; e3eH} H ppqu>wT} 6} T} pEWO 02/ 072808 METHODS OF SCREENI NG FOR | NTRODUCTI ON \\
OF DNA | NTO A TARGET CELL TECHN CAL The present invention N
gener al | ywoet/et2é®m t 0 conposi tions ammummﬂmwmwsef ul for aerasp/ong2any (g
target cell or organismthat has been transroriied with exogenous nucleic

acids without the need for selectable narkérs. These conposi tions and

met hods al | ow for t heMETHODSOF SCREENINWGIFOR INTRODMCGTIONubl e cel | type

and the subsequent use of such cells for hi wr put screening of drugs

or other conmpounds. BACKG?Q%W*NEQN\&& s that rapidly and
efficiently identify cells that have been successfully 15 20 25 30

transforned with exogenous DNA are useful in a wide variety of applications
-includi ng, for efaxrpNecAl EEnbi fying cell |ines and/or transgenic organi snms

d conducting high-throughput d ing, Indeed, jft | | th
nsertioh of the 108 SHYEYdBRAn SNy eSO LRmpOREPY i meedt Yl dreni ¢
*organi Sms Cgpelindifftafet &l Stirgdidie tiat hal beeh Wansfofi@d Wit exéenbuglat i on of

bi ochemi cal pathways, toxicity Studies and the |ike. The nmpst commonly used
net hod for detleictachly withouhthe nesfps selaetabla maskers.athese gamppaiions adr oduced

into a target ceJl s sel.ection ither. b PR flgiency that
is conpl erremeé]b"dﬁ)?“?w«ﬁ{% Flbtmf{é’gfd?orbﬂﬁ,bﬁoﬁrm oyz}él ?lrjdé]‘i,ro%l'g %‘gltg ggi(l: gq) %Ié!grﬁ the’
conpl ement akhyRq@dnt asee Suol bells fothighithrougliymt sereéningof drags bsotheve to be
deficient in that gene function. For drug resistance, the cells have to be
sensiti V@ t gompaendsr ug. Unfortunately, many cells (e.g., pathogens) are
resistant to drug selection techniques. Candi da al bi cans, for exanple,
di spl ays resistance to hygronycin, benonyl, cycloheximde, mtonycin C and
t uni canyci n. Si MBAKGROUNDEYF TIEIN@ENMOX or gani sns (e.g.,
methicillin-resistant Staphy| ococcus aur.eus. ,.and.sone varipants of M
t uber cul osi s) ha\féswm‘tdﬁ%‘ﬂ{yr%@ieg#‘a%gf 'ﬁ@t}él\ﬁ/ﬁﬁ?@‘aﬁf’é@é’e?‘biﬂc‘ﬁﬁé Yused
ant i bi ot i ¢S 4, bidFmed {v]jthl%ﬁo%ngi{@DN%@ﬁr)é usdfhif in%fde%@riét?@ﬁ%bﬂ'idﬁtibﬁ@se cells

ul i

and to detect SuUCCOSS egration events. Methicillin-resistant strains
of St aphyl odnduediagafor exmnpléisatifring celhingsod/or ransgenisqgausmaindat hogens

wor | dwi de. NMRSA are.responsible for great t . JA

PCT/ US02/ 0762§d%'@£$6’f§h@‘§% RLY5HE ﬁcrg?"é%sﬁr“%%ggc}éf °?1X’\§é‘c%fhgr%§38°?‘§°r1 % ge,
U.S., teachifgeheRbisTDRA i B6iirRdehd 610 iResUrarambgonic organismt bar bhasedi t al s
(20% i ncidence in hospitals with 200 to 500 beds as well|l as in nursing

.90 5) , as
homes (Wenzels apimalimodelsdfopdrugidiscoveryeelucidation gf idspmical pathwiys, I¥igiHus ual
property of A Stdrt@i E? is their ability to pick 5 up additional
resi stance PREGEGREW Ting in little or no susceptibility of these
strainspo chenotTwymes ebmgnlyuded didthodfor déteatingoshethitreRogenons nualeicst ant
strains of bacteria are now preval ent worl d- e worst of these

i d d t
pat hogens  céacidhasdepn introdBcadeBieA Lk cqlb‘sgif\é\fﬁ&go‘ggléh?ri Y nutgy nycin) of
the usabl e 1'(:%?8); g;{a[ %lcoﬁ-@%}ﬁ&téﬂ)’j’i@ SlttbdatePDNA, 3P By drubs resiftancddi Frase

(63:1279-12 not her "nosocom pat hogen, Ent erococcus faecium is
known fox i tconghiérhértatidrooftausotséphic fntamtsothe recpient eslla haveferbeglefisientiinpor n

resi stance factors,. such as, ,vanconycin,resistance. Suc. i.sm for

the tr ansf_ertﬁﬁtfgel“8§‘i"§f‘8ﬁ'c Ol drug Kesist CF’Ir{h? ‘éékﬁ}a eg?o?eese %g’ V%Jr@%{;%g?'eri al

resi stants t oukfaRateR! iah Eélfﬁe.g!ﬂipﬁfhoF@ié?hre\téﬂﬁﬁlﬁWté idfug RdcibRreRniguesi ns of
e

E. faeciumwere first isolat i'n England in 1986. In 15 1990s
Vanconyci n- r@ésndidmalbicsns.dooeample, @w%ys yasistangs EURYETOBHCIASPIRMYhg been

spread all over .the wmorld. Thed oy i - i

strai ns, mhicé'ﬁiogﬂcém?l\é\girg %’(mﬁg %\%%ﬁ%%&n%}ﬁﬁ} g@%g@t%érqgﬂn%ig%@? IO?% ore
gentani ci n, Qg ethRNGATYSGitint StaphyRucss sl MR SA)pamaieuie aridhisef s .
Further, the absence of sensitivity to antibi oft' CS rea}l i,nterferes with
the ability wBercaiasishibatedeyeloped rigiRprsiognany P ﬁh?sFirg‘E}P“gX‘ésefiﬁ“W‘BﬁF%f the

fact th ggrltnusb ﬁcntagb%&@%n %@Qﬁ%‘%lﬁm ir%f?iﬂffh@éécéﬂ@ ladd RIdetétt istid cebdfel

resi st an ection. nore-co ete explanation of the basis for
anti bi otic rinségedtaomoventsd t he energence of resistant strains can be found

inthe Ii g Unjted S P 6, 136, 5 .
ot ober 24 2000 e ITRTESsRt sains G5 YR e (4B 0RO et fea st

common nosocomial pathogens worldwide. MRSA are responsible for greater than

AT S
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25 The | ack of efficient screening systens in certain organisnms can
seriously inpair efforts to screen candidate drugs. In part due to the

i ncreasi \gp oxievkguss of | mrunoconprom sed patients, infecti 86%/UMY/67029
drug-resistant organisns and system c fungal infections with nornally

beni gn organisne are on the rise, for exanple, many such infections are due
to the nor mab%lufihespitdldom ﬁap’nylatactail mfetamls irChargs;, HeS. stpecinmh@mlta}se now t he

fourth nost conmon cause of socom Q nf ec nd et
al . (1999) @h%hff‘fﬁb;"’&?mﬁ%evagg “O’éim'ﬁ% cé‘f“% ﬁ?lggﬂ fHI’)ICI‘ ease
in the “U”b%?]ei sdtﬁpéakﬁaﬁwahraMhﬁwlng%mwwemwbda IIBQEMODMed s an
increase in“the incidence of strains resistant to antl f ungal . conpqunds

(Wi te, Mar©1(Sapp3B):20D227). mwsu@@wngsuzw/f@m&é stpins iy thoig ghiligy 1o PRk cr obi ol

Rev 11(2):382- ount.er,act ounds
and th6I$ pBB?é% Qn?IaYFﬂ%?'éce %t?rsggsu H?Fégtq ﬁ%\é§ ?ﬁ}%ﬁ %“ﬁgty’ff”ﬁgﬁgcg‘#é. da

"al bi cans of cR&Hbthafag&iticaBy sl Mtibioties tSukh Rodti-radstar Istramsof\hyaogmaeurec
approaches, has been hanpered by several factors. First, El asmds 5

used with Caowiptevalensiwesiswideant sheavorst of thesepathogensqany’ fsl%S dem copi es

d k| l. 1992) Mol
and arc u GLLL88% 1 B0 T SR B B SR iibend 1992) 101
Pla et al. (BR@Shergend., 169, JI)IniJISrs%):(ﬁIm‘t%bZ&S)unl i ke ISaccharorryces
cere ae, no centromeric sequence or_autonono i cat eqguence
has BLZ'&Om oned WHIGSRETNSEROHR PSHROSER. LOHHP c%@“i)f E%f" HT“B etjﬁ’gfﬁtfg hed
W t hout any égfljﬁl?ﬁ'éf f25n dﬁg%ll??cfaﬁo?fe}?[asﬂlmboﬁ%&ﬂm@fﬁ&&st frhakudy of C

al bi cans an eneration of e tive treatnents that this organi smwas
t hought to b/ancbqwmm tbststanoe.gBockt a ineshanisirefor yhel teansfon p§ resistange fagtarawillt peen

shown t hat Candi da can_be f ed.to. Mage
289(5477) : 3i€ﬁd§|93n°fﬂ@¥'11"é¥e§'1‘°%e aéé?fb‘}”@f‘?%‘hé‘g‘ é"ngg) ‘\Egd%qgm) 15
possi bl y goi\agedrdi Qg lﬁaﬂc‘éfsfr&% ef 8. fabalm- wéfbﬁrd@ﬁsaﬁe&mm Erfglgeiniatlog6.dnement s

akin to the mating alleles of S. cerevisiae suggests that neiotic division
may | ead5t o 199p4, M ahcemlytio;resistamenterecoshi (YR ovare fesmanied ashayingdieepeen

copi es of ¢ reradaihorkt e guld Rhefla B A bUAPR Yl Abar M, FALATRECT

cell. To kn%&ﬁstgﬁttto thediepitesionslo Cansitillitc or gamtantidinao20 vancamydinst er " was
devel oped (Al ani 7) Genetics 117( Fon2|%t_et al. 1993)

Genet i cs 134(139dmsrs¢_rs>)us timsaneytigdidempmes. n%‘&@%dﬁ%?l?sﬁﬁ‘l’ﬁ BHUVRA®  and
creatin an a reduces
Tl ence” o BRIty Bhbdtls i My 1o GRnipu R Bl g, LoD e
| mrun.  6%( 1 lparfiafdripin \Kewmmeemctahat nfds®Bdgdteriah transformation. vestg(sg)elmm 300;

Pol ak (1992) coses .35(1- 6; ol
Lett. 126(2) af&%‘i""@(ffs‘“ﬁmss?éﬂ?o% é@%%?@ﬁtﬁtex%%%loﬁlﬁ%ﬁg bLﬁS ne: Mftr a(lﬂgés
recovery of Emn 86@RSHains)an B6 Foting i tHeulteange (g | d
type |l evels l% ay e ﬁﬂtﬁe?m%%né@ifurgra Aat ﬁl rd i ssSell S et hat veegé)gf ew
het er ol ogousUgmdeStatea\Patebtaé,rB@i&? Tomasy ,ieh alcOctabir 242908 Qhnas A-¢& ahpnor mal

codon usage odln tead of |eucine) 30 (Leuker ( 1994)
Mol Gen Gen ‘ppﬁﬁ ho%}é&%ﬁ‘a{)ﬁﬁg éé@f for a heterol ogous gene to be
functiong |y expresspdkoneffrisit Skrectiny §8RMms ik ¢ertain Cliganisod@an seridusty gene
must be nutated to other |eucine codons (Mrschhayser et . al. 998 Gen

Genet . 257( 4mppireffays.toFergen candidate dmas. Jnrpart duete fhe jnereaingn] ‘T’F ted t he
study of Candi ian8 siflettfdd Ch
URA3 or anot H%'%@rrll%ct \Q{Br‘?%.nsgﬁ%&Qﬁfﬁ?ﬁé&ﬂ%g@%ﬁoﬁgﬁggfﬁaﬁf@gﬁy r g%o?t er
genes are nofungglEdfedtiond with henﬁllydretngmeng!aﬂsms)armna@emez&)rtehempl‘eomany
expressi on. Mt hods descri bed Patent 5,650,1 S t he
detection of syshdnfertiepstredrc h? B?ﬁ“?f‘l fmgn ?]P(ﬁ %j"g{(ﬁ ?‘/2 featis- tﬁ%’?f?g igl;s)eggegtl ng
or other Sea[% RW g f {n% %kmlmk% daubdlotos8cdimial B1obdsh@arh infettiend i ght is
det ect ed hrou nmusc skin, fur & other traditionally "opague" tissues
using a hi gh(}ydmmdsettail \(é9Q93r@maInfeM Disod¥R) @3%éﬁ) Cogunensiaats Wih dicei n ( GFP)

has been expressed.in Ib| ans

M cr obi ol ogy "FEAEHID tﬁ‘f“ﬁ e‘fL‘i ‘9%8}1{5%%@ sett s‘c @{B,’dag%'feghfj?s’ 2511%88) Mol 10
Gen Genet _25?r(c4€aséﬁ?m@%eldﬁiﬁ’opﬁmﬂ&ﬂeﬁl@aﬁi to&hbﬁmgml&onﬂiohﬁdd'(aNbite;Mam@lt been
imged inside a living animal. Srikantha, et al., ((1996) JBacteriol.

178(1):121-9) reported expression of the 2uciferase of the sea pansy
Renilla reniforms in C albicans, but the cost of the substrate,
coelentrazine, nmakes it inpractical for use in living animals. 15 In
addition to C al bicans many ot her pathogeni c organi sns have becone
resistant to nost or all antibiotics, thus making transformation of these
or gani sns difficult |f not |np055|ble by cIaSS|caI met hods of |ntrodu0|ng

o o, o o, o — — e —



invention provides, inter alia, such nethods, expression cassettes,
transposon cassettes and other tools useful for generating |ight-producing
or gani snmwo dpe72s0s8anpl e, pat hogeni ¢ organi sns (such as, MRBEI/US02/07029
antibiotic-resistant bacteria, and Candi da 25 al bi cans) which are suitable
for studies relating to infection and/or pathogenesis in vitro and in whole
ani mal s.  SUNMVARYOSFCHHI i drdbiaNELON (Zh382:4@2)eTio counternctithis, new elasses ob et hods
for introducing a polynuc| eotide of interest.into cells wherein no

sel ectabl e Al galichr{ég%c;s qngtq‘FéFp%si’%rté'@??sf%mlbf:&mesﬁ% ction is used to
identify cells ceppishal M ChhfidRoloiams beasw #Rgat ainBhM1E 6 antifliaPaesRNt
invention also relates”to cells produced by the nethods _of the present

i nvention, asingekehetitsappeaschesf hasthekn bampered gh seyeeal daborai Firsh thefplasmdsr esent

i tiop, 4 [/ Q728 PCT/ USQ02{,07029 .t || i.Rj1 Qt.d
Irg\s{iegt Ia(r)I béﬂé?deﬁ\’l’\}gﬂ%ég’ aa ﬁ@‘f’ﬁiaﬁ Vﬁulaﬁ)-' ng?néﬁgﬁ?lﬁas}%}d%@ecgﬁ r%'tag%ﬁ‘;‘% gcoccus

-aureus, and q\éﬁ:ﬁﬁﬂl%ﬁbimdﬁﬁél&tﬁ@tprﬁﬁﬁ@r(Qmmiet aVRI923 MadiGer Gdnena35@r med by
t he nmethods of the present invention. One aspect of {he Fr??segt i nvention
i s a met hod 3d853A67 08w el 188D/ {crdl Bt 76020/ 1> Blagof- (1¥paGepe,

nmet hod of tr I @ . | i ] L cells
IS provi ded.l%%é'qég%@?aﬁ%}%;’gﬁ%g g??éChFéJh rcg%a?eé‘gﬁ \L&Bgﬁmgceggﬁ;&%ﬁ% F‘g@f qu)(gce of

i nterest undeauteposibudlp rplicitatg dequdnce had leeen lebonep eich woultl howapisonel eot i de
by at |east a subpopul ation qf the cell E*.The pol ynucl eoti de of interest

conpri sé8 a plasgnds Wwanaintamsd yithogt Y SIECHY  sequence. In preferred
enbodi ment s the Mhdih e @RAHES hapRe@ i SOt O GubBaaRAth g REkdna

bi ol um nescent protein, e.g., a luclferase. merous met hods for the
i ntroduct i ofeffegdletraatheans thdethis organism mas geugbitol berdigloisktheaughoutdts life

including, but not limt tq,, the follLowng,. |ipid-pedated nsf er

Ee: gutI ugi ?g;;’F]iepmzent&]d?:ﬁjl?ija SHEP{E L}EWCgﬂcgdg'gﬁ g%ﬁ’%“%‘ﬁﬁf’b?if b}af;iye ec'sj t
I njection - @0 2P 2BYB4YT) 307 aramen
(ej. g., biol ftgfg?og S%}Se%%g%gt?égs,j)ggcﬁlg% Dlll\lAtL%acht ?(():)Ime borgfba’r;(drren)t

co- pr ecilfi t grossibly(going throvighta tetsandoid stagsh cBhsaesenceef ganetie alﬁmaeaiials'tnel)),

DEAF- dext r an: .pol yeth | ycol - medi 1 , i .
vect or - red diedesREalfier St SAgeSisiit et Bl eipf AP s mAPleat M Biploig
subpopul at i QRr1I9fhoweNESsubh Aliplbidvisolaek Riveudt béen hsérvadic Aeadrdiglyofo stodyeaest .

These cells are identified by their ability tq express the |ight generating
protei n codiney avifurssl trgasbofih Plmemoserplcopies Hgt}‘ﬁﬁ‘ﬁaﬁtf:é&?‘? @8823‘ i nterest.

Li ght produci pg;. feldlsge ﬁgegtiﬁ%cz%%ee& 1, T34G6ck b ucoélgf:ﬂﬂbk‘fEan&ﬁu &iRAg cells

into which tR& polynuc e has been intro , 1.e., transfornmed cells.
Such |ight presblaited waldevelapal (Alani (1 987) dFandritsol LT D6-t2; Fonsetaht(1293)y pure

lonies {i.e., cl f_1ight-produci Ils.. f le, by diluti
o 9tr oaki ngorsHics ] P BT UoPbn el Rt it Atk firelrppbis TR AT el | "

transtormatign aEiledsh fofifa PAASAMolAE UMy RedeesPirileRt si@fiatyoRuences
for a light generating protein. Such a |i enerating protein.may be, for

ht g
exanpl e, a bﬁotzillurﬂmbshceitt(L@yetfalddP%&)deﬁt:tIgﬁmreﬁﬁ(llbiﬁ3%1n6; Bigshdtabnt of the

i , Che bi ol el s _ |
encoded by | 1Dkt HENBFOT b, (ofal Brydbeet SSUDB e Hetal. 1,
the practs ce19bH5) AEMSIMREsHioll Deye 126(2177T80) ¢astudy Bascshowalthat eden imot e t

| i ght before transformation, althougfg if a cell already produces |light of a
gi ven wavel evigulent straing, rscovieghe! YRASTungtion mayetngeessatily gestare Hisnlerce R ch

produce a prot.ein pr ggﬁl ' r identifiable wavel ength of |ight
may 5 WO O‘Z}lg%?fggy 9)%681/ nggsg@a&éed to transformsuch cells. Cells
whi ch can be enpl ayaild issué 3ehareehofds heterologoysr genesbaviebeemexpressedhnl Gde, but
are not limted to, procaryotic cells (e r.ant.posi.tive r negative
bacteria, asakpigans due @t‘ﬁe@b%ﬁ"?f"ﬁ&? ‘é*éé? (% cgﬂl‘&‘&rf orfPee lf@felagoflguﬁl.“? yeast ,
such as {g@nd CVEF QLY 68561, T5e)t210€1)| B oraéti f6Rh hételdiSgout gom ol | s;
tissue !'ﬁrgpe L:je?llk%r(ég?f)s)' I nsect cel I@s) may )al S0 be used i n§gt hegmet hods of
the present fimetonallyrexptessedriv Capgidatalhi¢anshevery €36rodpn iieigsne mupiebe

popul ation OInu?aEflclacl i o(il?ermer:\ic?neesco (r)lttlsl I(())rtscl:ﬁauser et al. (1998) Mol Gen Genet.

257(4):412-20). Thus, these and other difficulties have limited the study of Candida
3



resi stant bacteria, for exanple, nethicillin-resistant strains of

St aphyl ococcus aureus, and vanconycin-resi stant enterococci (VRE) strains.
The targaswocpéhens after treatnent with the pol ynucl eoti de PGRASH2/GORUI t i ons
which facilitate uptake of the 10 pol ynucl eotide, are plated at an
appropriate screening density based on the cell type and the kind of nedia
(e.qg., li qu'geheslto stmzhhsjbn which/AIRAB ohanother hatrisioaalnarker lmrbeanImDCk@d ouhe

producti on I n one enbod nt ent t he

o yhucl eot MY iriRarisa gERs a0 torb oot el néidBa 1 e lARere gL or

polynucleotgﬂﬁeéﬁgyence encoding a light 15 generatlng proteln Typi cal ly,
n

such a poly | eot1 de sequence is expressed after int egratl on into the
-genome of the t aMmhodsrdgacriberhin Uo§. Ratcatpi680, 138 raekernossibledheldetestinnsofpr oot er

o1 v S o0 Bl @hinaent Pieda IR Mimf QRS bisgloahBS BiRrIRY FOTRE RS Such

't 1 ansposons afigfal Qp 1GH vivelhbmtddinge) | thedighni detected ulougis musofe cskirtdad &er) . 20
I n anot her aspect, the polynucl eotide introduced.into the target cell

conpri ses aoﬁweﬁe@n@pn@b@‘mw’tusmasm athighly SeRFHIYEIcamEra o Khtigh eEeen
encoding a |4 t risse such
ot oot e - coftdthr AT PRSAD. Gp PR e eI REE, AbieUAEIUmAEBERAR 0P Bu7 )
i ntegrating ave(qpm)stctolaasygpan@t QDBObIhMomdﬂlahserngltel et el e(Mﬁ)s\dolsuch

as, TY or mariner), replicati n non- reﬁg)gl cati n asm ds, and
the Iik&0 Pl%rﬁ‘ﬁ@‘ PR AL DIAEP)s BF PfRS?d‘EQ‘&ngl‘gb’ uences t hat
al I ow passa ' ' ét 81 A FVB) 9 B2 t%Hfof'l@B .Il?. unt of
pol ynucl eot ?flgg%dolﬁ geggilg g}%ﬂﬁ?larrtsr%g&ﬁngtl onp((r()f t?le tgrget ceﬁ:y m

pronot er s usesbrted expxetssmoaﬁthc huciferaze of thesea pansyRenilatrawifararisya C. cel I s. The

| i ght genera protein enc s.are us

t ransf or med 4 zl%%f‘!g"é ﬁe %Q,SEBE#&‘F%@I?%% of?te t@é‘cﬁ'ﬁe‘ﬁ‘%‘? g‘lmpfrﬁ‘f écl%éof “E%H‘ be
associ ated Wy énl“ilﬁ.aisl ght generating protein coding sequences (e.g., in the
sanme vector construct) The ot her sequences of interest nay be associ ated

with théSsane setlneflditionto 6 aléfcsnem@sy othetipatbogenisrasganismehavedigeomyener at i ng

Cequences. oFciuta oL FiieRiaff mikFe mipcsablhin of (e3P S ° 7%

associ at ed wiffulk tt@nsﬁmyaeﬁsla)oytztasmatleﬁaﬁtds dfemtrmmlmNAwompmmgm of the
| i ght generating protein coding sequences nmay be nedi ated

irs
pronot er andresissistancegensrand seleplig %’ééﬂ’@ﬁéﬁ%‘a’éﬁe Gonfegted by t%é ?Fé’cf;)ét ed by
at least a goter. 5 In one aspect of the present invention, yeast
IS transforﬁ&ég’%}gﬂ%e met hods descri bed herein. Yeast transformations, for
exanpl e20f Candi dl&msethb& retiains haepd ﬁiradatlmds@f detdcting teroreratiamoﬁmrgeitght

production, for exanple, e of n rrre 0 ati on of cells
may be car ri%HS:PgTIY ﬂm‘at‘ﬁﬂ% tgﬁé%c‘@t I"kvo F Sg% fagf F’I%aﬁlﬁ?lﬁf? SBitates {e.g.,
SD-ura pl at g5, HBRPFRALSS HhreM dify, SR hYEERAdsVEpésSon cﬁgsett@d Bafighodh E36ktted/ m

luciferin). Yeast cells, as well as other types of cell's, may be plated at
a vari ety ofandetier toadsusedil fongemcedtms(hgb%modgcmg organismspios example, denS| ty of

appr oxi mat el 105. cel 14 i the

o esent | v diRtioBRTIC SLBIT it M At frig i bR P Henfl

| sol at i @ ofg7bp6ns) aiicH &€ Bthbteldr Studty réletuig?\ﬂbrln&dtlmuincworrpﬂnl’ﬂgén&is Mays

i ncl udi ng, pickin sarrpl es of cells froma region of the 15 plate of solid

medi um conpriige %Wh%eﬁﬂé’éﬂlﬁzl ng light, inoculating the sanples into
liquid cultures, growing the cells in liquid cultures, evaluating aliquots
of each liquid culture for light production, identifying liquid cultures
conprising cells &umdua&mﬂﬂmmdidmti ng and plating liquid cul tures to

bt | at ed I [ 1 | i ght, d identif
o anles qet vaq Hherrpsent fventan eiaiosn B aadial for MpduchtE MRS oF, 1o
present 4gv ptér&pfrﬁt; Qmﬂsﬁergﬁ:rﬁ%@&cfame%ﬁm% nged %th&ra%eﬁefeﬁrf&qmel s in a

popul ati'on o erern e net hod conprise$, for exanp Er oviding a
popul ati on ofrodsition, is usedrteiidentify @bllsebmnangthqmal@leetldtt Of)mml el ight,

f h f
[ gt gener serg: Fvatsh e B0 e 8 ssuolod bt PelioRTbE R R8IRE ool s

popul ation ofyvéftionSad Well aehées oP ERMLEEI1€ OIn o imbodtigene bR tiegrekeatinbentidnat
produce light are fransformed cells. The present invention also includes

transforned cells generated by the nethods of the present invention and
uses thereof. These and ot her enbodi nents of the present invention wll
readily occur to those of ordinary skill in the art in view of the

di scl osure herein. 30 7




WD 02/ 072808 PCT/ US02/ 07029 BRI EF DESCRI PTI ON OF THE FlI GURES Figure 1
presents the conplinentary oligonucleotide pairs used for site directed
nmut agenesve oph72Basci f erase for expression of the codi ng seqa@nse2/hm2€Candi da
al bi cans. 5 Figures 2A and 2B present oligonucleotides used to create a

| uci ferase expression vector for use in the transformation of Candida

al bi cans. Fitlgloelis af¢ gtibaeictresistantdlactgriagng., methgoyliinkresistent straksof A and

synthetic link B. Figures 3A, 3B, and 3C gra h| cal l. resent
const ructi of! y@ﬁ@%@%‘(f@ﬂ@ﬂl@%‘fﬂ“&?’%&‘?ﬂﬁti KE%E *PTI ON OF THE

| NVENTI ON Tb&gnm)ﬂﬁéd GEthe imdthGasRIreRERbsenPitRBAt Wi || enpl oy, unless
ot herw se indicated, conventional techniques of chem stry, biochemstry,

.mol ecul ar bi ol ogyQnerdispeatof memggsenblawntl@mo%i agetheddfvintzasveingant DNA, whi ch

Vi at i o0 MEPRERERPAASTEG et el epbTeady e g At FO, i)
CURRENT PROL(dtd e populhtlon@olcaits Blpcdaliad. (TipopUiation ofioellsSotreated with,a Medi a,

PA (1995)); the series METHODS | N ENZYMOLOGY. (Academ c Eﬁ s, Inc.); PCR 2:
A PRACTI CAL pABPRGi&Q]*ﬂe(MIBtGT%W §@?¢lt1@8[§hat+f&‘r%@teatha upjfa | or eds.

1995) and 2 uw&%nvengyﬁi&pﬁ)ﬁ,ﬂ%?gaﬁ@ A, ik polyritebrid 6T ﬂﬁ&eﬁar

descri bing t prese on "l 'S t nder st ood t
t hi s i nvent icopiseswlightigendratng grofedt toding serquérmenﬂnh pteffermesl embadiroents she
paranmeters as_such may, of. course, var so, to be understood that

the ter r’rpnolllcgbilg%&imﬁé’rr@PW qoding sequeng M&%bﬂuwgwwﬁfﬂ &% ul ar
erbod: TEl S idifddlR. ybbvx%ﬁsgﬂetﬂmsvfm #¥dntrSdeAbn 8%6]2&@61'&# ed MtS tdrpehi ti ng.

DEFI NI TI ONS resent 1 nvention lowng terms will
be enpl oyed ceHmh)areeempibysaﬁ;Ientludnlg)budmtllmmtbdae, the filloaing! lipid-owediated ess

ot herwi se indic d, all terns 30 her.ei,n ave { an as they
woul d to ondraR er > 5108 HRosgmes, d?é{l"ﬁ‘é‘g BF'étg‘gﬁP FHRA f%a‘%%ecuggﬁcqﬁ)ﬁ' this
speci ficati @ g2 RicEdhf ARG WA Jusibi infiesoptdj ectité B&ﬁbé’rﬂmﬁeﬁtr (@%., tielistican” and
"the" inclu pI ural ‘references unless the context clearl y dictates

ot her wi 48. mmmomsmwwmwmmmwmemm PrecipitalionipEe, Witeialsitmce to
9 RIS Py PR P e o ARl
cells" ref ertratn@fe&,me.dtvﬁ@nsémr-médimeu ransfor im pobulationiof ells isthed sobedul e( s)
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

20  sequences which comprise the polynucleotide of interest. Light producing cells are
isolated. These light 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.

25 The polynucleotide used in the transformation method of the present invention
comprises 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 lux sequences).

