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ENCODI NG THE FHEFEBORES %m@t@ﬁe HERGSEMMERRSR 1IN BIA&oSTIERECR | N
DI AGNGSTI CS, HIGH'T DR s e RN RNE- IO VERTY ThARS, This
application is related to Internatio PCT application No. WO 99/49019 to
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-2- FIELD OF | NVENTI ON Provided herein are isolated and purified nucleic
aci ds and encoded fluorescent proteins fromRenilla reniforms and uses

t her eof . WBAZKHBROUND OF THE | NVENTI ON 5 Lum nescence i s aP@gh@&sarmsamn i n

whi ch energy is specifically channeled to a nolecule to produce an excited
state. Return to a |lower energy state is acconpanied by rel ease of a
photon (hy). Lum nescence- includes fluorescence, phosphorescence,
cheni | uni nescence and bi ol uni nescence. Bol um nescence is the process by
which living organisnms emit light that is visible to other 10 organi smns.
Lum nescence nay be represented as follows: A+B-X +Y X -3 X + hv, where
X' is an el dEEHHQIFCAMENTIRN t ed nol ecul e and by represents |ight em ssion

upon return of Xpd.0q8q | @NEL FORAYCS LRGSR INE LHTLAGSGRAGEY S 15
bi ol um nescence, creation of the excited'state I's derrved Troman enzynme
cat al yzed r dacteseent plhaeivel fesm Heriffacreaifoirhie dndi glat thareaf.bi ol um nescent (or

chem | um nesce 1 reaction is characteristic of the
excited nolsegsté}%%ﬁégﬁ'iﬁ)hﬁé ‘#Wﬁﬁﬁﬁ") f rom i ts source of_ excitation and
tenperatye. An Qss@Abicthce @5dighebmkabn bh QYRIEH BREGHNS 8pk&ifitAs, sisthriied
nmol ecul ar oxy- 20 gen, either bound or free in the presence of a

| uci f erase. REcTPECHSEY, Prafldce gryRyeHad s&ater MUECEe IPVICsUIEOY gtate is
luci ferin, iR-bLRGRALESENRFRE T ?H&Uoﬁr(hyf?xl}’lﬂﬁmeétf%cferiﬁ@!%ﬁ@é MbheceNBstrate

to an excited state. Upon return to a |ower energy level, energy is
rel eased i n pheeptiaresgenicel ichamilpmgrescendeard bmdymimegeencentBiohpyinescenice is

(1966) in 8 chi . i Vi8i Y i 25 al .,
eds., Pr enl\/ﬁhgg’ﬂéﬁaﬁsfﬁynvc\:lwﬁéhélgi\?\%g%% ?E@lﬁj’l{ﬁl&%pls \}@ggﬁ c\}\g‘%rd et al,
Chapt er 10 i rorGimésrins andnBnedcent e esaebe esprBsamted ed . folldvas:cel Dekker, I1nc. NY,
pp. 321- 358; HastUQgs, J.o-W in (1995) Cell Physiol ogy: Source Book, N.

Sperel akis (ed.), Ao &dért ¢ p ess, pp 665-681; Lum nescence, Narcosis and
Life in the Deep 8ea,x Johnason, Vantage Press, NY, see, esp. pp. 50-56).
RECTI FI ED SHEET (RULE91 | SA EP WO 01/ 68824 PCT/ USOL/ 08277, -3 T,ho_u%h rare
overal I, bi d’r"m‘?FPr?&éé‘ﬁc%e‘?té"W'B PEeE MPlgC RN represents light emissio

upon return of X' to a lower energy state. Where the luminescence is

15 bioluminescence, creation of the excited state is derived from an enzyme
catalyzed reaction. The color of the emitted light in a bioluminescent (or
chemiluminescent or other luminescent) reaction is characteristic of the excited
molecule, and is independent from its source of excitation and temperature.

An essential condition for bioluminescence is the use of molecular oxy-

20 gen, either bound or free in the presence of a luciferase. Luciferases, are
oxygenases, that act on a substrate, luciferin, in the presence of molecular
oxygen and transform the substrate to an excited state. Upon return to a lower
energy level, energy is released in the form of light (for reviews see, e.g.,
McElroy et al. (1966) in Molecular Architecture in Cell Physiology, Hayashi et

25 al., eds., Prentice-Hall, Inc., Englewood Cliffs, NJ, pp. 63-80; Ward et a/.,
Chapter 7 in Chemi-and Bioluminescence, Burr, ed., Marcel Dekker, Inc. NY,
pp.321-3b8; Hastings, J. W. in (1995} Cell Physiology:Source Book, N.
Sperelakis (ed.), Academic Press, pp 665-681; Luminescence, Narcosis and Life

in the Deep Sea, Johnson, Vantage Press, NY, see, esp. pp. 50-586).
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organisnms than in terrestrial organisnms. Biolum nescence has devel oped from
as many as thirty evolutionarily distinct origins and, thus, is manifested
in a variveoy1/683t4 ways so that the biochem cal and physi ol pgi/wadi/aserhani sns
responsi ble for 5 biolum nescence in different organisns are distinct.

Bi ol um nescent species span many genera and include m croscopic organisns,
such as bacteria (primarily marine bacteria including Vibrio species),
fungi, algae and dinoflagellates, to ne®ne organisns, including

art hropods, nollusks, echinoderns, and chordates, and terrestri al

organi sms including annelid worns 10 and insects. Assays_enpl oyi ng

bi ol umi nescence DUrIUsH fereoperst. bigkintinesasses is HQjh-CoENHBR i MayinBi ocheni cal
assays used drgan'gr‘ﬁsetﬁéﬁrfh %‘é}ﬁes‘tﬁalfﬁﬁérﬁérﬂg. G rlifeEASE AL %@&Bb@%%m a

| uni nescence and |'uor escence rather than radi ol sotopes. This change Ras
been dri ven rpamt by thisty Iévoldtmniarityr diasneigorigipease, tiusy adnensedtegén dispiesa

and partly by the need to fin nore rapi d.and conveni ent assa t hods.
Vor e recent 1 WiReShai 16 HUTEEPRT ARG Calr REagaThs SEhsiEE 191 g
cell' s andg wWrdiemaidstahse hagifdréntedtgahiemeadrs pdiict 0\Bd| dmiiedt emths hased

| um nescence and fluorescence. The uses of  firefly luciferase for ATP
assays, aeq@8PD MANIIYHERiaNddeclHde CNIGIASEEPISArerRISMSo sNel §8IPACIEigi f er ase as

a neur ophysiiglQgtigahatiRdbe&leRh in@0dink NGiLAS APEEIRR, JRFNalghb uprescent protein
as a protein tracer and pH indicator show the potential "of

bi ol umi nescefdlagaiaias ntad Mediseiaigryaas wRludiisopdberods. MBilesksni nescence i s
al so begi nni_ng: Lre i t LGl h.Qt . (o0 AVASRS npl e,
Aequor ea greegﬁm%?ﬁg#%s%edn%{h%rgg?egf ﬁﬁ?%ﬁz&ﬁg%gnghﬁl @g@gﬂ{gownnaer“ CU(;:/ce)l 52 in
mur i ne rdédelanslyissents. and as a reporter in high throughput drug screening.
Renilla luciferasg i s und r.de¥elo nment for use in diagnostic platforns.
Bi ol umi nescence ﬁsﬁ’éyﬁt" R é’rlr"é'“’gi"B?Wﬁenescence, as well as other types

of chemi | um nescemgthg tHe ptdwesdy {edrsghightdehaitivit KiedRIMItMladdsans uséd in
speci fic substances in bioqu% and nedi ¢cine. For exanple, luciferase genes
have been cl'BHR&ICHARD &k PIasiiae Naye sperangly gamieved WHtRSeH6E 288says, for

MNy pur pos@&poredcBRe raBeHtidrelaaitisdtsed. eTAREHaNSE 858 bR Chveh Bariipl T
(RULE91) | SA/EP WD 01/68824 PCT/ USOL/ 08277 -4

15 the increasing expense of radioisotope disposal and partly by the need to find
more rapid and convenient assay methods. More recently, the need to perform
biochemical assays /in situ in living cells and whole animals has driven
researchers toward protein-based luminescence and fluorescence. The uses of
firefly luciferase for ATP assays, aequorin and obelin as calcium reporters,

20 Vargula luciferase as a neurophysiological indicator, and the Aequorea green
fluorescent protein as a protein tracer and pH indicator show the potential of
bioluminescence-based methods in research laboratories.

Bioluminescence is also beginning to directly impact medicine and
biotechnology; for example, Aeguorea green fluorescent protein (GFP) is

25 employed to mark cells in murine model systems and as a reporter in high
throughput drug screening. Renilla luciferase is under development for use in
diagnostic platforms.

Bioluminescence generating systems
Bioluminescence, as well as other types of chemiluminescence, is used

30 for quantitative determinations of specific substances in biology and medicine.

For example, luciferase genes have been cloned and exploited as reporter genes

in numerous assays, for many purposes. Since the different luciferase systems
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have different specific requirenents, they may be used to detect and
quantify a variety of substances. The majority of comrerci al

bi ol um nev@eness2appl i cati ons are based on firefly (Photi POFURYIERTTS)

| uci ferase. One of the first and still widely wused assays involves the use
of firefly luciferase to detect the presence of ATP. 5 It is also used to
detect and quantify other substrates or co-factors in the reaction. Any
reaction that produces or utilizes NAD(HF; NADP(H) or long chain al dehyde,
either directly or indirectly, can be coupled to the light-emtting
reaction of bacterial luciferase. Another luciferase systemthat has been
used commer &Py Fijfarent spraiye reairemeothUhpb ey be uped Indginst |aﬁdsf3ﬂ§‘f‘§ﬁ9( aThe

puri fi ed J eLLyL{Sh PRALARGO! Shilk maBRAMOGE Bomri S PERIANISISEL AlatANi (Y

intracellula changes’ under various experi nental ndi tions.
The Aequori arqomnedpmmfleafry i%otz&bawmmdsylusrfatdse( Or0&Dele, firsbatdsitid ,widald can

be injected in tit te t |
Par oo, conceHerhareysr Rrlet § kit o FrthiitdRed fo gt the GRegehtf o7 iefe.2
anal yticgl utiklaldoyusdoui d&xeasesd a.ndnﬁwb@théatswstkaaueobeenactewﬁli €@ and

wel | -characterized and are copmerci al I avaj.l abl e firefl
| uci f er ase [%CA0PRI A éeﬁcF'BmtéﬁbH’é’dUS? LHUi'@S @ng'%h' Ph&é}g Mfihhei m

Bi ochem cal gdehpgd 18R |digctl) Ny iffeRaD! 8%5133609[)@@]%ecﬂefli'ghﬁan‘x‘m'n@c' ferase
and ot her reagents based on this gene or for use with this protein are

avai | abl e f reasti2o @rbﬁ?ﬁ@'@'@éﬂﬁ%@@tl on, Madison, W; the aequorin

phot oprotein | uci ggﬁ r I are
comercially avalﬁln%é &rf ea %t{eg {%Elhggébglgmjlgégé:?ﬁﬁng&%?gf]gh%l r'gzgi ne,

t he nat dal pyrmeesiis thagAsqdwm aysdefmor Thdpsrfied jedyfigr abe@prdtsina\ﬁ@hham,e from
Mol ecul ar Probes, nd rel at ed reagent S are

e s ool e REr S and e bl G i ROEndr e FeL HBIN St o

and ot her Suﬁyliler&ﬂé\tt)ﬁBESHdIB&wUS'aeoﬁfedubﬁnlﬂHolthﬁrytem’i id tmati\@l;asmsnas reagents
in analytic f.or us in hi

tems and th entj al t hrou
scr eeni ng s?stzé al {NeEFXIF g2 %‘fﬁg'e eglgleciegeAtq F?/' ‘Hcﬂ‘ﬁaé‘gpﬁ? @dﬁq\%&g itBty of
| uci f er ases gbhat cBl%Mﬁm IoVBF @V&@e Yondbhfrgfi@NtangeRBCK M@t dor ppent)i es conpared
to those presently available. For all these reasons, 30 it would be

advant ad@ous to BaoaUIeRf tferraeeévtfqabH*l%iw&iq'feweeenwé@ﬁ‘eatesm kaen

Ga d Ef (RULE91
CSAT E:Dav\?)nm sszﬁﬁdpg%w ng4 ‘is)tgg%‘leéi’%w béthhfrcidlly Vdabld (&4 irdfy :

luciferase is available from Sigma, St. Louis, MO, and Boehringer Mannheim
Biochemicals,Indianapolis, IN; recombinantly produced firefly luciferase and
other reagents based on this gene or for use with this protein are available from

20 Promega Corporation, Madison, WI; the aequorin photoprotein luciferase from
jellyfish and luciferase from Renilla are commercially available from Sealite
Sciences, Bogart, GA; coelenterazine, the naturally-occurring substrate for these
luciferases, is available from Molecular Probes, Eugene, OR). These luciferases
and related reagents are used as reagents for diagnostics, quality control,

25 environmental testing and other such analyses,

Because of the utility of luciferases as reagents in analytical systems and
the potential for use in high throughput screening systems, there is a need fo
identify and isolate a variety of luciferases that have improved or different
spectral properties compared to those presently available. For all these reasons,

30 it would be advantageous to have luciferases from a variety of species, such as

Gaussia and various Renilla species available.
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Fl uorescent Proteins Reporter genes, when co-transfected into recipient
cells with a gene of interest, provide a neans to detect transfection and
ot her evewmd91/688eng reporter genes are those that encodeP€T/usoasernt
proteins. The 5 biolum nescence generating systens described herein are
anong those used as reporter genes. To increase the sensitivity

bi ol um nescence generating systens have been conbined with fl uorescent
conmpounds and proteins, such as naturally fluorescent phycobiliproteins.
Al'so of interest are the fluorescent p#%teins that are present in a
variety of marine invertebrates, such as the green 10 and bl ue fl uorescent
proteins, particularly the green fluorescent protein (GFP) of Aequorea
victoria. The gr &E8iPreS6eHt BE@RE proteins (GFP) constitute a class of

chronoprot ei ns f %%n@ﬂquyn@gmmencs&hamebie@ iHFE RRSHEN ceelBNbeferbas. These
accessory proteins are fluorescent and function as the ultinmate

bi ol uni nescéretestrenidetameans thdswchiganicstan BPd LeFPIVAES e ASYYY from
enzyme- boun i - i ferd Wagg.et al. (1979) J.
Bi ol . Chem q%?i@aéfﬁg%fé m\ﬁgf 3%%1{ H]gdtofd%(ﬁldéb?ré%%ﬁg{%gﬁgm FI-I%Iﬁot obi ol .

27: 389- 3%6; biMudinescarice ¢er@Bjng Bisvehemiesenbed2ierdib3Fe 4624@)0, thphe used s
characterized Ps are ase isolated f . el vfi i

Aequor ea, pé?qqcr{eﬁlggpf’? i{éd%rreg%e \t/rimc %rsl'té/?{?Aélglgpié%osF %é%égﬁggﬁgéiéy Seé%s
forsk(err) | éave P¥ér dortbiradd. withF8Yyeddieat hempstmds 21d #68Bind54@ch & ender gast
et al. (1978 Bi ochem stry 17: 3448-3453), Purified A yictoria GFP is a
nononeri c pln)af‘gf"' %B‘?r e5BYUL P 05'58"){%8?- ﬁ%%?f)g‘t%rleﬁ%arlel téﬁtcﬁu\ﬁr?%egxci tation
wavel engt h mpxdemdnahef are3esénn inw Tdtiedy f RaIrinpé@leradbr#kéd, sumh antheegriebs green
fluorescence with an 25 em ssion mavek&agth of about 510 nm and g Hin r
peak ned® 520d g Piaprgsesnt pipteins; preyCUBHEL therRen PHBTSHPY POkl (GFH ¢f7) |
This GFP hauL@bledi ictdrkM tations. The excitation maxi num of the wldtype
G-P is not within the range of vvavel.en?gt hs of standard fl uorescein

det ection opti cs.Thermeerflaeteseentoprotfine FH) foPedtEhé€!Sed not require any

exogenous 3%?&}9@?@2&@ fQndCohI 3eddNScerldi® E%ﬁﬂnin&g&n@icﬂ)@léﬁ@éfrﬁle@ﬁhese

fl uorescence res romthe "intrinsic chronophore of the protein. The
chr onophor e acaedsedesrateids fare duarssaent ang Wncben dadle Wltimgts Rilmpiisppags i de

chai n "ol SXTHR F o bhe ofdeh¥ns b7 Woo B! Sdrgy HofFand/RB3a, dxefeli> VIO
state oxyluciferin (e.g., see Ward et al. {(1979) J. Biol. Chem. 254:781-788;
Ward et al. {1978) Photochem. Photobiol. 27:389-396; Ward et al. (1982)
Biochemistry 271:4535-4540).
The best characterized GFPs are those isolated from the jellyfish species
20 Aegquorea, particularly Aequorea victoria (A. victoria) and Aequorea forskélea
(Ward et al. (1982) Biochemistry 21:4535-4540; Prendergast et al. {1978)
Biochemistry 17:3448-3453). Purified A. victoria GFP is a monomeric protein
of about 27 kDa that absorbs blue light with excitation wavelength maximum of
395 nm, with a minor peak at 470 nm, and emits green fluorescence with an
25 emission wavelength of about 510 nm and a minor peak near 540 nm (Ward ef
al. (1979) Photochem. Photobiol. Rev 4:1-57). This GFP has certain
limitations. The excitation maximum of the wildtype GFP is not within the
range of wavelengths of standard fluorescein detection optics.
The detection of green fluorescence does not require any exogenous
30 substrates or co-factors. Instead, the high level of fluorescence results from the
intrinsic chromophore of the protein. The chromophore includes modified amino

acid residues within the polypeptide chain. For example, the fluorescent
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-6 chronmophore of A victoria GFP is encoded by the hexapepti de sequence,
FSYGVQ, enconpassing am no acid residues 64-69. The chronophore is forned
by the i woamedsecul ar cyclization of the pol ypepti de backbonesatosersi dues
Ser65 and G y67 and the oxidation of the a-/3 bond of residue Tyr66 (e.g.,
see 5 Cody et al. (1993) Biochem stry 32:1212-1218; Shinmonura (1978) FEBS
Letters 104:220-222; Ward et al. (1989) Photochem Photobiol. 49:62S). The
em ssion spectrum of the isolated chronofhore and the denatured protein at
neutral pH do not match the spectrum of the native protein, suggesting that
chronmophore formation occurs post-translationally (e.g., see Cody etal.
(1993) 10 Bhowhephatrof B2vikaikZ GPR & endodledddi tHeomexapbptide gadadncst r uct ur e
of purified i ctoria GFP. has been . determ ( see err) (1996)
Sci ence 273: @2«@3@@30”"%”}% 2 ﬁ%{ﬂ{es@%sug%—%p T?"e&f‘ %{né the protein
are an 1 1- sbfmaedled the ikdmelectiantyEIRGien af ARG Lbpepadd @etkisoHe MAREidues

wr appi ng around a single central _a-helix, which contains the 15 nodified

p- hydr oxybersAiP P @8A < a4 8061 Thai BiddrRsioRhe o e Pend Trdesibe ypek i . . see
cent ral | % | @%ak/ash 2 gy Go AR 11595 LA saefhinhsrmGAITD] il Acpsh el ded

from exposure 'to bulk sol vent encodi ng an isotype of A wvictoria GFP
has been i sdiedteet 7@APAQ-822nWnrd ot indd 1 §88LBMYechery. Fbetrhiv: ¢P0idied Ve g.

see Prasher é’égggl)l 50 Ooflt]\% i€AReRS romxgﬁ%’é and %&éﬁ”‘atﬁ Crféwganlti g ns a

714 nucl eot i open‘reéa rame that en amno

pol ypept i de nefitral plaldzuh@xt mdtdvl thef spﬂ&;rﬂ&ﬂof De. nﬁe&opﬁmmanbmggeempg aksed A
victoria GFP. in their to fl uoresce i avmd iety
or Gani sims, - IRETTORIGe HAETEH R opairs Postaahenipraly Bro-asoe Coday Sk 243
263: 802- 18D5,B/Mﬂehﬁ§tr¢t92ﬁﬁ212]1@93)) Gene 191:149-153), yeast 25 and fungi
(Fey et al. (1995) Cene 165:127-130; Straight et al. (1996) Curr. Biol.

6: 1599- 1608; Cor taARdEPR: the 56579 W%F‘H&%l%‘y‘e%@ ‘36@”31%'%‘:’ hgs Bephi | a

(e.g., see \A@E'é}nﬂﬁedieg(]s%g@mll\iahlg%)%@%rﬂ:g%ﬂﬁ?PBSEl@Q@ (ﬂ%%)adorﬁ%%t
173: 83-87) Iantséﬁ;leln ein et al. (1995 Casper et al. (1996)

173: 69- 73) stiusturalafegtwes omtee peatein arggm) 1 i-strapdedrgrhpetel thatikawas étnegrly 30
(L20), e aypEe®; SR SaRr ol SRR SR o S ind e Deer
15  modified p-hydroxybenzylideneimadaxolidinone chromophore. The chromophore
is centrally located within the barrel structure and is completely shielded from
exposure to bulk solvent.
DNA encoding an isotype of A, victoria GFP has been isolated and its
nucleotide sequence has been determined (e.g., see Prasher {1992) Gene
20 777:229-233). The A. victoria cDNA contains a 714 nucleotide open reading
frame that encodes a 238 amino acid polypeptide of a calculated M, of 26,888
Da. Recombinantly expressed A. victoria GFPs retain their ability to fluoresce jn
vivo in a wide variety organisms, including bacteria (e.g., see Chalfie et a/.
(1994) Science 263:802-805; Miller et al. {(1997) Gene 197:149-153), yeast
25 and fungi (Fey et al. {1995) Gene 765:127-130; Straight et al. (1996) Curr.
Biol. 6:1599-16808; Cormack et al. (1997) Microbiology 743:303-311),
Drosophila (e.g., see Wang et al. (1994) Nature 369:400-403; Plautz {1996)
Gene 173:83-87), plants (Heinlein et a/. {1995); Casper et al. (1996) Gene
7173:69-73), fish (Amsterdam ef a/. (1995} }, and mammais (lkawa ef a/.
30 (1995). Aequorea GFP vectors and isolated Aequorea GFP proteins have been
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used as markers for neasuring gene expression, cell mgration and

| ocalization, mcrotubule formation and assenbly of functional ion
channel s Weongess2eee Terry et al. (1995) Bi ochem Bi ophysPCR&S01/082Tmun.
217:21-27; Kain et al. (1995) Biotechniques 99: 650-655). The A victoria
G-P, however, is not ideal for use 5 in analytical and diagnostic
processes. Consequently GFP nutants have_been selected with the hope of
identifying nutants that have single excftation spectral peaks shifted to
the red. In fact a stated purpose in constructing such nutants has been to
"attenpt to make the A victoria GFP nore like the GFP from Renill a, but
whi ch 10 hasegpdpearkerssior rﬁmasnak@ gene fexpression. celbaligreen e lggaligation,

anal yti cal Il a
S 1S o Py BR84SR0 ERLAARP ol BRAARRELLYTSL 17

di scri m nat eoa/ hed Veel/odhé e Bépthysf Rasr Ophotes 242 tee Keirnat of (T%@nance

energytran e easi.e cQ tra are tal narr ow
rat her t han %ﬁ goé?d Eg%huTge 'é{lm ‘%gf’%rﬁ%?)N@OW’?"gﬁés L)) deal':g?rtll"ﬁé’r nor e,
the | onger wamedlengil Rinexdibgedstienprpeedses ( Aldnsbiderafy EEHIrhu‘@nG:l?a\PéSb@érfmSt
ideal for fluorescein filter sets and is resistant taq photobl eaching, but

has | ower afpPfiedawitbiian hore drdentdyingaveiangythrthaye sitdle ssitalien which is
nmor e suscepgb@dt%lﬁappgm@@gﬁmer}gd( Chalfie et al. (1994) Science

263: 802- 805) here exists a phylogenetically diverse and |argely

unexpl ored reperifacs a stfatéd plipese s cemtryntiogesueh mutantahes ®epedervoir for
future deve thes i

variety of %@BH\%EEE? eérlé{astehs §ng’6&§%u§'?}i%der%thw%?ﬁsﬁ&ﬁ éépculbtéjglmxﬁem /la
reni f or nds @Ppmm’rﬂi@éotrmtrraaltmn fahaoralgleal fantusens af ar;kalytvctaittomll aFdEFP

1 Towed U SIMRYHT PESTS GRPESTIS: (6 S0Gay of [ B (e w08 PafgThi crs

i ncl udi ng th%ﬂeiymﬁbl?ﬂm |dezatpetiRslenhth tREAMIBtdBSHdtAlRn diferddtve a
variety of GFPs and luciferases available in order to optim ze systens for

particul ar HppiorEatesoRRd REPCLIBN i HPPRRIENGH SHEER] E’?'i‘?fﬁr RSt PR 1T ferefore, it

is an obj e%mB@ﬁ@r'\tnséébt%r&’é't@ﬁ ah8 Hato0fl rdtHE! §iah 186/ %d*@llo%‘élu(lséé grgodi ng
Renilla 30 reniforms G-P and the protein encoded thereby. is also an

obj ect ABr ePatend N%@@?ﬁ@%)olﬁwrﬁhﬁ@@@@né@e tpnger maw&nﬁﬁs%%ﬂt%@ea'ﬁcl ude

e e PRI OB B AL 9

to photobleaching, but has lower amplitude than the shorter wavelength peak at

395 nm, which is more susceptible to photobleachi}mg (Chalfie et al. {1994)
Science 263:802-805).

20 There exists a phylogenetically diverse and largely unexplored repertoire
of bioluminescent proteins that are a reservoir for future development. For
these reasons, it would be desirable to have a variety of new luciferases and
fluorescent proteins, particularly, Renilla reniforrnis GFP available rather than use
muteins of A. victoria GFP. Published International PCT application No. WO

25 99/49019 (see, also, allowed U.S. application Serial No. 09/277,716) provides
a variety of GFPs including those from Renilla species. It remains desirable to
have a variety of GFPs and luciferases available in order to optimize systems for
particular applications and to improve upon existing methods. Therefore, it is
an object herein to provide isolated nucleic acid molecules encoding Renilla

30 reniformis GFP and the protein encoded thereby. It is also an object herein to
provide bioluminescence generating systems that include the luciferases,

luciferins, and also include Renilla reniformis GFP.
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-8- SUWMARY OF THE | NVENTI ON | sol ated nucl ei ¢ aci d nol ecul es that encode
Reni//a reniforms fluorescent proteins are provided. Nucleic acid probes
and prinmwa@odessea/ed therefromare al so provided. Functi opalr/Ugolegeinval ent
nucl ei ¢ acids, such as those that 5 hybridize under conditions of high
stringency to the disclosed nol ecules and those that have high sequence
identity, are also contenplated. Nucleic acid nolecules and the encoded
proteins are set forth in SEQ ID Nos. 23-27, an exenplary nmutein is set
forth in SEQ ID No. 33. Also contenplatgd are nucleic acid nolecules that

encode the protein set forth in SEQID No. 27. 10 Host cells, including
bacterial, yeast and mamral i an host cells, and plasm ds for expression of

the nucleic @ﬁMﬂﬁR@WﬁPQM@QMVEWTﬁs Rilla reniforms green fluorescent

protein (GF are so provided. Conbinations of luciferases and the
Reni // a reni f or nisla@p rackeiadcd molesdleethat Bneodre Reaille aenifiemio tiudrieeckridy

subst [ ¢ Ut of, L€ AHONARLL TNARH! Sg BREKRIGSHIO0 . (idgh SR Eflofogh cel !

or hosts, ns and nut'agénr zed to al ter
the em ssi oalsprmpﬁded e§unhmmrmllymnvtalmmt reulctedr acndp,animhads moe@elnatl es are al so

contenpl ate tatlo identified. b stitutin codon
e op o8 ol e St e 5dhehy 58 oY aiPiRBed bt o T he
effect on thﬂ:seaaas ﬁe@é high fe00pedd ideatinf, awelsbesmtémmtqmr olled|sic dearti cul ar
regi ons of |nter st arﬁg;hose in which corr ondﬁgglbgg S|te nutated in

I

ot her GFPs, "HR,‘W grpodsd RIgTENS)y ?’StS«?F 't?'bl

properties amnﬁllaheﬁﬁﬁemw@emw iNSSE@M N, 1835 @D Webﬁbldﬂ&@@ré Aucleic
conbination with nucleic acids encoding |luciferases, such_as those known

to those of agRimplepyes faatgncogpdhe proteinoist RN SEQ WeNer 2Bed in copending

al | owed qg. S. appHoQtaEéI%n lrﬁﬁudl%y@tenQQ/ggng diePmaffiRaliafl 113t B ldnghed
I nternational PCT appl i cation /49019) . Conpositions_containing

t he Reni | | aPleemidsofatiexpagspiogrofithe nRelgig peids Ie@ﬁwlesa e Repibia £erifariés f er ase
combi nationg ﬂfﬂfo‘?é‘éc% protef mﬁﬁmbtawaro@m@d EorhBikStiGHY oPlucBemadsder of

forns, depen Ing on t i nt ended met hod of use therefor. In certain
enbodlnentsanﬁéheéﬁaWbVQWﬁVH@?@Eﬁﬁmgﬁbpdﬁgwé@%taln a Gaussia luciferase,

Ga I f f 24
= C%S lSJIS%]_ | g§'27$r a_%g e RfRRES U6n Ve FBUIASY By! UBLAifHBR Sf dbbRY offnHuERP

15 expression in selected host cells or hosts, such as humans and other mammals,
or can be mutagenized to alter the emission properties. Mutations that alter
spectral properties are also contemplated.

| Such mutations may be identified by substituting each codon with one
encoding another amino acid, such as alanine, and determining the effect on the

20 spectral properties of the resulting protein. Particular regions of interest are
those in which corresponding the sites mutated in other GFPs, such Aequora to
produce proteins with altered spectral properties are altered.

The Renilla reniformis GFP may be used in combination with nucleic
acids encoding luciferases, such as those known to those of skill in the art and

25 those that are described in copending allowed U.S. application Serial No.
09/277,716 (see, also, Published International PCT application No. WO
99/43019).

Compositions containing the Renj//a reniformis GFP or the Renilla
reniformis GFP and luciferase combination are provided. The compositions can

30 take any of a number of forms, depending on the intended method of use
therefor. In certain embodiments, for example, the compositions contain a

Gaussia luciferase, Gaussia luciferase peptide or Gaussia luciferase fusion



protein, formulated for use in |um nescent novelty itens, imunoassays,
donors in FET (fluorescent energy transfer) assays, FRET (fluorescent
resonancavensesyyd transfer) assays, HTRF (honpgeneous ti nereT/@salosery
fluorescence) assays or wused in conjunction with nulti-well assay devices
containing integrated 5 photodetectors, such as those described herein. The
bi ol um nescence-generating systemincludes, in addition to the |uciferase,
a Renilla reniforms GFP or mutated formdthereof. These conposi tions can
be used in a variety of methods and systens, such as those included in
conjunction with diagnostic systens for the in vivo detection of 10

neopl asti c tretsinegoandatachéar useds liwsinesersit lwettmd‘s%énWémma@e@miMQrs

her et TPERRUIS ol e BeREhLT ST 0t sher GER U4 LLELES Al

manuf act ur e ce no ens are’provid ese nove are
desi gned fortranehir)eaﬂ;saelynnﬂﬁﬁf hembge\mem amd-rasalsedrginbresaanlcd) m:slsaxszr but are
not limted to:

t L t tt
"Hal | oween” Y8gd4n CT’%BPB‘E@& V*Ii‘ i é"@i%&%é‘épge‘ggﬁﬁggy"’?mﬂ 2,5,(%}95@[%?8 and ot her

paints, ¢ i pnoRiRYed®ELIduh;as %@Ké'dla@@nbe@aﬁérbﬁm arly clothing, such as
shirts, hats and sports gear suits, threads and yarns; bubbles in bubble

maki ng toys and dJttebiolusyaesaease-9PBRIGHEY KiNsEIadnclugag, I'@)@ﬁé*t'oﬁfé’tﬁhienes
per sonal 't%@feréééc%nalr{/ﬁé)%ioh&% Gb@fohnmm%%fmbm@veoflq‘f Heags gel s,

powders and creans polis ke-up, toothpastes an 20 ot her
dentifri ces cogumsiionsowyn pabsedsin andrt@utrﬁl reetiedh;andt sistegaicsuchsad Hiese

paper: {003, S 280 ISR frer SO IRRA L0185 o Urah beatlo opt 2l i no

| uci ferins ransgeni ransgenic f at ‘express a
| uci f er a®e; npbplatti¢ mmdu@@artcabfhemglsauém(sut:brasrthose hmhcb@sr aeﬁ;nb;edd‘feeelabl y a

luciferin for us V\nthtrans antsthat S ciferase
beverages, such “5‘%'5?“0”328 ée'}’)é%é%’ﬁﬁ’é’ﬁés Ggéf"i”%df"'ft FW&”F@@%&rﬁbes
and ice in ebhesduecenhoaufyatdrRfSie ploQidRbal Tisesel Aleldi ifkind bﬂEUd&lsl yidd ewor ks
and other such jets or sp rag or aerosols of conpositions that are

PB

sol utions, ANRBEENSUSHEAEPDRED FrRMIREINT Ea%ﬂr@éude Pat e nes ligytedttRer
sui tabl e for&g}s B%% BaGiHORhsORSY eRAkdtYed, R6Y UH%u@we&ﬁ'Olag%e %éf‘b%ﬁﬁe

gener ati ng syst em e i ol uni nescence gener at ng sys ens can
provi dedS%as anvl/cbqglmlfp@si gamas: finger ipeitts @odpiben paintse SR mawg\aéemqlu ferase

o s eon S ISBIR AR SIBN BB TR AP PO SRE R o @
01/ 68824 PCahUISGL1L)3Ribbles in bubble making toys and other toys that produce bubbles;
balloons; figurines; personal items, such as cosmetics, bath powders, body
lotions, gels, powders and creams, nail polishes, make-up, toothpastes and
20 other dentifrices, soaps, body paints, and bubble bath; items such as inks,
paper; foods, such as gelatins, icings and frostings; fish food containing
fuciferins and transgenic fish, particularly transgenic fish that express a
luciferase; plant food containing a luciferin or luciferase, preferably a luciferin for
use with transgenic plants that express luciferase; and beverages, such as beer,
25 wine, champagne, soft drinks, and ice cubes and ice in other configurations;
fountains, including liquid "fireworks" and other such jets or sprays or aerosols
of compositions that are solutions, mixtures, suspensions, powders, pastes,
particles or other suitable form. The combinations optionally include a
bioluminescence generating system. The bioluminescence generating systems
30 can be provided as two compositions: a first composition containing a luciferase
and a second composition containing one or more additional components of a

bioluminescence generating system.
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-10 Any article of manufacture that can be conbined wth a

bi ol um nescence-generating system as provided herein and thereby provide
ent ert ai went/¢sseecr eati on and/ or anusenent, includi ng userPof/ustse17ens f or
recreation or to attract attention, such as for advertising goods and/or
services 5 that are associated with a | ogo or trademark is contenpl ated
herein. Such uses may be in addition to or in conjunction with or in place
of the ordinary or normal use of such Hi@nms. As a result of the

conbi nation, the itens glow or produce, such as in the case of squirt guns
and fountains, a glowng fluird or spray of liquid or particles. The

novel ty in the nowvel hiticld endaufacesref thaichh Belddribinédimitteacence. G FPS
| sol at ed nu&)l_ | c.acids that encode GFP fromRenilla reniforms are

provi ded heP& HMINRSEBNGH GeAIR N A S¥SIead PEPEY RTINS PRRdDeIGRY F¥VidRi ds t hat

encode a CO%Wﬁm@ﬁtt@@re@kn@h%%%ﬁ\%&ﬁ”ﬂcﬂdl%u§¥%tfQﬁé RBMhstiBe green
15 fluorescent protein (G-P) (see SEQ I D Nos 3-27). In particular,

nucl ei ¢ aci decreplieit OF & aftiat airrdios. Reeh ﬂF forr advier 3ing goge® @ndfor serdetsent
protein Q‘:G:Pﬁ%t @r@dassﬂg(é{ fntﬂcﬁ QgBr&bc F?§ L eﬁ]pcilggepv}%de.hhgé%fhrgggsar €
mol ecul e are

provi ded. Nucleic aci encodi ng en| 'a renitorms
provi ded (seea\SEQin Bdditien 23w i2@pnjuBOtidiuctieh or acpldcgmbbh}s oadinbrprdr mersal

i des f f SE
D Nos. 29- 26 813G dortioanS B UF o B bRl B e i O ohcoded

for detecti @achaenh ahesucage at sh@asjuraband foldhtaingr£eaht ¥iuad of sl aibout 16,
or, if desired,, 20 or re on nucl eotides of the sequence
of nucl eot i &Eg‘de‘?fc%f'ﬁﬁst ﬁré‘eﬁweitv té"ﬁg‘f)lﬂ%m Ee'@:@ﬁ”"fﬁqmﬁﬁds usi ng the
probes f@ thRumiRkaéna) and cloning of GFP-encoding DNA in Renilla
reniforms are also pr OVI ded Vectors containing DNA encoding the Renilla
reniformis GFP are prd¥Rfed. In particul ar, expression vectors that

contai n DNA encogiigred rﬁfa\# RidsARht BhEIcR, BEP bR ALl BARbAS SRS al i on

with a pronoter el enment | ows for the constitutive or 1nducible
expressi on @rovidgl Rersim.| a\lmmowmem @eaq%tdaWCﬁndd@lmﬂe’ﬂheuq}ectaﬁr@ thee capabl e

o e e PR Rl A el L33
| SKEP 15 fluorescent protein (GFP) (see SEQ ID Nos. 23-27). In particular, nucleic acid
molecules that encode Renilla reniformis green fluorescent protein {GFPs) and
nucleic acid probes and primers derived therefrom are provided. Nucleic acid
molecules encoding Renilla reniformis GFP are provided (see SEQ ID Nos. 23-
26).
20 Nucleic acid probes and primers containing 14, 16, 30, 100 or more
contiguous nucleotides from any of SEQ ID Nos. 23-26 are provided. Nucleic acid
probes can be labeled, if needed, for detection, containing at least about 14,
preferably at least about 16, or, if desired, 20 or 30 or more, contiguous
nucleotides of the sequence of nucleotides encoding the Renilla reniformis GFP.
25 Methods using the probes for the isolation and cloning of GFP-encoding
DNA in Renilla reniformis are also provided. Vectors containing DNA encoding
the Renilla reniformis GFP are provided. In particular, expression vectors that
contain DNA encoding a Renilla reniformis or in operational association with a
promoter element that allows for the constitutive or inducible expression ot
30 Renilla reniformis are provided.
The vectors are capable of expressing the Renilla reniformis GFP in a
wide variety of host cells. Vectors for producing chimeric Renilla reniformis
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WO 01/ 68824 PCT/ USOL/ 08277 -11 G-P/luciferase fusion proteins and/or

pol yci stronic nmRNA containing a pronoter elenent and a nultiple cloning
site | oca@d1/e8834 r eam or downstream of DNA encodi ng Reni PCERUS@SRDr m s GFP
are al so provided. Reconbinant cells containing heterol ogous nucleic acid
encoding a 5 Renilla reniforms GFP are also provided. Purified Renilla
reniforms GFP peptides and conpositions containing the Renilla GFPs and
GFP peptides alone or in conbination mnth at | east one conponent of a

bi ol um nescence-generating system suchl'hks a Renilla luciferase, are

provi ded. The Renilla GFP and GFP peptide conpositions can be used, for
exanpl e, rovide fluorescent 10 illum nation of novelty itens or used in
met hods of dgf%/&qlfﬁge%rmswguatqm alf/ohpelpPigtpnic MRYLUCCEAIRINgt heroreetssues,

det ecti ng i nfiGLEPYRe A4RNES e SbAg dETHARAS2AYSeart UF HIALRASROE DN A

i mMmunoassays and I n vit uores ent Screeni ng assays using
mul ti-well a@mﬁlr@eﬂemés(ermﬁonprsoﬁmecb algo lpregddcor carrying out any of the
above-descri bed r’rﬁt hods., ul .ar [ Ot e e .15 used in FP

e eeence nol Eednals AR b RE pe TG0 2L AR BBt o
assays, PRETRéhilamréfoereist GFeaanalne @rendydyyParmisusRetiya m@ym/satBEP HTRF

h t | ved fI th T
nd Sensor s PRURBGHORAYGIoR Ko T AN RLP B LRt EPLAEP FFPPOS DG,

such as FET &rlnﬁﬁﬁ%mﬁl%naﬂﬁih ﬁQeéﬂ%e&%ﬁmenﬁbeam@ﬁ%@éﬁcd gaﬂemﬁafgence
assays based on energy transfer and are carried out bet ono

| um nescent $YSB¥M: %1 ah2 AreedptiBriferasre|are prvideds  fhe Reﬁﬁl/ﬁlﬁﬁpoa'lﬁ GEP. (1988)

Proc. Natl. Acafe c%hpous%sA:arB@egz&p‘@?gﬁamp@e%ﬁ%vﬁ}e ﬁuoreéc;e%ge) Proc.
Natl. Acad. Sci. U S. A 83:8092-8096; U S. Patent ) 77,128; U. S

Pat ent N&0 5illuminasigs: of\nogeitpateats omysed4n gpgthggs of @escﬂzg qnét\@mahmg
S, 279, 943; %dnd%&%f{&he%e'otﬁ%s%%k'&a&&% M@ec%g 9%{9952% hg
ave devel oped

Non-r adi oactive energy transfer reactions using
(see, | nterinaninaessaRCBUghplonamienows NomUNYEssegs @R 71 viral flviesGymaReey .

