (OOBRRAOBYHacm | 3006 sapasyes, by, sevelal

casset t es| LAPIPSERICE i ght generfating pol ypept i des whj@iRniagiof 19, ght at the
charact er | stic wavel ength may |be used. Conbinatij ons| bBientfield of view,
conpri sinfi i ghbensyener ating gdr ot ei f.8%difii§ sequences, having a variety of
such mi xt hres oCCD Qpératigiener gt i ng potgrpepti des which emt [ight at a
di fferent| Thapastuesi Stic wavellengths may 10 be consfructed in view of the
t eachi ngs|of thplem@kswg{” Specijficalijgips 4, Evaluatijpn O Luciferase
Expressi o vecrw$ ?—\&nﬁl S d(](ﬁﬁ&]n(yl‘;é *giﬂc]ﬁ(msh‘umm-hvdfx $ of
t he prese b Lovention Tor uselin transformat 1 on of{ a chogén' &efl or cell

type, m cfoot 9 .. S e —cary-Rgt-he—eonstiy M{} eonprt+-s-ng—H-ght—genet
protein cbding-SRNERRuL é&%&mﬁ&ﬁﬂm

ani mal s. hbn-inva5|ve i magi ng in whole animals is described in co-owled

(1908) Nat ur o ek nia® g0 saiBh B8 cif odthe scqififes M By 1i0Beq Bo®,

Bi onedi cal QGihgle atgaSjzactsing the pynamdtsiind gretisdds dlescBibe@ Berdizd In Gaat ag, et al .,
(1997) 20 Photochenistry and Phot obi o 6( 523-531; and Contag, et
al ., (1995) ¥8 OJ] Mgt £ Fsettiams@e%%qlgm aellq%mgrpée&mah%wela emitﬁe

conj ugat &s cgyitai Qdﬁ'fé?éxﬁ%ﬁﬁﬁ&&ﬁé% oSy Rlenkth refitide to Ach bite SAR&H%@W erium
carrying a construct of the present invéntion Integrated into it genome)
and a | i ght -spreral cssettes vmingng light generating pclypqmalsewhwh)cnm)hgltaglhe emtting

ng (r:rgtn Jhgggt e%arac?ens}/lg Iw%%clalle%{gtg mayryesutsg e(c,jomgmatlons f%gstse s, con prlsmg g ?rl et Y

generating protein coding sequences, having a variety of such mixtures of light
generating polypeptides which emit light at a different characteristic wavelengths may

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

4. 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
cb-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 Photochemistry and Photobiology, 66(4):523-531; and Contag, et al., (1995) Mol.
Microbiol. 18:593-603).
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  conjugates are typically administered to a subject by any of a variety of methods,
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42 24 August 2005 WD 02/072808 PCTI US02/ 07029 allowed to localize within

the subject, and inmaged. Since the imaging, or nmeasuring4 MRYLOOBM Ssion
fromthe WW&% may |last up to tens of mnutes, the subject is

typically, ¥ necessarily, inmobilized during the i ndGiAeSH0YeEss.

I maging of the light-emtting entities involves the use of a photo detector

5 capabl e of t I . [ Low. | eyel s aof Jlight--typically si.ngle
phot on event %1?0-%%%35 lﬁ%lg@gﬁ'%y?ﬂ?&%ﬁné ik %%el(aoﬁmﬁ%F}elma%lggr%d’éé’aégﬁn e
const r uct ed. plotéwahisiof frofl b sulsiedtsiby 16t W eitensidindiahies, shé Avjdedr devi ces
that intensify, the single photon events before the events are detected by

a canera, an@Pcalnbusnetassessarilysigmmebitizad durmgitheimagiginiocess-t r ogen) that are
capabl e of detectjng:si :phC 4 Ui, ol i nher ent
in a detection syst%rlrll§g cgl@nge%'gﬁgiﬁ%\éﬁlgi@g%@?&égg IS ene‘?g?%%?ll it is
typi cal | b exgapablsed detscting qatrendlydoivdevelsaiizhs-uyeicklpsingld photoa events--and
"phot ographic" reflected li.ght i e,of the subject .t rovide a_frame of
r6f er ence. f oPtSEFRMERP 8 FHHYLRIFD FBeEGHOREREPIclsd. Brgmples Esudhe
|'i ght - em t ti Q@608 phte dBRctdkstilcInES BRGes ttat iAtEnstyRhEGhdle pRYSH efentS BEMRSI t "
15 image is then analyzed to determ ne the locafion and/or Ievel of
expressi on othegventegerdetscted byie camerdy endcameras (codled, fonéxamylawitf lind mal s The
cassettes describ herein .,are eful in,ewval uating,vari,ous procaryotic and
50 sucaryot | UEREHY A repa AEfEulle i CHRIOR vt B BuRBER! e can
be i nt egroat eigherentia aldeeceng@RnRf pat hogeni c organi sns (e.g., Candida, .
G am positive bacteria, etc.) and subsequently introduced into a whole
ani mal . The ani nePreehphotaremnission ddageds gensratedy it s &ynieally expressedrad@ess in
vivo and to . ent | i =0 N [ b :
anti bi ot cs,’%}égéri&ét% Logi“?’g efﬁ)é%l&}ggl%ﬁ °f‘r?hip§§{°%a§h he%%egg B@fﬁg\g}e in one
aspect, 25 tdubjeexpresdden framesdiréfeencefts thedrdeaf dicrensitted phabny (ilen
non-invasi ve, i ing.agnd/ Qr. detecting of light-emtti conjugates jn
mamal i an sdﬁfgﬁzgéhe?‘ééﬁiewlﬁ“ﬁg SeRBERsH Vith resaeslde ﬂl&su'aﬁct?-%vg&a ERIPPSSitear ryi ng
a | uel f grsasengxpiEnen AihiyRaa 36 iteomind {2 168480 REBE Rvel !
adm nistered t0 a test sff%j ect suclﬁ Pﬁat t hey becoﬁ% Igcgﬁe?%%%gﬁn a cell or
ti ssue type.repoiterigent intbe yybjedhe transfornmed celts —Tan be adnini stered such
that they 30 becone uniformy distributed in the subject. 43 24 August 2005
WO 02/ 072808 PCT/ US02/ 07029 4B. Substrate Adm nistration

4A. Infection of Animals '

The cassettes described herein are useful in evaluating various procaryotic 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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As descri bed above, certain expression cassettes described herein require
the addition of exogenous substrate (e.g., luciferin) baradjghe fpgduction
of Iight &fo% %ch and | ux4B expression cassettes). In qné enbodi nent of
the prese Q&8 on, the 5 substrate is al dehyde. The sdSI¥SIFRERy al so
be admi nistered to the whole animals. Appropriate concentrations for the
substrate can be I | er 1, n for each I|ine of test aninal
constructed. The ‘E%‘Est%gl?gg%F% |n%:'3ﬁ'§?,'°f'uci ferin) can be adm nistered

bef ore, concomi t aak dyschibédabove, cebtaby exphiesiagl tdseétiet dadoribed Réreineq@fathwyt e of
interest. The routes of admnistration of the substrate can be as descri bed
for the 10 akutignof exppenous subsirats (¢-gs lusifermfonths production phlightkegs fsst r at e

i ncl ude, but L4 [ 59&35?:] ' L0k St pati on or
by provi di ngmgj strg)t{ﬁerkgl%én?%g&&g hglgs%ﬁée/r e, O?ﬁté}%ﬁ%ﬁf@%mﬁ%@g&%@pé@ 5. Uses
of the Cdnst substrate o alddhyd€r Ehenibstrite erdyiatso heSdhinistaedas fecwholt Aginple sent

i nvention is,directed to pronoter_ containing or pronpterless, |ight
generating pfBPEPRAE SERGD TR DS SehrEpe gat be a&gawgﬁy gftP‘a’i‘n‘ﬁlFQ)fW‘Flbn
vectors for gnd/atbdbMinell c6fttucledPERe sﬂ%&a@?@?ﬁﬁﬂyﬁlﬁﬁiféﬁﬂ@%@é | ows the

i dentification of cells into which the constructs of the present invention
have been subwoistied beforencangomgently Whh,oraetibe adtomistiabien ofitheainalytef ofusi ng

O B Ok 0 ol R ey b AU o R RERRALY, V5T

mar ker s 1ghat arafie. bPrefigRd rodtes ofadaithis@atichfor the @hibstratd iBSIngé, bt alafet er i a,
yeast with no auxotrophic markers. The transformation nethod of the

present i nvekmiteshtos Bitggyenous of epicebadministrgtion erdy previding sabgmieinghe on of

cells of the j.reg. t | s prepared, a light producing protein
codi ng sequearltﬁng%%‘g%eé orruecguglﬁfse’ %%L?q?z'n used to transformthe cells enploying
transformati on nethods known in the art, for exanple, (calcium
precipitation; pglyet I enci:: gl ycol precipitation: lithium

acet at e/ pol yet hyehe gl tesiof the;qensirusts pifhe PuesenpinyentioBhnson (1997) Sci ence
277(53221): 105-9;_ and el ectroporation, De Backer, Mues et al. (1999) Yeast
15(15) : 1$609- 18) .In@appspesh theprotent mvertiangs diected igirompisn centaigingrast ei n

codi ng sequ r [: m o uci ng protein
are identi fﬁse}gl?mfeglfgsggg%ég%aaﬂtgﬁ%élgEocﬁﬁgéeﬁrﬁgmsys em Fk%]'}sgfrllg ornmed cells
are typi cal | tyarkformbidon yaetdrs ferch tadietyr aftbali eypee sThapresdolt yovemien alidvwathes of
transforned gel Ifs, 'bré’ ;Qﬁr .exanple, dilution_plating.or streakjng for

singl e col onf@¥ificalonof oels e QEPTTEPEHT SBEIS PRESFAUUBYILORILEE Peflione

aspect of th@cRiEERAP inttJAUSH. IBls mRHRHARREBED BstSin! drAing HRREHRUhE b QL €1 N