30 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 wavelength, then a light generating protein coding sequence

which produce a protein producing a different, identifiable wavelength of light may

5



5 e.g., a vector construct, into a target cell such that the target cell,
after transformation, conprises the nucleic acid nolecule(s). Typically

t ransf or med opev28mt hods are applied to a popul ati on of cel PETIIS@/M020 a
subpopul ation of the cells ultimately conprise the nucleic acid

nol ecul e(s). Cells of the subpopul ati on which conprise the introduced
nucl ei ¢ aci Ye isddao wlaasfprmisactk gabls C Glelly whibhrean be enhployed fotheanahgdsanf the

(oot oxpr pisdrsimantan by Gudes Rt mufacCiRePOtY SURTHIIT L BT PRTULE |
conpri sing %@%&991@@%5&% WRilIGs 3t pioRas/dtess; @hd F}léd(?%&tbc%ll?@.g.??é’ﬁsﬁ' n the

i ntroduced aci transformant” “is a ce ‘transforned
ccel ") or osgdnisCantiidator Saschgemaycas;quarscells; anigiad cells; twmor @lis;Hisawe-

i ntroduction of _a nucleic acid nolecul es),.into cel | be referred to as
" Genet | cb 15 SRefEeadiholscsn SIS maY e Ot Bocthit Mepinaf o5 Peshfon feplip
‘transf or mat {QBne adpBltlof !t prescab fiveAticH, tipdpaladibs of SellstOnprRMeddibslicol a
normal cell to a neoplastic (or tunmor) cell which tygécally occurs as the
result of evesittant bactena, tforexample, oretiieillin-resistanh strainsal®apiyfocgrensquves,

Unl ess specifically indi @?’RB -t e, r Lan: used
herein ref elagd ¢ %ncaﬁgﬁ-gglg{agﬁgrﬁéxj@%c\t@? n, H}g{lés't & tﬁﬁt@%@%’c@%ﬁ%ﬁ e%ﬁcl eic
aci d 20 nol il the polytcledtideamnder conditions Whéch facitimte uptakeeofithaci d nol ecul e”
and " polanucl eotide” are used interchangeably to and refer to a polé/rreri C

f orm of 1@ucipebineleetidss atgpjated ALATTAPPEIPIRES ScEreBing depsihy Rased pp thecel typ

ri bonucl eot i h f \V : i V.

thr e di mondr o s iy BERb R e bR R o o R e e TR for
unknown. Normhd pratiidtiog oftighwl es of pol ynucl eoti des include a gene, a gene

fragment, exons, .introns, .nessenger RNA.(nRNA),. transfer A, r] bosomal
RNAg ri bozymes, CBRAS e‘PB‘é‘BH’SF‘h ¢ B’c'ﬂs?md‘éYeé‘B?‘i)”d]éenglBF‘éfﬁ?%gg%mduces |
pol ynucl eot i;gespne Péllac%%n J%Fes ¥ ﬁ%t&lesgggigﬁﬁﬁgotgy@e_ Qlendd ¥ncdAfE gt | sol at ed

RNA of any sequence, elc acid pr , and primers. 30 Apolynucleotide
is typi ¢al | genemtimspoteid. Ryipaly, Such spaynuctastidé séqugncens ckpressed eflphises:
adenine (A);. cytasin Q) ; guani.ne (G : and thym ne ). &uracil (Ln for
thyme (T) WRERAHAR! %?V)rﬁf@g@splf HF té'ég)emﬁ r_nsnfhﬁg ?x?rﬂéll-’taecﬁ?ﬁeﬂo Vnucl eot i de
sequence i s ehisgenbiibRiotdah tHeSRnEMmedF Biel torgeOdrganipal Ynwhbeatof dectonl ecul e.
This 9 WO 02/072808 PCT/ US02/ 07029 al phabetical representati on can be

i nput into daayaduepuise suchopalpasirotideningludingabetaet Hmited ¢ indegatiig Yestars.and
used for biqQinformati [ ' { om cs and

honol ogy segfagﬁ?%ﬁps 4&9f"c‘%gﬂr?éﬁgé%‘ﬁegﬁ82"‘“%@3“@2"‘8&@3%@%?‘ gﬂ "encodes" a

sel ect edgpol ypeptinh@aotheSaspedtiibk pobnaclestidanntodiced wito clie tagget cedheoamprizesl (i n
the case of DNA) and trans|ated (in the case of nRNA) into g. pol ypeptide
when pl aced a\mg@,otqrﬁ_ger@b,l,a{tl}lﬂfpgg} tﬂ‘&ﬁﬁb@ﬂ?‘fe%‘@ TRYa %IFQH%q"ﬂhEE‘ges (or
“control el Qltaﬁﬁ%pio@eiﬁ‘. Aahbey St Rllors Gy BOHpHRY ek pRimdtBecdirvdhing sequence
are determ by @ start codon at the 5" (am no) termnus and a

t ransl at i on wipucteotidnseguendes ilgluding bobwat)linyigaditdp misgrapng vetiters, sequence can
include, 10 but is not limt¢t to, C fromuvir rocar v.ot i [
eucaryotic ﬁmosﬁéﬁ&ﬁ(’@ebﬂﬂ&%ﬁg&ﬁ‘_@%‘é’%%‘?ﬂs\#‘ra&ﬁ\% 1S )l"_rce,pﬁsgmg

procar yolsi ¢ %id@,%nﬁumaﬁﬁgm%ids, Mhs GelePRSHiIdsAndy conspise ot on

term nation sequence may be Tocated 3' to the coding sequence. Typical
"control el esxemple; shittie Ventier segugncey thatralow passagieg g calltypabyqrdenten 15

regul ators, such_as 0 I [ LAt | SRS

transcripti HREY ﬁiswg{c?egg alglplgrgeaﬂtfg ,g{}gﬁ%l‘e%ye& Q& g ﬁg@ﬁﬁéaﬁgfé’eq ue n'?:%fst;he and

transl ati on gaf@ttdl oIt promotersigsed et swwhawefsthuets ¢ finttiaadliin thedhrgenedlisat i on of
transl ation, e.g., Shine-Dalgarno (ribgsone binding si Epgs) sequences, and
translation tenn Heahight seesiaiinecrroteinsosing sauencahanersed ipscrosades bl e
promot ersh (WAL orftR LERSARAN a Hordindl9) HBHSCR R ECOAARNANER blbsiReAEP W | Nked
to the pronoter 1s 1 nduce %y an anhal yte, "cofactor, regulatory protein,
etc.), repr ethsilightggnenating prateifwhding sequenessyegn inthezapelveetar tastruely $heuence

operably linked to the pronoter is induced by an anal yte, cofactor
r ggm at )c/)r y pﬁ)t t:reeieﬂl,lenéf:%gf;lpteéqurn@aﬁ?gtafstomafegiew%l? %wgé’t ofconittolElemerits

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

6



A doubl e-stranded DNA nol ecul e conprises two strands of DNA having 25
"opposite orientations,” one strand being designated 5 to 3'; the second
strand bavegzotz8osconpl enment. Thus, a first codi ng sequenc®CIrijsa2/702%t
strand and a second codi ng sequence in the conplenmentary strand have
"opposite" orientations relative to each other, that is, the first and
second codi sgpueaciserfdmeresireay be mpgiatsidthy indépendent conrol elementsasseaatedich

other. 30 An."isol ated | ynucl eoti de” | ecul e i s cleic acid nol ecul e
separate andith tgﬁﬁﬂ“&“‘feﬁgﬁﬁﬂﬁsm%:ﬁ% CXRAR ERIRAOR omgg}gh?ﬁ%neﬁ%fn cule is
found in nabii&in colinl s8fudnsd bk Meliftd Wyaotiistisrofityerhad dgpession 6 whol e or
part, of sequences nornally associated with it 1n nature. 10 WO 021 072808

- PCT/ US02/ 07 dithen sequsnegsenftintarest may bemgdiated;by as lesslpesecondpoBote. refer to a
4ot t . . ¥ ; ) o
ConT gt e 2 TAPRBHINAL bR IR SRR BB 11

pepti donf neti cs. suabuni't’s e ln pept i y ot her
‘bonds, for gxambee heRirerYest igisforgtationsiforiexaniptecsfclandidateells, enap begptated aci d”

refers to either natural and/or, unna(iur,al or S syntheti.c ani,no aci ds,
i ncl udi ng glope@imedismdhyenhangse lightproductpr, fenexamuliensrreenifg 8L e o aci d
anal ogs and ' ] o3 of cEEh ki 3 f hk Qe oS DaRGEeent of
el enent s mé@ﬁﬁ%hﬁﬁ%ﬁ%ﬁﬁ%@ﬁg&cs soggg%{g%g‘gg&ag}{aﬁc%?\@i tgiu?ed_ s% ag@t_o
per f or m t heithianU$PBIpldtesyetg. SD-ufdplates aupplaeented witht58 mglthuridine, spataiiing

linked to a codi ng, seguenc e.g,, a reporter gene) i.s 10 ca | £ of

ef fecti Af t (R0 aefphluc Wo& "%‘Ff«?%%&?ﬁvﬁﬁsaéﬁhﬁﬁ eﬁ:ﬂéﬁel{%h@%hggﬁ?ﬂgﬂi"yms are
present. Th§,REQYTdhsiQEs foF nﬁ'ﬁal%&@&ﬁiﬁ%, 181 SIRIPIE A& densi9lof AproRiMdtglyous Wi th
t he codi ng sequénce, so long as they function to direct the expression

t hereof . For2.exafbtedls/ 140 mmplatendn ors embasdimenrtf s presenh inventiry seiegRiBBces

can be present between the pr ter. se n ! ce and
t he pronot eﬁageé(? fo8 acp(,l[#e ? F(ﬁiH)TgélB%" g‘%ﬁ%‘?’ﬁ@r@g’% ‘Hé‘gfé’?’gg‘? ga}s?ﬁ%%? to the
codi ng sequeRffd 6UR§Glﬁﬂibbﬁw?mhd{ﬁdiﬁg,qﬁékidg's'arﬁllsleysiedi:llbﬁbﬁi areppocef thes a
nucl eic acid nol ecul e obtai ned using the techni ques of .nolecul ar hi ol ogy,

for exanpl e plasy of salisi mediumarmprisingrselapioghcing lightyinpeplating thesAmPIES dntor

expr essi on St t ’ rm i Y 1 :1to0 a
protein or gg u%@g%‘ﬁr%ég%%ﬂg thtaeecfgg B](r)l@g%lpgéeg’ S‘r’ Og;glé%?‘ﬁgiﬁbtté? 5?%2‘2 ﬁg’lﬁld of a

r econbi nant qaghefee ligintproductioRadentifyingiquitoadturssicomptisihg oslls prelising " cel | s
" "cell lines " "cell culfures "..> > > > > and other. such, ter .denotin
procaryotic liﬁhér@é‘%&ﬁp‘iﬁfémﬁg ﬁ&‘ﬂl‘é&f“!}%‘@? fo Qhipi 1§q?ﬁ8€s18§l|ethP%Bm CfBi cel | gl ar
entities, alrjlggéﬁ:'sa%ﬁ i&é}&ﬁyiﬁggi{ﬁgi%aéaiames%ﬁvé@ﬁ% k16 8éilsprodicaty €@, be, or

have been, d as recipl for reconbi nant vectors or other transfer
DNA, 2528nd i ncl ublecordieglys thgenssentfinyéngion preyidesimetbeds ofistrgpning domeen

transforned. It_.is understood at the prpgen i : tal cell
may not necé@ﬁmwgﬁg%c'&ﬁﬂoé’flgpﬁn PE%@[SI %ggeiﬁh%eg}%lcgg{?%ggs??%ngenom c or
total DNA cofRm@ieBroviding Apopiilagéméf collawitreindbid dells aednchpatialof or

deli berate mutation. Progeny of the parental cell which are sufficiently

simlar to twedydnghght; sanséorsting tepopulzden elcellnavitha ralymclesidpr operty, such
T i R e e
above t 5. poblilatioOf 02ULf62 BEIB prédiciifgiagHD, AbiRein 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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Techni ques for determ ning nucleic acid and am no acid "sequence identity"
al so are known in the art. Typically, such techniques include determ ning

t he nucl exd ofler2smsquence of the nMRNA for a gene and/ or det ecmiusdzigroehe am no
aci d sequence encoded thereby, and conparing these sequences to a second
nucl eoti de or am no acid sequence. In general, "identity" refers to an
exact nucl eot i de BRoDRDESCRIPTONGOF Bl RIGURFESd- t 0- ami no aci d correspondence of

two pol ynucl eoti des o ol ti de sequences, respecti.vely.. . Two or nore
sequences (pol yn tﬂ‘E%ﬁ ipgeée%(g%%rﬁomllg&q ry(?ﬁﬁ“ﬂ‘ﬁ?ﬁﬁ%ﬁ?”@d‘%? fFHEr i ni ng
their "percpbctb@Biutdgedesis JNBCiRPAREBE elpiéRionlof 1R cddiMy eEGRBHLECandiligt her

nucl eic acid or am no acid sequences, is the 10 nunber of exact matches
-bet ween t woaldi¢apped sequences divided by the I ength of the shorter

d i pli b Q0. i l i f | ei id
seauenceg end, sl bt 28 By ad B A BRRF GRS ol bARARIN Wil © =
‘Wt er man,  Adyaeesesn vabtdNIBt iedn M tRBRTIrinG oo AGdd®Palbicd®B Fijure DU S

al gorithmcan be applied to am no, acid sequences by using the scoring
matri x develpegsents by aligimettfof sypthefic lytken 4 and syatheti EBces and Structure,

M O. Dayhoff ed. . I ; . I.On; fg{pﬁ i €3Re

Foundat i on, V\aétshiFl rgynykﬁ%%nﬁggg §§H‘c’iﬁﬁi)ﬂl§ ]’a%négb bygﬁdﬁ%fstggg, NugIN.O Aci ds
Res. 14(6): pldmidvétor 1986). An exenplary inplenmentation of this algorithm
to determ ne percent identity of a sequence is provided by the Genetics
Conput el0Group (Madi son, W) in the "BestFit" utility application. The 20
defaul t paranet er | pTeToS feaamieed in the Wsconsin Sequence
Anal ysi s Package [g‘:r%g%gmbk:/g%ﬁgf‘, Velfrgl?%n 8 (qggS) (avai l abl e from Genetics
Conput er Group, Nhdipsaotice Wf dhe pfesentiheentiod witltehnpdioyo funless atheivase mdicatede ent

backage’ of | SPBIRBA LGNS ELHRBY SR EioshrD BTy, Doy EnidTii oh. ' devel oped
by John F. %E}db@ogﬂ@eﬁsbﬁﬂ@gﬂa%dseco?MﬁMbNﬁ,ndhidh atd Withih@Be &l of the

Intelli Genetics, InC. (Muntain View, CA). Fromthis suite of packages the

Smi t h- WA er raein Szk.gag.i S4mbroak, FrischpndleaialipdYIOLEGHAR LLNMNGeAs are used

for the scori f , ) Xt ensi on
penal ty of &@Om@gﬁwg%ﬁ eﬂﬁ%’%@ﬁ@ﬁg a ge}yrrlerﬁfa{pérg)?ﬁgg'lﬁhtch"
val ue ref| eqioL EERAUER BIOLDRFY i(John Wil &id Sotis) lbl, Media) Pra(i®95y)s theabded at i ng
the percent 30 identity or simlarity between sequences is gen @ly known
in the art, METHORSEN ENZWICLQGKI (Agwdemie PrsodnammbiaR BLASRAGELALY ¢ b
default par I e sing the
fol |l owi ng dﬁ%‘?@%&f@nﬁf@gﬁé‘g@ﬁ%pﬁ% e%ﬁgﬁpgﬁg%?l Hgé?gg&lnone;
strand 2000tAms LE ,TIERB&RLI. EretitheyMad.| . 1 | 07

d bot AWNIMATLOCELE (AL, dfheyMBd.r 19873. 12 WO 021 072808

PCTI US02/ 07029 BLOSLI Mp2; .Descri ptions = .50.sequences; .sort, by = H Gk
SCORE: Dat abases B¢If -°P%Hﬂ%§ﬁtP?eS@HB§ﬂR‘°¥ ‘Eﬁ%ﬁﬁaﬁlﬁé@?el’“@ﬁ%‘%@@ﬁ@ﬁk CDS
transl ati Onjnwfen%%%én&lﬁﬁﬁi?édﬂo partied R #rthutatiohRor Pokass paradletérd 86 Suchragy, ams

can be found at the follow ng'Internet address: | o
http: // ww. ndlsoursemagovit dgjalsototBLy@erst@dahatdemierminetagy $ised hereinds forube eot i de

cont ai ni ng at | east. ,one, open readi nq fr t S e af. coding a
particul ar m&otffiggc&b} gé’aﬁtbﬁ‘ﬂ%g |°8'é$é£gsr%tt}§|é hdvg?t?(%sﬁﬂ’ al“@ﬁf cékl ly, the
term"gense" hrpalsdRDveddnitingl sequences associated with the expression of
the product. The term "gene | ocus" refers to the physical position of a
gene in the genone of an organism Any of the polynucl eotide sequences
descri bed herein ﬂgly' ?{HOR? used to identify larger fragments or full-length
codi ng sequences 0 Fhe genes with which they are associ ated. Methods of

isolating larger fr nt sequences are k ki I art.
The degree of seq{?éﬁg‘[gq”é& ﬁ&eg’aﬁ&‘s‘“ %I}t&éléﬁgmotvﬁﬂép%ﬁjg vﬁ@ib o 195){:69[ Lerts.&a
affects the gtfintehdeacy baaefisdd #nadibated bélywr Uhless bihefwiey dmficatddls alMeermssuch
mol ecul es. A 15 partially identical nucleic acid sequence will at |east
parti al 139 i nusedhiherein Wﬁgw@wmpmﬁg pcthey weniddnoae skilad HyWBeiaiof ?fl‘Fg to a
target nol eﬁlw Sont Irpvghl%r}l on of hybridization of the conpletely identical
sequence ca Beass&8sed usi ng hybridi zation assays that are well known in
the art (e.g., SoAshssdninlthiespecimatine and theaippersiet vlairos thy Singdazfernefia,” or t he

| i ke, see Sanbrook, e} .al. | ecul ar Cl oni ng: A Laboratory Nanual ,. Second
20 Edition, (3115[9899‘@8% w%pﬂei%afﬁfmﬁes NP‘??S)qﬂe ger&sﬁ&i%ﬁ‘yé%&ﬁqs SM%uct ed
usi ng varying degrees of selectivity, forg exanple, using conditions varying
fromlowto high stringency. If conditions of |ow'stringency are enpl oyed,

t he absence of non-specific binding can be assessed using a secondary probe
that | acks even a partial degree of sequence identity (for exanple, a probe
havi ng | ess than about 30% sequence identity 25 with the target nolecule),
such that, in the absence of non-specific binding events, the secondary

. T o,



15 sul fate, and pol yethyl ene glycol), hybridization reaction tenperature
and tinme paraneters, as well as, varying wash conditions. The sel ection of
a parti cw@n2/emsosof hybridi zation conditions is sel ected Pafriusez/ony2st andar d
met hods in the art (see, for exanple, Sanbrook, et al., Ml ecular C oning:
A Laboratory Manual, Second Edition, ( 1989) Cold Spring Harbor, N Y.). 20
A nucl ei ¢ adhds, fongxairpile) gefaretieé torttan antigendrineudds acoidhirg b two otimbed suchei ds
"encodes" a correspondi ng pol ypeptide or 'RNA product. For exanple, a DNA
sequence cofB¥&ing an open reading frane encodes the pol ypepti de whose
sequence corr espqidserhi “4rafsfORRA onSediafofhaith méhodnahdemesadpl € a DNA
sequence can encode a correspondi ng rRNA, tRNA or nRNA sequence. 25
"Purified ptiaysforhiagceds refes teths tragsfgr ploniradudtien of 8 aueleiciasidaneleeules),

fragment .t her eof ich | t.J al f : ongai about
50% pr ef er &y ‘Ie\gg% P ﬂsﬁﬁ'cg%gtﬁ? tl‘}%‘% é/egnsha?rrtohragth%rtaeriggtr% lr é/@%élégﬁ?’ﬂjag about
'90% of t he cpmptisdsthevhiidleidfacidinéloeul §(8). YIypidatigtttateforrfatival rethbdyara appiiedat ed.

Techni ques for purifyin ol ynucl eoti des of interest are well-kpnown in the
art and i ncrtmeppulatpore&fgq@m crfins 2 Siopwlatien phide celly ulymatehy,eampriseghe he

pol ynucl eot i it opi [ : :

pol ynucl eot ingglf %s%acan%()%r@@tg {espngkgi/gﬁgﬁg%bg’g ‘é‘%ggméﬁdg%g{‘@é? %gﬁy‘f‘“%‘WF%i ty

chr onmat ogr aphylerudidsmoiconle{sy aretppiraltyiddntified by, darecamyle, 2 4electidh (02/,072808
PCT/ US02/ 07029, A "vector" is capable of transferrin ene fse uences to
target 4@ | @bylity tp grow; gng sefectivg mediymphora; SCrgen (& 8y SYRICSSIRN Qf anRene¥PE a1 1 er s,
and "posomﬂ?&callgwptrfethxMiﬁcatISﬂ/spée@ne c6RPALihY Hle infr6iiR%ed nh@leR aBidGlepdus aci d
vect or capable of transferring sequences of 'interest into target cells.
Nucl ei ¢ aci ¢elethatdsnataontain the amtsidaned yucieieseid). Alftransforapal] ie actll (e.g.,

replication, jn target | 1s. Transi ent vectors typically do,not have an
origin of reHPI‘%%‘F‘?"(S‘rFE‘ﬁﬁ)a?r %&?F‘?%M?‘B%gﬁnﬁ“?‘ﬁ‘sz %Eﬁi‘tm@éf’?-, Suh e whi ch
does not f unRghdRRLMNELE nGéit akia rRSIBEliIE( iRk 4 Pell By batdgred®lak “fénetic
"conditional™ origin of replication). ™"Nucleic aclid expression vector"”

refers 116 arraasfonition™inorder fasdigipeishet Gpmdicebdler wgpsfarmabionr dsdlvdar of a

sequence or . ge of..interest., The i C i e J. r
i ncl udes a ﬁ%%%?u%riegeﬁs ?Osthgﬁcér}va #?/A ?fl an?(cgrﬁIa? géllﬁ?eﬁgé’ggﬁ%{ﬁ(ggé Ylgéri&rgecrellels) of
interest. Owifith 8@idall9bc@lre aethiesesuttyofleeers esdentheaonwel 6f differentolasspd of | n

addition to the conponents of an expression cassette, the plasmd congtruct
may al so i néngerensheUnlessnceifisally idicated gthegvinsy the terp sran #Pn Faset nore

sel ectabl e i I a&iygo' | oSl A8 o RNSE 44gt to exist as
singl e-str aﬁfeééﬁﬁﬁ%%fs?%%@eg ﬁ%%’t?dgr’ ?«é‘?t#%?x?r@gpﬁﬂa“ on), a multiple

cl oni ng 26i t enolatde(d) ihreatangdtaall. ori gin of replication (e.g., a Sv40 or
adenovirus origin of replication). An 'expression cassette" conprises any
nucl ei c acid _conglfl‘ﬁ}E‘P“ U gﬁo%“lﬁof"g‘i&‘ﬁgﬂ’tcihﬁ’gaﬁeﬂgé‘)se r sequences)
capabl e of RicRHafFdAbRSS AHld rétePtoGRpdlymEPIRHSIfRlclea6&R0r afly IRPhCEIME N, i n
addition to polynucleoti de genes) or 20 sequences) of interest, additional
transcri pti cleakyrihonapleptiddson sibonclentides, or analpgs thespobrPdpmiclegtides marnt s .

h ical | | : o
const  uct . 157 Shf prdRu R Yu ARt Ok R mal gl KEY hikGion, EEREE o,

vect or) 2isn Qiniteéwh.ONohdiisitiag ekigplex pf peigheiectidesiitiude agere, agegefragabhts. A
"transposon” as used herein defines_a_polynucleatide which conprises a 25
repeat ed el eFen%, IREQIEOMESSENEST M&WX pransferRNeribesomal BN4s ribgzymst.ner
(e.g., from r i L om an
epi sor nal poc?)nlg‘ﬁt %@glmt@%&n%f&gg%tg ﬁa,halse.d?.y:lﬁgkt&rggﬁéssbg@%ﬁtdl’s’s%:tgﬁ%bi |l e
geneti c el ensslated DNA of axf ssquentcepisbatid RINA offany kequenees endleic avidiroles, a
"transposon cagssette” conprises a mninmumunit required for transposition
(e.qg., firstR_&¥ond transposon inverted repeat 30 sequences flanking an

I nt er nalzgpol ynucl&gbiﬂ.ﬁc@@@d&_@@ﬁpi&mw&nﬁow tta dpedisit seqiehed\sianse capabl e
of inducing transposi'tion nmedi ated by said transgoson Inverted repeats).

Al t er nat el y, nugleotidebasss:adening £A);tcatastig (6% guanige (Ghidnd doamiae (TAusasddbh

i nverted repgat, sequences flankin . 4. Nn I | I tb%s ence,
where the 15f%r mlgﬁmmhﬁﬁ%%}@?dégﬁ)ﬁar;[gxg%)s{gés%“g%ﬁ T 81%8@%% provi ded
in traps or deguéits e aphbbstival repfestdtatidn chusudmaicleotids fiolezulel This out si de
of the two transposon inverted repeats flanking the internal pol ynucleotide
sequence). As used herein, a transposon ®assette conprises at |east two
inverted repeat sequences flanking an internal region. The internal region
may 5 contain transposase codi hg sequence and/ or other sequences of
interest. A schematic representation of a transposon cassette is as
follows: IR internal region-IR where IR represents the inverted repeats.

I n anot her enbodi nent, a representation is as follows: IR tnp-1R where tnp

o v o o o,

=4




10 nedi ated by the IR sequences. Further sequences, 5 and 3 of the
inverted repeats may be included in the transposon cassette where

i ndi cat edyvo de/bm8mesposon cassette that is "functional” in BCmasb/ewgani smis
one that is capable of undergoing transposition in that organism The term
"transposant” typically refers to a cell in which a transposon has

i ntegrated hlphabdticel epresématipmnaanthe idgut Mt ldagbiseg anecahputer imviriged centrat
"light-emtting protein" is % hi.ol ym nesceni, or fluqgrescent protein capable
of produci ngraceeRe whandyseq torpipiglormaticsapplicalings swsh a5 finesionalgengrisser abl y
in the visi th?h&%f%g?‘é%rélilin ., between approximtely 400 nm and 750 nnj.

Bi ol umi nescent protefrns produce |ight through a chenical reaction
‘(typically requi A tapdingsehsencet e a saqeenpg vaoch tancodast asrlggted polypeptadeg scent
proteins_20 produce.light thraugh the absorption a -em ssipon of

o at of - ( SuRlclcacig TRISGhIOHIFR GorBscetien (3B 6 P! DRVANPIA. it ared in

“bi ol um nescefd cRE B HIRISA) &'?ﬁypéﬂﬁﬁe ¥hen pRiced ek Gtk dodtrot SeappRigtd ng:

"l'uci ferase,” unless stated otherw se, includes procaryotic (e.g.,
bact eri al | uegudatoryckegiensesi(os (icentsodeiements”’)gin a lost syfsteyn. | arda$ of dhe

Renilla luciferase) |uciferases S I vahi ahnt.s :N0SSessi ried or
al tered opt icg%pgﬁy BF ¢ & ,cf%graglﬁdig a‘%@ar{ ????’ngglggss@%ﬁg@ %ﬁ%@h%gﬁéi&lfferent
col ors of | ig@Rtlafiéh Gop cidini af EB' (Sdrboxg ebriitisN A cdding $q0éeRalcii@luiiegr i g
4(6):691-693 (_19912.) ;and "photoproteins,” for exanple, calciumactivated
phot-opr d0ei byt {sar0glimited 9, DNA from ial procarygticserpugarygtic mRIAYA, geHamic

366(67): 760+ I . f g ot.el i i t are
not limted 1{1@& Sé&'%g'g%s)f;r/% I'ow,’ e@@aéﬁ%txcb#{ﬁ?ggﬁgﬁ Ig@rﬁ,faﬁ%r@g%dc ntﬂégretl))trg#ns
(e.g., Hadj asfuenads. SA trAndériptien teBflimtion sédushazahayibe oehted B tolthe dddiggd ) : 49- 58
(2001)). "Light-generating protein substrate"” or "light-emtting protein
substrate" &#8FKPEHes a substrate of a light-generating protein, e.g.,

| uci f erase enzynep,.that a i v ate (e.g.,
et foriny and a TSR cAAfiBPHBER S IR, 8604t B0l im R P BaS ™, Vol el
wi t h t ha5addegulatorspfuchras pramgtyrss transcaptianueriiancer AlEmepts, FAMeEiptietnd oxygen.
Exanpl es of such substr?t es ir’icI&Jde .but are not dI i mlt%ad to egana in the
bact eri al Tdmpgq%]rﬁlgna s, and polyadenylation sequences; and translation regulators, suc

4, 5- di hydr 0-2 séfirchyst X ¥ptinRatidiPé fThitiaBbry b tréhstdionza cShinbDaAldro aci d (or
sinply called luciferin) in the Firefly luciferase (luc) system "papal" in
the 5 bi ol urfiihessoerhinding gite) sPawrsices, and translationdersynation seqeancesh fyesters

44:1597-1602, 1988) .and .N-is0O- - 3- a ' wor m

D1 pl ooar di a PRy B e ETbee HxRERRL LR BTy Sy dBSeRRRES 1O
descri bed hejpeiably khlkdhy te pramotie idindited byanamblste, adfactbaregilstory protein,

| i ght-generating protein. "Light" is defined herein %glal ess stated

ot herw se, &ic-breRressiHa proELQters (X hsrs CXRIRSSIan "I’lfe?vl?‘ﬂi)‘“!fl & PRAGREF JerhlY ween
about 200 n f = Q) 0 b f T,

wavel ength o rﬁ(\%lg? g'leé)?ﬁglpg {Q‘%‘?}‘%g‘s‘ 323{%&6‘%&%{)@3@?@%@%‘3@ 6%%12%%03 4

appr oxi mat elogpnstiQtivepromaters. bet ween about 4, 000 angstrons and about 7,500

angstrons). "Aninmpl" typically refers to a non-human [ i ncl udi ng,
wi thout 15 Iimit idSH‘?leTSéfﬁ?Aeé‘ry{? ’§°‘§H%ﬁ°%{gp’&%°f’f‘i"%§“%‘ﬁ‘néé’g3%b‘%v,méoats and
hor ses; 40MBEhLLEsilERMERlatioRd/T Bndiral@Being WdsigAdted 51 RIS b @édondRirRd Seing

including ferrets, hares and rabbits, rodents, such as mce, rats,
hanst ers, gdtsxiomplement. Gausne firgicoding sesyeneming first sigpnd end p seqopdicading

chi npanzees. The term"ani " LI » W\ ! i.on birds,
i ncl udi ng ddifdugcg In %ef&mé’g%‘l'eg“é@%%?lr@gwgu%&ggec éﬁ%ﬁg‘s I'%'%?ri‘{?g‘%s?ggb and
ot her gal | i naR&@OtHat 3 hedirstdind kecongeodiag sequdnédsard inkepposite ovdnkatidfs

anphi bi ans, fish, insects, reptiles, etc. The term does not denote a

particul ar adglativeteachgiigrs | enbryonic, fetal, and newborn individuals are
i ntended,f 0 be coyegk i i LiiBhs a ASHGE ScillPndedBOShARd had

engi nee(rj';é)}j ani mal Xﬁrﬁg}aftés?jp;}ofl%rgﬁge?ﬁg%ﬁrgﬂ%ag?lsya e"%‘?negr ed %ni rrgf'}plg A
transgeni ¢ adiserate frosn tHel whale ntganism widh hichl thé mobacate ig foundds naturee Suechel at ed

organi sm such, as froma Virus L Cr,00r. gani | ant , . or ot her animal. The
Lerm " chi mor fibisalalegolyugleqlide gy bF driaid) i whiale iner of SeAeice ey

het er ol ogous,;gshisicd svithAtiachange. 1 N whi ch the heterol ogous gene is expressed
in some but not all cells of the animal. The term "sel ectable marker," as
used herein, describes a coding sequencejphat 30 confers on an organi sm
transfornmed with the sel ectabl e marker codi ng sequence a grow h advant age
on a nediumrelative to the non-transforned organi sm Exanples of

sel ectabl e markers include, but are not limted to, (i) the conplenentation
of a mutant gene by a functional gene, for exanple, conplenentation of an
auxotrophic 17 WD 02/07280S PCT/ US02/ 07029 nut ati on, such as use of the
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"Anal yte" as used herein refers to any conpound or substance whose effects
(e.g., induction or repression of a specific pronoter) can be eval uated
usi ng t hevo exv72808 mal s and net hods of the present inventi 8T/IS02#702hal yt es
i nclude, but are not limted to, chem cal conmpounds, pharmaceuti cal
conpounds, pol ypepti des, peptides, 15 pol ynucl eotides, and pol ynucl'eoti de
anal ogs. Many or garpolgicptids’ is @s@l in it breadist sensemio refes to 4 oérapownid dfiearbton,
pharmaceuti cal and chem cal, corporations) have large |librariesg, of chem cal
or bi ol ogi ca&tore sylwilging peids. Fating agid gRalegs, prhethprpepigdemunghes. The
fernentatio iU I oyed in
t he practi cgu@;n?{sh%eayg{reggg%?%??\é/ i Ong&%ﬁ%@@é&%ﬂ G %%%’ ‘?'{IEEL

-1 NVENTI ON Befoors uked herein, e tetre “anamacid”irfeertoieithern maturel anid/or unnatusalioo be

understogod that this.invention.s not |imted,t articular formulations or
process gar é)ﬁ’é‘i‘%‘i’%mﬁ’@?ﬁ‘@ﬁ’ ipglydingelycing as’@ b"@hw(b B’E L optical spmezs, gad
‘under st ood tfat, 408 ahAA6E Rl RPUdERSEtREr ein s for the 25 purpose of

descri bing particular enbodinents of the invention only, and is not

i ntended to be | i“Gperably linkedhoefefis team amingemsnt ofecleraenss whereintheri al s sinil ar

i val d i bed i b i i f th
o ecant |y SATPOREE RO e S G e s 8 Ta AR ol DeddI uBiRR] TR Y '
herein. 30 L3ven pi6inBidr tha? RQUpeRioT 11ed/10 4 @adinPhtdubite @¢-RMicpMitdzenéfhs
np

| NVENTI ON The conpositions and nethods of the present invention facilitate
t he abi 10ty capabdenf effecting Hhe-qxpeagsien afthscogingsp@iene, when HePipncs ANHANSe| | of
one's choice._ Furthe i Li

i nvention ala]reoevrléfm%]ng. ?H #%&og%%ﬁ%% CQ%OIE%%E% eg'?kloglgee% |ﬁ§§rs§fsﬁ§ t}}cnt 0 a
target cell codingrsgqueinsensudonpsahaefmetiaetoaticocthe gxpressigithegefiefat i ng
protein as a screenabl e marker {o i denti f¥i transf ormants of %?ghfﬁ"t ar get

cel |'s or or GAAMBles Interpening pntranslaged yel fransc P&Lie-‘lgj%w&f* &1 %’gprﬁ? FYVeER o
screen for t ' | ' ndHE bR dteeseqiericB LM SN

el i m nat es tthgﬁﬁ)fgg&etés%ﬁ%ﬁfcg?ngmgeclgg%tgg?%nenﬁé ker, bf or exzfl:rarpel3 g, indifficult
to trandbor rheadhkidered “opayably sinked Thehel @ doegpeguense. encodi ng t he

| i ght -generating protein can, be rably Iinked 1o any _heterol ogous gene of
i nterest and, acc&‘eﬂf”l‘lbi‘??t ?qlwp%ﬁgﬁy%%‘f%‘hﬁgﬁw ctpé?@’eex 481§ efce%bc?t er for
successful  tyaRs{iebBRiHea s tRe ©ehdiquéstof niditulte bisiedy) Geriagple byl i nterest.
One aspect of the present invention conprises a nmethaod of introducing a

pol ynucl eot i deningtRCR awplificationaplasmid isolatiam 8ep offexpressian sYstemy ete- The get

cell. In this_ 15 nethod & ' ! ' : popul ati on
of cells is FPRafsampFRt é‘ggg‘%ay‘gﬁfc‘:?%B?Juté‘g%{;"%?‘}r‘ntﬁéﬁse@wjﬁ e”%“’T‘Egﬁdi tions that
facilitalpe t tiak proaficdd 9 P@ression o€ atrécdenbinanapolyaadeotiesubpopul at i on of
the cells. The polynucl eotide of interest ¢o i, SEes | i,ght ..geper at,i ng
protein coding sed{f@ﬁ@élnaphh%ﬁée@nb(s’&?tr@ §s tﬁfsi i GAE ﬁ@%smer%?pi%ﬁgurﬁfot ein
codi ng sequejce ' ' ; IaRisn®- o St deHQidegr ase.
Nuner ous ms*t%'g)i éﬁ%ﬁsﬁ&?ﬁgﬁf ﬁ%@g) g@?ﬁﬁ% nggﬁl)ﬁg&gfseoti gg?sﬁ?’nto a _taer get cell
may be enpl oyidtired asainitgilobyr emtitiesyare ubédninteechanggablyh end reif¢rdoicelds which can

|'i pi d-nedi ated transfer (e.g., using.liposomes, includi neut.r nd
cationic |ipPdsy ,{‘a‘fﬁ hegp.iu Fﬁ?&fﬂ%‘ﬂ“f for é&f’“’?ﬁ“@%ﬁﬁ“g&ﬂ Sﬁ?r tr%rg?qrﬁl\llj& on,

m cr opr ojseCt il HnbRAD He B FHny 0F tHb origdhA kIS Which/Hak BesiStrarsfiithedsItNA particle
bonmbardnent), co-precipitation (e.g., with calcium phosphate, or 25 [ithium

acetate), DBaidedsoad thatthe progeny ef hsingled@arsnial e¢ll meyingt kegessplydieer , and vir al

vector-nedi ated transfer.. The | at | f G } or a
subpopul at i 0?10"6?16%@1 flagﬁfcﬁgln %3@@8@52%8{&%@9 Wg@%ﬂ(;ﬁ%?ﬁ%gﬁg%&%ﬁ Pﬁ?ﬁp ér est .
These cel s gfiginhidRRédtfduedo Biciddnedl or dbliberaty mutationp Pesgeny bf thei phintgerbr at i ng
protei n codi ng, sequences whi ch conprise the pol ynucl &gti&% of interest.