Non- radi oac t N MC] . such
as a |luci feérdzgi\ég1 gigg%s Js H%Eﬂ gca%‘sé’ﬁﬁe %ér?rg)rr?: E\ﬁereo k'%g{jg{?@gﬁ‘}l n a
fusion 30 pranttearry, ofathe atmntaeiwpd:r&twldmlemceiisn InNacli@ilar, dodsesprotedts wekibe t

with the nuclei vided herein are

21 50, contmFRRan LB ks bl RR Pt B BT T SRR G
(RULE91) assays, FRET (fluorescent resonance energy transfer} assays and HTRF
{(homogeneous time-resolved fluorescence) assays and also in the BRET assays
and sensors provided herein.
Non-radioactive energy transfer reactions, such as FET or FRET, FP and
20 HTRF assays, are homogeneous luminescence assays based on energy transfer
and are carried out between a donor luminescent label and an acceptor label
(see, e.g., Cardullo et al. {(1988) Proc. Natl. Acad. Sci. U.S.A. 85:8790-8794;
Peerce et al. (1986) Proc. Natl. Acad. Sci. U.S.A. 83:8092-8096; U.S. Patent
No. 4,777,128; U.S. Patent No. 5,162,508; U.S, Patent No. 4,927,923; U.S.
25 Patent No. 5,279,943; and International PCT Application No. WO 92/01225).
Non-radioactive energy transfer reactions using GFPs have been developed (see,
International PCT application Nos. WO 98/02571 and WO 97/28261). Non-
radioactive energy transfer reactions using GFPs and luciferases, such as a
luciferase and its cognate GFP (or multimers thereof), such as in a fusion
30 protein, are contemplated herein.
Nucieic acids that exhibit substantial sequence identity with the nucleic

acids provided herein are also contemplated. These are nucleic acids that can
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| SA/ EP WO 01/ 68824 PCT/ USOL/ 08277 -12 be produced by substituting codons

t hat encode conservative am no acids and also nucleic acids that exhibit
at | east vedousssdD% preferably 90 or 95% sequence i denti PET/USESLTICE
identity refers to identity as determ ned using standard prograns with
default gap penalties and other defaults as provided by 5 the manufacturer
thereof. The nucleic acids provide an opportunity to produce | uciferases
and GFPs, which have advant ageous appl tttion in all areas in which

| uci ferase/luciferins and GFPs have application. The nucleic acids can be
used to obtain and produce GFPs and GFPs from ot her, particularly Renilla,
speci es 10 u=iprgdudesl by sbbstitdéisg rdddeds hieateentodhatonsenetzpanint actisnser ved

i . Th GFPs h | ] j i | | o/ N which
GrPs and or PRRITE 260 et pabpie news apt B3 el ofarEPe "he Gres
provi de a neagSerice idamyl. f Fedurmceudgttty senako afenkitp by detartaitCasiggner at i ng

systens. Reni/la GFP has a single excitation absorba(gpge Eﬁeak in_blue |ight
(and ar ound SEUBIafhProgiams Wih sesbhyamaRensitie AgH Other cadpds prarovigesuRY 510

nm (W thga spaldaskaulderngeds. 540). This spectrum provides a neans for it
to absorb bl ue Iig?‘_ht and efficiently convert it to green light. This

resul ts in an anplhefiuskit @sidsf prowide qu prAOrtWFntouReduee luiiefapestdaren with a
bi ol um nescefjer : i hat yi | wsuch as Aequorea
or Renilla or vargg‘d aﬁ%gg??%ﬁégﬁ&t%%l%hﬁ%ﬁ% gtltpéh%fs lhg@’?%r any

appl i cat i on udifecdaediiniferihsagmb §iFPs hapelappitdtons, The nacipici ddidgdcan headddt i on,

this green |i .can serve a n_e onor.,in fluorescence-based assays,
such as fl u5?ggiaé'ﬁ@é‘dpodf)glr"fez§f?8ﬁn§§%\/§s€°rﬁﬁh?rﬁIpl?Btr‘ceLg%r n e'é'ﬁ%’rsg%?cﬁsansfer)
assays, 1MORELs(y thermsbentiesebebaneananet gyrrédpapnaferqjondsseysregivds Hlifese

(honobgeneous_timnme-resol ved fl uorescence) aﬁssaés, Particul ar assays, herein
25 ref er r ed GF&sEVBREY 2P HISPUFHERBLTR PN B REH KW Wé‘rét’jjpﬁ PAHEf er assays in

whi ch — ener gyciiePade/IBBFERS BEVd ESTicatiBh OIFUFeRESBR)NGRe GFRS Ir&d&Ta Beans to
luciferase to a fluorescent Er otein), are provided. Non-radioactive energy

transfer rea&stalinshe euipnt SOMRETT biolyrmpFscenpe grNer4TRFs wsdemy sfienifie GFP
honogeneous |L.um : f h

carried out Bt GRaReT BSnaRaE pPRy EPEP LY AR Bound oo A AR,
e.g., Cdbdulpredcstinamtly §h@B88mRsE. padkt droudd £d4.0 Boi (with. Ssmall 8bo8ide0n8F94;

ng;ﬁf et al5‘40() 19@\@ sp%rc% 'm Ib%vlidesAg %géang%ior‘ itlgb%bébrb8§|h§9i%%{ ggg %;fﬁcqér%ly
convert it to green light. This results in an amplification of the output.
When used in conjunction with a bicluminescence generating system that yields
blue light, such as Aequorea or Renilla or Vargula (Cypridina), the output signal
20 for any application, including diagnostic applications, is amplified. In addition,
this green light can serve as an energy donor in fluorescence-based assays,
such as fluorescence polarization assays, FET (fluorescent energy transfer)
assays, FRET (fluorescent resonance energy transfer} assays and HTRF
{(homogeneous time-resolved fluorescence) assays. Particular assays, herein
25 referred to as BRET (bicluminescence resonance enetgy transfer assays in which
energy is transferred from a bioluminescence reaction of a luciferase to a
fluorescent protein), are provided.
Non-radioactive energy transfer reactions, such as FET or FRET, FP and
HTRF assays, are homogeneous luminescence assays based on energy transfer
30 that are carried out between a donor luminescent label and an acceptor label

(see, e.g., Cardullo et al. (1988) Proc. Natl. Acad. Sci. U.S.A. 85:8790-8794;
Peerce ef al. (1986) Proc. Natl. Acad. Sci. .S.A. 83:8092-8096; U.S. Patent
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RECTI FI ED SHEET (RULES1) | SKEP WD 01/ 68824 PCT/ USOL/ 08277 -13 No.
4,777,128; U.S. Patent No. 5,162,508; U S. Patent No. 4,927,6923; U. S

Pat ent NowOB1/&8824 943; and I nternational PCT Applicati on NeCTV®12B2171225) .
Non-r adi oactive energy transfer reactions using GFPs have been devel oped
(see, International PCT application Nos. WO 98/02571 and WD 97/28261). 5
Mut agenesi s of the GFPs is contenpl ated herein, particularly nutagenesis
that results in nodified GFPs that have-t3®d-shifted excitation and

em ssion spectra. The resulting systens have hi gher output conpared to the
unmut ageni zed forns. These GFPs may be sel ected by random nut agenesis and
sel ecti on f @io. @GFPB7 wizigh LB.Bt Baedt me@;r@z ,608by . SefsteheNomi{ BPLORSE SJ ®f the

10 chronophare regiaon_of the G-P be intr near DNA
nol ecul e (f lpéb‘?r%ﬁ\?‘) B/ RS 'HEEI'G%"#%I‘%' ﬁe&w@ggﬁgﬁ&gﬁ@ f2(%5 st abl e
or transi entr\uo%eal%&t.@@ eﬁE %@ans&@ﬁ%bﬂgn%ng IGFreeid vl bR JpRAL Geet he
cells that contain encodi n% Reni|la GFP al so express the

r econbi nant er@marclpaa@@T@mpb@atyO@e%w .00 98/925 7 1sanst WRE/&482RE: the cells
are selegted to ‘Rﬂiﬁ[é?éﬁesny@?'ﬂ’seo@?bs gzgénthrt?\%t] t&‘?th@ af}ﬁcﬁlgn%' ty to

fl uorescence and are not toxic to t n so enbodi nent s,
cells may ahsgagaresisdehshecsrnol iognmﬁﬁmil@Fé’isdhathd/eem&{hifrngd axcicatipoaeat of a

bi ol um nescence- gener t| n f er abl hot rot el r

| uci ferase. IS e?%‘? g%é ?F@ﬂ gyse%?rﬁ'éar}? élhé‘?#ger aOCuI(% e(ﬁ%’{)‘l?rﬁé erkeo0
bi ol um nescenmfweatfdngxssyNeemmmaﬁrbb SeSedt:sd)batre@Hdm Qﬁmﬂaben&ﬁl@Ci es
Aequorea, Vargul a, Pl i

nmm, Ptilqsarcus or n nore ferred
erod ment s N§ RGN i RECE SHKLELEAR SEPF G L YIRS aE & foni | |
reni for rips I(;H,ea,ﬁm@ régioMdfltRé iGAPNCI udi ng the ami no acid sequence set
forth in SEQ ID No. 18 or the Pleuromanma |uciferase set forth in SEQ ID

No. 28, or 25 thdhed¥Airaay beilrteedusedsta fipgarPNA napesyle (pgmeot) oreaGEPs
provi ded heggiin. |8 nﬁaw%ﬁgre'saoﬁwm&%y Q{Eb‘m %htranyemmpés@on of the

bi ol um nescence generating system but 1Is erab used I n conbination
with a Renehteding DARubP sartaipl erabestiments, dhe @atsmaa dontdin i @r RRIECTI FI ED

SHEET ( RULE%%éodillwggléEIEem %H’Gaiﬁsebzéxd:r)gg M%q]e/cg%Yn%nt Renilla GFP or polypeptide.

15 It is preferred that the cells are selected to express functional GFPs that retain
the ability to fluorescence and that are not toxic to the host cell. In some
embodiments, cells may also include heterologous nucleic acid encoding a
component of a bioluminescence-generating system, preferably a photoprotein
or luciferase. In preferred embodiments, the nucleic acid encoding the

20 Dbioluminescence-generating system component is isolated from the species
Aequorea, Vargula, Pleuromamma, Ptilosarcus or Renifla. In more preferred
embodiments, the bioluminescence-generating system component is a Renilla
reniformis luciferase or mulleri including the amino acid sequence set forth in
SEQ [D No, 18 or the Pleuromamma luciferase set forth in’SEQ ID No. 28, or

25 the Gaussia luciferase set forth in SEQ ID No. 19.

The GFPs provided herein may be used in combination with any suitable
bioluminescence generating system, but is preferably used in combination with

a Renilla or Aequorea, Pleuromamma or Gaussia luciferase.

RECTIFIED SHEET (RULE91)
ISAVEP



-14 Purified Renilla GFPs, particularly purified Reni//a reniforms GFP
peptides are provided. Presently preferred Reni//a GFP for use in the
conposi t ivods/tese€in is Renilla reniform s G-P includi ng paorUS@Egqserice of
am no. acids set forth above and in the Sequence Listing. 5 Fusions of the
nucl eic acid, particularly DNA, encoding Reni//a GFP with DNA encoding a
| uci ferase are al so provided herein. The cells that express functional

| uci ferase and/ or GFP, which may be wused alone or in conjunction with a
bi ol um nescence-generating system in cgll- based assays and screening

met hods, such as those described herein. 10 Presently preferred host cells
for expressing GFP and luciferase are bacteria, yeasts, fungi, pIant

cells, insect Ce'ﬂuﬁfu@&'%ﬁﬁbr@#scgé tﬁ:ulaﬂ&}*ﬂgbfﬁé Ee/%n%ﬂng&% B%act 21 al

that express themalso may be screenin
cont am nat i ere pragidedt hidrdsemtly preferesd Rgmt/@ﬁFPrfet gbe gotiteagnmpesittonsThersior een

for bacteri ‘?' Gl &Qﬂ%%'/soéw '?r%‘f&o‘?ﬁq %11 e%c& 'lx? am.ﬁﬁ gBits <2t ?or‘tﬁ‘%b ve

| uci f erase an ocC
testing is endtnemnnd Seqamlanc,éfmmng,reat nent or use of the ar ea the ar ea IS

tested f th t f t [
i cati 96 of ' FRPOy & e Braficcatid G Aey Siva BN 5 eBo Biiiia, Fr “hbayy

nmetal s and DNAencaiivg baoeesthed amgammﬁdsmam al so be perforned W| th
cells that 20 confain the nucleic acids i i

i ded herej ression is
linked to a systé CFH%thtseWé%sénfél'éﬁ’i'O'tﬁ&g‘{F' SRS ealtd or QPQTW%EEV‘@ fal or
cont am nant usa'dﬂﬁloﬁﬁsirﬁ?ﬂﬁ:oﬁmdcﬁ@{ hitH 5 BV (R rheBESRIeyetdrbting shs@sf BY cdi-gh
t hroughout screening protocols, intracellul ar assays, nedical dlagnostlc

assays, en@??%ﬁwalanﬁe%cﬁwg B1eéhrdss SHeaep r‘i@o%faéqsé?f'f’ad Ngrai&t er suppl i es,

in conjypction 25ré’¥ehhy%?éﬁé%§ HoRf Rt ﬁ)‘?%kﬂ&sgﬁavdFﬁTEﬁ@kL%lfePd%e%QQr es for
testing autoclaves in hospital, foods and industrial autoclaves.

Non- pat hogeRpetebacyeasts feoat platmglistineecdyoelle gad @aimdecellpc| uded in feed to
animal s to det eCtth%E&Perré@és éﬁﬁé BAELIRthal Qx@r%ké"?ﬂerﬂra%%'a? beNleliin ”ggt S.

COFYDOSI tions contal ni ng a Renilla G-P are provi he conposi tions
can take anynashods pliatreeniod fbbbmendecmmmgtlemn andemétiods dé gereeningdfonf use

therefor. | %ectgl(é__c%'t gsd Edreel ?:% ?5%341 Sonfdif Qﬁéﬁ?%ﬁﬁftér%;eﬁso gin a
Renilla GFP or pepti pre erabl'y Renilla mul ['erT or Renilla
renif orfibs 2KpEss mmlfecas/au@@mrasmare putSn autoclaves or in other areas in

which testing is contemplated. After treatment or use of the area, the area is

tested for the presence of glowing bacteria. Presence of such bacteria is

indicative of a failure to eradicate other bacteria. Screening for heavy metals

and other environmental contaminants can also be performed with cells that

20 contain the nucleic acids provided herein, if expression is linked to a system

that is dependent upon the particular heavy metal or contaminant.

The systems and cells provided herein can be used for high throughout
screening protocols, intraceilular assays, medical diagnostic assays,
environmental testing, such as tracing bacteria in water supplies, in conjunction

25 with enzymes for detecting heavy metals, in spores for testing autoclaves in
hospital, foods and industrial autoclaves. Non-pathogenic bacteria containing
the systems can be included in feed to animals to detect bacterial contamination
in animal products and in meats.

Compositions containing a Renilla GFP are provided. The compositions

30 can take any of a number of forms, depending on the intended method of use
therefor. In certain embodiments, for example, the compositions contain a

Renilla GFP or GFP peptide, preferably Renilla mulleri GFP or Renilla reniformis



GFP peptide, fornulated for use in |um nescent novelty itens, immunoassays,
FET (fluorescent energy transfer) assays, FRET (fluorescent resonance
energy twansés8ed assays, HTRF (honobgeneous ti me-resol vedP€TUsoESeENCE)
assays or used in conjunction with nulti-well assay devices containing
integrated 5 photodetectors, such as those described herein. In other

i nstances, the GFPs are used in beverages, foods or cosnetics.
Conpositions that contain a Renilla reniforms G-P or GFP peptide and at

| east one conponent of a biolum nescencgggenerati ng system preferably a

| uci ferase, luciferin or a |luciferase ang a luciferin, are provided. In
preferred 10 enbodi nents, the luciferase/luciferin biolumnescence-
generating Byptfmss, o fibE dol LMUBORRSSR! ANEHY i, iBhBaealysSyst em
a coelenterate system a ctenophore system a aCYerla system mol | usk
system a cFEst(lewaseydtanergy trahsfetl aspayse MREANfluorestént regenante eneddyan

earthworm s i 1 - | i 0

a0l ated T SATEeh Foe8V4 RAFHTE P CasnB0E il Ao R YEReseB R Y LRSS o,
Conbi nat i onssedirt evnjumgiod Withghultionplb asdayaievinestanintainigg dntegrated a

reni form.s P ar il osarcus GFP or m xtures thereof.and a seco

Conbosi t Bon PNESRPIAeT G SUerh g tinen e lhed e e FER PG Bnedss FirotRe, wich

i nani mat e aaid GdeRiSin Wveraef fudddre doanfetiosluce novelty itens are provided.
These novelty itens, 20 which are articles of. manufactur ar e desi gned for
entertai nment, r §8F§§{sltl9ﬁs tgﬁﬁc%’ﬁﬁg‘e‘?rﬁﬁf’,/a AefHrRE %gé,mﬁfﬁp REPIIR AN i t ed
to: toys, pffakt 60 @8bhpoRsint 6f a biFineb&3hcelgdAbRENGSsystén, plddérabMyeen” eggs,

f oot bags and board/card ganes; . finger paints and other paints, sliny play
mat eri al ; t Biciferase; lugifein oppdreieraso g Aducifesine Aresrrovidedt Jn Rrgfierednd sports

gear suhps, eklbo8RskntaNtheYiBEifsrasdHIRAELAR bidluriineBééhced gBRéatig tsQ¥@nfRd ot her
toys that produce bubbles; balloons; figurines; personal 1I1tens, such as

bat h powder §elegigdyiromtthesssisolpéed fropt\aildnsed mystanbamBoelarferate sypieghes,
cosmetics i Beliddhbe £§Pslf&ﬁ991bakﬁé?iah9%§&%§ adNG Rk GEteAE M biust RS sySRARS .
cosnetics, body paints, and bubbl e bath, bubbles nade from non-detergent
sour ces, paptfisbudystan). pr soeslidssysten, ard an isarthwosndystarer Bigwninegtence-

proteins; i -1 shi i i C Ml arly
B L e PRl SRl QU TR T, P
conponeibs &kussia lbnd|Rletiromeoenez.e generating system which gl ow upon contact

prh water. 1t eng ol kil ik Wmbositiop bahtfifind RBRa PaPEr:
foods, such as gelatins, icings a rosti ngs, iSh 100
reniformis GFP or Ptilosarcus GFP or mixtures thereof and a second composition
containing a bioluminescence- generating system for use with inanimate articles
of manufacture to produce novelty items are provided. These novelty items,

20 which are articles of manufacture, are designed for entertainment, recreation
and amusement, and include, but are not limited to: toys, particularly squirt
guns, toy cigarettes, toy "Halloween" eggs, footbags and board/card games;
finger paints and other paints, slimy play material; textiles, particularly clothing,
such as shirts, hats and sports gear suits, threads and yarns; bubbles in bubble

25 making toys and other toys that produce bubbles; balloons; figurines; personal
items, such as bath powders, body lotions, gels, powders and creams, nail
polishes, cosmetics including make-up, toothpastes and other dentifrices, soaps,
cosmetics, body paints, and bubble bath, bubbles made from non-detergent
sources, particularly proteins such as albumin and other non-toxic proteins; in

30 fishing lures and glowing transgenic worms, particularly crosslinked
polyacrylamide containing a fluorescent protein and/or components of a

bioluminescence generating system, which glow upon contact with water; items



containing luciferins and transgenic aninmals, such as transgenic fish,

wor ns, nonkeys, rodents, ungul ates, ovine, rumnants and others, that
express avobuessterase and/or Renilla reniform s G-P;, tranBgBURSE/080TNE t hat
express Renilla 5 reniforms GFP and are used as lures; plant food
containing a luciferin or luciferase, preferably a luciferin for use with
transgeni c plants that express luciferase and Renilla reniforms GFP,
transgenic plants that express Renilla -Y&nifornmis GFP, particularly
ornanental plants, such as orchids, roses, and other plants with decorative
flowers; transgenic plants and animals in which the 10 Renilla reniforms
GFP is a naskeh abonks, mphi;rfgodmtmdmg}emirm i@nmangém@nganﬂsh froder ages,
such as beer drinks s and icein

other - cont Gar M Ee SORPE RS RoRrlY aMRis, Mrk 8 ackoop S RTR AL e,

including Inidikeds," fdde@ys rdagl laam e rrusiiednts @hd aherspriftse@resdes osol s of
corrp03| tions that are saol utions m xtures, suspensi OnShG?OV\deI’S past es,

particles olNeerRse anl/en,ffeaitie &enity s Gﬁﬁytra’ﬁge@ CWSIMSdRat SREPRTER4E can

be conbi med MitdinAs GRP AT BRREENEANERNBIAL FocH SYSaRTMRRAUERSHA ba
reniforms GFP or with just a Renilla reniforms GFP, as provided herein,

t hat t her ebjugbiesased @seferabdy gaugitasintfor use oyidataBRILNG PN A caIPRESS
including u f%iastehﬁqd SHRa b ﬁ;erﬁ;% BRp] 9Qnﬁd§n§cgplégt§{ﬁe{tae§ Etﬁéﬁ//(]ao such

as for adve I SI hg goods and or services t assocl a | ogo
or trademar kemé;rmﬁ@ﬁpbartted(alderc&nme&ﬂtlplanﬁessumhyasb@chlds aokebist Bodh otleeror i n

conjunction wth aor, iin pl ace_of th or di nar r ch itens.

As a result® 1%&? N\@{rb qpﬂg‘f‘? HRwverss r?ﬂsgﬁ%'cg‘?{ ch p?%'a'ﬁ m @E}'EHSE in the
case of 19quiRehi/gUBBIféinls fGRMsal Marke fol DWEKIGY idtwdﬂ:cﬂbn&ﬁrcayexo@edesquhd or 25
particles. NEthods for diagnosis and visualiz t|on of |s§éaes in vivo ,or in

situ using PEYMREETt TUHSPTBRR al iR PR MRS aOFEHPF%r'P?i'E FCe AP and

Reni | 1 a renidOimndihePEonfidlrh@ds Eé'rﬁ'afrﬁ{g’:\ﬁ@m% réfifshss efFPt heurthinh f RCARAY
and/ or GFPs provided herein are provided. For exanple, the Reni |l a

reni fornis EmEdpifseworksdAndpethas sech ietBor BoyeIsE PRESOlS ehomagsidans ghat
systems t hat,d ehyohs BhBhHTL NEAGRACENS 0o Nig¥abhEaladnalichURShEr ST LU The

systens are particularly usef or vi'sualizing and detecting neoplastic
ti ssue dibd spéablalfoyms.i ssue, such as during non-invasive and invasive

RECTIFI ED SHEET (RU-EHe LNER.MP: 4R8P BETOMBLRAhe - 17

bioluminescence-generating system and Renilla reniformis GFP or with just a
Renilla reniformis GFP, as provided herein, that thereby provides entertainment,
recreation and/or amusement, including use of the items for recreation or to

20 attract attention, such as for advertising goods and/or services that are
associated with a logo or trademark is contemplated herein. Such uses may be
in addition to or in conjunction with or in place of the ordinary or normal use of
such items. As a result of the combination, the items glow or produce, such as
in the case of squirt guns and fountains, a glowing fluid or spray of liquid or

25 particles.

Methods for diagnosis and visualization of tissues in vivo or in situ using
compositions containing a Renilla reniformis GFP and/or a Renilla reniformis or
mulleri luciferase or others of the luciferases and/or GFPs provided herein are
provided. For example, the Renilla reniformis GFP protein can be used in

30 conjunction with diagnostic systems that rely on bioluminescence for visualizing
tissues /n situ. The systems are particularly useful for visualizing and detecting
neoplastic tissue and specialty tissue, such as during non-invasive and invasive

RECTIFIED SHEET (RULE91)
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procedures. The systens include conpositions containing conjugates that
include a tissue specific, particularly a tunor-specific, targeting agent

| i nked t ovaol/6sseget ed agent, a Renila reniform s G-FP, a |BCTAUSOIASR77Or
luciferin. The systens also include a second conposition that contains the
remai ni ng conponents of a 5 biolum nescence generating reaction and/or the
Renilla reniforms GFP. In sone enbodinents, all conponents, except for
activators, which are provided in situ or are present in the body or
tissue, are included in a single composhyion.. Methods for diagnosis and
visualization of tissues in vivo or in situ using conpositions containing
a Gaussia luciferase are provi ded. For exanple, the 10 Gaussia |luciferase
or Gaussia hLygie GFe@S tgﬁsqﬁé]u@eec?'rﬁﬁgsm&n&QBMéﬂﬁﬁg% %nwgéf@s flhggnostic
systens that rely on m nescence fof visualizing I’'SSU8S tn Situ. The
systens ar eingdude @lulsa:d ypetmfaf warfiagudanyi 8 danpesperitigdadmstiogtdgegt Hislogsl tsai ¢

ti ssue and | al i i.n i an e

pr ocedur es. HeRabaty ® PRy aLTorl: CFP; BRSNS e AR 15
i ncl ude a t essleclsgeaidecond prantplosmnloarthyt eorttaimsrthe pewiafring coapgedrita@fagent

| i nked t eted ag ciferin. The
syotems 3 sbioFhBR R Eetahecarites et RaPRRUR PR Th S era SRRy
conponent s efnb@dmbarﬁkpan aempen@ﬁs,gewwtfomg:tr\@m’sl Whianaeqsrovitied Gawasi a

| uci ferase. In so tgﬁ nment s, nts, excg pt for activators,

which are pr@fed%’Gs?'ﬁ 0thg bogy tﬁrs\ée p?rﬁé ‘L’ qthin fanglasPBPOS U e, are

included in a si MEtRo@PFRAHAGARE andIvidslizatibh dF tiskies fhi FGM 0BT &ird UShg s
i nclude two conpositions. A first conmposition that contains conjugates

that, in prEPEPPEEHORHSEBIARING £ CGayRsialyeiTerane pHoBIYed; r é?ft%‘ém&é%lthgt t unor

ant i gens oCoRaUSFS Askifetasd th@éra&@?ep@d@hﬂ%@%@@Wﬁ%oﬂﬁﬁ@tréﬁ With
reaction, a luciferase or luciferin, preferably a | uci ferase are

provi ded. | Aiagepstia pYEABSIhAR RN On Rl MEEsReNceo Aisvialigng Givsves gpwie f i c
targeting agaRL§s@RR Aﬂer&?ﬁcduw UsdlPF RS AsuaRbing %Ufcferte&ﬁwg h&hppidiRr

embodi nents, tunor- SpECI ICc targeting agents are l'i nked to mcrocarriers
that are c@awee@hdmsmwalpr tisurealshigh ﬁ@ldermm@nnoim\eesme amiryiaeiveni nescence

generating ARRGRENCFo B1ALGERNOITEE AobAMOBE iRl ERASEaRlfE! - 30

The second 8onp05|t|on cont ai ns t%e rens I ning compone
bi ol um M8scawbalegetiesus spayifeny Haetigularypa ctlahbysm&veﬁd uerdegingragent linkgsdf Br ase

st | gL . SOPEDEE R TSI A such o
a serum al bimiute oseairdecomppadidom titeiraoneains THeeremaining components of a
bioluminescence generating reaction and/or the Gaussia luciferase. In some
embodiments, all components, except for activators, which are provided in situ
20 or are present in the body or tissue, are included in a single composition.

In particular, the diagnostic systems include two compositions. A first
composition that contains conjugates that, in preferred embodiments, include
antibodies directed against tumor antigens conjugated to a component of the
bioluminescence generating reaction, a luciferase or luciferin, preferably a

25 luciferase are provided. In certain embodiments, conjugates containing tumor-
specific targeting agents are linked to luciferases or luciferins. In other
embodiments, tumor-specific targeting agents are linked to microcarriers that
are coupled with, preferably more than one of the bioluminescence generating
components, preferably more than one luciferase molecule.

30 The second composition contains the remaining components of a
bioluminescence generating system, typically the luciferin or luciferase

substrate. In some embodiments, these components, particularly the luciferin



carrier and tine release formul ations, permt system cally adm nistered
conponents to travel to the targeted tissue without interaction with bl ood
cell comwoneessz4 such as henogl obi n that deactivates thePCTURI€SR2TY Or

| uci ferase. 5 Methods for diagnosing di seases, particularly infectious

di seases, using chip nethodol ogy (see, e.g., copending U S. application
Serial No. 08/990,103) a luciferase/luciferin biolumnescence-generating
systemand a Reni//a reniforms GFP are provided. In particular, the chip
i ncl udes an integrated photodetect or t_hg; detects the photons emtted by
t he bi ol um nescence-generating system 10 particularly using luciferase
encoded by the nucleic acids provided herein and/or Renilla reniforms
G-P. In one &nﬁg@j I, d gﬁﬁlﬁ ' ' ed circeit with
an array, Stic agngaanrg %ot\t(g‘g'r glgﬂyh?aéo? Sp ot gggjltngg't gﬂpgﬁhgfl'ﬁg{tgﬁr%égéeﬂ O?Hef:i rcuit
is treated cawierenddimé teléaserformdatiomdinervitssysfeninellydadiginisieied assays for
whi ch the CRLRRed domi&RfIes'mlodiBa AR Gtk AR BY WIES hibBhicA! i on
for |inking nol'ecules, suc as antiBodres. Sel ected ant' bo y or panel of
ant i bodi es, cempbnastsanuends beaipglobpethatideatiivates bize tueifedah oahtcifgerse. i s

affi xed to the syrfac f the chip.above each hotodet ector. After

Gont act i g the NG FPrAiedepgairares, Rl ieuf MulEBnfs et ting second
anti body | i skipdmethodolsgni (sé& 3P .copetdingts.Bcaplichtion \GeridONRe0S ola, &H
fusion protein or an antibody |linked to a component of a _biglum nescence
generat | ng 8yuESLEReN I TIEPTRNSE@eBRrangD; ST Anh POl FRIRER | ¢
for the antiaFprare Pasvi@TRiMpagicGaFOEaMiS inefudeb &nbih@griated esoesteector
generating reaction are added, and, if any of. the antibodies |linked to a

conmponent ofha dHteFta e SEEIONE LTYERE Ryt the IS BYRGFCERES-BRRIBHRI S¥StERe chi p,
25 |ighow bhriReisgnesiy rRdirande L84 L By Bite hh8eRUAGEPlovRIRAL RGEhamdRsr- The

phot odetector is operatively linked to a conputer, which is programed wth
i nf or mat i onfleadareniarays GRB- | i nked anti bodi es, records the event, and

thereby identifiesnaRhidaRtem! 8%EBhip!if niddR Jshivtf af HBERtedErOM &3R4
PCT/ USOL/ 08277 -19 Methods for generating chineric P fusion proteins are

provi ded. TReayngidioarsan KcY ageyl phrhaigderatassc ddierryriecgaieingpitintreatedt, or
ransi at | ondl FESh o R aeRo of thE HeERG AP at s a0 WO e 11 ke
i n-frami5t ointhedeahiand-is edaptadbews as by alerivatiration fohBnl@FP mofémildaNAueimcodi ng
e oo™t B85 B APk BB LB pARTCRN BoATSRCk N bty
specific for a bacterial antigen, is affixed to the sur;‘ace of the chip above each
photodetector. After contacting the chip with a test sample, the chip is
contacted with a second antibody linked to a Renilla GFP, a chimeric antibody-
20 Renilla GFP fusion protein or an antibody linked to a component of a
bioluminescence generating system, such as a luciferase or luciferin, that are
specific for the antigen. The remaining components of the biocluminescence
generating reaction are added, and, if any of the antibodies linked to a
component of a bioluminescence generating system are present on the chip,
25 light will be generated and detected by the adjacent photodetector. The
photodetector is operatively linked to a computer, which is programmed with
information identifying the linked antibodies, records the event, and thereby

identifies antigens present in the test sample.



Alternatively, the pronoter elenent can be obtained directly fromthe
targeted gene of interest and the pronoter-containing fragnent |inked

upst r eamvod 01/68824 GFP codi ng sequence to produce chineric BEPUROBRINS or to
produce 10 pol ycistronic nRNAs that encode the Renilla reniforms GFP and a
| uci ferase, preferably a Renilla luciferase, nore preferably Renilla
reniforms luciferase. Methods for identifying conmpounds using reconbi nant
cells that express heterol ogous DNA encoding a Renilla reniforms GFP under
the control of a pronoter elenent of al§ene of interest are provided. The
reconmbi nant cells can 15 be used to identify conmpounds or |igands that
modul ate the | evel of transcription fromthe pronoter of interest by
measuring Reni | | deténils demvencarmg alitiese &R fusinerressios arresiginattie cel | s

expressi ng trnﬁqggg r]:}?{].#&é R d bglA EF(IIHUCrI%][ g%ngéll? rﬁére@?%’r%oﬁ‘ﬁ&?%&e@ﬁ%

encoding ReniTTa reniforms rase, may al so be used for
moni tori ng ¢Bive eexpdieg si GRP opdipg oegion i20he saﬁelttanshgondrredémerfrﬁmﬁ nghe he

| I ul I | f th I
Cegi one of pevfgtraral 71 EredaRt ePIRE R-Phoe IE AMET ARG e,

assays u% ngeinfiau&oPshaGi#POITHeUDNA&N@seisg ahe ohonempﬂoaélads emelinked iAny
assay or di agno%g:‘c nmet hod knﬁ used bl thote (sﬁk?' in the aré t hat
enpl oy AequdPETEIPESHRAR" B RS PRI Ter' §DEY gfr%sg Fhie FEPEEEI RGP . Ki ts
contai ni ng tAgrkEReelf, dhe Ysembtertdhememt diwdsa obtaiHedddingtly fese théieagételded
herein, are provided. In one enbodinent, the kits C?‘BF ni n t| cle of

manuf act ur e 98A8 ppiesstiaad &he SaeaARteEcPBt iR AFgMeRy IBKked HRS Eéaé‘&é’ifu are

provi ded. ThgKiddin @Bﬁ@érﬁ HE S O e8I prot SIS or Y6 biodpeef erably a
RECTI FI ED SHEET (R | SNEP WD 01/ 68824 PCT/USOL/ 08277 -20 noderate pH

(bet weerl G oty cdtraniel MiiNA s Hiak egcade theyBiefare g miagenesd @ IWHé etk ng
| uci ferase ﬂﬂ?gfelré&ﬁy'/ %éri?/(?aiﬂgufér% Gﬁgreaﬁr%fé?é&\/'ﬂiﬁﬁla%h%/%/sThﬁ@?es‘é' ts, for

exanpl e, Used ubb?e bl owi ng or produci ng toy. These Kits
can al so i ncI ude Metheteddi dgnidfyircheemPendsarsing RN ¥ rede t@%te%i(ﬁf?ﬁs

connection o Wi g’a s TRPA enb b ﬁé‘%tﬁéﬁ//ae%%}nt}‘? CJ;P L kht Soft6l ysgd for

detecting and VI's |Z|n neopfastic ti ssue and other tissues and incl ude
a first conmsmbtmmleth m:fw'gammsf intéres'GRe pindidad. |Téaseconbineonpelisestn of a

bi- ol um nlq\'iscenrécgse e%%é”\%t%f@%a sc}u%gg or ligands that modulate the level of

transcription from the promoter of interest by measuring Renilla reniformis GFP-
mediated fluorescence. Recombinant cells expressing the chimeric Renilla
reniformis GFP or polycistronic mRNA encoding Renilla reniformis and a
lucifierase, may also be used for monitoring gene expression or protein
20 trafficking, or determining the cellular localization of the target protein by
identifying localized regions of GFP-mediated fluorescence within the
recombinant cell.
Other assays using the GFPs and/or luciferases are contemplated herein.
Any assay or diagnostic method known used by those of skill in the art that
25 employ Aequora GFPs and/or other luciferases are contemplated herein.
Kits containing the GFPs for use in the methods, including those
described herein, are provided. [n one embodiment, the kits containing an
article of manufacture and appropriate reagents for generating bioluminescence

are provided. The kits containing such soap compositions, with preferably a
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and a second that contains the activating conposition, which contains the
10 remai ni ng conponents of the biolum nescence generating system and any
necessar wa@ot/sssat i ng agents. Thus, these kits will typi cabCyuseoaisetie t wo
conpositions, a first conposition containing the GFP fornul ated for
system c admnistration (or in sone enbodi nents |ocal or topical
application), and a second conposition 15 containing the conponents or
remai ni ng conponents of a biolum nescence generating system formulated
for systemic, topical or local administ®&ion depending upon the
application. Instructions for admnistration will be included. In other
enbodi nents, the kits are used for detecting and identifying diseases,
parti cul ar | ynodefratet phd (isctdiesa s erd Bhgna Fiakuminesorsice gRNeASHINTelAagaR]Sand 20
include a multi-well . ' : L i | bl g weach
havi ng an ir’lrt'%hdcrhg éléc%ag?a%ae }(ggﬁ grr",qu %q&g:dgzﬁ agrﬁ%éé\{'trll dohgregjr' Eﬁ%\éeﬁsk%s?

anti bodi es gpeekdrhgle, tan bensedwitina dubbleddtwimgsoragredtisingriey atfitestidits and
conposition containi a _secpndary, anti bod uch n.ant.i cific
for the inf &@Pi%i?s'”&ﬁ’gﬁta [REEES! ¢r b R o Dot U eaRP
protein, s chitmarfoedanti body-Reni//a reniforms 25 G-P fusion protein or
F(Ab) 2 anti body fragnent-Reni//a reai %orn‘i S GFqP fl,(lj? on. Pro ei n.. A second
conposi tion cont 4N RECH1%;eHTRAGAE &R 8 aFePsRd f0) Vg @ e diNes a
wavel engt h fecbiaghé tWstidbRd biferarsléfbhd@ hdlairgs fitdt dopdsrtin! fhat rohlatis
GFP, such as species of Renilla or Aequorea, for exci tia%‘ the Renilla

reni form s, thahGER ape G lRasE OPE GRMPCRSRT PEa P WBINEaCHIFe: NP HUIDIETE S or of

the device t0430:sHICALE bRGIR BSaRGQaflq EBRpBSanh, wWRikRTEdHERs SHEET
(RULE91) | SNEP WO 01/ 68824 PCT/ USQOL/ 082797 -51 As noted above, fusions of

nucl ei ¢ Hti desaindntl agmpheentaciffibe didymngecaice EEMPEHEICOHIRE 3 with
ot her lucif . rovided. O articular interest are
19! P .
f usi ons thaﬁ{egﬁg%égggg}%r:@@o?é%um ferases and GFPs, such as a Renilla
| uci ferase and a TRewsi theseGH® idrtypichibyrisgiuder tvee comiesitinng.ta fisé of a 5

Renilla GFP). The.luciferase | ' - fiof
luciferin vm'(iqmpoﬁ‘rti?gu%%nga%&@oﬁ%g%}g?g%ﬂ%? é‘?gr %\&5&2& ?‘%’g@%g%ﬁﬁgr‘gg'“t o the
| uci f er ase igonidhembatisemte lafal bhwpEEPapilvasiohusindmne secdnds¢amgositiorwhi ch t he

SURURITIL 6 KIERA TR e T s A S
generating system, formulated for systemic, topical or local administration
depending upon the application. Instructions for administration will be included.

In other embodiments, the kits are used for detecting and identifying

diséases, particularly infectious diseases, using multi-well assay devices and

20 include a multi-well assay device containing a plurality of wells, each having an
integrated photodetector, to which an antibody or panel of antibodies specific
for one or more infectious agents are attached, and composition containing a
secondary antibody, such as an antibody specific for the infectious agent that is
linked to a Renilla reniformis GFP protein, a chimeric antibody-Renilla reniformis

25 GFP fusion protein or F(Ab), antibody fragment-Renilla reniformis GFP fusion
protein. A second composition contains a bioluminescence generating system
that emits a wavelength of light within the excitation range of the Renilla mulleri
GFP, such as species of Renilla or Aequorea, for exciting the Renilla reniformis,
which produces light that is detected by the photodetector of the device to

30 indicate the presence of the agent.
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10 Muteins of the GFPs and luciferases are provided. O particular interest
are muteins, such as tenperature sensitive muteins, of the G-P and

luci ferasegol/edsat alter their interaction, such as nutatipaopUSe/SkE Renill a
luciferase and Renilla GFP that alters their interaction at a critical
tenperature. Antibodies, polyclonal and nonocl onal antibodies that
specifically bind to 15 any of the proteins encoded by the nucleic acids
provi ded herein are also provided. These anti bodi es, nonocl onal or

pol ycl onal, can be prepared enploying ®dlandard techni ques, known to those
of skill in the art. In particular, imunoglobulins or antibodi es obtained
fromthe serumof an animl inmunized wth a substantially pure
preparation of a Aucédtedrameeofus@rr qfrruxpifai«edcideerrwiodirurtfariuqiof)erwes and or

epi t ope- Cont@;‘p gv;ﬁgﬁg\eg)e.iﬂ C\)%IBT ertthéft%rfPseg ngg(gfl:ﬁ:edg \9di Qﬂt' bodi es are

al so provid PN are pr anong ot her
properti es, ptahm:ukimhtetrg'sttzoe spsond tlmlelny:o@mdai}m of tmia‘atasak Ia;ndbﬁFmé socrans/ or
cause the i tation_of P or luciferase rtlclarlya
Renilla or ﬁ%’g@aﬂ%ﬁ@p asgyapd g iy @ﬁ’d%m oéé{U%s?a‘z’%‘ ﬁ?éWl'Li TRl leri

| uci ferase, Adnitle GEP). bﬁw&lﬁcﬂér@@@@hleFPablbu QInE0h B¢ pERBPEE 00k (@cifePinUivilon
derived from such a bi ol ogi cal DESCRI PTI ON G:\@%}JE FI GURES FI GURE 1

depi ct's phyIR5g&HE f@"r’%‘f%ﬁnf’%ﬁg?\‘i '55’@1?5%@%?%“%?%596'&%' pEase Ixithg RES 2A- D

i Ilustrate tipgenirder inki GEP PrTHS Fiéh Of fRBiicHsURI WRigR RS GFHP AREBAEGSe BRET 9Y
Transfer (BRET) and its use as sensor: A) in isolation, a |uciferase,

preferably dnkemvisoztrigel. serh é‘ﬁé‘s@ep’f@m £an e wsed 3§t too} Breegess anything

coel ent er azi;pgr fal L vedy SR RIRRNSY €; in isolation, a GFP, preferably an
RECTI FI ED SHEETq?érULE91§ | SKEP WO 01/ 68824 PCT/ USOL/ 08277 -22 ant hozoan

GFP t hat1®i nds t dMuteins| efciheclifRseand ligifelaseers predidadt HObbarticgeetertesyht
emts green |1 %ﬁké OMdHt S LM GFLRre RERSE AL RESEY tlﬁgrwgﬁcgiucﬁ%%a‘%gn the

| uci ferase and associate as a conp Iex In VIVo or In Vi
| uci f er ase rbat altaa{dhejt nnxen‘aptubnamsﬂeasmut@qmaotth@ﬁeBWeﬁtgyfetraﬁetzhmi Remila

f1urophore, (‘{}%‘ thay a sg Elll’tir?te 3¢ Ex%% A egrncl %mpera r&NY ol ecul ar

i nteraction Sl Brage: corrp éx can be quantitatively
noni t ored by obseﬂmtlbmgnetsheos'pmar ahd stunbtloheloamtitgdéssnthiao shécificdliyghind té1 GURE

3 il ust1r5at easnyeo e’cﬂglprot\e/m%%%-go ed %?/rthgrn%g etlceg}:lgs |eo'rovided herein are also
provided. These antibodies, monoclonal or polyclonal, can be prepared
employing standard techniques, known to those of skill in the art. In particular,
immunoglobulins or antibodies obtained from the serum of an animal immunized
with a substantially pure preparation of a luciferase or GFP provided herein or an

20 or epitope-containing fragment thereof are provided. Monoclonal antibodies are
also provided. The immunoglobulins that are produced have, among other
properties, the ability to specifically and preferentially bind to and/or cause the
immunoprecipitation of a GFP or luciferase, particularly a Renilla or Ptilosarcus
GFP or a Pleuromamma, Gaussia or Renilla mulfleri luciferase, that may be

25 present in a biological sample or a solution derived from such a biological
sample.

DESCRIPTION OF THE FIGURES
FIGURE 1 depicts phylogenetic relationships among the anthozoan GFPs.
FIGURES 2A-D illustrate the underlying principle of Bioluminescent

30 Resonance Energy Transfer (BRET) and its use as sensor: A) in isolation, a

luciferase, preferably an anthozoan luciferase, emits blue light from the

coelenterazine-derived chromophore; B) in isolation, a GFP, preferably an
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FI GURE 4 depicts the substitution of altered fluorophores into the 10
background of Ptilosarcus, Renilla mulleri and Renilla reniforms GFPs (the
under | i nadonegisans correspond to am no acids 56-75 of SEQCDUB/0S27 Renill a
reniforms GFP; amino acids 59-78 of SEQ ID No. 16 Renilla muller! G-P; and
am no acids 59-78 of SEQ ID No. 32 for Ptilosarcus GFP). FIGURE 5 depicts
the three anthozoan fluorescent proteins for which a 15 crystal structure
exi sts; another is avail able comerci al | % fromddontech as dsRed (from

Di scosona striata; also known as dr FP58%2 as in this alignnment); a dark
gray background depicts am no acid conservation, and a |light gray

backgr ound deg‘ icts shared %f’lﬂSI cochem_cal properties. FlGJRE 6 con‘Pares t he
sequences oPHI0FAF? &Y P! &inYs, oithe M gAYy thatiig xcitey péh blue-greeon

reduce mul tiHRisi Fabh Aght ABRY &Y IndddraNSeddide Bsed Glub ANENRALA thérBj ona i s
anFP486; Zoant ﬁugg sp. 5zFP506I ar? & ?eéﬁ Di sgosgrrawws]sr "r)(ram is drFP583;

C avul ari a #fsiferasecarmaGhr aammﬁ@scarpomp@mm éoaeh RoZBal the lusifgrasg aons

desi gnat ed FachatRehPrEAS e itEredtioh sy tlo o EAMERBHGR, Which thefrEhillsT ONS

B. Fl uoresce ot el ns uorescent proteins Reni |
reni f or nibs &'@g@enBigm,UM NES@@IM@EIB@ENEMTIONG@N@“S% ADDIL@WQ@IWPS

RECTI FI ED SHEET RULE91) | SKEP v gg%y SOLL08277 1 ,:;,f oGener al
ued' ef Tid 5

descr|pt|on r Ses erlns ators eactions 2.
The Ren///agsgesatmnhalué%.hgﬂ.enophore systems 4 The aequorl n system a.