" 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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|

generating protein coding sequences is typically depenqzqr)d;ugggt Jgpkegrati on
into the genone of the target cell, nost conmonly the integration event is
adj acent PI28%Banscriptional 5 control elements in the RCI/EEROWRY | . |In
anot her aspect of the present invention, a pronoter containing |ight

generating proteij coding, sequence const.ruct i s enpl . In this case the
l'i ght generating ‘?If?taé?%t 8€ F REFSE o 8%%9“‘8@%?@@?&?@&“&% X9y enone

of the targegodify éeqaénc@@bﬁsiu@dtﬁﬁns@d.qhalﬁgrb&e,(@(fpr@%%fﬁféil FBénchliing
extrachronosomal “vector). 10 The cassettes of the present Tnvention is

useful in a IOtRin ¢edingssguerices padypically dapenderben inegrpian intohthy germynebef therpl oyed

wnet hot the. T el o PSSy o e By SRR g bREPR A ol o ot o

sequence Hf c¢ont@l eleinentsin teh@gemgellds, |ight serves as a reporter which
I ndi cates successful transformation of the target cell (e.g, pathogenic 15
organi sns) via, fBrangthspaipect oftepressmbiyention, a gromyMearfoniring fighf

transducti ongQy | L leScd ed ol -5t hat
cannot make %sgrag g?ﬁ#ggtcg@% Sg-l{yaerﬁ?(ée%g i su%a{la@x%ghlr&gg F%teg%!cﬂé tt hat are
typi cal | y usgahetating psaginfcoding senshessmnty terintegratak ia thelganosfeaf teetagetray al so

be used to identify. effective . pharpaceuti cal agents .20 .and determ ne
their point %eﬁpoéé;#{? .onﬁfﬂlﬁmflg%ﬁ %F?fﬁg*sameﬂ‘_arcfég@aqusi%lﬁ@?tBF ned target
celI's, tfie target ThEdsset@fof the PrdantydRMtibRis RERS tn IWide vakigy@roups of

experinmental animals, each group containing one or nore of "the genes or
nucl ei ¢ aci deppliguionge§ovsxample, dheydnaydrecimployesk ingenjpnetingt witls a gdikeeorgr oup i s

h d with th h L.cal ' d b h
expor i mont al MAismagd Se e AR amef S5i0kne b el ST B S o,

noni t ored f owith tighienp bosiwtdit asid sé@rnésSofahteast. | M thdd wiord) lightSeA@s as a
transcription and/or. translation (either direct ltgl or indi rectélﬁifl) or that
perturb the ®ppusriwhickymdicytes sueassin typpsforation:of the taeaet esll ¢ rethpgenig | |

suppressyd i 21 | rL et | 5 ile |ight
pr oduct ilosln @%Pﬂi’ggﬁi’%ﬁﬂ’l@? ﬁ%ﬁs@ﬁtﬁgégﬁ‘ﬁg‘ﬁﬁgﬁa Eﬁq%adc eéﬂﬁ’é&%{; ro\ggt ed
control ani nednfugabi.eThialsd espbogiallycesefud imetdits Btht emmnniake usd gfiseleptabduct i on nmay
al so be identified. ni sme. nodi.fied to .produce |ight _as taught by the
present invéﬁ?ﬁ%ﬁqﬁ%gaggmaﬁé‘at@‘&?)ﬁ%ﬁeéwlfﬂ ﬁegé% &y By mIpsipaustionni sns,
for exanpl e, eefitsi Nfections, foodstuffs, in drinking water, and on food
preparation surfaces. 45 24 August 2005 WD 02/ 072808 PCT/ US02/ 07029
Transformants may also be used to identify effective pharmaceutical 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 infc;cted, 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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In particular, the methods of the present invention are useful for
introducing nucleic acids (e.g., DNA) into cells whereix Adgussacbsf ficult
to select transformants, for exarrpl e, pathogenic eucaryotic organi sns
(e.g., Can¥iP8%9728%hd antibiotic-resistant bacteria, incl RETHESOZHT2Onot
limted to, nosocom al pathogens (e.g., nethicillin 5 resistant strains of
St aphyl ococcus aureus uEInt erococcusfaecium and other antibiotic _resistant

enterococci). Bel dhpartigulas iggnetbodsrof dhepresent YRR %H%@‘Iff@’fméﬁﬂww&g out
the present nha&%%g@ F @ﬁ%%ﬁ%ﬂéﬁ Gt fs%ﬁﬁuft?& séhéét alfs, Py POSES
only, and are not 1 énd F'Tmt t e scope O resen Ifvention
in any vvay wmbmwmcmmmm@m@mﬂw) candenmblem-remtmpul ation
of cells, Lns.an d..nu i c.acids erf d using
standard net ﬁgr&gna, & 'ﬂﬂé@%ﬁ% g%?f l’i”‘i‘f'L"a‘(‘j]éc'’d‘go %g};ﬁlr[%@ggen °1 Wnd Ausubel ,
F.M, et gl. restaddrt SRAInE6OSBFMISTob s MRl &S L}m@m&&wﬁmuﬂpaﬁu M&é%mlc%ns
Inc., Media, PA (1995). UnleSs i ndicat ed otherw s€, restriction enzynes
were obt ai neﬁesl&t@heNéWCEﬁg] and Biol abs, nodifying enzymes were obtai ned
from Promega or Boehringer Mannhei m and ot her [ abor at ory chem cals were
obtained from Sigma Chem cal Conpany (St. Louis, MJ). 20.Efforts have been
nmade to ensure acBelaere\dikitipleesipetifit embudinents fbﬁ&d‘ryﬁ@g Qut,the FrEBamt s,

tenperatures, etc.), but some experinental error and deviation shoul d; of
course, be alftvsiien ¢ Bhe examples avg qffesedstor dbmirays mmsggemi&emﬁ#arg@fgenous

Al dehyde @5 or to imaging plates
or cultures E-P aﬂﬁgggg@;ﬂﬁ%ﬂgﬁ@?%ﬁ%ﬁ&ﬁiﬁﬂg@% ‘%Jn For i nmagi ng
plates, n-decyl aldehyde (decanal; Sigma Chem cal Corrpany) was spread on
the inside surfaceg,of lids ¢ rin the plates containing the bacteria to
be i maged ("al deh T%’b’cﬁ*“‘f% ng and the plates then i maged using an
intensified CCD C@ss@indiddaimiiiwise P&%@ﬂhﬁ&l ordak, ;ﬁ&e%gﬂd ﬁ&)zele%éﬁ@t | al | LY

as described in U S Patent 5,650 imaging liquid cultures,
of a 1% deca(fag ENA)twezmpéanmM%mgh@n@arﬂ nmbodamsudaeﬂl imyle. o Sarhlrook,

£ ol | 20
021 072808 pct ol BHE 8 0L Qb Ged SRl PRt cat e

ot herwi se, f ahd S¥s)thed NQES, Imn(lwsﬁ mﬂ@sseﬁdlaaé@—tﬁmef rébtrichion @AgAALKC| eases,
DNA sanmpl es were heated to 85C for 15 min to inactivate the restriction

enzynes. Li gBerothaingd GomdiesEpglandiBiolis sodifying ppzymes were obtained from
Promega or Boehringer Mannheim, and other Iaboratory 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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5 C Transformation of Bacterial Cells Preparation of Conpetent Cells.

Unl ess indicated otherw se, bacterial cells were transfarqrmsesodsol | ows.
Bacterial cultures were grown overnight in LB. Five ml of each culture
were used QY8 ate fresh 500 m vol unes of LB. These ®@GT{UHHHET0ID were
shaken at 37C until an O D (600 nm of approximtely 0.6 was reached. The

cells were then chilled on i.ce for. .30 min before being harvested by
centrifugation at B- 3, O%MM—QEQEH og gf D dLlgpingc  The cells were resuspended
in 50 m of either col ansEinMcat%H%Wisé,?ggé\y{ngﬂgﬁsﬁﬁn \Qﬁﬁ'%%e bfmofe0! 1)

before being re-centrifuged and resuspen I of either cold 0.5 M
sucrose (S. wmuhistion endondcleEes,(NAcamples wate hdateg te 8aefor (L Aanih %o makliwtewer e

held on ice for 30 mn, and then.re-centrifuged g resuspended in 5 m of
Dol G 2006 of et thaBes. JnEdidos vERt perariEe flEC bR o and ot or eq

at -80C. &l ectroporation. Plasm d DNA was purified using a Q agen col um,

dial yzed, and electroporated into conpetent cells using a "GenePul ser”

(BioRad). The set i ngsirapsfounationyf BacteriabCellscv, and either 100 ohns
fesi stance for S. palgs: o A00C AN BBk NGl w8 facAREh
pneunoni ae. The c over 1n 0 caltdre nedirum 2 hr

at 37C bef or eefeairangfophed axfotllows. Buéttidlcaltagaiver:aitbwn overgighbi LB efiveshl €
selection antjbiotic. 25 D gi i

|, magi ng Sanp] es Sanpl es re imaged essentially
as descri bed®§ Secloghifurg wegs usgd to mem%.ate%asﬁéﬁ?@ my vglypes 9 I,JBWT?‘ES%WGS
nodi ficatd o Lindi I [ j t of
t he pregfednt nﬁﬁl\%zs% |onag??5§?‘éﬂgﬁé'§\€%g @\9\§ ﬁﬂﬂ* £ Eéﬁ’g@&%@i’g%%ﬁ%&ﬁé&n% ed by a
sanpl e was oesiRtwere than dhilled of idelfor 3@min béforebeingathrvesfid byleatifigeatioh ang
canera (Hamamat su Phot oni cs Mydel 2400-32) or a cooled integrati ngtﬁclgrmsr a.