Li ght producwhighase suffigieatly sigyilar tathe pareattio hepharagisrized oy edgleratt| s are
cells i i ch i ' b&ﬁgg ' f or med
cells. gﬁ:‘ghmﬁ°§’ﬁ?§%‘rﬁ8‘g%cﬁ¥%%é g%soqgr@@%ﬁgﬁg%ggﬁ% gg to p? g?f?ﬁg pEpAdE:

subst ant i al | grefib¢ledeiinale pogény. imntended by thsg definitidng And esduered by the abovet or
exanpl e, by geirrlnlélti on or streaking for single colonies. 19 WD 02/ 072808
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PCT/ US02/ 07029 Furthernore, organisns bearing such sequences encoding |ight
generating proteins could, for exanple, be followed with in vivo nonitoring
in vari owsonparesm of infection or used in the tracking of PCHUSEZ92Y and/ or
pat hogenesis, e.g., in the food industries. In particular, it wuld be
desirable to confer such |ight-producing 5 properties on organisns that are
resi stant to any Tastaiidusesifer (mertmmmgnudemhod anf@minx a¢ip [‘sequemnetidentity”

St aphy! ococ BB 8 i Treali APUER e R SBRROHTE et ab o

markers. O Iﬂﬁéle&[&%@hn?éﬁée BhinemRNAYSHA geﬁé aﬁﬂ/d?elemimﬁg)ihe afins aafier

l'i ght - producing properties on organi sns such as Chlanydia, Treponema
pal | i dum Heéqwb@m&rmdeholreby, andcomphBng mSQﬁﬁgumogw asecend ayaleatidefarcul t t o

mani pul at e and whi. have Vi.Qusl v, n,a [ maceuti cal

i nter ven$| o AMIAG L f‘e@élg?ﬁe ﬂ\%‘ﬁ el ﬁf@gi hfaeger§ ﬁoegﬁg’%goﬁucg?%@ﬁds and
‘expressi on gagieAidetst anfing acldn@dhﬁmﬁ&bd UrrdspoiaitacOPRim o Ipiiddotidesgros on
cassettes containing Tn4001, Tn9l7, and the like) to facilitate the genetic

mani pul at i omomemr@eﬂqﬂme%respmtéﬁeb’s tTwe pCmoKks ssguenses (Relynyeleotide®t ed t o,

G am negat | Y bact r Eﬁ: j ¢ « i ot

Gram positi JERTY r‘liagb °gﬁ\pu'%"%3’ rel at ?%rggaﬁgﬂscgn%t 1%%@ 'asmgﬁ?arryni a and
Treponena p@&dntxmm@méqmeer ydicther mudeinasidor amido aid yemence,iintheudi ng

Candi datlgl bi cg@s aélﬁd gt,t{ggtraﬁ%(bel n orgp;ggg%gﬁgq%ﬁ f@a&’éf tge;lleent' o qe/l at es
t 0 constl? uctymMOHRIHXd fwieans I ention
| ncludes e Rel NEGIHBE &d%&lﬁﬁb{ﬁ%ﬂd@%ﬁ ég?)-ﬁmafé)a{hgt%ﬁﬂpfo? nﬂcllsié‘%icf@r ase

derived from Photl hus ralis e’re engin ng of | uci f erase
operon i ncl yeqmncdsds pmvadqilbg'ths ldcethhm(ﬂcgseajgmﬂmgwfrﬁamttsamd)Wallmman,( e.g.,

ot - goner Abages aaephed auieatiicd 2 38748 BTN RRRRRIER b EaIERCE,

organi sm by (yRLARAR &Mwaldes by RSingthe dcBritg mMrga‘ déveR ﬁw by DayBeifoAtdshe

present inventi on. By way of exarrpl e, it I's known t | n_nost eucaryot es,

CTG codé$§ f oaM-OeDpyhatherhi 2sPPERES Bodrds Nabienalhe” ani no

aci d serine. . f or I W3 Candi da,
it appears t%gwe?ﬁgﬁfﬁs oggﬁrgéa?lﬁg’sﬁg&ﬁc% 2? q{ucﬁ?g%@ﬁﬁn%gtﬂ}be nmut at ed
to | euci ne- ER@RRLNINERNEAE REs. (14(6):6743-6F3 (mse) r An exgnpleny ielémeaitdtemase

operon can then be inserted into a vector conpri si ng.one of re of the
fol | owi ng opdithipalgoritham tydetermipgpereent fdentityof é‘rﬁ?ﬁkﬁ%g ispguidsday the 1 ) a

(e o CC ol bR o8Bl Pim B 5 G5 S cetiled o %@ga%%’m%‘%“e et
By oty o By ot oo Coape o e AL
Egr%/ai n megﬁ@%é%‘)ér%ﬁn ib&ﬁgﬂ’aﬁ@@ﬁ&ﬂw@?ﬁ §?‘é’ﬁ%e§) f1 ank

the lucifer AGfouf PRagiRon, Swhy) RPRIEGRId AEREEHS estdbBishiRy pRlckRNdéftitpimet 0 t he

use of pronoterfess l'uci f erase cassettes to transform organi sms of interest
to a |i ght - pronttxtofihe presantripyrntion is totuse the MRIRChlepaskagec tl%ogfﬁltné t he genone

of those organis of ..a o) it hge occurs
adj scent art% 8%5%%8‘%& ré?eg‘?’a%‘?é}f o? Eg?ﬁﬁ%ﬁa&ggwg‘; gﬁ? sm or ex arrp}]qlﬂe
pr onot erdses sg | SerrdiE aad Aistrébuled by LidlliGasdics, itc. \@huntaseViend GA)X EFrom 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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10 the Tn4001 transposon, and cells of interest were then transformed with
a shuttle vector carrying the Tn4001 | uciferase construct. Transposition
events sufpgefumepds to transformati on resulted in integrati @TAfS02/67929

| uci ferase cassette into the genone of the host organismand resulted in
the ability of the organismto produce light; integration of the otherw se
pronot er | es BLISIEMER eDEetiptichsanS@sdquercedy sontiyer HHEHLBMOREy Detatlests £ S host

organi sns having a |ight-produci ng pheno . Usi ng thi rpach several
di forent qeerelughans Gemiek: T EMBoE 0P 5 PR & Graban Cogy it tations ¥

| i ght - pr odugli NG, &4 ' [ %gg Ing- ts
descri bed h§bhg¥r{)r§eg@1e,§p%ﬁ%ggi'l ESgéa]%‘l%rBi;tSHg pl asm dscaggg ﬂ'(t;drtﬂaa?stg(&)hgon
const ruct s) feliowihg intamet dddcess:rttp:/Avewinchbhim paedidmBLASL., a shuttle

t 20 dt b f t ili t 0. th duct of th
todi ng) sequance. o GeRForadt  appEniclrendelahGirBhS B1oS: prEgfnIEHfibe foms"®
protern. al s SODEEES of Bitodhid d fabtiétadrodius .| 8BblybéptieCBolei br RNATE! )

upon integrati the coding sequence o erest, (e.qg., )
| i ght - gener &iypirgliprtbe tirm “gouti nyclodessontrel seputricasiasseciated with the exession egi on

in the host | | n n_qQne eGt, 1 0 [ s.descr . ein
allow for t ﬁgaﬁrg‘g‘}éﬁ}t‘? %Hnoﬁe?ﬁaléﬁ S ﬁ%ﬂs[}?lt GP rsbcﬁﬁéossﬁtg&tgagge?lg if e

gr am posi t i wenhaebehn Soparmibel, Ay dfike pélyhitentide sepuehsd¥rlckdribed harin magel s.
Many types of |ight-generating protein sequences are useful in the practice
of the poesdetusedipadentifyi lasger I%a@emgﬁmrcfallﬂsngap@quwau?ws akhe#sassokith n t he
target organi,s 0 _Th . Vi L1 1 r
i ntroduction IB{EH ng F";]eél %§%é¥é£(wg‘gfgﬁgﬁg@8ﬁ%§aé%%% neng%eq?ﬁ%cgggfgpﬁ O%t o]
target cell soids@optkillhetheaed for a sel ectable marker. This is particularly

useful in pathogenic strains, such as Candi da or resf stan(i b%ct[ari a, where
there is no avai |Hsidesessof seapsnes relatednpss betwecntwoduelecgqe moieculegy,

02/ 072808 P : f ' RedehWGEPmeaetles.bad
herein to p%@%ﬁ %Qégcﬁort ugrﬁfe?gﬁ fdgihggﬁ%%%%&t}leﬁeﬁtfﬁ)?e_gr at i onmof tﬁe nucl ei c
aci ds. The rpastigllyiidenticalghicleir add séqugngsheillot yeast pastialyhinhibjt dxompetelyi t ut i ve,

i nduci bl e or,  repressibl e _de ding on the properties, .of.th Q regi on
bei ndl vhi CHIPTIER. seaHgtSom LaLErver  ared mincemls. dauf oy FaPRifRAR

successful tcrf%ﬁbséd?ﬁﬂ&tegﬂaémicﬁugéau&rrc%m B6 B8dssee ubing Wadridibgonh@sayaeiht f or
|

exanpl e, to screen candidate effector nolecules in vitrg and in ani mal
nodel s. Cel |ase (el knowoni the)art (e, Sexthent blof,iNgrthep blatiselutian Aybridigsionpple t o

the activity, of. pronpters jin e i .1.an i tify
effective pﬁg?hﬁ'géﬁ‘?gﬁrg rogg’eegtég’. RobulsF O ﬁ,' A Bl :Qm& Fgletﬁﬂl i ght 10
product ixpn arftiss §Uog9) Aol SpingeHpdot, RN )al Sueh dssagntandie aontneted usifige
experinmental aninmals are then treated with a phaynaceuti.cal. agent of

i nterest. Botanyingdegrrpmeefiseicativity, 401 skamples Heng fen B?ﬁsrv&rg“%ﬁB"ﬁ]BW tPg\l%tH for
| i ght producti.on, an act | 3 j I j Bl
exanpl e, extﬁttﬂ%%ﬁ’ngﬁ ﬁhcgmalgﬁlél ?@@%ﬁ%&%@gﬁfe@ Aﬁgdﬁe%\g%@ﬁ% gg%(ghso}%e%t he
present i nvesthdiag chmbé agessed using h secontiaryiprobectiiat lacks(eivpn & partiet degresef a

i et f I ;o | udi G iti teri t i bioti j st ant
or gani o, CaeBesa Manily EBEENATRLS, o Frobe Tostng tRseRa SUC PefaRaRsp |RRRY °* 2"
gener atizyg P fh Bl tafePrdRehR] shéh tha) $ethieaBEsHES bIsh-SieBHIY Bifding Whértd) thd or

exanple, permts nore sensitive detection of |ight produced both in vitro
and in vi vo; secondayy po®be ik gothyhsidizefto thetarggbset te i nto the host chronosone

such that the segygnces..encodi the 1§ I I i .

operably |inked t%‘?ﬂé‘f‘h@@g lﬂyﬁ%ﬂ%&&&éﬂ%F%ﬁ&?@%&%&aﬁﬁ@é@%&?ﬁ@? ggls

i denti ficatigpsef tHaf Rekpldmdntay ko & thrial npaleltagihegquaice pard theraby eelédtipht

production from such organsi ns at physij ol ogi cal tenper tureis e.d.,,

37C 42C). Spetarpreprisgeandifions theprobgankihe tangel sepieass ‘d@f@“&? yh B“‘%F%s 8ht

inventiog, arg. 25 di | : j 10L& gt isRendplact i ce

of the p eseﬁ’tngi tﬁ%@%@?@?f%‘?ﬁkt@yﬁ%% 31/&2?% oy Irilﬁé:lflégg{l?{je sequelncgps

encodi ng | i gbf hydeidesing seletivelytteanargetiequenas undert ‘medeiatdly stgiogentatypilly
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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30 reporter proteins described herein, expression can be eval uated
accurately and noni nvasively as previously described (see, for exanple,

Cont ag, Rvo®Rm72868 al ., (1998) Nature Med. 4:245-7; ContagpCTushRA7022 al ., (
1997) Phot ochem Phot obi ol . 66:523-31; Contag, C. H, et al., (199S) Ml

M crobiol. 18:S93-603) and descri bed herein. 22 WD 02/ 072808

PCT/ US02/ 07 @ity with ehexeedice of thelselected antleiaracid prebd. i&hmggamgba'dlza@oxpr otein

is luciferase. Biolun nescence provides a rful reporter. syste
studyi ng ba&erditigns typically alipy defepion caftggetpg\cﬁeﬁq q\éseogeg% ofas aStE‘E]BH‘tf erase
Is a term aggljy gﬁmie%t.agﬁg ﬁaﬁng OVIdgxn&fldelw%?grewmsﬁ%bm96395«%%e the

property of producing a 5 substrate (e.g
| uci ferin, mathghebequened mfahg/slﬂecmed mu:llmmamdpro’oe) Hydmdmaemgyombtmnsels(:ﬁllg :

ATP d . f be b fi,ed |
euca?;/ot Pc Hﬁ%f ar’fr’]‘é‘?/g’)é(%eg ?‘?}é‘ﬁ%g‘gﬁé’&e“{ﬁ‘%srg &?‘Fe"g‘fi tr?f%gt 8%6?%%%% f Ig%rﬁ‘lﬁ ?’% erases
‘(encoded by sédgféng@ﬂi%ﬁf)ity, (%ﬁ%rdé%dn%éd% iid ﬁ{oa\ﬁ?m(thé e g_se): fob ekanpleaANhdleigncoded

by a single (see, ’ _ t, J.R et al , Proc. NatT. Acad.
Sci. U S A M Bridiza Al Pra Aprmoach edifors B Wﬁﬁdlﬁﬂ Higgips,  Bi ol .

7:725-737). R ' as s typically nade up of two
subunits (a(d? )W(angaaié ﬁ%l%ﬁ?fges?)lent genes (luxA and IuxB) on the
| ux operon. Thr eayphh&ped s SEingéhcytondifiefiofor hybridigationyit iDvaldindwik krthencode

the enzynes required for bjosynthesis of the aldehyde substrate. Bacterial
lux is [bﬁes@ﬁtthath@@f@%qﬁlubialﬂnH?ﬁW&@éﬁﬂn@%P@Be%é)gf‘éﬁbbéh BRarticplag (e g.)

Phot or habd | .
adgl 1(:)|r oﬁ ;r%mql%?%%g9£§%§%q§%e plpn’ung&ll Sovgfa%(f‘??rfh%l%fggl??rgp?l scheri "
strain Y 1, Mﬂ&a@ey&hhwd Ibasy comapiitioprof e varipWE8queacespybst r at e whi ch

emts yeIIowll ht with a | anpda nmax .Qf 545 nm when acted on by the
| uci f er ase éﬁE‘;ﬁWa"%f’E@“%qﬁﬂ‘?f hy\’“%zat“?-ﬁ S°é'1‘“°“(°f§§1§’}’"’%? gg@?ﬁse’}ge or

29: 5509- 5515,¢d 11 3PBlolfing %EBQE h AL LR utibRY &Y. | RRmafltR, dextran

| i ght-generating protein uorescent protein, for exanple, blue, cyan,
green, \8l| @udfamnm&mﬂydthylmeaglymﬁ hpbmlleatm re&wertthﬂﬂ@}m ang!drmc ating

protein coding se uenc are_ conmer |aI 25.in ut not
limted to, PRFANSLENS) W‘ﬁbas’ &?’ymge%?f‘ ?Q‘ s&kfﬁ?ﬁ g4 H%ch@ %ﬁaP
sequences f qfypliHhfie] SRt 1@se‘l’e%’féd%}lo@fngfstdﬁ@ﬁﬂ-iﬁ&ﬂédsﬁh(ih@hrﬂ€s,ee|fBﬁ' udi ng,
bl ue, cyan, green, yellow, and red fl uor esceRt r ot ei ns. Enhanced green

fl uor escent qxam’pm, Sal(nE@él'e)et\ﬂér Metgculas Clonipg: ! S6eeAId an systens
and tend to i bi f e than w | d type GFP. Enhanced
fl uorescent @g?%u(k%@)ﬁig “%H%’ﬁ ﬁfgg green fluorescent protein (EGP),
enhancedocyan f | ugmasieRciddodiising £8FFMEd sequénendtanatguoirinuoleic dcidsr escent
protein (EYFP). Further, Contech provides destabll zed eg{gan&%

n? rates.

f1 uor escent ‘[sReadesna comesppydipg plypertideips RINA Rradret. ré’bieﬁa'f‘

The shorter f%me% [ Wh hagdd ¢ 23
WO 02/ 07280%&@”%5%@?8%‘8%? pﬁ{d:ll%ggﬁg as nquanﬁlll%ﬁa;tﬁl v@?gpopﬁgﬁég DsRed
codi ng sequesitespards tcathzeiolpaxb kcfadmlgcfran@l okg aother example a DNA sequence can

(http: I/ ww.cl ontech. con fo r ctorsDitext/pDsRed.txt). DsRed
is ared fI LR%C@%Q:%H‘P"??PB'E% ‘.ﬁ\‘lﬁ'l& Bi{ﬁ‘gﬁqqf’ﬂc%tudl es. Further,

Fradkov,, etq Afﬂlﬁteg g ﬁere&%”%fa&vtsla ol HRERSEENSS IREcALbNfrAdrAt

Di scosoma coral ants whi ch possesses a unique far-red
fl uor escencethedéﬁsﬁhtgmns essamialiydyee, .87 caiBaing REYUIpR aborrNA”s eeferably, IEEENBANK

Accession No, AF otein A S 6224

Pr onega (wadﬁh%ﬁb°‘\%\vz7§’37‘af‘€%m&%?ﬁ Eeé%lf%ggigtr%{g%g gﬁf %??% ﬂr? f}’}rl;& tp%ﬁh .
luci ferase (#hepoBnaskbide @mmemtyasmtm TdehnigGes3foy porifyis polﬁurcﬂdfmﬂes codi ng
sequences for a nunber of fluorescent proteins are v%ggtllgngpt fro

GENBANK, f orofdnterst are welkkrowymin the At and ingluge oo e he 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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AF080431, AF292560, AF292559, AF292558, AF292557, AF139645, U47298, W47297,
AY015988, AY015994, and AF292556. In addition, further |ight generating
systens mayobensmispl oyed, for exanpl e, when eval uati ng expP€$RiSe0M020 cel | s.
Such systens include, but are not limted to, 15 Lum nescent

bet a- gal act osi dase Cenetic Reporter System (C ontech}. | A Lux-Encoding
Cassettes | n oneAdspetot” isfcapdbie ofitvamsfernng gapesequeassavttargetomsitp (4.g., migal

ol ynucl eoti des encodi bot h t he structural ,and substrat.e-encqdi nq | ux
ge ng- pr oducY%Ct%fF’é’Oﬁ'r'Yiqus‘Eff’rszﬁa Walei RIS aB%ﬁP%ﬁ”era)s‘i iﬂgfﬂ&@oh v?ﬁ&t he

present i nvesid AR hedR 1 aRBRId Ri®ddididla z!itﬂélbf@ﬂ_ﬁ'fé?ﬂn% bB&ulehioes @ frtsrest! OF
exanple, fromthe wld-type CABDE to AB , and inserting transcriptional
‘and/ or tr ansitatargetatlls dNedlet asidgygetorseean betirapkientlyepreheid émotcepable of t he
target organi sm.in which expressi.on is desire bef Qne. of re of the

| ux geneé, EBhFEen 'Bﬁartggtecehg‘sﬁfaf’f”ﬁﬁt Yegtors é’P}f@gygﬂ “8%@86’&?"%8‘. ﬁrﬂioty to
‘produce | i ghiplichith tRit cax Fmdtidn iMiRNargsetll Br dritewhich d6ésioTHinctidn @hder

Gram positive bacteria, G ampositive Shine-Dal garng sequences are inserted

upst r eam of certain eenditiensde thedatsstcellge gondidenal cerigin of repligatimat i on of ot her
or gani Snms appr opt . tr i pti , r iLanRal : Eﬁc%'ﬂé: nt

sequences may be g%?%yagg %g;&g@?h&ggé@g%%ﬂ%eag%tﬁ ﬁlg?ﬂylg? I'c ceF{Tg, Gram
negat i ve ShiiiectinglthaéxpResipudncegudnoe ofpae of epetesty I hgGuolegaatidns) . | n sone

organi sns, for exanple, ,eycaryotes, each_ af the | uyx nes nmay be pl aced

under the tFmﬁts#qerqCMamche%ﬁtarns?mewef %yédaPa?féblﬁ'ﬂﬁgf 19y the $eakeneEs RBCPE

cassettes e ] I | i " nes
g?ﬁg@%f %egtg /dthlsﬂj&inftr%f élf.ﬁentg Wa 2 2&39e§eﬁ?ast\’vé]§ YRR bipleE T Y

necessary f 072808 PCT/ US02/ 0 the synthesis of the | ux
| uci f er ase' additibs to the eompounndiedfiahezxprassion dasseftey thepigsyeid cogstrusbmap(ajso

extrinsic requiyenent for, biolym.nescence when such cassett are.used. In
a?(]ot IherI as p@%hj‘l“{‘?fonﬂ‘?é“?qwe?f!tt? ,°"515i§ 03'5??1‘8@"%83805 Tore %eieézg%}c[rgaré%ﬁspri si ng
light gener %}siéfﬁl Whizh al1Bws B p18knSia QURRRREto Rt a@gqagnglsﬁan@éadbm (el d uxY

gene to the | UXABCDE gene cassette results in broadeni nq_t[)e range of
wavel engfh 13 origin of miplicatibndue inklipls Jpuing side ead @& masvpglipy” oRgield end of

the visible |ight t G hat - th 1ight i |
penct rat s PR s TR0 S RER o BRI ERET DL avel engths.

sel ect ed enbodi M ‘expfeséibe cassuABGompgiseranganBrRid &idorishractpridelecontaingent i on
wi Il therefore additionally include the |uxY coding sequence, 10 as a neans
of increasi mglymueleatidegane(s) oy segpencs(s) canpblepfdeins eBressss 18y Bllol uni nescence
as a report . ]ﬁ,?DQI v in aHiER ;ﬁﬁgéﬁﬁg LerProvi ded. \Wen
used for th?@ﬁ%gﬁg?g%téggﬁao ;é’nl{lggm t \g{gﬂ@ gani srrs,%éttlﬁe)eolruxAB cassettes
typi cal by ceeqinte(s) dhiakrasnatlditional tiansaipiiond] ahistegionalter ofledr scgulatbeyrared t o

as a "Shi ne-Dal garno" 15 sequence) oper.ably |ink .upstream gf, egch of the
pol ynucl eot icaéggléh%Bmt%é¢°§3°AS%H¥ e W@W@BW@ ‘Pﬁ’ea tvreﬁ{‘rf’]&f o?’ﬁ%ﬂ on of
ot her or ganicﬁﬁﬁnﬁﬂ‘pﬁppé%%sﬁoﬁ NEASE? (iRL, 1 20MakIeR UM PéxprésaidhvattoPalorder to

enhancenment sequences y be enployed (e.g., pronoter sequences, Kozak
sequences | nrassfenthgexpressien tasset@rinto targghedldse Shi ne- Dal gar no sequences for

Gram negative orgapisns). klost arqgani rryi : e 20
exhi bit bi ol um ne‘gc}é‘?ﬁgz’ Sin B?%U%&%ﬁ%‘gﬁ‘f%%é;%’s@‘?%‘oeﬁ’ggﬁ"ﬁe@%@%g’éﬁﬁ rate.
LuxAB cassetrbssated@Mriént Rhgbes of rRloehtingofroth wbk penaizdoaustto whétitert (ban ffoanad in
previ ously known constructs, 8?“ cularly when expressed in, G.am positive

bacteria suchromossmabpeinbtognether ghromosipilRodrtcorstrony 3 episamabPUR{®eénces of
the | ux encao q 1 0 i [ t

or gani sm F&%%Q%%%Z?&gpvgﬁ’ ?E%ﬁsggéﬁgﬁ%goggé %%{[Cﬁ)%%??dgﬁ% Beg%giwaof a | ux
gene, appropmiridinenddris prasenbimvelitome a “transposoncasdelte” pohppsepaimioinirer e such

codons are chosen based on the pref eI_red odon, usage in the tare%(tet
unit required for transposition (e.g., first and second transposon iverted rep

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 internal polynucleotide sequence, where the
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organism Mdified |lux coding sequences have al so been described, e.g., WM
01118195, 30 published 15 March 2001, Xenogen Corporation. In alternative
enbodi nery@ 02/6Me0ssequences produci ng two or nore |ight geRETAISILEN029

pol ypeptides producing emtted |ight at two or nore wavel engths nay be
provi ded as the first sequence of interest in separate transposon
cassettes; trhfspdsase MR/ 1OFrISA8A RCHLAISHIAS BridddBd extenmprsha transpdedit es may in

turn be prOV|ded in either a single vectqgr backbone or jn nmultiple vector

backbones. Sastita(§s Opisideof g tWadtranspesop dnysrtsd u%atsfﬂﬁnk’é‘;gé%’r"éem%ll ngl e

m cr oor gani I

Mventi on, RHGPAOBRIdhbR e iRl ARRRRY RSl el R P RAB ot ng
.pol ypepti desvwb radertbd espieht dequgricessflankiiig ar iaternalaegore nfhemterdd.region newyc odi ng

Cassettes The present invention al so |ncI ene cass t s, that allow for
expr essidn sPntandEanspRsase $qsing seAuce apd/gr ?&Fb‘?ﬁ“@@lef 0 t QQSCEHB%

vari ous euc?eﬁegeh&nbp%ra RS el E@fé‘is BeRiokde Mk &%yﬂ)ﬂl@mmm ally
avai l abl e r exanpl e l'asm (Promega, Madison, contains a
Phot i nus py quiresantsuhe frmeascbrepéatwahl gmmwembwmeat,aseprsmtﬁliongs gefollowsave

been identifjed n but limted to fo erf
and KI V. V‘It)éllé’i m, E‘?flfé%f reﬂgese s%yah@ggaselggg%e%tr%: Sg% %%9 fgwr%lazam ,
J., et al., -lthpSIR P&%@&&hts@@t anotiRP ¢mbd@imens Tapdbld SF 1h5uﬁﬂ@frwﬁ§pﬁsﬂ;8ﬁ7 S.

Zenno, et al, "U'S. Patent No. 5,bl8,722; K Wo S. Patent No.
5, 650, 280, insskiated lzsztthRyseqmes KEupthengrquences,s’ apéﬁeﬁf thegnvested sapegis1 |

i ssued 24 June 1997 29, 285,
i ssued 20 J& df&ﬂ Tﬁﬁ&%?&g%a%{ﬁ%@?gﬁ? o %E&Eg%%oﬁ%aﬁﬁug

5,292, 658, 'tﬁa‘-tlllﬁffuﬂctMifaﬁﬁnth orfhnlsm Go6re tﬁlit 1an£baWve dndelgnm,g U.S. Patent
No. 5,418,155, issued 23 May 20 1995; de W 5 é Cel | .