Aequorin and rel ﬂ&gRE%OIEIu ?aqttesme)rggmp ary léRElI'us(Eelnsor archltecture
FIGURE 4 depicts the substitution of altered fluorophores into the
10 background of Ptilosarcus, Renilla mulleri and Renilla reniformis GFPs (the
underlined regions correspond to amino acids 56-75 of SEQ ID No. 27 Renilla
reniformis GFP; amino acids 59-78 of SEQ ID No. 16 Renilla mulleri GFP; and
amino acids 59-78 of SEQ ID No. 32 for Ptilosarcus GFP).
FIGURE 5 depicts the three anthozoan fluorescent proteins for which a
15 crystal structure exists; another is available commercially from Clontech as
dsRed (from Discosoma striata; also known as drFP583, as in this alignment}; a
dark gray background depicts amino acid conservation, and a light gray
background depicts shared physicochemical properties.
FIGURE 6 compares the sequences of a variety of GFPs, identifying sites
20 for mutation to reduce multimerization; abbreviations are as follows: Amemonia
majona is amFP486; Zoanthus sp. zFP506 and zFP538; Discosoma sp. "red" is
drFP583; Clavularia sp. is cFP484; and the GFP from the anthozoal A. sulcata is
designated FP595.
DETAILED DESCRIPTION OF THE INVENTION

25 A. DEFINITIONS
B. Fluorescent Proteins
1. Green and blue fluorescent proteins

2. Renilla reniformis GFP
C. BIOLUMINESCENCE GENERATING SYSTEMS AND COMPONENTS
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5. Crustacean, particularly Cyrpidina systens a. Vargu/a luciferase (1)
Purification from Cypridina (2) Preparation by Reconbi nant Methods 15 b.
Vargu/ a waof/essesr c. Reaction 6. Insect biolum nescent syBCEWSOT/8ei7udi ng
fireflies, click beetles, and other insect systema. Luciferase 20 b.
Luciferin c. Reaction 7. O her systens a. Bacterial systens (1)
Luciferases 25 (2) Luciferins (3) Reactions b. D noflagellate

bi ol um nescence generating systems D. | SCLATI ON AND | DENTI FI CATI ON OF
NUCLEI C ACI DS ENCODI NG LUCI FERASES ANDygEPs 30 1. Isol ation of specinens
of the genus Renilla 2. Preparation of Renilla cDNA expression libraries

a. RNA isolation and cDNA synthesis b. Construction of cDNA expression
libraries 3. doning qf Rejghbal G&lif@gnm s Green Fluorescent Protein 35 4.
| sol ati on and identification,of DNA encoding Renilla mulleri GFP 5.

I sol ation and identificati 8n"8f*BRE® encoding Renilla mulleri Iuciferase E.
RECOVBI NANT EXPRESSI ON OF PROTEILNsifering 1. DNA encodi ng Renilla proteins WO
01/ 68824 PCT/ USOL/ 08277 -24 2. Aohdatesnstructs for reconbi nant production
of Renillka reniforms and ot helgeRégingl NS 3. Host organi sns for reconbi nant

production of Reni//aprot ShEKenitla system

3. Ctenophore systems
4. The aequorin system
a. Aequorin and related photoproteins
10 b. Luciferin
5. Crustacean, particularly Cyrpidina systems
a. Vargula luciferase
(nm Purification from Cypridina
(2) Preparation by Recombinant Methods
15 b. Vargula luciferin
c. Reaction
6. Insect bioluminescent systems including fireflies, click
beetles, and other insect system
a. Luciferase
20 b. Luciferin
c. Reaction
7. Other systems
a. - Bacterial systems
(1) Luciferases
25 (2) Luciferins
) (3) Reactions
b. Dinoflagellate bioluminescence generating systems
D. ISOLATION AND IDENTIFICATION OF NUCLEIC ACIDS ENCODING
LUCIFERASES AND GFPs
30 1. Isolation of specimens of the genus Renilla
2. Preparation of Renilla cDNA expression libraries
a. RNA isolation and cDNA synthesis
b. Construction of cDNA expression libraries
3. Cloning of Renilla reniformis Green Fluorescent Protein
35 4, Isolation ahd identification of DNA encoding Renilla mulleri
GFP
5. Isolation and identification of DNA encoding Renilla mulleri
luciferase
E. RECOMBINANT EXPRESSION OF PROTEINS

40 1. DNA encoding Renilla proteins



4. Methods for reconbi nant production of Renilla proteins 5 5. Reconbi nant
cell s expressing heterologous nucleic acid encoding luciferases and GFPs
F. COVPOSYaDh$824AND CONJUGATES 1. Reni//a GFP conpositi or6€T/PSo1IRsni7/ / a

| uci ferase conpositions 10 3. Conjugates a. Linkers b. Targeting Agents c.
Anti-tunor Antigen Antibodies d. Preparation of the conjugates 15 4.
Fornmul ati on of the conpositions for use in the diagnostic systens a. The
first conposition: formulation of the conjugates b. The second conposition
c. Practice of the reactions in conbina?hpn with targeting 20 agents G
COMBI NATI ONS H. Exenpl ary uses of Ren///a reniform s GFPs and encodi ng
nucl ei c acid nol ecules 1. Methods for diagnosis of neoplasns and ot her

tissues 25 2. Methodg of g ' ' : nerating
Reni//a mulleri |uci fgi ase?%ﬁ,‘é&ggﬁ%&g pfﬁfi E%gs%ggﬁrﬂg%a%%fggl uci ferase

fusion proteins with Reni// reniforms GEP 4. Cell-bhased _assays f.or
i denti fying corrpoundsg' 30 F‘%SW?Q‘“?)’T‘S R;fftr_gf’?fgb'ﬂ?ml\ﬂﬂ?‘g‘lc%fiﬁf’gﬁe POOLFPAces to
di srupt multinerizati 8n 2MeatRedsdpr egombinagicRraductiop of fepie proteins h

substitubed fl uorophétes Recdtnbidrarncelieaxpressirgticteralodoas hiimeic atid
Bi ol um nescence Resonance knesding liciéersdesrandBFPs) System 1. Design of

sensors based onpBRET comBB¥HIONTIARD ABNJUGLRLSIT es

1. Renilla GFP compositions
2. Renilla luciferase compositions
10 3. Conjugates
a. Linkers
b. Targeting Agents
c. Anti-tumor Antigen Antibodies
d. Preparation of the conjugates
15 4, Formulation of the compositions for use in the diagnostic
systems
a. The first composition: formulation of the conjugates
b. The second composition
c. Practice of the reactions in combination with targeting
20 agents
G. COMBINATIONS
H. Exemplary uses of Renilla reniformis GFPs and encoding
nucleic acid molecules
1. Methods for diagnosis of neoplasms and other tissues
25 2. Methods of diagnosing diseases
3. Methods for generating Renilla mulleri luciferase,Pleuromamma

luciferase and Gaussia luciferase fusion proteins with Renilla
reniformis GFP

4, Cell-based assays for identifying compounds
30 I KITS
J. Muteins
1. Mutation of GFP surfaces to disrupt multimerization
2. Use of advantageous GFP surfaces with substituted
fluorophores
35 K. Transgenic plants and animals
L. Bioluminescence Resonance Energy Transfer (BRET) System
1. Design of sensors based on BRET
2. BRET Sensor Architectures

3. Advantages of BRET sensors



3. Advant ages of BRET sensors WO 01/68824 PCT/ USOL/ 08277 -25- A

DEFI NI TI ONS Unl ess defined otherw se, all technical and scientific terns
used heravaoi/bse2€ the same nmeaning as is comonly under st POT/UBY1/082E Of
skill in the art to which this invention belongs. Al patents,
applications and publications of 5 referred to throughout the disclosure
are incorporated by reference in their entirety. As used herein,

chem | um nescence refers to a chemcal reaction in which energy is
specifically channeled to a nolecule capging it to become electronically
excited and subsequently to rel ease a photon thereby emtting visible
light. 10 Tenperature does not contribute to this channel ed energy. Thus,
chem | um negpcencEFMNUTPIONS t he direct conversion of chem cal energy to
light energy. As used herein, |um nescence refers to the detectable EM
radi ation, genelRigsy defiped otheswiss, Alldeehnnalrandi saiensiic t1eams used hetdiced when

the excited have tHy %Hétmé?afmr@a@?%eéc%ﬁoﬁﬂetmo‘é%to% QTSR HEUGN IStHeurt tS
ground state with the em ssion of |ight. Chem I um nescence is | um nescence

t hat resul t Hehthiginventan bglongsadhll batents @PokRatiese andepubycations of
chem | un‘s”%&@ﬂ&?tﬁ?ﬁlouéﬁ&w iR difQRHe 9@%%ra{egat§\§ PeQQreHé RP ;0! ogi cal

nol ecul es (or synthetic versiens or ana ogs there as su strates and/ or
enzynes. 20epdretised herein, biol um nescence, which is a type of

chem | um NESCENCR,q usreﬁfh% ént Qhérﬂﬁurﬁlﬁ;‘egééngg rgferL ltggtchg)ﬁp I?L?%Lo%%h which

nol ecul es, particular 7ot
bi ol um nescenemyiis spm:ﬁcallyachanmy@drtp aantolwmebmmmspn tb beeomerel¢dtmniraligence
of an oxygenas. er as a. Iu iferin.

b
Bi ol um nescgryﬁc'géq %n(Jg%‘ﬁ%sregf’g'aﬁ‘wo 5?{8%??2?/ °t8P t%‘?he af 3{@3 H'S'% ?rI“Um ferase)

t hat is1an Gnmerms:e ddwat n@tcdantobuta tsub&tafrahaelbUmnfeﬁgy nT(ua?s bi ol um nescence
substrate) the @eesence of nol ecal ar en an€8trans

t he
substratet %m”‘é‘? PRYE nyaves e 'rfﬁ}o‘f‘? 'Estﬂnno heicg er@%é‘r’éﬂhq evel
rel eases thenémergy in the formof light. As used herein, the substrates

and enzynes for producing 30 biolum nescence are %enerl caII referred to as

luciferin and | ufSiuseddierein, benjpesqepes yefegihthesdedrelape E@ réigoRo a
particul ar gpesaBs WEmest visib@ Eml @biativn (M6 BHr68824 REIA YROLOBAT7

15 product of an exergic chemical process reverts to its ground state with the
emission of light. Chemiluminescence is luminescence that resuits from a
chemical reaction. Bioluminescence is chemiluminescence that results from a
chemical reaction using biological molecules (or synthetic versions or analogs
thereof) as substrates and/or enzymes.

20 As used herein, bioluminescence, which is a type of chemiluminescence,
refers to the emission of light by biological molecules, particularly proteins. The
essential condition for bioluminescence is molecular oxygen, either bound or free
in the presence of an oxygenase, a luciferase, which acts on a substrate, a
luciferin. Bioluminescence is generated by an enzyme or other protein

25 (luciferase) that is an oxygen'ase that acts on a substrate luciferin (a
bioluminescence substrate) in the presence of molecular oxygen and transforms
the substrate to an excited state, which upon return to a lower energy level
releases the energy in the form of light.

As used herein, the substrates and enzymes for producing
30 bioluminescence are generically referred to as luciferin and luciferase,

respectively. When reference is made to a particular species thereof, for clarity,



-26 each generic termis used with the nane of the organismfromwhich it
derives, for exanple, bacterial luciferin or firefly luciferase. As used
herei n, MWeabf/easase refers to oxygenases that catal yze a | PgIMUSOIS217 | Ng
reaction. For instance, bacterial luciferases catalyze the oxidation of 5
flavin nononucl eoti de (FMN) and aliphatic al dehydes, which reaction
produces light. Another class of |uciferases, found anong nari ne

art hropods, catalyzes the oxidation of Cypridina (Vargula) luciferin, and
another class of luciferases catalyzes,ghe oxidation of Col eoptera
luciferin. Thus, luciferase refers to an enzyne or photoproteln t hat
catalyzes a 10 biolum nescent reaction (a reaction that' produces

bi o1 Ui oS C8aGE hendiererhi1S ySEl 18P e 38 ihd bkl GRS @ apdoni ! | o

| uci f er ases are enzymes I ch act cat ar e unchanged
during the lbmroexmnnMQ,slca;neléalgm\hnatorrfgefly&axi:fterasn. The Iu0| ferase

phot opr ot o1 ns: - SUGI A% G AEANSEIA BRL BPEAIR Bl Lin b LG JE bR I 1 1 o
non-coval ently boun are : \g,g PEasE of "'uci ferin,

during bi ol ummmgcreacm)rgeﬁmrnaknange,rIeambnnacmucuﬂélnaelsumtélgezeaﬂm omdanquol ein
that occurs na_turall in._an nismor a v ant or ant.. t her such
L O oH SR Rt R PR Rt il YRbPite, S e g i vtas o ch
as thernal I|§htabAhbﬂ1y§r ctalaatofdjd‘ffeedsefsrﬂmwwnmg Hadihk Varthespdds) BQtaWz@E;el n.
Luci f er ases and nut am/@or vari nt forms thereof {Fﬁ\ge known.

For purposed! %8?"8?'?.0“ 26 Cryéf’@f’@ U | L‘HE "PER-R RaRFISClaRS 8 Frafee

phot opr ot ei Bgtabfzek Uak bRIGAESES of U¥Asopréefigeieaie, for exanple, to "Caussia
| uci ferase"” nmeans_an enzynme isolated from nenber of the genus Gaussi a or

an equi val ent nolTEEE WCideieas RIGTS 10 aRRYeR REPhesRFAtein et KatedyzeE @m anot her

rel at ed 190PgRAiIneSEert NBhctis (R8BI BRATREIREIHIGLMGRIsbYncd) ! T'r% i nt ended
to enconpass Gaussia 25 luciferases wth conservative amno acid

subst i t ut i ofsiferases deraiogs Bighlytand: Gagssip and Repilladudiferases. Hat eghpezymes
conservati vmabagf L4tk 9@§||P£n@ en@\éﬁ%hgéd L n&@ﬁ%.oiﬂg.nbb&%%e%n%@dnb in

this art and may e genera ut alteringt bi ol ogial
activity of rqau:éloneslhetlun@erm ebquoerotmgseu@f askhd pequerinipipteproteiedogni ze

that, in gﬁﬂ%ﬂuﬁéhﬂ% fiorft %L:\g?rgﬁ{ ﬁlzpsér tcHEh é&s suBh 2854 fe%@&'o"f‘ltr(és ggi ons

of a pol ypepti 0 'not élo I cal VIt
e.g., V\dﬁsomoe‘erlaLdeeblallaminesBieob@gypnerfatmgere&n:m 'ﬂmmluédetasens al@8eEin The

Bej acmi n/ ijgtn&%ugugatupacﬁy’in a%'o%aélgivag? zg)%r%%&zol} n’l?ﬂ{wpﬁgl’ 9#8%7gh asa 2/
variant produced by mutagenesis that has one or more properties, such as
thermal stability, that differ from the naturally-occurring protein. Luciferases and
modified mutant or variant forms thereof are well known. For purposes herein,

20 reference to luciferase refers to either the photoproteins or luciferases.

Thus, reference, for example, to "Gaussia luciferase” means an enzyme

isolated from member of the genus Gaussia or an equivalent
molecule obtained from any other source, such as from another related copepod,
or that has been prepared synthetically. It is intended to encompass Gaussia

25 luciferases with conservative amino acid substitutions that do not substantially
alter activity. Suitable conservative substitutions of amino acids are known to
those of skill in this art and may be made generally without altering the biological
activity of the resuiting molecule. Those of skill in this art recognize that, in
general, single amino acid substitutions in non-essential regions of a polypeptide

30 do not substantially alter biological activity (see, e.g., Watson et al. Molecular
Biology of the Gene, 4th Edition, 1987, The Bejacmin/Cummings Pub. co.,
p.224).



"Renilla GFP" refers to GFPs fromthe genus Renilla and to nmutants or
variants thereof. It is intended to enconpass Renilla GFPs with
conservatweel/68ed no aci d substitutions that do not subst arCi/akéwyesain er
activity and physical properties, such as the em ssion spectra and ability
to shift the spectral output 5 of biolum nescence generating systens. Such
substitutions are preferably nade in accordance with those set forth in
TABLE 1 as follows: TABLE 1 Original residue Conservative substitution 10
Ala (A) Ay; Ser Arg (R Lys Asn (N Ghp; Hs Cys (Q Ser Gn (Q Asn 15
AQu (E) Asp dy (G Ala; Pro Hs (H Asn Gn lie (1) Leu; Val Leu (L)
Ile; Val 20 Lys (K) Arg; Gn; Qu Mt (M Leu; Tyr; lie Phe (F) Mt; Leu;
Tyr Ser (S) Thra (V)
lie; Leu O her suﬁg}t;lll/% Eﬁfﬁéfeﬁﬁo §F§% %ﬁigeﬁel?énn Jﬁoot%eu aerftgra% ned
enpi ri cal | yvariarits thereobr & iiintandath tmeceomnseass afaniie @Elﬂ?EWlilhutdn@ﬂB/atlS@ The

UC) ferases oAb biG!LBL RS AGL A RECLSHIRIARNa1 @t EliTh LIS Bl fedf®
bi ol umi nescénce gener Subset of

t hese r eageptcfpemdsl sbeh pmsahe daedssmsn smdmmmﬂ abmiv 'a:nsrafrttthe Isaecﬁfalrm:mmﬂtact ure.
Bi ol um n sceg1 oduc u%o contacting the conbination with the
renai ni n§ é' Hi"émeﬁ(f'ﬁ?é’ %e§e StY%, the conponent | uciferases,

| uci ferins, 35 anguehhkabsfimtibos &re ﬁmé‘rabls' dde My2dcordamee witk th)sﬁOsd’tef erred

to as forth in TABLE 1 as follows:
TABLE 1
Original residue Conservative substitution
10 Ala {A) Gly; Ser
Arg (R) Lys
Asn {N) GlIn; His
Cys (C) Ser
Gin (Q) Asn
15 Glu (E) Asp
Gly (G) . Ala; Pro
His {H) Asn; GIn
lle (1) Leu; Val
Leu (L) lle; Val
20 Lys {K) Arg; GIn; Glu
Met (M) Leu; Tyr; lle
Phe (F) Met; Leu; Tyr
Ser (S) Thr
Thr (T) Ser
25 Trp (W) Tyr
Tyr (Y) : Trp; Phe
Val {V) lle; Leu

Other substitutions are also permissible and may be determined empirically or in
accord with known conservative substitutions.

30 The luciferases and luciferin and activators thereof are referred to as
bioluminescence generating reagents or components. Typically, a subset of
these reagents will be provided or combined with an article of manufacture.
Bioluminescence will be produced upon contacting the combination with the
remaining reagents. Thus, as used herein, the component luciferases, luciferins,

35 and other factors, such as 0,, Mg?*, Ca?* are also referred to as
bioluminescence generating reagents (or agents or components).

As used herein, a Renilla reniformis green fluorescent protein (GFP) refers

to a fluorescent protein that is encoded by a sequence of nucleotides that



bi ol um nescence generating reagents (or agents or conponents). As used
herein, a Renilla reniforms green fluorescent protein (GFP) refers to a

fl uorescemo opesstei n that is encoded by a sequence of nucl por/ud@gsettat WO
01/ 68824 PCT/ USOL/ 08277 -28 encodes the protein of SEQID No. 27 or to a
green fluorescent protein from Reni//a reniforms having at |east 80% 90%
or 95% or greater sequence identity thereto; or that is encoded by a
sequence of nucl eotides that hybridizes under high stringency along its
full length to the coding portion of th98§equence of 5 nucl eoti des set

forth in any of SEQ ID Nos. 23-25. A Reni//a reniforms GFP is protein

that is fluorescent and is produced in a Reni//a reniforms. As used

herein, bi OLHEBRRSHE NG cRBPLEBUD NETSS 3¢ L0 aldEorP ATRUOSh! HBeid fronpx di zed

in the presence of a'luciferase, and any necessary activators,

gener at es | Rghilla raniéosmis hbeng @t deashBO % .cIQYradi % agrkater bequance liderditn, ar e
10 substrat a | dati_on | i ol um C i These
bi ol um nescglﬁecrégéb%gﬁﬁ% %@c?&#&ﬂd%g %I%/JQT%C?’T g?#%%%%atﬁgfgﬁgfcﬁ%se‘g&%r any
synt heti ¢ cobighostridgenclyhalahg dtis fall langih ¢ dsecodib@ padian bbthgeswruabes bf ght .

Preferred substrates ar hgse t oxi gi KN, th resenc . a

| uci f erasSe 5'|"°|e 6‘% Se?% f?’ﬁt%a'nIﬁnéh%q?é&ecggwfhgé—?ggc%i .'/%Iii%g{efa’rﬁ"ﬁe efice
subst r at es, ptdieis, thatizl Wtkeesddnt tahade peatiipedi el s Réwdla Aeh@senief skill in the
art recognize as luciferins., Luciferins, for exanple, include firefly
fuciferin. Cypri Aensepdlesgni ABIHMRESoraRy s RS rFiaarrass 1t e EBBPRIRIREt e)
bacteri al | dgidf881iR th@preshte @6 adidlidigdd, @narlyQdteddarl RREOatoPdI R at es or
ot her conpounds that are oxidized in the presence of a luciferase in a

reaction t h@epirataidightpilheapsHeraiRe are mwhered tRsad) lusdeEntheteip e e of

conver si@n kibRraAed it WHIBRRF 6RASLISH RS bRemingBédhteSeacttt.i phesd o chemi cal
reaction, such as oxidation or reduction, that yields a biolumnescence

substrate. P@lureipgsgsnse supstrpingi inelsde 3o lygitednarmyalagethereder sy

bi ol um ”eSCQ?ghQﬁ&EEHp%uB@WItN%iéH‘Q IRl ig{brgl\ngtﬁgmf eR¥ldle igRyIoNUcCl eoti de

group (FMN) reduced flavin nononucl eotide (F ) by a 25 flavin

reduct ase eRmfpised FHestratgs eedthosavihat arerrodrlizddeiot thecoresansstaf loyifertass or
t ith Lvat qr nd b ] L uci tg. f.o
reacts w gﬂﬁ&ﬂ% a(lai]t-%%héé?lhgtr)ea@tﬂ%. %%Fﬁ?.héécﬁn% sLBERSRs! hus {rﬁhel?d'é

i nt er nedi at. peroxy undergoes further reaction, 1 n
pr esencdSof thpseaegrrshaids that thelsg dd skillgn gee ertaeeodnizghes luslfierins.edpeiferinso t hi s

LS o, o B AR R IR R AR SR
(coelenterazine), bacterial luciferin, as well as synthetic analogs of these
substrates or other compounds that are oxidized in the presence of a luciferase
in a reaction the produces bioluminescence.

20 As used herein, capable of conversion into a bioluminescence substrate
means susceptible to chemical reaction, such as oxidation or reduction, that
yields a bioluminescence substrate. For example, the luminescence producing
reaction of bioluminescent bacteria involves the reduction of a flavin
mononucleotide group (FMN) to reduced flavin mononucleotide (FMNH,) by a

25 flavin reductase enzyme. The reduced flavin mononucieotide (substrate) then
reacts with oxygen (an activator) and bacterial luciferase to form an intermediate
peroxy flavin that undergoes further reaction, in the presence of a long-chain
aldehyde, to generate light. With respect to this reaction, the reduced flavin and
the long chain aldehyde are substrates.

30 As used herein, a bioluminescence generating system refers to the set of
reagents required to conduct a bioluminescent reaction. Thus, the specific

luciferase, luciferin and other substrates, solvents and other reagents that may



reagents required to conduct a biolum nescent reaction. Thus, the specific
| uci ferase, luciferin and ot her substrates, solvents and other reagents

t hat may w@o048888824 PCT/ USOL/ 08277 -29 be required to cpaplUstignsar?

bi ol um nescent reaction forma biolum nescence system Thus a

bi ol um nescence generating systemrefers to any set of reagents that,
under appropriate reaction conditions, yield biolumnescence. Appropriate
reaction conditions refers to the conditions necessary for a

bi ol um nescence 5 reaction to occur, sugf as pH, salt concentrations and
tenperature. In general, biolumnescence systens include a biolum nescence
substrate, luciferin, a luciferase, which includes enzynes |uciferases and
phot opr ot ei €. - i 1 cence
system may B %gntl | eﬁﬁ%e{@g%%h‘\ég&%ﬁ% él@ﬁ@%@%%l@ﬁ%ﬁ%&%@?r om whi ch
the lucifer ayss;enherTlmma bfahumit@seemepgem,erath@ Seterol referalts ang skt eltire@gpnisdi na)
bi ol um nesc nce staemr or tVa(ra?chH nésuons Iepﬂcélogesmgs V%rcgulﬁ | uct f er ase,
such as a | mf%n ELRPEH R4 S The" Y&Co ARC8r RFERIELR usi ng
recombi nant reaesins conditiods frefeas totiee o:fndmdmsmedeusarfyefbaaeﬁoluﬂimescmt em woul d
al so mcéude t he particul ar actiyators necessarénio co {ete

bi ol um n8scEREEOP g8 ACFYH SUSh At LGeRNGHIaNsy Lge in ﬁew{?lch t he

| uci ferase bm%mesdbnbbesyafeeﬁ@md@fa ermwg@mcta@ubprr@shmmﬂehgha The
| uci ferases provided herein may be incorporated into biolum nescence

generating YFHEESE &’W%%‘EH”%@%HB?%&H‘%E%GS@PF'rPhtoﬁ%or AW her ei n

or W th otRjgje EfSatord. Al spebific BiG@niAd3eeiO¥y<I8h MBY BeNdemifidepyised wi th
known 20 bi ol um nescence generating systens. As used herein, the am no

aci ds, whi creferenae tp ihe geeqiHs osarnisifram adeh theolygEpiase dgppesifPng her ei n,
are | deﬁb' f bf?ﬂn@%c?FiedVQHJU"&P(atlglﬂ:élle%}pr)&ﬁ%%oluﬁ‘nhfe@@eﬂ&t §y¢§terﬁr(opvgrduﬁ$ ter

abbrevi ati ons he nucl éotid wh occur in the wvarious DNA nolecul es,
are desi gnapetien includes s Vargida liciferaseesuch eep logfegess igalatachitemybed
routinely i Bs%r?cf‘odar\ﬁar 2}?9%&};'%%%9 F’ecoh’rb%a?ﬁc‘rﬁ?énspé%%.@ic t?ér?sréf to a
protein that possesse Ity to fluoresce (I , sorb energy at
one wavel enthdasedueifesaseas. |Thlatsy3‘r&now¢grd olag dlclyryt the paFtiegler petdtagpnss can be

used as a fk%‘@és?%&/g{ét usrﬁ@‘élc ﬂ{%bl%hﬁﬁéscéﬂge réhcioh QE’%hEQF?:&%TaM‘aV‘“ ch

such | abel s munoassays and FET
assays, 1andsubsttate vass aydchdds) igniderade rdwtanﬁfaspr%'ﬁea@‘sm?szxyﬁm texanple, a
green fl uor Srsoc ug;t3 “%F,gt ein refers to a

The luciferases provided herein may be incorporated into bioluminescence
generating systems and used, as appropriate, with the GFPs provided herein or
with other GFPs. Similarly, the GFPs provided herein may be used with known

20 Dbioluminescence generating systems.

As used herein, the amino acids, which occur in the various amino acid
sequences appearing herein, are identified according to their well-known,
t_hree-letter or one-letter abbreviations. The nucleotides, which occur in the
various DNA molecules, are designated with the standard single-letter

25 designations used routinely in the art.

As used herein, a fluorescent protein refers to a protein that possesses
the ability to fluoresce (i.e., to absorb energy at one wavelength and emit it at
another wavelength). These proteins can be used as a fluorescent label or
marker and in any applications in which such labels would be used, such as

30 immunoassays, CRET, FRET, and FET assays, and in the éssays desighated
herein as BRET assays. For example, a green fluorescent protein refers to a

polypeptide that has a peak in the emission spectrum at about 510 nm.



pol ypeptide that has a peak in the em ssion spectrum at about 510 nm WO
01/ 68824 PCT/ USOL/ 08277 -30 As used herein, the term BRET (Bi ol um nescence
Resonancav@ne6sgy4s Transfer) refers to non-radiative |ucifreBE801B2FP ener gy
transfer. It differs from (Fluorescence Resonance Energy Transfer), which
refers to energy transfer between chem cal fluors. 5 As used herein, a
BRET systemrefers the conbination of a FP, in this case Renilla
reniforms G-P and a | uciferase for resonance energy transfer. BRET refers
to any nmethod in which the luciferase iggused to generate the light upon
reaction with a luciferin which is then non-radiatively transferred to a
FP. The energy is transferred to a FP, particularly a GFP, which focuses

and shifts the 1%3%%%'89%%;%9?%%@&1% éﬁE@¥Bi@iuﬁﬁr§ﬁs@5ﬁéﬁbﬁo n‘é@@n@rgyl n

preferred enbodi nents, RET system i nc es a um nescence
gener ati ng Jyatséen sefdrsatoResrn-tadiativedntiferasg-to-BF RnemMyetriysben nit wéféere gen

pair 1o o RO BETeRERaA Katl R hahe By, RARH o B Gerd FaRRy 07T o

i nteract. Abebtwedn omsmnical tilesbi nding will be reflected in changes in the 15
em ssion_spectra ,of |ight pro by the | uciferase, .As resul t, .t he pair
can fun(?ti on asAef %S&ng e'ﬁf agf&i?‘cfﬁ%/er@vr%fﬁfss&GA%O'Ué'Qat'WePif"n‘%?én g}'%sensor
(or sensor) casd Besills verdfddMSTGER 2haa lLoiferase fororesoeirneet erekgetrahsfensBRBTt he
environment in vitro or in vivp in which the BRET system is ed. 20 As
Gosd hor el nSEHAR Stioesi i Whish dhE 5 trés ambod S Beie AL Hies s pof

ol ecul e or rgadtioRULIERIS atlb&itertn@BIcBls ah&rOAbRFARAtRIy ElAABRErelNolLBMOMEE t O

i nteraction with another nol ecule thereby affecti ngit he proxi m ty and/or

ori ent at i oneBFrAYHa tEppresied 1o MR .eharlieulprly aHaFRapiick Jasusers apgdint

i ncl udejo byheyCaricdmits i difditRrer? WARIARAR. Ih bfefeed RAMUIIMERS CIHIET
bi nding site, an ion 25 binding nolecule, a receptor, an oligoner, an

enzyme subsBRE! eystem infdules B pioluskingscesge l0epRIINAGYSiATR GO & f19na he GFP and
luciferase aifirpRfGEPNKEE tiGlumitescoMBIbaRhting BRRERSIsI flefePibiP b Rl-gn al t er

the spacial relationship between the G-P and gfuci ferase. The nodul ator can
be a si ngl esesiem: yHeosealtberefeeed peiidelatRenilgrivciteragpand afRarile Gfdiwhichse

and GFP; it e tar p ent i ties.: i ' .

i o ace. APPAEM MR SE0CKR SN I EDAAND RSk RS i
f usi on [@bot emissiar spedtiasdfoliohy moediicedddy the lueidierase wdsaf reshl theipairices. The
conmponents gan..he é;shggjerqsadrlo\f SIS dsyeich as through thiol or disulfide

| i nkages,
As used herein, a biosensor {or sensor) refers to a BRET system for use to

detect alterations in the environment in vitro or in vive in which the BRET system
is used.

20 As used herein, modulator with reference to a BRET system refers to a
molecule or molecules that undergo a conformation change in response to
interaction with another molecule thereby affecting the proximity and/or
orientation of the GFP and luciferase in the BRET system. Modulators include,
but are not limited to, a protease site, a second messenger binding site, an ion

25 binding molecule, a receptor, an oligomer, an enzyme substrate, a ligand, or
other such binding molecule. [If the GFP and luciferase are each linked to the
modulator, changes in conformation alter the spacial relationship between the
GFP and luciferase. The modulator can be a single entity covalently attached to
one or both of the luciferase and GFP; it can be two separate entities each linked

30 to either the luciferase or GFP. The modulator(s), GFP and luciferase can be a
single fusion protein, or a fusion protein of at least two of the entities. The

components can be chemically linked, such as through thiol or disulfide linkages,



WO 01/ 68824 PCT/ USOL/ 08277 -31 using linkers as provided herein. The G-P
and luciferase can be linked directly or via linker, which can be a

chem cal wonkesge+ As used herein, "not strictly catal yti cRCTAHSoOwsaris t hat
the photoprotein acts as a catalyst to pronote the oxidation of the
substrate, but it is changed in 5 the reaction, since the bound substrate
is oxidized and bound nol ecul ar oxygen is used in the reaction. Such

phot oproteins are regenerated by addition of the substrate and nol ecul ar
oxygen under appropriate conditions knogyp_ to those of skill in this art.
As used herein, "nucleic acid" refers to a polynucl eotide containing at 10
| east two covalently Iinked nucl eotide or nucl eotide anal og subunits. A

nucl et o 2SkbngaBE £ AR RORHEIEHCRS bely (Bl gscodd BOREkENcRGldf

(RNA), or an eotid 0gs are conmerci
avai | abl e an@h linket, hmuishofanmeepahemg:abmlsagacl eoti des containing such

nucl eot i de analos r own (L] 4 Cly..  Aci es., .
22:5220- 5234 JorTi1r8 g tlﬁg%S?‘; qlytisafy e ?khj’z’i:t%%%{%ﬁ%‘?%‘;
Pagratis et aets. as(d 88ta)yshad premBieothecduiddtiohSof6ie sZ;B)straﬂéh@unuok ehangedd th can
be si ngl r ande daubl he r poses
horei n°. Gt duEnesten, Tt BinhrGREE berite RuSidked Sor oReT Rpeniy StiBRdeq,
or it is apibausﬁaftmfth@rmédmncomcexphotéﬁrow@ﬁd ak’@f@eneraaecsw@ﬂdntiasasaahger

i ncludes, but are not limted to, 20 cAMP, cQWP, né)SItO| (g"t\) ghates such
as | P2 and P%tf%a(“ﬁlff‘P'ieE“'S&Pﬁ\é%e“ ¢ager apbranyighe gandippes kny R ¢
aci d. Hencegkiihettiem, " nucl ei c acid" refers to single-stranded and/ or
doubl e- stranded pol ynucl eotides, such as deoxyribonucl eic acid (DNA) and

ri bonucl ei ¢ aci As(URA)heres, vpuqieig gcigh dPUsYS 1o P RebFIUglecTide SoBFaRiNg Rér RNA or

DNA. Al 99 Zﬁa'sf‘ﬁ}vb'@%dal'eﬁthp hﬁkécﬁ‘ﬁﬁ&l St 61 fuAgdile é‘rﬁa@o%‘@é‘ﬂnﬂﬁt% oA rdfelei €
aci ds such as peptid nucl eic acid (PNA), phosphorothioate DNA, and other

such anal ogé&cigdran féfE? idgaxynesuclaic aeid {DNEY o7 ﬁbO'f'lI'fée't?eqCFﬁl (RNA) er enaci d
mol ecul e agd,HUGImA O@%\%f h@IQHF@é anéb§s 'égéegodw%%nglﬂgé‘wa@l'eyand?’o As used

herein, DNA Is ant to include all types and sizes o _ nol ecul es
i ncl udi ng chithogs efspiegsriag dopNaciepddasdtonjaimbti suadnueledtictst arpdegsapre

nucl eotide gRalRYEm MROM RRF AP ALMEREL 082 6520-5234; Jellinek et al. (1995)
15 Biochemistry 34:11363-11372; Pagratis et al. (1997) Nature Biotechnol. 75:68-
73). The nucleic acid can be single-stranded, double-stranded, or a mixture
thereof. For purposes herein, unless specified otherwise, the nucleic acid is

double-stranded, or it is apparent from the context.

As used herein, a second messenger includes, but are not limited to,

20 cAMP, cGMP, inositol phosphates, such as IP2 and IP3, NO (nitric oxide), Ca®*,
ceramide; DAG and arachidonic acid.

Hence, the term "nucleic acid" refers to single-stranded and/or double-
stranded polynucleotides, such as deoxyribonucleic acid (DNA) and ribonucleic
acid {(RNA), as well as analogs or derivatives of either RNA or DNA. Also

25 included in the term “nucleic acid” are analogs of nucleic acids such as peptide
nucleic acid (PNA), phosphorothioate DNA, and other such analogs and
derivatives.

As used herein, the term "nucleic acid molecule” and "nucleic acid
fragment” are used interchangeably.

30 As used herein, DNA is meant to include all types and sizes of DNA
molecules including cDNA, plasmids and DNA including modified nucleotides and

nucleotide analogs.



-32 As used herein, nucleotides include nucl eoside nono-, di-, and

tri phosphates. Nucl eotides al so include nodified nucleotides, such as, but
are not woni/esse# t o, phosphorot hi oate nucl eoti des and deaP@pusIIS277

nucl eoti des and other nucl eotide analogs. 5 As used herein, a nucleic acid
probe is single-stranded DNA or RNA that has a sequence of nucleotides
that includes at |east 14 contiguous bases, preferably at |east 16
contiguous bases, typically about 30, that are the same as (or the

conpl ement of) any 14 or nore conti guouS82bases set forth in any of SEQ ID
Nos. 23-25 and herein. Anong the preferred regions fromwhich to construct
10 probes include 5 and/or 3" coding sequences, sequences predicted to
encode regions tAtsaLusedrlreareionsecleeldﬁamon@déammbleloaidspeoh@s.di-Pamdbes from

regi ons con rve s GFP i sol ating

GrE- encodi g MIRSPRF RS AR e iited LBoloBiot G Bb ot are
enbodi nent s pot hmltﬁdQb,ep!ﬁio@hbtfbtnbatbeEudé@tlcdsegmtededﬂppl"@é)aecleaﬁd@f aed | east
14 nUC|e0tld§EidP fferab 16 to 30 nucleotides. In preferred enbodi nents,
the nucleic® cobide ko 9Gegenerate probes of at |east 14 nucl eoti des,
preferabley 16 tOA&QJséuq{ee@ihl desicleidadid PrebdRSAAGI83trafBRN ONIC bARNAS thReni | | a
reniforms set forth in above. As used herein, vector (or plasmd) refers
to di scret eN@f @rieAteNGemat NuFleotides habinciusies At lerRidé FRALIMEIDHBBRS DNA i nt o

cells for e'pFé’(@rrabﬂXQ{ I%§§t' P(S‘c@ﬁ*u%1 i &%te!soﬂplctah?ra%gﬁt 36etipRtdrOthaBshbsg of
such vehicles are well wthin the skil artisan. An expressi on

vector incl Mé@e\@éﬂ%@@e@hﬁﬁ@mé of owm%g@ntmgiogmﬂoaseﬁ)éﬁfafqrveunwnv PfkBEQwW t h
regul atory $6QIeNe8ss ?H&he% Py e{hef;ﬁsfe%&re&#aﬁ& R wrﬁap?&kgné%fruct

effecting expression of such nol"ecul’'es.  Thus; an expression 25 vector
refers t1® apradesribélndec’ BRAN0OIB Rmngcmaswelums seQednCas meqbbmimoobncadephage,

recombi nant %%&Hssth%lrtla & Qgﬁse%(?é:ot Qﬁmhg"ﬁe’m/)éps%%cfe ¢ rﬁﬂ:‘é‘ér@, L0

appropriate results I'n expressi oned Approprlate
expr essi on vestaved amnge‘l’dn/ﬂenmmiasdiﬁﬁme fof isskiting GiP-emeoding naa:iel:m ncl ude
those that ahg gﬁgc q n eukaryotic cells and/or prokaryotic cells and
those that 36'% é(% Ebé?r[éﬁ or those which integrate into the host cell

genone. Present I Yn pefeired esthopinasits dsnefrﬁrcme(pbelsmbbés afe d&ensiade lpushdser ase,

Reni 1l a1gFP ?at lea's?tE InIL:JL:FeotlgeHSI,EEL;I;e ere%[l ]B)tol ggﬁﬁckev%)tl éLs{ 68824 PCT/ USQL/ 08277
In preferred embodiments, the nucleic acid probes are degenerate probes
of at least 14 nucleotides, preferably 16 to 30 nucleotides, that are based on
amino acids of Renilla reniformis set forth in above.
As used herein, vector (or plasmid) refers to discrete elements that are
20 used to introduce heterologous DNA into celis for either expression or replication
thereof. Selection and use of such vehicles are well within the skill of the
artisan. An expression vector includes vectors capable of expressing DNA
operatively linked with regulatory sequences, such as promoter regions, that are
capable of effecting expression of such DNA molecules. Thus, an expression
25 vector refers to a recombinant DNA or RNA construct, such as a plasmid, a
phage, recombinant virus or other vector that, upon introduction into an
appropriate host cell, results in expression of the cloned DNA. Appropriate
expression vectors are well known to those of skill in the art and include those
that are replicable in eukaryotic cells and/or prokaryotic cells and those that
30 remain episomal or those which integrate into the host cell genome. Presently

preferred plasmids for expression of Gaussia luciferase, Renilla GFP and

RECTIFIED SHEET (RULE91)
ISAVEP



-33 luciferase are those that are expressed in bacteria and yeast, such as
those described herein. As used herein, a pronoter region or pronoter

el enent mederesseo a segnment of DNA or RNA that control s pewESewaspt7i on of
the DNA or RNA to which 5 it is operatively |linked. The pronoter region

i ncl udes specific sequences that are sufficient for RNA pol ynerase
recognition, binding and transcription initiation. This portion of the
pronoter region is referred to as the pronoter. In addition, the pronoter
regi on includes sequences that nodul ate3Bhis recognition, binding and
transcription initiation activity of RNA pol ynmerase. These sequences may be
10 cis acting or may be responsive to trans acting factors. Pronoters,
dependi ng lyséfarashearsathgse todt araexpegaehin bectefapndeeashnsteh asitheseor

regul at ed. gé(gm%g$¥ﬂmgronnters contenpl ated for use in prokaryotes include
t he bact eri ophage and T3 pronoters, and the like. As used herein,
operatively |inkéd weddpesiat 8 pnahbter asgor ionpesmpesh efenery refass td8 f uncti onal

rel ati onshi p of pth r | . at or nd.effector 20t | des,
Coch ho o oRadthe ot A SR BOOkane nehRER R SEALTIRR S Biua R Gl GH
sites, asd atihepesitigalgl lirkequdamegsonioosr eympheludepepadifiv seduamcagehafarBNA t o

a pronoter refers to e physical and._functional relationship.between the
oA and ¢ hEUBIGHD {8 RY G TaE RS G A A B HERP BT CH 11 at e
fromthe 20TRiQIBHiH oPXhéPrdthiep @dgisre isietertdtBio SPE picbitby Inegqimirges,
binds to and transcribes the DNA. In order to optim ze expression and/ or

in vitro tERmBOMGET Bgion tncldlps meanRRass ShpY MogulaaebUE recut N HAY 5
untransl at ednqg RRhsE AR rOhitdiRnCRNRS of RN Pawfetrgsee.xtm@,e fRuERtdsainkY be

inappropriate alternative translation initiation (i.e., start) codons or

ot her sdfQueniseastingaar may be reoneive RFragst #etHE fretite PP SRENENBher  at
the level o oy f | 344 kE6HNAD! ¥Rulate F OBREMBIP

ri bosone bi EH{"E]SR%%’%’E& ggggeegfuéﬁ%.[(?zdalﬁ% si%"gélt_)t&g. Bi ge%. eé_:hem PléFy

266: 19867- 19870)tecnpotteniptaied tretusarimarerplarapiessncivfie tthe baetgripplasgoh’ #hd  may

enhance exprgssi h [rability of (or need for) such nodification may
be enpiri caﬁ?ﬁé@?éerr% ﬁ%%?ﬁ% I?ebAs used herein, to target a targeted agent,

such as a | uci f erassedrieaeis, bperatielgdinked of operatiehalivt irsociexgst edewsstogthe
el et o g e S E VLR SER RSN bl ol g gggert to @
(RULES1) | 8hEEotides, such as promoters, enhancers, transcriptional and translational stop
sites, and other signal sequences. For example, operative linkage of DNA to a
promoter refers to the physical and functional relationship between the DNA and
the promoter such that the transcription of such DNA is initiated from the
20 promoter by an RNA polymerase that specifically recognizes, binds to and
transcribes the DNA. In order to optimize expression and/or in vitro
transcription, it may be necessary to remove, add or alter 5" untranslated
portions of the clones to eliminate extra, potentially inappropriate alternative
translation initiation (i.e., start) codons or other sequences that may interfere
25 with or reduce expression, either at the level of transcription or translation.
Alternatively, consensus ribosome binding sites (see, e.g., Kozak (1991) J. Biol.
Chem. 266:19867-19870) can be inserted immediately 5’ of the start codon and
may enhance expression. The desirability of (or need for) such modification may
be empirically determined.
30 As used herein, to target a targeted agent, such as a luciferase, means to
direct it to a cell that expresses a selected receptor or other cell surface protein

by linking the agent to a such agent. Upon binding to or interaction with the
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WO 01/ 68824 PCT/ USOL/ 08277 -34 receptor or cell surface protein the
targeted agent, can be reacted wth an appropriate substrate and

activati mgoagesses, whereby bi ol um nescent light is produpeduandsetie
tunmorous tissue or cells distinguished fromnon-tunorous tissue. 5 As used
herein, an effective anount of a conpound for treating a particular

di sease is an anount that is sufficient to aneliorate, or in some manner
reduce the synptons associated with the di sease. Such anpunt may be
adnlnlstered as a single dosage or may Rq_administered according to a
regimen,’ whereby it is effective. The anpunt may cure the disease but, 10
typically, is admnistered in order to aneliorate the synptons of the

di sease. ﬁ@é‘eﬁbft@rdoraéw wr%fcis%@m t tﬁggﬁlaﬁ?%ah%e%g&t%\ﬁ%ﬁ@%?dgs' red

amelioratio synpt ons used herern, fective anpbunt o
conj ugat e f eppupHgteosihsgrate add setivatingsagantanwberteby Hielumirielscerdslight i$ n a

detect abl e E)‘;oscﬁj'dgd ahAGhk +amdcusigud rde] lg‘a!sﬁﬂﬂ&p%d %ﬂl h&.‘?rtdr%ro%t her

wi t hout ai dPTTOM a det ector nore sensiti n eye, or with the
use of a |i giksuesource to excite any fluorescent products As used herein,

vi sual i zabl e neans detectable b art duri n surgery under
normal o9 cal - CBHReR T 87 SVepf aBRLkt oY e Somipe il A eBl'PE ol 150 as
used her ei npaphararaitsiase ¢abh ymﬁemabk euffrlidra toeasﬁ@bmt@,ronolhfmmajerl vati ves
of the conju ates cluea sats esters. or rivatiyes that

Ceadi 'y pr eDEE IERACE STIPLRTF PoSorE R Qv e QR e FEOHBUE ™ or such
derivati zat be fbd&nﬁﬁsieh@d a@racmh@@ d@@@mundﬁthdmmé}@d dbmiry &y &d to
animals or humans wi t hout . substantial toxic effects and that either are

phar maceut i £e8imgn. wherghy; i is ¢ffective- plhsipmgunt may fegitheetiesdre Rteat ment

neans any Mepiedllyl & dhkistéla i8 RdraGEarRElicRateGRB Gy Hip@hifs ofl tROBRBARsLT
di sease are aneliorated or otherwi se beneficially altered. Treatnent also

enconpasses R§AGatEA Admivistietiemmayshke BavirRd te epiey P ithe Aesirrsk apelioraidon gbd

her ei n, amsg{,,qrb@gdgé)n of the synptons of a particular disorder by 30

adm ni st ration of a particular pharmaceutical conposition refers to any

| essening, whet Rerussdrhraeianen effecivpamanpt of asonngats fariciaasioes a hat can

be attri but f t WO
Oi/ 288r2|4 le> C@%ﬁ Qoel % g\ﬁﬂ?gem B Qi dfiaANY BLRLIANd ART THE (ROIROS,L | ON.