Wt h respect3.£80 xigdor Homitati45€e gihgteplywerg gesuspendeghior 20 mi efecithgneqld

i nstrunent u n ; S : i ton
| nstrunents %ggyesﬁ%@%%?)%ﬁ?s@gg@/ P%}B%%e] l&%_e('jre}mn%g%? T&&%&%&iﬁa&gool ed
47 24 AugustinZiof elberQ31d00.8 3D Sudr6se/ (SISRRE4xF 02 SdICD K api). aA( thisastdgapthe from
Roper Scjentifjc, Inc., Tucson, ArizqQna); and (3) . Spectral Instrupents
model 600 orc%a‘@re g% OB 51 feai’*Q:myla@aaél?ea f@ﬁ%ﬂ%‘&ﬁf‘é“ FespspengrdinSanl of
| nst rument s, 0 n, ' %:gl%r I .
Hamamat su Phcodtl@?IPé'ngé%?rég'r é? lf%rbw%g)? é%\‘ﬁ@ nd"@%rﬁeo rince %ﬁ&#ﬁrgﬁﬁrﬁigﬁ s
canmera 5 nunmber XEN-5, respectively, both | ocated at Xenogen Corporati on,
Al anmeda, Califor nf' a. Both t;ﬁes .of _caneras _f;ijse a chSrge-coupI eg_ devi ce
array (CCD arr ay),E eglgoporation. 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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l
T

generate a signal proportional to the nunber of photons per chosen unit
area. The chosen unit area may be as small as that detegt UQ&GSSSI ngl e
CCD pixel, or, if binning is used, that detected by any select group of
pi xel s. TMWS02073%8] nay optionally be 10 routed through aPOIfERg§oPRDCcessor,
such as the Argus avail able from Hamamat su Photonics, and is then
transmtted to a corrputer@téelther a PC running Wndows NT (Dell Conputer

Cor por at i on Culpamast {availshle fram Reper Reignvfiel Inaafucsen, riasorhend () (Appl e

Conmput er, | | | cation,
such as. * Li vopgsual sty iR RIS PETERCEDtaBR Ao RORMST
and/ or 15 i nBpectpt hegmaets dne., tﬁa@dnlﬂnmml'rlm }&Bfmﬁﬂgpparsﬁl@mdﬁﬁs a

z) val ues,

conputer data file, e (data gene ke the Qrm of  (x, v,
where xan vy HH‘PW@“@[& “"%ﬁbl&@hﬁ%t%‘g thg ‘E“I‘F@t%blﬂlﬁ‘%'u%‘?nt%?aé‘&eﬂf-r om
whi ch thes si ﬂﬁ&ﬁbermgo!résge&ﬁ@l B&ﬂ I6caldlli %ﬁg%egl %srps‘raﬂap aweéars' gnal at

that point or area, express § "Relatlve Li ts (RL
faC| litate i Gabfopn&t Bbﬂximpestdf@MaIaauw achaygi-caipled dtviselaapy JCED aaray), to

"pseudocol or” wher.e rumis-u d to .denote the z
val ue (anmoun$® I}?F‘Q%P&&ﬁ? PIgpo °ﬂf’géﬂﬁ% E'EH‘%B ‘b[iﬂhﬂpnslﬁﬁrr‘f Spn upd @’%sﬁ%ocol or
Sl gnal i magechdsen Wil &3h mayDeRB AN QS Bkt AMEdted By 4 SThbRAtED ;Jutcﬂh}r i®binning

"phot ographi c” imge to provide a frame of reference. It wil be

appreci at ed istiged, ithat dtscisl gy any seleciedigonp of pinels. dhirsignal may Oh@@lal!iééﬁ

cal i brat 0 S | e.g.,
Xenogen 35 CorR Broth i EpRRBe e Alehs HeO090; bR adf Kimahlly T
conpared to Pllmetoﬂﬁbs)and is then amysnditedto Lmputer (¢itier AP IhﬁﬁllﬁgOHinﬁbWﬁNQd usi ng
the sane pho o SSI on_ standard. Further, after calibrating th

phot o- emi ssi H‘EF’HCP@PI'%W“&MQSPW% ompprstion RedmendpW )2 Mﬂ‘i@‘?@'ﬁ from

a unit area I%}H he RLU
val ues from wﬁ%ggﬁbg{a&%gdﬁtﬁ%mbﬁ%ﬁ (glﬁ{nfl X 1\'1/11;?% g&:%\/\ﬂ5 %:?‘I Eeﬁ%bggﬁ AT ows
for the esti mhiasﬁLMngHmagﬂl(ﬂ@eogeﬁan’poﬂaﬁum Adamtde CA)y Tchetsnﬁwatfecuncbbd cell
in the npl e unit tinme, 48 24 August 2005 WO 02/07 80%

PCTI US0 20 703ePER PrRSgSsiok A4 W57 10,3698 B HRTECCiIPTAes aSPRutss Sataiie: s ot i t er

Plates The adw@éneejn tm@meq&ﬁa%ﬁ(cxegl HVakees, |vﬂleF€F§§ﬂ’gfré REschbme gyl i fied by
of

plating dilutions of the solution into well wel | plate, and
i magi ng t he gfoadisatgsof the peimit beareafromewmhthﬁeslm@hwas ecllested, afiereprestntyi mage

sof tware was mose defl ne S ch area
of the | mganeATRlES R IRRSRLTRE s i Reee Fight Uik ORLERY &
wel | . The signal T¢ eriitaehntefpréthgss W@%M@lcaﬂlﬁmﬂh}%ﬂfak hFptudedotbr” .
expressed as a single RLU value for each well ese RLUs were used in

""" several 2K tige;pRTeS Calor specduMEmaRd toidsaete dhegvalielepionst alsignel) had 15.

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. '

48



10 EXAMPLE | Construction of a G amPositive |ux Transposon: Tn4001
| uxABCDE knR The 1uxABCDE knR cassette was constructed ag A@lukotps A
G am positive kanamycin cassette from pDL289 (Buckley, N D~ et al. (1995)
J. Bact er Mg 02/071808: 5028-5034) was PCR anplified using the ItCrT/'ﬁf@WQ”fqzaan
(5 -CTG TAG ACT 15 CGA GGA GGG AAA TAA TAA ATG GC; SEQ ID NO 1; the bol ded
| etters represent, a Xhol GTC GAC AGT TCC GA
TGT AC, SEQ I D N& 2; Manly ‘ 1 Bl
Anplification was [ﬁﬁﬁ{ econds
at 95C, 30 secondgﬁg%lhgg%omg t%&%ﬁ%ﬁﬁhﬁiﬁé%@n The res tﬁ{l?l%tglgs
anplificati odlhprcxmdaé&emo@uodmtowqﬂsofrmﬂé—weﬂlqﬂ&emﬂ imagingitled plete asesi st ance

Th i f. l t th th Xhol | Sal |l .and |jgated
Do tho- sar Pesetib@ % iElhg Sehns SRttt Gifineliegr ik ?%egea%ﬂwi%‘é‘nﬁi g
and co- o3wneshpRARpoSAddRiRd HordersRbil thé\@achQ%aﬁﬁf%heﬁ&gmhmﬁ /§ afletail s

about plasm d construction) directly downstream of the cassette.

25 The pSK | eprrBrpringiv ighh e patietlanpell vﬂsesegl@éﬁpwhtoéﬂwsswwascol i

DHSa cell's n t Nk
cont ai ni ng a@%gﬁﬁ&“&%ﬁh%{ydgx ‘%i\eﬁaﬁ aemdr%uﬁﬁpevon ZlioFgafg oé\?letﬁ}eg ﬁiﬁsh
resul ting tresshnedhindeserabief the smdire dedilédbeldw gatiupingBxairiphes 16sbeadbiRri al s

and Met hods) using a photon- counting CCD camera (Hamamat su Phot oni cs,
Shi zuoka Pref, Japan; nodel 2400 30 32). Expression of both kanamycin

resi st angg and bi ol um nescence in E. colg, (3@t negative) were nmediated by
the lacZ pronoter found in the pBl uescrl‘p‘[—fﬁr—gﬁ or SK- vector backbone.

DNA was prepared fr@msbuctiamifraSmenPosititedni Emnsftsenchnd 8¢ B CIAE Mmfust
2005 WO 02/ 072808 PCTI US02107029 orientation of the kananycin cassette

(i.e., the codin e edatl etoth equences was
confirmed by resﬁﬁ ‘?’T“gﬁeﬁf t(?accﬁgﬁ3 tS?vafﬁ‘é“ %@teaﬁ E%g’a?r |*‘9§15%n83§?y%i s of
the resul ti Ngana®Stini cabdend fda lslamz@ %Tl@kl‘é?FNU Utlal. 319954 008amasset t €
containing the |lux and knR genes, UXABCDE knR cassette was -cut from

the pSK | ux ABEDEO2E934d s P mxﬁrf@éa\s@ethmversI‘L@Fagﬁsﬁmwmﬂ‘he ends

of the fy@ag hda8 nt - ended
nol ecul efssa nﬁg;ts%d@* ecudl;eAéﬁL‘&‘jwre[‘fﬂxgk)IflI gat e |§%E§Ms%ﬁl%do?@#he pl asm d
pM3C57 ( Lyonrepfesait a XHodSitg) anlV/Bank2 (i’ZCﬁZﬁ&GQ‘ZG’SC GAC AT TOEOBEAQGT

el ectropor at 0 a cells. The transforned bacteria_were plated onto
LB nedi g 29‘, ID NO:2; the bolded letters represent a Sall site). Amplhfication \nPas carried

out for 30 heating/cooling cycles of 15 seconds at 95°C, 30 seconds at 50°C, and 2

~ minutes at 72°C. '

20 The resulting a:mphﬁcatlon product provided a promoter-less ka 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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10 contai ning 15g/ m chl oranpheni col. The resulting transformants were
screened for |ight production, chloranphenicol-resistange(da@fognd
kanamyci n-resi stance (KanR). DNA was prepared fromlight-generating, CnR,
KanR col oNY@8207288 correct orientation of the | uxABCDE krR¢R/GHOHR? e,
I.e., the location of the 5 end of the | uxA sequence relative to the 5

end of the Tn4001 tr was confirnmed by 15 restriction digestion
(Xhol / Ndel affdeBtriEM %3@ a&’f?(ﬂmr"éésteli? Gits-che &'%&i{%ﬁqu% } felatiye tgythe vvel | as,
by PCR analy NG T- F1
(5' - GGT GTC ADy GA%“%%“%&%W 6%&“9#\1%9’ g‘?ﬂbﬁé’m&fﬁ%v the PRA A0 )