Bi ol . 7: 7251mgspositmgan thagorgamism. 1 The teméttrQ}SPo%PbéNP‘t‘??l BBTeéfHﬁ%a Ling

A3 161° 1630402 randiion RRntetraltd il thebell' Sk, 244:700702, 1989.
Anot her group 0 um nescent proteins Inc es |ight- generating proteins
of the aequorin fjarrhglyt geaemhgprotim” “hght canttmgaroichéris a binluBiesgeRs or
(1987)). Luciferases, wel as ae uqu lIecuh egfgpg Eource
of energy, i@%‘?ﬁ&ﬁ“d&mmca %‘Bgt ItW‘éa Yalthg Tansss MR GEh as
luciferin ory 1@9%@&&&%%natﬂ9vmﬁw§§bct%l 21 ¥oRvekh aphroXirhatéllyfa0ame snd
typically have em'ssion maxi ma at about 55 nmM Numerous variants with

di stinct eniZ6i om)meBiclntinescerd| proteiese predugeli kght thoeughy anphemiclarsagtion and

Nakano ( Prot ei 93, 1991; U. S Pt

asued 10 I IpeRBSFaNEiakiF PR G ERaIRY pitess PO PEGDy et Prgtels o,
singl e 3@l NG,ragicd 1fhe iE6Sgl elabrhlish MldPreCemisdian af Hadtitioaarh asartingreen
sequence. The variants have em ssi on peaks of 558 nm 595 nm 607 nm L 609

nmand 612 rfinorgscyetnroigingr ExaAmples pf Biokumingioenf Ripteinfiiadids, bRealk not limiisdt 540
nm s commergi g’él y%légl%\/\ol&gf%zg’gqﬁléo CHatb0thO4ES i ﬁﬂésaﬂloﬁa.ré'ﬁﬁ’é"(g orrega

Madi son, W n ATe umferasevm an em sSi on péak of
about 610 ndecferndEmFerhedbd)faﬁd eecwymioe(,e g rﬁraaymlmgemdad or Beﬂ:ﬂ%}xcnﬂaase)lvted
4:245-247 and Kaji yama eE (1991) Port. (gg (g g & H%
sequence of Iyciferaseretsavel G%Y?T\'ﬁé‘&F POSSFSIRE YRYiF ‘hﬁléqr? pptigq] brope H’S’bsélg S

describ ra$SNRA o difce R FeOR &ﬁ’ors /éygéﬁtg@%b R4 afia) NACARISKAIRO, E.,

AAGH409 I'n the constructs and net hods déscri bed hergl n, a eucar tlc
| uci f er ase |quwz&fBagatvleryngmtﬁ)169b69éélﬁ9dé)t and)‘c‘nmtqmafgelsr’efm example,ifeledina odons

f d I f b h f
xanpl e, by SEHHEd; A RAEeRs dsioULas DraBade, R0 Radl A TRET B w g

Web at 10 htiyndol Wzbe@ys@xamplee/o@mafdscenfpfotangmme but dvendi Iimltedheo codon
CTGis expressed as a serine resid e ln mane/ ot hg‘g euc r%otgf
E8rditngl y,

(incl uding Pgrepyrygllow) cy@rdlyes a&mdeﬂwascagt proteicierte Hadjppjgpaki
it is p;ﬁ err.e zt%géemc@lfﬁgPQ§5g94§%% (5)00 ﬁyr alis be nodified to TTG (or

any oth co%lc} I's"expressed’as leucine in Candida).
“Light-generating protein substrate” or “light-emitting protein substrate”
describes a substrate of a light-generating protein, e.g., luciferase enzyme, that

generates an energetically decayed substrate (e.g., luciferin) and a photon of light
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15 A preferred nmethod of site-specifically nmutating a |uciferase operon is
by using PCR Ceneral procedures for PCR as taught in MacPherson et al.,
PCR A PRASH1/6A808APPROACH, (I RL Press at Oxford Universit pCPUsSex(70¢9.991)) .
PCR conditions for each application reaction nmay be enpirically determ ned.
A nunber of paranmeters influence the success of a reaction. Anmong these
paraneters @ffically vaittheladdgion@fan eatrgy cowrvel suchres ATRtoz RMNH2! andeoxyldgd+ and
ATP concentration, pH and the relative concentration of _pr{,ngqrs, H npl at es
and deoxyr i EéﬁméleéGE susbgubstratepinelpde, but fremet '("é‘.‘tﬁ‘? to, gesagalindhebactertal gi mer s)
are describ | Ok 2 E%é 9 : { J] | r | b Qg
fragnents cgﬂﬂ%ﬁ’ d%? ggplggde %56 gﬂg%ogz e2 gée[fzggﬂl%gy rl)()%ﬁlg?%dslfﬁsar?ég F%V\g%Hb;(/brn

-vi sual i zat i eimplyt talledhhifarinprimnthdeFisefly duciferased (/R8) systemyi‘pheal” in the

U T ugi nasi ony Lo o t e eaert b .
Exampl oo> anBiolPBRER e ToPrortenee: i 1 peRtin 610 088 .
‘mut agenesi s 4pf Iﬁ’;isoﬁﬁélfégié‘mﬁhgﬁr%ﬁﬁw Yin theCedrfhan@ps Diplb&irdial foRgh dybemaN no

aci d sequence of t sulting protein. Another nmethod for obtaining a
modi fi ed | u¢Bfcehersel 5:5001ah@ml fif)ade sewie systemg s dgsaribetl ierein, addehiide 83A no

acids, foll owed screeni or. ¢l ones. .exhi bi.ting efficient |um nescence.
Random nut a&@ﬂé@fé %@hs%ﬂeg%r$8[1ﬁg§eanﬁl %%fg%f"e, by generati ng
ol i gonucl eot i de( s jdH’ {saRHAGA Herein| BhleédWattdoBietwibdAs sRauemagnetie fadiatin

02/ 072808 2. Vectors PCT/US02/ 07029 The sequences encoding |ight 8ener ating
pr ot ei nd0camavingrs wevelensth o6 bewiesn abeut 208 (384 &or Y¥eC) and phout 1100 nm

transformation of. a . ; rLibed in
the. Exanpl 4o ByauiBrd” TBE Wi Guun BRERLA LB Fhe B R o Ry 3P unE S

di vi ded i nt Qo tapproirbteB, 750 aidi(Re.; betseenoatdut 4l amgitromsnatdeabamnrii,300i ng
constructs. In certain enbodi ments, the constructs will be pronoterless
{e.qg., trans&‘pé@tﬂm%huttl e vectors detailed below). In other enbodi nents,
however, the consiyyhrWidic Bfelsids 3 RORARMGR BRFHAEN HIRIAE A Mithout nked
to the luciferase sequence. eferably, the pronoter is active in the
target @6l | .livhitation; daren fanimals onelh asncadtld, ashgept, piggagoassnandyhdyeesi dlomesti¢ ed by

exam ning the prior art associajed with the target.organism(e.,d., as
exenpl i fi ed BAINHHSt ?HCLC%?n P&Fa §Ftﬁly\1]a§’|pfa}?ryf i"ﬂlf‘ﬁgr mtciugﬁkgcieirf)eh’o}gaﬁs Ay or
translati Ong;hbtﬁ&,”h‘;d%hts,e 'sﬁ'apﬁ& $idd, Qatl] RirB6aR] YerBRS,i aRdodin@pighendrah@gain

organism 15 Constructs w thout a pronoter associated with the |ight
generating [prohaes; incdidimg chimperrsess aFhe teswf (Animal’ may s inekides Withost or s

when integration.into.the . genong of. .t ' IS | this
S tuat i on. dprdiost bifdb e REREBREsub B4 MO G SHAN kAR deafifRht B,
product ix@n i sddRRGEBMacssust Bifls] MickE) @deb@anafthd tike,|dsohdll gemmplibiang, fistot ei n
codi ng sequences adj acent an_endogenous, active 20 propoter. ﬁlctor

constructs Cosacts Mepiijess ueipr pl Berderar |dess npf &ﬁPOtﬁ%éP‘é’ccPH‘g 3ot HScHlhg
sequences nmay be l.in | |k ' fugences to target

i ntegration %?bré{oglﬁ’etgfb;’iagaé@ﬁg?nﬁcl ?lg}:dgtla %ﬁ%@""‘dgﬁé |%°t%§gr ation may be

medi at ed by site Apeahdgesicianiragl a¢fesno aeenetically enginteredcarnseberceffspriagtofwi t h
a honvol ogous sequence |n a circylar vector; or .a hqpol ogA(d)us recopﬁ{i}naa ion
where two cresssteally cogmeesd AeLTals 1 tr_%sgég@é‘mr?%{lqsk}a Yeprat e RalHRLIY
segnent )5 Al %ﬁt%@'tﬁ'ﬁél ted ! drB&AEm Ouch! dsCHbAa PRAS, HHietRREANIRS, plam, e other

i ntroduced that randonly mf’_egr_ate into the dgenome. Such pronoter]| ess
constructs naimabnPhé sermaddhimeigahnigiabimihused jtectefeti tog animals it whichi theq t o,
t hose descriped bel ow. I n. anot her .enhodi t r i i: | oys
vect or constﬁ‘?ﬁ%’f’ gﬂﬂ%gﬁn%’ﬁaﬁ%’ﬂrdﬂt‘” é%‘n@?glefeﬁ%‘gg?‘%t%‘:?‘ﬁq%:g%ﬁ%@éé%‘éﬁggs
are under t hgytthopiis eélisdfiteaimapnt rol of a chosen pronoter (i.e., a
pronoter containing construct). As described above for praopoterless

constructs, pronoThe tesmriseleetnblg maskes( rasased hraginpdeseribrs frcogmesearencs that g
t hey may, containn el enqents. | t,il L Lhtes, or
such vec%dg)r sc‘fggrs oﬂﬁné’ﬁé%%ggnsg%%lﬁ%’ggé%yﬁ@% n%ﬁk?ﬁ??ﬁfgj%&lcﬁ? o target

cells and r apgwih advadgigatonamedipinatlative tothe homimnsformed 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

17



transformants. Thus, the |ight generating protein encodi ng sequences

descri bed herein can be inserted into vectors pronoterless or pronoter

cont ai ni ngovpecReoss t hat further conprise one or nore of tRETASHVGMRNg: (1 )
one or nore pol yadenyl ation signals, (2) one or nore integration targeting
sequences, (3) one or nore origins of replication, (4) one or nore

transcri pti anutitonysuchtdsase of thedRA3 garedo Coplenenonrafomatantdsuch meguisnces of
interest. The codjng sequences of interest typically ¢ ri.se.their_ own
transcripti @mamablsdProv i I"gf‘?“ﬁﬁ% URRGRHE PoOY ag‘beﬁgﬁg%‘.“%g&‘c‘é’)?dﬂ& "e‘?eqo f a

pronot er | eS.%f;Q%Jghgg&b&ﬁ&e{hai %@gideg PH6hhaf0 SALSAMAE phéndtyifRd firReamplel #1701 er

functional int rget organismis operably linked to a coding sequence
-of i nterest sequesce/encodmgrasdrug oesistant ribosepral proteinzanddrii)ghé mtrodectinniato an
sequences to prevent. read-through transcription of t ' nerating
protein nc&ﬁ'?ﬂga Q! ﬂ%ﬁ%"é‘gn‘fertg‘ﬁﬁg“toﬂterf ??fﬁ’s*t cf)& %ﬁmggﬁ??dol:ogtg(% g%@'r’i?'{ ’

‘associ at ed Wdtastthe beadhdismaepens eBowihg ighdvitheF bactbiia @ @blipin mediap! ary
enbodi nent, 15 for exanple when transform ng G am positive bacteri a,

pr onot er | es sontamingjampigibimc Aselsetableragrkern dogh potiaciude g magksnthgt canfers a
pronoterless,|ight ti .. codi Ly codi ng
sequences OPhF'hﬁ ee@?pﬁgﬁglbﬁggoggg&gﬂ%?&@%ﬁ%ﬁ%%%@%ﬁ f'%%ﬂ] i ﬁe and
Dal gar no segdfdarRdight Ak esddeherdf,sooldnial dry/ | ‘sceepnednfoe theirhubilitptogemteata

pol yci stroni c nessage. 20 In one aspect of the present invention the
pronot elPesdighbnst r uct s conprise a transposable or nobile genetic el ement.
2A.~ Transposabl e ., ’As%s%H%ane@ﬁg%ﬂg§o go@nﬁﬁo@sﬁgﬁﬁﬁoe witRe Rife&s1 ce of
the present invention enploys the use a 25 transposable or nobile genetic
el ement. Thee.gpaaiuiction br pessisn bf e spacifiogirometer) Gmestevakiact asiog thateeld on t he

target organi sm. EX |.ar rget or.gani.sns_ and associ at ed.transposabl e or
m)bigl e el gn@ﬁt‘galf’ ﬁ’&‘fﬁn'gg‘,o‘%ﬂtﬁl’ﬁg’éesﬁ%tt‘gﬁ“ﬂp?'eguab?na?ﬁ%s g uﬁ%vﬂ“?@‘.e rg)gct eria
(e.g., or a”ﬁﬂﬂi&idttb)’@hengéﬁ%@?ggt?ds}/ﬁiarmﬂ&%ﬁéal(c@fr?oun(ﬁa bgéﬁ{dg%gépﬁdﬁs,ew si ae

Ty el enents, Boeke, Garfi nk al. (1985) Cell 40(3): plants
(e.g., HaizeplymdOleatides, axkpelynyceatide analegsneMany orgapirefions (g)g. thpyNatienalj n t he

et ude it ngsutaies b gL PREBRAYiA! ifidbufoR EBbitiai AR D pyigRRp o 1O
promot er Congygimitial8r hioWicat EABPEINAS GroRy wineaNoraytHeti¢! locesEdS of r ansposon or
nmobi |l e genetic elenment may be nodified to further 29 WD 02/ 072808

PCT/ US02/ 07(Bandntationdwotds bk extedctseivch compeynds@nalytes cambasmployshincheot i de
sequences of _inter . i all conponents added to the transposon or
nobi | e genetﬂrﬁcq'gFgmetprg%/eg{ﬁlg'%'{l%ddléd bet ween the boundaries of the

functi ongl transposon or nobile genetic elenent, e.g., inverted repeats,
such that when the transposon or pobile genetic 5 el enent rel ocated the
added conponent s YOPESQFGARRING QU HYEBIYEYTI¥bi | e genetic el ement. One

exenpl ary transposon for use in the present .invention is Tn4001, a cl.ass |
conposi t e-type t rBefopodaseriyipg QTWP%W&“%H‘%B detat it &ta&ﬁwa@é'egd hat Hhis

(GeneBank Ac. j . T I ; e
Byrne, M E HEELSR.s Bt it enRARE lulations oF ol palnAGEHEUR mBT®

Thi s el enentofidusapedry eltdé also sebé umdgrstoddithat the ghmitmipgyaised heraimds dorgbe i nt o
t he bacterial chronpsone, of G.anpositiyve orgfat?li SNs. .Exgqri nts tperfor med
in suppd@t drurpese of descaibing particharsmbodynents af thy mveption only, AGJE B £ uncti ons
i n Gram negafj Q as well. The conponents of the Tn4001

t ransposon ialmz%g‘ﬁﬂy(%elﬁ:@dt 0 i dentical copies of 15 the 1S256 insertion
sequence, present Aktboughenureberof pwthosis andimalerialsi sithilatedriequivalent tedbesei on

Tnverted roptpabeiren capt A HRERERE AL PR, etk ?

the transposgitetibR andWstheld ar€d&dtibedtieteiionsi dered to be the boundary of a
functional transposon unit. This basic structure may be further nodified

and plac¥d into a 20 variety of vector backbones, as di scussed bel ow. For
exanpl e, additional sequences of interest 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
codi ng sequences. I n one enbodi nent, the additional sequences of interest

| ack an associ ated pronoter region. 25 In this case transcriptional
enhancenent sequences may be added betweg® each protein codi ng sequence
(i.e., to create a polycistronic nmessage). In an alternative enbodinent, a
pronmoter functional in the target organismis operatively linked to the
sequence of interest. When pronoterless constructs conprising the |ight
generating protein coding 30 sequences are used, the |ight generating
protein codi ng sequences and any additional sequences of interest are

M T AN\ A " o g, " — e



WO 02/ 072808 PCT/ US02/ 07029 transposase pronoter. Hence, the sequences w ||
not be transcribed unless and until integration of the insertion sequence
behi nd amw@eot/e7es080r activatabl e pronoter region occurs. ABCI/USOL/GI0R%ArY,
this means that the codi ng sequences for the open reading franes for the
sequences of interest and the transposase are in opposite orientations in
t he DNA. Al t er naGENERAL QVERVARWOFRHE BYENEINe nay . be present in the sane
orientation as the sequence of interest, provided that it is |ocated
downstream of t hghe sempesitiens and nosthieds of thegpresenit inventidrhiaciligite fhembllttyneo

endogenous transposase pronoter and expression ‘é) ghe I i.ght rat{5

protei n gen&om pbﬁglétpreﬁqcm nrep«mwm%&?rswusmae P ﬂ?ﬁ%?‘?‘lé%es Mets are
used in thec&h@&&h&ﬁ A nhdifo ro‘f rFée'ﬂY fgl%ﬁtﬁﬂhalljo% thbB Snttd BRGcHENERAL | NY
protein sequences are typicall oyed I'n e absence of a pronoter

cont ai nesl wpblynncledstaietdfamtpmsalntoea mkgmacil or digamsmsu,smga sequenct encaslnpience i s

‘typically present within the trans diate transcription of
the |i ght geHERAESISERLDE HTQUFiR as @ﬁﬂg&%&i B EI ﬁﬁ%ﬁﬁ@ﬂaiton{lﬂgs of siicharget

|i ght - gener L\ REAHiGhd) BIROBING fo bise d B déeﬂé’raﬁﬂig PioRih a0 sérBerPfo@SG
proximty to the 3" end of the i nver repeat 15 sequence,

5 -1R-1ight trgasfenmtlomg)fseldﬂrettb espolymugleotlchnftm@rest ¢lifeingies tltfméeasgy g@fsaer ted
in an ori ent 0 e that e u t hat even
b FBRR T ebllip o Ay A RERIERE IR O ERfnR e

Wi th transcP‘i3 uence there | anscription of

the seq ql@nceecﬁfeneéate%&ﬁﬁg {tR-15ht- géﬁ@itingﬁﬁﬂleﬁﬁédnlw opetaphelpikiedeo amdi ng
sequences) prior to integration into the genone of an organi smof interest

adj acent an hateralogousaene pf intasest and, @geasAnglyp IghProducHop SUBFEIIEIHIPaYer o
typically cloned i I and

i sol ati on of°| ngﬁegsgu?tri‘%wﬁrl@gio}c{) égcg: ﬁtﬂ%ﬁéﬁoﬁ%ﬂﬁ%&&%f?&%ﬁ@% huttl e
vectors are comm@ieyaspachiof thelpeesent ipventipAldompriétramethbd of introdticiag a ( 1992)

J. Bacteriol. 174:568-574); E194 {Sozh ]]PZ
Bact eri ol. 1'P2 Iynggleatidesintp 2 eells ¢ Wt@mw &@HB}H&?&&EES?%?‘@ b 8359 ~i f
f f /

or a E?g 4 é&ﬁ'&? ¥&.[ﬁ{]8fo{cuucﬁ“%eﬁ§ﬁ fré\ﬂa%d f%ﬁf&tl@ﬁ of B4R 1¥ f864ted with a

seqs/p sequence I'i van, , et al.) (1984)
Gene 29:21- %)ynuplahﬁ&ot{nmndst ander bbndmdmsathat fac(ﬂi&%the nptamof@m ol

177:5028-5034 pSK+ BLUESCRI PT Str en La,Jal.l a UM
series nycol?&l\)t“é‘ﬂeﬁ“%‘?ﬁ leashag Qﬂopt‘ﬁ? F thg Cg\lls Otell e pglyn u)c efgg%?%]@g‘?{g§
176: 23- 26) . %@é’ 4 Nt @ehQAt: ﬁ‘i’rﬂé’&il §eqenceh 08 Biie élﬁbocﬂﬂl_‘yénghdﬁ@ht
transposon or | e genetic el enent based on the host (i.e., target)
cell into V\/rgeneratm@pltoﬁemswbegﬁequcnmoiesgl@@wmn@?wmemse godbe

i ntrodu TN4 such vect backb

negat i vésor |llj‘fl T ?‘8‘5“?‘8‘&‘}’8 n@r t}beﬁ%o&%?ﬁ | gﬁé?l‘s‘fmédtﬁgs intd-d 1t 7RI

t enper at ur e‘rﬁ%"ﬁé éhyIeyed, G&lucﬁn@b@ﬂhcﬂqﬁhﬂmd\m the folldﬁﬁk@ﬂ&ﬁd’-&m&ted transfer
PCT/ US02/ 07029 origin of replication (my, be cond ﬁ

t enper at ur e-(88ndsMNBppsone) lwl‘fﬁquuﬁﬁb‘?‘ndﬁ@ﬁ%‘ﬁ hp dgwyt infesiet e8¢ i on
term nation po ﬁ@é?orgx&%so& HREG; Q&ﬁewﬁxbﬁx‘a it | | 1St AGHEAESEIIAT Y
transposabl e ele fthe present |nvent|on ransposon conpri sing
pronoterl es SasIDlghtpagmhebcahbatgmpntmtmpreﬁpnaimnr(g gseqtlmadmsm phpsphatez op

descri bes the introd | f the tra on in f vect.ors
usef u: 25r |HPMW%U‘§ bﬁgfto -fexieno IhP qY‘%‘C’) ene !?}Mffgé?e %ngﬁf"f‘ 3? h Il eria.
Exanpl e 3 deggidrigsiise@rist@nernepopMatineet ik iy ose mma@mgubpﬁpaaﬁ@

obtain transforne bi ol um nescent col onies. Cells transforned t he

met hod of t rquetleﬁmhha\iertadmtupdhe mEJNBuﬂgmdﬁtQi@ltﬁﬁeéimTé\m@F"é@F%ﬁF@Sﬁ?ﬂ B% ed at
hi gh denS|ty

i sol ation. }dﬁ’e“e‘P"’é? [Heﬁtghgwbegﬂ gnt(%g neg teg&ghoggq%h@%gﬁl S possess

transcripti Ot'Heb@ryﬂhﬂ%tﬁ@bfsmt&ﬂQﬁghtfdramiﬁlﬁgjc@llara&olbmﬂh’I‘hbdselghof t he
transposon or nobile ]%enetl c element, for the Pur pose of preventing

expr essiih ofrogheing £el taf@@ibrlaﬁolﬂgc‘bﬁlefﬁbﬁ'ﬂ-‘ﬂ&@ idg hagbeeny intioduesdat-f-on of the
cassette intg t [ iihe
ot seo o oenspEnaTbnd SRRl reiing SHEA BRHAINALE AOVERAURITP
et al. (1993puré coldhles (. odlonez)?af lightprddusing cetndor &ample, by dilutior 9997) Can
JM crobi ol 43:1147-1156. the preferred enbodi nent where the origin of
replication steeaking oy single C&H“lfét h Gram negative and Gram positive

organi snms, the presence of a Gamnegatiye@ 20 origin of replication permts
replication of the vector in Gramnegative organisns, thereby facilitating
mani pul ati on of the inserted sequences while avoiding the restriction
endonucl ease systens of Grampositive host organisnms, as well as permtting
i solation of large quantities of vector construct DNA. In this case, a

sel ect abI e mar ker may be |ncI uded |n the vector to facili tate passage |n

. Y .



WO 02/ 072808 PCT/ US02/ 07029 The origin of replication in the vector
carrying the transposon or nobile genetic elenment nay be either

cont i nuowed y2/6mBi8ve or nay i nstead be conditional, e.g., PO#EUS02/07029
tenperature-sensitive origin frompE 194, as is found in the pAUL-A shuttle
vector. An advantage of including a conditional origin of replication in

t he vector const Muchemuiredrgamsneskearing syarsequencesendodingdighbhgesiesatingt s permit

tabilizati f th t tryct in.the host i f int t
o own under PRIPRS SSFIOE SRAMTPORCNRked Hithdf 1ot HomfoRRE i Retous FRAEESR (o ve

"cured” of thectidférQisedifihe Habliflg YNEESCBR Shd/bEpatiSzenesislicld. GRhd fold. |,
tenperature elevated to a non-perm ssive |evel after transposition has
occurred). imluatriesr i pajtigulan it would be desingblede confensuchiight-nragueingr gani smwit h
t he vectgr nt al nin : mgi . LG: el ich
conpri seg e%???ee?ueprogké%ﬁsé%%gﬁg?%%t%ﬁtpr n%vt%g?(?ggélkéggu@%gg% I(éaér‘}&(;odi ng a
‘1i ght gener akamfiplepediai whighitanrphthogenst(s gaCandilianilbitamstndsotmeapeciesnfl ity to
produce light. Typically, after a transformati on prot c%'lg cells are, plated
and regi ons SéAphyiasogaus) e EevRtant i ARPBIGUSHAT q@f@@ﬂ%%ﬁ’%@t kmarkggse Other
identifi ed. . j. <0 . hpures of
the.tr ans oPRERTY R 0 Gull 380 HBRESABRLo Bt RUNCIEoARS: BRSSP
sequences. Sugdnismesuph s Chiansydizg Trépenema pakidumyHeliobdcteg pyripandsether sol i d

culture materials as well, . oyi ng, r exa ,.mcroti.ter plates. 20
2B. VectfBrs %%ﬂ“qﬂ’%‘ghﬁ\gﬁérwmtﬁé‘?fgl%'ﬁﬁ? F’l%‘i( BB@@M@?‘M‘HWS@%Q% be used
for the trangfphpRid pharffacéutiéal inRivenfibn.cel | types using appropriate

expression vectors conprising chosen expression control elenents.
Appr opri at e vect ofle presgntionentisin tedchasthe us¢ of plasmids pndexpressiontopgssttesin be

chosen by one havig rdinary skill in the art | i.ew.of t iiBgs 25
of the pr esgf‘ng-’%‘5@3‘?@88‘@%&3@8’?&0‘15@8?%%@8%‘ %%e\%ﬁyFﬁnt?lﬁ&gaﬁﬁﬁoéf’aén? 6?éssi on
vectors. Foragn@X¥adTRke) to Fichllthte SR @netié MaAnipuRtich 6f 6:pdhisas € fHierestehchding)e
inserted into a vector which includes control_ elenents operably |inked to

the codilfg $wtnerlémitedis; Gnamainegativedecterie (ingdlpdiag 31ebigbanteritydoryanbothersy chosen

cel |l -type. enpl ar ronot ers, f.or i 0zl si on
"l uder - burCAPEPRe YogfEpiaglnpliable A Ao R S EBlm BPLEF, §
pronoters, Hir¥pdntha galiium)md enearpstic/orpainms sichuws yedsR(ipcladimgalandidd V- LTR) ,

FIV-LTR, the adenovirus major |ate pronoter (Ad M.P), and the herpes
si npl ex vi rdﬂblﬁﬂ'bfrﬁldé’r‘her& her nonviral pronoters, such as a pronoter

derived fromthe ' ' j os tTBYnsHueR cBAt for

manmal i an 33 Vﬁﬂb%%%‘pf%%ﬁé&é%%%@%%ﬁ%% gefpr es%i on. C.TySi ca ?y,.

It ransc (rj i2plt [ dncitfa;]rasd geae.i Ihnpa_atichlquot}yaanlm;ﬁbmiﬂcwdes mqgieg\mngra@uaarsw?r esent,
opt | m zat i orlogiferias (4 AXPBRIcGrUC Tl darrghror g g Brofls TR Eodi ng
sequence, | Ser@imerifg 66®Bie EFRRR SPperodfinéladeds forieRathPR, site-directed

term nat or/ pol'yadenyl ati on signals include those derived from SV40, as
descri bed i rm&ageresisko alser (glg.. optimized coden usegs. Nucleic geidicadingseqeRcefor none

t er mi nat nce. | nt ini | i . ites,
my Bl o be eonEdsh PR e RERLR bR P bESuARRRT FRASESRERE, 0L 5P o,
(Chapnarpset tatget ofdfismASi sisthBaskndwnliahe Art idvis® a8 ABSchingsrif tivecresenk enent s

may be used to increase expression |levels of mammalian 10 vector
constructs. BXeM¥Mary enhancers include, but are not limted to, the SV40

carly gene ennancawgrdeseikiet Il it ol etbryorshBRGLodkd B anift 761,

t he enhancer/pronoter “derived fromthe |ong term ~repeat (LTR) of the
Rous Sar compacid temsine athildds Claniidd, CTiGGodesdhor the aaling adid serineNdnlordeadad  Sci .

USA (1982b) 79: 6777 and el ts deriyed,f h descr.i bed i
Boshart ot dietérolagops Bonedp BF enerspod ublandidhil poue e T et et ho
CW i ntrgn AagersER fkifefdia MBTbEMmutited to wﬁineééﬁcls&iggt@ uehdRd)., TTG).

19: 3979-3986) . Suitable prokaryotic vectors include, tor exanple, plasmds
such as t hosEhempeigingersd Ineifirascapeon can then hednserted o 8 Vaeker eompysiReone Col E

1, pSC 1 O 1, PACY 8 it VX = Al | N\LELO . , ) and
the like). RO ALy Holing saeRiBrrfinkiy gh{xlug\g‘!f%%gr 6‘%1%%‘6‘?%%@?%&%
Cloning: A Lgdaioérs) thavisiare) active o aiptilyesinstded i did rrgebyel Sangdor Qakbickns t sch,
& Maniatis, Cold Spring Harbor Laboratory, ( 1989)) and nany such vectors
are commercially available. Bacillus pla3® ds include pCl94, pC221, pT1l27,

and the like, and are disclosed by Gyczan {In: The Ml ecul ar Bi ol ogy of
the Bacilli, Academ c Press, NY (1982), pp. 307-329). Suitable



25 Streptonyces plasmds include pl11101 (Kendall et al., J. Bacteriol.
169:4177-4183, 1987), and streptonyces bacteri ophages such as D C31 (Chater
et al., IwooBonsés | nternational Synposi um on Acti nonycet alPe3/UBouO0gY,
Akadem ai Kai do, Budapest, Hungary (1986), pp. 45-54). Pseudononas pl asm ds
are reviewed by John et al. (Rev. Infect. Dis. 8:693-704, 1986), and | zaki
(Jpn. J. Baehélased(ENGD: p?&xﬁothi)z (Z)hﬁmy)adeﬂﬂat&ﬂ digrl ée. g1 Cankpitiang aq:lims m ds

i ncl ude, for exanpl e, EBYV, VaCCI ni

poDNAS, 1/ GS(AGF Eswlwenprnron SiEnAl gl e SRS O SscaeRRot PRerERty SR BT and t he
i k h
(Iante Stein onbplfiantddeifom "@)@r‘wﬁf‘f“?’ S ARy R St R

-PCT/ US02/ 07@géroBr oach, In: The Mol ecul ar Bi ol ogy of the Yeast

Saccharopyces: Life cle and, I nherjitan in abor atory,
Col d Spr?ng Har bdf an%e T g5peckfhe Wﬁnthﬂbrgia?esépggﬁ $pe o@gmn?oégﬁ 2‘2}& ©1082;
‘Dilon et at casséttes%'ﬁ%nsfb‘ﬁﬂ%?éﬂmsn@’m&eéhgt 3% 11Eht-proddBing WABHGRYpSby | n: Cell

Bi ol ogy: A Conprehensive Treatise, Vol. 3, Gene Sequence Expression,
Acadeni ¢ Pr dutegrating thepassseig irgo theigsgome of giose greanisas DX dng3ns Ol 2 HABSPOSRM ng
sequences car | e vectors
to generate E?Iégﬁsq lgﬁegr#%b aprgg(ﬂ%{ Egg]g%%r&téqofg%gg@@? &ﬁé e%/}rgt‘ég i use as a

mar ker of 1 fopgumisi."Bér d@mple, alprcﬁﬂaeﬂwsllm&rdseﬁé gsyecy meﬁﬁwmnsgr&ﬁem
include, but are not limted to, the follown vectors f or bg}(é%i%g rus 10
t r ansf odfmt it Tn4@d/|trapspasom andgellpef integpstWero nsfprged Sy ighe

LABORATORY NA

Phar i ngen: EPSh ALy fie THRPTERiteRse Bonstrll ?"?‘ﬁ@%ﬁ% Svchlqshbtbuiatid) i on,
Ausubel , F. Mansfotmation IGHRRHhﬂ'lﬂ?EﬂﬁMfShé NchEtaCtisAdReBhioLtBEYenchohof the | ey
S0 o b e o R 0 B ot BT,
March 17, 1938 octgbﬁﬁf'er proﬁmfér}es&a&ett@%'bﬁl'ﬁﬁ ahQctivd Héfot? §eq1deﬁ§é1?€ld%y 13,

1997, Gel i ssen, ., Antoni e Van Leeuwenhoek, 62 9-93 (1992),
Ronanos,15M /wost ergaisms hadag e lle‘ﬂ)fod@@nglﬂ&n@WQZ}JSH@dhlddepranh severalet hods i n

E I 199 I
To4’( 1001 diteE et CrmniivarpeRR Neremas b st URAC D el SR DY
Technol ogi e%/o%thﬁﬁ’vé?g?br m@ﬁ@mtj, I sI and, NY, Haynes J., et al., Nuc. Acid.