15 detected by visualization either without aid from a detector more sensitive than
the human eye, or with the use of a light source to excite any fluorescent
products.

As used herein, visualizable means detectable by eye, particularly during
surgery under normal surgical conditions, or, if necessary, slightly dimmed light.

20 As used herein, pharmaceutically acceptable salts, esters or other
derivatives of the conjugates include any salts, esters or derivatives that may be
readily prepared by those of skill in this art using known methods for such
derivatization and that produce compounds that may be administered to animals
or humans without substantial toxic effects and that either are pharmaceutically

25 active or are prodrugs.

As used herein, treatment means any manner in which the symptoms of a
conditions, disorder or disease are ameliorated or otherwise beneficially altered.
Treatment also encompasses any pharmaceutical use of the compositions herein.

As used herein, amelioration of the symptoms of a particular disorder by

30 administration of a particular pharmaceutical composition refers to any lessening,
whether permanent or temporary, lasting or transient that can be attributed to or

associated with administration of the composition.



-35 As used herein, substantially pure neans sufficiently honbgeneous to
appear free of readily detectable inpurities as determ ned by standard

met hods o oaesskysi s, such as thin |ayer chromatography (FCTUSO1gsk77

el ectrophoresis and high performance |iquid chromatography (HPLC), used by
those of skill in the art 5 to assess such purity, or sufficiently pure
such that further purification would not detectably alter the physical and
chem cal properties, such as enzymatic and biological activities, of the
substance. Methods for purification of gge conpounds to produce
substantially chem cally pure conpounds are known to those of skill in the
art. A substantially chemcally pure conpound nay, 10 however, be a m xture

of Ster ool somer s sQrudeBHERLI, slibeaifdhy! 55 A5 sug@giémgéh%@ygérwoﬁét dpon m ght

i ncrease the specific activ corrpoun a prodrug
i S a conpoungdpedrdtege olfpmadll\ndvie«ztﬁbladnpmltsetsrastdafmrmihsd g tsdradard exktbeds

ot herw se conerted to,.the. biolo

c
t her apeutica Fy IXS'?i Ve T or H]"% Whé E:Ogjé(tb%ragn E chgcarxal?re?% ru t he

phar maceut i aaghl ;)eraﬂtnamee chqmﬂoamdmlamgrrm\/f (HRLCB uashad Hjmthdsbeofaakili inethe (}mrpou nd

Bl ter Ch ik Ab Uk AP (3 HIFCHE pampshieh el SPEv e POl Orig,

to mask si dﬂoﬁﬂét@&taﬁalpélté@?ﬁe%ﬁy&élcat end GRémical blh)@eftie%\/@ﬁch)fas angyrigi®and 0

al ter other pi haracterlstlc operties of By virtue of
know edge of étcﬁﬁﬁﬁayﬂamec LE’PE?@@ES ethqes 3? o ﬁiﬁaHBqu f4h8in vivo,

those of skicbinpblinddté pradiute sQB§t%nﬁathél!ﬁémi%8W bGrl édfn@&ldd%earéq{ﬁb%% I's
known, can design prodrugs of the conpound (see, e.g., Nogrady (1985)

Medi ci nal cﬁ@ﬁesqfrik"wnsiheaﬁbwﬁc%!bst%& b5Bemicelly BHEp wm%wsﬂl MAYPress, New

York, pagesndkBvadde a MixtupLdr BRIEisbmds Ur QHkas. agsLivh Instafes! furtiert he in
vivo activities of a 25 conpound or physiol ogi cal responses that result

upon in vi veuabieationsmicht ingreage ’Ei‘e weapeatdivity etibe cempauad. ot her ni xture.
Bi ol ogi cal acti vigsy,seliits meg %poungHb%hﬁQGEHH QpBh i Yve and

pharmaceutical activity o conposi t| ons and m xtures.
Bi ol ogi cal administration, nsameb@bqblbgfépvetharwmemqnvert@d tgyke dindogiealiygned t o t est

or use such L i i 6 0
activity of pggﬁac ° gg@ﬁ@%@é&gga e%é;civgsfggﬁ Lt tB y c&ﬁg%ggg Ollt? %’Ir?%!:m ®dati on
of a sulit r ataglrug,i thietphasmpecadicaty ac'd@ 04mpBGRN Im'ﬁﬂUS@]SLQBZWﬂ the3fcti® used

herein, tar ggrtnipggnc?%mbe(rggpgnerage%rby %ta%%ll %erptestsgsat Tﬁg%%dcrhg%ellyybgr
designed to alter the metabolic stability or the transport characteristics of a drug,
to mask side effects or toxicity, to improve the flavor of a drug or to alter other
characteristics or properties of a drug. By virtue of knowledge of
20 pharmacodynamic processes and drug metabolism in vivo, those of skill in this
art, once a pharmaceutically active compound is known, can design prodrugs of
the compound (see, e.g., Nogrady (198b) Medicinal Chemistry A Biochemical
Approach, Oxford University Press, New York, pages 388-392).
As used herein, biological activity refers to the in vivo activities of a
25 compound or physiological responses that result upon /in vivo administration of a
compound, composition or other mixture. Biological activity, thus, encompasses
therapeutic effects and pharmaceutical activity of such compounds,
compositions and mixtures. Biological activities may be observed in in vitro
systems designed to test or use such activities. Thus, for purposes herein the
30 bhiological activity of a luciferase is its oxygenase activity whereby, upon

oxidation of a substrate, light is produced.



preferentially targets a |linked targeted agent, a luciferin or |uciferase,
to a neoplastic cell or tissue. As used herein, tunor antigen refers to a
cell surfve@e1l/geset ei n expressed or 5 |ocated on the surfaeermiotasemr cells.
As used herein, neoplastic cells include any type of transforned or altered
cell that exhibits characteristics typical of transforned cells, such as a
| ack of contact inhibition and the acquisition of tunor-specific antigens.
Such cells include, but are not Iimted to | eukemic cells and cells
derived froma tunor. 10 As used herei m36neopl astic disease is any di sease
in which neoplastic cells are present in the individual afflicted with the
di sease. Such di seases include, any disease characterized as cancer. As
used herein, rretéalmedd\etremot%gemgea@erﬁdTMnﬁm toheit agerd thet spenitigallyed i n

one site. 1?5 ﬁre‘ﬁ% ﬁb?aer §isMy | drlﬁ%%lc ?i%%écligahéﬁy%d[ﬁé’rfnsohgﬁfggﬁ%s&u{lioé ous tissue

for which |on e ar esired t'ssues include,
for exanpl eneogastioaretl DOtlSSIJetI ssue ectopic pregnanC| es, tissues associ ated

with certain disorder,s and ies o i e used herein
receptor refers lﬁse@eé%‘ﬂl g‘}/'? a?n 153 rgﬁergg?l nﬁeﬂ%u f(s??e RS & prgsseld gand
Recept or § nmytabel satthid alitfyceoottimiomg:iler synt hetic nol ecul es. Recept ors may
also be referred to |§ the art s antl-ll ands. As usgyagﬁfrﬁeln

receptor and ant SIY%§ rﬂfr%ﬂf’e”??ﬂ atoncrllsdagHde apstus 8 rggd l?é@gefeﬁ

their unal el aththdithishaAsctaSHicRAFpRE| ¥ irbn¥bheéd SPIRGIsAsh aBecepk of S may
be attached, covalently or noncovalently, or in {})hym cal contact with, to

a bi ndi ng nEABSET INPEDIEeR REE tHE REBYIFYIOBOf tHEoF8RRTC @ntigenss pakeh £&llni ndi ng

substance Oofdidak @kt aFXABPlRRed 96 IFURERIY BEIR: ardd &I GrivBlltirdth @ tiRfor] | M ted
to: antibodies, cell menbrane receptors surface receptors and

i nt er nallOzi ng r edsptssddereibnbedingic diseassddioay digeasaimn Mégmneoriagiic ¢aliswi t h
speci fic an%&gﬁr@'sgmdﬂtt%%cﬂ@i%él 491y @ﬁth%e"dlééﬁgs sG&h %ea{:’és @Eﬂ%

mat eri al s) rugs, polynucl eotides, nuclelc aci pept i actors,
| ectins, BOaswg!asres$e pbasaseamharasd@scercel l's, cellular msrrbr anes and

organel | es. | FIER SHEET Rauérgf? )[um§Nﬁ.Pfe\ppt9}ur.§§r%2tﬁl]aEgﬂy Hﬁ%/ %%%gt?)ut -37

Exanpl es of rece Sor's and- ap i ons ptors, 1nc
are not resi bed enleto

15 As used herein, speciaity tissue refers to non-tumorous tissue for which
information regarding location is desired. Such tissues include, for example,
endometriotic tissue, ectopic pregnancies, tiss.ues associated with certain
disorders and myopathies or pathologies.

As used herein, a receptor refers to a molecule that has an affinity for a

20 given ligand. Receptors may be naturally-occurring or synthetic molecules.
Receptors may also be referred to in the art as anti-ligands. As used herein, the
receptor and anti-ligand are interchangeable. Receptors can be used in their
unaltered state or as aggregates with other species. Receptors may be attached,
covalently or noncovalently, or in physical contact with, to a binding member,

25 either directly or indirectly via a specific binding substance or linker. Examples
of receptors, include, but are not limited to: antibodies, cell membrane receptors
surface receptors and internalizing receptors, monoclonal antibodies and antisera
reactive with specific antigenic determinants (such as on viruses, cells, or other
materials), drugs, polynucleotides, nucleic acids, peptides, cofactors, lectins,

30 sugars, polysaccharides, cells, cellular membranes, and organelles.
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a) enzymes: specific transport proteins or enzynes essential to survival

of m croorganisns, which could serve as targets for antibiotic (ligand)

sel ecti owO oBed824 anti bodi es: identification of a |igand-bpPadUsg/se17e on t he
anti body nol ecul e that conbines with the epitope of an antigen of interest
may be investigated; determ nation of a sequence that mimcs an antigenic
epitope may |ead to the devel opnent of vaccines of which the i munogen is
based on one or nore of such sequences or lead to the devel opnent of

rel ated diagnostic agents 10 or conpoungg.useful in therapeutic treatnents
such as for auto-inmune diseases c¢) nucleic acids: identification of

| i gand, such as protein or RNA, binding sites; d) catalytic pol ypeptides:

pol ymers, preferalbypRRl ¥RRLHEDES and BBbIi@BNs RPN RNGE 5 BFDtAISIAbut
chem cal reaction involving the conversion of one or 15 nore reactants to

one pr_nDreaﬂ?Bﬁbﬁﬁgﬁﬁgﬁé% pol ypeptides generally include a binding site
specific for at leass, Qo E?ﬁc@ﬁ%?ﬂag%orf %?&Efn@{bﬁ'é&%ﬁ@ﬁ??hi&rﬁiaﬁﬂgsmiva?d' ve

functionality proxinate to nding site, unctronality is
capabl e of ofientwardanisrosli Whichgcauld séryaras teegeds fortantibedic éigend) sgledtioRat ent

No. 5,215,899); i Lece s ' i ' ds that
N0 g 53 B4 E90) e diok R AN 81 ol B AR £l dhe Sz Se €
hor none r eplnadesmathatt dvenlzipese svithf Ue epieppl of,an areiyenfaf daterem nody be gands t hat

bind to such receptaqr . lLead . to the deyelopnent of drugs to control

bl ood pr esaiMesgRsd] FelhinatSh GrdstentGEiTRIRES o0/ TperE SaRatS M bi na
to the opi atead2fe theakpepndnh df hacbihas f ivehicts elelimmondded Bdaekd phtsie @f

| ess-addi ctive r?pl acenents for rcf i ne and rel atfed %ﬁgs As. used
herein, antiBY8yPTiSHED &88%3'}&?&0688?%% ﬂber@%%eéepn%%w dgla 12PPA} eI whi ch
are conpesedr @bmpolih@d Uséfaintharshdulie tvedtmablesuchtiofor dlit@dimiany iseBséd. 30
As used herein, an antjbody conjugate refers to a conjugate in whjch the

targeting agent icsNdReRGIHqifeNiratiosgbbarnscrreises Porsinzor BNA, hadingeq
herein, antishesly activation refers to the process whereby activated
anti bodi es are produced. Antibodies are activated upon reaction with a

linker, such as KéC8FOHIF bRltRerIities: rRahyepis, PrefeiablyoPeiepentidesatiairse cal
view ng ref @hgali® oRPYorRbASE AWHRNiBa WMBA&brARvalving the conversion of one or

15 more reactants to one or more products; such polypeptides generally include a
binding site specific for at least one reactant or reaction intermediate and an
active functionality proximate to the binding site, in which the functionality is
capable of chemically modifying the bound reactant (see, e.g., U.S. Patent No.
5,215,899);

20 e) hormone receptors: determination of the ligands that bind with high
affinity to a receptor is useful in the development of hormone replacement
therapies; for example, identification of ligands that bind to such receptors may
lead to the development of drugs to control blood pressure; and

f) opiate receptors: determination of ligands that bind to the opiate

25 receptors in the brain is useful in the development of less-addictive replacements
for morphine and related drugs.

As used herein, antibody includes antibody fragments, such as Fab
fragments, which are composed of a light chain and the variable region of a
heavy chain.

30 | As used herein, an antibody conjugate refers to a conjugate in which the

targeting agent is an antibody.



5 opening is made in the body of an animal. Such procedures include
traditional surgeries and diagnostic procedures, such as | aparoscopi es and
art hr oscopd ev/egevocedures. As used herein, humani zed anti bpdT/@Sowest®r to
anti bodies that are nodified to include "human" sequences of am no acids
so that admnistration to 10 a human w Il not provoke an imune response.
Met hods for preparation of such anti bodies are known. For exanple, the
hybri doma that expresses the nonoclonal antibody is altered by reconbi nant
DNA t echni ques to express an anti body -Bg8-which the am no acid conposition
of the non-variable regions is based on human anti bodi es. Conput er
prograns have been designed to identify 15 such regions. As used herein,

ATP, AWP, NAD + ardiddaDdreiaf entifddyasianasbneefetd ttmRspbaéss wagengsi ne
nonophosphat e, ni cotinam de adeni ne dinucl eotide (oxidized form and

ni cot i nam d8CHEEAT FBTRPHER PER ProdECEY- e&ﬁ‘é‘@ﬂd'ﬁﬁﬁﬁﬁ actiyaiesh uppy \9%‘?‘?'“2‘(5"‘% used

herein, progyedr SicH¥s hefepdhiun@tbndlBaagedty Usi ng reconbi nant DNA net hods
means the use of the well known methods of mol ecul ar bi ol ogy for

expressi ng prot efisISeAIIRIA, BPULIGH &IFVIIND, refRss trsaay REACERHTe BurBIcAMT al | y
i denti caly t g,&niRg @QHFatderIﬁﬁﬂé béal,f/ fo'f SheRih, éjdw prdked@fed § "lﬂ}iuctehﬁ?&heﬂér ty of

interest is s ficiently unchanged so that the 25 substantially 1dentical
product canswgetierdnd gigangsdc gfoaeduresr sdeit Bs laparepsedien ang| arthugstapid ent |
when ref errhrbg: chiQrekW0 sequences of nucleic acids neans that the two
sequences i h question encode the sane sequence of am no acids or

equi val ent pr ot eiAssisedfemeiheuinaaizec ehtibadies exfer to amtflexdidsnipat ere t wo

proteins_or odﬁhe'ddt% inglubie "B t'hat uérbc%s %Dar#pﬁt %‘c{lssoo{haP%HM .se‘t?aeno%"Fo 30

subst anti al ani no aci d CORSAr VAt
acid sdbst athunfnamnml(smemoeolgp anTrabiLeeJresmbmee) Melﬂiacbdsdf@r podpasatist ant i al |y
alter the act|V|t%ch>r functi on gf t he n . or

ep
Mequt val ent S paytods B s BeheAp  ARIGEEE B SR e ¢ he
property dOﬁﬁ)nﬂﬁlonBEEIdtlﬂ(ﬂiybl@ alieAREDY retd@nith@arﬁMAexéremue(setogexprésman
peptides can ex th g }Vﬁrent rates of the s gﬁ&%’ e of enz matic
activity), Bogbo 'é‘ Wateh\the agung agid zqmprgsifign, o SYrabig, redienssisne
" Conpl ement Based' o@manr &ftotie8d Gempirer PESraat ihdee pean dBsighied T ansmtihat
the two sequences of 5 nucleotides are capable of hybridizing, preferably

with | ed® t B4 BHANSpr e
As used herein, ATP, AMP, NAD + and NADH refer to adenosine

triphosphate, adenosine monophosphate, nicotinamide adenine dinucleotide
(oxidized form) and nicotinamide adenine dinucleotide (reduced form),
respectively.

20 As used herein, production by recombinant means by using recombinant
DNA methods means the use of the well known methods of molecular biology
for expressing proteins encoded by cloned DNA.

As used herein, substantially identical to a product means sufficiently
similar so that the property of interest is sufficiently unchanged so that the

25 substantially identical product can be used in place of the product.

As used herein equivalent, when referring to two sequences of nucieic
acids means that the two sequences in question encode the same sequence of
amino acids or equivalent proteins. When "equivalent” is used in referring to
two proteins or peptides, it means that the two proteins or peptides have

30 substantially the same amino acid sequence with only conservative amino acid
substitutions (see, e.g., Table 1, above} that do not substantially alter the

activity or function of the protein or peptide. When "equivalent” refers to a



preferably with less than 15 % even nore preferably with less than 5 %
nost preferably wth no m smat ches bet ween opposed nucl eoti des. Preferably
the twowebseskes will hybridize under conditions of hi ghCBURSIIMBRTICY. AS
used herein: stringency of hybridization in determ ning percentage 10
msmatch is as follows: 1) high stringency: 0.1 x .SSPE, 0.1 % SDS, 65C 2)
medi um stringency: 0.2 x SSPE, 0.1 % SDS, 50C 3) low stringency: 1.0 x
SSPE, 0.1 % SDS, 50C It is understood that equival ent stringencies my be
achi eved using alternative 15 buffers,zgalts and tenperatures. The term
"substantially" identical or honol ogous or simlar varies with the context
as understood by those skilled in the relevant art and generally neans at

2t TO% SRR oBRRS g 8 ShoB Ol AR R B A0RY AlahBsf A0 one

nost prefer denti ty er s
are 20 oft epepmﬂad damt exhilfia di Eadhtyratdsnofgbnesaale, ty:pecpiezmzemaac ecainlt\gnbdt SO

t hat the hest .order see t at,
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Academni c _Pr ess w Yor 199 uter A e Dat a, Part/,
Giffin, BA REClegH S@'Pfqﬂipﬁb'eﬁ%fb%' “ngfefeﬁ%éﬂ’é" FJFé% a%r\é\'%u B8y 1994
Sequence Ana}eyéﬂaslyl WithRéRCthanr15 %I Q\l'é?gbhorélgféfé’ﬂ@bm withGess Heada) ﬁnoef ess,
1987; and Sequence Anal ysis Priner M and Dever eux eds., M

St ockt on Pr BEderaRiy B e, misgwAtchespetiyesn qppoged nuglggligess) R{\ﬂf%rahﬁypthed Mat h

48:1073) . Byweembiecdss WieRYbidize LiGer daMHi@a%thJ‘f HigH188gBAcy@M no acids are
determ ned by standard alignnent 30 al gorithnms programs, and are used with

default gap penaPsiussddwreiti stsRaendyyof iviizatipplin setersinag atdeatagp

honol ogqys Hﬂ%gﬂcﬁ ﬁgqo“‘g:g,{,@cul es would hybridize typically at noderate
stringency or i stringency all along the Iength of the WO 01/ 68824

PCT/ USQ1/ 08277 Jhmlmjétrmg@na‘tl d0.dfx BRPer@dt% SRS ETEnt enpl ated are nucl ei c
aci d nol ecul es ta?t &Rt &R g%%e@eﬁ%ﬁﬁzo@m% !SBSpL;S@G@ of codons in the
ecule.

hybri di zi ng nucl & ¢"&ci d hér "any two nucl eic acid nol ecul es
have nucl eoti de §bqurmaeg¢r‘rwt 5.0ar ESEE, (Dé&StSDB)%O%B% 90% 95% 96%

O7% 98% or | SIALARNL 3 ccSRMRE syTERREEL RS 55 LBAAPIONG MBI

al gorithns suen
15 Dbuffers, salts and temperatures.

The term "substantially” identical or homologous or similar varies with the
context as understood by those skilled in the relevant art and generally means at
least 70%, preferably means at least 80%, more preferably at least 90%, and
most preferably at least 95% identity. The terms "homology" and "identity" are

20 often used interchangeably. In general, sequences are aligned so that the
highest order match is obtained (see, e.g.: Computational Molecular Biology,
Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part [, Griffin, A.M., and Griffin,

25 H.G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular
Biology, von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M Stockton Press, New York, 1991; Carillo
et al. (1988) SIAM J Applied Math 48:1073). By sequence identity, the
number of conserved amino acids are determined by standard alignment

30 algorithms programs, and are used with default gap penalties established by
each supplier. Substantially homologous nucleic acid molecules would hybridize

typically at moderate stringency or at high stringency all along the length of the



using for exanple, the default parameters as in Pearson et al. (1988) Proc.
Nat/. Acad. Sci. USA 85:2444 (other prograns include the GCG program
package wWoevesseux, J., et al., Nucleic Acids Research 12¢a)/uS&708¢1984)),
BLASTP, 10 BLASTN, FASTA (Atschul, S.F., et al., J Mdec Bio/ 215:403
(1990); Guide to Huge Conputers, Martin J. Bishop, ed., Academ c Press,
San Diego, 1994, and Carillo et a/. (1988) SIAMJ Applied Math 48:1073).
For exanple, the BLAST function of the National Center for Biotechnol ogy

I nformati on dat abase nmay be wused to deg grmne identity. Qther comercially
or publicly avail able progranms 15 include, DNAStar "MegAlign" program

(Madi son, W) and the University of Wsconsin CGenetics Conputer G oup

(WG Gap® 8?&8@ Midbrgp VX||).;?> coPP %‘i&%’iﬂbﬁ@?ﬁ:c%&’ aQBerth@F%lleg Yndt!

proteins an nuc el ¢ acid noleuc ter r exanpl e, by
conpari ng seqnnancéegeﬁeoamamdons mptageaof@a@ons:owﬂm lybrigizing ancléie. apid

Need| eman etﬂfg (_'(1970) J. Mole Bib/. 48:443, as 20 revised by Smth and
Wat er man (( ef) Adv. App/. Math. 2:482). Briefly, the GAP program defines
simlarity as t hwmmhheamofwalriugleﬁxiaaymﬂmbmléé heve nuclactidoteglesces tlgati no

aci ds ich are ar,, . di yi de I el of mbol s | the

shortZar f PHe? tt'\ﬁBSts J(?er?g’eéj é/é)‘g’fgé% %&Z’aﬁ?&%@’r%gyo? %%‘2’ @\‘?5}5‘ P

i gcl ude: (1he?rrgn?ﬂwéimﬁdé\ivﬁ%nﬁmhéﬂ Xlggmhms’slbdihrﬂﬁs ﬂwde/a*AST@\f' pl‘ogf;r@fn 25 f

identities an or non-identjtjes) and the ted c ris trix o

G i bskov et UaNg fen exyyPiRythe dgiryy Fﬁé%“effhs Bs/kfsmge%ﬁmaéééf "E@%S)tfgfos"ﬁa&rtz

and Dayhof facagdSei, USATBAS Ad (BB@FFdr @E@Jﬁb@&e%@eﬁ@ Brddeii, pdikbgonal

Bi onmedi cal Research Foundati on, 3- 358 1979% 512% gl*nal ty of 3.0
et 24h9% 4o

for each gHpeveReran-aeifl iNedtic dicids Researeh 126k3 A$Heach gap;

and (3) 180 pBRsHRNENST Al KtsEMf, 930Ser INES HloRIEROAS 153 Do) GuiliBgt €rm
‘identity" represents a conpari son bef ween a test and a reference

pol ypept i deHyge ssingmiiierse Marge J. |B<bfrh0@xaﬁplpecadaNumﬁﬁeﬁe'wlmT/1@§®1ﬁoez77
-41 test pob\énﬁ*&bwﬁn’@ys)bé}ﬁ%?fﬁ eas/wé‘ﬂ;ngb&?@?pbeF’SxﬂHa% b QQX/T,W mor €

identical to a reference pol ypepti e As used herein term at Teast
"90% i dent fwaitiongdt hhefl\éq‘tsnntabcp@necécmBlbtﬁ@hnplpgédnfqrmnﬂg@ datab@ge 9%y k¢ at i ve

i cat i ve Greq RoOBRKRRALRARS: QP sbhidbiafy oFERbIY SIMAM PN S, (oot
and r ef benaeludeo DNARtae 6MedAligrhgtdyrah (Ma@isam Nl aod dbe &ngvecsitypal ed. No
g})][ ?e? gapr ég\q/§%<§r{sin FEP%}tlcsoegm%Lte]rQ:q})ug%%)a%a%s ;i)rgg}ama (Mggigorp%pf)Pept I de
Percent homology or identity of proteins and/or nucleic acid moleucles may be
determined, for example, by comparing sequence information using a GAP
computer program (e.g., Needleman et al. (1970) J. Mol. Biol. 48:443, as
20 revised by Smith and Waterman ({(1981) Adv. Appl. Math. 2:482). Briefly, the
GAP program defines similarity as the number of aligned symbols (i.e.,
nucleotides or amino acids) which are similar, divided by the total number of
symbols in the shorter of the two sequences. Default parameters for the GAP
program may include: (1) a unary comparison matrix {(containing a value of 1 for
25 identities and O for noh-identities) and the weighted comparison matrix of
Gribskov et al. (1986) Nucl. Acids Res. 14:6745, as described by Schwartz and
Dayhoff, eds., ATLAS OF PROTEIN SEQUENCE AND STRUCTURE, National
Biomedical Research Foundation, pp. 353-358 (1979); (2) a penalty of 3.0 for
each gap and an additional 0.10 penalty for each symbol in each gap; and (3) no
30 penalty for end gaps.
Therefore, as used herein, the term "identity” represents a comparison

between a test and a reference polypeptide or polynucleotide. For example, a



reference pol ypeptides. Simlar conparisons may be nade between a test and
ref erence pol ynucl eoti des. Such differences may be represented as point 10
mut at i onsavo aneksed y di stri buted over the entire | ength of meT/@séIB2ECI d
sequence or they may be clustered in one or nore |ocations of varying

| ength up to the nmaximum allowable, e.g. 10/100 am no acid difference
(approximately 90% identity). Differences are defined as nucleic acid or
am no acid substitutions, or deletions. At |level of honol ogies or
identities above about 85-90% the resulgg- 15 shoul d be i ndependent of the
program and gap paraneters set; such high levels of identity readily can
be assess, often without relying on software. As used herein, prinmer refers

to an oli gofégi'p%%egﬁdéimyabé‘ti%éd/\@s am{] pwpepﬁl@é)w@rﬂ.bgowbemdrdes or
ri bonucl eotides, preferably nore than three, from which synthesis of a

primer extelenERRIgPRIRerenan PBYPPRIIAS. af\SdiSeSERIN nEe: term 26 leasi d PPons

conduci ve t fHe%YBélht%s'réfe'rQ‘&l Q%eﬁﬂ%eﬁﬁﬁéseﬂﬁﬁm 96 1599, @@%lﬁ'@ve {d #Hghosphat es
and an agent for nerlza on and extension, such as DNA polynerase, and

a suitable mjﬁfe@pe pp eHidesur iWeatity pre loxs! 8@ %er mome ISamé@ﬁbw%pf theh refers
to any npxt W& nid JTBYmRG far e§9rhﬂﬁﬁc%gl§n ngéé%%’?'té%@’a ]{éjn Xgowder a

paste aqueous non- aqueous or I nati on t er eo used herei n,
a conbi nat i polynefleetide Iﬁnaﬂyoaééacarmnbmldsearw@@mm oNo maearerihandiOs6i t ens.

As used her gi d\ 1(5|oﬂlc gf 16&2{3%‘1 r%o ac?}cqy %%HJB&B&B‘&%[ d?)%psdyo%\é@g{t:g)giﬂqg thus

enconpass ¢ np05|t|ons t sem
sol uti ons, re¥éreagepolypeptiddsur 63m|age:|ompahebmsonmy ler madse bahdeat haestsanch
conpositions mpl es  of cepLors i cations usinhg such receptors,
el ude but erafRseRppSRuglepliTEn SPT RraRi RS et Rl At 45 h)
enzyrres1osp&ﬁ1témcmst rraaasnnﬁ,r tispitoted DSerotheadity&heshglls 9L ANI aﬂnlrtoOachlrquwaice of
m croor gani s d serve as targets.for antibi t|c ﬁ%

®on the

|
o oot oo B ey i, by et hesid ore AP SGoBRtArS, of eHeynG e

ant i body NMOhesithemt Bty BT, GLeBOMODMrkiRG 2R Hidfeeerte (@Bpr@ﬂﬁ‘hﬁ@ﬂ 9b% nt er est
may be 5 |nvest| at egl determnation of a secluence that mimcs an antigenic
epi t ope may'dentind (Ryfferracas o definatk appugiaie AGHher aMinRnacs sERRETHORMen i s

based on ongel@tiond!DAE I&fel St REMBRIUANGEFeRtitid LAhVeOalidie 8Bey®de0 pHE Adsuftf
rel ated di agnostl c agents or _ conpounds useful in therapeutic treatnents

such as 1Por sheuld ben nderie gk the program and gap parameters set; such high levels
of identity readily can be assess, often without relying on software.

As used herein, primer refers to an oligonucleotide containing two or
more deoxyribonucieotides or ribonucleotides, preferably more than three, from
which synthesis of a primer extension product can be initiated. Experimental

20 conditions conducive to synthesis include the presence of nucleoside
triphosphates and an agent for polymerization and extension, such as DNA
polymerase, and a suitable buffer, temperature and pH.

As used herein, a composition refers to any mixture. It may be a
solution, a suspension, liquid, powder, a paste, agueous, non-aqueous or any

25 combination thereof.

As used herein, a combination refers to any association between two or
among more items.

As used herein, fluid refers to any composition that can flow. Fluids thus
encompass compositions that are in the form of semi-solids, pastes, solutions,

30 aqueous mixtures, gels, lofcions, creams and other such compositions.
Examples of receptors and applications using such receptors, include but

are not restricted to:



c) nucleic acids: identification of |ligand, such as protein or RNA, binding
10 sites; d) catalytic polypeptides: polyners, preferably pol ypepti des,

t hat are\NQapaBBe of pronoting a chemi cal reaction invol vP@gusti@senver si on
of one or nore reactants to one or nore products; such pol ypepti des
generally include a binding site specific for at |east one reactant or
reaction internediate and an 15 active functionality proximte to the

bi nding site, in which the functionality is capable of chemically

nodi fyi ng the bound reactant (see, U S. Patent No. 5,215,899); e)
hor none receptors: determ nation of the Flgands that bind with high
affinity to a receptor is useful in the devel opnent of hornone replacenent

20 therapies; for h
receptors may | e%;tg%%;m‘%ﬁteséf%\%g trfaﬂ#g%tri g%t%hé)ggﬁ%wﬁ%éntgg%ln%l \fﬁ’ggsur e;
and f) opi abémieverganissns, debieh mouhtt saove e thiggtnlis amhalptlbl(hghrtdd) seteetiorp),i ate
receptors in the s useful. i.n th eve I dictive

Fepl hcenments 1 oP! RO Bt et R o ol G T B8ERR. s ol TRea BtES

conpl enent amolescm‘leﬂmttamntmmest W]ilhlthgle@&bp@@lﬁ]aatanbﬂgbn toy meresnnta;hmg t oget her
of inter Ctl surf nd nol ecule and.its rec us, the

tor..
recept or anH1 tieg'aﬁﬁte{:'awaﬂgn g’gsacsrqqﬂgﬂceaghaédﬂlﬂ?'%%%?HP?/‘?”'%%B”?%‘? IR nor e,

t he contact lefé\k!rtf)&ﬁ@ delalopaieat o vbEsingd 6 QOGN ﬂmmrﬁtmgtaa teaatsed oh lv@e.or30 As
used herein, a Ilgand receptor pair or conplex forned whe

macr ool ecufMSEe PAFHC SRBTSGTCES (OF IGATH? Tr'?ﬁl‘t?é’ﬁ\OQF‘ePéé’éé?tPt‘?do‘?taQQ?SF'Br"’lﬂeéts
conpl ex. WOoP §6688287dLGdéiSRlhBRDEdtic 1A tNASN4SRENNAIBE Butcdinfiilisd HRbesdsef ers

to any matrix that is used either directly or follow ng suitable
derivatization, &snacleis|acdssuigpatification fhigendapuchsghpipseinor Pal%a%d'aad

ot her suygh pipecesses. Preferred substrates herein, are silicon substrates
or siliconized substrates that are derivitized, on the surface 5 intended
for |inkage of afl Fatalyjisrrnlyramtides:gRelsneradprsterablyrmlyrapsdes uthas are

i ncl udi ng t@?pédlé’%’? ﬁ?&ﬁ&&n&&%@hﬁ%l r?ﬂ%ﬁ%ﬂ%vdl% LRk Q%n@é}gloﬂtét%nee{;? SSi on

shifters. use erein, a matrix ers y50| or semsolid or
i nsol ubl e sopereacsantattoginet dremensl moduetspsuémpelyeentidesygsnesdllyyineluge @l ogi cal

mol ecul e, gﬁn%tn%r@'teegb'éc?ﬁc PIr9R N £t TRE GELLENLr RIaBHBE flebinfediddaY 45 |1 nked

or contacte
15 active functionality proximate to the binding site, in which the functionality is

capable of chemically modifying the bound reactant (see, e.g., U.S. Patent No.
5,215,899);

e) hormone receptors: determination of the ligands that bind with high
affinity to a receptor is useful in the development of hormone replacement

20 therapies; for example, identification of ligands that bind to such receptors may
lead to the development of drugs to control blood pressure; and

f) opiate receptors: determination of ligands that bind to the opiate
receptors in the brain is useful in the development of less-addictive replacements
for morphine and related drugs.

25 As used herein, complementary refers to the topological compatibility or
matching together of interacting surfaces of a ligand molecule and its receptor.
Thus, the receptor and its ligand can be described as complementary, and
furthermore, the contact surface characteristics are complementary to each
other.

30 As used herein, a ligand-receptor pair or complex formed when two
macromolecules have combined through molecular recognition to form a

complex.



10 Typically a matrix is a substrate material having a rigid or sem-rigid
surface. In many enbodi nents, at |east one surface of the substrate wll be
subst ant ivad bye6sst4 at, al t hough in sonme enbodi ments it nmay PeT/Assi/satl e to
physically separate synthesis regions for different polymers wth, for
exanple, wells, raised regions, etched trenches, or other such topol ogy.
Matrix materials include any materials 15 that are used as affinity

matri ces or supports for chem cal and biol ogical nolecule syntheses and
anal yses, such as, but are not |limted _g. polystyrene, polycarbonate,

pol ypropyl ene, nylon, glass, dextran, chitin, sand, pum ce,

pol ytetrafl uoroet hyl ene, agarose, polysaccharides, dendriners, buckyballs,

pol yacryl am de, HKsqaghHarkinPesypStnbame1H19Ry Houak et is QEBPSithe
pol ystyrene 20 polyacryl am de coval ent conposite, polystyrene-PEG

(pol yet hyl eldégu%con followidnepadiralde dstivatzation.rasppeplid awepast hercheatieali al s used
as supportsg gR{hﬁ%’ %sl g?%ﬁﬁ ot BN Y MRSGEceddbE! 'F’réf%rr%S%%é&%@Q%e?é?ﬁ are

purification ation réactions, I nmunoassays and other ‘such
appl i cati onsilicés subgdatheloesmpomm%i atutm:amnamatlaaqéenweim on tthe sgiiadeace of

the chi p5de tglidedzé)r ||Cr%k¥\'he ﬂamll cJts zaﬁ :g%nldFea%dothérym lnluéfe(%l}l%m chipis a

seni conduct Of evi ce, £St°a por Ion Ye surface
to render |ﬁncsudlrhgaltﬂeafltﬁmeatemI@rn@unsmmhecmbllaﬂoaamk anerothdrcnrma:ylom Ghlﬂdrﬂns to
which the device.,is e are |i dir

e oot Ty to ChASSEERTEEN; o MarfE YoEDs 1o pull GGy SOkl abistinble”

adsor pti on, stpddrtigh wiaigRAlted mddedks of indérest, lmpueélaphlbﬁmsmeaﬂ r&ﬁMcﬂlbhel’ 30
i s adapted, such as by

i nt eraction. v%ere necessary th tachnent
deri vat i zat fAgreBelepy! ﬁkPW@“Y%@%ﬁPE@cﬂI %%Spe\ﬂlﬁ‘copi( agigs Ain PU%‘ESI‘FB???? - 44-
B. FLUORBS icEIROA rh X 1918 sGbEtrate0ih g deRy antflid BRAbem -rigib §ub@de PRANSY

Renilla reniforms share the sanme chronophore, yet Aequorea G-P has two

absor bance peaWserapodigsnts, gy lepst oRgsUiAes e&ghqq@mthaae @ﬁﬂ)bﬂégb%fﬁf‘yalh/ singl e
absor bance pagkai@bud®®h B8e 2 MhddimaMRUL mayod @ddiraBlLR) Sy sTERNPRpa@Xd | NCtion

coefficient than the major 395 nm peak of the Aequorea protein (Ward, W
W in Biol uﬁVW@ﬁé‘éﬁ@@OQﬁiﬂOf differant weivivesie avite foeasampier weldls. meised re@ioRgEl r oy,

W D.) 235- 2dhedAraians Cor ﬁf\@ﬁ%cﬂ\lﬁ}ﬁo&ﬁ/k M;ﬁ%%terg@lnéﬂﬁﬁtéﬁ REteki Q%

i sol ated chronophore and denatured protein at neutral do not match the
spectrald dhatrase uged Py @fipritt eiatrices qr codportCionghasticall and(l;L'Q'QQDCGBl ochemi stry

32:1212- 121§)olec1_|1'e sﬁtﬁggbs% QJ):H?SJS', Eeér?ég,e&h aq'é(?mto‘ta"llﬂﬁted to: polystyrene,
polycarbbnate, polypropylene, nylon, glass, dextran, chitin, sand, pumice,
polytetrafluoroethylene, agarose, polysaccharides, dendrimers, buckyballs,
polyacrylamide, Kieselguhr-polyacrylamide non-covalent composite, polystyrene-

20 polyacrylamide covalent composite, polystyrene-PEG (polyethyleneglycol)
composite, silicon, rubber, and other materials used as supports for solid phase
syntheses, affinity separations and purifications, hybridization reactions,
immunoassays and other such applications.