TCC TCA GAG Mma@dsawysisﬁ}hbﬁsuﬂngyesquEnpamrdst ions detail ed supra. The

correct orientati ed b nment s ze. .20r. EXA LE 2
Constructi on of TAAGOTTGK A0 el bR BRgens F S 0! e

Const r uct3 onzai BOTRE At kasfettEdiQht ﬁﬁmmm PahécMﬁﬁhétrpreﬁﬁ-%dTMOOl
- cassette containing the | ux and knR genes (designated IR 25 [ 'UxABCDE knmR

tnp | R wher 8boverusiagpdraddalls The 9@&@@1& Bagraents wewg filled in @/rlihel;t}elﬁo@dﬁtsrte gene
encoding the ﬁ&(&?&g bl %Q@e%%&gﬁﬂesw?ﬁes%n o%ctu?eg wé?% ﬁgﬁe@f gc? ﬂ% $ Q:Utft e

vector havi a gram negative Ori ive
origin of reﬁielgﬂmidlpM(G(éS’I ﬂ@bn@ﬂﬂS(lQQSﬂEMBOU ldfﬂdeIﬁQmaindtlﬂs@nstructs

t enperature sen3|t|v% npl e of such a_shuttle vector is the pAUL A
vect or (Chakf %%Qnoyate tnt%DHSM@B%) The Hw&r@wﬁéﬂcteqwe@@éat%omw

| b
posi 11 volGna RSl SR Th ARG or TRl e Blipk sl n“?%‘a'f‘?r}fe%f*%td%f
G am negat | VigfiraduoBghlordiini S0 RAEE RORRY G LA RTORstAii n O

replication and the tenperature-sensitive pE194 Gram positive origin of

replicati on. (KeWi PNAavas preparsd Jom h%@ﬂ?@gﬂbfcmﬁeKﬁ?Peéﬁﬁmﬁ nvkmtion are
St b eheYorr b BEERRAE 1L ABLAIT e BN \elbaRE S 43U 2! Y

i ndicate the en anspos ahent
desi gnati on had stipgente mksgpelotheiss ethefmlaﬂ‘n490R;ranspbubmewhmnﬁﬁae@By1t es the

gene encpodi ng the transpos Further elenments can be added to the -
transpos]osg %@ trigtign diggstion @iﬂg{vﬂﬁllaﬁgl"@‘ﬂl@cﬂ“’ Yy drestrishingratism aalysisps k

cassette is seNdenybcr i$ GEHNXK, %gﬁaé%%mm@m&s Mée-! R

| uxABCDE krnR tnp I'R cassette was cut from pM3C57 using 10 enzynes
EcoRVXhol an@Al-gh{Ed6GHt@I ¢ RETRGTRIBEL ACT Ge% SEQUPeNDAYand\LekfiRdve

vector 1o gl e Abg RUTETURGRG ARBTHS SeRP - IR LRARCRE kR
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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E. tali cells (DHa5) were transfornmed with the shuttle vector construct by
el ectroporation, plated onto LB plates containing erythmpg L AJosa
concentration of 150g/m, and incubated at 37C overnight. The resulting

t r ansf or mHQ &24@#%8 15 screened for |ight production, PCT/US02/07029

eryt hromyci n-resi stance (Eni R and kananycin resistance (KanR). Plasm d DNA
was then isolated fromlight-generating, EtR KanR colonjes. B.

Const r uct i on®Bgnofge 1%6%%@%%%“%@49@@%@1@3%@968111 o0 As an
alternative {Hksiggd PAUL-A as a delivery systemfor the Tn4001 | uxABCDE
construct, the plasm ds pSK and pE194 were used in conbination. The Tn4001
cassette was noveHefeirthe piefBpoFon cassctisSkE the pfestitomeentidinere sthetfifiibalipsset t e

t f MGEC57 ' Xhag) / Pst | d Li d with sinml I { SK.
Thes 1 gat § orfpimened Bobiidns ShetbrieEreten R Eneily afii i enda g ihe °
transf or mant fakposilLgdishto E&cé&dﬁfgﬁé ﬁig;aeg%%&t% 18f the tAHRoRbN s TR- zdgﬂ'ﬁ,

- X-gal. Wiite colonies were screene using the priners iIncluding

sequences f r wherchier destyetes thegenp onesimg the transposdsenFather ghtineatsednbo be

positive by I ] eppe .t hese '\S: Cut. wit L/ Rstl to
confirmthat k eg\;{l\ggh%r%{%g%f?ed'g ?’ﬁ%ﬂrg%}&r}%ag%dsériniz]%ﬁ)f’re%’%ﬂﬁl.onﬂli‘gwﬁﬁ@ R
cassette wascdsker istendered silenpialindlRTLe4BCHEK tnp B, 30 between the two
| R sequences. Fi riﬁ%g“;&ég icildin _cassette was renpved from pSK | uxABCDE

knR using the enz (iR TR cansette Wanswd fomprMGiteXfiusingdhe ng of the

5126 Avis: 9 RRRILPEI 208 el i A RV ST saiiihe EAUESA e CEF PO
pSK backbonevastdrhio BivelthoghnttleTeetop SénsTméGOTUDMAT 40 hixASC A t h EcoRV and

ligated with the blunt- n&g{% UXABCDE knR cassette. The ligation was
el ect r opor at ed inF(F"é’cﬁ‘Fﬁ% @ werg drapsfoymed Wby theishyttlerveptapeanstraetibyct ed on

LB containin y el 1l i . gﬁg}ﬁ]&{ -[ISF(@]i . hed on
ei t her chl orgﬁ%ﬁ%ﬁ%ﬁj%wgﬁg%ﬁzpﬁﬁf%&%ﬂ e or en?taat'(?oél\régt{)tfaufeﬁgg?

posi tive cl ormfughak asdincubaetht37°CoRmighn JTHdresyMingRarsidvimhtsangle LUXA- R
Next, pSK Tn4001 | uxABCDE knR was | inearized with Sacl and bl unt-ended.

Fi nal | y, 1 hi scresred foxdishhrpduqtign: @ythiemyrinresitanss (BmRyped kanamycipE194,
resulting i d §5“§?4 ¢ ' J m%t_ CRASRN uct .
10 This congrte%%%?cep s e 'eg@%g%d(?]gtﬁ %tﬁfaﬁsggﬁ%gent _éeglg?ﬁﬁﬁ%ﬂ‘gg,

Tr ansf or mant®leees sel ected on LB containing 150 g/m erythronycin.
Resulting light colonies were then patched onto LB containing 100 g/ m
anpicillin and LB

‘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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contai ning either 50 pg/m kananycin or 15 pg/m chloranphenicol. 15 C.
Construction of the pE194 Tn4001 pSK | uxABCDE knR Shut t l2g ARe0foos Tn4001
- 1 uxABCDE ki R shuttl e vector was constructed wherein the G am negative
origin wad¥Q 8% i nside of the two IR sequences. First| PCHG92/07029

G am negative Tn4001 containing plasmd pM3C57 was fused with the

G ampositiv thro res pl as /. was cut with
Pst | | BanH Ef@ b A %d‘e Rﬁi@%@g@&wtﬁ%ﬁgﬁ%ﬁgﬁﬁﬂw HIPNG 3
and bl unt - en%@fhemﬁwuﬁwaokVﬁﬁ@ﬁ@e&w&hmmmﬁ@d ﬁ,xhbemmaggkr@nd this
m x was el ectroporated into co ent E. coli DHba and transfornants

sel ected on LB coﬂ"hahgatn:glW&blgﬁmpomtq&hiﬁncmmpetmtﬁeobrﬁﬂlm andhe
chl or anpheni coI reS| sta ce cassette and the Gramnegative ori gl n were

removed fromiEAd fedon IR poyiaining 1 Ofbiganlh MR right tpstpemagts m o
nmb fgab I

(sites flankire t%#e ﬂ%%%%@%?@ﬁ?’% 18Pk F5int e ol ki BB o

G am negat i veosifivecionesara canfipnaldnr BCRnsiof thegrimas YHSF andd uxdARon an

ol asm a o gest appexh PG THORLAAELRS PELvedinetiedh R Rur 0 bRPTERUSU and-

ligated. Thi dea'[lgatlﬂs%NWathéPﬁgMﬁﬁ sﬂm fded Sia kit pEIo4SNRREh o3 tRnd
pl ated onto chocol ate agar containing 0.3 pg/m eryt hronycin. Finally, the

pPSK | ux ABCDEPRK T8 hud AREDR hﬂrﬁﬂlﬂﬂ@&umktvmtnr ¢ametree® of Tn4001. Plasmid
DNA purified from.l0 of th 7/ n cnR S aur, 52 24 August 2005
WO 02/ 072%08 PCTI éﬁﬁ)ﬁs} P@?&i Wpﬁte&&:{ e@ﬁé ®a proportion of
each di gest Mfdﬁﬂmqgw%m&éa%mk thifl q@@ i &yieéapif. sufddg O rect
size. The renui gder of a plasmd di ge%r% S %lgpthe correclt %Slzl e

(appr oxi mat elightGcokdnieswaae thea patcheghded 1L ¢dntdixhng,ﬂ119(e ngedl angpidillincanid LB SK

| uxABCDE km DNA. Thi s IrO%’atlon was el ectroporated into DH5a and 5

t ransf or mant somjainingteitherot) pagmd anamyeiner 1368/l ehlowrmphaniedly ci n.