Res. 11:687-706 (198 Lau, et al., M. Cell. Biol. 4:1469-1475
(1984), Kauf man, 'Fhe anstmc&ql@emb@rheam (egamodified dugifesase plasmideandl ogous

genes in ma an cells 566.
Academ c Pr g@*‘@‘w‘rsﬁt} con%%‘ﬁtsbc%‘ ‘Eti\(}%ﬁtgﬁf%‘m hQ@cég?é/fésg f %rﬁﬁﬁgée)pté:ﬁgr | ant
cel | trapsf afndahéreby cdtiférthe atbmry te@raduce eed rodyct of thetcedinglsadpesnat of i es, | nc. ,
Pal o Alto, CA, and Pharmacia LK ot echnql ogy, .In Pi.st cat I\L],
Food, B " etinierest Cybicks b 08 s26F OF & BN ER0aAanRlein s confeln e DAY Y al
FEMS M cr obi fion?f the col MRS oPiicrestand
others in Pl ﬁ;rhctlucll\e/gfgtg}:{Jﬁ?&%@oﬂg‘g@?%nnu?&gie ? 19 ec I%%Mu ?_reit et
al ., pp.249-285, lxgbrngemﬁa@rpwlﬂwlmg @Bwttb)tb@nmd mwtmgemrsotemswn imthe et 30
al., eds.) VerI W en ustria Pl ant I\/bIe lar Biol ogy:
Essenti al ngﬁ oﬁ%ﬁsé’gétaﬁﬁ °3“W°§tﬂ1 el ST R ARV %rCtH?NI ey, 1997,
Mgl ani ,»5Gu Sge?rﬁﬁﬁﬂngfﬁgh LYc1 r%bﬁ@rfns gie%egﬂaﬁﬁ pésiticNbacreid) add dBeabogy, New
Yor k, Food WO 02/ 808 S02/ 0 9 Products Press, 1998, Henry, R
J., Practi cathestppianisms praninl IP'I)@}Q Mol ecul ar Bi ol ogy, New York, Chapnan &
Hal ') 1997. Vect I ces
may al so incl udeogl%ﬂﬁgﬁ}) ?lﬂgtge acrﬁ?&tﬁ%gé%@g?& gh%ﬁ?ﬁ%ﬁr%ﬁ’rﬁ%ﬁﬂg%@ nto
the genone ofhe prdsafitdavention afé aicxPpicallydoptintized ﬁgleﬁpr@dkrsmqhemgethonol ogous
to one or nore site in the target genone used to facilitated integration)
or sequencesOI’@hlaﬁmf acilitate honol ogous reconbination (e.g., tw sequences
homol qu}l'bg to a | oGS ol dYidkd!tREE hreIRORGE dmerreﬁktﬂ TQQnﬁmcﬁsﬂﬁFH&ﬁtﬁcf | ank
the |ight generating’ Broteln codi ng sequences % as any related
control el enmdeeg)rhétwotdwns gexmnémﬁemst)ﬁntonurgczt@sﬂswnhmiéhfb vendtfof 2 ed, the 10

targeting seq readrl i sol at.ed r exa l.e by.deskgn

priners and %Fhlr‘iﬂtif ?/I“ﬁa‘ef @éﬁ%ﬂ%‘&ar& c%alh?ﬁtg(’%%"f? %% % 8ol Lﬁc‘qg'dlf:% t hen
be inserted pnfeGistant B&@naﬁ’@ﬂ@r@%ét@% 1 Slaflhble GEI¢tAle HREkSE N Targe0 RdAicalNg
construct, for exanple flanking the sequences which are desired to be

|ntegrated Integratrng vectors may be cprcular or linear. Further, using

t he met hods of the present invention vectors carrying light 15 generating
protein coding sequences (and related control elenents as well as further
sequences of interest) nay be introduced into cells and random i ntegration
events detected by transformation of target cells and the identification of
transfornants Exanple 4 descrrbes the constructron of an |ntegrat|ve

e o s . M b R



25 fromthe firefly Photinus pyralis altered to allowits expression in C.
al bi cans. Transfornmed Candi da al bicans cells were isolated by screening for
| i ght pradoot/oeosm t hout use of any auxotrophic or drug- b8CEAS8BOW2Y i on.
The high density screening described herein involved no selection and

provi ded an efficient nmethod for obtaining transformants. Successful

t r ansf or mat iagntraferaed withtthatomstiuc i qesoribgd héreabtoyirotide thit@ppottunifyOfo6 ( 5- 10

bi ol um nescent col oni es/ 20 p)ates;, Exanple,4). Jdentificati.on of

t r ansf or nants4bseAueEnt integration ﬁé@&l}ﬁ?lﬁ’@ agids, g}"e éﬁ?ﬁiﬁ’aggﬁbi-g@aﬁ"&?g@?&% non
transtormed gt Hay@s cShdille! fnanBlethr FedsmeAdrRALIRG ohfife ppEEES bEthe
transfornmati on denbnstrated herein has been repeated with several virulent
36 W O 02/ppasesreR{on heBiw) Witk thetranapason casseitehTarthen be yaed tordstadt nent  of

t he present i nverﬁl' on, .the.transformati on m x was plated on non-sel ective
nedi a cont aiSHF9F§® L ASETANONS | awn of cells were grown. The |awn was i maged
‘for light productgRn tlaHstbABed ek nfXaREH b us¥@fof exaniple 10 kerebocaniilate | magi ng
system ( Xenogen Corporation, Al ameda, CA)) to 5 identify areas of cells
cont ai ni ng abigctox prodecylesdn vitre andgn eniprad medelsg Gslefasicalanisg) Higt exdubit Helkis
(e.g., luciferas epe) .. Eour .t I . yoll m each
bright regi @HO%%%?ﬂgﬂgﬂg?ggg%ge%gggg{%f@ﬁ@%&f%@gp%e\?} \r,?lﬁge ?&T ?Aéﬁ%dés%gl tures.
Smal | al i quap sdepfify bffective pharghieutichl agenss. Fer exdntyde, cellxetlichiexhibitlight eri n i n

wells of a mcrotiter plate and each ali gﬂ(ﬁt eval uat ed ,I:or | i ght
product il8n. rovductipgRe ysafl fuindect expeeimapfal andgoniy Pr’f"_"'{fi"he he sXRgrmeniaki n
codi g sequepge. G an! ALNIBALPYRN S RbRhceRlidal i Br RidrtdieBoartlep! at ed for
single colonies to obtain single colony isolates. Accordingly, these
resul ts denwexptrimtstal rinalsiag thegonaoktarempopitared ifor lightipreguction, and
sequence-cont ai ni ng constryct.s can be.used for high-density.screening to
det ect transqfécm!ﬁ ?&ﬁ&%@@ﬁﬁfﬂd&ﬁ ,osﬁﬂ'gi‘#‘i’ &{éﬁ?@?ga%quﬁih%@é@ﬁﬁ%m on in
whol e ani mal o?&cléli g vectors of the present invention, conprising |ight
rotein-cod

generating ing sequences, can be fornulated into kits.
Conponerss of suchdwintages afithe pedsemtanvention ancludepbut| arerhetdimites toc@ht ai ner s,

instructions, solutions,.buffers,. di spasabl " .e. FEx | ar
har dwar e naytrqlﬁ&r{%'ég %ﬁé“ﬁ%fg %rﬁ?'?lélas’dﬁ‘gf“glﬁg ?(Sfffﬁ?q%g%&ggrgfe%gg}]%%gg'ol eé
i ntegrating gsMhPorgdlsmb)Candidas hibdhe tike;UGH) BBtaiidip/kigh lerbl ofdighect i on or

screening nethods to determne the presence of a vector | nntg transf or med
cel |, a i ghgengeating prieiaenpiessioninibeserieansiosmedpreapisms, WhicBrfer examRltnent

(i.e., a promter.c i.nj g | i | ypept i de
Codi ng scquatmtnts SREF Sl eBonR MG prdube i BERRLEL O P GREP T
or gani smeof infigedtidatof tHaeAssetteiito the kdsecErnmosomy suvh thatrib¢ sequencee e®ddorg
conditional. For_ exanple, the |uxABCDE cassejte, .operably |jnked.to_.a
promot er seqehieht E%ﬁ@ﬁmgﬁé?temﬁe?%e PREr ﬁ‘&_t‘ﬂﬁﬁi@ﬁﬁ_ Rrﬁ?@ é%twq}‘f%y fofe
i ntroduced '%%?\éﬁﬁ' IEntHRGHSH of ProfoRrd fVoRa 9 phtAbSn8Sik; dnd stdb@)

transf or ned resulting organisms are screened for their ability to
produce | i ghlightiprodugtisn fretrhsugh otdassimsatipkysialngiodl tempgratures (age 371G 42dnt i fy

t sf t f Lnt t. Light duci 3 | ani . f
bact ori &) ar e typPesEigppesnahihe o and Spiiarp( of Bisiltecslf B BhitAReC
met hods 4¢. Odiscidkédbdl®n. pl ating, for exanple, using mcrotiter wells, or

streaking for single colonies). One aspect of the present invention
provi des a vector conprising |ight-generating pol ypeptide sequences

operably linked to pro | payc 2808 PCT/ US02/ 07029 sequences
functional in a target Egéhgaq\%serrﬁ'tc') |g?%/g$'§st. Usi ng such a vector provides

means for the transformation, of organi s f whi_ch e e marker
(such as a drug riEF g{agﬁ%eeotﬂg? REEPS i“éveﬁg(g? ?”glg)fy@.lcagyf%%k%b‘{%geégg%f Maki ng
Li ght Gener atdquends @h&idinglogh isbnkihtingTiiBteirsghef @Bing aké light pendrating casset t es,
transposon cassettes and shuttle vector constructs described herein can be

assenbl e30 ut reportErRrotansissuibsgdihersin eaDFesion eancbegvilugted ASEWatel3NdRBr o gy
(see, for exanplL:€.i A 4+ at. al ) n t | S af cul ar
b ol o~y Jon ey AR Bl b G, for b EIGaNbE IS IO o UBBEPCH 3
al.) in vi ewNafurt Med: ¢24bi7T)@ontaf, Chd., pras €973 PhatothenaPhatnbiol\p6i523+ly, gene
cassettes Contag, C. H,, et al., (1995) Mol Microbiol. 18:593-603) and described herein.
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conpri sing sequences encoding |ight-generating pol ypepti des are assenbl ed.
Pronoters, control elenents, and/or other nucl eotide sequences can al so be
i nt roducev bnemsdashe constructs at suitable positions. A ppetaisozeroret hod of
obt ai ni ng pol ynucl eoti des, suitable regulatory 15 sequences and short,
random nucl eoti de sequences is PCR General procedures for PCR as taught in
MacPher son et al In oRChtpect dFRAGRVERlonARERGACEEnefatiRg pRstends hicifedabar d

Uni versit r, ss 1991 condi tions for gach applicatiaqn_reaction
oy bt e BiCTRmigAeaieE Prvides 2 PRWRLLEPORR AR BT SheT PR PROEHEIREREOR e onss
of a reacti 8«!"5 OO Fatdnb RDE 5 850 5Bt qNifEraSe RANER b FFE]CBQ%!%CH &‘é‘ﬂﬁnfy‘ e,

extensi on 2 me, My2+ and A‘I’P concentrati on, the rel ative
.concentr at i ofdiverssenzmes, Whlehplm@ the mmrﬂelfmdlbm&d@hémd emwdgdem ary
prinmers i fication

Pesu ting, 1 Pulveln @2 ARy lobecehln A RaEp el Brindl BoiepbERspEe 451 | oec

"by visual i ZaTrosr FWMINH,PhM ekygeh bLoeifelgses tai be hroadlpdlassifie yito kedaryotic
il lum nation. Another nethod for obtaining polynucl eotides, for exarrpl e, 25

is by enzyanl@raﬁpsg@md;ﬁ bm@g@@ﬁap%ﬁmwlsarmmdua&gaseéémeé@%by tagepes).
d 2 t hod
81[ g?m ?gduizlfﬁng it ‘!T.ngltc@g] Se % E H? e@l&ﬁg%&hgkﬁ% ?en%’dugt ;son

of nucleic aadadlnﬂ@Sﬁ)elPlrsC (Nwl Aead. Spl. 855.4. 82:784-7873; ﬂ@WathaztaEter t he
weakeni n or_remm Iant cell walls) are known to those of
skill it thé19§r7t)1"éﬁ?nc¢lh§/€/az72gﬂt3 hre not limted to, the foll owi ng:

[ pid- mod at ed | iRRkET b Befse ¢ H3 JHOASWER upl Ik LLOGHRIY AR A

cationic |ipids) I'rect I'njec m crornj ec asi on,
M Ccr opr oj eclkehd¢cried dylrad different(genes (Juxbf andi l&tB)Con&Be ho\pefody. OMeEO8ther genes

PCT/ US02/ 07029 t hod ticle bonbard t ti
o g . i ¢ h OB PRSI FirbGp i d ancouel] ot cBPAD ey eaBsatonBie fesibpt ~ O
ol eth Ien transfer.
pol yethyl ens %@{O de g@%&.ﬁ{f;ﬁ#ﬁ@géﬁ sypl‘%ﬁ%é W &élﬂamV&Gfua{méQ%Qﬁﬁm%

en depending on the cell type
and t he 1anomagatdfe bactetia{&g.afhatoshadidislymindscans) izl the wildetype bperdn isAf t er
transformatlo s may be plated at a density that facilitates
screening f&F W‘BﬁP@%ducti on. Cells can be plated at a nunber of

densities, for exXagpdifion, %oﬂfeﬁ@&&érrw géheS AldyesoRieddidm! Vs fitheti R ain Y-
transf or rred cel | “popul at’i on. | at |ng densi ty differs by cell type;

however, hi dhenkodes 2 yel&vaﬂumgsqegt priotﬂllt (HP)se ﬁ@l@ﬁﬁﬁgvhleh gaiteyellaw lightef er r ed

A e e e R o S
or di nar goskialdwin, TITe, éral. ((pggo)aawh)émtj@esddggﬂmsbased screeni ng net hods of

the present-invention using essentially any sel ected transformation method
conbined with t hénéﬂ?tbafr?éEecéPég@rﬂr%ﬁi“HéY%ﬂtW“ ths light-ggnerafingpaptetsy is a

Li ght - gener afoRlofit pHAGR! ol SxatRAINIGE Sy bl ohéenl yéRd, URE red fdrbOhy GCner ating

protein codlng sequence constructs suc e ones descri be ve and in
t he Exanpl eprotems. be used to transforma variety of host cells 20 and assay

ful t f . Sui.ta host | | | t
Tt tod Lo, - e arSUPaLgR-geheralis ot odi SSbandes aie comm LR av OISy - "
pl ant cekl SilndTﬁd]TIE'Hlﬁﬂoﬂ%itéd {oettﬁ foll&bikig. mw@&@%m 29R) proAdeCS- 7, or

CHO cel I'S); tissué-specific cells; tumor cells; insect cells; prokaryot es
such as G asodiagsequencesdor mfaras@mwm Dﬁ/féquea@t:@tmretemdmgtuﬁmg, bbxeer a not

pp. ;- Rochalcy e golove a0 o B5ERcER oro@h3 Tiititeed Rubrsell S8R Cnere

pal I'i dum t RBGPFPYasyi6ie A wdll expressed ifi Yriitrhalfin syhtemisland terdsp exhiband
Chl anydia spp.). Wth respect to G am negésltl ve host cells, the constructs
of the presdmig rqmﬂ@ﬁtesmcwnwlda%lqg nbaagediosrsgatipEoeing indlude ng but

not i m3bed ehﬂar{créﬁ 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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30 following: Costridiumspp., Vibrio spp., Brucella spp., Bordetella
spp., Canpyl obacter spp., Pseudononas spp., Escherichia spp., Enterobacter
spp., Kl absvpbizeosspp., Serratia spp., Citrobacter spp., PPQTAISs2/670p9 ,

Sal monel | a spp., Shigella spp., and Yersinia spp. 39 W) 02/072808

PCT/ US02/ 07029 Wth respect to G ampositive host cells, the constructs of
t he present studisrandas qumtitittveusmatero DsRadsdoding sequaesars avaitabledfrolg but  not
limted to the follow ng: nbers of the am positi C i, famlies

M cr ococcac&dentesh @V‘BHG%‘Q’WZ%“%Q‘“’@P@H‘E? W&%gag‘ﬁiﬁ?@xg‘?ﬁ%@éﬁgus spp. ,
and St aphy! g5RGAYS a $EPHloredRBh REREFRERAS HPRERRMARINS. Fbthky, Fadiitospeci es of
other cocci genera iIncluding: "Streptococcus spp (e.g., pyogenic henolytic
st r ept ococciA.Epgt. al.pdestribad emavet JueresceppprpteinfremdRiseasomaweral andigsi ¢ aci d
streptocQcci_spp. . .anaerobi c Streptococch Spp. ther i £5,

St r ept oc cci")“ftg‘EtEﬁ”é’é%&qsﬁ??s?pﬁo‘?n,‘q'%e%fﬁc 0‘1 %gﬁg%cﬁa(ﬂggggbe@oézg@s% PiQLO
‘Gerrel | a spp.(20003 PHARNACHquERE; GERBANIE A RBIsRMATs.USFZRP1 ), prorinseqeares spp.
Coprococcus spp., and speci es of the geneus Sarcina. Endospore-form ng

G am posi t i VGENBASIaAgcessioniNg. dAGH6224). Bromagp (Madispn, WHsapra¥idshaci | | us
spp., Cdostridium . t 2, and

speci es of R m&ésﬁﬁ‘geonﬁ%scﬁ?lgés%ﬂu%%%é ﬁggﬁ’%g"r",‘e’ﬁ‘gﬁé‘%gﬁ'%%‘?ﬁ‘ gﬁi&posi tive
rods, incl udieb@rd)aRirtheacodingsequmces for & namber sfffuoréscentipuotieing atewvafiablaogeni c
species Listeria rmnogﬁqt ogenes found as confam nant @‘[\ﬁg%z‘t uffs, in

dri nki ndOwatfeam GENBONK:, defcrxpriplsaperession gw'?%{éé\s‘%@” >pel ot hri x
Spp.. Br 0Chokidoks PORF29 6N RRRINESH AT ARS8, A¥Igisss APICASI4RORL] es of

t he genus Caryophanon. rregul ar, nonsporing, Gampositive rods,

i ncl udi ng Cay4r20BaAYe1 5988, AY(15094, agd tAFR29RS St pat hogeni ¢ speci es of
Corynebacterium Gardnerella spp., Arcanabacterium spp. hr obact er spp.,
Br evi bact eri um sﬂﬁ.a,dg’(tﬂpt é’ﬁtgﬁ'tlg@\t@ﬁ‘i‘eé'wg, Syﬁf%éﬁ%’crgee‘?%%l%%’tf%eémkcp erium
Spp. . Aur eabagdediaHiRtifp Bxpresin iHlcON® MRk hShReths MUIRIEY bR Sré Ré: limifsdaehni a
spp., Rothia spp., Propionibacteriumspp.,; Eubacterium 25 spp.,

Acet obadiSer i lumminpsrent bete palogtpsidaseSpapetic Reparter Wybtemd Clgaech).

Ther noanaer obacter spp., Actinomyces spp., and species of the genus Bif
dobacterium Organisns of the fam |y Mycobacteriaceae, i.e., Mcobacterium
spp. The nocar di of Qr MBLux-Eakodinp Cdveetesdi a spp., Rhodococcus spp.,

Nocar di oi des spp., Pseudonocardi a spp., - Cerskovia spp., S ccgar g%ol yspor a
spp.) M cropol ysp'@rQile@éP@bﬁft,heM‘@m‘@ﬁs&?ﬁ%%%ﬁcg‘ﬁﬁﬂgnéﬁﬁ YOHEEPWEs of ¢ he
genus Intras i i ] i oy : i di um
dop- s i br 1 PO R ARy b BREfodhil i Be pRANIE Bre oA
Pseudonmpias Bperimensqeeformbd i sipport ofl the prad€nOny itdd 08 vedenoibbrated 1ba9

e eI S St bt e LA T Lo

Transformati; [1Tafa Lo kil on&sl 4 m@s,wﬁg{ Melhésenel | s are
known in thelﬂghrrgm%e. g. nb%g?r%rg%&gﬁp&gwﬁb) cgﬁd i r?gtllude, but are not |limted

to, cal ci um tasphos gretargeporganipintinwhich expressioh ng dasiredbere epeer mepoeidhe on.

Vectors containing the appropriat.e regul atory .el : -l e oni n
Sites ar o vi HEBSMRoHISr SR G s e WP o b RER A8 Brified e Fron' "9
Calif.; A3 onb@gdple, Rilen vhkd M thEahnsformatiodl of ABrakitpokitivt tRStehiac&hmppositiet ors to
carry the Ilgbgtgg}eﬁrl]eratl ng protein codi ng sequences. As described above,

B

certain expr gearessaquences ardnsasied upgireaol the 6odieg pequences. 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 /ux genes may
be placed under the transcriptional control of a separate promoter. The luxABCDE

cassettes express not only luciferase, but also the biosynthetic enzymes necessary for
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10 addition of exogenous substrate for the production of light (e.g., luc
and | uxAB expression cassettes). In a one enbodi nent of the present

i nvent i owobhernsesostrate i s al dehyde. When admi ni stered t ®Ctalshz9702¢ dehyde
may be applied in the atnosphere surrounding the culture nedia as a vapor
or directly to the culture nmedia as a liquid or solid. 15 Detection and
quant i fi cat itlensynthebis @i thepup tiwiferase’s isubstrateonpldekyred Acsordingly crxygsmisghe, an

intensified ot on-counting ¢ ra, (Hamamat su Phot.oni cs, Model 240032). One
syt em par ¢ OB ARSI BahTTE Y oL P PG P SRR TSR A el by 1 he
net hods of the prgagather 439 bF tHe ihPentiof, zuwﬁﬁzlbbrmém aSdaBdeRB\camptikiagl e
from Xenogen Corporation (Al aneda, CA). The IV

) | , STM i magi ng system i ncl udes
.a hi ghly 20 lighhginetatiag paoteingodinggequenceso ios gxamplegrddinghe M@e thser

Scientific d - ;s L. P3T, cool ed
CCD carre?a, V%/‘qug%vlgg%) ?aésgﬁq‘%ﬁgsgh]ﬁ gtrll §'ﬁ’§s‘%ﬂ#@r@%? %&ée}bﬁl%#ﬂ@ggﬁ l lgﬁ\gi zona), a
‘speci al | y degiigétedurinpatgbNenhicdsasiee towadsitheatd vad f the visibie lightapéctrunn
addition, the LivinglmgeTM software anal yzes, ni.zes, and stores data.

) or
Typi cal spedfivettiet bagerrwavelength- Behs srrsr easi iy pepeiEatsy SHRg e 35 €ORAFS) | ows

in Tabl e 1. | n&lrl‘gc Ll bt MBI

i 11 um nat ed t@?ﬂaﬁof%h@%%lwe@@@?ke S?g}@&t&b?@%ﬂﬁgl xel S zeZOU%&g%gfég&Jant um
Ef fi ci ency~25thern08adhvéniiomwidbihefdra miRtitionallyi isclude thie dex ) axdsngR¥egence,
Current <100 el ectroggl s/cm 4 WD .02/ 072808 PCT/%%}E%%/ 071029 lma in Com
onent S &0i GRARIMAINS BHIRTEIFISRINE SSBEILYIY, B 2PPHGIHIYS gnploy

<100. phot onsy; : bi nning of 10, | Gcmfield of

vi ewLensf /. 3@&@&;4@%@7&%%9%%5@%@%%% erature-120CField of ViewlO0-25 cm VIS
Dar kbox Di mensi orla4@e aspect} oufiBrgeBe cassattesara/providedwdYheraused farthat s15A at

120V Mul tiple | Lght .generating.protein codin e _iLncorporated
into a si ngItg“#ggﬁﬁ‘@}ﬁnﬁéf%p&tgvec%ﬁ@‘T‘rﬁ% ¢ @ﬁ%&%ﬁ%ﬁ%&ég&%&%ﬁ %er ein.

I n one embodi iR BositRRGTboeaHSE Birldtngd it (8186 Rderred fol 28 At “SimeaDalparig” pol ypept i de
which emts light at a different characteristic wavelength relative to each

ot her. ABt ersequednge) gperabdy; linkad upstream pbeach of e pedynuclgetidessnspding wged and

| ypepti d | £ L ) iShd i d.
Cort nat i o ol eR u§d for e finsRmatidh 61 Al s ok EnE RitLrifihab ) 1oC
sequences, hadionGrafsluticriabtiyhaqtersent Bequentes mesy taf erhploydd @angrambtey

pol ypeptides which emt light at a different characterigtic vel engt hs may
10 be const rgaueges: K%P‘éﬁ?%?n‘teﬁé‘.‘ ?‘é&@fﬂt‘ﬁQEll%ﬁr?méeg?tE’§eg§¥n%B\é%?ﬂ°cat i on. 4.
Eval uation Q ﬁéﬁ%b{]ﬁ"r%ﬁspﬁfégétﬁ%%rg&ié{ﬂgt o8t érgaxﬁ%y@&éyih@t@dama efssbtfe t he
constructs and nethods of tRe preSent 1'nvention for use in transformation
of a cha@den exhitit wivlumahéscengeayhemiproddedyaith sxagenans aldelryde hebstrates Luuth s

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 /ux encoded genes may be optimized for
25  expression in a target organism. For example, given the sequence of a polypeptide
product of a lux 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 altemnative 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 cassettes; the
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15 conprising light generating protein coding sequences are useful for
non-invasi ve imagi ng i n whol e aninmals. Non-invasive inmaging i n whol e

ani mal s w0 oeersasbed i n co-owned U. S. Patent No. 5,650, 13BCTig0BM2%g, et
al. (See, also, Contag, et al., (1998) Nature Medicine 4(2):245-247;

Contag, et al., (1996) OSA Tops on Bionedical Optical Spectroscopy and

Di agnosti CStr&n%’o'QorQé’a@set@@ﬂ{a&Gn tueh balprovu(eﬂgﬁathéi{h dhigle uedtarbzekbgneandn

Phot obi ol ogy, 66(4):523-531; and Contag %é1995 M cr.obi ol

18: 593- 603) mqltw Pwéctph%?gkh@l%ﬁhﬁdcowwtéaﬁp’%&ﬁ foBRYUEEIoR SXFBRIEpat i bl e
entity (e.g esent
Cnvent i on | B RicRARERERbQREE SN SR BBl e e B e,

a luciferas wherezthatr)msﬂosghtasmties mayga&sermodg: lightt geperating pgippepidey that

adm nistered to % (/\S\gt‘e Y‘% PZI%/ of a variety of nethods, 42 WO 02/ 072808
PCT/ US023 07694 light atdifferent Paveleigshs. it hin the subject, and imaged. Since

‘t he i magi ng, or neasuring photon em ssion fromthe subj ect, may last up to
tens of mnutes, the subject is typically, but not necessarily, inmobilized
during the inmagiA®.pr chodmggfasgetm% the light-emtting entities involves

t he use of a photgo detect.or 5. f detecti 18 Yoy vl s of
light--typically PETSENtIAYS angsgﬁ?cg SR f‘ﬁsg aﬁéﬁ%ﬂg R pgérglmggl gn
until an i nmggérgait 106if&assihataigetell Dy tabatve S\kmbu§aﬂﬁr}fdtl\t¢uqifwﬁses
detectors include devices that intensify the single photon events before

the eveh®s have brenddentifiedyand arenemmaerciaii awlﬁb}eagor(eéwpl@dp sl RGkdpl e, with
liquid n|tr D f photons over the
backgr ound &gigqui%él?e\& cl%ﬁ agm e@@ﬁ&w’g(ﬁs Cﬂg} ce a photon em ssion
image is gener at eﬁdyaﬂetty bﬁlmmawédcydmg;gems}mde hecmdpseﬁudoncihdingj b get

rovi de a1 dianiedde, BEFRIHEE Poh SE AN Ve Wibh HS et DG DRELAS (i o.
LocallZe 1 NGehbd3s s@&k&%{aﬂ@ﬁ%mtfsemtbsr%%mot%@bm%u@m “such a

"conposi te” nage 1s €n an &d’fo determne the [ocation and/ or
| evel ofi5 exmebﬁ&r)omsm‘ SaZemmoelta&,rU@eBetentrNo He6 B2 Kt Y. Waod| WiSePaieoh of

brocar yot | ¢ Nind 0,39 tacage ity LT K'Y Rt s bwiemaly S/ 1t
cassettes dggge l@se;d Nimp%mh RhEE! Rhlehol U Paleat NENSIES, 265, RALEDYE ALY
organi sms (e.g di da, Gram positive bacteria, etc. and subse uently

i nt roduced |1r996,M hﬁ@h@l%ﬁnw FioeengnUita PateahNohBRIHE58; dssted & Maseh ow t he
f d ,
e s Mo ISRERE L Cofle? o b0 YA Bl PARRERD: S 8134 530k E23 Mgy (L0

Thus, i ngoneogspEWet, IR | &1l OMple CdID Bidl aF:I23-UBE, 1®8$Cfath&ni HeNgktnalar e
useful in non-invasive inmagi ng and/ or detectl ng of light-emtti

conj ugat es |B10dﬂWn§quéw 34&'{5] 15164l 63, 19925 prd dwKi¥r ghle f‘ﬁ'”é?ag?'jp@mgal
cells carryi ﬁln‘?xﬂ: cells may
be adm ni steir?%d A% (g{:tﬁésuc Sgﬁg?%ﬁﬁgl Eggﬁgé}?or%g?{agg% in a cell
or tissue tmetemﬁldfehermum fa,mﬂy'n(é’ramamﬁ € et dl. ,cﬁnloblsemz% Ba6addini st er ed
such t hat the;géo ie me uni form di stribute '1 the.subg' ect .0f43 WO

021 072808 PEFPERN2 aen s Wl aaEmiA MPEeYISy FEiRS QULED 58T E%ove,
certai n Bxpr&gg OB TPANMH(PHY, ARIRE i€ dnd 8 s@Hirated S8 1adiRriaddi ti on of
exogenous substrate (e.g. IUC|fer|n) for the productlon of light (e.g.

| uc and quA&etmmeinm’Uasmettes) I n one enbodi ment of the present
invention, the 5 str deh

adm nistered to t aﬂflﬂgk‘e ase 1caﬁ ?éprgl}c?%\@é%?m?g!n%% P§5

substrate CaNuPn@roﬂgphtﬁérﬁﬁMtM dﬁ’@ﬂh@trdm&ﬁ&\ mkmeaamelalsae,ee.i studiet. Enr rral
constructed. The substrate é%@ cally, luciferi n%l can_be adm ni stg
pefore, concexsmpdaKajiyameand dakano Eroreinctng H M6 1698; b lot)-R-Hatemt Moyt e of

interesty,, Th [ fy E28L mAescri bed
for the 1o aﬁ%?@?‘téﬁﬁﬁ Z?i?%alg 1% '? éésc(ﬂo%‘g 5}1 Qﬁtl?té? ?“l{cgfﬁ or tnggtfﬁ strate
i ncl ude, butsxﬁgle afithito ddidichanges o, the bBucialaamracigtadncifaypiecalingdriuence.r h¢ on or

by providing cuo e mistion heaks 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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at nosphere, for exanple, as a vapor. 5. Uses of the Constructs of the
Present Invention 15 In one aspect, the present invention is directed to
pr onot er woni/en2sosng or pronoterl ess, |ight generating proPETASEeNRY
sequence constructs used as transformation vectors for a variety of cell
types. The present invention allows the identification of cells into which
t he const r uavailabfe fréme Ppomegs) Madivoa Ml endérahendnepGhac Aasdfludifeyaserwittoduced.