As used herein, the attachment layer refers the surface of the chip device

25 to which molecules are linked. Typically, the chip is a semiconductor device,
which is coated on a least a portion of the surface to render it suitable for linking
molecules and inert to any reactions to which the device is exposed. Molecules
are linked either directly or indirectly to the surface, linkage may be effected by
absorption or adsorption, through covalent bonds, ionic interactions or any other

30 interaction. Where necessary the attachment layer is adapted, such as by

derivatization for linking the molecules.



As described herein, blue light is produced using the Renilla |luciferase or
t he Aequorea photoprotein in the presence of Ca2+ and the coel enterazi ne

| uci feri wopnt/easad og thereof. This |ight can be converted Patwsa/gewen |ight
if a 15 green fluorescent protein (GFP) is added to the reaction. Geen
fluorescent proteins, which have been purified (see, e.g., Prasher et al.
(1992) Gene 111:229-233) and al so cloned (see, e.g., International PCT
Application No. WO 95/07463, which is based on U S. application Serial No.
08/ 119,678 and U.S. application Serial-4%0. 08/192, 274, which are herein

i ncorporated by reference), 20 are used by cnidarians as energy-transfer
acceptors. GFPs fluoresce in vivo upon receiving energy froma

| uci f er ase- xyl uELYORESFEMTFRRQTEIRSat e conpl ex or a Ca2+- activated

phot oprotein. Th @Tﬁ 0 [ I ' i d., res) <\ 1 -hi t he
pol ypepti de. Theqhggg% C g&a%?%%?%%gnggp%%e{%gggng eé{%g?élgwéﬁr{gs i 11 a
(see, e.g., tRr ssrhecheimephorg,19@2Aedomnea CEP: 123AvRB88hsdrarice mdakalat 396979) 25
Bi ochem str -2204- 2 . Far.. e e, reen fluorescent proiein (G-P)
from Aequor éaé\%'i%t r(‘)'rél 3%(3368% Safil‘;er?s'llﬁég%%gr?gﬁ'acis'cf'g?e TSNS qti‘gﬁ "hd
emts gbeewith gitut STEUsId gractenshaonedr dingtipn ebeifitidn thals oNPABidri3IvH

containing the aequori hot opr ot ei n,cha with coel ent erazi ne and
oxygen, can™™ Plea?hgfu&ﬁr’g‘écg%?&a gf‘“ﬁ'&l &Y?IH\ (/\?':\g/uf”c g'io}’r’”ﬁ'ﬁgs‘iﬁnﬁﬁﬁé‘pi on of green
l'i ght. ThusChiilugirsedhdd EasSHeRIcd, RILEIR) McEIRKERWO. 04868824 Academic

PCT/ USCL/ 08277 -45 contenpl at ed may be included in the

that GFPs m
bi ol uni nescBifS8: YeWef 2t 1gS1HedBe BRI RALNRISBIAEEH £heMARkes ARdor Renil | a

| uci f er ases gghatQiddeprodéihtallebiral HAidoChASRaidh PEABELS of RABCEate %Ht@fﬂ
color of the resulting biolumnescence. 2. Renilla reniforms GFP 5

Puri fi ed9RefFedva G- SN eHPhi SOCHB/aetprmstréiFa 12heér'ddf)ar e provi ded.

Presently preferpred Repbdd ndblielRiorési®nt Prdthifs cOMposi tions herein is
Renilla reniforms G-P having the sequence of am no acids set forth in SEQ

ID No. 27. The Rerflasrabeg-pergivd birpligegs irduticeanisig theoReniédiutifermsaar ur al
nuol o1 o aci 415 Refidfe ehBBARIP R Irele e BHERDA feifdedtBBR6°C 01 Be
t hose encodegifpsin thenalsggberoés Tofs linint |caotbied@svestd fintot &1 graenSigt Ia Nos.
2325 The SRR RURL AL PCIReTT RO BRSREB el BRI 205 1
No. 27): proteins, which have been purified (see, e.g., Prasher et al. (1992} Gene
777:229-233) and also cloned (see, e.g., International PCT Application No. WO
95/07463, which is based on U.S. application Serial No. 08/119,678 and U.S.
application Serial No. 08/192,274, which are herein incorporated by reference),

20 are used by cnidarians as energy-transfer acceptors. GFPs fluoresce in vivo upon
receiving energy from a luciferase-oxyluciferein excited-state complex or a Ca2*-
activated photoprotein, The chromophore is modified amino acid residues within
the polypeptide. The best characterized GFPs are those of Aequorea and Renilla
(see, e.g., Prasher et al. (1992) Gene 7177:229-233; Hart, et al. (1979)

25 Biochemistry 18:2204-2210). For example, a green fluorescent protein (GFP)
from Aequorea victoria contains 238 amino acids, absorbs blue light and emits
green light. Thus, inclusion of this protein in a composition containing the

aequorin photoprotein charged with coelenterazine and oxygen, can, in the

presence of calcium, resuit in the production of green light. Thus, it is

RECTIFIED SHEET (RULE91)
ISAVEP



md| akl gl kevnpt ki nl egl vgdhaf snegvgegni | egt gevki svt kgapl pf af di vsvaf sygn 15
rayt gypeei sdyfl gsf pegftyerni rygdggt ai vksdi sl edgkfi vnvdf kakdl r r rgpvngqd

i vgnmgpsyeeoyt/essesvi geci i af kl gt gkhf t yhnrt vykskkpvet npl yhf i pér/ioskteseit a
sgyvvghet ai aahsti kki egsl p, and is preferably the sequence set forth in SEQ
ID No. 26. In particular, nucleic acid nol ecules encoding a Renilla
reniforms GFP 20 having any of the follow ng sequences are provided (see
SEQ ID Nos. 23-25): Renilla reniforms P Clone-1

GGCACGAGGGT TTCCTGACACAATAAAAACCTTTCAAATHETTTCTC

TGTAGCAGTAAGT ATGGATCTCGCAAAACT TGGT TTGAAGGAAGT G

ATGCCTACTAAAATCAACTTA CTGGITGECGACCACCCTT 25 | .
TCTCAAT GGAAERIAG melolummescence generating
AGA\GGTGAAGA‘T&-E@@@_W i A *aciferases or other suitable
ATTTGATATCGTATCTGTGGCTTTTTCATAT CAGAGCTTA

TACCGGT TACCE&damesaAA PTORCEeATTACTS CCRbeAesI@aTiTthe resulting bioluminescence.
TCCAGAAGGCTTTACTLACGA o BHCAAGATGG 30

ACARCT CAATTGTT AT ORI PRt a0k S T o

ATTCATAGPGAAT GT ARATTEL { ((ENICEREETCBOAEINS thereof are provided.

%%gﬁ%%&ﬁ%{%{%ﬁﬁéomposmom herein is Renilla

AATAGCAT TCAANGOHEANAKH GETAHGEA EEGUACE THNCGEAGATacs <8AGorth in SEQ ID No. 27.

AT Gy o st s

CCAGT GGT TACShHEI I ACA GRAGAACAATTIGRAHICEAT T Ghsfected with nucleic acid that
TACAATCAAAAAAAT TGAA CTTTACCATAGATACCTGTA! RECTI FI ED SHEET ( RULE91
| SA EP 0B 08PeEs AnpRRPURITOgNYpT CHRGpeptides, Such as thoss oncoded by the

ATTATTCTAT G dlehB6E 0T hlidiE bt &€ CATRIMARKEET AT N6d. 23-25.
TCAATAAAATATTAAATAT. \ Renilla reniforms GFP C one-2

AAAAAAAAAAAAAAAAAAAAAAA:
5 GGCACGAGGCTGACARANsedipg AtcteicT epld ArqleratrerteTespXdegad referred are those
AAGT AT CGAT C{ MR TH RO i M F AR REGR LR IAGT AT &cids (SEQ ID No. 27):

mdlaklglkevmptkinleglvgdhafsmegvgegnilegtgevkisvtkgaplpfafdivsvafsygn

15 raytgypeeisdyflgsfpegftyernirygdggtaivksdisledgkfivnvdfkakdirrmgpvmaqd
ivgmgpsyesmytnvtsvigeciiafklgtgkhftyhmrivykskkpvetmplyhfighrivktnvdta
sgyvvghetaiaahstikkiegslp,

and is preferably the sequence set forth in SEQ ID No. 28.
In particular, nucleic acid molecules encoding a Renilla reniformis GFP
20 having any of the following sequences are provided (see SEQ ID Nos. 23-25):
Renilla reniformis GFP Clone-1

GGCACGAGGGTTTCCTGACACAATAAAAACCTTTCAAATTGTTTCTC
TGTAGCAGTAAGTATGGATCTCGCAAAACTTGGTTTGAAGGAAGTG
ATGCCTACTAAAATCAACTTAGAAGGACTGGTTGGCGACCACGCTT
25 TCTCAATGGAAGGAGTTGGCGAAGGCAACATATTGGAAGGAACTCA
AGAGGTGAAGATATCGGTAACAAAAGGCGCACCACTCCCATTCGC
ATTTGATATCGTATCTGTGGCTTTTTCATATGGGAACAGAGCTTA
TACCGGTTACCCAGAAGAAATTTCCGACTACTTCCTCCAGTCGTT
TCCAGAAGGCTTTACTTACGAGAGAAACATTCGTTATCAAGATGG
30 AGGAACTGCAATTGTTAAATCTGATATAAGCTTGGAAGATGGTAA
ATTCATAGTGAATGTAGACTTCAAAGCGAAGGATCTACGTCGCAT
GGGACCAGTCATGCAGCAAGACATCGTGGGTATGCAGCCATCGTA
TGAGTCAATGTACACCAATGTCACTTCAGTTATAGGGGAATGTAT
AATAGCATTCAAACTTCAAACTGGCAAGCATTTCACTTACCACAT
35 GAGGACAGTTTACAAATCAAAGAAGCCAGTGGAAACTATGCCATTG
TATCATTTCATCCAGCATCGCCTCGTTAAGACCAATGTGGACACAG
CCAGTGGTTACGTTGTGCAACACGAGACAGCAATTGCAGCGCATTC
TACAATCAAAAAAATTGAAGGCTCTTTACCATAGATACCTGTACACA

RECTIFIED SHEET (RULES1)
ISA/EP



AACTTAGAAGGACT GGTTGGCGACCACGCTTTCTCAATGGAAGGAGT TGGCG
AAGGCAACATATTGGAAGGAACT CAAGAGGT GAAGATATCGGTAACAAAAGG 10
CGCACCACTITEAGSBBGCATTTGATATCGTATCTGTTGCTTTCTCATATGGG PCT/US01/08277
AACAGAGCTTATACT GGTTACCCAGAAGAAATTTCCGACTACTTCCTCCAGT
CGTTTCCAGAAGGCTTTACT TACGAGAGAAACATTCGT TATCAAGATGGAGG
AACTGCAATTGTTAAATCTGATATAAGCT TGGAAGATGGTAAATTCATAGTG
AATGTAGACT TCAAAGCGAAGGATCTACGT CGCATGGGACCAGTCATGCAGC 15
AAGACATCGT GGGTATGCAGCCATCGTATGAGT CAATGTABACCAATGTCAC
TTCAGTTATAGGGGAATGTATAATAGCATTCAAACTTCAAACTGGCAAACAT
TTCACTTACCACATGAGGACAGT TTACAAAT CAAAGAAGCCAGT GGAAA
TGCCATTGTAT@KTFFW@@@:@NWM@J@M@TW GGTATTGT
AGCCAGT GGT TACBHTGHISAASATARGNANAAT PEAKEAATTEAEA AR AA,
ATCAAAAAAATTGAAGGCTCTTTACCATAGATATCTATACACAATTATTCTA
TGCACGT AGCAREFIT TaGanmbT AT RAIGSIATTGTTCAATAAAATATTA
AATATAAABAAAAAAAAAAAAAAAAAAA; and Renilla reniforms GFP done-3 25
GGCACGAGGGT GRUANTREEGAA TNPALSETEFENVAARTGTTTCREIEI TTCTCTGTAGCAGG
CAGTAAGTAT GABATLITIEAARSC T REAAA SAATCGEAGCTGRATEAAGTEATGCCTACTAAAATC
AAAT CAACT T AGAMIGT/AET DA XRACTACGC TR 2AT CERABCABT EGAAGGAGTTGGCG
GGCGAAGGCAABATATT AGSATRIACICAAGSERTCYACATA DTG MAGAAATE GGTAACAAAAGG
AAGGCGCAQGCACHEXATACECAT ATGRA I A CTrIGATSTCGCRTCTOATIITTTCTCATATGGG
GGGAACAGAGCR PTG REET TAGRAG A CANAT T ACEAMEA AEBTTCCTCRA TACTTCCTCCAGT
GT CGT TTCCAGHFFFTUEA AACAGAREWRI G ACAT A AAGATCBABATCAAGATGGAGG
GAACT GCAAT T GINAY AT LA GAGATAAGTIT (S AN G AT AAGAGEGTAAATTCATAGTG
GAAT GTAGACT RGARAN A EAATEA RATAEEE SN K E P CAETCB RGO E RBCAGTCATGCAGC
CAAGACARGGT e A3 ASEAEFEIGIATE CAGECAATETACACAAATARIGAT ACACCAATGTCAC
TTCAGTTATA%&WHA@@%@@MFWTWMACTGGCAAACAT
TCACTTACCACA #" A EEA@%WW%&W@%M%%CCAGTGGAAACTA
%&gg e{ }x@ 95: @T%&XCCAATGTGGACAC
A J ei Y& ﬂ‘“ NSRS cr u : AU AcABCGCATTCTACA
AR GEe T ' AR/ JACACAATTATTCTA
GTAGCAT $ ‘"W.{ Aj."% wv" h % BT F‘ ANTAAAATATTA

CCTTTTCCAAA AA AAAA

Renifla reniformis GFP Clone-3
25
GGCACGAGGGTTTCCTGACACAATAAAAACCTTTCAAATTGTTTCTCTGTAG
CAGTAAGTATGGATCTCGCAAAACTTGGTTTGAAGGAAGTGATGCCTACTA
AAATCAACTTAGAAGGACTGGTTGGCGACCACGCTTTCTCAATGGAAGGAGTT
GGCGAAGGCAACATATTGGAAGGAACTCAAGAGGTGAAGATATCGGTAACAA
30 AAGGCGCACCACTCCCATTCGCATTTGATATCGTATCTGTGGCTTTTITCATAT
GGGAACAGAGCTTATACCGGTTACCCAGAAGAAATTTCCGACTACTTCCTCCA
GTCGTTTCCAGAAGGCTTTACTTACGAGAGAAACATTCGTTATCAAGATGGAG
GAACTGCAATTGTTAAATCTGATATAAGCTTGGAAGATGGTAAATTCATAGT
GAATGTAGACTTCAAAGCGAAGGATCTACGTCGCATGGGACCAGTCATGCAG
35 CAAGACATCGTGGGTATGCAGCCATCGTATGAGTCAATGTACACCAATGTCAC
TTCAGTTATAGGGGAATGTATAATAGCATTCAAACTTCAAACTGGCAAGCATT
TCACTTACCACATGAGGACAGTTTACAAATCAAAGAAGCCAGTGGAAACTATG
CCATTGTATCATTTCATCCAGCATCGCCTCGTTAAGACCAATGTGGACACAGC
CAGTGGTTACGTTGTGCAACACGAGACAGCAATTGCAGCGCATTCTACAATCA
40 AAAAAATTGAAGGCTCTTTACCATAGATACCTGTACACAATTATTCTATGCAC
GTAGCATTTTTTTGGAAATATAAGTGGTATTGTTCAATAAAATATTAAATATAT
GCTTTTGCAAAAAAAAAAAAAAAAAAAAAA.

RECTIFIED SHEET (RULE®21)
ISA/EP



| SAV EP WD 01/ 68824 PCT/ USOL/ 08277 -47 An exenplary nutein is set forth in
SEQ I D No. 33, and hunmani zed codon are set forth in SEQID No. 26. Also
cont enpl av@d1/e88e4 t he codi ng portion of the sequence of nupCPOBIIES277 5 t hat
hybri di ze under noderate or high stringency to the sequence of nucl eoti des
set forth above, particularly when using probes provided herein. Probes
derived fromthis nucleic acid that can be used in nmethods provided herein
to isolate GFPs fromany Renilla reniform s species are provided. In an
exenpl ary enbodi ment, nucleic acid encéding Renilla reniforms GFP is
provi ded. This 10 nucleic acid encodes the sequence of am no acids set
forth above. GFPs, including the Renilla reniforms protein provided
herein, are activated by blue light to emt green |light and thus nay be

used in the absepce ci.ferase e j i i r
| i ght source w tggneﬁ(\?grhl%ﬁi 'Jfﬁéﬁeé'?%(ssegggrfbgﬁ. %gg‘lt @2@61\822 g\déot B\fggggéé %8?%2, 358
and 6, 113, 88f)searidrthrin S&Q Unbbi 86. 15 wi t h bi ol um nescence generating system
for novelty ite see U. S Patent Nos. 5,876,99 6,152, 358 and 6,1
13, 880) . for ¢ anBIodt TERBEIeT el RO RED FaRaiRITDIS SapiireiFon
gg; iggg Tgé Q%Wﬁsi_@i@@hn%?ﬂrﬂﬁ@gk&t@@}ﬂihm s(tsiegendyl. ﬁp%embb?@é bﬂhu&égﬁé@és V\lN)O
: : ich is publis as I nternational P applicatjon :
98/ 26277) . % TREHi 300¥er BATTICHIARY S RIPUSIET i RRPRGTIRG VIdsH heelin; Frg 55 85

novel ty itefBnaiis nGABRI 134 kPR SoanBEChsASIntrhsthbad Broviddit hedinneh Rewes ages,
greeting cards, and toys, including bubble naklng toys, particularly
T

bubbl e- maki 5P HRPoANY Ashdladenifaiys perciespprePrayidpdr th @nlexemMrlR™¥r est are the

use of thesg BLOLRIRSnlifleORIBELCSHing RBRIL SehiAhYs ERPGs BAlviey, Ofnigake- up,
hair colorants or halr conditioners,” nousses 25 or other such products and

skin crd@msnudeictroiy sbeodssathe ssaverncsublaamipoofcidmsedrfesh abovause no _
e o ArBREL hOLAR YR Aol RO IR0 Mo lied MEBHD S N° PI 0TI NS

are non-toxic and safe y to the skin, halr, eyes an to ingest.
These fl uor esthanéd pydiles hightneyerait goednelighd eadithuaduivt bonsedin theadhseneescence

generating systens tq enhance or. create ap. arnay,pf diffel rs.
T ansgent o Shiharaskatonanoorhiaf a0 i 8RR b oot T RbvelR, R
encodi ng nu@eeilt.SalatknaMibsabsd’ §)p0%) 64db.2, B hnd @, b8 88&hdnglimebsjunctial ude

]E Ir SEIS%SQISC RE@MI‘EB%&S_%%%% ﬂ\éﬁég%’é %K/st%?neforfn%rveﬁ{/( al!tr;rapmr!se(’seéa %éu lge?t%nI R&)s.
5,876,995, 6,152,358 and 6,113,886), for tumor diagnosis (see, allowed co-
pending U.S. application Serial No. 08/908,909) and in biochips (see, U.S.
application Serial No. 08/990,103, which is published as International PCT
application No. WO 98/26277).

20 Renilla reniformis GFP is intended for use in any of the novelty items and
combinations, such as the foods, inciuding beverages, greeting cards, and toys,
including bubble making toys, particularly bubble-making compositions or
mixtures. Also of particular interest are the use of these proteins in cosmetics,
particularly face paints or make-up, hair colorants or hair conditioners, mousses

25 or other such products and skin creams. Such systems are particularly of
interest because no luciferase is needed to activate the photoprotein and
because the proteins are non-toxic and safe to apply to the skin, hair, eyes and
to ingest. These fluorescent proteins may also be used in addition to
bioluminescence generating systems to enhance or create an array of different

30 colors. Transgenic animals and plants that express the Renilla reniformis GFP-
encoding nucleic acid are also provided. Such animals and plants, include

transgenic fish, transgenic worms for use, for example, as lures for fishing;

RECTIFIED SHEET (RULEST)
ISA/EP



| SA/ EP WO 01/ 68824 PCT/ USOL/ 08277 -48 transgenic animals, such as nonkeys
and rodents for research in which a marker gene is used, and transgenic
aninmals awono¥ssk4y itens and to produce glowi ng foods, sBChuUssl/dsam eggs,
chi cken, and other neats; transgenic plants in which the Reni//a
reniforms is a marker, and also transgenic plants that are novelty 5
itenms, particuarly ornanental plants, such as glow ng orchids, roses and
other flowering plants. The Reni//a reniform s GFP may be used al one or in
conmbi nation with biolum nescence genergging systens to produce an array of
colors. They may be wused in conbinations such that the color of, for
exanpl e, a beverage changes 10 over tine, or includes |layers of different

colors. Th i i i repi 11-Si
t her eof ar gtrgllé%grn Ill%gﬁﬂ%éfé\%&ﬁ%% rgél%agl&jﬁ/l ﬁég(%ééN%é @L%%%%rﬂaqg@g@%dwnéHiﬁé

COVPONENTS gére isalsedwend tiapsgenie aoimals iae moyelthitemgrangetocrmdecqyoloaviag i ng
systens and e t e : ' reni m . {.ded
herei n can %§h953d§g89§?®h§9§gﬁﬁ§9%§fEgﬁjﬁﬁgjé%%?f@gb%%%@%ﬁgﬁgfkﬁ?ﬁ%gny
conpati bl e thei Rénite reegfoenisds gemearkat,i atgl alys tmsgendc plants that are novelty

bi ol um ngscence-generating systemrefers to the.co nents tha e
necessarg aptsurrteran SheTEhameEsEhder fr hREAOTRME Bets By Bl

| uci f er ase, flbwerifigpiamtéand any necessary co-factors or conditions. Virtually
any 20 bi ol um nesgce stem known to those of skill. in the art will be
Amenabl e Lo use. Tt ARULABHAVADS CTPopaY Bieed Giadie i in el ne Mibds

provi ded hepigiuminEainge Yenb@itingWyStahes & bAsiucd Hedrept bgplars. They may be

bi ol um nescent -generating system include, but are not limted to: the
targeting aRast NEBEPPAINSBHRREANFPIRT PhefobFYRMREn8REYAERSE §RB9RRdI um i n

which the reaGtiRe bSinbbes fdyaR bi biffepdntldtfordd THRNMGNAG ahd iBFdbsh of
tenperature_or_pH sensitivity; shelf |life of the conponents;
sust ai nabi | Resfllprenifosmys GRP aBfuses dhereahatendascebed PalW-or internittent;

avai | abil ity of BRANMRANEYCENGEEGENEAATING s YSTERIS AND cOMFONENTS he |ight;
and ot her such factors. Such biolum nescence generating systens are known
(see those descrThedoliawing isa degerdptionekbiokingresagose agnersgingsystams and
13,5000 Sl RS (RSGUL N DISEDRE QIEDATASSGEHRS P Lo o1
a | uci f @bi nysaghalengdesa wriietxtafgpplications, and with any compatible
bioluminescence generating systems.
A bioluminescence-generating system refers to the components that are
necessary and sufficient to generate bioluminescence. These include a
luciferase, luciferin and any necessary co-factors or conditions. Virtually any
20 bioluminescent system known to those of skill in the art will be amenable to use
in the apparatus, systems, combinations and methods provided herein. Factors
for consideration in selecting a bioluminescent-generating system, include, but
are not limited to: the targeting agent used in combination with the
bioluminescence; the medium in which the reaction is run; stability of the
25 components, such as temperature or pH sensitivity; shelf life of the components;
sustainability of the light emission, whether constant or intermittent; availability
of components; desired light intensity; color of the light; and other such factors.
Such bioluminescence generating systems are known (see those described in
U.S. Patent Nos. 5,876,995, 6,152,358 and 6,113,886).
30 1. General description

In general, bioluminescence refers to an energy-yielding chemical reaction

in which a specific chemical substrate, a luciferin, undergoes oxidation,



WO 01/ 68824 PCT/ USOL/ 08277 -49 catalyzed by an enzyne, a luciferase.

Bi ol um nescent reactions are easily mintained, requiring only

repl eni simant/esst4 exhausted luciferin or other substrate PeET@SIASLTDr OF
other protein, in order to continue or revive the reaction.

Bi ol um nescence generating reactions are well-known to those of skill in
this art 5 and any such reaction my be adapted for use in conbination with
articles of manufacture as described herein. There are nunerous organi snms
and sources of biolum nescence generatjigg systens, and sone representative
genera and species that exhibit biolumnescence are set forth in the
followng table (reproduced in part from 10 Hastings in (1995) Cel

Physi ol ogy. ' : L Cri 665- 681) :
TABLE 2 Repr B8 P %e?i}rﬁ’ %%ﬁ@%g?#gégﬁ'i gnﬁq ”')f?s“d-%?%‘ge%?&&@ﬁ??%sw

Repr esent at maéntgieadr edBiotceenls replenishmentpf exhaugidst lugiferie o ot dubstrate

Pyrocystis ohagierflichr o) Brerch W aUHE SRR ATELRE Hfe MR Tor ca
Hydr oi d ObeBiotumiBescdraresgerifeatindg mattiemopleonelskiwenitopgbose oBekilben thieae! i ds
B R g Rl A R R G GBS PSS

manufacture as described herein.

There are numerous organisms and sources of bioluminescence
generating systems, and some representative genera and species that exhibit
bioluminescence are set forth in the following table (reproduced in part from
10 Hastings in (1995) Cell Physiology:Source Book, N. Sperelakis (ed.), Academic
Press, pp 665-681):

TABLE 2
Representative luminous organism
15 Type of Organism Representative genera
Bacteria Photobacterium
Vibrio
Xenorhabdus
Mushrooms Panus, Armillaria
Pleurotus
Dinoflagellates Gonyaulax
Pyrocystis
Noctiluca
Cnidaria (coelenterates)
20 Jellyfish Aequorea
Hydroid Obelia
Sea Pansy Renilla
Ctenophores Mnemiopsis
Beroe
Annelids
25 Earthworms Diplocardia
Marine polychaetes Chaetopterus, Phyxotrix
Syllid fireworm Odontosyllis




-50 Type of Organi sm Representative genera Mdlluscs Linpet Latia C am
Pholas Squid Heteroteuthis Heterocarpus 5 Crustacea Ostracod Vargul a
(Cypri di mad ov/@ised np (euphausi ds) Meganycti phanes Acant hopopaol/a@pi7zophor us
10 Gnat hophausia Decapod Sergestes Copepods Insects Col eopterids
(beetles) 15 Firefly Photinus, Photuris dick beetles Pyrophorus Railroad
wor m Phengodes, Phrixothrix Diptera (flies) Arachnocanpa Echinoderns 20
Brittle stars Ophiopsila Sea cucunbers Laetnbgone Anthozoans Renilla
Chordates Tunicates Pyrosoma 25 Fish Cgptilagi nous Squalus Bony Ponyfish
Lei ognat hus Fl ashlight fish Photobl epharon 30 Angler fish Cryptopsaras

M dshi pman Porichthys Lantern fish Benia

Type of Organism . Representative genera
Molluscs
Limpet Latia
Clam Pholas
Squid Heteroteuthis
Heterocarpus
b Crustacea
Ostracod Vargula (Cypridina)
Shrimp (euphausids) Meganyctiphanes
Acanthophyra
Oplophorus
10 Gnathophausia
Decapod Sergestes
Copepods
Insects
Coleopterids (beetles)
15 Firefly Photinus, Photuris
Click beetles Pyrophorus
Railroad worm Phengodes, Phrixothrix
Diptera (flies) Arachnocampa
Echinoderms
20 Brittle stars Ophiopsila
Sea cucumbers Laetmogone
Anthozoans Renilla
Chordates
Tunicates Pyrosoma
25 Fish
Cartilaginous Squalus
Bony
Ponyfish Leiognathus
Flashlight fish Photoblepharon
30 Angler fish Cryptopsaras
Midshipman Porichthys
Lantern fish Benia
Shiny loosejaw Aristostomias
Hatchet fish Agyropelecus
35 and other fish Pachystomias
Malacosteus
Midwater fish Cyclothone
Neoscopelus
Tarletonbeania




Shiny | oosejaw Aristostom as Hatchet fish Agyropelecus 35 and other fish
Pachyst om as Mal acosteus M dwater fish Cyclothone Neoscopel us

Tar | et onbve@ni/esstD 01/ 68824 PCT/ USOL/ 08277 -51 O her bi ol paT/vescmsat?

organi snms contenplated for use herein are Gonadostom as, Gaussia
(copepods), Watensia, Halisturia, Vanpire squid, @ yphus, Mycotophids
(fish), Vinciguerria, Howe//a, Florenciella, Chaudiodus, Ml anocostus and
Sea Pens. 5 It is understood that a bi ol um nescence generating system nmay
be isolated fromnatural sources, suchggs those in the above Table, or may
be produced synthetically. In addition, for uses herein, the conponents
need only be sufficiently pure so that m xture thereof, under appropriate

reaction condi tifRg piBlLAHNERENR o AWSO oA pRRbY SoP0SE ﬁééﬁ,gsrg_ can be
d Thus odi

visualized during a 10 surgical procedure. , In sone e ments, a

crude extr aéongdostemédsy Gaussidi (agprenedshdVatangianiHalsivwig, Hempite gaaide.
Ceneral ly, r I jeaehd S - yse -

conponent s % \télg’ is\ll)}%'%i Eoz%h?% g%r'?%)’owgg; se'?%gl% g?églghg/to%@('ﬁ%t ggaﬁ*'éguﬁ’nat ur al
sour ces. DNAMearoodstuy anscbéePases i s avail able (see, e.g., SEQ ID 15 Nos.

1-13) ang has been modified, (see,..e. g... SEQO ID Nos.. 3 and 10-13) and
syntheti% and alﬁﬂfﬁg F%%P%% %ﬁf%?§@gﬁgﬁée§%%HGB%@PE§&YS%W%"E%&pﬁisted
herein is dolated ¢nesatniraltdovecesf sttie abitfoseniacte rpoleiJiabler, asemytbeat i s
avai |l abl e. Any, bi ol unj,nescenc erating syste et her synt het,ic or
o hrod” 1 Bt VGRS SERHAT o” BrEY RO, P8 ForoRSYaTRteny

el sewher e heeaufficdéntly2Purémdthat enikiles ehedéofs kinbibr appropeatarfeactich | nt ended for
use in the co Lnationé, systens and net hods provi ded herei

Cheni | uni neSERAHENSRIPEYRES;R plove o T calls g HSurRFgn bR VWS@%@@@Q a

(1 uci f en@seshrgidf prstledanconpassed herein. (a) Luciferases Luciferases
refer to any conqpund that, in the presence of any necessary 25
activators, catallP¥®e PHROMBENRPHIFIENGT HCWIE| AXKiasE S BIfedlY Aipdingairethe

(luci ferin) oidhntdA® mdy 66 886R10E. EheMN 2ho WY& BubsBREART pdrk &8nfPonBRiNd,
froma | ower energy state
are used. Also, components may be synthetic components that are not isolated
from natural sources. DNA encoding luciferases is available (see, e.g., SEQ ID
15 Nos. 1-13) and has been modified (see, e.g., SEQ ID Nos. 3 and 10-13} and
synthetic and alternative substrates have been devised. The DNA listed herein is
only representative of the DNA encoding luciferases that is available.
Any bioluminescence gene'rating system, whether synthetic or isolated
form natural sources, such as those set forth in Table 2, elsewhere herein or
20 known to those of skill in the art, is intended for use in the combinations,
systems and methods provided herein. Chemiluminescence systems per se,
which do not rely on oxygenases (luciferases) are not encompassed herein.
(a) Luciferases
l.uciferases refer to any compound that, in the presence of any necessary
25 activators, catalyze the oxidation of a bioluminescence substrate {luciferin) in the
presence of molecular oxygen, whether free or bound, from a lower energy state
to a higher energy state such that the substrate, upon return to the lower energy
state, emits light. For purposes herein, luciferase is broadly used to encompass
enzymes that act catalytically to generate light by oxidation of a substrate and
30 also photoproteins, such as aequorin, that act, though not strictly catalytically
{since such proteins are exhausted in the reaction), in conjunction with a

substrate in the presence of oxygen to generate light. These luciferases,



to a higher energy state such that the substrate, upon return to the | ower
energy state, emts light. For purposes herein, luciferase is broadly used
to enconpe@st/essarynmes that act catalytically to generate PCHUWSOINS2TXI dati on
of a substrate and 30 al so photoproteins, such as aequorin, that act,

t hough not strictly catalytically (since such proteins are exhausted in
the reaction), in conjunction with a substrate in the presence of oxygen
to generate light. These luciferases, WO 01/68824 PCT/USOLl/ 08277 -52

i ncludi ng photoproteins, such as aequorigp. are herein also included anong
the luciferases. These reagents include the naturally-occurring

| uci ferases (including photoproteins), proteins produced by reconbi nant
DNA, and m“irﬂctllﬁﬁné)r BRANERA, S48h b8UeRudEr £ hotdiRbishShalled BcABihE! Y t O
generate |i In t e presence o appropriate substrate, co-factors
and acti vat mfemseanﬁ hesé eeagsnthingiusiectha naltarally-acewring Iacntm@lSy(gtclttdmg
oxidize a s i I C tein
t hat cat al y Réfo %t?msymé{ogéy? h}e&%I ¢%%p'%§§®gﬁtg htr eac Fa(r?rq '?‘lsj{a?{% 8£ &%&H{e% a
| uci f erase, vanahts lberenf dnatabteah shibsbiligt ® generakdigheth the praserscel azfoarf erin.

The oxi di.zed react# aduct IS trerrrﬁ cg g*ouglferl Ny ansd ert n, é

| uci feri pPBBi?Pé' Sé S e " oﬁ'ﬁﬂgo? "ﬁ rpﬁ?) rha rein

bi ol um nescentseasemeetmmstea)xidugha spbﬂdaxeed/rbpebyrl@ntls prtﬁiubb@.t are catal yzed
by (in the case ferases t act enzymatic or initiated by (in
The Case of ¢ he GHBHGTNOL ADteDDH: BEtehERsSF Thtisienale bRbmBesiBhener at o

in the reactéfibnas réfefb@dbegla NEBERES, 4Hd R zalile SubSratéas eéferrud apt
t hereof. 15 For cl arltﬁghereln these catalytic proteins are referred to as

| uci f er ases 25 ZHCHEH- uljee AKINATESeREHAD BIOAPR 'SItﬁEPF%Péﬁ'é%'f?rﬁhta”@a?eé‘E%e t he

oxi dat i Q@ OfucifleHfigr¢urBors &iFk kit bii@Ndifeadd TiRlsCaSH PEpeXad Herefnerin. Al so
i ncl uded anon l'uci ferases are phot oproteins, whi ch cat al yze the oxidation

of | uciferi Riglgnispgence] isonAasses loHIAgeed By rerstioaadhatoie £atpvasstbybe

reconstitut gf the cage 3 ﬁf&nf@%\e@ thaztoacT%z{/MEhéé}fy?%?%u{m)édhﬁ/ MRtHY &deYof
occurring or e nodified, such Hé genetic engineering to inprove or

al ter certathe B%I@QQFQ'EP@@ sygh ﬁ@ﬁnglm at ared\ot tregryensied dultee Feactpmlsat he
ability to gpj |(¥ﬂ§)r6{é‘ﬁ1 Bi QJuH NgsRaRle IF tbRPme!réof' s enconpassed herein.

Any protein tha ci fera activity (a protein that catalyzes
oxi dati d®@ 25 of Far slabty herein, itheseheatplydis anmeteinsf angokterigdato asxlygiéerases pr oduce

light as defpeg u&eéﬁﬁgﬂ%desﬂg%’ceh?% %r%elﬂﬁn?%%géé“thamgta?yz%ftw o' S6hdeidf! deer ases are

those that are eSCH M Nnor’ sequence varl ati ons.
Such mi nor $mifedncemitting light and releasing oxyluciferin. Also mcluded among

luciferases are photoproteins, which catalyze the oxidation of luciferin to emit
light but are changed in the reaction and must be reconstituted to be used again.
20 The luciferases may be naturally occurring or may be modified, such as by
genetic engineering to improve or alter certain properties. As long as the
resulting molecule retains the ability to catalyze the bioluminescent reaction, it is
encompassed herein.
Any protein that has luciferase activity (a protein that catalyzes oxidation
25 of a substrate in the presence of molecular oxygen to produce light as defined
herein) may be used herein. The preferred luciferases are those that are
described herein or that have minor sequence variations. Such minor sequence
variations include, but are not limited to, minor allelic or species variations and
insertions or deletions of residues, particularly cysteine residues. Suitable
30 conservative substitutions of amino acids are known to those of skill in this art

and may be made generally without altering the biological activity of the



variations include, but are not limted to, mnor allelic or species
variations and insertions or deletions of residues, particularly cysteine
resi dues wui/essd e 30 conservative substitutions of am noraridel/meE known
to those of skill in this art and nay be nade generally w thout altering

t he biological activity of the WD'01/68824 PCT/ USOL/ 08277 -53 resulting
nol ecul e. Such substitutions are preferably nmade in accordance with those
set forth in TABLE 1 as described above. The |uciferases nmay be obtai ned
commercially, isolated fromnatural sogrces, expressed in host cells using
DNA encoding the luciferase, or obtained 5 in any manner known to those of

skill in the art. For purposes herein, crude extracts obtained by grinding
up sel ect ed SOM RPN Yk sﬁrafﬁfohgea-r?]gr%rsebmsag AHERbddRSwRh L he
| uci f erase rray he sired, Isolation o ucr erase rom ost cells is

preferred. OhSsef gat fortbhn rTMEs‘eaS desaribgdl agboxeai | abl e as are nodified forns
thereof. 10 Exan‘qlhgq 9¥er!aﬁe 'rI‘rgy ‘Cbté H&h "f:gﬁ‘rmggrtallg |gol?9ed ﬁb%‘ r]ra%gra , those

isolated from the ctéeno em op eroe ovata
(berovin), shoses, eméesteddnfhoetrcéllneus:wl%m enaidisg ﬂmqhuorfems(a,amqmtﬁamaﬁi,

Qbel i a (%bel.i né, Pel af;'gad tH " Renr /ka lUﬁ]feraZ F‘I ferases isol ated
from t he 2ol BSL'3BRET SEOVPHSITBLTGHST S L Py B'é’émﬁ% 88 FYTin fi sh,
such as Ari s:kﬂsé@rﬁtﬁsmedi’&@/rgmrdmg as sakrdtctbsdintd 6idayiknanchalyrsaffiddleSince
ostracods, su

ch r also referred.t ar referred
uel £ or ases 6P adgai of fredveerite Iy frishoRalaNon HENE JuEiTerds fePase
and Cypridi pas{ aél%QSffa?éfbﬁ‘dd Vangu k) sucuGidressesais (wigly fallable 95Qrdé D Nos. 1,
2, and 4-13). Al so preferred are luciferases which react to produce red

and/ or near ™M r'%ijrﬁﬂrﬂsrtﬁ‘ﬁfeo ‘These include |uciferases found in species of

20 Aristi@gst om as gxamplbsast 1feiferidy intiuaBs buPAemet ligiedSto, MidsaGesihfldSiromuch
as M niger. (b) Luciferins The substrates for the reaction or for

i ncl usi on i he REneBRpreg dYieemiogsis UmwemiaRsimoand BrroeHvan herowinle ihesee
l'uci ferase [LAGLS Hidtn RhOHSGENelA0E Aegys;éazée&@r UbBé//a' (b‘BleHﬂePE}% ja, the

natural | y-occurring substrates, nodif forms thereof, and ' synthetic
substrates (eala lecifprasa tis: lupifeeses Nt%ateg feora tB@mOéln@p%Pwas giwyasin),

Exenpl ary | d r rivatives
Thereor andys LElfbRet WOIHEE ol Hen AGRE 2RSS ke, PociiomPs HEF (2L

e.g., U5S. Podctims aNdsrorm 106 HsBacodsn $uBh 455, F@)1a (alsd refelﬂeerd toarppounds t hat

are Vargula). Preferred luciferases for use herein are the Aequorin protein, Renilla

luciferase and Cypridina (also called Vargula) luciferase (see, e.g., SEQ ID Nos.
1, 2, and 4-13). Also, preferred are luciferases which react to produce red
and/or near infrared light. These include luciferases found in species of

20 Aristostomias, such as A. scintillans, Pachystomias, Malacosteus, such as M.
niger.

(b) Luciferins
The substrates for the reaction or for inclusion in the conjugates include

any molecule(s) with which the luciferase reacts to produce light. Such

25 molecules include the naturally-occurring substrates, modified forms thereof, and
synthetic substrates (see, e.g., U.S. Patent Nos. 5,374,534 and 5,098,828).
Exemplary luciferins include those described herein, as well as derivatives
thereof, analogs thereof, synthetic substrates, such as dioxetanes (seeg, e.g.,
U.S. Patent Nos. 5,004,565 and 5,455,357), and other compounds that are

30 oxidized by a luciferase in a light-producing reaction (see, e.g., U.S. Patent Nos.
5,374,534, 5,098,828 and 4,950,588). Such substrates also may be identified

empirically by selecting compounds that are oxidized in bioluminescent reactions.



30 oxidized by a luciferase in a |light-producing reaction (see, e.g., US
Patent Nos. 5,374,534, 5,098,828 and 4, 950, 588). Such substrates al so may
be i dent iWoedessehpirically by selecting conpounds that arkCDYS@/®e™ i n

bi ol um nescent reactions. WO 01/ 68824 PCT/ USOL/ 08277 -54- (c) Activators
The bi ol um nescent generating systens al so require additional conponents
di scussed herein and known to those of skill in the art. A

bi ol um nescent reactions require nol ecul ar oxygen in the form of dissolved
or 5 bound oxygen. Thus, nolecul ar oxyggh. dissolved in water or in air or
bound to a photoprotein, is the activator for biolum nescence reactions.
Dependi ng upon the form of the conponents, other activators include, but
are not linmted to, AT§ (fadivhidref!y luciferase), flavin reductase
(bacterial systens) for regenerating FMNH2 from FM\N, and Call or other

sui tabl e netal i dhe@egmiiesagnt denexaiig systeme a#fpslteemge pedivicdeld herein will

gener at e |1 g whefs fiteusbif WERIASEA AAGWhUS H8LL Bt 3K WTliegang exposed to

air or water e systens use photoproteins t ave bound oxygen,
such as aeq bmimmmemmvreac;ticm requiree qoleasilaxgygen én tlm ﬁmZHof( dissabvdreor

sui tabl e ”e*b%{md %Qg/ig? Cl um Sdl ole?&afﬁ)?v'e%ed Isrcl)lve%hlﬁ % L {n aqpoa’géje%éil |

conposition o F Stances. d|t|on
(or other sauaighabdmoreit,als theagtivatonfori bidbluminestehdr réaenassa D(eaem;ljmg iuppn and

luciferin ( el ent erazi ne esy t in generatio g

roni 1 oy s Eis oot oM RO dtd st dbede, G Shot hpfpa sorare T

sui tagl e m(etzf@k firef1y) |uciféragé)udlevm{j@]g%ta?? Mbctévis? sys@ehs) SorClegasergtingind 38 |
Cypri di na i u ireflies, i e necessary to a only
water. In i EE’['\Q%B% FrM&/nP é]%afl PEPinessultghle é"?tgﬁéf‘%e%o”ﬂget l e luciferase)
are usedot he reapidserdpf ARy sPstephs'REViILES hepdldliviiil @Bnékhtd ligHtewRéeeies e

conmponent s w | be apparent, in |I8ht of the disclosure herein, to those of

skill in thitsc'fsfatse&nddagﬂf?f@ aredAPe] andtaPeserdC alsehiwaten| e sysfems that 5| so

under st ood {BabhbfeBrsteiisXhbt REvebblindbRPyer0RUBh s RYu&Hi KPRk, wapl ts or
buffers or ions that are necessary for each reaction to proceed. Since

t hese react Feshires@osme| tockall Jex athes sHitable paetabipnk kyviich jcantbigeprayidedyiin|  be

able 1o dees fBieoPAPalae. 8 ARAIdSIRIS o PR UalcRA sah! F BUERANGRSes SOl ecti on
of conponents w |l depend upon the apparatus, article manuf acture and

30 | uci f1&r agdditivaof euSa’énfoodihes suBakie enefekion) bed naintireémsiferased herein; in

view (aequorin) and luciferin (such as coelenterazine) will result in generation of light.