Bi ol um nescent colonies were then patched in duplicate onto LB plates
containing either 50 }ig/m kananycin or 100 pg/m anpicillin to confirm

the activfty of tle |@bissuctst ofthepEro4 Temee pSKEJuxBODE nfshatebadidri ty of
pSK | uxABCDE km | i gat | ng i nto the ornmer plasmd —inthe correct

ori entation shoul & 95 hrssBGRYE Brry shaidg vector jag camsitugied whesgin thedpram _
variants coul é%alﬁ% b& Bt\ﬂ/sfs'lﬁéiité?%nﬁﬁgﬂpﬁ%ﬂ?ogﬁ T%{ljl% t ggfggsﬁlﬁroﬁlebr%%ﬁ\% with

lux in the rect rlentalon I mparti ng upon
t ransposi t i ofip/0ANMRETENS pldsmid PEGEIST ywaSdused miithghe Grén glositive exytlenmycin
Transposants . tance plasmid pE194. pMGC57 was cut with Pstl/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 'appearing 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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15 As an alternative to the use of selective nediate biol um nescent
colonies were isolated fromanong colonies plated at hizghgessidog on solid
medi um usi ng optical detection and manual isolation. S. aureus 8325-4

cel I s wer 9 PEN3$Mr med with pEl 94 Tn40001 1uxABCDE, pl atP&d/5R2/€989 d
non-selective nedia plates at a density of 104 to 105 cells per plate, and

20 grown over,ni ght at K 37C._ Strongly biolumnescent single col onies re
det Scted usi SIERGHEVAL FepRY 5] 8 ProRS IO PO DS Tt CRELAGEPRSL
di sposabl e {5 igéiF; APldshhid bPthe thRedt sBBI TH BRARMUBDNRARIM RIS shbfhgdesi r ed

colony was confirned using the canera. The colony was used to inoculate a
vol urre of | i eicarreptowe{appiedmataly Ghiblwasthen ligated with dlunéandndiBeniibet nedi a

pl ates. The es i ated..25.overnight at, K 37C. rpcess was
repeat ed untﬁ%ﬁ?‘%‘l%%ﬁmgfﬁg 'gﬁfgg%tbqno"?‘ﬁf %ég°pg8@ilwg?%ser vati on of
essentialg y #iiskthtsisaiticl Bh HERdnraifiiR 150 RN FyERERRIE BiolRRidiens  r eaked
pl ates. The precedi ng denonstrates a t hod™t hat™ avoi'ds the need for an
antibiotic edbied weare then patched s dgflicke@ntt LB gladesgantafining eithar 50 @pAsit
transforned with the 30 transposon_ cassettes of the ﬁr esent invention. 53

24 August 20¥mamyging 189 reds! maprsillipte/coniom theaghiteo pafibigtisn of an

Integrative L Gq: i . i . I,G aation
and Screeni n‘gé%%%%ﬁﬁgg %@&lgﬁgaﬁsgs%@pgn@?g@n@gq@aﬁg? %’&gﬁﬁg%g? or
Const r uct i oninghé coreget ericritaticghoald belappiokinataly 50%%, Gavali dtaided Hacaueh, CTG
codons i the open reading frame (ORF) of, the |luciferase gene were altered
2o Tt 1 olls.  Yariagt couliEbe ierined P b egRe . e (Rl ElogRs S Tehpng o

i eces to fagidd.t @t : 1S i : odons to TTG codons.
p 8drtelct &’3&t%ﬁéﬁ%@%@?ﬁ%ﬂﬁgcmﬁhﬂon@f&%(ﬁ;elign?.

One fragnment contal ne ns and " the ive CTG codons.
These were cloned separately into pBluescript Il KS(+). 10 The codons were

altered using the Qui kChangeTM site-directed tagenesis kit (Stratagene).
After each nmutagenesis step, products \/\mggenced to confirmthat the

desired nutations were | m%i_mﬁ%g@feeﬁfﬂg@fmglumi@%m@Tac{ﬂs&ﬁ@@i c (Pronega)
containing a Photinus pyralis Tuciferase gene was restricted w thXbal and
EcoRl and a 540 bp fragnent containing 15 four of the CTG codons in the

| uci f er dde open rdadm Allerpatiedo fresuse ob priestive medispbiokiwainespeny qo_IQ(&SMGI‘G
(Strat agenezjisol"ﬁteﬁ%?ﬁ‘?xgﬁe%&%lgﬁggg@gfiéf E%ﬁ?e%’séﬁfyro%%ﬁﬁp edﬁﬁﬂhéihgb&%ai he ot her

five CTG codons was ¢ uescri
detection and manual isolation. '

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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KS(+). These nine CTG codons were mutated by the Qui kChangeTM site-directed
nut agenesis kit (Stratagene) to TTG Pairs of conplinmentaraugpsi mess were
.20 constructed for use with the site-directed nmutagenesis k|t Figure 1
presents MWRO2EEHS i nentary ol i gonucl eotide pairs used forPGIEW2@TR&ct ed
mut agenesi s of luciferase. These oligonucleotides were used to incorporate
silent mutations by site-directed nutagenesis into the Photinuspyralis

| uci ferase gene of pA.2 Basic. Nucleoti m&éhl i ghted in bold are changes

needed to changen(h@EHLR oﬂ}ﬁnt#ﬁﬁfé G&B?m@@aﬁ JdGh %bt@?&r%’aﬁd %?b: ai3N9Ees
needed for primer s abi y ese C anges no ec acid
sequence of t helrpnstomsiation Bud Shir & of Cpnalbive Eds off TRy ,; -

CTGto TTG nut atl%ésY re.in tclﬁgse enough prOXI mty that both wer e
i ncorporated in offe YEAWTENTH8r nut agenesis of all 9 codons, the Xba

| - EcoR | s:nd EcORIM orfdetd €Y r&@luﬁffé@é@tﬂt&zn@m&tzﬂbz@hﬁhg m@cdauhﬁtltﬁélﬁpét@r e
cl oned back into pG.2-Basic to

exci sed from pBl uescri KS(+) and

produce pLucteadi ngrﬁ%)aqmrpftﬂéﬁ TSP 3eHC MEES dltaredsas f@B%ﬁsFlfitt,Hbeconstruct s
or ved T r ont Eifbfse ROt it BELD BIY O L 38 oS pUBAARA BhG AT hencst 1"

PCT/ U882/ 07(@21911&1&(‘3’1‘(& Bbdoms ¢o TRG ﬁoﬁoﬁﬂﬂﬁﬁa@hﬁm%ﬁﬁnb@fouk C’Iﬂlﬁ)cblﬁdSndz Ill) | ed
in, and a at i nker GCCCCECCT- 3'; SEQ | D NOQ was
ligated i ot o%ﬁw@ HiYR 9@% Theso e 3 SA@@C}VH@M I?%P?Séﬁgs%%

readi ng fgq an’@h@ea&oﬁswefwaﬁe?&a W%&@%ﬂgmman Bl inful é}%&ts KR from

pLucT9 with the priners LUCB gure 2 pro cl ng a product
t hat cont ai néSttaIt@cn@dAﬂﬁechchmtagnasestemepmothMVﬂg sec[ueami tdicoiefrint thatf | anked

by BamH ang Pst. I. sites. The.a | d product was restricted wth Bam
H and Pst g’ﬁr‘?{%%@d’ﬂ@&“?‘?ﬁ%“ﬁ%nﬁ@@ ‘g produce the plasmd pBS-L. The
transcrlptlonal t BHBTI @m@asmf(ﬁaﬁe c&tthhﬁ%rw@&inw plrffid 1) gene

(Del bruck and Ernst (1 M crobiol 1 66) was arrpllfled by PCR
from CAl 4 10lugdergsd gelbw\xpamctf:dmtpﬁbnéms:l E@Rﬁandarﬁéo A@'ﬁ:ame(l@ogtmmng A,

t t t BS-LA. Th
ot o357  folae BFthe 1 Hodorls in BRTuci AR Bl Rafind Flale ik SERANEG RO, 2 T
(1992) JBactpmlueécripM(M) 65 Biadefie). MSeoaﬁ@I"lsfll@iEdz»RﬁRRf ¥ afapihental bi cans
strain CAI4 DNA with th rinmers ENOA and ENOB ( Flrgure 2A) . The_ ENOL

pronoter 15 malewgéwtb%r e THecodens wasslpped seprytelyuniosi] vf&@w II
t1tut I
L7707 a7 2 KGB FrEbing CHRF BB et By IS Qb atﬁ': hedEBGEEL Ly

and cl oned imutegenesis kit (Stratagene) to TTG Pairs of complimentary pnmers 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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pBS- LA cut with the sanme restriction enzynes to produce pBS- ELA. Thus, the
ENOL pronoter was fused to the altered |uciferase open Radigast goane via a
Barn Hi %E site inserted i mMmedi ately upstreamof the luciferase start
codon. A PQU2BB. yas placed i nmediately after the st o CHERIFOEROt he
I uci ferase gene. The nultiple cloning site of pBluescriptll KS(+) fromthe

te t '
Cont ai ni ng ¢ Fi PRLERRne T REL Sl LAPAGF LU ety P bosphtSBieg, |
i nker B SEQ 1D ‘@“‘*‘m‘éﬁ“ﬁ‘ﬂm?i‘jé’c%%“o he conpl ereatary - gai 11 Cof
i u iri
t hese two sy ﬂléffil\ggmggﬁﬁlc e’f?ﬁ%ﬂi’.ﬁi’e“’*ﬁf@@%ﬂ%ﬂ F%Fé’fn%lmg@ferage-

term nator c f BeroEls 11 and
cloned int oﬁ%’%ﬁ%ﬁ@%ﬁ%@éﬁﬁ % TheﬁllJme ﬁﬁL%(?‘%ﬁp‘#@??ed from

the C. d bi ¢AgareRA)gqubduciiga pﬂoéqultlaﬂmnntamﬁiﬂ&amadlﬁ@hm&ﬂraedmypa«hng)r a) by