Thi s nmet hod described hegpein usi.ng li.gh roducti on.as a ter of
t ransf or mat 9 ﬁmi‘sas‘%'eﬂ"‘?? efjﬁéﬂ"‘ltgi%%'f‘ﬁ ﬁeSFHBe‘i’ If‘g‘n“é%ﬂpﬁfaﬂ GRtae etge’(eil {199? g’;)es
wher et her e gt P 448Vl 7581196HRaMS Rl [MOD) PHIAL EX2B.692-093€The Edingxanpl e,
antibiotic resistant bacteria, "yeast with no auxotrophic markers. The

.t r ansf or nat sequenes dfluoiferaseedanived lom Renidamuekert bagalsoshesndegeribsd | owi ng

2 TToht br oy UGk AepfRigndut A SRR ABRn ARds AR “POT o

transform the celh theasBRstRUIShd! théhedsdedBribed here, haaBaryoiouciferaséiis art, for

exanpl e, (cal cium precipitation; polyethylene glycol precipitation; lithium

acet at e/ pol peaferipblyanedified 5o thabenrsiosusage reHectthasrcodens MormREM yseddrthes:i ence

277(5322): 105-9: ,a I 1 Yeast
15 1my7) | obeEagen” Eouph FRAREOALNTNE at¥er BRI oxanlfie byShiting the E8IGH
codi ng sequenage BatabaseshvailableandheMocld WiderWsbat he | i ght produci ng protein

are identified, for exanple, using an imging.s em Tran rimred cells are
typi cal 1) f bty kazysaonp/eodons (I xamplentn %%@%@F@os&n %&‘éé of

t r ansf or ned ol : i [ ' ih€ 2Khhalikpr
si ngl e col or?%éllse.gssegfg)é S@@Q‘f)‘z‘:ﬁ @?g%lgleﬁ%{lbdﬁuggg;%%%&?ﬁs gé%%s%ec{)ﬂgfl )'?he
present i nveTG isexpoespedoastt lentinsesidughtcepgdimght, itrig prefertedi thatdoib sgdensquence

VETG brexpuospad gutinely, frigpts _ _
codi ng sequantie parnecnof fenin ERAR SR ookl § Bl Bl o

the target ¢gldangiast commonly the integration event is adj acent active
transcriptional control elenents in the target cell. |n another aspect of
the predént i nverh praferred petbad obsitecspeeificallnguiating @ 4@ REIssOPAENPT BY ei n

codi ng sequence struct. i s eml queg-y| | S l.i gh rating
protein COdilﬁaqgslg@g.ehggga%yc#gqus&%{%g?létaggﬁhﬁp ﬁ\gﬁ%ehrﬁ%ﬁ% et)?"ipkggﬁpﬁrget cel |
or carried gagTiRlaasAprdoA6H, PRD®rese Rt ORfoed UaivessityPaeds; 1908 mBCRvector). 10
The cassettes of the present invention is useful, in a wide variety of
appl i cat i onsongitiong {1 epeteapplisaiionFgyctips %W@H"Pﬂlyc&‘ﬁm‘?di' d&“b\ﬁ’%ﬁr%f gene
or nucleic agig i rget cell has
been transf rdrrne'dectg\nﬂﬁ ﬁﬁkfe}?{lggghgnsgx:%% ??}{Jﬁe&tﬁ%%ﬁl&g‘%&eﬁ%&?ﬁr est. In
ot her wods,anhkd]ie tepsratirasnditime patensioninie; Mg2toindaA ER ceneenieaticn, pH,
transformation of the target cell_.(e.qg, pat eni,¢ 15 organi via, for
exanpl e, el @é‘firtb‘?)Eﬁ%&@&ﬁ?gwr%%ﬁ%é%%ﬁé?@aﬂﬁg&Hg gﬁ%’f}ing’ﬁg%aeoé{g#'ugat i on.
This is espeii&#sdlxrygﬁﬁﬁéﬂé (4.8, Sielohiclbhifde RO ardBkRribEEbalbwSRRC abl e

ch as drfug r

mar kers (su esistance} that are typically used to assay for
t r ansf or mat | Exaneplemt Afteremaplificationn thesresuliing fragments cayelp deteaterkhit agayossraebet i ve

phar maceuti cgl ,agents. and, det.ermi ne thelr i . I ter
isolating a %ﬁfé@g’g@feﬁ‘ﬁ% IQ"?{%@?‘GFWE}@R}E%{}%’ etggq?'?@fbr%led%t% gdrugg a@&e” can then
be used 750 i§fr@6iblerldniRhtfordr SiteRpeaific enpstehesisisalsoaltsdrited belacin the oup
contai ning one or nore of the genes or nucleic acid sequenceg of interest

and/ or act i vExgmpppemeh BgurpHeshgive o gpritciaqiife P‘I“é‘a‘_isé'él fof Sftﬁ'dt“}%te FRAHAEEOESIE i cal
agent of 1Nt &78Srah brbiRtaB1y, e SEREEIAXGHRE Bifed M Bhifio ABA selidhet Bfithe
r hen

untreated co animal's’’are moni tored for |ight production.
Agent s ef f eciebleing praeippr essi ng transcription and/or translation (either

di tl i ndi tl t hat turb t ildt f t t f d |
o function nor mirguet meineldpresbaninearosfetpie fraidti FhBRRg "
exper i megy al ARGHR siter YHY dnfinb la6ids f@ﬂ&%&ﬂ?}i QRectig fobEloABsExhititing efficlent

correspondi ng I nf &cted, untreated control” ani mal's. Alternatively, conpounds
30 enhanci nglunigéscemeo Randommutagenasis carblee pattommed, ferexampiehygepcitagf i ed to

produce light .as taught by th rese |.nv L on e used to nonitor the
presence of W%WSEQ&&?@% ,rqcﬁpﬁﬁﬁgﬁﬁ%%mgeﬁ%’?5%@?@%62, foodstuffs, in
drinking water, and on food preparation surfaces. 45 WO 02/ 072808
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PCT/ US02/ 07029 In particular, the nmethods of the present invention are
useful for introducing nucleic acids (e.g., DNA) into cells wherein it is
di fficul twoo/embmct transformants, for exanpl e, pathogeni eCENSHI/§1029 C
organisnms (e.g., Candida), and antibiotic-resistant bacteria, including,

but not limted to, nosocom al pathogens (e.g., nmethicillin 5 resistant
strains of Staphylococcus aureus, Enterococcus faecium and ot her
antibiotic resistant enterococci). Below are exanples of specific

enbodi nents for QarryiViegtorsit the present invention. The exanples are
offered for illustrative purposes _only, and are not 10 intended to limt
the scope of t he The&equencesppeoding Hehtgengrptingprotaipsiean thendbepged fTHODS Unl ess

‘indicated o i i i ofRr i i i

(o g Dy ol fecidif e B B afiofiiichof Hillgll &, Rl R cBnRIcES
Sanbr ooks 1%readesadibed inmiee Bxmmyiied. , Véctdrs foratse i the p@esentdnyenBontcan gemerally

-Mol ecul ar Bi ol o~y, 3ohn Wley and Sons, Inc., Medja, P 1995). Unl ess

i ndi cat ed opﬁéf‘ﬂg"s"e{m"r%?% $ BWI@H?QWS“%‘P&%‘H’:@‘H@&% &8%"‘ Engl and
Bi ol abs, mqgﬁg}u@g. enzynmes were obtained from Pronmega or Boehringer

Mannhei m and other |aboratory chemicals were obtained from Sigma Cheni cal
Conpany (St. Louilscersad) embodiBfents; the chastniciserill beeprempteriesss(Grge tepBeRASaByY Wit h

respect to n ers used (.e.g. unts, te [9 et.c. me
experi nent aISHgﬁF c‘fFCtgﬁdi%E?i]\?ﬁ gf""&ﬁ'ng'h%%‘?m%@‘g%? "g{e&%ﬁ'g’ gﬁ %’\R%t (‘)@ ﬁ A In
Vitro Sgpeenpdlade 4 ﬁroRfo@e?@.&?feneé operalle Maked 1wl thelhiiferagbsequagen Pusenblighy de
substrate was added prior to imaging plates or_ cultures of bacteria not

cont ai ni ng thepromoBiDis gpstvedn thedargeieeli Fgompigrsdynctipngbing taggelIgpaismy decanal ;

Si gma Chem cal - ,Co - . LOS] |, ering
the plates é‘b%t%lglgﬁg}%dr?ﬁgﬁﬁég gwﬁ%l ol%gﬂ ialls'rr(‘!za?t)gg1 (lelﬂ eﬁ?’ gf%rg%rg?mf(ﬁégl ng"),
and the pl atagexéhslifiddtrisd forsCagidi). Sithiknb), firthdr Caidcriptienad agdlamamat su

Phot oni cs nodel 30 2400-32) essenti al I%/ as desc&i beggi n U. S Patent

5, 650, 135. rensiptiensl peptral glements are preferably dgnvesd from {86 QEGEL QLGANISHY: yt j on (i n
50% et hggol ) was : i } iefps of the
cul ture.q§4G) m(g(gﬁg’g‘agg%ég{gﬁ%%@%%%gfaga ”‘S?Lgﬁ}%? f %ér?@ {)a;i'in 6tgﬁd C oni ng
Unl ess i ndi catiing sefueaces e nsdfol footansfordiaies veaorswhen integration inde ¢he
restriction endonugl eases, DNA sanpl es re. heated to 85C f 1 into

i nactivate t&?@‘”f“@?f Fheé?rigSq1°r§ﬁ‘}'§/‘HéngeSEF%\gﬁ tg‘ STHATQR, SERPSIORLf the E&@C

overni ght. %egcraﬁﬁg?‘ﬂl%fté?ﬁﬁﬁd siideqienPREH Prodilctib®ls depélidRrsrthe dite @atié@oP et ent

Cells. Unless indicated ot herwi se, bacterial cells were transforned as

fol | ows. Badhehght geverating protein ceding ssquenses adjagent an gndagenysy actile of each

cul ture re used to inocul ate fresh.50 I : : Ul tures
70 wor o DnaidiimgiersFebBp s Bfis R e broff TS it deieraHEBERGH
reached. Theodflg seqiiédkes mbig be tilédrlog Gireilar (the anay3Aclndasdgaémes tdargey
harvested by centrifugation at 3,000 Xx ? for 10 mn at 4%. H‘g}e cells were
r esuspended integEioniat »Fpesificggnoptit locetian(yy sgh infegraiien may bemeriated by (£
coli), befor LE i 3 i i cold
0.5 M sucros e?@!:'ﬁge eg(grfwbé" %ﬂﬂglg c?dé?m{?glﬁl w&@e‘ﬁldlngbls e{lsg%qttﬁhg@%a cells
wer e hel d orcifcalr vecto3 0r ahomokopdus reeombimatienwhereuyedrassever eventpestaetd in 5
m of cold 10% (%,I cerpgl. Ali quots of ﬁfg{l\ cei.l type were frozen down and
stored &5 - geenuallx genlags draspPRNF seemeuth AlieRIRIYElY: P2 Ai ng a Q agen
col um, di al At} b@ate iR the gétfontd Such

" GenePul ser"ryo?%?lglggﬁ)g?ﬁhrﬁ%%g???ﬁ%?%% \;\h/girogtqg?ﬂ~%a 2.5 k,V,g and ejther 100
ohns resi st gpromofearlessionatvaisimay sompeiee aidifianabelemanis cinglyding, but @t limigd S,
pneunoni ae. Th@gcells.vx%relleft to recover in 1 m of culture nmedium2 hr
at 37C bef or'@® F%%esﬁﬁ'%% elff BH a suitable agar containing the

) 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.€., 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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requi site selection antibiotic. 25 D. Imagi ng Sanpl es Sanpl es were inaged
essentially as described in Contag, et al., US. Patent 5,650,135, wth

m nor noové bzedzsens as i ndicated bel ow. I n experinents pePC®USB2I07029 sSupport
of the present invention (detailed below, the anmount of |ight generated by
a sanple was quantified using either an intensified 30 photon-counting
canera (Hamamgtieluntfditcedints tavpe ebliLatdiasd®ym integrattanodxpdpitedite gbtain ng caner a.
Wth respect tg the cooled integrating type of canera, the particul ar

i nstrument FeBHOTRAMS hosen from among three makes/ nodel s: (1) Princeton

I nstrunments Model E;CP% fer foRinlendodingRep@ncaidtstribdy- ks & Bool ed
47 WD 02/ WZSOghlI%%V'I!/ uS %%7%%% canera ga\_/‘f};lsﬁlr abl e from Roper

Sci entific, insaded infegesters promotoriess or premnqtey)cosppiing yectorsdbat futhirs nodel 600

del . 620 | ed CCD i | ahl | : I nc.,
Tucson. v SOMERSS iecorpaRaY H ol Blne?() B ORI ISA FHRE ) 1
-canmer a nunbgpe ¥EMoRe MbsEritivn thigetinedeqiences (3 oM randra bEiEhs Df rplicationSEl- 5,

respectively, both |ocated at Xenogen Corporation, Al aneda, California.

Both types ofe onmeraianssaptionieanrigationglements.audi(elong ar Jore ceding seaupnces;
generate a si ] [ t F‘;D&é M h hosen unit
area. The cﬁsg@%eﬂhiﬁggpéfggﬁg uebgesgg?%tgni‘aé !gaﬁ)hat et zc?ggw y a single CCD
pi xel , or, itfankiriphiongl and/on srefslatidnat codebbelementsy Fengxaswle df 2 progratentess

i xels. This signal nay optionally.be 10 routed .through an j e .processor,
g uch as!®he li&hbg@eé?x%‘gﬁ’éﬁg’é‘ cPflﬁFﬁc}iﬁd’é a P’F?B%%?ﬁrl{!gcf{%é’ﬁgini tbe”{aag%eﬁ P
transmtted o}%[n?sn? %rq]‘}é{’a%gy fiflddeh c@diggsédﬂéﬁém iMVeRed e Vektdrinedy furBeput er

t rpora ednond

Cor por at i on; Croso tion, , WA) or a Macintosh (Apple
Conput er, CepmiptiseiransChiptiontenningtiemseaquenpes pr prevery ireag-thrdughdranscaipbion®it i on,
such as "Livjnglnmage" (.Xenogen Corporation aned CAL: . Th f
andlor 151 i Reredreatiog Prafan cuodMeseaaes EOR R Parpeibion RRyeLL ke
conput er datgsdeidi&t with thelldthedRGendt bYintelist. Ihandtier @k exhplary erboditen ues,
where x and y represent the spatial coordinates of the point or area from
whi ch t 6 sifgnedampe whben treesfering fitam ppsivebasteria, promoterigshcodipe si gnal  at
that point or area xpressed,as. . I i ! ) :
facilitate isﬁ‘ﬂ‘éﬁnﬁ?ge?fgf’{%{ﬁ‘??mfﬁge Hh&ag‘?%“?y"y‘ﬁ”ﬁ{"?gf%‘ﬁ}%' E gél?é%ﬁl)gsp ré_f%m
" pseudocol Orc'bdﬂ% sefdies, Wheretn theqolliag seratdswhinterestiaclutio operatitedy tihkeds

0

val ue (anount signal) at a particular point. Furthg&l, t he ri:)setildocol or
si gnal i mageGtam pasiivea3hine andJasleape sementas o greates pssertialy) §agHencss that

"phot ogr aphi ¢ .i j frame of reference. It will be

appreci at ed R%ﬂ%‘f‘g?%wﬁgs‘@f‘g\r%%g?@' acquired on a canera that has been

cal i brated usi ng la chitabpeet phtht presentsmventios theutamdteflessaionstinkats ¢anaprisee, g. |
Xenogen 25 Corporatjon), the RLU signal values fromany canera can be
conmpar ed to HHEPEHR OFF'Eﬂhﬂﬁrgﬁn?}lcﬁ’i‘?‘ged’g'nera t hat has been calibrated using

t he sane photo-em ssion standard. Further, after calibrating the

phot o- em ssion standard for an absol ute photon flux (photons emtted froma
unit area in a un?A. of Transpysabdeer Mobilk Genetie Edéyaends t can convert the RLU

val ues from any such canera to phot fl i 0 allows for
the estimation of %aﬁgﬁ?ﬁz"e Brlagtb o"[(%@?ﬁespréé(ﬁnm{é’g&z%/n %lrsg%%gl??rgd cell in
the sanplse peinspddableldrifobitEenctitR1Emé.7 T8O 8pdciid triiF3pddableds niobile element
Quantification of Li hg t Qutput using 96-well Mcrotiter Plcgt es The anount

of |ight geniéchesss basedcan the targetosgamismy nEx@RPlaRYAAEEt oreanIpRs pRhRssAgatEf| ut i ons
descr bod apsPpRvfdHesieHederEmbfily, bt Aethor AL THCRIIRE 2 Fen used
el COr o e A b cThe s onal £ rom each

of these areh¥elggen Sh@ﬁdﬁfw%‘Hﬁrﬂﬁegﬁ,ﬁéﬂggsé%we@éggggtsg&sPlr?ﬂ*s °'§L’l‘}14}?ﬁq]11e f or
each wel4, Tﬁﬁﬁiﬁgég'sll@:g’.‘%ﬁidé% SHIDGRoBIANS! Bbr @ ih iR pbsedlt Aveslinpireed el ow,

i ncl udi Nng° Exanp 14 and 15. | _ _ .
. 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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Construction of a G am Positive |ux Transposon: Tn4001 | uxABCDE knR The

| uxABCDE knR cassette was constructed as follows: A G ampositive kananycin
cassett ewoonopBis289 (Buckley, N.D., et al. (1995) J. BacPe€miush2/07029
177:5028-5034) was PCR anplified using the prinmers KanF2 {5'-CTG TAG ACT 15
CGA GGA GGG AAA TAA TAA ATG GC;, SEQ ID NO 1; the bolded letters represent a
Xhol site) amdudéoiiRd eléshenB)QuekGE @BiTioGapolyEnciReidSHBYuURNEES ACIntSED. | D NO: 2;

the bol ded |ett t Il site). Anplification. i ed out
or 50 et e ahe R ogaps et i fihauronor gitiie ghidie eme et S0 and
2 mnutes atpddfed Rvddibné BSitdatifdo RRP hinklis@ traRspesAtisichobilldydnéas a

pronoter-less knR anti biotic resistance gene. The anplification product was
then cut wi teleménsld gSainvertaddepéatmaisech that whenithe Bansposan er roebilegengiK- | ux ABCDE

boi 557, 280 Rl FIstaTB 2 SlBofos B8P WA RbRY bR geiitie ' ™
-downst ream @lemidne | UXABCDE cassette. 25 The pSK | uxABCDE knR plasm d

construct was electroporated into E. colj DHSa cells and, the transforned
bacteria were pl &nekxenplary Bapipaseisios ysq inithe prgsent pyeption st clagsiler

i ncubation at_37C 0O J . J Ll r EaRed for
| i ght pr oduc fng’ﬁm{es't&gé %?%r F%rf @g&%@%@h@%ﬁ%?@%ﬁ la p %’f‘ )é%ggrélﬁ ng CCD
caner a (HameA@kssionNe MD8Ess, bk pairok b, 324 ef the sdqueace; se@Bgne2XDP., Bouds) .
Expressi on of both kanamycin

(O ammedt i VR B Eay. i Ao (15500 s K026 L IUERE F FoRshE el uascr i pt

|1 SK+ or SKyeeh dNy AfFifle baQBRhAcht B ORRFCramo! ONi es.
The correct %ﬁ%ﬁ%ﬁg%ﬁ%& PCT USg%egsgiOZQ orientation of the krananyci n
cassette (i .pwsitivebeganistisnExpexments ppriompestinseppost efithe presRBOGDENOWI Ny

sequences was .confirned by restriction di gestion of .t DNAwWth Sall and
angl ysis of ‘f‘ﬁ‘@atFé%rFEq %P@P#@P&%a‘i‘ﬁﬁ?‘?&ﬁ%ﬁ“&SE@% ﬁ"su%?lwa Tn4001
cassette contai nitig dofhohbnits BPheIHBOGE iREsposdiEinBlulie WA BRDRIdatibhlcapie bf

was. cut fromthe pSK | uxABCDE knR construct, prepared above, using
Spel | Salls. Tthe IS @dnssitioneeqhensgrprasent oxingertqd repents R twhich dafidstandes t o

te blunt-ended nol les...Th I i oat.ed . the EcoRV
I of the A GopmRedse e urand (% Gl Bl RS MO ) T T
constructs eahe&tddapsyatd, hidhindefinBiBpingatibs . Generally pwbdrorefertinp acther i a wer e

pl ated onto LB nedia 10 containi ng 15~g/ m chl or appheni cotl. The r?sul ting
t r ansf or manttsanspesen dle werded repeats argisensideser torheghe boundary of a functiona

chl or anpheni cal - i Sta (R ?’?,@ nggﬁ&‘ R; koIl ang $1dck@ Ry a DNA was
pr epar ed frotﬁ%qspéﬁeéﬁ-uéfethg?lgsté ng, ge‘]&g% cohornil:nes. The ?orrect gri entation
of the l2oxABGlfetkofvectns backbenes, aediscusbal bedomt i on of the S end of the | uxA

sequence relative_to the 5 end of the Tn4001 transpason confirmed by
15 restriction di GUsxpRle ﬁfgﬁ“?qﬂgé‘i’q“ﬁﬂffs? mt?rﬁgdmst%dﬁaer}egﬁﬁy%ep%% pattern
anal ysi s, as; appal yist SRy R eh&d -0 eisdeng t he
primers deﬂﬂlgéld '?g('za-tgc)%lé?’gic CCT ﬁ%%ﬁ%% G3, S%Q uD NO: 3§gq;nde

LuxA- Rev (5' efGBiereSACIR G, ZOAelbagthatighCgrerating povtein crding)seqyrness. cldwdEt i ons
detail ed supr The cqgrrect. ordentation.. i dent i fi .size. 20
EXAVPLE 2 CofErediBeno esomiosg bt sEr i FoskiaEh by posGoftl ehofOE Rt o7 &
Const r uciq onphistdage adbrigtiohafteihhinésmeBsiduehdeRnilybetddded/betvaen dvh Tn4001
cassette containing the l'ux and knR genes (designated | R 25 | uxABCDE knR
tnp IR wherprotailRcoding pesyengedi-£nincirede a palysistronis 1aessags) r MAnAlleMaivene gene
encodi ng the_Tn4 [ . o el < tle
vect or havi n§m§°‘g$’§‘r‘ﬁt’ ﬁ?gcg?@\glgﬁlgﬁ%}?ﬁlﬂo@é %%?ﬁé%ﬁ%gﬁﬁ@qgﬁﬁgyﬁve
origin of regdqueddeiofinte®stt her constitutive or conditional, e.g.,
tenperature sensitive). One exanple of such, a shuttle vector is th AUL- A
vector (Chakrabor We“é’_tr°@9t.erlf%§gg§tr“\?.ts @glﬂr’éﬂg&ﬁ‘? Hﬁhit&egf%rgg%%p_@ﬁ? CWF?‘PE h

cont al ns%o':m 9&%5%&8 H¥QisRd MRS lighienerafRE protdifbodifig feduehdeaanll ahyaddifithal

Granpositive a amnegative bacteria. This vector contains both a
Gr am negat i veequences of interest are preferably introduced into the 774001 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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50 WD 02/ 072808 PCT/ 0S02107029 origin of replication and the
tenperature-sensitive pE 194 G ampositive origin of replication. Herein
t he transpospors@ssettes of the present invention are schegatusez01099
represented as follows. The inverted repeats (IR) generally indicate the
ends of the transposable elenent. Accordingly one designation for the

transposon iygnsddsadeRombidr. WBRIcStHetBqubRsEOR 8% bk hanaeibed anlestindnitite
transposase. Further elenents can be added to the transposon and are

i ndi cat ed siimtegratipy of thednsertionieanense behind poy RgtNerSE agthratable pramater 168108 der ed

schematically as LRI . %ED{; LR
cassette vvaso\é@ff?' fA‘Pgn%%}é%%g?ﬁép@ﬁieﬁF cggsgﬁ%%g&écol? F?Egif ;éaaglélgl i gat ed
into the Ecaf3nesdbt theiséqrneds dffreerestind Ahstratispbmmse arctin oppasitgiovientatienssinut t | e

vector construct pAUL-A Tn4001l uxABCDE knR. E. coli %ﬁ“ ESDHaS) wer e
t r ansf or fred the PNA-nAltemately, the fanpgsase sTRVERGFIRaY,)E ey l“b%’@ Afon, pl at ed

onto LB Pl al@R6ashal el fhil B M hréViddi Haf KobAbd B6wRltredmPraAn! . and

i ncubat ed at overnig e resulting transformants were 15 screened
for |ight prsequente,dn orderyd ivoddpead+throagh foprtbe endergeousritankporasspiomotssi st ance
(KanR). Plasm d DNA was_then isolated framlight-generatin rRKanR

col oni es. B.andSKRREFTIRR P’B‘_&?ei‘ﬁhﬁ Weﬁgkg?ﬁﬁ?iﬂ!geﬁ‘%grﬂg%gfnl?ﬁk lﬂ%ﬁ%mghut tle
Vector 20 As an alyhel PRinoteilds® corstribls RAMIsedirthe Pralict BLIhY presshtEvérion| he

Tn4001 | uxABCDE construct, the plasm ds pSK and pE194 were used in
conbi natlion. thdlightigetetiing peeinisequensesrase vaiceHy smpiazed n theabsgpcxoha f ol | ows:

The Tn4001 t t..f i l. | i wth
e Lar Dy o fomater Sqmief Wity BT RAEESEAe Uhi-hy 104 Ehb prdtffler beieit ¥ 0
DHSa and tr 3{?@:‘%_@1‘1)‘@'&&&“ JAthieihe Glafshoasn {HBt camnhedintenansdiptipg ofithediphi-ci | | i n,

| PTG X-gal. ite colonies were screened by PgR usi ng f he grj nmer s
8 4l

i ncl udi ng segpneratiag prateim tmap g s ; ted to
' im {me preferowhenbogdiapnsths dishkB@eratng i SeAYCS

be positive by P re } ) > i Xhol | Pst |

to confirm tlﬁiqse'tqﬁR%ﬁ J%‘ffﬁ’?éﬁ?\‘&%&?%&g%? é@?gsalt ?gaﬁfgﬂggeﬁ?&%fﬁgqegtxABCDE knR

casset t g snasseghigiite @y o8’ -IRMightdderhridf SequsncesHRt3’i TFukther, 8@ sogueneeis t he t wo

| R sequences. First, the anpicilljn cassette was renoved frl? SK | uxABCDE

KR Usi ng. t HBSeiesivas ORRRIRIRLAPOSIE that ope ranpnsasesAleagtaE R iEbAYSHg VB 1 e

| ux cassette,| TREu e ARFOR dotRnsassiphid tbekqhére ofxci sed
51 WO 02/ m@%&@g@%@%g&@%egﬁg?od% t he anpi cinl ?ﬁ del et edquK lgackbone

wi th BarHl | Xnedrest fhe., hight-genditing polipeptiiechding sequenresh pHeURVNIGERLION o ed
with the blunt-ended | uxABCDE knRR cassette. The.ligatio ctropor at ed
into conpet el gE‘?OIE%P*mWT%“‘éWc?r}F'?tSW@f%’%ﬁWt@ aggy%g?ségr%}%g@%eg@%t ai ni ng 100
pg/ mangy ci | i n. Thd ghtspbictabRiteRare Sypicat doratifloatutole vettorsefor ease of

chl oranpheni col or kananycin. The correct orientation of the positive

clones was cumhipnlatidn byd RoRtion oA lrgaguaptitiescafyeptos PNdwgAlnprpbero!t sgeht | psk

Tn4001 | uxAB knR was | inearized aih_ Sacl an L lyy, this
DNA was t henSTUlY &P ATe FORTTORLY gﬁ%lghfecf gl’ﬁét}f}‘ M&gﬂapgrgﬂ,f‘e? Phg‘ gP%Bt he pSK
Tn4001 | ux ABghlgekaR1 PE36% 534 hEI 94 (Soehamamanst ratat. (1950) ThBectadndffRuct was

el ectroporated into conpetent E. coli, DHSa, . Tr 3 fr n sel ected on

ts were.
LB cont ai ni nf54P5¢548; geerhtins/Bhane alec.orsveqIs gliy/ ATBIRR tgkq XFEWXE ¢ hen
patched pnt o LBy ¢ORL 3icBioRdpdiedts HqsAEROLhink 1Br e Julk Bequence); 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

pSUM 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 eclement 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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containing either SO pg/m kanamycin or 15 pg/m chl oranmphenicol. 15 C
Construction of thepEl 94 Tn4001 pSK | uxABCDE knR~Shuttl e Vector A Tn4001
| ux ABCDEwytR/6hasdst | e vect or was constructed wherein the GPERIUSEZGRRY e
origin was |l ocated inside of the two IR sequences. Firstly, the

G am negative Tn4001 containing plasmd pM3C57 was fused with the

G am posi t i vfgRroftrelivaion (maEbs sdraitiohaly ez temperatidet sensiviveR 13 )mpolglinkesi t h
Pst | | BanH and bl unt ended, At the 20 sane tinme pE194 was cut with Clal and
bl unt - endedregio: S8d (4Jranseripion termiption Fe8ie%er ¢ then |igated and this m x
was el ectropor at ted
on LB containi ng%‘%afg%i pg?%wg%ﬁ%?@?ngg%dn @ﬁgg%glaﬂg ﬁ&ﬁs@%édﬁﬂgﬁﬁd‘@&
-resi stance tagseseneinventidr) theGransposeg abmpssmg pgmnotﬂmsa ligbtrgenerhting pmoteine

pM3C57/ pE194 orrp05| te. a nunber .of above
eryt hr omyci ° ‘égﬁ‘é‘l‘ﬁﬁ?es (ﬁ n@%@"@ﬁtm de%  LrpsPpEn ‘PI %hki ng the
~chl or aﬁphenhgmbef @ﬂéﬁ&@ﬁ&ﬁﬂ%ﬁﬁ%&u&ﬁgﬂm@ hﬁngﬁo@,ﬂh Hﬁél ahuM®ePsf d]ff@r)enﬁnd a

proportion o di gest was run on an agarose to |dent|fé | asm d
of the corr betteda.zBxarmple 3rdsaeribes use effong of thesyectpr aggmsoragg@émp do pbtae t he

correct siz unt - en
el ect r opor a?@\ﬁﬁﬁﬁ?gfg;oqg@pga%en%@j@%s 3 el%%gfor%Q%BS §§8¥ﬁfeé) ressnt
cont ai ni Ng QavdnBeol Weke BEMicAITRITY &inBng Eoloaiks ylatddm htgsmehuwcaﬁldmmhﬁs m d
was introduced within the IR of Tn4001. Plasnmd DNA purified from 10 of the
pMGC57/ @Elgmsmawﬁmlgete&uerwyi manual \§olaion0 72808 PCT/ USOZ/ 07029 cl ones was
e 1 SOORY 218 oflp BIREPE{1hfreBlns SRHigh B3or BRAKOA (RRRE BARIRRE 92| 1 ©
identify a plasm Hy&' Cor't e remal n asm I gest
showi ng t he tefififidn s&qﬂ@céﬁﬂmﬂ@g dsraatcelbjbttﬁslﬁés)of\mstraﬂspusdmcgamdzdlevgenbtlc
bl unt - ended BanH 1 cut pSK IugABCDE_ km DNA., Thtigl jgggti on was )
el ect r opor atelsmankt rﬂ)ﬂ@é‘ﬂ%ﬂﬁﬁo prey et SrREcsign obing gg}qrq_lgg@g}*pgpmi%g 150
pg/ m erythr lipdh hRnl § DN D atehedgions arpl i cat e
onto LB pl at’ g@@oﬁ%%ﬁﬁ?@ﬁﬁ%ﬁoﬁgé% &Eg%%rrym n or 100 p, é 1

anpi ci | I16n tkmowarif ithenart. r&eeaacg;HenlgndlfMﬂé%@)tAmearﬁerm 30:38- ii’asset t es.