The Renilla system and other Anthozoa systems also require Ca?* (or other
suitable metal ion).
If crude preparations are used, such as ground up Cypridina (shrimp) or

20 ground fireflies, it may be necessary to add only water. In instances in which
fireflies (or a firefly or beetle luciferase) are used the reaction may only require
addition ATP. The precise components will be apparent, in light of the
disclosure herein, to those of skill in this art or may be readily determined
empirically.

25 It is also understood that these mixtures will also contain any additional
salts or buffers or ions that are necessary for each reaction to proceed. Since
these reactions are well-characterized, those of skill in the art will be able to
determine precise proportions and requisite components. Selection of
components will depend upon the apparatus, article of manufacture and

30 luciferase. Various embodiments are described and exemplified herein; in view

of such description, other embodiments will be apparent.



of such description, other enbodinents will be apparent. WO 01/ 68824

PCT/ USOL1/ 08277 -55- (d) Reactions In all enbodinents, all but one
conponentwoei/tdses the luciferase or luciferin, of a biol paT/wesicsaTE
generating systemw || be m xed or packaged with or otherw se conbined.
Since the result to be achieved is the production of light 5 visible to the
naked eye for qualitative, not quantitative, diagnostic purposes, the
preci se proportions and anounts of conmponents of the biolum nescence
reaction need not be stringently det er_rgi ned or net. They nust be
sufficient to produce |light. Cenerally, an anount of luciferin and

luci ferase sufficient to generate a visible glowis used; this amunt can
be readily determ ned (grpl r e%%JtLX and is 10 dependent upon the sel ected
system and sel ected appl i on. ere quantitative measurenents are
requi red, nore pﬂreellsendmdnagnﬂseah bqubnedoniﬁonemreptheeﬂwMGcnéerase such anount
i's preferabl oncentrat i ortions use

analyti car i BUReE" B P ELERET R e REEmENTER GbEh e ERaoed with
concentrat i onsttewideecorabided f Sldit&a tHeOndsiils to bk stfevied iietid probuctidit of hight

Al ternativel a_mcrocarrier hedto nore than one |uciferase nolecul e
linked t% é(ysﬂ%l é‘étth‘?waa'éﬁ%ﬁ‘(e FFH;F V) POLAURNEIRTE Shagnostie RYIPAsEE pifte

Al so becaus@rddiee poPBEtidnsCdre AMoiisCdt dditbdrRAts bP e BbRINVIBSEeAES réuunon

| aboratory conditions and the conponents are subject to storage, gher

concent r at i GReHRPt Be stdrgently dsfeiniBer ohAet nggydf\u%t&q i 9'e“fr§FbP6‘é’PP? t he

anmount s arenéhtrv%epéraﬁ\era@}bémo&& oPRciFBriBHd rmﬁﬁréyeesfﬁﬁﬁghﬁ’tol%e?&e Hf a
| uci ferase per liter of reaction mxture or ng, preferably 1 , hore

pref erably YEplenglovednpesd: tthisramery C@@rheaieﬁ'dé‘l deteé@medammlc@lvoqn /1, and
typi cal lyy OgdpsiHeht u%omﬁé’sepegtéw&}st% dmré%légtet?%?ﬂlca |9FTPCWﬁ5'rIe On the item

The anmobunt of luciferin i1s al so between abou 100
preferably louanEetive MeasHemMetagie reauirdft Mmone pracigior errawbecmutned added 25 to

many of the T eackhPhiuBeC ARl EnaRak pillerably SRAN AR UALAMREN e

| uci ferase acts catalyti cal oes not regener at
anounts of ahderdmartises caed ltn; ansddical purphesse by hede chskilt in thecuighgets. dur i ng

the reacti orIl|'| Hetr coﬁaélﬂré:t%?msbr%(a: Bll%?h shhﬁ\% gIE)\lells(f“;l%L: lstfP: &Q@hlaenga@Ce“t rations

will be sel e ncentration nount of
coat i ng 1&n @dlﬁemerta{bly tahBIGT‘GXSEUlhd)lSCdup(Hﬁ Bi)rrmosntm\t omylusifetase nodleadentioked i on)
of each co n t he order, of..0.

ref er.abl 1t ny,
mor o pref or Py AL HEaeRDBTY ¢ ilred b e e uph uRanale heter e
suf fici ent. chditions epahidigtheoetetiorsudretusati ase naﬁlaboratory conditions and the

components are subject to storage, higher concentration may be used to
overcome any loss of activity. Typically, the amounts are 1 mg, preferably 10
20 mg and more preferably 100 mg, of a luciferase per liter of reaction mixture or
1 mg, preferably 10 mg, more preferably 100 mg. Compositions may contain at
least about 0.01 mg/l, and typically 0.1 mg/l, 1 mg/l, 10 mg/l or more of each
component on the item. The amount of luciferin is also between about 0.01 and
100 mg/l, preferably between 0.1 and 10 mg/l, additional luciferin can be added
25 to many of the reactions to continue the reaction. In embodiments in which the
luciferase acts catalytically and does not need to be regenerated, lower amounts
of luciferase can be used. In those in which it is changed during the reaction, it
also can be replenished; typically higher concentrations will be selected. Ranges
of concentration per liter (or the amount of coating on substrate the results from
30 contacting with such composition} of each component on the order of 0.1 to 20
mg, preferably 0.1 to 10 mg, more preferably between about 1 and 10 mg of

each component will be sufficient. When preparing coated substrates, as



WO 01/68824 PCT/ USOL/ 08277 -56 described herein, greater anounts of
coating conpositions containing higher concentrations of the |uciferase or
| uci f eri womayedses used. Thus, for exanple, in presence of palrwsums2® ng of
luciferin, such as coelenterazine, in one liter of water will gl ow
brightly for at |east about 10 to 20 5 m nutes, depending on the
tenperature of the water, when about 10 ng of |uciferase, such as aequorin
phot oprotein luciferase or luciferase fromRenilla, is added thereto.

I ncreasing the concentration of | uci fer@8e, for exanple, to 100 ng/l,
provides a particularly brilliant display of light. It is understood, that
concentrations and anmounts to be used depend 10 upon the sel ected

bi ol umi nesc@eribgd fereip; ﬂ@%‘ifs‘%@‘i’h”ﬂﬁt"ftcl‘?égég ﬁﬁ?’%é‘“P@%{d’l"PEﬁm'H%tmﬁhﬁ’ned

enpirical | yCorPJ&@r%fnthFb?1th9ﬁf&fe9é§e36r' NcifdIRsRayediqppen comencing an
enpirical determ nation, are generally those used for analytical purposes,

and anounts or JOHECHr EARINGIRS impEesance ehselciunpse mgseliurberianaicfitdscal
pur poses, H&elFM%?az%E)qé‘t égg@e@e‘wh{b‘fr\/@ﬁ gy bP@ﬁ{l Go A st :{qo%tsl‘és{oat@ed

and brighter ow 1 poses ern, Renilla reniforms
GP is a&demnmtaes heepepdotg om tlnmtemp@reture @fghé Watemevfaneahqwrﬂ]mfngtdfe
generated | Reni |

|
Lo ot osl Bbiash sl aSEPbyarD LR it Ranar el BREE iy FbUa Rl on

i ncl udes ot bédedotarenai, nlasmemggeaefoacemibrasf luCHira uforrekxampk, |tba$m cus,
Styl atul a, Acgnthoptilum an oan i ol um nescent nenbers of the
Ant hozoa geRW&f'aPEXH cEe'a?l ﬁpﬁmﬁ“?aéfaﬁ%fﬁ@ L[I?\UBT F%h'r ns that are simlar in
structure (see, f.ig unda@ltcmoerthai céoentrdfda9 add aflunts thysns@di deBdnd91- 298;
see, al so ward et al 1975) Proc. Natl. Acad. Sci.

72: 253019534pon TifeselgeiedhialiBunesiante, SPPURTIRG SYFIEM @gcwea? ”?E}Ye*%%r%ﬁ‘t'}’]ozoans

crossreact WedehmPRe &RRTBAlY. 2PbPBFRMLC BaictRAahbss LsEd WHRhUuRrHBhdRgCENCeE.
Renilla luciferase and the other coelenterate and ctenophore | uciferases,

such as thean&fRbiGah deHRISTUMtNeiare geRBalniheas dis9 491 aralyligsd PrERasss, and
particul arl ¥moh§€s( §P$><§$Jeﬁ¥r§ﬁo&eaﬁ‘er éﬂ@éétytheéébb% 'F&%%n}tﬁ%ﬁauﬂasséé%

formulae (1) an 30 Section genera t hat have
| uci fer asestheh@mous@ raan l@@mcmﬂsedazarm@maﬁuIfh@ieustgqv@ﬁcandslarmht@rsglow is
Chi r ot eqtshi ﬁesin%l&(?l eoteuthis, RECTIFIED SHEET (RULE91l) | SA/ EP

For purposes herein, Renilla reniformis GFP is added to the reaction in
order to shift the spectrum of the generated light.
2. The Renilla system
Renifla, also known as soft coral sea pansies, are members of the class of
20 coelenterates Anthozoa, which includes other bioluminescent genera, such as
Cavarnularia, Ptilosarcus, Stylatula, Acanthoptilum, and Parazoanthus.
Bioluminescent members of the Anthozoa genera contain luciferases and
luciferins that are similar in structure (see, e.g., Cormier et al. (1973) J. Cell.
Physiol. 87:291-298; see, also Ward et al. (1975} Proc. Natl. Acad. Sci. U.S.A.
25 72:2530-2534). The luciferases and luciferins from each of these anthozoans
crossreact with one another and produce a characteristic blue luminescence.
Renilla luciferase and the other coelenterate and ctenophore luciferases,
such as the aequorin photoprotein, use imidazopyrazine substrates, particularly
the substrates generically called coelenterazine (see, formulae (I} and {l1) of
30 Section C.4.b, below). Other genera that have luciferases that use a

coelenterazine include: squid, such as Chiroteuthis, Eucleoteuthis,

RECTIFIED SHEET (RULE91)
ISAVEP



WO 01/ 68824 PCT/ USOL/ 08277 -57 Onychoteuthis, Watasenia, cuttlefish,
Sepiolina; shrinp, such as Opl ophorus, Acanthophyra, Sergestes, and

Gnat hophavapnagssdeep- sea fish, such as Argyropel ecus, YarprCT/asoidsaphus,
Gonadost om as and Neoscopelus. Renilla |luciferase does not, however, have
bound oxygen, and thus 5 requires dissolved oxygen in order to produce
light in the presence of a suitable luciferin substrate. Since Renilla

| uci ferase acts as a true enzyne (i.e., it does not have to be
reconstituted for further use) the resugying |um nescence can be

| ong-lasting in the presence of saturating levels of luciferin. Also,
Renilla luciferase is relatively stable to heat. 10 Reni//a | uciferases,

DN encod ngy ReRbielit Wkl LRS! 355piANdiiig, o HOOIRHS -

reniforms oduce reconbi nant 1 uci er ase
| uci ferase ﬂrcantfmphwra Soed e raatdeGnathophansid; deapsna dist, such d:abl e (see,

e.g., SEQI . t see, al so,
b Ssher ot VeV pades®. oroseh i nd By Gobatidomi WM Wedsdidut 355 %2
Cormer (1981) " Rem//laIl@cim&eﬂmmoncﬁahbmklamhaescbenn@ xygerBlaﬂdJrhusescence
and Chem | um nesce p Char 1979 00/
cnem 5By, KEeE SRR Boat n Bidray Do RRaO b ine Pisshtcrat a3t aS, o,
?t 9a| ) ( 198ik)feRn QQbsﬂNﬁgl Sslﬁceaﬂ’enlg@IlucmdrﬁeAchtBS;g%eﬂz%ﬁe (le?),rllt dets al)
1977) Proc ad. Sci. US A 74:4 4287 et a 1975

Bi ocheni strpotzB'a e4t°z§\9iecz@?atutr%]e‘?r fitnir US% '3?773%? '\‘\\aﬁcenﬁe&% i

U . S. A 74: ARR14shG in heQr¥serRe oF satlrkBr§)evdiPof lﬁﬁﬁenrg'leﬂko LRAiHa141- 144
and Matthews et al. (1979) Biochem stry 16:85-91). The DNA encodi ng

Reni //a renlUcderase is fRlptvahnstablmte "eRist " cel |'s contai ni ng such DNA provide a

conveni qpt means gbA, M GiiEde30 DN Ql‘?codi"d{)aﬁ’tehﬂ/é ?&/ermﬁelﬂbifér%sé SAHd QdTbp
enzynme, such as in those known to those of skil the art (see, e.g

U.S. Pat ent thaoBenitig reygformss BNA 19, EQQU%B‘E‘CW'WT d@%f?rrii?@e aspwselbamh PNAnt
production gfc R tcer £ (fnﬂﬁ GtRer! é@éuérﬁé%%@e) -ard QRN WG Fﬁcﬁ Sb&tabiehéege”' I'la

| uci f erase can be package | yophil1ze form encapsulated In vehicl e,
ei ther by iesel $E@r|D|N\0 cbribiSn&etes Ndist 2.4 1o 15p wedfB2PR, Gﬁﬁjﬂ%ﬁa@léo Prior to

phosphat 6. bhfFopkdr 511 AR ABRAIRA coith i AR pEE 2GR T 20 Y on.
Fi nal cdBcefprmier 6138 f "Aendiaf andad equarea hlghimescancel v Gicdumipestertve @ t he
order of O ol hlBEL®, JF0' s SRAEMb A%, (1976) S b "Ehdm O
254:769-780; Ward et al. (1979) J. Biol. Chem. 2564:781-788; Lorenz et al.
(1981) Proc. Natl. Acad. Sci. U.S.A. 88: 4438-4442; Hori et al. (1977) Proc.
Natl. Acad. Sci. U.S.A. 74:4285-4287; Hori et al. (1975) Biochemistry
20 74:2371-2376; Hori et al. (1977} Proc. Natl. Acad. Sci. U.S.A. 74:4285-4287;
Inouye et al. (1975) Jap. Soc. Chem. Lett. 141-144; and Matthews et al. (1979)
Biochemistry 16:85-91). The DNA encoding Renilla reniformis luciferase and
host cells containing such DNA provide a convenient means for producing large
quantities of Renilla reniformis enzyme, such as in those known to those of skill
25 in the art (see, e.g., U.S. Patent Nos. 5,418,155 and 5,292,658, which describe
recombinant production of Renilla reniformié luciferase).
When used herein, the Renifla luciferase can be packaged in lyophilized
form, encapsulated in a vehicle, either by itself or in combination with the
luciferin substrate. Prior to use the mixture is contacted with an aqueous
‘30 composition, preferably a phosphate buffered saline pH 7-8; dissolved O, will
activate the reaction. Final concentrations of luciferase in the glowing mixture

will be on the order of 0.01 to 1 mg/l or more. Concentrations of luciferin will



-58 be at |east about 10-8 M but 1 to 100 or nore orders of magnitude

hi gher to produce a |long |l asting biolumnescence. In certain enbodi nents
herei n, about/es240 10 ny, or preferably 2-5 ng, nore prepetabbysatyout 3 ny
of coelenterazine will be used with about 100 ng of 5 Renilla luciferase.
The precise ambunts, of course can be determ ned enpirically, and, also
w Il depend to sone extent on the ultimate concentration and application.
In particular, addition of about 0.25 m of a crude extract from the
bacteria that express Renilla to 100 n®%f a suitabl e assay buffer and
about 0.005 (err)g was sufficient to produce a visible and | asting gl ow
(see, U S. Patent 10 Nos. 5 418, 155 and 5, 292, 658, whi ch descri be

r ecombi nant bpebhast abertot0° Ibriut | Tatar 89 PBFTAre OFdaEs oé maaasytude yogHr|tPzed

m xt ures, Tﬁ’q’dﬁ %hg”‘%@‘% o&&bghrggs@gm%gw Renilla luciferase are also
uci fer

pr ovi ded. s& 0P mxtures of ‘the luciferase and |uciferin may
al so be encapsul &t eertainteontmdinentaliiescidebbordriytos @Qired.eqr watdrakly Zs5Inmposone,

gl ass 15 particl capill ary. t €, y AR vehi.C,
rel ease coat’hGPt drfer%ﬁlh%bom %fh?oﬁlerger%zlgeIvg'(lzl?{)feelr?%ge\!vﬁrg a%gl]?t]b mél nked
to a substr Atgilla ftiRrase. tfheqmesmsﬁ a:inbmmbécomiss.caa beGﬂaaopimede syst ens

Ct enophores, such as m op enm o and Beroe. ovata 20 erovin
and coel ent PRt y's ﬁ@&ﬁ‘ﬁ”a t?a?é’ %tﬁ?t O@EI%? Pg MYBSOPRT % >
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94/18342, V\b'OUBS}Jé vmsﬁﬂflgenMosﬂro@Q% laGadiblengdahég dew BBEOUS JHkentU. S.

25, Patent 486, 455 and er references and patents cited herein).
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det ai | herﬁbﬁ‘z]/é‘?e/% ;;,Fg@rc;fe%gg) as anong the presently preferred systens.
The Aequorin and | a systens can use the sanme luciferin and produce

| i ght using theLsswmIIZ@blermxsmney ang cormpeditionsc Fonipming the Bedilelusiferasghe
Aequorin | ugi da%%@?;?oxﬁé)eoae‘wg'idc”rera%% Pehikr R8s of He %ﬁgﬁgé,anhh@r bt hhgy ases

nmemn opsi n an hot oprotein that 1nc boun oxygen and
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other such vehicle. The luciferase may also be linked to a substrate, such as
biocompatible materials.

3. Ctenophore systems

Ctenophores, such as Mnemiopsis {mnemiopsin) and Beroe ovata

20 (berovin), and coelenterates, such as Aequorea (aequorin), Obelia (obelin) and
Pelagia, produce bioluminescent light using similar chemistries (see, e.g.,
Stephenson et al. (1981) Biochimica et Biophysica Acta 678:65-75; Hart et al.
(1979) Biochemistry 18:2204-2210; International PCT Application No. WO
94/18342, which is based on U.S. application Serial No. 08/017,116, U.S.

25, Patent No. 5,486,455 and other references and patents cited herein). The
Aequorin and Renilla systems are representative and are described in detall
herein as exemplary and as among the presently preferred systems. The
Aequorin and Renilla systems can use the same luciferin and produce light using
the same chemistry, but each luciferase is different. The Aequorin luciferase

30 aequorin, as well as, for example, the luciferases mnemiopsin and berovin, is a
photoprotein that includes bound oxygen and bound luciferin, requires Ca?* {or

other suitable metal ion) to trigger the reaction, and must be regenerated for
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| uci ferase acts as a true enzyne because it is unchanged during the

reacti on vedd1/6882¢4 equi res di ssol ved nol ecul ar oxygen. 4. TheT/@sgumsein system
The aequorin systemis well known (see, e.g., Tsuji et a/. (1986) 5
"Site-specific nutagenesis of the cal ci um bi ndi ng photoprotein aequorin,”
Proc. Nat/, Acad. Sci, USA 83:8107-8111; Prasher et al, (1985) "d oning
and Expression of the cDNA Codi ng for Aequorin, a Biolum nescent

Cal cium Binding Protein," Biochem cal ggd Bi ophysical Research

Communi cations 126:1259-1268; Prasher et al. (1986) Methods in Enzynol ogy
133:288-297; 10 Prasher, et al. (1987) "Sequence Conparisons of cDNAs
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al, (1985) mno Aci'd Sequenc cl um Dependent Pﬁotoproteln
Aequorl n, " Bhoengei sturing the: reg@orearilit rémiiresrmisselead eolecOlp®@kygerResi stivity
to denaturatl on gf the 85 EH{ &f aequorin and reconstitution of the

| um nescent photoproteln e partially denatured apoprotein,'’
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"d oni ng and/as/equedncsc/anlalély&ﬁsmﬁ &DNA Hrasher leg al. UDBBS telohingr aheéi n
aequorin," SA 82: 3154- 20 Prendergast., et al,
(1978) " Cheﬁf%’ﬁﬁs'a'hd’fﬁh?@ﬁg%é 'BBSPE Aegugin. &Gt gLPF'He%‘f‘FéI“t e 9@8 ng

Fl uor escent PRteine! Biokhemadaednd Wﬁ/ﬁ@maﬁm@@atm ebkanaimicationdm Chem Soc.

17: 3448- 3453, Euro n_Pate p catlon 0 540 064 Al ; European Patent
Aopl 1 cat | on BOTHE T 30k PreBlipioiciin| TEac HeRadH 1 EEet!6975 450008 A0 and

Eur OpeanoPaP%heAl@ﬁlavC(abeon"ﬁecgfb'ﬁcg%%nl&hsoh% of cBNA%rEndHamg!SfdP% 6fHh U S
25 Patent No. 5, 36 U t ent . 139,937; U. S. Pate

5,422, 266 |sgh@esp. P@ﬁf’em@ffys262§2§81133% @arhatr@ﬁti Nl 31 %%52) "2°2‘7'*n°a?1%!dSEQ
I D Nos. 5- 1§equé/t4&'e0$‘f t%%tcél&thhD%d%HPPHerétQﬁ ?&%%ﬁﬁ@'&ocﬁé?ﬁ/s% yform

described in U.S. Patent ) 7, EUropea tent Application 0 540
064 Al and Qéeﬁl%fﬂ%ﬂ:t §h@é§ﬂqrecﬁmﬁ/c(at|98lﬂaé Besistivity ® derpduption ©f dbemercial |y

avai | abl e fp LPBr §§3§11| qu'(g)rlnsgh@?%csﬁsu%?ﬂﬁréf th%rﬂﬁte’b‘%ﬂﬁbgﬁg‘?oprcgmnsfraﬁt em

is anong the pre rre syst ens use herein ent, since
t he aequdéri theppastialy derdtnrddnapanteteim o dbanieinent | 49358 29@ 28: dnduyeiar alD

01/ 68824 PCHWJ %gc,jh?em. 105:473-477; Inouye et al. (19886) "Expression of

Apoaequorin Complementary DNA in Escherichia coli,” Biochemistry
25:8425-8429; Inouye et al. (1985) "Cloning and sequence analysis of cDNA for
the luminescent protein aequorin,” Proc. Natl. Acad. Sci. USA 82:3154-3158;

20 Prendergast, et al. {(1978) "Chemical and Physical Properties of Aequorin and the
Green Fluorescent Protein Isolated from Aequorea forskalea" J. Am. Chem. Soc.
17:3448-3453; European Patent Application O 540 064 A1; European Patent
Application 0 226 979 A2, European Patent Application 0 245 093 A1 and
European Patent Application 0 245 093 B1; U.S. Patent No. 5,093,240; U.S.

25 Patent No. 5,360,728; U.S. Patent No. 5,139,937; U.S. Patent No. 5,422,266;
U.S. Patent No. 5,023,181; U.S. Patent No. 5,162,227; and SEQ ID Nos. 5-13,
which set forth DNA encoding the apoprotein; and a form, described in U.S.
Patent No. 5,162,227, European Patent Application O 540 064 A1 and Sealite
Sciences Technical Report No. 3 (1994), is commercially available from Sealite,

30 Sciences, Bogart, GA as AQUALITE®).

This system is among the preferred systems for use herein. As will be

evident, since the aequorin photoprotein includes noncovalently bound luciferin



-60 and nol ecul ar oxygen, it is suitable for storage in this formas a

| yophil i zed powder or encapsulated into a selected delivery vehicle. The
syst em camo beessencapsul ated into pellets, such as |i posonRET/OROIOSAEY
delivery vehicles. Wien wused, the vehicles are contacted with a
conposition, even tap water, that 5 contains Ca2 (or other suitable netal
ion), to produce a mxture that glows. a. Aequorin and rel ated

phot oprotei ns The photoprotein, aequorin, isolated fromthe jellyfish,
Aequorea, emits [|ight upon the additioggof Ca2+ (or other suitable netal
ion). The aequorin photoprotein, which includes bound luciferin and bound
oxygen that is released 10 by Ca2+, does not require dissolved oxygen.
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het erocyclic corrpound acoe| eNdciodiriand relatddishdteproteing see, bel ow)
noncoval ently 20 g t hereto. The Broé§%Q‘ ont ree cal ci um bi ndi ng
g Isglabec f

sites. Upon additi ORTPLRVY 2GOH gm ﬁiwpyéﬁm A9HeeRe £AIS| on,

such as straghki Updn the AdtioPBOICAPT Mradther duitaBROEENGSN)ATROREAGSHRE | Onal
change that catalyzes the oxidation of the bound coel enterazine using the

pr ot ei n- bouRACTRRYRFEM. ERER dYclvdesbeundsiuciinians BRUNG oxygen S 'age'%aswash of
bl ue |'iglpt, pgetyer geesPhotH@uitddissalve@ B BER. 2 LURMSeseEnEAlCirigbleansy as | ow as

10-6 Mare sufficient to trigger the oxidation reaction.

Nat ur al | y- o€@lfumnyhighoalegsey Prvaes #et the lepifgineseRiisamEPBIFING at her is a
m xture of nf,grQketiRr ogeneous nol ecul ar species. Aequoria jellyfish
extracts contain as nmany as twelve distinct variants of the protein (see,
e.g., Prasher et TBe hiolumineszeng ghotentaieinyacagionigds ispiged fRIm akwinder Hif
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15 peptide complex (see, e.g., Shimomura et al. (1962) J. Ceflular and Comp.
Physiol. 59:233-238; Shimomura et al. (1969) Biochemistry 8:3991-3997;
Kohama et al. (1971) Biochemistry 10:4149-4152; and Shimomura et al. (1972)
Biochemistry 17:1602-1608). The native protéin contains oxygen and a
heterocyclic compound coelenterazine, a luciferin, (see, below) noncovalently

20 bound thereto. The protein contains three calcium binding sites. Upon addition
of trace amounts Ca®* (or other suitable metal ion, such as étrontium) to the
photoprotein, it undergoes a conformational change that catalyzes the oxidation
of the bound coelenterazine using the protein-bound oxygen. Energy from this
oxidation is released as a flash of blue light, centered at 469 nm.

25 Concentrations of calcium ions as low as 10 M are sufficient to trigger the
oxidation reaction.

Naturally-occurring apoaequorin is not a single compound but rather is a
mixture of microheterogeneous molecular species. Aequoria jellyfish extracts
contain as many as twelve distinct variants of the protein {see, e.g., Prasher et

30 al. (187) Biochemistry 26:1326-1332; Blinks et al. (1975) Fed. Proc. 34:474).
DNA encoding numerous forms has been isolated (see, e.g., SEQ ID Nos.. 5-9
and 13).



The photoprotein can be reconstituted (see, e.g., U S. Patent No.

5,023, 181) by conbining the apoprotein, such as a protein reconbinantly
produced wao6ssepi | , with a coel enterazine, such as a synPOBRUSE/08277

coel enterazine, in the presence of oxygen and a reduci ng agent (see, e.g.,
Shinmonura et al. (1975) 5 Nature 256:236-238; Shinonura et al. (1981)

Bi ochem stry J. 199:825-828), such as 2-nercaptoethanol, and al so EDTA or
EGTA (concentrations between about 5 to about 100 nmM or higher for
applications herein) tie up any Call tqgqprevent triggering the oxidation
reaction until desired. DNA encoding a nDdlfled formof the apoprotein
that does not require 2-nercaptoethanol for reconstitution 10 is also

available (see.  qnd-photbpfotelit o8 beMBcotditelakeste Hou B, 2%2(?)(1@2- The

reconstituted photoprotein is also comrercially av , €.0.
under the ®re2BABAKkbACOAILINIEY théppoproteinlesusnhi aseal prateld. rscomatrentIVNo
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conp05|t|on or in lyophilized or powdered form Thus, for purposes herein,

addi tion of T¥RPT theRraRrPteinthajdoes 30t reqiine Znarerpiaeihanalelor reqpnsHBLioRat e

buf f er eqpsald f180 bFRRbIO(seeOEREIU Bl iPatdth NRUUISFateht s yi3siA)eTRE t he
tissue to which the conp03|t|ons are contacted, should trigger the
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been i denti ftﬂaegmbﬁ@h@ftﬁd_lTE Dt e (06l sBAb & §56. Rkl iNGo NS sbegsy)cl oned, and
the proteins and nodified forms thereof have been produced u5|ng SU|tabIe

host cells (see, Thedight tgagtion fyiriagergdoby adding Ca#) At asc@wentaion suifigBne40;
see, al so, t .l i .

156; 1550- 1268 @§%*%éw%eth%tef;ﬁ‘c*@?%%eeﬁ*%‘%?s% B8 The 70° 1 SBREWkgion,, o
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commer ci al | h ﬁ‘v on%bI ea Eacmm salt will be required. Precise amounts may be’
empirically determined. For use herein, it may be sufficient to merely add water

20 to the photoprotein, which is provided in the form of a concentrated composition
or in lyophilized or powdered form. Thus, for purposes herein, addition of small
quantities of Ca%*, such as those present in phosphate buffered saline {(PBS) or
other suitable buffers or the moisture on the tissue to which the compositions
are contacted, should trigger the bioluminescence reaction.

25 Numerous isoforms of the aequorin apoprotein been identified isolated.
DNA encoding thése proteins has been cloned, and the proteins and modified
forms thereof have been produced using suitable host cells (see, e.g., U.S.
Patent Nos. 5,162,227, 5,360,728, 5,093,240; see, also, Prasher et al. (1985)
Biophys. Biochem. Res. Commun. 126:1259-1268; Inouye et al. (1986)

30 Biochemistry 25:8425-8429). U.S. Patent No. 5,093,240; U.S. Patent No.
5,360,728; U.S. Patent No. 5,139,937; U.S. Patent No. 5,288,623; U.S. Patent
No. 5,422,266, U.S. Patent No. 5,162,227 and SEQ ID Nos. 5-13, which set



Sealite, Sciences, Bogart, GA as AQUALI TE). DNA encodi ng apoaequorin or
variants thereof is useful for reconbi nant production of high quantities of
the apopvOvE68824 The photoprotein is reconstituted upon apdTUR@mset7 t he
luciferin, 5 coelenterazine, preferably a sulfated derivative thereof, or
an anal og thereof, and nolecul ar oxygen (see, e.g., U S. Patent No.
5,023,181). The apoprotein and other constituents of the photoprotein and
bi ol um nescence generating reaction can be m xed under appropriate
conditions to regenerate the photoprotegp.and concomtantly have the

phot oprotei n produce light. Reconstitution requires the 10 presence of a
reduci ng agent, such as nercaptoet hanol, except for nodified forns,

di scussed b%rﬂWDl\FAhéﬁccﬁfu?g %Sb@&}ﬁgteﬁp 4B 1ind %%rﬂgrc‘?ag@rgvalléblé'%rm
required (see, g U. S.” Patent No. 093, 240). For use herein, It is.
preferred adgaliei Aciepces. dihgerd Gfsamé\beMITEubchl% eneording sepadasiorin arn SEQ ID
Nos. 5-13 a t 0 d

t her eof . Thggbﬁﬂg\gﬁ%% fhsgl?%glchﬁ%? ?ér?oHsb'ﬁee{%ﬁrdggng%h anaﬁagrSE@ gl&% ‘?es of %ch as E
coi |, i sol agpepratain.r dherpitotoprotain tlsorq@poshmeeot heompladditipn atf ehe Iycéfesn, e. g. ,

U S. Pategnt 418, 292 : 60, 1 422, 26 227). O
i nt erest %hchéNﬂ%ntegarzén :r%;f%r% yt hséﬂfg?eg (F%r Vgl Ve tﬁemoﬁao\/re"’] CEN dgm)cf’r?zf 8"So
that the bi aialﬁnulwswe/gbnagée \é.g.y U.S. Rateat Ho. 5028, 18 ModiThie eppopraaéiacaray i n
(see, 20 e. Pat ent . No. 728 Modi f.i ed
forms that gHﬁﬁﬁFBP?mg‘P@Et & i W%mrﬂéeé%é‘ﬁf’%:&%meﬁﬁe?%ﬂe%m fqaggon
apoaequor i \rll\ﬁanﬂﬁbuﬁeed F)lhdéleamobmbLtﬁinﬂmoz\equeﬁgaﬁr&%tthlfeqjﬁolfbpirﬁteﬁE@'\h D Nos.
10-12, in ich as tate |scane tosrl , utamate 135 is
changed to §8'P‘?°r'i‘é"‘ dh@‘feyﬂﬁeré‘oi%@‘“ﬁ'% EPrHEGEP or}!ﬂ"aﬁ?tﬁét“’? ERPUEEithe| y.

Gt her madi f pprehd BF ablilitihd'ab6RS 8dc as lﬁh&hsﬁﬁoeﬂﬁaenc‘e&caﬁﬁfoaln&mmbal l'abl e.
For use in certain enbodj nents herein, the apoprotein_ and other conponents

of the aequé s Hf%P&?ﬁ%%@EWmé@at@Hé’P@QPﬁ% S§f§@b%r%ﬁ@'%€%éﬁ”6’r provi ded

as a m Xt ur gaquitdii bee, ?nLﬂ§SP£t%F’t NS. WEeaey to conditions under which
t he phot opr ot ein reconstitutes fromthe apoprotein, luciferin and oxygen 30

(see, e.g., U. S. Feapembengn, isisgpefergd:aequarinispropteethusing, DN/ 098M0ar) .
Parti cul arl Yh'set $8rugh BEQ 1DAYES slﬁstahanﬁ%m &) BldieldiakiiiGR ROLrGAUi re a

reduci ng agent, such as 2-nercapt oetha for reconstitution. These
forns, d8scmogied W@Iﬁ@@@?ﬂh@:ﬂ%mmmg"ﬁequ@m fsogxpssaseplie aihestcsll,

RN 0D oRoP ok SERBL R st Sl IRl gy el S
U.S. Patent Nos. 5,418,155, 5, 292 658 5,360,728, 5,422,266, 5,162,227).

Of interest herein, are forms of the apoprotein that have been modified so
that the bioluminescent activity is greater than unmodified apoaequorin (see,

20 e.g., U.S. Patent No. 5,360,728, SEQ ID Nos. 10-12). Modified forms that
exhibit greater bioluminescent activity than unmodified apoaequorin include
proteins including sequences set forth in SEQ ID Nos. 10-12, in which aspartate
124 is changed to serine, glutamate 135 is changed to serine, and glycine 129
is changed to alanine, respectively. Other modified forms with increased

25 bioluminescence are also available.

For use in certain embodiments herein, the apoprotein and other
components of the aequorin bioluminescence generating system are packaged or
provided as a mixture, which, when desired is subjected to conditions under
which the photoprotein reconstitutes from the apoprotein, luciferin and oxygen

30 (see, e.g., U.S. Patent No. 5,023,181; and U.S. Patent No. 5,093,240).
Particularly preferred are forms of the apoprotein that do not require a reducing

agent, such as 2-mercaptoethanol, for reconstitution. These forms, described,



nore, preferably all three cysteine residues wth, for exanple serine.

Repl acenent nay be effected by nodification of the DNA encodi ng the

aequori n o apessedt ei n, such as that set forth in SEQ | D NeCT/BSo1znsel77
replacing the cysteine codons with serine. The photoproteins and

| uci ferases fromrel ated species, such as Obelia are also contenplated for
use herein. DNA encoding the Cat+-activated photoprotein obelin fromthe
hydroi d polyp Cbelia longissima is known and 10 avail able (see, e.g.,
Il'larionov et al. (1995) Gene 153: 273- 2§§ and Bondar et al. (1995)

Bi ochim Bi ophys. Acta 1231' 29-32). Thi s photoprotein can al so be
activated by M2l (see, Vysot ski et al. (1995) Arch Bi och. Bi ophys.

25,55 0, Wl A 2 R e

packaged or A@U/D)Abdedstsouma\t a3he1@7-84 1nnsanéfnnmd|ﬁam bmze;alacemm dfcnrterorgger
the reaction. P usled he trace am) nt s OL £r| erln metal i on,
particul arl Wor@aﬁ’rﬁ qrably flthEse- ey sie P e ueﬁtWét erf%% °Mer a nore

sust ai ned gh@WaceraéﬁUﬁfaiyrbeC@Iﬁediéd %qnhbdiﬂ@atsdryof SODRIRA édﬂoﬁd\goﬂhe%ﬁqubﬁ‘n added
or can be provided in high excess. Luciferin The aequorin luciferin
i s coel eRt ePROPTAEEIBNRHANT HIE sehiareh H‘ SWM”BH\"? rﬁzl"’lﬁ‘ﬂ’e’ep‘?ﬁ|”€qtr?Pé%’sTer'ﬁ‘ﬁ udi ng
the structugggddonimlsaribt)): OR 25 NIN RNCH 301 R2 Hin which R
is CH2C6H5 or CH3; R2 is C6H5, and R3 is p- C6H40H or CH3 or other such
anal ogs that hav&ha@hptarrgteins: andjucigrasss dian saietedspenieshauch #eOefaict ur e

in which R ol,seips OBRIAKINE 182 ube nERE: pRLCRELN B 688240 REIdISOL/ 08277

-64 is p- 06140H whi ch ‘can be prepared known et hods (see, e.g., |nouye
et al. (19D59>toﬂ>eqxem0hleehnfsmc]thed’lvéml@mp PLObelia lopgissina i4qowamandar t et

al. (1998 oBhiRBRees! LY. Mtaddldd &2 Oroobiete! 11507 81274, 4fla 2RLAOS: 2R" ©
(1995) Biochim. Biophys. Acta 1237:29-32). This photoprotein can also be
activated by Mn?* (see, e.g., Vysotski et al. (1995) Arch. Bioch. Biophys.
316:92-93, Vysotski et al. (1993) J. Biolumin. Chemilumin. 8:301-305).
In general for use herein, the components of the bioluminescence are
15 packaged or provided so that there is insufficient metal ions to trigger the
reaction. When used, the trace amounts of triggering metal ion, particularly
Ca®* is contacted with the other components. For a more sustained glow,
aequorin can be continuously reconstituted or can be added or can be provided
in high excess.
20 b. Luciferin
The aequorin luciferin is coelenterazine and analogs therein, which include
molecules including the structure {formula (1)):

1

o) R

s T T

30 R r\ll CH
in which R, is CH,C4H; or CHj; R; is CgHs, and R; is p-

C¢H,OH or CH; or other such analogs that have activity. Preferred
35 coelenterazine has the structure in which R' is p-CH,C¢H,OH, R, is C¢Hs, and R,



nodi fi ed, whereby the spectral frequency of the resulting light is shifted
to 5 anot her frequency. The preferred coel enterazine has the structure
(formul awWoDb)H8824 O ~-- CHZ/ \ OH10 Ir NN | NCH PCHUS®/ /(87 and
sul fated derivatives thereof. Another coelentratrazine has fornula (V): 20
OCHZ/ \ OH 25 XNXNH N CHI 30 (see, Hart et al. (1979) 35 Biochem stry
18: 2204-2210). Using this derivative in the presence of luciferase all of
the light is in the ultraviolet with a peak at 390 nm Upon addition of
GFP, all light emtted is nowin the viegible range with a peak at 509 nm
acconpani ed by an about 200-fold increase in the amount of light emtted.
Viewed with a cut-off filter of 470 nm in the light yield in the absence
of GFP woul 6 pe AboM} mﬂ:hzearmbe phspaneri byl khewaehetHodbl (sed, ie. §.hendquyesanage of

GFP. This pr e basji s r an i munoas escribed in th XAMPLES.
WO 01/ 68824 W’U%@i%ﬁ’? 00/6@ @”Wéé?ﬁr%@% ‘g%laé‘ﬁ’t'gfr"éf? A6 WHZ bound

to the aequgiddheRRSHPRBUEIN22101. hAh%@Qh@Wélﬁﬂea%alo@stB@ Poss enaaref Ca2+
can represented as follows: Or OHO COH I/NN bound OO NNH 11 ~ Ca" ~

+ hu + CO Medifigd, whq{]e@qthq spertfabfigauengy pf the resulting light is shifted to
5 another frequency.

The preferred coelenterazine has the structure (formula (il)):

. -

ﬁ,@*@

and sulfated derivatives thereof.

Another coelentratrazine has formula (V):
20

25

N N—H
7
L
N CH,
30
(see, Hart et al. (1979)

35 Biochemistry 18:2204-2210). Using this derivative in the presence of luciferase
all of the light is in the ultraviolet with a peak at 390 nm. Upon addition of GFP,
all light emitted is now in the visible range with a peak at 509 nm accompanied
by an about 200-fold increase in the amount of light emitted. Viewed with a
cut-off filter of 470 nm, in the light yield in the absence of GFP would be about

40 zero, and would be detectable in the presence of GFP. This provides the basis

for an immunoassay described in the EXAMPLES.



CCELENTERAM DE CCELENTERAZI NE 15 The phot oprotei n aequorin (which contains
apoaequorin bound to a coelenterate luciferin nolecule) and Reni la

| uci f er ase0 odessesissed bel ow, can use the sane coel ent er aper/8ei/d8er7i n. The
aequorin photoprotein catalyses the oxidation of coelenterate luciferin
(coelenterazine) to oxyluciferin 20 (coelenteram de) with the concom tant
production of blue light (lanbdamax = 469 nm. Inportantly, the sulfate

derivative of the coelenterate luciferin (lauryl- luciferin) is
particularly stable in water, and thus_ggy be used in a coelenterate- |ike
bi ol um nescent system In this system adenosine di phosphate (ADP) and a 25

sul pha- ki nase are used to convert the coel enterazine to the sul phated form
Sul fatase is the S

coel ent erazi ne. @h%'%gfﬁg‘éﬁ?@géﬁéﬁfégﬁ%hgyﬁxTucu§E&$%é (ﬁﬂ &Qﬁoﬂ@%% item
to be illunvitabedndiodygdreahdiai fher@mssercendsi Gedd qamtrhprteheﬂtsdldsafbﬁwesar e added
tothe luciferin mxture when illumnation is desired. 30 Thus, the

bi ol um nescent system of Aequorea is particularly suitable for wuse in the

met hods Igerein. The partlcular anounts an he manner in which the
conponents are pro |de -ms upon e+%%}emof neopl asia or specialty
tissue to be VISU hIS systen1 provided in |yophilized form
that will glow u addltﬁﬁﬁgoﬁ . I't* an°he encapsul ated, |inked to

m crocarriers, Na m A m cr , or-~n as a conpositions, such as a
soluti omer g nsﬁon efag in t presence of sufficient chelating
agent to prevent [fri Qgﬁ&lng t he weaokivon. WO 01/68824 PCT/ USCOL/ 08277 -66
The concentration of e aequorin photoprotein will vary and can be

determined enpirically. Typically concentrations of at least 0.1 ng/l,
nore preferably at least 1 ng/l and higher, will be selected. In certain
enbodi mepy s, 1-10 ng luciferin/1 00 ng of luciferase will be used in

sel ected vol unes gy gﬁ};totpp@ceg\ecsfl b6&kiP (W%h@aw%o%adormebamdmé

Crustacean, particul na systens The ostracods, such as Vargul a
serratta, hldogbarmd@afa iucémh nncfppmlabanchﬁem//@ tsiflerasgr diseussedshed@ane) use

somet i e o3hl g 8eBolbhEIL RSt ERALERAER ciyad i the

waters off t coast o apan an rei ng uciferin
oxidation of coelenterate Iucn‘erln (coelenterazme) to oxyluciferin

20 (coelenteramide) with the concomitant production of blue light (lambda,,, = 469
nm).