PCR with the.30 pri nd Fi e .2A ified product
was cut wit hﬁﬂfnﬁg YFGF{FY ﬁ@#ﬁ@“ﬁ" %ﬁfg éégigeﬁ Tﬁet %n%l]é]g%@fg\gqc&wm Ef'ﬁﬁl,cée%
PNX- ELAU.  FowitRiBaft HEXREPS: MRA¢ Slohéd ibSpBS-AC tol prodhié thdiplastaid pESAN¥ B CAl 4
strain, the targeting vector contai ned a conplete C al bi cans URA3 gene,

whi ch rest or &ansgrpional memmatioy xeginn of dosC. aibicany BHinddS ThrEenssDzltgudomd
r ot ot r oph | I 4 sel ection
Por U T ottt (1998 EldoEchhibl R4 EREEEX RRIHE By bRICHBE Ol ST 00

32032, 1NP61genvntc DY 3Akh Y pritre ACTI TPSal ACDIH @ighre DAY, oat with RRALiddDNS
were carried, ou %Ilunder standard 5 conditions (Ausubel, supra; Sanbrook,

supra) or acdBidiignd BeatebintepR-Adp Breduce PBAdvA-uctions. Al |igations were
| d | s,
el ectroporated inyp, géﬁ&?noﬁ:?%f‘ '@W!ﬁc&r% Eno’ﬁ%s%% Ak n@gﬁzm(ghﬁcfstrgﬁl%ﬂ%l%ez of

Rockville MD), and own I n Luria-Bertan cont al ni ng
anpicillin p@B%jJ B&Iﬁ&wﬂd§4@é) 603189 wastdampdified by HGR POR C.Sy/bicerm SraGn

aut omat ed t her, cI. | i . Re I QNS ecarried 10
Ut it hi n GATT DB Prsbee EAiSEA 3 BT (e o b BN eboHs 2

pnol e ofjsachas élidsél%‘ééﬁhé%% WAESHWNYB ﬂla((é:ﬂﬁ'ééiﬂﬂted 5orﬁhttﬁlfve lexfRssieR buf f er
(supplied with Taqg ynerase; Life Technoo | es 2 ™M MCl2, 0.2 niM

of each deo@ﬁﬂﬁhﬁ@émgwﬂdm;ﬁh%&%Jmof ; and dATP;

Aner sham, 1U of i e of
t enpl at e DNA. Arrp | |c§?|égn rr’rle\f\’élggtg"%rrl eg'ltht‘jfg u%%‘grwf’h |°1‘°n\&32‘3
condi tions: pmsmpcénﬁmaiﬂleéﬁiémnﬁﬁoﬁemﬂﬁsxo pldlcd pBS-B.ASETIaRdMe 72C for

1-2 m nutes 8pend| ng on 1%)he expected size of the roduct),and a _final
ext ensi on stEPYOdPrometer was fised W&B%gltersémféwﬁ%gaqnirea U frgme wiarg Bam Hi

... 20.. .. site inserted 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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products, the reaction m xture was passed through spin colums (PCR
purification kit; Qagen). 20 C. albicans targeting seaqueqgms: yise al so
chosen and inserted into the vector. At the tinme of construction of the
t ar get i ng WRe¥§R808t he sequence of six cosmids contai ni ng RETAHREHAS
genom ¢ DNA were downl oaded from GenBank (accession nunbers: AL033501,
AL033497, AL033503 AL033502 AL033396, and AL033391). Putative open
readi ng fr aneistatiophy tothe selise Tnihigh dapsiysarcring (ske Pelops, seleshierifard MRdy3 DNA

appr oxd mat ol oo el e out it e TARAT oG ATRR SR, OB BE 71 aes

wer e exam ne@2)X3dr repeated Candl da sequences (Chi bana, Magee, et al.

1998 Genet h | { t he ol g
e e G o i ™ ™
readi ng fq angmdiRhne &Iﬂﬁéﬁbgeguprgosdrﬁﬁr@oléggprgpoﬁfc‘ét)f%l aAcHcRRg sWas used

~in a blast search (Altschul Bi ol 215(3) 403- 10;
Al t schul , S.iEstruations| Ajl 1@4@@%)W¢KEIGICQW@OME(UIDRE&EESMM@ SF3wav02) of all

051 072508 PCIFBRILND T69nolsgite ReriTeMTa HOVB A LEanEeradLE) pisdam
http:// ww SRS 200 ag%@mbﬁﬂﬁﬁ%myﬂ/df@@ga ﬁe%fonlﬁ@@wasa Gélﬁtam&’sqitR

significant honol ogy to known genés or repeated sequences were renpved
from consi d@mmmoow@gam thenmaloyeied (Applied BiogysismBhnReagtionswersearidnunber

feoron it [ uFp tn Sohe 500 SR W R 0P v dRRe RESE il GitiaitiBe el i eetR o (o

not to inclaigenac¥otiicpimia (Optod), STHYf PEX PORSKITter (Suppliadivan aay AN
readi ng frames. The frg[grrents that were selected for the 5 and 3

targeting refilynerass Lifed ephralegieyy 2mM dMelflatledimpf oficshpbp i n the Candi da
genone. Theo% ?ﬁﬂc‘feors ?1%51%:5]:?1 nggb&’(f}ﬂg Wﬁ& &WSA&%%‘H (ppuenced

from PCR pr regions In t e publ i shed

cosm d sequemxpDBImboM@iaaa?ﬁﬁ& ’D&hﬁolbgies)tandalngesfmmlatehfaﬂA AlpGEzeibrhad an
adeni ne residue instead of a ?uanl ne resjdue at nucl eotide 4745. The ot her
three sthai n¥aseagried Qb yndsrdhe follopingeandgiong g rycles et dpn0 38CoRdRe | eot i de

4645 and a tﬁf“é%i‘fb@cbxgﬁbnggﬁ 1_tznnnme§|&3;etl g off B g?é@tﬁd ééoﬁ%ect ed

targeting regions were Into eta ng the
| uci f erase eprpdum)sandra mgmana'mastdp pHE2°ORABS gamues. anq:aretshmtlbarof PCR

Blrjl(:lmg(r)tsl '?'iSR 353% uels: ?he reac on%rnx él %v%gassecf thror{%hls}c)ﬁlecg)lu% Rf Igu% ca l(l)Iil k1E by

Qiagen).
200 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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TARSA (Figure 2B). The anplified product was cut wwth Not | and Asc | and
cloned into pNX-ELAU to produce pNX-5ELAU. Another regiamy qu;t‘%GOS

nucl eoti des 4436 to 20 4789 was anplified by PCR from CAl 4 BNA y primers
TAR3F and WOAPEY2848i gure 2B). The anplified product was cURCTHSOR0T92® | and
Sbf 1 and cloned into pNX-5ELAU to produce pGIV-Eno. Kpn | sites are

| ocat ed near the oquter ends of each these targeting regions. The construct
was cut vviths?ﬁiﬁﬂ‘Fmg)éﬂlQ)T@hG@]iOﬁgcﬁtﬂe?prﬂltPaP@HEEMM of Candi da al bi cans.

25 The const %; '! ? ¥ - Eyﬁ i { phically represented in Figures 3A,
3B, and 3C.£ .% %Qtag or G &L{)é‘i da al bicans strains The targeting
construct was theRegierdthatchatl isignificanrhdhasiciiydie kabbinganes arstpagted seqifnces

dificati f th hod of ,B Joh B d Joh 1997
ggi Ien 1: ga_ Eggt\’g@iﬁl}lgy_ i @t?l cor?siderarltﬁ)%r.] Aargglon ?n Qoss(r)nrgd {’,‘Arﬁ%q 0?8enBa%kg%gegsi(on )

(h~ttp:/ /W SaGS AIGBB560H TRJAINRS 2596AB/sRYE KLl sdikctbd. T dniy§so, ypsed for

all Candida al bicans transformations. 100 m cultures were grown in YPD
suppl enent edregionith® OrstgudiastliOi0d bpevetSieged fromesomsightatian s@8Qo nbh® over ni ght

cell 57 24 Au t 2005 02/ 072808 PCTI US02/ 07029 cul tur.es.were diluted in
Che sume mediHEER AT PromAter fat Y 0F plSet FORLIAGTT Q0o RS ATES. e

pel | eted at AORerdtPMaf Mere2clbed FRThSSThndSS tﬁi@&ﬂ@qe%ibﬂs aBh8ledidt e bUf f er
(100 nM Lithium acetate, 10 MM Tris HCL (pH 7.5) nmv EDTA). Cells were

pel | eted agateparateddyri2d b theddandidarepome Thogwmomie fasgetingaegion of theel | s wer e

mxed 5 y4 th I 1f I Si gma)
and 1- 10mg S(; %ﬁpﬁeﬁ&%ge&q?‘é‘%h&%g‘gﬁqégpﬁﬂ%@%ﬁﬂ 8%&?&@%&@&% hyl ene
gl ycol 3350 iegionk Milthe published covasid actfhenceamd ATRE 205wk ildritidalexcept that

m cropi pettor, Transformatjion reactions were incubated at 30C for_ 3 h and

heat shocked®&FC42¢2 haganpsieping resiue instead|of a gupring esidue atmugleptide 4éddhended i n
400 1 d of VY : PR-Y=1 ' : [ [ ferin.
& al bi cans. o b RESHAINROAERENRG hifleottl) JOREAnCORIE Aritlopitfy oC0) "
CGeneti cs 134&5.and A-t@8lemduplikativoll of ther macledtidesy00¥413Judi t h Ber man,