"n'Che. cor t AaRTA LSRGkt o Wt 44 AR S P el TS
such 10 va_rl%mfm%m,mg 114r1i54.i ed by phenotype in S aur eus (only
plasmds with lux in the correct orientation inparting biolum nescent upon

transposition). EI)(M:Ef@remembomtWesdheeﬁgtm@fdﬁplsiabmmm fyaefiongl in

Tr ansnosant S ter Lve t

bi ol uni nesc g'ASrB el lv\f@f’gﬁrgrgl'pa S Hepf%a!rﬂhf%r% nhéa%g%ﬁ%g%él éétga QF&? ﬂagat Vhi gh
density 79n Sd?lgndoﬂﬁglléﬁﬁoﬂﬁieﬂﬂltﬁﬁbl16ﬁiondﬁll€&¢dcwﬁ imGdarmaegativel @gardsmgn. S.
aureus 8325-4 cells were transforrred W, th 194 Tn40 01 | u AB , plated on

sol i d non- sehereby {asiliatingmpmigulationpf @eé@ﬁgF %‘Fncfél’lv ay Ps per
plate, and %erg&? L&E&@fsgﬁéq%égc n@%ﬂbé’h BdatisHRS SNt 8 N9l e

col oni es were u5|ng ra, and those colonies were picked
using a di smmahhﬂg mowtmplo;ﬁmgequanpnescbfe/elcioghanmuodDNmngnphlemse/pe of the

desired col on confirmed usin caner o 1 col ony used to
i nocul ate a ¥ ﬁqcm prkier may e el iVgRtor %faﬁﬁ?ﬁgaﬁsﬂ%%mﬁ? %4 onto
fresh medi a g g@ﬁ@éo ﬁﬁmpbvﬁéx‘%sthé"&%@ltlhg Qﬂ)@isel@ béusEY fr lafifforAition/df thd he

process was r peate unti|l isolation of a pure colony was confirned by
obser vat i on grhmemsitivei aagdngsnan Seleetable impnkers hlteeermlt")jﬁ ROPAFS2ZIng VectersiBA| es on

the streaked, pl ales, The presetlno, dRRRSIANES 17 giELhas dMRL paxgids the

need for an ns o iSO I'’ng orga I SNB

i nterest trapeéioneselvdtitle iﬂ%ﬂ(éﬁ@ar‘e matsgea $® il eAateinispssants, tatter pxmsmin
invention. 53
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, €.g., the origins of replication

present in certain Streptomyces plasmids (such as, pCK1).
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WO 02/ 072808 PCT/ US02/ 07029 Exanpl e 4 Construction of an IntegrlLative
Genomic Tar eting Vector for Candida al bicans. Transformati on and Screeni ng
of C. al weeamensend Uses of Transformed Strains A Vect or PCBASIZAH2Y on 5 | n
order to express luciferase in Candida al bicans, CTG codons in the open
reading frame (ORF) of the luciferase gene were altered as follows. First,
the luciferase game origiéiréplRasion invhe vector cartying the tjansgposen dbombhide [ i t ate t he
nmut agenesi s of all nine CIG codons to TTG codons. ragment. cont ai ned

{ - One f
four CTG codevngicalementaayihesither continyeusby,artive or maydustead;be conditionalse.gar at el v
into pBluesgy] I e 10 Hldﬁmﬁ) ; Mﬂ'lﬂ
Qui kChangeT@Fe!stlg{né’-e }cﬁtdr%%gl%asg 1v:$uotn gerf{g’m S i4\fA§SEl%tf d;‘lé{d gggﬁe) . A]g? gllrmggch
Nnut agenesi s veéton, Apaddintige ofénctudinga ecnditionab odgimfdfreplichten intthe stestor ed

tati [ ted, .Briefly,. pl i.d 2- Basi.c .(.P
cont ai ni g SOPHBRTRRISRAESTE ety o8 SgLHem b PPEL PR R S bal and
'EcoRland a adQr BynsihadnaiY hd%PGltgﬂﬁi@iinrtﬁ” idteresOgtbwRuni &t efrhissive @onditibss, t he

| uci ferase open reading frame was cloned into pBluescript Il KS(+)
( St r at agene)whilk peemiitiog thgSbstoyrgEdarR o beEcared? dfithejrastar whentgaeWin vgderhe ot her

five CTG codons was cl.oned, separate into | uescrint. |k th.. These ni ne
CTG codons W%Ctmcgpgﬁ‘oﬂf/(et%ete@ie?bﬁgﬁ%@ﬂlﬁﬁE? ?g&}if’érg}éfsé\%f lﬁ lz'i%}'(ca"rnesi s kit
(Strat agene)trah%o'g'ilign}Bgioe@r@tj),conpl imentary priners were 20 constructed for
use with the site-directed nutagenesis kit. Figure 1 presents the

conpl i néAt ary ol Axserdingly: aftes trgnsfprmalion ef tly target eregnis@oV iy theYesi9nesi s of

| uci ferase. These i | . : Risfste ade€ eghdrent

mut at i ons bfo ]%fne"-lg#hfggat%g‘gdsrgrﬁ%gglgﬁle%gé&flﬁ?ge%tehg(dlgﬂotfnu pyrea "ll'rs | uci f erase
gene of pGL2r&asiet contbiningairipreraoterledsisequenees énooding d ligheganertigg proteiadied t o
change CTGto TIG Under]ined 25 nucl eati des are base changes, needed for
primer st abitfansfprmanis aee 18?!&’(&5*@?)’(}86156‘?‘ ‘%tpé’é?‘?‘{cﬁé'ggtm%’%@gda%éuence of
the prot ei n.q fufition hidfochl ddiRlafe ST End kidHR TR f1AR cBftalnify figie L0 TTC
mutations were I'n close enough proximty that both ‘were incorporated in one
reactions Afgeneratitig agsesidentifiedal TheBe amdoars, thenpasydged to Provide meraguic oR

| -EcoR Y 30 fragnents containing the nutatians, were excised from -

pBl uescri pt quﬂtuf@S@;tl}heéFﬂilS_ r@ﬁ%ﬁgmrqsﬂflgtﬂff&g}! BenerAlng PrREMARAINg, | ycTo. In
addi tion to %ﬁ@éﬁfc&.% YrdrdigilAfchs €all 88 Sarried BulGia NRuid Sitsemives1ed allfige made to
include a pronoter and polyadenyl ation signal, both derived from Candi da.
To this 54 m#erigizaewaBoanploTingSor cxanple, misthtitgrBlafescript 11 KS+ was cut
with Not |, the ends filled in, and a phosphorylated Asc | |inker

(5" - AGECGCCCCT-3"; SEQ ID NO:21) was ligated into the blunt site to produce
pBS- ASC.ogThe | uci 4By asvedtp andcPIAsingds r ane cont ai ning the nine TTG codons

was anplified by PCR frompLucT9 with the priners and LUCP (Figure
2A), produci ng a Phoungheds elthe prrsents Hycnpn ‘F?B&ef‘isé‘tglggl&‘i tF%‘}sg%"@aH ’éﬂg?eadi ng

frame direct]y. fl P S ioh product was
restricted w ﬁ%@%@ﬂﬂyﬁ%ﬁ%@a‘ﬁkr@ﬁgt%ﬁﬁhrﬂ%ﬂ§f|1 g‘tg%ors-égﬁgg%% Igﬁ%s?gduce t he

pl asm d pBS-dxpresbidntcontslolémdritonAppropriate ve¢tbrand egitool edmenteioCanyBlyesans
actin (ACT 1 gene (Del bruck and Ernst (199 Mol M. crobiol. 10(4).:.859-66)
was anplifi e‘EF)IWP‘P@Q Be diosedvz0 ﬂmé‘aﬁ\f%]&ﬂ © fffdn ﬁ‘re’lwrr?afrtée gf&%’!‘?&ﬁ and
ACT-TH (J4 gu{ﬁhg%eselﬁ‘ébeé@ﬁéﬁﬁoﬁ%d infaffatidnNGolvhlin it of e3xpiedsion Pe@oRBS-L to
produce pBS-LA e pronoter of the C albicans Enol ase gene (ENOL )
(Sundst rom and Al Fagxatnpled dight genprating pros¢in todipg sequeesgan by ingggedint 21 i ed

by PCR from C.  al hi.can trai 4 i 3 LWIer.S:

()Iéi gure 2A). VeRiRy M‘%}%f%ﬂr@e\%egg@%\é\?gﬁ l%rg(gggé gﬂ@ﬁ:toﬁwg%%&% Wave
unregul at ed GRS Fdrithd éygﬂes@mrcﬂsﬁd e(iPa shoseh loelkitypea Bxemplang ptanoters fa995) . |
Bacteriol 177(7):1772-

J). The amplified PCR product, S cu ith Asc | and
Bam H and cusmednarmléhqéBSHLCAP@é%lOWTtCHlth@“Wtﬂ%ﬁ%ﬁt‘ﬁ%g\'gﬂ%s to
produce pBS-ELA . Th NGH r rw\% ndafy fulforHihuS L IR
| uci f er ase oBré)ﬁﬁort%ragﬁr%{, (r?%rre v gﬁgrfggr%t ule At} '
promoter (MMLV-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

33



20 site inserted inmediately upstream of the luciferase start codon. A Pst
| site was placed i mediately after the stop codon of the luciferase gene.
The mul t impb e2/¢l2803i Nng site of pBluescriptll KS(+) from thePSBUSO2/¢102E to the
Xho | site was replaced with a synthetic |linker containing the restriction
enzynme sites Not |, Asc 1, Hind Ill, Fse I, Sbf I, and Xho | (Figure 2A;
synt heti c | iexpressich. Bipdllp, #anshliptieh teayinatien arsl polyddenylBtiorbiequenzeblare35; and
Figure 2C shows the conpl erent ar airing of these t synt hetigc |inkers)
to produce ﬁBSW?“tT&ég%ﬂgn@t‘é? Irg‘éﬁ"}t\‘oérsé‘g’e"t@??ri ﬁﬁﬂ?‘%&%g@ﬁ%‘:e\ég exci sed
from pBS- EL At Diti6f 6f ni@dtbn!drdndihtort Retafeli 37 eslthebQin BeyuMiicd, & MEoduce
pNX- ELA. Th?pﬁﬁi%nggge n\}\gésm)grrpl i f% ed0 f’ror% the C. eaI bi gqﬁ%- E. coli shuttle
pl asm d pRCpakent| Gxampies(of a@Ajcripsiom teaninayorpolyadenyiatidnesigipinciude thasRAH and
URAF (Figure 2A),.Th lifie oquc s cyt with Hi | 1] and Fse | and
gated fnt ered Eom bR o B ekt ef sl s 8l peabe R The
urad: oo rTTT%Wth‘Hoﬁﬁbné terfTHARA séefilefices ThEtbAk, chht@inimy Plite Benoraad aEcepeit ai ned
e

a conpl et . al bi cans URA3 gene, which restored uracil 55 W) 02| 072808
PCT/ US02/ 076ites, praytadrorhsplegigned intetheepnsirucisfonpsgrivigle Hisinrgsentingaiiong (see

bel ow), sel ion far Uncs j.0 ] C ied out with the clinical
i sol ates AT@%’Z‘? aké@@‘%ﬂ%‘#ﬁ%a@%ﬁﬁ%@@?ﬁ?d i solations and enzymatic
reactions were cd@nhafteplenéntiatayshenndd telinbreasneipression 1¢valsofmammalipn a;

Sanbr ook, supra) or according to the manufacturer's i,nstructi'io %ﬁ@All
li gati oh8 waeetorrenstrietso ExeraBlaphenhaneres mehude iyt grengt fimited;te.4he, a (Life

Technol ogi e Vi , £ OWEY Y L i tani REL um
cont ai ni ng %Bﬂﬁgg&o‘#dhgﬁ%%}@sﬂeg‘%ﬁgFﬁﬁlké‘ﬁ%%ﬁ}é?%?@ r?ggj_%)z?ﬁ a Ceneanp
PCR Syst em QnfRshcat/prowmitadictived frain thy tingrterfripg Irepxit @i TR )ofitheBPus Kaeema ons

cont ai ni ng_ 36Ty SeseioebbaTn e ek N drrd b sPs) BB 7 of

PCR buff er (paiRitd &ivel iond REmMNEMPR) RS DRd id—BBﬁlaﬁ%ilﬁDPd?élgg98§) 2 mM
MyCl z, 0.2 nmM of each deoxynucl eosi detri phosphate (dCTP, dGIP, dTTP, and

dATP; AfSr shm21, bughas eleampnBNaclpded/imshe €Y intran Asequenrai§itapmangtall, ng of
tenpl ate . Anpljfjcatj : rried out under the follow ng

condi ti ons: éﬁ’é)l‘&sgﬁbfgﬁé—ﬁﬁgﬁégg econds, 50C for 30 seconds, 72C for
1-2 mnutes (depedifiab@ Rokdri&icveRRRd Rdlude,ZBr daniple, pisatlaciuchapthogef i nal
extension step of 72C for 5 mnutes. Before restriction of PCR products,

t he react i orcapabde of eeplisationdn £ doli (fevermplyiPBRSZLuRAIE L PRRI PuPAG Y@t Bhn kit
Q agen). 20 .G,«albican r.get.l S . jnserted
Mo the vediGX PRSETHBABERN K CHBRE AV EUpELRG, ISR BRAN drE0C | PO
fs eque gg ngf kdi%diosée %msdmbewktnb(a'f. r‘fMtg\T_cﬁéarﬂélthiﬂ%Lns I_gzm?mry W\dﬁao 35Meree01ﬁt8\§n; I58:£1d ed
rom GenBank (accessi on nunbers: .. A \ \ :
AL033396, arfditiqmy gditashby, Salﬁupa‘&iF\ﬂéﬂ‘g‘pgﬁ“F@a% 2%?‘? 3%%%&35%@@% dat a
annot ati ons ("f@%@&?ﬁd W?&h@cfg?s Q%ﬁmmiﬁlﬂlﬁﬂagﬂ?(lg.i ‘tBﬁgiﬁM pibSmidaQnclMgst

Lebanon, NH)- eral reglons approxi mat €l y at did not contain
any put ati vep@ipérpC224¢pTig7f arsktbe like rapd escadisalentd by Gryegsadin T hedeleerar

' , et al.. (19 ti 2 k7 39- 52
ool 00y o ey RS Asafbrrt Tt Y (U RERRES DL 38R, of one (-
kb) not Lgont g irsiHly @R plaRHid inVRAOPEID] (edkdan et 41, JnBactysle168:417de 830 int o

500 by sections and each one was used in a blast search (Al tschul, S F., et
al ., (1990) 198VplanBistreptenyce)basriopmeensuchas i C3 19 Ghater gt alg|In: Sixthgg7)

e (S ant oPiErEAdnaESYhesEE ol 25 ham et bnds BRYEY, SRALAR REAUTBERR.R, L hat
Technol ogy CHbAgiry (BI36),ipp. a8-54). tRxehdorenas plasmids are reviewed by John et al. (Rev.
sequence. stapf or d, oYl SR TS S8 aki (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 Wntr. SyTnp. 19:265-274, 1982;
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Regi ons that had significant honol ogy to known genes or repeated sequences
were renoved fromconsideration. Aregion in cosmd CA41 C 10 (GenBank
accessi onw@muzroRs0sAL033501) from nucl eoti des 2356 to 5858 waz/usel/ewzed. In
this 3502 by region the first and [ ast 1000 by were renoved from
consideration so as to not to include any pronoters that may be present
from adj aceBtrozmheIn tEbeiMuiechitan Bidog T bithe Yegsteacchardraycesidride Cgtleandd for the

5" and 3' t etl n he, vect or arat ed 12 AN the
Candi da gen g 52’2‘%&?‘8"3 é?’é& Fagpragp g‘{??%g rf*?eﬁir % ’|91§48 4gh
sequenced fr19m :Badl, e o803 m0ki f9g2d Diloart £€00CIIE. Fbatoll DcHED):PNAL] N the
publ i shed cosm’d sequence and ATCC 32032 were identi cal except that

. ATCC3202 had|9&m Maruatis; &n:Cadl Blob)giynét%anpr@he@wglﬁmtm Yals 3 ddencaeqnerdeeot i de
4745. Th her thrgﬁ tralgF 6(51361 nucl eoti de 3942, a thym di ne
at nucl e t| EPFEHSN- 68 U}gpl catron of the nucl eotides 4007-4131.
‘15 Sel ected t ar gefighigeh@afisESrowsi encoliRgedqicntes dahdetciungd intd @ny aGinber of
flanki ng the luciferase expression cassette and the URA3 gene. In

particul ar, cmmee@@hlsde\@llablszfeﬁtersz!sGvnmteemrfewl okthe hghy SGPF'@&nSy PCR from

CAl 4 DNA by éﬁﬁﬁ" ﬁ!@ oduct was
cut with Nolp 8 gﬁ? e@?ﬁ%'\ﬁgngq aIfT(one #E{Og% aﬁlj-gp ‘?pgrg% S%ieg%@ SELAU.
Anot her r eg These systemstinclidg butes ndmmtecbtoz the43BOwings vestpisi for batuloyimER from

CAl 4 primers TAR3E a L The anpl i fied product was
cut thHOFsé'aPSfaﬂﬂat% RP‘"a‘(nﬁq%’l RZ AAYIDMIREE 'SR pGTV- Eno. Kpn

| sites afeLA%BQR’?SR\F'S@NLIAL%%@eBea?ﬁB!SetQi‘l Eﬂﬁ&hhbﬁsﬁligmgg g regions.

The constru before using it for transformation of
Candi da al bthanmngaﬁ Cllowtecty Pator Ailtd, i(4); wécteSTor iEriaktransigriiatian) Ausubel,

ted 3A, 3B d 3C.
1 bi cans. ot Pt FheCliariarofl i ot ki

AP g%}"}ngpieygﬂggw?h Candi da

al bi cans US'?& Rledid PR A IbACRH:; Iv@&oeffow@asmm&moﬁmsnwgﬂ slah@son (Braun
and Johnson (1997) Sci’ence 2/77(5322): 105- (http~//ww sacs ucsf

edu/ honﬁﬁJomekmnpecmmuthbSr RateatN9. RIS, Mge@suqdr ¢h @ahﬂ?&jaShaFtB\’,é&as

transforrratl res i h 50

ng/ m uridi (%‘ftﬁﬂ*%l 506?:9'.2;9 g'ﬁf \é}ﬁv@bg qw7e’ @9‘;{;?? ce%@%%

02/ 072808 PQhkidvéiHotk &201-2)179-98 mermﬂhdou,tmdu ot alhefemses)mdm%and
allowed to grow to an OD6oo of 1-1. s were 8e||eted t 4000 rpmfor S

m nut es and (18¥)sGeeddel .M., Methods|: ‘ﬁz_’%’ﬁﬁlf’@fﬁilﬂa OnOuthrie, (tmaad &Bie, 10 mv

1V 12 o e P S s o
denat u(r]I egNA s(f,'lgglrgel@tl151&1c Tm;hp no_sl_lpgresﬂ]ilbdk iBELﬁGFa)ndeIsidxlld,J\m Hg'naoi _JKp?naAJ Mvcgfefst ed

t . :
e hddeq. avrdiResdLIgR 100 GLoBR. hafy Y-Fos! gErdel CoAirbil Aaasaridsa sty | ora
vere i ncubat,gg_‘fg, RG, f‘%le@tl& ﬁﬂﬂca‘&ﬁ@a‘hﬁéhﬂﬁ‘%ﬁﬂ:eﬁol@&sfg@ﬁeﬁﬁ armbEs Cel l's

were pellete Tesuspended 1 n d plated on non- selectlve
10 nedi a corelsAim§fethods freEnzy"IOiDgyaVQil b%ﬁmvpm 16 @#C&Qemlc Bressulng/, San a3:

by D+ suai hieBs Eaxi St GdErby B iy pudnfar! aéigmé% Ui SO

ATCC 32032, ks ClameciPladtatsréseehiRaloAtofCAardRhaAnssia LKB Type Cul ture
Col I ection (I\/anassas VA). YPD nedium 1 aéQm ogene, Carlbgé? Cﬁ% cont ai ns
204w v) peptBietechnologyylyg., DisteatawayNh ood gkiel ety oy Bgct ﬁﬂ"dc 29040 et i ¢
defined (SD 0 1 e

W thout am o8y HEDSLRSBELE [SAS Bhbiouib Ll €305 YGR0) AN, LT Biges

(gl ucose}, aviebtérsO ahdothery mcgiﬂgmmcmbmnﬂamuakmrlelwwtss);rMnkr,ac| |
(CSM ura). Theforrrulatlonfor i

fol l.ows with c onents given
{120 1) L: Boh LA 3P ARG rings b banCBNA Bty BB T, e

L-Hi sti e- tiClg C{1087)L Bint Wiolboidr B - EssMedidy oni ne
20; L- Pﬁyeonnylégl %n?%shé%é% eﬁé’ﬁ?"ng‘“bi‘g}g tp yptn(g hoan 56 ﬁ osssi ne 50;

and Val i ne 1Z&hnif@gsLP. G?(Domag amﬂM@U((tOH,Ml)Wé’fork Hi WileywtS7, Mighabled to 1 L
f SD t Kk D- For t i f L 1
Igr ankl i (r)l Egkég% A a%gélotgﬂfg 88Ma61t %ng }({C\%ﬂgé A?@%crulérl%zoﬁgy, NRRE YRk, BBl nson
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C. H gh Density Screening For high density screening, transforned cells
were transformed with a |inearized pGIV-Eno construct and the transforned
cells reswcprodsss in 1 m YPD, plated on twenty 140 nmm SDPGTASPHY/EN02S
suppl emented with 50 pg/m uridine, 30 containing 600 ug/m luciferin
(Biosynth, Naperville, IL) (at a density of approximately 2.5 x 105

cel | s/ pl at eProduots RyessyuP98y HemiygRt J.aPragGcul Applicativys of\ Plant Mateiar provi ded

better |ight prodyctign (relativ ing cells on YPD nedia). The 58
WO 02/ 07280%’ %%@é%%?gamméﬁébﬁb% owed growth of untransforned and
transformed cell syedidrf@mpribitiy bt @ekbirdtthgliRoRel &/ing/RqRERES Hiag also
Consequently, a lawn of cells grows on each plate. The next norning the

.pl at es wer e incledpesdquancesthataqilitate single sige eopembination imo thegename 95 fRyEethe

| VI STM i praging system (X | Y T f e
( Xenoge ngm Cof B%Pgﬁ {?rﬁ" a/(ﬂlﬁ%lg @,A %&ﬁg@d{ﬁ@é@dg tgég%{){@ggen%eg?\a yt %}g@ﬁ he
i mages. | n gefidnié tisedas Efkilithied tntegratior) vk esquencespha tfaslitverimmolegred using a
photon countiing intensified charged couple device (lICCD) canera (jmodel
2400- 32, HafeaembiRation£e &nf¥e ?%PM@BMP@SP“N?)W%W gt gnemegyherein

f or med helib i ' h
Gark bock: SERSBksP PN REERN posd RIg TR 1R aatalply e

many untranstor At the high density of
pl ating, it rélstedicbfitraleldmdnts qi fakther spauencesodfanterast). Oned idmitifesslcthet cel | s.

Therefore, cells were picked fro t.h(gaglca;te at nﬂyground the | ocation of
the bi of @i AEetEE SegREnSRS canhefragily islated. Jfor example py dpIgURg PIISEAY hes and
grown overn iaﬂfebtlifﬁﬁg ﬂ%@eagbm%@by PERS URR! ARiTc@ ProduchiciathBdbéinsertddintea  An

ac ube

al i quot from s placed in the 15 wells of a 96 well mcrotiter
pl ate with $ightgenecatingproteingoddg spgyente-edntainuigicenstrict Hopexample flankingiged f or

five mnutes, and cul tures contai ni biol ymn I ' d and
spread on Sﬁf%?egufﬂcgf & lci't?ﬁ)a%sﬂfgﬂfcgge Wkelgﬁgdg% I\?‘Sﬁ‘i{}{“&?‘%&%"zse”@%rge gi’%%i%“g

col ony i sol giljaBar. TaRhEEEshE tHRn&hGdsWTiiesresst imvehtich vexters pasying tight
repeatedly and were stable With no | oss of signal. In additign, .the growh

rate of 1Eandieterating piotaimroding seqvences (andrelatedicontigl cderaents as Wk ag firthet i ng

region is the sane t {. ' veRidom ¢ DNA
from transf SRRAAEE %}Smtte{%gt)gﬁ ni éaro%gé t%??lésls‘ﬁlgtr%ﬁe%n gﬁ%éﬁ&g% 10261, and
90234 was i sRlcetedthyatmefotinbor of thigkei dolls andtiek iGaitifivati¢r-of transfeamantd. Sakuma

{1993) Biotechni ques 14(4):538-40). The genom .c DNA was Southern blotted
and probed with &% descapesthe ﬁ@“sﬁ‘ﬁét“ﬁb?lfg"m IRteEEAtYE SPRNICAYBEME I n al |

hr ee. { ransfQE @R g S d hdhSyblping WRSHHE larkiiig VAL@HEGHHBRSS prdter o1 T ect

| ocation in t genore. Vagi nal "1 nfections Fenal e BALB/c m ce >6
weeks obkd weshetairseg lighteenhedting posau dokisg sequence80Fpithess Exampladidgscribgk er at e

wes di ssol Vetganls orr?lgtslgnngxp%}'llmeg S C%.\%ld rgut I?ngg {hrl] 96%‘0%%§69r65u1y&r9&/n9312808

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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PCT/ US02/ 07029 intraperitoneal at 72 to 96 hours prior to infection and
weekly thereafter. 50 ml Cultures of Candida albicans strains were grown
over ni ghtwav2/826s Cel | s were pelleted at 4,000 rpm for 10POT/USUDE7029
resuspended in 25 m phosphate buffered saline (PBS) and repeated twice in
10nmL PBS. Cells were then counted with a 5 hemacytoneter and diluted in PBS
t o appropri s#ingiftomi AYCCoMn bné embodimentdfithie pﬁesédﬂmuenomultbe ranfgiasiong Sx104

cells) was admnistered froma pipette intqQ the, vagin The ani mal s
were hel d i Mi%Was plated arnoualectios media cpniyning fucifeny. négawatO?E esllsCr@Fani
(1999} Curr r g&y@ ul um was
left in pl a%x{;rﬁ{seﬂgﬁh%drsgm% forphgﬁﬁyrﬁi‘%&lt@ “ ku e@(\,/\rffae?}uél E?{re 28. 10 For
»exanpl e, anCorfoeationd VIIBT emassg systeged(amgda@erpbratﬁbn, AR)antedafCAY),to9, 13, 15,

d 21 t-jnfect h a l.ight-prod fCadd
oot Ehr BB tD B S el Rl 7 Bl Y, b
“herein aboveequeﬁéed% BY hReRt4E %&ﬂe@t FoR t@felghbanﬁmasﬁﬂes Whre plOIRAITHSHR o8 | €S Of
in VIVO whol e nouse I mages s progressive course of infection
clearly maQedhtbygxnnnntthﬁpla@ anfl usgl noheoquﬂajhovqm@buqug cdwres ddmalht  day 21
Lhe an el < aliich SO ALA R IR Mot SR SRR SRR 22X 2T N0

This tissue resence o eln I've agen is the

|'i ght - pr odugiieygtifer piiteland exb and;mrebaduﬁedrmmghapxeductidﬂm@heailglhtwumafesr e
i maging, mce were anesthetized with isoflurane for five mnutes.

addi t i oh0 t ocemBrising lightgsagrating grotein qeding SeAvENeAFOPEINIREE ?ﬁpféﬁﬂl%‘iﬁllsé’é?éﬁ 20
h 00 pl of PBS
e e g Bl Y6 LEEIROEIf 0B, S MAGE A0 Py of P

inserted into the\cmgmgw thuseesuamdemmstda&vthgdl@ogenemmgqxaeirﬂ adinglhe

| avage sol ution was aspjirated u vg; ﬁai'l se the lunen walls.
Fol | owi ng Ié%’&éce'?ﬂi%%m’é‘g Ccopgiryc af’ Fusedsor highalensihe saresiingSq dsifst saved in a

m crocent Il Lol &vemy el aBRihatl aROW Fof GHIBHAIiADiH WhdIBnifmid. UITen.
Lavages fromeach group o ‘mce were pooled and I naged. Serial dilutions
( 10x, L500x and The@8@zn)s qfﬁhﬂﬁﬁsmmemm eompnisivPbhghbtqgeneiatingigros€in gl
ur|d|ne and /m chl ora C ates were wn, at 30C for 24-48
our s and c604ine SehuERee: HH eORIBaieh gife WP o BwBaps o e Rl ns gy of
cel | s obt ai Bggart nBIMimAYREE SoktdMeR! Retridiidns sEREBAE bﬁffex‘é' digpcrables,ihal - f or s
of Candida cells. 30 Thus, these results demonstrated tha

| uci f er ase- dmzrdmrmllﬁw@rmﬂwthaubfayemulmdudps@un@gmﬁeéph@t@n COBRHIE ¢amesa j n
cells that are n nen le to selectable markers. In addition, these
results deﬁﬁgf?éa?%ﬁ’ 44 nﬁf@??%r ase-contai ni ng constructs can be used for
hi gh-depgi ty scr amik,ngstéfl sheistgicohvéniohslseRtiicors¢tsehihganethodzddi ti onal |y,
al | oned 60 WO 02/ 072808 PCT/ US02/07029 f or observation i n whol e ani mal s.
By using a Mgérmiesierigesmee Pfemt?remﬁtraélﬁfowmheqll Adighlhased seregmipgr ed t o

allowits e n SHe%em gegergﬁﬁ@ S
were isol at é? Ey scg:)‘\r'géeg?]ﬁl y?% | ght Hﬁ?gﬁ%?ﬁ OJ%{}?E@% @d;’%ggﬁgu C

sel ecti on (ia.lght gawmtmglpm@'mpllmwm%eqmﬂceusplace’ﬂypndcla%byommlhmdids for
detection of transforned ce e ion, .either nutritional
defi ci ency tpﬁ%ﬁmtle%a‘il‘éfﬁl“éﬁ%ﬂraﬂ?w{’hrglp%f bﬁ%ﬁ@ﬁk&l el%?e%i/méy ﬁ‘@c?‘ésgz’it%qv&nce
For rephacegeBéndifiordl XPét Siahiple, M B BCDERGsseRE, dpeBly Kifideld 3o B p¥Sinbter be
deficient in that gene. For ug resi st ance, the cell's have t0 be sensitive

to that drugequeaccifunatienabinthedargefrganism of mtqre%nwmmtr@duw@rrﬁwm n,

penamy | o SRS T ARLSH B B 40 B SRR g 10 b2

descri bed h%@nﬁbnﬁs@t@h&@@hdﬂ&‘ogﬁe@tabmtﬁ@ ﬁ@ﬁuo@ﬂlghﬂdlnﬂhls\mdmh g ef ficient
met hod for obtaining transformnts. Successful transformation occurred at a

frequency ofregustion of lightds useddo identify tonstormppls Gﬁilﬁ‘éfﬁ%}e hight prodwcang s

m crogr nsf or mant
(i.e. g pgh'(t%&ﬁ)?%géém n clﬁe&ﬂfﬁ%ﬁ%ﬁ%‘ﬁ%@tyﬁ%ag}{ gg%l Qg glgﬁ%‘lgﬂgtﬁdi I"r;}gnsf or nmed
.cell's. The standasshethodsr(argsfdiutren ptatingl,efnnﬂeamlm eldlngemerormtéra&lllsemn r epeat ed

th | oth t st f CC. t del's of
C al'bi cans. ISHPRARE B SRRTIR e R Pho ChapiRsF TBYerCat PR A e

ani mal , har \e%ﬁiph@ﬁhgtugﬁﬁg@nermr@tﬂd%ebh@e RQIBReHp2abI9Ninké&d o ;ﬁé‘MB{é and/ or
sectioning the tissue for histology. Such approaches generally | ook at a
single, 20 late time point in the di seasy process and do not all ow

foll owi ng the course of




infection in a single animal. The present invention describes nmethods to
provi de bi ol um nescent cells which can then be imaged in a living infected
ani mal . W s2/ed2Beews exam nati on of many tenporal and spat PEI/USEHEWLE of

i nfection, that are be possible with other nethods. 25 Although preferred
enbodi ments of the subject invention have been described in sonme detail, it
i s under st oegljueheds faintionalsnadangettdrganisio afiinteresta dising sush atveclepprovideg fr om

the spirit and the scope.of the jinventiop as.defined t appe

cl ai ms. 30 Bfans %’]i&')ﬂ%fztf%f%@ga%% °r5§m81§;1f%é'v§mf no %%ﬁ%gﬁcﬁqgﬁ met hod
of intrOdUChﬂfgI@SiQ@hwgﬂk@gHgQ\QﬂhﬂEQ a cell, said nethod conprising 5

provi di ng a popul ation of cells; treating said population of cells with a

*pol ynucl eoti de under conditions which facilitate uptake of the

pol ynucl goti de by at | ' ; I ein said
pol ynucl iot | de céﬁ‘gri 3@@‘%“‘??‘3’%“5%@? Fﬁge%fr"g gerr?&?{c') | #SY@ggsuence;
screeni ng sai d pahellighi gemeniting prdtainfcassettes, transphsun gssatites and shyittle veatad 10
isolating cells that prodyce.light, wherein.the cell apabl e of. produci ng
| Taht are ceprsnEidssneane e Is PiizireelBaoRe RoatBentS  The
met hod of cl,gigj Hol?c?mrb%lﬂgfﬁbg fb &an%% DRIsAbE] EM! 82, Cutrént®Protocols in

uo p

bi ol um nescent or r escen i 5 3. The nethod of claim 2, wherein

rotein.
sai d bi ol uniMelsodatBiptagyelohniWiley andc$dnsy lnse Medlia, Pie(1986)h ot Senbeeek, &f ¢l ai ns