Importantly, the sulfate derivative of the coelenterate luciferin {lauryl-
luciferin) is particularly stable in water, and thus may be used in a coelenterate-
like bioluminescent system. In this system, adenosine diphosphate (ADP) and a

25 sulpha-kinase are used to convert the coelenterazine to the sulphated form.
Sulfatase is then used to reconvert the lauryl-luciferin to the native
coelenterazine. Thus, the more stable lauryl-luciferin is used in the item to be
iluminated and the luciferase combined with the sulfatase are added to the
luciferin mixture when illumination is desired.

30 Thus, the bioluminescent system of Aequorea is particularly suitable for
use in the methods herein. The particular amounts and the manner in which the
components are provided depends upon the type of neoplasia or specialty tissue
to be visualized. This system can be provided in lyophilized form, that will glow
upon addition of Ca®*. It can be encapsulated, linked to microcarriers, such as

35 microbeads, or in as a compositions, such as a solution or suspension, preferably

in the presence of sufficient chelating agent to prevent triggering the reaction.



10 and luciferase into the water, where the reaction, which produces a
bright blue |um nous cloud, occurs. The reaction involves only luciferin,
| uci f er a0 aneBs240l ecul ar oxygen, and, thus, is very suitpOT/@S61008277
application herein. The systens, such as the Vargul a bi ol um nescent
systens, are particularly preferred herein because the conponents are
stable at room 15 tenperature if dried and powdered and wll continue to
react even if contam nated. Further, the biolum nescent reaction requires
only the luciferin/lucif erase conponeffs in concentrations as |ow as 1:40
parts per billion to 1 :100 parts per billion, water and nol ecul ar oxygen
to proceed. An exhausted system can be renevved by addition of luciferin.
20 a. Vargufraelcaowrér%t@@ Thihe\aaogaria phatdpreteis will yaneaansk capbe Ppterapied s

anmong th.osee 8%(;?%% q’g&%@llégﬁﬁ?cﬂﬁ att{t}?\s r%taqqga%t fbe{% I, @ri%g#{ea%réth'ﬁ }er ase is

a 555-amino a een produce olationh fTrom
Var gul a andlezlss® mgﬁl agd théghenbwillalm seleeuehndh@gytabyerehqm‘lwstm@ -1Ben®NA i n

(1985 Pr oo UGt OR g DT e B WAl be et B S0le A Vo an L POIRC AN GY )
Proc. Nasl . céﬁ@aimtraﬁchs vl BeAise89: 9584 9587; Johnson et al. (1978) Met hods

i n Enzynol ogy LV %349 TS:#F % & 78) Met hods Enzynol .
57:364-72; Tsuji (197 UHPERAe E‘f"r'v" LHBE BN hanese Pat ent

Application No. 3IRe3sa@6dds, @akas wgu,ﬁtye%aenhl?@at,ﬂwmwlmmw@na&b 30 EP
0 387 355 Al). RECTIFIED SHEET (RULE91) | SA/EP WD 01/68824 PCT/ USOl/ 08277

-67 (1) Pur PFRESMAEe FHBRCEYHY iSAMeAmstidad searirgilies-f Teats Bf Betirsrdtl a

(Cypridina) shike F&haSfaRFLoMRhE KRGV Jap%fararﬂwh.@m 6 Ye@ir@g [RALSN
contai ning the active can be readily prepared by grinding up or crushlng

t he Var J@I aasélyaifsrasenntst ter watasnpberariet 'saciorprupak Mrodisesfa Eygitid 'I“?la
hi | gendor fi e

hi | gendor fi q”ﬁ%‘f%%?’?ﬁeé%’?érmcgﬁtg%% lﬁg?ﬁvg%f%leﬁ/le s'af“’??er%)érée)%er abl y
0.5-2. 0 M sotilemmlasroxygeassidirthohl isnviede suitah feriappdcdtian beret  0- 30 C,

preferably 0-10 ?hﬁoggte?’h 4%ulc;'lq ’asm%gf hyﬂp éo}lﬁ'g%és&rm ng n’?g(tarrélctI on

fol | owed by hydrop romato ra nron e ande or affinity 10
chr omat ogr aphstic(TE@RAYefeNBdI Nrbnbpanssﬁwep@aremneamIarenaiabtemt}@omz58288

15 temperature if dried and powdered and will continue to react even if
contaminated. Further, the bioluminescent reaction requires only the
luciferin/luciferase components in concentrations as low as 1:40 parts per billion
to 1:100 parts per billion, water and molecular oxygen to proceed. An
exhausted system can be renewed, by addition of luciferin.

20 a. Vargula luciferase

The Vargufa luciferase is water soluble and is among those preferred for
use in the methods herein. Vargu/a luciferase is a b55-amino acid polypeptide
that has been produced by isolation from Vargula and also using recombinant
technology by expressing the DNA in suitable bacterial and mammalian host celis

25 (see, e.g., Thompson et al. (1989) Proc. Natl. Acad. Sci. U.S.A. 86:6567-65671;
Inouye et al. {(1992) Proc. Natl. Acad. Sci. U.S.A. 89:9584-9587; Johnsaon et al.
(1978) Methods in Enzymology LVII:331-349; Tsuiji et al. (1978) Methods
Enzymol. 57:364-72; Tsuji {1974) Biochemistry 713:5204-5209; Japanese Patent
Application No. JP 3-30678 Osaka; and European Patent Application No.

30 EP O 387 355 A1).
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publ i shed Septenber 14, 1993; see, also, Tsuji et al. (1978) Methods
Enzynmol 57:364-72 for other nmethods). (2) Preparation by Reconbi nant

Met hods Weol/essef erase is preferably produced by expressi par/okoigisorred DNA
15 encoding the luciferase (European Patent Application No. 0 387 355 Al;

I nternational PCT Application No. WD 95/001542; see, also SEQ ID No. 5,

whi ch sets forth the sequence from Japanese Patent Application No. JP 3-
30678 and Thonpson et al. (1989) Proc. Natl. Acad. Sci. U S. A 86:6567-
6571) DNA encoding the luciferase or variants thereof is introduced into E.
coli 20 using appropriate vectors and i € Zfated usi ng standard nethods. b.

Vargul a luciferin The natural Iuciferin |s a substituted i mdazopyrazine

nucl eus, such a conpound fo NNH JII\ 30 NNCNH ~
|l N2 H NI H 35 W 01%%58 Bgﬁﬁg %ﬁ§§$W"d”és The luciferin can be

i sol ated from gr oudlods ifedp\/Elcgtiba obWaheas i(Ogoridies) lemferrasxt arenltelt knolest r oys
t he Iuciferase but keave the luciferin intact (see U S. Patent No.

4,853, 327) . TRR&FAYRIe FEFAEPXURLES GORBINRG MfodrE F3TH ereact with the

luci ferase irgadily p'?reﬂ)érGBtbyp%rﬂﬂﬁWd 0f of @AehirNtRl BergiRysHienpls &dotHet her
bi ol um nescent organlsns at have luciferases that can react with (}he

Var gul a 1Ricioriqdiments| adueraraionyeh&vardpa Jadendost dprifeseseduie Rifpare

by immersing stored frozen C. hilgendorfi in distilled water containing, 0.5-6.0 M
salt, preferably 0.5-2.0 M sodium or potassium chloride, ammonium sulfate, at
0-30° C, preferably 0-10° C, for 1-48 hr, preferably 10-24 hr, for extraction
followed by hydrophobic chromatography and then ion exchange or affinity
10 chromatography {(TORAY IND INC, Japanese patent application JP 4258288,
published September 14, 1993; see, also, Tsuji et al. (1978) Methods Enzymol.
57:364-72 for other methods).
(2) Preparation by Recombinant Methods
The luciferase is preferably produced by expression of cloned DNA
16 encoding the luciferase (European Patent Application No. O 387 355 A1;
International PCT Application No. WO 95/001542; see, also SEQ ID No. 5,
which sets forth the sequence from Japanese Patent Application No. JP 3-
30678 and Thompson et al. (1989) Proc. Natl. Acad. Sci. U.S.A. 86:6567-
6571) DNA encoding the luciferase or variants thereof is introduced into E. col
20 using appropriate vectors and isolated using standard methods.
b. Vargula luciferin
The natural luciferin is a substituted imidazopyrazine nucleus, such a

compound of formula (lll):

25
0 N
I
30 N
1 TNH,
H
N

35



Porichthys. c. Reaction 10 The luciferin upon reaction with oxygen forns a
di oxet anone internediate (which includes a cyclic peroxide simlar to the
firefly oyabi/essper oxi de nolecule intermediate). In the fPenUSe®spr7of the
bi ol um nescent reaction, the peroxide breaks down to form 002 and an
excited carbonyl. The excited nolecule then emts a blue to blue-green
light. 15 The optinum pH for the reaction is about 7. For purposes herein,
any pH at which the reaction occurs may be used. The concentrations of
reagents are those normally used for a%? ytical reactions or higher (see,
e.g., Thonmpson et al. (1990) Gene 96:2 262). Typically concentrations of
the luciferase between 0.1 and 10 ng/l, preferably 0.5 to 2.5 ng/l wll be
used. Simlar co entr [ C r S ciferin
may be used. 6. Inse(L:J ﬁ% %nmb%gssoggécﬁg f%&i reo(irr’g\glo‘nar[:]ﬁtd ‘Z‘;)ﬁgfé ?’?Té? r@ {hlécl i ck
beet | es, armkmbhamhuchmstrogglsrheelmn'féuesé)lbot lwnestheyluofferﬁm ingfdty(see, e.g.,

bi ol um nesc e oI um nescent systemto be characterized
(see, q&% Eeﬁ‘ﬁi[;%e é%$t3’§9 (1985) Phot ochem stry and Phot obi ol ogy

42: 609 611 M El Ao tf&lreof(a’kﬁi&ﬁt)‘lei corivbb@awmis| hiat Asachivtiecther laciferaselr a

Physi ol o%%;, | ¥a?fgj et al., e&s. ntice Hall, Inc., Englewod diffs,
NJ, pp. -égﬁ RHRfuctng ©agtiona 8irﬁ?\f ©Us¥%il able (e.g., from Pronega

Cor por ation, Mudie@Rr blummessent. @gamérﬁ@@ﬂibte{avalIumfe(ré&%&)wai\/bédﬂﬁda&:t iwith
Enzynol ogy 133:51-70, esp. Table 1). Luciferases from 30 di fferent speci es
of firefli esthar‘é?’a‘l’{f’l“g‘é?ﬁr'@df‘@yd%'lTr‘?ielgfflneraT’ﬂég@”sdJé’é‘?%’?claﬂ@“ﬁcFé‘ nmenbers of
the genera Bhpihpys, Photurins and Luciola. Further, the bio- |um nescent
reaction produces nore light at 30C than at 20C, the luciferase is WO

01/ 68824 PCT/ USOL/ 0827 - 6eagtigBi | i zed by small quantities of bovine

al bum n ggrum ang,d l*ﬂl@ﬁéf‘ﬁ@ﬁbb@?eé%@l'an Reith BY el RAMBY: &ibk&taRBrne thtelntiddidteer ase

DNA cl ones encoding luciferases fromvarious insects and the use to 5
produce t he (eitgungludgsisf exclis @eraxidgesimiknemine fisfly oyahg peroxigeanelesuies t hat

encode | uci flﬁﬁg@g? é@mIRQ&aﬁ:ﬂQ%tQMa}@lt,%Plok.hqllgg%&%ng :S;dtﬁ;natﬁégé’nox%eg , de

Vet et al. Aca 7870 787 de W et al.
(1986) Met hwdsks doEnzyrfotro@,1:86: 8] exsit®d Ralbam. Nbe excieg nelssule gren al so
SEQ 1D emits a blue to blue-green light.

15 The optimum pH for the reaction is about 7. For purposes herein, any pH
at which the reaction occurs may be used. The concentrations of reagents are
those normally used for analytical reactions or higher (see, e.g., Thompson et al.
(1990) Gene 96:257-262). Typically concentrations of the luciferase between
0.1 and 10 mg/l, preferably 0.5 to 2.5 mg/l will be used. Similar concentrations

20 or higher concentrations of the luciferin may be used.

6. Insect bioluminescent systems including fireflies, click beetles,
and other insect system

The biochemistry of firefly bioluminescence was the first bioluminescent
system to be characterized (see, e.g.,

25 Wienhausen et al. (1985) Photochemistry and Photobiology 42:609-611;
McElroy et al. (1966) in Molecular Architecture in cell Physiology, Hayashi et al.,
eds. Prentice Hall, Inc., Englewood Cliffs, NJ, pp. 63-80) and it is commercially
available (e.g., from Promega Corporation, Madison, WI, see, e.g., Leach et al.
(1986) Methods «in Enzymology 133:51-70, esp. Table 1). Luciferases from

30 different species of fireflies are antigenically similar. These species include
members of the genera Photinus, Photurins and Luciola. Further, the bio-

luminescent reaction produces more light at 30°C than at 20°C, the luciferase is



No. 3) are available. The DNA has al so been expressed in Saccharonyces
(see, 10 e.g., Japanese Application No. JP 63317079, published Decenber 26,
1988, KMWHXOMPER2LORP) and in tobacco. In addition to the nCT/@Seygse77

| uci ferase nodified insect |uciferases have been prepared. For exanpl e,
heat stable luciferase nutants, DNA-encoding the mnutants, vectors and
transforned cells for prodUC|ng the luciferases are 15 avallable A protein
with 60% ami no acid sequence honol ogy wifh | uciferases from Photi nus
pyralis, Luciola mngrelica, L. cruciata or L. lateralis and having

luci ferase activity is available (see, I nternational PCT Application
No. WO 95/ 353ilgped hw smgll mga@tltsQSa@ﬂ @o\amﬁ)a%uswn cetananthther elacijiomcenrei ng

i nsect lucif ﬁ%? H€y al so be produced at 37 C or above, w th higher
yield. 20 |ed |UCI erases can generate light at different wavel engt hs
(conpared with nativead.uciflarcifsedse and thus, may be selected for their

col or- produci ng cteristi nt.hetic nt beetle

et fer ses) and DB SERY LTI aSs BP Rl in s gl aRE LisB 56

bi ol um ne&scersRicattha emmeb@mgdmerascb ‘sfveenelﬂ’aovf/m oerbV\fekéimbbepe)NAJ@ldne&aa@t are
known (Prome ga Corp,. International PCT 2 @g Ilcatlon : Tﬁ£/18853

which is ba$§ Elo%lue'fgf asg RPN AT B¥Falia) Ligdola qsagiater| S68'15’ g

beetl e | uci ‘iﬁé@@@orbaSNaﬂ ;aewosﬁcudsaxeqa@ef@m deb@eebrwe efzrasarmgbe; of the
correspondin pe Luciola cruciata (see, @g S. Patent Nos.

5,182, 202, mgdsr@? @nwgg)sgém’ 3¢l S. éﬂawtgﬁz@f} &&133 9. glso SEQ ID
substi tut O'N(os)s afe 87 ﬁ\%fe U¥0e PRG Abh&@go bE'a Pe?s%d uH@aE éﬁgﬁvfypergé{{)ees a

30 bi ol um nescence W a wavel en ten3| t
| east 1 10r| md.r dapanieae Pmmldabemi Nnydw 63£1t75q7€9 Ipubhé.rmda@e@emﬂﬁm Fl &8 SHEET

(RULE91) ﬁﬁ@gﬁv‘vﬁ\tﬁ gjci S‘Ig’é% (81/ 08277 -70 Qther nutant |uciferases

can be produ Wth the amno acid sequence of
wil d-type | uci fennasedxtlbuttoWh'eh/vuad-tylpeaatnf@aee meldiftddoinsedt luntiérabes/ Bhvene i s

repl aced by |soIeUC|n t he am no aC|5 233, v n sol euci ne
e 230, sey PRET BYPRASL B8 FRop o Baet roEHETSgsS BieatSaPNyBtcodg 88 G ne
by tyrosinepaltaf3d3 veEtdes @ht REaRYorb R ifis 3br doduding HBOUEIFdrEER, are. J. U. S.
Pat ent hbs 5,219,737, and 5, 330,906). The luciferases are produced by

expr essilfy PKaladIR: oA Wf@t%'éd’wﬂ?rﬁpa(%?m'“Lbe'@rSég'éef?Cr? fromeigpy Wi 'H‘%@I’%%eisng t he

\rlnmr Ffj e't n. eTh%?n lPHG A& BoRvis PIRME SninlBltta Wt &8P L L ARt rafl ddLhaldih@™m
P luciferase activity is available {see, e.g., International PCT Application No. WO

95/25798). It is more stable above 30° C than naturally-occurring insect
luciferases and may also be produced at 37° C or above, with higher yield.

20 Modified luciferases can generate light at different wavelengths
(compared with native luciferase}, and thus, may be selected for their color-
producing characteristics. For example, synthetic mutant beetle luciferase(s) and
DNA encoding such luciferases that produce bioluminescence at a wavelength
different from wild-type luciferase are known (Promega Corp, International PCT

25 Application No. WO 95/18853, which is based on U.S. application Serial No.
08/177,081). The mutant beetle luciferase has an amino acid sequence differing
from that of the corresponding wild-type Luciola cruciata (see, e.g., U.S. Patent
Nos. 5,182,202, 5,219,737, 5,352,598, see, also SEQ ID No.3) by a
substitution(s) at one or two positions, The mutant luciferase produces a

30 bioluminescence with a wavelength of peak intensity that differs by at least 1

nm from that produced by wild-type luciferases.

RECTIFIED SHEET (RULE®91)
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The nutant luciferases catalyze luciferin to produce red (A 609 nmand 612
nm, 10 orange(/' 1595 and 607 nm or green (A 558 nn) |ight. The ot her
physi cal veaduesskem cal properties of mutant |uciferase arpChubst@ati al |y
identical to native wild type-luciferase. The nutant |uciferase has the
am no acid sequence of Luciola cruciata luciferase with an alteration

sel ected from Ser 286 replaced by Asn, y 326 replaced by Ser, H's 433
repl aced by Tyr or Pro 452 repl aced by 9% 15 Thernostabl e | uciferases are
al so available (see, e.g., US. Patent No. 5,229, 285; see, also

I nternational PCT Application No. WO 95/25798, which praovides Photinus

| uci ferase in whithet mutitveiripeesatanbe PfQ%ﬁeQSNP?”Fé‘M‘?d@?PS Wit Ahe yS| ne

and Luci ol a, i g@aas%caugncéfvef g\hdttbﬁe %dt‘ffe?égé]‘, Buflyi ﬁsgtv\}e?s{ - ypﬁﬁﬁ ‘y}# o ases

| ysine). 20 These nmutant luciferases as well as
can be usedwhieh galittsi isaeplenedvby isaléeciGFPS the wnrdledciﬂeumberp%\?r&,ﬂ@ilh@lbh/y in

| ot ances WS Ripd B 58S Ysgher) S5 ALR: JPSEECHNAN BT T ARARE hoky at i gher

tenperatures IS Ssited: . crteri crferrnis’a
benzot hi 8z ohstidin2ShWtyo 00kt 483 6iQprBline b$ seBfe AnaAl5AQgSedfnoii Sseleuejgf erin and

synthetic fjref | uci feri al 0 of skill rt (see,
e.g., US. pa‘? '%%ﬁ R' %#%52{3?@[8?% %38)8&@9)8)%35!1}? éaﬁeﬁcalrﬁﬁéo%ﬁg dihds of
formula (I Vixre€&ing ld;NSa\ eﬂab@ing J¥eh rﬁuﬁ%u&a‘@aseaﬁ EREGTIa'ﬁHEa)l&hEﬁhé RULE91)
| SAV EP WO 01/ 68824 PCT/ USOL1/ 08277 -71- 11 NNC ""Y 5 0 s s

i n which: 10r9%@in: sTHRAGrIBYerasen RGAuEe el wit qﬂ*%rﬁctﬁéadéﬁ&rémnawwowe C2- C20

The mutant luciferases catalyze luciferin to produce red (A 809 nm and 612 nm),

10 orange{A595 and 607 nm) or green (4 558 nm) light. The other physical and
chemical properties of mutant luciferase are substantially identical to native wild
type-luciferase. The mutant luciferase has the amino acid sequence of Luciola
cruciata |uciferase with an alteration selected from Ser 286 replaced by Asn,
Gly 326 replaced by Ser, His 433 replaced by Tyr or Pro 452 replaced by Ser.

15 Thermostable luciferases are aisc available (see, e.g., U.S. Patent No.
5,229,285b; see, also International PCT Application No. WO 95/25798, which
provides Photinus luciferase in which the glutamate at position 354 is replaced
with lysine and Lucio/a luciferase in which the glutamate at 356 is replaced with
lysine).

20 These mutant luciferases as well as the wild type luciferases can be used
in combination with the GFPs provided herein particularly in instances when a
variety of colors are desired or when stability at higher temperatures is desired.

b. Luciferin

The firefly luciferin is a benzothiazole:

N N
\> </ ]/
s S

25
COOH

HO
30
Analogs of this luciferin and synthetic firefly luciferins are also known to
those of skill in art (see, e.g., U.S. Patent No. 5,374,534 and 5,098,828).

These include compounds of formula {IV) (see, U.S, Patent No. 5,098,828):
35
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al kyenyl oxy, an L-amno acid radical bond via the a-am no group, an

ol i gopeptide radical with up to ten L-amno acid units |linked via the
a-anm no gvoupesst4the terminal unit; R2 is hydrogen, H2PCBCT/HSG38277
unsubstituted or phenyl substituted |linear 15 or branched Cl-C20 al kyl or
C2- C20al kenyl , aryl containing 6 to 18 carbon atons, or R3-C(O-; and R3
is an unsubstituted or phenyl substituted |inear or branched Cl-C20 al kyl
or C2-C20al kenyl, aryl containing 6 to 18 carbon atons, a nucl eotide
radical with 1 to 3 phosphate groups, g_a glyc05|d|cally attached nono-
or 20 disaccharide, except when formula (IV) is a Dluciferin or
D-luciferin nethyl ester. Mdified luciferins that have been nodified to
produce light of shifted frequencies are known to those of skill in the
art. c. Reaction 25 The reaction cata$yzed by firefly luciferases and

rel ated insect Iu0|ferases requires TP My2+ as wel | as nol ecul ar oxygen.

Luci ferin nust be ?e-‘- ogen Flrefly | uci ferase catal yzes the
@ i 0 t he subsequent steps leading to the
A NErin ts with ATP to forma luciferyl

firefly luciferin
excited pfodugt.

adenyl at e i nfer Redi at’e. Thi s |nterned|ate then reacts with 30 oxygen to
forma cyclic luciferyl peroxy species, simlar to that of the

coel enterate internmedi ate cyclic peroxide, which breaks down to yield CO2
and an exci'Pe¥iskate of the carbonyl product. The excited nol ecul e then

enmits a qoel | ow Ig'ghthydidig, GRIiRS,, lifeamBNBlanched 8, ynsikbRy) Of-CRH. As t he pH
is lowered the color of the biol unm nescence chan es fromyell reen to

red. WO 01/ Gd8=nyixy/ asdremigpracid r@dchhbpn%r\'@ﬁhes%ém"& OERIPY P ABPRRPYSR 1
different colhgrs RfhRiPldHEANCaFRNFSCIEAnitt RAked DR BBl0smPh §rBep leasd i on wil
be dependent upon the species fromwhich the luciferase is obtained.
Addi ti onal | yterminel vitict i on is optinized at pH 7.8. Addition of ATP and
Luciferin to a rogobhrdinl vl BoeXhayslad BRGUES MheAdiluisanalea Indb
eni ssion. Thus, the system ofce>established, is relatively easily
mRi nt ai e, FHEeettmdeC,-Cho albylmrgh@zo@mrwé,baarel totanye ﬁé@él%cﬁfho@mi; ment s
in which a sq§£@kgegiﬁlom/is desired. 7. O her systens Numerous other
systens are Known ave been described in detail for

R® is an unsubstituted or phenyl substituted linear or branched C;-C,,

alkyl or C,-C,qalkenyl, aryl containing 6 to 18 carbon atoms, a nucleotide radical
with 1 to 3 phosphate groups, or a glycosidically attached mono- or

20 disaccharide, except when formula {IV) is a D-luciferin or D-luciferin methyl
ester.

Modified luciferins that have been modified to produce light of shifted
frequencies are known to those of skill in the art.
c. Reaction

25 The reaction catalyzed by firefly luciferases and related insect luciferases
requires ATP, Mg?* as well as molecular oxygen. Luciferin must be added
exogenously. Firefly luciferase catalyzes the firefly luciferin activation and the
subsequent steps leading to the excited product. The luciferin reacts with ATP
to form a luciferyl adenylate intermediate. This intermediate then reacts with

30 oxygen to form a cyclic luciferyl peroxy species, similar to that of the
coelenterate intermediate cyclic peroxide, which breaks down to yield CO, and
an excited state of the carbonyl product. The excited molecule then emits a
yellow light; the color, however, is a function of pH. As the pH is lowered the

color of the bioluminescence changes from yellow-green to red.



10 exanple in U S. Patent Nos. 5,876,995, 6,152,358 and 6,113, 886). a.
Bacterial systens Lum nous bacteria typically emt a continuous |ight,
usual |y BWaevesseen. \When strongly expressed, a single baeCeUsumsery emt
104 to 105 photons per second. Bacterial biolumnescence systens include,
anong ot hers, those 15 systens found in the biolum nescent species of the
genera Phot obacterium Vibrio and Xenorhabdus. These systens are well
known and wel | characterized (see, e.g:Z2-Baldwin et al. (1984)

Bi ochem stry 23:3663-3667; Nicoli eta!. (1974) J. Biol. Chem

249: 2393- 2396; Wl ches et al. (1981) Biochem stry 20:512-517; Engebrecht
et al. (1986) Mehtidenit spErizy wbifioeflied 8®it88tfo@nt Fokuk mdbidumilesc@tce $990) J.

of Bacteriol,oqy.,.172:5767-5773... . t ho i n | ogy
T33-70; U, SRS IO B UL YA fofhRlng (BRIl ERERS T nPE R

as exenpl i f ietfelysel isabiginad.e Atiitiorady f trenetbon & berimigd at(EC78.14. 14. 3,

al kanol reduced- EMN- 0X xi dor educt ase 1-hydrgxyl ati ng, 5

| um nescing), i s%‘?ﬁg?%%&qdowcg%“ﬁ&@,re‘F %&%W f’ﬁl%aq‘%%%efoéjf"f’ﬁﬁ of two
di fferent prabigbRasidhiirhigsidnanthud; tHsystemUBHEE bstidhisidl, a9 PasBy BRSIRC Ul ar

wei ght of approxi mately 42,000 kDa and the 8-subunit has an apparent
mol ecul ar welafHeinsd. aﬂéﬁtﬁtpf@atlfe'ﬁyﬁIWyagaawgéO( g&e hegeigy In emppAimantglin (1 1989)

Proc. Natl. Acaf, s€lgindd ?“’e\’ i9Pssh@d- 123) . These subunits associate to form

a 30 2-chain conplex luciferase enzyne, which catalyzes the light emtting
reaction of biol/lum né¥thensydlamiseri a, such as Vibrio harveyi (U S. Patent

0 4 551,555." 58l LAS0) B0 BOGS RS G APl
PCT/ USO1008@%ample7ia 5O Pajer@alds. 528 76,3953 b, 1 EnGisr a6, 13,886).( 1984) Proc.

Natl. Acad. Sci. U S. A 81;,4154-4158) and other marine bacteria. Bacteri al
| uci ferase genes have ®een RAKHIYSYSEMS ¢ g, U S Patent No. 5,221, 623;

U.S. Patent No. 4uhBouid3bactblis epsedlyPahint coplubGatigat NuailfEBIR8seed. 691
A). Plasm ds for expression of bacterial |uciferase, HS%{Ch a§ Vibrio .
¢)

harveyi, i n¥YifleSHeMAoErPIRRE BSTEPERACeHPAITEBY MTINRRL 1B1 280BZP aRE pVRLI
oo LSS AR EE0 5t TRAERSR O MBS |,
Bi ocheml®t r gystems found in the bioluminescent species of the genera Photobacterium,
Vibrio and Xenorhabdus. These systems are well known and well characterized
(see, e.g., Baldwin et al. {(1984) Biochemisiry 23:3663-3667; Nicoli et al. (1974)
J. Biol. Chem. 249:2393-2396; Welches et al. (1981) Biochemistry 20:512-517;
Engebrecht et al. (1988) Methods in Enzymology 133:83-99; Frackman et al.
20 (1990} J. of Bacteriology 172:5767-5773; Miyamoto et al. {1986) Methods in
Enzymology 133:70; U.S. Patent No. 4,581,33b).
(1) Luciferases
Bacterial luciferase, as exemplified by luciferase derived from Vibrio harveyi
(EC 1.14.14.3, alkanol reduced-FMN-oxygen oxidoreductase 1-hydroxylating,

25 luminescing), is a mixed function oxidase, formed by the association of two
different protein subunits « and 8. The a-subunit has an apparent molecular
weight of approximately 42,000 kDa and the g-subunit has an apparent
molecular weight of approximately 37,000 kDa (see, e.g., Cohn ef al. {1989)
Proc. Natl. Acad. Sci. U.S.A. 90:102-123). These subunits associate to form a

30 2-chain complex luciferase enzyme, which catalyzes the light emitting reaction
of bioluminescent bacteria, such as Vibrio harveyi {U.S. Patent No. 4,581,335b;
Belas et al. {(1982) Science 278:791-793)}, Vibrio fischeri (Engebrecht et a/.

RECTIFIED SHEET (RULE91)
ISA/EP



23: 3663-3667; Baldwin et al. (1981) Biochem 20:512-517; Baldwn et al. 10
(1984) Biochem 23:3663-3667; see, also, e.g., US. Patent Nos. 5, 196, 318,
5,221, 623y0aneBsz4 581, 335). This regul on includes | uxl genkCTWRIIGIS2ENCOodes a
protein required for autoinducer synthesis (see, e.g., Engebrecht et al.
(1984) Proc. Natl. Acad. Sc!. U S. A 81:4154-4158), the luxC, |uxD, and

| uxE genes, which encode enzynes that provide the luciferase with an

al dehyde substrate, 15 and the | uxA and |IuxB genes, which encode the al pha
and beta subunits of the luciferase. Lyx genes from other bacteria have

al so been cloned and are available (see, e.g., Cohn et al. (1985) J. BioL
Chem 260:6139-6146; U.S. Patent No. 5,196,524, which provides a fusion of

the TuxA amhés'é)Bcg/?@QSnfsr?m \@@{ %eﬁpefﬂgf wmm przbuwaﬂmew &2 sahpha and

beta subunit-encoding DNA Is pr can used to produce the
luci f er ase. SINN Bhdd8Bhgnd lethea nidri@Shaspyriaand | 8 (984 bp) subunl ts DNA

encod! ng a lucif arstiad flffe asezg%aél? RQve 6L Hgd EQ%T ﬁgé Eﬁf‘% subunl ts and a

subunits, a recompinant vec cont al ni ng
transf or med 522t @23; &hd. Bataet Nbad15&1i,235; rE;sbBea‘noPawnpA@skmammndﬂm EP2886

productl o0 ol LRE FRSSHR) UShlShARG 306 PR, b Sl o 2
| uci ferins lmi‘rﬂlhdldﬁFlTamVWF’@]J$88280PGPAUSGM QRRRL B-18d82)0araf pMR15 R H | |
N O N'NHHQQ#Q%QB for exam pl e -heHZ'S/CInOﬁ)%CHZ-O-P-O—I
OH 15 i n whil@RRH S 803 PAQEL KB Wi PhekaiRle dhe FPAVTIFengDR R S dBouPR
consi dered fiduiVigiFd Askdrness bsdnhdeeeniaed dBaedirder g1 38, Bioghémsmiyt ting
reaction. 23:3663-3667; Baldwin et al. (1981) Biochem. 20:512-517; Baldwin et al.
10 (1984) Biochem. 23:3663-3667; see, also, e.g., U.S. Patent Nos. 5,196,318,
5,221,623, and 4,581,335). This regulon includes /ux/ gene, which encodes a
protein required for autoinducer synthesis (see, e.g., Engebrecht et al. (1984)
Proc. Natl. Acad. Sci. U.S.A. 87:4154-4158), the fuxC, luxD, and luxE genes,
which encode enzymes that provide the luciferase with an aldehyde substrate,
15 and the /luxA and /uxB genes, which encode the alpha and beta subunits of the
luciferase.
Lux genes from other bacteria have also been cloned and are available
(see, e.g., Cohn et al. (1985) J. Biol. Chem. 260:6139-6146; U.S. Patent No.
5,196,524, which provides a fusion of the /ux4 and /luxB genes from Vibrio
20 harveyi). Thus, luciferase alpha and beta subunit-encoding DNA is provided and
can be used to produce the luciferase. DNA encoding the a {1065 bp) and 8
(984 bp) subunits, DNA encoding a luciferase gene of 2124 bp, encoding the
alpha and beta subunits, a recombinant vector containing DNA encoding both
subunits and a transformed E. coli and other bacterial hosts for expression and
25 production of the encoded luciferase are available. In addition, bacterial
luciferases are commercially available.
(2) Luciferins

Bacterial luciferins include:

30



(3) Reactions The bacterial systens require, in addition to reduced fl avin,
five polypeptides to conplete the biolumnescent reaction: two subunits, a
and 8, ofwofOedsacterial luciferin and three units of a fapCyusei/ms217educt ase
system conpl ex, which supplies the tetradecanal al dehyde. Exanples of
bacterial biolumnescent systens useful in the apparatus and nethods

provi ded herein include those derived fromVibrio fisheri and Vibrio
harveyi. One advantage to this systemis its ability to operate at cold
tenperatures; certain surgical procedurgg are 25 performed by cooling the
body to |l ower tenperatures. Bacterial |luciferase catalyzes the

flavi n-nmedi ated hydroxylation of a |ong-chain aldehyde to yield carboxylic
acid and an excited flavin; the flavin decays to ground state with the
concomi tant em ssion of bl ue green light (Amax 490 nm see, e.g., Legock
et al. (1986) 2°USA 81:9080; 30 see U.S. Patent No.
5,196, 524): FM\H2 + R- CHO + 02 IUC|ﬁerase R - COOH + H20O + by, The
reaction can be initiat bﬁ contacting reduced flavin nononucl eotide

( FMNH2) th a mxture of e bacterial luciferase, oxygen, and a

| ong-chain 35 al dekyde" <y n- decyl al dehyde. DNA encoding | uciferase
fromthe fl uorescenct r| um Al terononas hanedai is known (CH SSO CORP;
see, al so, Japanese .pp cation JP 7222590, WO 01/68824 PCT/ USOL/ 08277 -75
published August 22, ). oThe redumed flavin mononucl eoti de (FM\HZ;

| uci fer |1rﬂ reaetfos.=<wpter1 Qw(gm)J_@Hi he mprgsence of bacterial luciferase to
produce an internedi ate peroxy flavkm. This internedi ate reacts with a

| ong-chai n al dehyde (tetradecanal) to formthe acid and the

| uci f erase-bound hydroxy flavin in its 5 excited state. The excited

| uci f erase-bound hydroxy flavin then emts |ight and dissociates fromthe
| uci f er e dB Whieh &ha thttasigcanadvwyith rasiieed et aeonucigqtidgrrie cpasidered| n vi vo

PN 18, redudsddanaline Ap SEXSIEsks Allihg 6 BhHSANARG Sactigaenerated from

the acid. Flavin reductases have been ¢l one see U S. Patent No. 10
5,484, 723; see, SEQ ID No. (8% fd%%@ﬂpepresentatlve sequence fromthis

patent). These eV\E:;(Jtex‘?aﬁ %r@r]éﬁﬁf?ﬁ lpead ﬁ)lnut% b@et# HQVIHeﬂ% lon to

regener ate FMNH2 FeACtT On Wit e bac erlal u0| erase and | ong chain
al dehyde. Th.’@l\fﬂeaVIdﬂS to edupteds ¢he hivhlnyinescenh eeadot iton sobufikd), o ahd ghof s t he

luci fer afda rbac%erla?Pl.icn‘lerln and three units of a fatty acid reductase system complex,
which supplies the tetradecanal aldehyde. Examples of bacterial bioluminescent
systems useful in the apparatus and methods provided herein include those
derived from Vibrio fisheri and Vibrio harveyi. One advantage to this system is
its ability to operate at cold temperatures; certain surgical procedures are
25 performed by cooling the body to lower temperatures.
Bacterial luciferase catalyzes the flavin-mediated hydroxylation of a

long-chain aldehyde to yield carboxylic acid and an excited flavin; the flavin

decays to ground state with the concomitant emission of blue green light (4.,
490 nm; see, e.g., Legocki et al. (19886) Proc. Natl. Acad. Sci. USA 87:9080;
30 see U.S. Patent No. 5,196,524):

FMNH, + R~ CHO + 0, luciferase, R —COoOH+ H,0 + hv,

The reaction can be initiated by contacting reduced flavin mononucleotide
(FMNH,) with a mixture of the bacterial luciferase, oxygen, and a long-chain
35 aldehyde, usually n-decyl aldehyde.
DNA encoding luciferase from the fluorescent bacterium Alteromonas
hanedai is known (CHISSO CORP; see, also, Japanese application JP 7222590,



FMNH2; thus, if luciferase and the reductase are included in the reaction
system 15 it is possible to maintain the biolum nescent reaction. Nanely,
since thavbavessed al |uciferase turns over nany tines, bi BPCTUSOIESEENCE
continues as long as a long chain aldehyde is present in the reaction
system The color of |ight produced by biolum nescent bacteria also results
from the participation of a protein blue-florescent protein (BFP) in the
bi ol um nescence 20 reaction. This protein, which is well known (see, e.g.,
Lee et a/. (1978) Methods in Enzynnlogy7% VI'|:226-234), may al so be added
to bacterial bioluninescence reactions‘in order to cause a shift in the
color. b. Dinoflagellate biolum nescence generating systens In

di nof | agel | at bj @l um C curs in grganelles ter. intillons.

o5 Theas: or SHLHIELAPEROEE o, (fibeeBrt i e85 papnSEalerhiE RkMELI |

?/acu]?I e. T?euciﬁe}inmtréébdt@g\atm@mgahrinané )bredieﬂeé lbagatiedbieiutifieatet@apmdand an
uciferin (with its bindin rotein), other cytoplasm c copponents being

Somehow oxel IECIFHE PO R SRRy ol PATMeITEs i PR o B BUOPGRT IR GTe D EPat od

to chl or ophykdtrad2@aNdp) liBSte el oS RREErase-bb6and hy@dHg Tavidirbits | - O N

NNI I I_NCozNa HH or an anal og thereof. The luciferase is a 135

H 10
kD si ngl & cHachepstrtei i hergicited lugdtersse-Baunghwirexy flgyip thaaemitedioht apd 8

(see, e.0., dieRfclnes rohdHb) IuBFQhEThE 8SC 8RR ANRVINCRBAbALHI R CEMI®, adeluca
et al., eds. Academ c Press, NY, pp.343-360). 15 Lum nescent activity can

be obt ai ned Watesx 't divesT i de regucpei agatiyary wsiyledhand thrgaldeeepisi from 8 to

6. This occq@ﬁmkﬁaggLHQ%qhgg?dparticulate fractions. Wthin the intact
scintillon, the lum nescent Iash occurs for -100 msec, which is the

duration of the filagh reduorases. have kashutlorad, (sehee.ki néSi €atent dodependent on
di [ uti LT 5,484,723; see, SEQ ID No. 14 for a representative sequence from this patent).
These as well as NAD{P)H can be included in the reaction to regenerate FMNH,
for reaction with the bacterial luciferase and long chain aldehyde. The flavin
reductase catalyzes the reaction of FMN, which is the luciferase reaction, into
FMNH,; thus, if luciferase and the reductase are included in the reaction system,
15 it is possible to maintain the bioluminescent reaction. Namely, since the bacterial
luciferase turns over many times, bioluminescence continues as long as a long
chain aldehyde is present in the reaction system.
The color of light produced by bioluminescent bacteria also results from
the participation of a protein blue-florescent protein (BFP) in the bioluminescence
20 reaction. This protein, which is well known (see, e.g., Lee et al. (1978)
Methods in Enzymology LVII:226-234), may aiso be added to bacterial
bioluminescence reactions in order to cause a shift in the color.
b. Dinoflagellate bioluminescence generating systems
In dinoflagellates, bioluminescence occurs in organelles termed scintillons.
25 These organelles are outpocketings of the cytoplasm into the cell vacuole. The
scintillons contain only dinoflageilate luciferase and luciferin (with its binding

protein), other cytoplasmic components being somehow excluded. The

dinoflagellate {uciferin is a tetrapyrrole related to chlorophyll:

30



as in any enzymatic reaction. At pH 8, the luciferin is bound to a protein
20 (luciferin binding protein) that prevents reaction of the luciferin with
the |uciwenuess24 At pH 6, however, the luciferin is rel eaBemuandstree to
react with the enzynme. D. | SOLATI ON AND | DENTI FI CATI ON OF NUCLEI C ACI DS
ENCODI NG LUCI FERASES AND GFPs 25 Nucl ei ¢ acid encodi ng bi ol um nescent
proteins are provided. Particularly, nucleic acid encoding Renilla
reniforms G-P is provided. 1. Isolation of specinmens of the genus Renilla
Specimens of Renilla are readily availahge fromthe oceans of the world,
including the Gulf of Mexico, Pacific OCean and Atlantic Ccean. Renilla
typically 30 live on the ocean bottom at about 30 to 100 feet deep and can
be easily collected by draggi ng. For exanple, specinens of R kollikeri can
be obtained off the coast of California or Baja, Mexico. Alternatively,
live specinens of Renilla may Be’pltchased froma commercial supplier
(e.g., @Qulf Marine Incorporat ecg, Panacea, Fla). Upon capture or receipt,
t he specig‘rens ar ey t hofodghly and nmay al so be dissected to enrich
for |ight=emfi5ng ty a ©_01/68824 PCT/ USOL/ 08277 -77 whol e
organi sns or eissecks syes~dre then snap frozen and stored in liquid
nitrogen. As degcribed in detail i nVt hé*"&xanpl es bel ow, the frozen tissues
were used as a source to isolate nucleic acids encoding Renilla mulleri
GFP and 5 luciferase (e.g., see SEQID No. 15 and SEQ ID No. 17,
respectiV®ly). 2. Preparation of Renilla cDNA expression libraries Renilla
cDNA expr esdirén 3riagaties2ofnay be prepared fromintact RNA fol |l owing the
met hods descri beqraq(,&ida9& isbé’1§t:>h@si|?%’gmﬁw Kro0UA the iRR80e af pHskB! | the
art (e.g., see Sanbrook et al. (1989) | ecul ar Cl oning: A Laboratory 10
Manual , Col duSpractiye lHaMbLB (tethGrat begtimsed 98 1CEIa ererRCRaAor , NY.; U. S.
Pat ent No. 5,292 isal ly, the_pLe I |10y 86HES
i ncl udes thgtlfez%fug)? ?%)Sr? e;g%(é), %gtfdy%degn%'l' gte 5edQ @Rgl\%w?g%gtsh@mé\@lpéécﬁgégﬁgani sm
fol | owed By Lsinigéseest patidtyDb be phtdiessl i erdiasts mederas ®H 8 Hiysimphyt gling
di gestion of th [an i S OHKA
conversion o etpﬁleﬁg?%n%%%-%éﬁ@% é?rgﬁﬁs@?ﬁe%?%ﬁé%lggﬁg%ﬁc . H the

intact scintillon, the luminescent flash occurs for ~100 msec, which is the

duration of the flash in vivo. In solution, the kinetics are dependent on dilution,
as in any enzymatic reaction. At pH 8, the luciferin is bound to a protein
20 (luciferin binding protein) that prevents reaction of the luciferin with the

luciferase. At pH 6, however, the luciferin is released and free to react with the

enzyme.
D. ISOLATION AND IDENTIFICATION OF NUCLEIC ACIDS ENCODING
LUCIFERASES AND GFPs
25 Nucleic acid encoding bioluminescent proteins are provided. Particularly,

nucleic acid encoding Renilla reniformis GFP is provided.