Uni i1 f M , USA. C. al bi Strai ATCC 32032, .10261, d
00234 wer obt al rISHECHRY BHecERE oA MEEh e 1F B e B0t Nk MR as s as.
VA). YPD nedjubiferdde dxfktisSio Bsetfetid TRAOR AGAnE O rtidulA wWidoideepong, 1
%W v) yeast extract, and 2% w v) glucose. Synt'hetic defined (SD)(Qbiogene

nme a cont ai 303 of BAAGIY wagamptifind by BERArom SATKDNA by nyiviers TARSHsand
0. 5% W v) ar‘T‘RRBR'{F%d}J fé)(.aThg %‘l\é\{if'{gd product was cut with Not I and Asc I and cloned
nto 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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dextrose (glucose), and 0.077% w v) Conpl ete Suppl ement M xture w thout
uracil (CSMura). The fornulation for CSMura is as foblougu¥idos
corrponent?f%gi ven in 20 ng/L: Adenine 10; L-Argenine 50; L-Aspartic acid 80;
L- Hi stidi YECPR72808 | - | sol uci ne 50; L-Leucine 100; L- LysPEa/Ut592/07629

L- Met hi oni ne 20; L-Phenyl al ani ne 50; L- Threonine 100; L-Tryptophan 50;

L- Tyrosi ne 50;. and Val ine 140Q; TOTAL 770 ) 70mg (.77 of this powder

i s added to FHUBFS ‘SES%‘%‘“WQR%ﬂ@@’&?&?edﬁcﬂ"dyle\ﬂfit‘bﬁowﬁf’é{l secfefrd {5 f co,

gect on D Cki teilwefdRNktel it ARG Y3 mifiRedSthusBontie oM 1 1 A% fufrdd 0N
Density Screening For high density screening, transtorned cells were

t ransf or med @00 Lithimsacetaedl (ph@M/TEn HCE Gpid 7150ct mdh BDIAY. Cellsnsérer ned cel | s

ded in,l YPD | at ed .on .t 4 r ates .
cupp! ement ecPotsd 2 e Pafdea T A RB AT PHEFrG B M ofe Bl aningd
(Biosynths Nag@roigdlog 10 kig/m( adnafuréle Bisdated safmorpdpRAR DNR(SibMaYa) K180%
cells/plate), and 8_r own overni ght at 30C._ Plati n% on this 'nedia provided
s

better |ightobKpelidizesied plaanghPNA. 100 il fPLATE 0lspaethylene ghydold350he 58 24
August 2005 8 7 ia . |l [ h of

unt r ansf or m%@%@ﬁ%&@e%%%g §?I|%B’ev,rvrﬁ? ﬁgnsl_&%ggjfeg?rd ?\F,\%'g%gmgt\é\%%ct ive
pressure. Coreaetipisiidry incabatedut 30fC €23l Isar@l Kpasshook R 3210 R @5 ndifatenext

nor ni ng the\ﬁl tes We[e i, maged on tHe | VI STM i magi ng. systemfor 5 mnutes
Using the | Vi SFWPRdsTIFge aydieahpradsldn 480 1opiodha nd Riztedom kel 5
sof t war e)d XepRagaRofRiHY fkifds, Al aneda, CA) was used to acquire and anal yze
the images. In certaimn cases, liquid cultures and plates were i maged using

a photon counti ng. alhicensCAll4Qirehanyei4Caragt:enmlésd)¢Borzi B rwirafh993) ( nodel
2400- 32, Ha i i.GS, Bridgewater, The. lo nber . of

t ransf or ned gg’lr’rq%'f? 3%&5?2%5@5‘6%5#&%8% ed@é(hg‘%né“qi@te%‘%?’\év&%lﬂéréﬂﬁpﬁst t he
dar k backgr opigheabtalBOX, UNLIRASE HrARATED 22032110288, dﬁh@hzﬁ’@%fetdbtﬁﬁﬂ .

plating, it is difficult to pick a pure colony of biolunnescent ce
Ther ef ore, cé&pinghe daresican TrealCiluwerCoHectioh §Manassasa Ve Jarydlbhohedive: | ocat i on of

t he bi ol yni t ferred to 1.5 ni,, pi trif t ub d
r own vl i GHoBegoRBHe. GA| ARG AR Cpepionen| ¢ B SR g B
al i quot fr om%uaek) glieesenEynilei€ @stiricd (SDRQbTogerd) thedid contdlfis RYIL(Wivgr ot i ter

plate with SD-ura containing 600 ig/m ofol uciferin.. Plates were inmaged
for five m nRREKMHAgENFFE WitBRuUtaBENQRGigy O Wi aveBeinm seliates2%(Weve di | ut ed

ol ony | sol 7o sy E COBRGIPY i ibe ctppitndl Mok Wity bl <1 19 ©
repeatedly (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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E

and were stable with no loss of signal. In addition, the growh rate of
Candi da 20 containing the construct integrated at the taugjdusdesgi on is
the sane as the é)arental cells. D. Southern blotting Genomic DNA from

t ransf or mi¥R ¥/GP8%Bhe clinical yeast strains ATCC 32032, 2CTAFIYE702%nd
90234 was isolated according to Fujinmura and Sakuma (Fujinmura and Sakuma
(1993) Bi ot echnj que 4(4):538-40). The genom ¢ DNA was . Southern blotted
and pr obed'V\P’FWaé‘S?‘f%! BrewH Afiunganstmpd 19;transt Gelly alleytiss. 1n al |l
three transf I @i i ct

| ocation in ?E%gglgzltr?osr@}el??ﬁ%é ssg%g;(?({r\dg%ﬁen écatl?%ﬁgf%%@%g{%cgg}#ge >6
weeks ol d wer e usEbe neko nmionting éepiatesiwestimaged ddhe PAIS™Yimeging agstem fowd er at e

di | d.i i t 2ng/ m i nj d 59 24 _A t 2005 WO
057 072800 pvitisIratgBe ISR imante Sreedh (xemest Lo modichl LaViibacery
infection angMeek{NerdoBes Gélfﬁo@.ﬂiog,g%lamé:g?,@A} WhesseQlo S dad ahdNsans

strains were grown overnight at Is were pelleted at 4,000 rpmfor
10 mi nut es, images plerpgdainicaseabliqHid phlbyphandeldes Wereataged Ysirg 4 PIR®YN and
repeated tw oL PBS, |l s [e ;& un Wi 5,hemacyt onet er
and di luted Sou0 "F%H%ﬁpesr°§%fﬁg§%%“%%§%‘?%ﬁ EEpT BHRbE it 4Bp 357 °Th
i nocul a ( confifmainagn Phdtofits, MidggvawaNBANi ni stered froma pipette into the
vagi nal lunmen. The aninals V\gre held .in_an inverted position for 1 mn

?

af ter i nocul at i onthe iRBrMmber ebaansienmed salls thatire bilumingscentisnbesigipcted
19.6.1- 19 6. st %@%&%9?%8%?1’ it n%ﬁahsfoﬁn@d ?&E A%e?ﬁ ed%\%gi?oib efore the

first image S acquir an 1 nfected no I 'maged- on
days 1, 2, 3lating, & is diffieylt tbdicklbpure@okbn® bf piohiminedcenttdein Thietefora, cells

| i ght - produci ng strain o ndi da (i magi hg was carried qut by i bilizing
the nouse an‘ﬁeffgé’llqtkéaﬁﬁi?gl {hﬁgﬁ’ﬂi‘? a@@é&rwgaﬂgbﬁ?tw&afﬁ@@pmmgﬁ PRV uc ng
adm ni strat 'tﬁihs_%frrem@1S‘iﬁﬁhfoﬁ’&%ﬁh&ﬂé’@t&ééﬁd%&ﬁ§véi‘£ighf‘z|1t‘§0?’@in mgqgg mouse

i mages showed the progressive course of infection clearly inmage
moni tori ng cfuppBmchted Wihhi0 pg/oduciding. Garadiqdat froxn cadytubd wahplaeed mdhs ver e

eut hani zed t he, vaqgi | ., ti.ssue excised and .exam.ned. Thi,s .L.i ssue was
D80 Wl il ittt B T SO0 RO BB LY e 'S s g
Candi da, WasPlefes dete/inth@e® Rsrifiveintifiutes ki@ ivadsIoMTalEN DG lunifBEicBEt cells Ce wer e
anesthetized with isoflurane for five mnutes. In addition to the whol e

body i magi ngvere silptedsad spreadon SRaia platessypplemeried 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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20 nmouse was held in an inverted position and | avaged with 100 | of PBS
containing 16.6 ng/m luciferin and 16.6 mM ATP. The pig;eAJ&sfj_;fgﬁvvas
inserted into the vaginal |unen and the | avage sol ution expelled. The

| avage soMRPBH2¥8s aspirated up and down to rinse the | JEAUHROT9

Fol l owi ng | avage, nost of the luciferin solution was renoved and saved in

am crocentrlrfg%ge_t ub?, eavi(ﬂg about 10-20] remai niﬁ]& in the_ 25 | unen.