1-3, wherein,said popul ation of .cells i Jl at 4 C c cells.
20°5. "THR. me-hBuGR SR relneho i nreseht seslTRI oAty PhREAkeRR 1\ 10 2
resistant - baghfhbing sfquehixd dBbdAgIight ghaiatingpolybetiios anaissbrmbledar yot | ¢
cells are gramnegative or 25 grampositive bacteria. 7. The nethod of

clai m 6, whdremotesaicontynl slearents; prd/orother nucleotidesaapenges cynalge be Hitsogucesy g

speci o5 & aptgBeetstuct BN AR 505" per) Usozr 07020 6. he et hod of
any of claims 1- 3 pyated methad of siapiningtpodynuofeotidis, suitablereguiptorat i on of
eucaryotic cells. 10. The nethod of, claim9,, W.ebgnesra [ Orlo&%ﬁruels ct)rl on of
cells id5a Wpesynd short, random nucleotide sequences 1s p

PCR as taught in MacPherson et al., PCR: A PRACTICAL APPROACH, (IRL Press at

Oxford University Press, (1991)). PCR conditions for each application reaction may

be empirically determined. A number of parameters influence the success of a

reaction. Among these parameters are annealing temperature and time, extension

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

templates and deoxyribonucleotides. Exemplary primers are described below in the

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

electrophoresis followed by visualization with ethidium 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 Into 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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11. The method of claim 10, wherein said yeast is Candida al bicans. 12. The
nmet hod of claim9, wherein said eucaryotic cells are mammalian cells. 10
13. The meobpar2eds any of clainms 1-12, wherein said pol ynuBCEMSIZE0ZDNPri ses
a pronoterl ess pol ynucl eoti de sequence encoding a |light generating protein.
14. The nmethod of claim 13, wherein said pol ynucl eotide conprises an 1 S
i nt egr at i ng megierdsy such 3s DNve paiclechpnafardmentince precipitation fe.gamathelojemc| eot i de

conprises a_transposabl e or i etic e rein_sal

t r ansposabl Qh%ﬁp @%ngrt 'tt“"é'? 3?1%%?) bwpg’ggmég* W&éﬂt"%@%&?‘é‘f‘?‘ﬁ&g& ot ei n
codi ng sequeRfder, 4Rd ¥al vEdRrimédiacd fhinsdty of clains 1-12, wherein said
pol ynucl eoti de conprises a pronoter operably |linked to said sequences

~encoding a | i ght Thernensformatiqn wetbpd is typicatinehasen tepgndingondhaeelblypgasd ei n
sai d pol gnu?}lneea%&ﬂﬁ o?ﬁ%éiic%@ﬁi ﬁ%ilﬁﬁc kS [rPthk REENCC L fer tx]aﬁs% SidtPthgod of
cl ai m 167 wherein said polynucle

ot1de conprises a transposable or nobile
"genetic el erelid maybe phitedl &t ai dinsityethapfasititites soreegingdor kight ipeotiantiore ofells ses
said pronoter operably |inked sai d Jight generating prot.ei di ng 30
sequence. 18 PhEIHEAAUBIOCE PhisER TS, O EREIING DY PO ASET Ut BRUEBRpr | ses
a circul ar %'fﬁi%rﬂ'ﬂlsfo?ée% lct}?gpn l%?&ﬁ%ll%ﬁﬂ&%éw @i%@rszt%gce dalohrdef

claim19, wherein sa urther ‘conprises an ori‘gin Of replication
functi onal ihighsdéndity plating far initial Tdvecning is generallpprefasfedah ardes tol inRGEasether ei n

sai d pol ynuc) eoti de rther conprises.a. first codi ng. sequence, of, i nterest.
55 “rhe He: nsabotatdelrchtE waREI <Uf i F Phpigitn HROSEARER lne [ Cer osi
i's operably gahikaHatich Ret@b@ot er functional in said cells. 10 23. The

met hod of any of clainms 1-22, wherein said screening takes place on a plate

of solid medi um nt efardinaryotkit inthe edepr fpdy theilighi-hased seyseniag stethads|of from
i f the plate of sol.id ' sl : ' ight,
nocul ati ng ‘et ifreBtio fihe eI 7 Fbiet R GimaioR AN Robihel . .

cul tures, e\.(ﬁ{m‘fbigngjaaééﬁgu@grﬁedﬂeréiﬁ, each liquid culture for |ight
production, identifying liquid cultures conprising cells producing |ight,
di lutind5and plating liquid cultures to obtain isolated single cells

produci ng |ight, 3and i ﬁﬁﬁ%ﬂ}%@bﬂgkﬁrﬁﬂhggbﬁegﬁﬁé gg‘ﬂ‘é‘nrc CSC'G{]PI e cells

producing light. 20 2 ﬁ creeni r-transforne sin a
popul ation of cells, s ¥ t hod conprising providing a popul ati on of
cel I's, wherein sait light Eenetating proejaddingdeqpercd canstgpctsisgeh 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
limited to, eucaryotes (e.g., yeast, such as Candida and Saccharomyces); plant cells;
mammalian cells (e.g., BHK, VERO, 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 organism 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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treating said population of cells with a pol ynucl eoti de under conditions
that 25 facilitate uptake of the polynucleotide by at |east a

sub- populvad bpom2sise cel I's, wherein said pol ynucl eoti de conpCirdise2/erors ght
generating protein coding sequence; and screening said treated popul ation
of cells for cells producing light, wherein said cells that produce |ight
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embodiment, each cassette may encode a light generating polypeptide which emits

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

several cassettes carrying light generating polypeptides which emit light at the

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

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

generating polypeptides which emit light at a different characteristic wavelengths may

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

Evaluation Of Luciferase Expression Vectors In Animals

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

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

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

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

co-owned U.S. Patent No. 5,650,135, by Contag, et al. (See, also, Contag, et al,
(1998) Nature Medicine 4(2):245-247; Contag, et al., (1996) OSA Tops on

Biomedical Optical Spectroscopy and Diagnostics 3:220-224; Contag, et al., (1997)

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

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

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

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

5
10
4.
15
20
Microbiol. 18:593-603).
25
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conjugates are typically administered to a subject by any of a variety of methods,
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pseudocolor image superimposed on a “photographic” reflected light image of the
subject to provide a frame of reference for the source of the emitted photons (i.e.
localize the light-emitting conjugates with respect to the subject). Such a “composite”
15  image is then analyzed to determine the location and/or level of expression of a

reporter gene in the subject.

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 in vivo 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 luciferase 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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interest. The routes of administration of the substrate can be as described for the

10  analyte. Preferred routes of administration for the substrate include, but are not

limited to, intravenous or topical administration or by providing substrate in the

atmosphere, for example, as a vapor.

s. Uses of the Constructs of the Present Invention

15 In one aspect, the present invention is directed to promoter containing or
promoterless, light generating protein coding sequence constructs used as
transformation vectors for a variety of cell types. The present invention allows the
identification of cells into which the constructs of the present invention have been
successfully introduced. This method described herein of using light production as a

20  reporter of transformation is particularly useful 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
essentially pure cultures of transformed cells, by, for example, dilution plating or

streaking for single colonies.
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cell or carried on a plasmid (or other episomal or extrachromosomal vector).

10 The cassettes of the present invention is useful in a wide variety of
applications. For example, they may be employed in conjunction with a gene or
nucleic acid sequence of interest to assay whether the target cell has been transformed
with the gene or nucleic acid sequence of interest. In other words, light serves as a
reporter which indicates successful transformation of the target cell (e.g, pathogenic

15  organisms) via, for example, electroporation, or phage-mediated transduction or
conjugation. This is especially useful in cells that cannot make use of selectable
markers (such as drug resistance) that are typically used to assay for transformation
events.

Transformants may also be used to identify effective pharmaceutical agents

20  and determine their point of action. After isolating 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 infected, 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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Below are examples of specific embodiments for carrying out the present
invention. The examples are offered for illustrative purposes only, and are not

10 intended to limit the scope of the present invention in any way.

MATERIALS AND METHODS
Unless indicated otherwise, manipulation of cells, proteins and nucleic acids
(e.g., DNA) were performed using standard methods, as described in, e.g., Sambrook,
15 et al., and Ausubel, F.M,, et al., Current Protocols in Molecular Biology, John Wiley
and Sons, Inc., Media, PA (1995). Unless indicated otherwise, restriction enzymes
were obtained from New England Biolabs, modifying enzymes were obtained from
Promega or Boehringer Mannheim, and other laboratory 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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Preparation of Competent Cells. Unless indicated otherwise, bacterial cells

were transformed as follows. Bacterial cultures were grown overnight in LB. Five ml
of each culture were used to inoculate fresh 500 ml volumes of LB. These cultures

10  were shaken at 37°C until an O.D (600 nm) of approximately 0.6 was reached. The
cells were then chilled on ice for 30 min before being harvested by centrifugation at
3,000 x g for 10 min at 4°C. The cells were resuspended in 50 ml of either cold 0.5 M
sucrose (S. aureus) or ddH,O (E. coli), before being re-centrifuged and resuspended
in Sml of either cold 0.5 M sucrose (S. aureus) or ddH,O (E. coli). At this stage, the

15 cells were held on ice for 30 min, and then re-centrifuged and resuspended in 5 mi of

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

Electroporation. Plasmid DNA was purified using a Qiagen column, dialyzed,
and electroporated into competent cells using a “GenePulser” (BioRad). The settings
20  were 25 pF, 2.5 kV, 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, et 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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‘ California. Both types of cameras use a charge-coupled device array (CCD array), to
generate a signal proportional to the number of photons per chosen unit area. The
chosen unit area may be as small as that detected by a single CCD pixel, or, if binning
is used, that detected by any selected group of pixels. This signal may 6ptionally be

10  routed through an image processor, such as the Argus available from Hamamatsu
Photonics, and is then transmitted to a computer (either a PC running Windows NT
(Dell Computer Corporation; Microsoft Corporation, Redmond, WA) or a Macintosh
(Apple Computer, Cupertino, CA) running an image-processing software application,
such as “LivingImage” (Xenogen Corporation, Alameda, CA). The software and/or

15  image processor are used to acquire an image, stored as a computer data file. The
data generally take the form of (x, y, z) values, where x and y represent the spatial
coordinates of the point or area from which the signal was collected, and z represents
the amount of signal at that point or area, expressed as “Relative Light Units (RLUs).

To facilitate interpretation, the data are typically displayed as a “pseudocolor”

20  image, where a color spectrum is'used to denote the z value (amount of signal) at a
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 standard for an absolute
photon flux (photons emitted from a unit area in a unit of time), one of skill in the art
can convert the RLU values from any such camera to photon flux values, which then

30 allows for the estimation of the number of photons emitted by a transformed cell in

the sample per unit time. '
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were used in several of the studies detailed below, including Examples 13, 14 and 15.

10 EXAMPLE 1
Construction of a Gram-Positive /ux Transposon: Tn400/! luxABCDE km®

The luxABCDE km" cassette was constructed as follows: A Gram-positive
kanamycin cassette from pDL289 (Buckley, N.D., et al. (1995) J. Bacteriol.
177:5028-5034) was PCR amplified using the primers KanF2 (5°-CTG TAG ACT

15 CGA GGA GGG AAA TAA TAA ATG GC; SEQ ID NO:1; the bolded letters
represent a Xhol site) and KanR2 (5’-CAG AGT GTC GAC AGT TGC GGA TGT
AC; SEQ ID NO:2; the bolded letters represent a Sall site). Amplification was 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 amplification product provided a promoter-less km" antibiotic
resistance gene. The amplification product was then cut with Xhol/Sall and ligated
into the Sall site of the pSK-luxABCDE 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 luxABCDE 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 lacZ promoter found in the pBluescript Il SK+ or SK-

vector backbone. DNA was prepared from bioluminescent colonies. The correct
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above, using Spel/Sall. The ends of the fragments were filled in with nucleotides to
generate blunt-ended molecules. These molecules were ligated into the EcoRYV site of
the plasmid pMGC57 (Lyon et al. (1998) EMBO J. 1_7:6263-6275) and the constructs
electroporated into DH5a cells. The transformed bacteria were plated onto LB media

10  containing 15ug/ml chloramphenicol. The resulting transformants were screened for
light production, chloramphenicol-resistance (CmR) and kanamycin-resistance
(KanR). DNA was prepared from light-generating, CmR, KanR colonies. The
correct orientation of the luxABCDE km" cassette, i.e., the location of the 5° end of the
luxA sequence relative to the 5” end of the Tn4001 transposon, was confirmed by

15  restriction digestion (Xhol/Ndel and Xhol/EcoRV) and restriction pattern analysis, as
well as, by PCR analysis of DNA. PCR was carried out using the primers MGC-
CAT-F1 (5°-GGT GTC CCT GTT GAT ACC G-3’, SEQ ID NO:3) and LuxA-Rev
(5’-CCA CAC TCC TCA GAG ATG CG-3’, SEQ ID NO:4) under conditions
detailed supra. The correct orientation was identified by fragment size.

20

EXAMPLE 2
Construction of Tn400! luxABCDE km" Shuttle Vector Constructs

A. Construction of the pAUL-A Tn400! luxABCDE kmR Shuttle Vector

The Tn4001 cassette containing the /ux 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-

positive and Gram-negative bacteria. This vector contains both a Gram-negative
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: represented as follows. The inverted repeats (IR) generally indicate the ends of the
5 transposable element. Accordingly one designation for the transposon is IR- fnp IR,
where tnp designates the gene encoding the transposase. Further elements can be
added to the transposon and are indicated similarly, e.g., addition of a luxABCDE km®
cassette is rendered schematically as IR luxABCDE km® tnp IR.

The IR luxABCDE km" tnp IR cassette was cut from pMGC57 using the

10  enzymes EcoRI/Xhol and ligated into the EcoR/Sall sites of the pAUL-A shuttle
vector to give the shuttle vector construct pAUL-A Tn4001/uxABCDE Jem®,

E. coli cells (DHa.5) were transformed with the shuttle vector construct by
electroporation, plated onto LB plates containing erythromycin at a concentration of
150pg/ml, and incubated at 37°C overnight. The resulting transformants were

15  screened for light production, erythromycin-resistance (EmR) and kanamycin-
resistance (KanR). Plasmid DNA was then isolated from light-generating, ErR, KanR

colonies.

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 Tn400!

luxABCDE construct, the plasmids pSK and pE194 were used in combination.
The Tn4001 cassette was moved from pMGC57 into pSK as follows: The
Tn4001 cassette was cut from pMGCS57 using XhoI/PstI 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 Tn400/ transposase
gene. Colonies indicated to be positive by PCR were plasmid prepped and these
DNA'’s cut with Xhol/Pst to confirm that they contained the correct size fragment.
The luxABCDE km" cassette was then moved into pSK Tn4001 so that it lay
30 between the two IR sequences. First, the ampicillin cassette was removed from pSK
luxABCDE km" using the enzymes Ahdl/KpnI (in order to aid subsequent cloning of
the Jux cassette into pSK Tn4001). The luxABCDE km® cassette was then excised
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transformants selected on LB containing 100 pg/ml a.mplcﬂlm Light transformants
5  were patched on either chloramphenicol or kanamycin. The correct orientation of the
positive clones was confirmed by PCR using the primers M13F and LuxA-R.
Next, pSK Tn400! luxABCDE km® was linearized with Sac/ and blunt-ended.
Finally, this DNA was then ligated with blunt-ended Cla/-cut pE194, resulting in the
pSK Tn400! luxABCDE km" pE194 shuttle vector construct.
10 This construct was electroporated into competent E. coli DH5a.
Transformants were selected on LB containing 150 pg/ml erythromycin. Resulting
light colonies were then patched onto LB containing 100 pg/ml ampicillin and LB

containing either 50 pg/ml kanamycin or 15 pg/ml chloramphenicol.

15 C. Construction of the pE194 Tn400] pSK luxABCDE km® Shuttle Vector
A Tnd00] luxABCDE km” shuttle vector was constructed wherein the Gram-

negative origin was located inside of the two IR sequences. Firstly, the Gram-negative
Tn400! containing plasmid pMGC57 was fused with the Gram-positive erythromycin
resistance plasmid pE194. pMGC57 was cut with Pst//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 number of above erythromycin resistant colonies was cut with Kpnl/Xhol (sites
flanking the chloramphenicol resistance cassette and the Gram-negative origin)anda -
proportion of each digest was run on an agarose gel to identify a plasmid of the
correct size. The remainder of a plasmid digest éppearing 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 pg/ml erythromycin.
Finally, the pSK luxABCDE km plasmid was introduced within the IR of
Tn400]. Plasmid DNA purified from 10 of the pMGC57/pE194 ori cm® S. aureus
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5 transformants selected on LB containing 150 pg/ml erythromycin. Bioluminescent
colonies were then patched in duplicate onto LB plates containing either 50 pg/ml
kanamycin or 100 pg/ml ampicillin to confirm the activity of the latter antibiotic
cassettes. Since the probability of pSK lux4ABCDE km ligating into the former plasmid
in the correct orientation should be approximately 50%, it was decided that such

10  variants could be identified by phenotype in S. aureus (only plasmids with /ux in the

correct orientation imparting bioluminescent upon transposition).

EXAMPLE 3

High-Density Screening of Bioluminescent Transposants

15 As an alternative to the use of selective media, bioluminescent colonies were
isolated from among colonies plated at high density on solid medium using optical
detection and manual isolation.

S. aureus 8325-4 cells were transformed with pE194 Tn4000] 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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reading frame (ORF) of the luciferase gene were altered as follows. First, the
luciferase gene in pGL2-Basic was cut into two pieces to facilitate the mutagenesis of
all nine CTG codons to TTG codons. One fragment contained four CTG codons and
the other five CTG codons. These were cloned separately into pBluescript II KS(+).

10  The codons were altered using the QuikChange™ site-directed mutagenesis kit
(Stratagene). After each mutagenesis step, products were sequenced to confirm that
the desired mutations were incorporated.

Briefly, plasmid pGL2-Basic (Promega) containing a Photinus pyralis

luciferase gene was restricted with Xbal and EcoRI and a 540 bp fragment containing

15  four of the CTG codons in the luciferase open reading frame was cloned into
pBluescript I1 KS(+) (Stratagene). A second, 751 bp EcoR I-EcoR V fragment
containing the other five CTG codons was cloned separately into pBluescript 1T
KS(+). These nine CTG codons were mutated by the QuikChange™ site-directed
mutagenesis kit (Stratagene) to TTG. Pairs of complimentary primers were

20 constructed for use with the site-directed mutagenesis kit. Figure 1 presents the
complimentary oligonucleotide pairs used for site directed mutagenesis of luciferase.
These oligonucleotides were used to incorporate silent mutations by site-directed
mutagenesis into the Photinus pyralis luciferase gene of pGL2 Basic. Nucleotides
highlighted in bold 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 IT 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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fffg=hii §j ESFF_lgure 2A), producing a product that contains the modified luciferase open readmg
frame directly flanked by Bam HI and Pst [ sites. The amplified product was restricted
with Bam HI and Pst I and cloned into pBS-ASC to produce the plasmid pBS-L. The
transcriptional termination region of the C. albicans actin (ACT1) gene (Delbruck and
Ernst (1993) Mol Microbiol 10(4):859-66) was amplified by PCR from CAI4
10  genomic DNA with the primers ACT-TP and ACT-TH (Figure 2A), cut with Pst I and
Hind III, and ligated into pBS-L to produce pBS-LA.
The promoter of the C. albicans Enolase gene (ENO1) (Sundstrom and Aliaga
(1992) J Bacteriol 174(21):6789-99) was amplified by PCR from C. albicans strain
CAI4 DNA with the primers ENOA and ENOB (Figure 2A). The ENOI1 promoter
15  was chosen because it was shown to have unregulated constitutive expression
(Postlethwait and Sundstrom (1995) J Bacteriol 177(7):1772-9).
The amplified PCR product was cut with Asc I and Bam HI and cloned into
pBS-LA cut with the same restriction enzymes to produce pBS-ELA. Thus, the
ENO1 promoter was fused to the altered luciferase open reading frame via a 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
I, Asc I, Hind III, Fse I, Sbf I, 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 complementary
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 III 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-ELAU.
For pilot experiments in the ura3::imm434/ ura3::imm434 CAl4 strain, the

targeting vector contained a complete C. albicans URA3 gene, which restored uracil
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5  conditions (Ausubel, supra; Sambrook, supra) or according to the manufacturer’s

instructions. All ligations were electroporated into the Escherichia coli strain

DH5a. (Life Technologies, Rockville MD), and grown in Luria-Bertani (LB) medium
containing 100 pg of ampicillin per ml. PCR was performed with a Geneamp PCR
System 9700 automated thermal cycler (Applied Biosystems). Reactions were carried

10  out in thin walled 200 pl PCR tubes in a volume of 50 pl containing 25 pmole of each
oligonucleotide primer (Operon), 5 pl of 10X PCR buffer (supplied with Tag DNA
polymerase; Life Technologies), 2 mM MgCl,, 0.2 mM of each
deoxynucleosidetriphosphate (dCTP, dGTP, dTTP, and dATP; Amersham), 1U of
Taq DNA polymerase (Life Technologies) and 1 ng of template DNA. Amplification

15  was carried out under the following conditions: 40 cycles at 94°C for 30 seconds,
50°C for 30 seconds, 72°C for 1-2 minutes (depending on the expected size of the
product) and a final extension step of 72°C for 5 minutes. Before restriction of PCR
products, the reaction mixture was passed through spin columns (PCR purification kit;
Qiagen).

20 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, AL033396, and
AL033391). 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 (ORF's).
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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I—g& ( 21u11r1Ee1J ﬂ033501) from nucleotides 2356 to 5858 was selected. In this 3502 bp

region the first and last 1000 bp were removed from consideration so as to not to

include any promoters that may be present from adjacent open reading frames. The
fragments that were selected for the 5° and 3’ targeting regions of the vector are
separated by 125 bp in the Candida genome. The genomic targeting region of the

10  strains used was sequenced from PCR products amplified from genomic DNA. The
regions in the published cosmid sequence and ATCC 32032 were identical except that
ATCC3202 had an adenine residue instead of a guanine residue at nucleotide 4745.
The other three strains had a guanine at nucleotide 3942, a thymidine at nucleotide
4645 and a tandem duplication of the nucleotides 4007-4131.

15 Selected targeting regions were cloned into the targeting vector flanking the
luciferase expression cassette and the URA3 gene. In particular, nucleotides 3852 to
4307 of CA41C10 was amplified by PCR from CAI4 DNA by primers TARSN and
TARSA (Figure 2B). The amplified product was cut with Not  and Asc I and cloned
into 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 Fse I and Sbf I and cloned into pNX-SELAU
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 albécans 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) (http://www.sacs.ucsf.edu/home/JohnsonLab/burk/burk.html) was

used for all Candida albicans transformations. 100 ml cultures were grown in YPD

supplemented with 50 mg/ml uridine (Sigma), overnight at 30°C. The overnight cell
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1" +0" 10% & pgleted agam and resuspended in 1 m of LATE buffer. 100 pl (o%' ceIi; were ml;%e(g )
5  with 10 pl of 10 mg/ml denatured, sheared salmon sperm DNA (Sigma) and 1-10 pg
of Kpn I digested plasmid DNA. 700 pl of PLATE (40% polethylene glycol 3350 in
LATE buffer) was added and mixed gently with a micropipettor. Transformation
reactions were incubated at 30°C for 3 h and heat shocked at 42°C for 45 minutes.
Cells were pelleted and resuspended in 400 pl of YPD and plated on non-selective
10  media containing luciferin.
C. albicans CAl4 (ura3::imm434/ ura3::imm434) (Fonzi and Irwin (1993)
Genetics 134(3):717-28) was kindly provided by Dr. Judith Berman, University of
Minnesota, USA. C. albicans strains ATCC 32032, 10261, and 90234 were obtained
from the American Type Culture Collection (Manassas, VA). YPD medium
15  (Qbiogene, Carlsbad, CA) contains 2%(w/v) peptone, 1%(w/v) yeast extract, and
2%(w/v) glucose. Synthetic defined (SD)(Qbiogene) media contains 0.17%(w/v)
yeast nitrogen base without amino acids, 0.5%(w/v) ammonium sulfate, 2%(w/v)
dextrose (glucose), and 0.077%(w/v) Complete Supplement Mixture without uracil
(CSM-ura). The formulation for CSM-ura is as follows with components given in
20 mg/L: Adenine 10; L-Argenine 50; L-Aspartic acid 80; L-Histidine-HCI 20; L-
Isolucine 50; L-Leucine 100; L- Lysine 50; L-Methionine 20; L-Phenylalanine 50; L-
Threonine 100; L-Tryptophan 50; L-Tyrosine 50; and Valine 140; TOTAL 770 mg.
770mg (.77g) of this powder is added to 1L of SD to make SD-ura. For growth on
plates agar (Difco, Becton Dickinson, Franklin Lakes, NJ) was added to 1.5%(w/v).
25
C. High Density Screening
For high density screening, transformed cells were transformed with a
linearized pGTV-Eno construct and the transformed cells resuspended in 1 ml YPD,
plated on twenty 140 mm SD-ura plates supplemented with 50 pg/ml uridine,
30 containing 600 pg/ml 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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supplemented with 50 pg/ml uridine. An aliquot from each tube was placed in the

15  wells of a 96 well microtiter plate with SD-ura containing 600 pg/ml of luciferin.

Plates were imaged for five minutes and cultures containing bioluminescent cells

were diluted and spread on SD-ura plates supplemented with 50 pg/ml uridine 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 according to Fujimura and Sakuma (Fujimura and
Sakuma (1993) Biotechniques 14(4):538-40). The genomic DNA was Southern
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

59



L1I0%@& ()-"|[:vUAL0 Kk*" 10%@& ()- \*"10% & ()- a $" 10% @& ()-
"nLOYGHE ()- Ss! 10%@& ()- S ! 10%! g& ()-R'cfg|[:-410@ S, 10%@H& ()-
LO10%@EWO) 62/072HBY@HS. () - f6L0%@HE ()- &F1100& ()-F  PCT/US02/07029
X&F110% @ & () - Fghi v, bA410@  YM 10% & ()- YM 10%0' z& ()- 10% & () -
"10% & ()- $910% & ()-10@10@* D 6| [: AA10@# Y10% & ()- 10% & ()- 10% & () -
$@gooﬁéf&'&( %) in@opetitinédl at 72 @M/ht&lré ppiomtp[infmtiqm@ndqu the(epfier. @OFDD% &' () -
"10% & ()- f #10% " 1006 & (
S&M 10% #& F)“ﬁhlﬁas ‘o Ciyiag % “i‘tﬂ%"& SF§3‘S PEROBEIV S %5’3@%%% eflfswere

+ 10% +! - & peHotéd bt Migm ﬁﬁom#&nﬁt)as reskiefendéd (n 25 kil pRSSphgie buffeed salifie #& () -
10% #& ()-  10% #&'  DUALO 0% #& ()- @ 10% #&' () -G @310% #& () -
1 10% #& ( (PBS_mmgpe(a)ed m@ello%O#&P@i Sxlls wetgghen Cqmteﬁo% & (

L] i?%bﬁi‘lg% HomsT iR i MRS el depy ot %g@)@#g&( )
S. mML0% #&' ( lnocula-(ﬂ;&%ﬁs%é )Sxf(?fbenkl s adfmiiSiERed fiom aiﬁlpb&%’t@f&ﬂ(?) vagin

F109%@aH& () - 910%@# & -# 10>l > 10>1>1 10> >I!>"9 %l >l \AY/ P/
, S'10%g@tg &lmqna‘hxammglwp@l(e}dmansnw% @pgiiopfory @5 7% %)pm I1+d

L Z10%@#&' ( %
b5 10vigre: (RenBh AT Fpbaedibin oy M5 1&?% %9 ]f?‘{@‘*%c@"m
Y—i|0 [/@g 1(())(@%%&’{%%)? s:ﬁthbﬁﬁi@%ré)h& firSinbQo@as atquiredl - 10%@& () - |

9 0 10 10%GHE
%‘%%%&?% 5 n&lt’f%@@rlmle @92%@%86 r@@@eﬁég%‘% N?}g’@? é*@o@é%)
y1 10%8& () &%2%@5@%&:@% Swft%éao ﬁﬁr&ﬁlm é stfﬁé%%@@ﬁ@f_&a@f/ﬂm (1)1(1) ég c(:asmed
@L10%@#&' ( put @(i‘rﬁﬂ@x@l&ing)the @)yselal% ltp\(r I’dmZIDE?(I arhgd te@in el@vel y :

10%@H&' - \5"1Q% 109 0]

S, 10uG. () RIS SREUPIEon BT oI (e Tmg RS in ivq. yhplspauss
10%#& () - " }Ra¥& sﬁﬁ)we@ﬂl@%ggr@ém)@kdubemﬁ%tﬂm@eal /ﬁrﬁgédb nonikeffigof ) - @
10%t&’ () - 1006& ()- , z 100& ()- L 110%& ()-~", k|| NA41010

f &310%#&5 () the ligls poodapiag Candidpl @vsday 2) the anfmalsgpkere ):uthamze the vaginal

tissue was excised and examined. This tissue was imaged and presence of the
infective agent, that is the light-producing Candida, was clearly demonstrated.
Immediately before imaging, mice were anesthetized with isoflurane for five

minutes. In addition to the whole body imaging described above, when asleep, each

20 mouse was held in an inverted position and lavaged with 100 pl of PBS containing
16.6 mg/ml luciferin and 16.6 mM ATP. The pipette tip was inserted into the vaginal
lumen and the lavage solution expelled. The lavage solution was aspirated up and
down to rinse the lumen walls. Following lavage, most of the luciferin solution was
removed and saved in a microcentrifuge tube, leaving about 10-20p/ remaining in the

25  lumen. Lavages from each group of 3 mice were pooled and imaged. Serial dilutions
(10x, 100x and 1000x) in PBS were plated on YPD containing 50 mg/ml uridine and
15 pg/ml chloramphenicol. Plates were grown at 30°C for 24-48 hours and counted.
Examination by light microscopy of cell morphology of cells obtained from lavages
revealed the presence of virulant, 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 events and, additionally, allowed
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All 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,

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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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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20
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.

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 sequence of interest is

operably linked to a promoter functional in said cells.

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
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.

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

providing a population of cells, wherein said cells are incapable of producing
light;

treating said population of cells with a polynucleotide under conditions that
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, wherein

said cells that produce light are transformed cells.
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