Lavages fromREBAIGRER, AL & toPOliquEs pRgrdo plestion and wee eaftsgy pEmlgi | ut i ons
(I Ox, 100x i : RniB05EREN n
uri di ne and @?g“réf/g OPCindila E%p%ﬁ\ep%%%’?mé‘? &n $tn g?%t\?hdag't O ™ e
hours and coneliatetl at 4008mpmaior bhmiyutes, gistispendedois @Spyl piosplsitd bufiarghsiliogy of

Il's obtair | T t f yirulant,
yphal - or s CarS S arales Srice i {6R BHS! CEIBkEE BB GRSt ot e ¢ hat
| uci f er as®- CRghalyRHGeCRRA Futksltif Pwvtolag?rogﬁ@ce deSsityaBOIFEtioR ODSAI GFGhe | N

a

cells that are not anenable to select e markers. In addition, these
resul t s denpiwerlaleunprising 5108 edlshwes admmistarehfomoripeticint bawagivalused for

hi gh-density eeln] t transfar Lon event.s an :tionally,
al | oned 60 2%@;3‘@% Q,g%% ‘9%%8@/1@?%%@&5@%1}%@2@63@ a?lgginggggtrlé/nat lon in
Wlnol e Sni mal lﬁllorﬁgmilﬂ}s‘)%g(hr#eﬂﬁPﬁo@&@ﬁﬁ'ng?ﬁﬁmHogfﬂ 1@@1ﬂ$r6efd)%j/1h£hg&déﬂmﬁ pyralis
altered to allow_its expressjon n C i cans, transforped Candi da

2l bi cans cel es Jgfhia Blacs %rt%hwéefpéee P%@stﬂ@angﬂcqw%ucuon wi t hout use
of a gengjic sel | | £ | 2 hKers). hcgd |y
met hods ﬁ)r det ec??‘f)én 0 (éSaﬁnafﬁ(g%}rn%%&gﬁnggg&nﬁ) g%sgﬁglzé%’tf’is’)gh?’-@é?? hgr’ by a
nutritional ael2cpeshmiedtivatwitisa Helttmodutingstraithef Catdide(innegin®wAs camriehy dr ug
resi stance. Faor, r.epl acenent, of auxo hi.c .mutants, the .recipient cells
have <o be dBi b EHROH e TERUE A G Ioa G P BETEP e BeSering! FeEnALoTRave t o
be sensiti vejgchdt hid@atidePoTdhélsubRirRk ) alfe tiO¥RM8 bf il Pivh SPhclé Adusd O
hygronyci n, benonyl, cycl oheximde, mtonycin C and tunicanycin (Beckerman,
10 Chi bana, #magss showed(bd progressive courseef igtction dlo@ly imyged byandriitghingefisi t y
screenin dgsar i bed . herejn_i.nvo d ho.genetic sel ection.and proyi ded an
of 11 crent® el Raigt BPARghe CondiE oY SRR B B BliepiRa BB R vmt  on
occurred at tssheeqsentdsedaindalonined. Thistste W ilfp&d ot fsdcobfenescent

col onies/5 m crograns o u and there was nqQ pr%lgl emin detecting a

f DNA
t r ansf or mant Infgctiye ?g?qt’dh?tﬁﬁh@d@%'ﬁﬁ’dé"éipg Epndigp s Hearlyrdegrongitatedicess of non
t f d |1 f: | ' h
ranstorned ce Shmﬂgﬁaég{fﬂe?&% dﬁ'a%flfn%rﬁﬁzg%é?@liﬂegﬂleﬂmﬁ% %%gﬁgﬂF ?Jrqi‘}é as

been repeated with sever ot her ent stralns current
ani mal nodel simitesCdh bilditios ta the edtolcbodyrnimajzing ddseaibled abovan whean pedeap, eachr

sacrt 1D, e ATl S gebd 3 R 9 OLG PIBEED R !

general Iy | opke sg/ml Riclfefi€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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20 late tinme point in the disease process and do not allow follow ng the
- course of infection in a single animal- The present invamnifs: fRscribes
met hods t?"@ﬁ?@%’fzéﬁ bi ol um nescent cells which can then be imaged in a
living infe imal . This allows examination of many t% 20792 hd
spatial aspects of infection, that are be possible with other nethods.

25 Al t hough E)rregernr, % emmgv%dirrent og t he s:jb'.ﬁect inVéa ;t)i C}B Eagf been
descri _bed i T 2HE _IePal [ e ni g!nglpgg UAIEC §60% & 4 fe_ Y ons can be
mad_e w t hOUtPH&F}ﬁc[vﬂoyMs aité&&ltd NG s é;t;iresaiaﬂ i OB afbe@is, tefnstoh@ed QuRfiHE ON as
defined by the appended clainms. 30 61 WD 02/072808 What Is Clained Is: 24

August 2005 @picerislsmere isolated by seeaening forr light prasigademyithoy aisy pf a genstic de
treat ng sat SsEn R BibiofRERHpANI0 RIS b ZuRRRHS R dielin 6 [ O

whi ch  fati | irimfemedicelieernploy bele@iany eithiet By indeitioyakdeficieasy that Bubplpedul at i on
o0 AR DL L3 Skt A e S AR o T
produce I ghﬁlh?ﬁfkgth%(}fx%ig%h%eillgﬂa&eﬁb:bﬁ d&ﬁaknt%?%ggﬁé. Fggwﬁmtﬂc_@, thbe cells

capabl e of producing t are cells into e ucl eotide has
been i nt r oducadld hate toThesenwmtihot thit drdgiCGamdida alvecrass,hosaver, Isirgsistagfdner at i ng

tein i bi_ol uni t ar, fl. t protein..15 3. The method of
Pl i m 2. aharethmyR PP G eLeRe PUPBRR Qo Finise R in BeSkA e ot hod
of any ofq cl @hﬂsﬁnaleﬁ%\oigm?if;@fe@%ﬁmnqul).qbkqmpfTmhg@_dbﬁsi@_scﬁeﬂﬂgat ion of

procaryotic cells. .20 & hé met hod of "claim4, wherein said procaryotic
cel | s are andesbiilad herein éxsiodedmo gsaeticecleqtiosandprevided o affisient methoddor wher ei n

The motnod e e R HRAFATRuRlpef oA o BB ST.

' x 105 to 10°® (5-10 bioluminescent colonies/5 micrograms of cut DNA) and there was

no problem in detecting a transformant (i.e., light producing cells) among the great
15 = excess of non transformed cells. The successful transformation demonstrated herein
has been repeated with several other virulent strains frorrATCC.
Al current animal models of C.albicans infection involve death as an endpoint
or sacrificing the animal, harvesting tissue, plating the homogenate for cell counts

and/or sectioning the tissue for histology. Such approaches generally look at a single,

T — 20 late time point in the disease process and do not allow following the course of

infection in a single animal. The present invention describes methods to provide
bioluminescent cells which can then be imaged in a living infected animal. This
allows examination of many temporal and spatial aspects of infection, that are be

possible with other methods.

25
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.
30
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bacteria. 30 8. The nethod of claim7, wherein said grampositive bacteria
are of the species Staphylococcus. 62 24 August 2005 \M9 A, St/3B88

PCTI US02/ 0 9. The method of any of clainms 1-3, erei ai d

popul at i og’g(gﬁ%%éﬂjas is a population of eucaryotic cell s%f%%@f‘/@%t hod of
claim9, wherein said population of cells is a yeast. 11. The net hod of

cl aim 10, wherein ' i.s Candi da al bicans. 12. The nethod of claim
9, wherein said emltgs fifily S's are manmalian cells. 13. The nethod of any
of clainms 1-12, wherein said polynucl eotide conprises a pronoterless

pol ynucl eoti de seguence encodina a light generating protejn. 14. The nethod
of claim 13, wheréi A @gihgd ghmprodesiag palymegisatidedue 24511 spid methadr at i ng
vector. 20 1§omg1l"i@n%‘3t hod of claim 13, wherein said polynucleotide
conprises a tr posabl e or nobile genetic el enent, wherein said
transposabl e or gpnwiding apepdation afealls;i ses said |ight generating protein

codi ng sequence. 16..The. neth of .a af, clgins. 1-12, ereln sai

pol ynucl eot i de coﬁﬁ?tf%?@pﬂ%%fg?eq%%%?@wqc}% ¢ ?&P%Alg%‘lﬁ%ﬁ@]és_
encodi ng a | k@fiitatg pRkabE (e polyRuleBtidelbh: at 1638t IibDRHubitior bi¥cifls, Wherein
sai d pol ynucl eotide conprises an 25 integrating vector. 18. The method of

clai m 16, whwherein spid polpenojeniide eomprizes adight getating proteinspdisaisequenee; mobi | e

genetic el ement, i j ) i conpri ses
sai d pronoter ope%%g'{n?/ﬁ% n{‘%‘%’l@%%gﬁggamﬁﬁ?&&etﬁé:‘Sgﬁu(ré@ﬁ%@g?&ehlt n codi ng 30
sequencel( 19. Theisaritingdellyf thet product BightVhderimths 2kl @phe b€ brAlLtide lighrpr | ses

a circular plasmd. 63 24 Auqust 2005 WD 02/072808 PCT/ US02/ 07029 20. The
met hod of cl aiepelsintouybichithe selyancigotiderhes egp interduehpri ses an origin

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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of replication functional in said cells. 5 21. The nmethod of any of clains
1-20, wherein said polynucleotide further conprises a bipsusiatiosd
sequence 8{( iﬂterest 22. The nmethod of claim 21, wherein said first coding
sequence OYOPH{3¥%st is operably linked to a promoter fufdGHHP®RY said
cells. 10 23. The rret hod of any of clainms 1-22, wherein said screening

ke ol 2ce o0, SoPIR! By 3EhorIGhAT SRR S BB G,

conpri sing Cﬁéﬂlﬁaﬂ@,ﬁl(@ﬂﬂé% ticicgd., | nocul ating said sanples into | | qU| d
cultures, growng the cells in liquid cultures, evaluating aliquots of 15

each I|qU|d culture for light production, identifying liquid cultures

OO S0, o1 S ARCAAG Al bt i ol 6 305l l&iadfm C}L N

t o- obtai n-i sol ate e ce prioduci ng entityrng single
col oni es glerived fromsingle cells producing light. .20...... . 24, A
net hod of screeni n for transformed cells in_a popul atl on of cells, said
met hod conpri si ngt r'BR‘FIIBFW@da ?JB‘HHF%M}E?FF‘BFNQQF?S%IS (amdidgialbieamsd cell's are
i ncapabl e of producing light; treating said population of cells with a
pol ynucl eoti de under conditions that 25 facilitate uptake of the

pol ynucl eoti de bylat Themsthodofclainpdpubatincaidicheargaid =lls ateananmalismi d

pol ynucl eoti d lconprises a light generating protein coding sequence; and
screeni ng safdStreated popul ation of cells for cells producing Iight,
wherein jggaid cells that produce light are transfornmed cells. 30 64

13. The method of any of claims 1-12, wherein said polynucleotide comprises

a promoterless polynucleotide sequence encoding a light generating protein.

14. The method of claim 13, wherein said polynucleotide comprises an

15  integrating vector.

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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20. The method of claim 19, wherein said plasmid further comprises an origin

of replication functional 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.

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.

30

. 64

220 ... . 24, A method of screening for transformed cells in a population of cells, said . . ...