1. Isolation of specimens of the genus Renilla

Specimens of Renilla are readily available from the oceans of the world,
including the Gulf of Mexico, Pacific Ocean and Atlantic Ocean. Renilla typically

30 live on the ocean bottom at about 30 to 100 feet deep and can be easily

collected by dragging. For example, specimens of R. kollikeri can be obtained
off the coast of California or Baja, Mexico. Alternatively, live specimens of
Renilla may be purchased from a commercial supplier {(e.g., Gulf Marine
Incorporated, Panacea, Fla). Upon capture or receipt, the specimens are washed

35 thoroughly and may also be dissected to enrich for light-emitting tissues. The



a. RNA isolation and cDNA synthesis Wiole Renilla or dissected Renilla

ti ssues can be used a source of total cytoplasmc RNA for the preparation
of Renil IveOoi¥$824 Total intact RNA can be 20 isol ated frorcTUSElsa77Reni | | a
tissue, for exanple, by using a nodification of nmethods generally known in
the art (e.g., see Chirgwn et al. (1970) Biochem stry 18:5294-5299).
After isolating total cellular RNA pol yadenylated RNA species are then
easily separated fromthe nonpol yadenyl at ed species using affinity
chromat ogr aphy on ol i godeoxyt hym dyl at e 9gllulose colums, (e.g., as 25
described by Aviv et al., (1972) Proc. MAtl. Acad. Sci. U S. A 69:1408).
The purified Renilla polyA-nRNA is then subjected to a cDNA synthesis

reaction to generate.a cDNA lihrary fromt | _po FUN pefly, reverse
transcri pt aé’g"ql% OE@QGST%OEQPé%Cgegﬁ%% Ned éﬁé'ﬁéi‘%%‘%. frer S%%g%gnlel Ye an
RNA/ DNA duplixegehhe RNA strand is then digested using an RNase, e.g., RNase

g.
30 H, and follow hg, 6 second-strand synthesis, the ¢ nmol ecul es _are
bl unt ed- ended m/‘lsrld@f”ﬁﬁgl”bﬂgt@ﬂd'? t etﬁ’éalm%{ﬁ?)PSE&W’at!ig iﬁ%gpggg%‘?s ity
resul ting doubles =SidiacsesliseAnliERBMERINS etattliRe REbigA hatdlediGRICANY i nto a
sui t abl e expressi on WO 01/ 68824 PCT/ USO1/ 0

. %377 - 7_2 vect or ?r,

al t er nat i%ellycifespsegritic FedPFEeD) Nork B3 8and SEQithYor &4+t 18SReF 1B Yandonucl ease
sites can be |igaed tRepdigtion ofRESIS EDNRCHDRIdIPlMEHELS to facilitate
cloning of the cDNA fragnments. b. Construction of cDNA expression

libraries 5 The WesillactiNAcrerassion peiasraay Bp PIERaTeDHOM HERTIIHNDF cDNA
expression i RLAkL - EiS-or lpERHar RRERSISVIBRIAT So tRJserat e
CDNA i nsertsfutl)(?&i%gbtg%trﬁ%@oEﬁlagﬁﬂib\éragf/e?dé Oéibgat er ease iSI’_l library sscreeni ng,
anpl i ficati ciillathe artteng.agee Sembacadet @. StERR dleleg/ars Fiogings 4 b6#40ratrésent | y
preferregd,v r r | nj i.qngl i braries
are the foanb%‘ggar,?u%n{:&Qasp[%rm%oﬁ{rgggg%%dig%rfFr%‘ré' Egllr?g%%r APgPé)x%E)'re‘g\Zs'IQEgoRl | Xhol
vectors, whiRztertrido k5@82,8%8). t hose of skill in the art (e.g., see U S Pat.

No. 5, 128, 256), d.are also conmerci . j e« La Joll a,
CA). Generally, taﬁé)'quﬁbﬁ"ae- SRR c?ﬁsﬁé\lé&/n%?}\égé% ﬁghﬁeéﬁhé%@%@n%fy of a
bact er i ophagsly=aighdatede RNar fremsthe selestdchorgheisrefadlatviedi iy sioflesstigind SN A

System, |19 ERANIEN. S, L2Ied. LaLe, Hiese ueshal o Aale AarBeel Y
t he pBK-¢®rimed/ANRaeBbiid.and Eibsgiénpbagetsidn edrthe amgtdstrareedyRNA-toesi st ance
gene for Seldeo%tbileogtrai\nnde%ag[gﬁ,&! a

a. RNA isolation and cDNA synthesis

Whole Renilla or dissected Renilla tissues can be used a source of total

cytoplasmic RNA for the preparation of Renilla cDNA. Total intact RNA can be
20 isolated from crushed Renilla tissue, for example, by using a modification of

methods generally known in the art {(e.g., see Chirgwin et al. (1970)

Biochemistry 18:5294-5299). After isolating total cellular RNA, polyadenylated

RNA species are then easily separated from the nonpolyadenylated species using

affinity chromatography on oligodeoxythymidylate cellulose columns, (e.g., as
25 described by Aviv et al., (1972) Proc. Natl. Acad. Sci. U.S.A. 69:1408).

The purified Renilla polyA-mRNA is then subjected to a cDNA synthesis
reaction to generate a cDNA library from total polyA-mRNA. Briefly, reverse
transcriptase is used to extend an annealed polydT primer to generate an
RNA/DNA duplex. The RNA strand is then digested using an RNase, e.g., RNase

30 H, and following second-strand synthesis, the cDNA molecules are blunted-
ended with S1 nuclease or.other appropriate nuclease. The resulting double-

stranded cDNA fragments can be ligated directly into a suitable expression
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The pBK phagemid carries the neomycin-resistance gene for selection in bacteria

and G418 selection in eukaryotic cells or may contain the f-lactamase resistance

gene. Expression of the recombinant polypeptide is under the control of the /acZ
20 promoter in bacteria and the CMV promoter in eukaryotes.

More specifically, these lambda-based vectors are composed of an
initiator-terminator cassette containing the plasmid system, e.g., a pBK
Bluescript derivative (Stratagene, San Diego), bracketed by the right and left arm
of the bacteriophage lambda. The lambda arms allow for efficient packaging of

25 replicated DNA whereas the excisable initiator-terminator cassette allows for
easy cloning of the cDNA fragments and the generation of a plasmid library
without the need for additional subcloning.

When used herein, cDNA fragments are inserted into the multiple cloning
site contained within the initiator-terminator cassette of the Lambda-Zap vector

30 to create a set of cDNA expression vectors. The set of cDNA expression
vectors is allowed to infect suitable £. coli cells, followed by co-infection with a

filamentous helper phage. Within the cell, trans-acting proteins encoded by the



the amno acid level Renilla reniforms is respectively 53, 51 and 19%
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phyl ogenetic tree (Figure 1). 25 Mst sttbrising is the finding that the
Renilla reniforms GFP is nuch nore closely related to Ptil osarcus G-P
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difficult. The cloned DNA fragnents can be replicated. in bacterial_cells,
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of replicatgep,mbp be%mervedtd&fhgr@inm&m_apec@énihﬁﬁna%dférﬁgeﬁ% Hih&Myht
generation to generation of the bacteria. In this way, large quantrties of
the DNA fragReRbsenindecippigsvieallysongmission efagriesn fluereseenes cabyPr ef err ed
bacterial ofid kgatien Iy drfAe limted to, the
fl-ori and é!()) rgﬁgg];%hgi%ﬁ]gg%&Pglgpiégg%n?r%% rrsg lP%r(r)'sts contain
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animals that contain luciferase-GFP bioluminescent systems Renilla mulleri,
Ptilosarcus and Aequorea Victoria. Other such GFPs have 238 amino acids. At
the amino acid level, Renilla reniformis is respectively 53, 51 and 19% identical

20 to the GFPs from these animals. The extent of identity of Renilla reniformis GFP
to the half dozen cloned anthozoan coral GFPs, which do not contain associated
luciferases, ranges from 32 to 38%. The overall identity among these GFPs is
surprisingly low for a protein evolved from a common ancestor. These
relationships are depicted as a phylogenetic iree (Figure 1).

25 Most surprising is the finding that the Renilla reniformis GFP is much
more closely related to Ptilosarcus GFP (77 % identity) than to Renilla reniformis
GFP (53%). It is unclear why the sequence relatedness between these 3 GFPs
does not follow traditional taxonomy. Given the sequence differences at the
amino acid level, coding DNA sequences are surprisingly well conserved. Renilla

30 reniformis GFP DNA is 56 and 59% identical to Renilla mulleri and Ptilosarcus
GFP DNA.
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No. 4,952,496). Such hosts include, but are not limted to, |ysogens E.
coli 20 strains HVS174(DE3) pLysS, BL21 (DE3)plLysS, HWVS1 74(DE3) and BL21
(DE3). Woai/essBL21 (DE3) is preferred. The pLys strains peovsa@skow | evel s
of T7 Ilysozyne, a natural inhibitor of T7 RNA pol ymerase. For expression
and for preparation of nuteins, such as tenperature sensitive nuteins,
eukaryotic cells, anong them yeast cells, such as 25 Saccharonyces are
preferred. Nucleic acid encoding fusion prot eins of the luciferases and
GFPs are also provided. The resulting ] 95| on proteins are al so provided.
Nucl eic acids that encode |uciferase and GFPs as pol yci stronic nmRNA or
under the control of separate pronoters are al so provided. Methods of use
t hereof are al so V. tral
properti o that  naks 4§y feidle TORrERT, BFP e (RN T HaREE Lary
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i denti cal vvlththosefr mna ve reniform.s G-P. ce_cC ri.sqQn anong
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Ptil osarcus |paveat7)t hatis 3blwmﬁbra@m ihea FEREBIRRCIE Hegfaded BVJ{He%rBteoW‘!ﬁ:
Ptilosarcus are identical, and 10 differ from A victoria. These sequence

di f f er ences PRINALS Usehie siery smeldragents thak apxdiiehTs [ulsolRte ABIt af fecti ng

the essefg i alqlibdt: %&,@@Qﬁdm@o@f§éoﬁ1%n@étﬂfra§.$@mspmwa% @rflEeans to identify
resi dues that change these properties. 4. Isolation and identification of

DNA encodi ng ReniThesclangd BNA trgmensistasadae fepHcatgdit ppsiespl eallsapiéPc?vhi ng of
GPFs from Repjl | g al PCT
! V\Bmé’/gi‘gw frégm@ﬁts%b aﬁﬂude%e@ba&'éhél' e of F@p%%d Qg

application No d copen al | oned S.” application Seri al
No. 09/277, #beyre Medheinteraore of éh@@dﬁﬂngam@ﬁnﬂ framngdneeationtpsgdnesatidnsel at ed.

L L " Fan AR, e g AL ErNR Pl e
nodi fi edlEL bryotebligdtmineis ordra. nﬁ’negeroaairtlmmertﬁll@me'scpfabslm‘ablon include, but
are not limited to, the f1-ori and col E1 origins of replication. Preferred hosts
contain chromosomal copies of DNA encoding T7 RNA polymerase operably
linked to an inducible promoter, such as the lacUV promoter (see, U.S. Patent
No. 4,952,496). Such hosts include, but are not limited to, lysogens E. coli
20 strains HMS174(DE3)pLysS, BL21(DE3)pLysS, HMS174(DE3) and BL21(DE3).
Strain BL21(DE3) is preferred. The plys strains provide low levels of T7
~ lysozyme, a natural inhibitor of T7 RNA polymerase.

For expression and for preparation of muteins, such as temperature

sensitive muteins, eukaryotic cells, among them, yeast cells, such as
25 Saccharomyces are preferred.

Nucleic acid encoding fusion proteins of the luciferases and GFPs are
also provided. The reéulting fusion proteins are also provided. Nucleic acids that
encode luciferase and GFPs as polycistronic mRNA or under the control of
separate promoters are also provided. Methods of use thereof are also provided.

30
The GFP cloned from Renilla has spectral properties that make it

extremely useful. These properties include very high quantum efficiency, high



20 background fl uorescence. Transformants were sprayed with a solution
containing PTG to i nduce expression of the reconbinant Renilla GFP from
the hetavoboegsas cDNA. To identify GFP expressing cl onespPCT/uassfsermant s
were placed in blue light, preferably 470 to 490 nmlight, and col onies
that emtted green fluorescence were isolated and grown in pure culture.
25 The nucl eoti de sequence of the cDNA insert of a green fluorescent
transformant was determned (e.g., see SEQ ID No. 15). The 1,079 cDNA
insert encodes a 238 ami no acid polypegfide that is only 23.5 %identical
to AL victoria GFP. The reconbi nant protein exhibits excitation and

em ssion spectra simlar to those reported for live Renilla species. WO

01/ 68824 P%yﬁqééﬁg%rfl rﬁ:zu%ﬁl len§‘als@w uﬁogsbﬂﬁ%élab%‘a‘ﬁu&@s&fwn %s

encodi ng Reni erase The above-descri R mulleri cDNA
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pl at es contalnlng carb expression fromthe ogbus DNA was
i nduced vuttﬂﬂd@ﬁ&fceés@nhﬂﬁﬁéwﬂmstde$oghh$dnaHQMB After allowing tine for

el oaned Tor 1 hodd e Ol el B e Bbae ety fR R B8P o oni s

wer e isol at ereindxgibixarsimitarfunetianal bbarectel@tuérheanmmleeqprebﬂe @eqmeuerenm‘l t he
cDNA i nsert contalned in the i ht- ng transfornmant was %ﬁﬁl ned.
The 1. 217 oA FosE: FoBEse<en tEis BBh: nSeRehaS Fariseney dioranpe GFPs

r econbi nant i$819eqi florf ¥ ddlok & excwc@aﬂaomeame mEeNBr&/s el P3NRGtdud reVédl kiagt t o

t hose reported for live Reni//la species, E. RECOVBI NANT EXPRESSI CF

PROTEINS 15 SChWO%}%%&Pﬁ‘ge'RéﬁquIPa iyfligeediand FRdosgseys aigddenitssl &n

encodi ng1( Remé 1r8mGaD vRitofRENIThéES, Ldifieh8d alrferefdts find &OpREAH sftb@@ﬂaﬁat ural
sources, synthesized based on Reni//a sequences provided herein or

i sol at ed as cdeder MeaiieHaviEhet affecsipariae essensivh Jupiessanse RIRBETHRA aNF ifent

encoding a Fﬁ%.gé% @Eg’néﬂﬁﬁ.deaﬁfytJag.dﬁggﬁm%aﬁ{;e @mgaopragér%sset forth in SEQ
I D No. 27, encoded by nucleic "acid, such hat set forth SEQ I D Nos.

23-26 and 27. A BNA ndbeativreart idsotifieptionrefrPNAzncading dfeadle makeri GEP sequence
?Leag}\&o aci ds Sl\ﬁ&th 8Etf8r fd@ntﬁ?cgtlo';? A}Q cI&r%nglcﬁ' ém{sefrcﬁ%%e%lfa%v%mw nents,
15 described (see, published International PCT application No. WO 99/49019, and
copending allowed U.S. application Serial No. 09/277,716). Nucleic acid
encoding Renilla mulleri has been isolated. Briefly, a R. mulleri A Uni-Zap cDNA
expression plasmid library was prepared, transformed into competent E. coli cells
and plated onto modified L-broth plates containing carbon black to absorb |
20 background fluorescence. Transformants were sprayed with a solution
containing IPTG to induce expression of the recombinant Renilla GFP from the
heterologous cDNA. To identify GFP expressing clones, transformants were
placed in blue light, preferably 470 to 490 nm light, and colonies that emitted
green fluorescence were isolated and grown in pure culture.
25 The nucleotide sequence of the cDNA insert of a green fluorescent
transformant was determined (e.g., see SEQ ID No. 15). The 1,079 cDNA insert
encodes a 238 amino acid polypeptide that is only 23.5 % identical to A.
victoria GFP. The recombinant protein exhibits excitation and emission spectra

similar to those reported for live Renifla species.



fragnent encodes the sequence of am no acids encoded by nucl eoti des 31-963
25 of the sequence of nucleotides set forth in SEQID No. 17. 2. DNA

const r uctweO bussseeconbi nant production of Reni//a reniforrCHUSHASATId Ot her
proteins DNA is introduced into a plasmd for expression in a desired host.
In preferred enbodi ments, the host is a bacterial host. The sequences of
30 nucleotides in the plasm ds that are regul atory regi ons, such as
pronoters and operators, are operationally associated with one another for
transcription of the sequence of nucl egbides that.encode a Renilla G-P or
| uci ferase. The sequence WO 01/68824 PCI/ USOL/ 08277 -83 of nucl eotides
encodi ng the FGF nutein may al so i nclude DNA encoding a secretion signal,
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preferred enmbodi nents the somc ude a transcription
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As described above DNA encoding a Renilla GFP or Renilla luciferase can

be isolated from natural sources, synthesized based on Renilla sequences
provided herein or isolated as described herein.

In preferred embodiments, the DNA fragment encoding a Renilla GFP has

20 the sequence of amino acids set forth in SEQ ID No. 27, encoded by nucleic
acid, such as that set forth SEQ ID Nos. 23-26 and 27.

A DNA molecule encoding a Renilla luciferase has the sequence of amino
acids set forth in SEQ ID No. 18. In more preferred embodiments, the DNA
fragment encodes the sequence of amino acids encoded by nucleotides 31-963

25 of the sequence of nucleotides set forth in SEQ ID No. 17.

2. DNA constructs for recombinant production of Renilla
reniformis GFP and other proteins

DNA is introduced into a plasmid for expression in a desired host. In
preferred embodiments, the host is a bacterial host. The sequences of
30 nucleotides in the plasmids that are regulatory regions, such as promoters and
operators, are operationally associated with one another for transcription of the

sequence of nucleotides that encode a Renilfa GFP or luciferase. The sequence



25 cells, plant cells and insect cells. Presently preferred host organi sns
are strains of bacteria or yeast. Mst preferred host organisns are
strains o¥OR1/6880i | or Saccharomyces cerevisiae. 4. MethoBeTAS0/082T70NMDI nant
production of Renilla proteins The DNA encoding a Renilla GFP or Renilla
mulleri luciferase is introduced 30 into a plasmd in operative |linkage to
an appropriate pronoter for expression of polypeptides in a selected host
organi sm The DNA nol ecul e encoding the _Renilla G-P or luciferase nay al so
include a protein secretion signal t hat “89=CTI FI ED SHEET (RULE91) | SKEP WO
01/ 68824 PCT/ USQOL/ 08277 -84 functions in the selected host to direct the
mat ur e polypeptlde into the periplasm or culture medium The resulting
Renilla GFP ernqclﬁﬂt'ﬂémgéo%a the FRTrEtedy M5y alseingdtie PHOGteNsefypdused in the
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transfornlng sui tabl e host cells, preferably bacteri al I'l's, and nore
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, NY,
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Renilla GFP or Renllla mul leri luciferase. Alternatively, the |ysate may

be subj etd ed"¢BdedRHtaEMAE ligtefttPc e bh PEpes 8rqreotsr and ghendfilikgehage

chr omat ogr aghiymeters E0HRORS fHeNTE YT ah@mrewbamm me iryr};ojaeliez%ausa t he
| ysate or provide a honbgeneous source Burl enzyne (see e.g.

U.S. Patent Promoigss. sushaptiesgcde. oms, q@s)the V4ﬁd?!9ﬁ’49it¢fame R&P 108
expressi ng hefif-atHOgHSe BH%@c'eP ofBLELIENRRARSE c’[%grlé%{gh%s@ﬁ PsyisBdrhs, vectors

and net hods '‘are described wth respect to Renil
retroviral long-terminal repeats and inducible promoters from other eukaryotic

15 expression systems.

Particularly preferred vectors for recombinant expression of Renilla mulleri
in prokaryotic organisms are fac- and T7 promoter-based vectors, such as the
well known Bluescript vectors, which are commercially available {Stratagene, La
Jolla, CA).

20 3. Host organisms for recombinant production of Renilla proteins

Host organisms include those organisms in which recombinant production
of heterologous proteins have been carried out, such as, but not limited to,
bacteria (for example, E. coli), yeast (for example, Saccharomyces cerevisiae and
Pichia pastoris}, fungi, baculovirus/insect systems, amphibian cells, mammalian

25 cells, plant cells and insect cells. Presently preferred host organisms are strains
of bacteria or yeast. Most preferred host organisms are strains of £. coli or
Saccharomyces cerevisiae.

4. Methods for recombinant production of Renifla proteins

The DNA encoding a Renilla GFP or Renilla mulleri luciferase is introduced

30 into a plasmid in operative linkage to an appropriate promoter for expression of
polypeptides in a selected host organism. The DNA molecule encoding the

Renilla GFP or luciferase may also include a protein secretion signal that

RECTIFIED SHEET (RULE91)
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sane cells, vectors and nethods nmay be used for expressing |luciferases and
25 other GFPs from species including Gaussia, Pleuromamma and Ptil osarcus.
Reconbi nano ovesks cont ai ni ng het erol ogous nucl ei ¢ aci d enpobURg/®2Reni | | a
reniforms GFP are provided. In preferred enbodi nents, the reconbi nant
cells express the encoded Renilla GFP which is functional and non-toxic to
the cell. In certain enbodi nents, the reconbinant cells nmay al so incl ude
30 heterol ogous nucleic acid encodi ng a conponent of a biol unm nescence-
generating system preferably a photopr@tfein or luciferase. In preferred
enbodi nents, the nucleic acid encoding the biolum nescence-generating
system RECTI FI ED SHEET (RULE91) | SKEP WD 01/ 68824 PCT/ USOLl/ 08277 -85
conmponent i §ungmnatiedhé selectadehaspde idgscirdguorbae PYlPgDlide Brto Regipelipiasmn
nore preferred. enbodi.nent |.0 ' e = '

component 1 & SonaEBENRE Fhe MR pUMA EREEDGRFIE B BIENTE B (ence
set forth i md&ead BUinely d8d b tRe eontmaladibg mesthode dbscribedtteirginaiger in the
het er ol ogou nuc‘[ eic acid encoding a Reni//a mulleri luciferase are al so
provi ded. | r*pre&rred enbodi ments, the heterol ogous nucleic acid encodes

the sequence of RAedSeF dsngforely $utdble host GHEQ piafdiably Mictdrial bells and
preferred enbodi nents, the heterol ovrg@)us nucl ej ¢ aci ncoqes. t he sequence
of nucl eot i dededseieryY & FAY SBES: P VRR! asL ethefsERiiph ?3%%? P99 de

bacteria (e.gys cgﬁtaﬁ@({gi %geﬂl&%@:o&iﬁ%'aﬁhet@ﬂil&@&f prof@i@k| g@he @I Hndwieing-
CCS cells, nmouse L cells, Chinese

anster ovar CHO cells, human
enbryoni ¢ kitmest. (Wfo%ﬂﬁ%PleAﬁ‘S@m@%ﬂ?kgqfe%n(1@@@%_@’%{@5@%@96{%& such
cell's known L;aBOIta eMQ;zuagl,kbéllgl ?@ir%hﬁar‘%ﬁ Lab&aRSH, Hrady, eRld 8pfiy BlarboXenopus

[aevis o(err)cytes), yeast e.g., Saccharonyces cerevisiae, Pichia
pastori SO ad 15 the like. Exenplary cells for expressing injected RNA

transcripts incl %%Te %sn%w%f.érﬁ:g;g@ OREVHERculEHER RN i 766 ded ihifinear e

preferred for transtection are known to those o Il 1nthe art
or may be enpkt tehlthy dedieett Reniéal GFRrig prachickd dy HEIXIBo(thhioht aelktavai | abl e

from ATCC under,..accession # 1573)..  Ltk: I i r J .,ﬂ%lde from
ATCC under 5888'5'8?%#@80“‘.' : e(&%—'l}ta el chg’( m%e(‘:%atﬁg og)\?gﬁtﬁ/\éﬁ)lt rom
ATCC under a@N&sStransdtoRl. TBRljellulrndxbadié ofdesddscdliditfontaBhay dbe Ipsotebee,
e.g., Urﬁaaub et al. H%‘%BG%' gﬁl | . | ec. t. 12: 555). Presentl
preferred caMMsPs RES apq IS Lesgitinga At Iegq%a&eyévaa?t?mgloyec( 5 &'Source of

recombinant Renilla GFP or Reniffa mulleri luciferase. Alternatively, the lysate

may be subjected to additional purification steps {e.g., ion exchange

chromatography or immunoaffinity chromatography) to further enrich the lysate

or provide a homogeneous source of the purified enzyme (see e.g., U.S. Patent

20 Nos. 5,292,658 and 5,418,155).

5. Recombinant cells expressing heterologous nucleic acid encoding
Renilla GFP

Cells, vectors and methods are described with respect to Renilla. The
same cells, vectors and methods may be used for expressing luciferases and
25 other GFPs from species including Gaussia, Pleuromamma and Ptilosarcus.
Recombinant cells containing heterologous nucleic acid encoding a Renilla
reniformis GFP are provided. In preferred embodiments, the recombinant cells
express the encoded Renilla GFP which is functional and non-toxic to the cell.
In certain embodiments, the recombinant cells may also include
30 heterologous nucleic acid encoding a component of a bioluminescence-
generating system, preferably a photoprotein or luciferase. In preferred

embodiments, the nucleic acid encoding the bioluminescence-generating system

RECTIFIED SHEET (RULE®1)
ISA/EP



The reconbinant cells that contain the heterol ogous DNA encodi ng the
Renilla GFP are produced by transfection with DNA encoding a Renilla G-P or
25 luci f av@ase6sse4 by i ntroduction of RNA transcripts of DNeCEusodisey a
Renilla proteins using nethods well known to those of skill in the art. The
DNA may be introduced as a linear DNA fragnment or may be included in an
expression vector for stable or transient expression of the encodi ng DNA
The sequences set forth herein for Renilla reniforms GFP are presently
preferred (see SEQ ID Nos 30 23-25 and ggé. see, also SEQ ID No. 26, which
sets forth human optim zed codons). WO 01/68824 PCT/ USOL/ 08277 -86

Het er ol ogous DNA may be naintained in the cell as an episomal elenent or

may be int e%ﬁufpeﬁedt%qs&g'{eeﬂfpoﬁﬁf{ﬁé s%@hebb@regel\/larguﬂ"?r ResHh L ihthore

reconbi nant cell's may then be cultured or subcul ture passage in the
case of nanraipirech egwiodisherfts otheshiehmingsgenes-gengrating shysigm aprapohRNtesfa.

Al'so, DNA gy, ne%/%%@ls?«':ﬁ’ef(rbé“bcﬂéxﬂﬂé ?ﬁ&gﬂum Qcilﬁeéehﬁer% @%oﬁﬁcel eI R Y

expressed using rreconbi nan can be
used in a wlée variety of cell-based assay nmet hods, such as those met hods

d beg f mpdi f GFP
e o o o FURR G e g R e YA b
pat ent appl Realla mlﬁwbhclmase)arel\t)so ph®icBl, Zmlﬁéferm ereﬁécﬂ&%ﬂnfk, tW® 96/ 27675;
WO 97/ 26333; WO 97/ 2826 28 d WD 98/ 02571

AND 0N U RS RS BfsEo Aei B RBCUeriE PErBRc tedPBNdBacr | bed

with 15 FGBEQeIélIﬁHotO?]Rgrmh#drapﬁé’f@ired @mb@ddné}:jt@J m@ha@rmbgou’éhmcsamcnc? 41
conposi tions an t hods for, preparation._an ereof _are intende or
use with ot ﬁB?OdeISJggfséP‘al%'_é%e, °fs'E)ft‘ﬁ ?epls@&f@’ﬁ%l’ﬁéggﬂﬁ {?)sar cus proteins
and nuchei ¢ aci dgxerhplaReeld AcladE HaRERS(el d OESch”B@ﬁthQﬂ%eEQBKaIn'ng a
Renilla GFP or GFP peptide are grOV|ded 20 nposi tions can _take any

of a nunber rr@rﬂme'r%or'%;s%ﬁm% &R!1$-HaoysR 'eﬁﬂ\é% CWSHd@weng\éarvHGHQf)or I'n

certai n enbegdidIekan &fbrydXRMkSey M‘EI()C&TBOAfrIdaQVb?eerPﬂ%ﬁW calReM bfrerG-P
or G-P pepti de, preferably Reni//a mulleri GFP or Reni//a reniforms GFP

peptide, fopweh aelisckrayn t@&hase afuskilhiastherart namehibjan ealisde..i Xenapssssays,
FRET and FEL3350065tes] NGeds? WBAS d.4.08 cBRYroRye8s REriesh, 1Phia pastoris), and

15 the like. Exemplary cells for expressing injected RNA transcripts include
Xenopus laevis odcytes. Eukaryotic cells that are preferred for transfection of
DNA are known to those of skill in the art or may be empirically identified, and
include HEK293 (which are available from ATCC under accession #CRL 1573);
Ltk cells (which are available from ATCC under accession #CCL1.3); COS-7

20 cells (which are available from ATCC under accession #CRL 1651); and DG44
cells (dhfr CHO cells; see, e.g., Urlaub et al. {1986) Cell. Molec. Genet. 12:
555). Presently preferred cells include strains of bacteria and yeast.

The recombinant cells that contain the heterologous DNA encoding the
Renilla GFP are produced by transfection with DNA encoding a Renilla GFP or

25 luciferase or by introduction of RNA transcripts of DNA encoding a Renilla
proteins using methods well known to those of skill in the art. The DNA may be
introduced as a linear DNA fragment or may be included in an expression vector
for stable or transient expression of the encoding DNA. The sequences set
forth herein for Renilla reniformis GFP are presently preferred (see SEQ ID Nos

30 23-2b and 27; see, also SEQ ID No. 26, which sets forth human optimized

codons).



25 conjunction with nulti-well assay devices containing integrated

phot odet ectors, such as those described herein. Conpositions that contain
a Renill avounl/bssed GFP or GFP peptide and at | east one coPQDUSN082T7 a

bi ol um nescence-generating system preferably a luciferase, luciferin or a
luciferase and a luciferin, are provided. In preferred 30 enbodi nents, the
| uci ferase/luciferin biolum nescence- generating systemis selected from
those isolated from an insect system a coelenterate system a ctenophore
system a bacterial system a nollusk sggtem a crustacea system a WO

01/ 68824 PCT/ USQOLl/ 08277 -87 fish system an annelid system and an
earthworm system Presently preferred biolum nescence- generating systens

are those isolat %térfu{}%}ﬁ?rﬁl\h&%aﬁ?&%ﬁrﬁéined%‘?hé/@élg% 8n ebRoARY Slehidier r ed

enbodi nents, the bio nescence-generating system conponent Is a

Reni | | a nul bemaylhecintegrated intey cirgmasemaliDNA at the erllquBrctesgliing forth in SEQ
ID No. 18 o i i i i.Ler 0 [ be
used in a véerc?@i% Emori‘t Carrellal% E@éﬁé%ﬁd& sé@ﬂé%&%gg%ﬁ%g&ﬂ%l %ggé%dh%?:%en;&%%cti on
wi t h di agnost nansygliaansellsbfrottheudina eultaredest ® sthaitucd theeeqfl. asiso CONA mayes
and ot her. tiss , . Such as those hods ,describ in detail.bel ow. 10
These. mePhol SR ot Bl HET Bal o sE et f bBree e mitad” o
in which | ukhéwnasehe artused, including, but not limted to U S. application
Serial No. 08/ 757 046, 08/597,274 and 08/990, 10 U.S. Pat ent :

5 605, 04, I nt or A3 FESTDBAT IS % AtIcbR HUSd LaaTh o' RELDoGe 8891101,

WO 96/ 2381fhetV¥as) 8LER BEThoMOR o3 3dedcribéd 9ot i @kpredéing AVl 8%, orand 15
WO 98/02571). 2, Renilla, lucjiferase conpositions DNA encoding the Renilla

mul leri | ucMmostisdeAoyicisia PEs PeRfF JHsiPe Arefeinseledseses ¥-ud@iettdNdr oduce t he

encoded 1buckfErmne88; MierBtib FHhaanupplib&ticHo PLbIAtibA NosaVO W /21 #9108 as a
conponent of the biolum nescence generating systens as 20 descri bed herein,
such as i n BERE&IGsVOIRIZHEY RoMD &7 /2 SHONRLS 628763, MR IS /4 k4 and he

di agnosti ¢ q\th R/GkRSET). bed herein. These nethods and products include any
known to those o{ skill in the art in which luciferase is used, including,

but not |infted FOMROSTIQNS ANRIGUWUGATES No. 08/ 757, 046, 08/597,274 and

08/ 990, 103, U. S : card, 3 : j t : | i cation
Publ T cation Noo. ConFRarishy o G ahhRinAL hBe BR' fiRbnicy A

15 reference to Renifla proteins and nucleic acids. The same compositions and
methods for preparation and use thereof are intended for use with other
luciferases, such as Pleuromamma and Ptilosarcus proteins and nucleic acids.

1. Renilla GFP compositions
Compositions containing a Renilla GFP or GFP peptide are provided. The

20 compositions can take any of a number of forms, depending on the intended
method of use therefor. In certain embodiments, for example, the compositions
contain a Renilla GFP or GFP peptide, preferably Renilla mulleri GFP or Renilla
reniformis GFP peptide, formulated for use in luminescent novelty items,
immunoassays, FRET and FET assays. The compositions may also be used in

25 conjunction with multi-well assay devices containing integrated photodetectors,
such as those described herein.

Compositions that contain a Renilla mulleri GFP or GFP peptide and at
least one component of a bioluminescence-generating system, preferably a
luciferase, luciferin or a luciferase and a luciferin, are provided. In preferred

30 embodiments, the luciferase/luciferin bioluminescence- generating system is
selected from those isolated from: an insect system, a coelenterate system, a

ctenophore system, a bacterial system, a mollusk system, a crustacea system, a



97/ 26333; WD 97/28261; WD 97/41228; and WD 98/ 02571). In other enbodi nents,
the Renilla luciferase and the remai ning conponents nay be packaged as
separ at e wonpaesse4 i ons, that, upon mxing, glow For exanpCEUS@/ST7POSIition
containing Renilla luciferase may be provided 30 separately from and for
use with, a separate conposition containing a biolumnescence substrate
and bi ol um nescence activator. In another instance, |uciferase and

| uci ferin conpositions may be separat el é provi ded and the RECTI FI ED SHEET
(RULE91) | SKEP WD 01/ 68824 PCT/ USOL/ 08877 -88 bi ol umi nescence acti vator
may be added after, or sinultaneously with, mxing of the other two
conpositions. 3. Conjugates Conjugates are provided herein for a variety of
uses. Anpngfishenstare dopnneldsypipst.i g aberlmypPEN Syptey-sbeaspatyt PeieEed t he
tunors, part, NSl i u i pLA f

t hese conj ué?@sﬂ%%\%er{tcﬁe%héggqﬁ %g? gtgpgi gsrg% é%ecir%f)%g%ﬂﬁlnaﬁ?@%d@%@eg

appl i cati onaSéraagu/dlo. 08/ 908,909. In practice, prior to a surgical

procedure, the conjugate s adm,ni d, Vi i ) , r eby
the targeting aggrhjfnog? Rﬁ%fe{rggte eb%tdgr%eg'{et?’etcpet @gr@ﬁﬁn%’%eb?gb%éérgﬁ'gqetsgsggrgci fic
10 i nt er 8ct compvhért i@ 4 Rasitenmpediddierasel having frecanpocdodd seqUamce @t sur gery

the tissue is_con ted, wth't r.emai ni n onponent{s), typically by
sprayi ng t h&®Lh g‘a‘&‘gﬁ 'Bﬂﬁ%mé Pﬁjag%{’(/%rﬂen'g?fﬂgﬁﬁif’%f%%eueﬁ%e\/ﬁ?%&?sgl%’ ugate is
bound wi || gh®we uEBE igla0MrieBh ot hidthissaid syaitens, shsaeinunded idi m 1 i ght or,
if necessary, in the dark. The, conj%gat es that _ar& pr ovi dFd herej n contain
a targeti ngCayERtUonsUEH diggnomticasyst ﬁéorstﬁéd"l’fv{vé’ et iRt P! BpYRATH%

nonocl onal  gBdidaothy Sthef kiasBRNELENBE @fse hiihead RisEMRSY i dedsit bio@. Via a
linker to a targeted age a Renilla GFP, Renilla or Gaussia_ luciferase

nt
and ot hdP | uci f er8ses mathedsuanthgrosNstsopFdeany oW & thosg<d skihiyiigs) or a
luci ferin. The,iah g0 RGeAURNE JTBY, RBIVBRYPHEE nbLIiRitEY ¢ O &, THpBficatiohn®

linking is effected elther chem cal l%‘h Py reconbi nant expression of a
fusi on 20 pBetieliNp.i 98/7AI1 (T 3B/HAE R tdhena 8 FACH03gew Patery Mot ei n, and by

combi nat1 ong o2 06 BEH:EMeBAY (LEARINBSorP BREIRARLA Nas W0 gt 881 & NanRgeNt
pfeterentially Di to a selected tissue or ce type,
such as a t 96B23&;IWOUPB/RIE75aii® 2633t \WeY 97/28264 ; s dA/4 t2adtdargen.
Met hods 11‘50r V%eg%%'bggnqonj ugates are known to those of skill in the art.
2. Renilla luciferase compositions
DNA encoding the Renilla mulleri luciferase or Renilla reniformis luciferase
is used to produce the encoded luciferase, which has diagnostic applications as
well as use as a component of the bioluminescence generating systems as
20 described herein, such as in beverages, and methods of diagnosis of neoplasia
and in the diagnostic chips described herein. These methods and products
include any known to those of skill in the art in which luciferase is used,
including, but not limited to, U.S. application Serial No. 08/757,046,
08/597,274 and 08/990,103, U.S. Patent No. 5,625,048; International patent
25 application Publication Nos. WO 95/21191; WO 96/23810; WO 96/27675; WO
97/26333; WO 97/28261; WO 97/41228; and WO 98/02571).
in other embodiments, the Renilla luciferase and the remaining
components may be packaged as separate compositions, that, upon mixing,
glow. For example, a composition containing Renilla luciferase may be provided
30 separately from, and for use with, a separate composition containing a
bioluminescence substrate and bioluminescence activator, In another instance,
luciferase and luciferin compositions may be separately provided and the

RECTIFIED SHEET (RULE91)
ISAVEP



25 For exanple, aequorin that is designed for conjugation and conjugates
contai ning such aequorin have been produced (see, e.g., International PCT
appl i cat ivom 0™MeR824 WO 94/ 18342; see, also Smith et al. (199B¢TAUROIASRTT can

Bi ot echnol ogy Laboratory). Aequorin has been conjugated to an anti body

nol ecul e by neans of a sulfhydryl-reacting binding agent (Stultz et al.
(1992) Use of Reconbinant 30 Biotinylated Apoaequorin from Escherichia
coll. Biochem stry 31, 1433-1442). Such nmethods nay be adapted for use
herein to produce the luciferase coupl €88-to protein or other such

nmol ecul es, which are useful as targeting agents. RECTIFI ED SHEET ( RULE91)

| SKEP WO 01/ 68824 PCT/ US01/ 08277 -89 Vargula |luciferase has al so been

| i nked to obleymimebesnsieesctivats, mey §e addag aiieseor tppltareausbnwilh, MiPng®64583,
March 19, 1 y be adapted for use herein to produce

| uci f erase ?geﬁéﬁhggq% %%%u %rggt hat are useful as targeting agents. 5 The
conj ugat es can b@&.enplCyyidates det ect the presence of or quantitate a
particular antig in bi ol ogi.ca i.rect rr '

light enitted 7 Conl Rt S, %%V'ﬁsééé’é%ﬁ"fwk‘gra%?@éﬁp SUssr ﬁi‘%’ﬁ%gﬁr{‘/grégﬁ
conponents otargbendi®hunbrseke esueligeioardtthaguspsd, grrticuyriyba sindddrirgd f or

| i nkage, such as by addi ti(fn of .an‘igon aci d resjdues, that ar.e 1?.

parti cul ar | JUSENt-aby 267 JESARRIRD Phthers copiugetes PG Y58 &P PRI & can be

readi |y eff ges@mhebyinmndivieni NG . bpglidatibn BuliaeXp! €87908,999C h Inpelickice dpfWA t o
produce luciferase with additional residues at the N or C-termnus.
Met hods f or tRSYESIFHPeePIUigateCuIan SnpITHISIHES e/ DA BHITRPIE 1Y% art .

For exanpl e, ReAMPFHdtdrféind §%éi'ﬁfbiirw%e@ thertafRidd 83 Ueasy AindieCaTNid gceTe

contai ning 15 such aequorin have been produced (see, e.g., Internpational
PCT appltilcainterschion with 94/seggapecifesell sidecespiofein etDuing U9 thedisEHRr i can
Bi ot echnol 00y ook BERUALAIY the RRAMARG BoABSHBRK). SRMAHGCehrbPngnalteDEdY

mol ecul e by means  of a sul fhydryl-reacting binding agent (Stultz et al.
(1992) Use ddcaRegertisinnant anBitissieyo atheeh ppridazfeds ibaund ovill BsukerTingraleawcol | .

o o os Sty R ATl EOLRHE RIS FRYCERALAREILAL Uoe Nore 1

to produce aequorin tern~or other such nolecules, which are
useful as targetiThg cg@rgases Vet god ardvidedf keraivecdnasin &l Bogdsd@nadantkeetht o

?[ggg; _ %&gﬁ%%&f@%@geﬁ?ﬁgﬁﬁgr at‘égrg)?g gcelﬁc %P&)loicf:o%tai er)]tig\cl)%y 8ﬂr§&§é§8ﬁer%r ch 19,
linked either directly or via a linker to a targeted agent, a Renilla GFP, Renilla or
Gaussia luciferase and other luciferases (including photoproteins or luciferase
enzymes) or a luciferin. The targeted agent may be coupled to a microcarrier,
The linking is effected either chemically, by recombinant expression of a fusion

20 protein in instances when the targeted agent is a protein, and by combinations
of chemical and recombinant expression. The targeting agent is one that will
preferentially bind to a selected tissue or cell type, such as a tumor cell surface
antigen or other tissue specific antigen.

Methods for preparing conjugates are known to those of skill in the art.

25 For example, aequorin that is designed for conjugation and conjugates containing
such aequorin have been produced (see, e.g., International PCT application No.
WO 94/18342; see, also Smith ef al. (1995) in American Biotechnology
Laboratory). Aequotin has been conjugated to an antibody molecule by means
of a sulfhydryl-reacting binding agent (Stultz et al. (1992) Use of Recombinant

30 Biotinylated Apoaequorin from Escherichia coli. Biochemistry 31, 1433-1442).
Such methods may be adapted for use herein to produce the luciferase coupled

to protein or other such molecules, which are useful as targeting agents.
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for use herein to produce aequorin coupled to protein or other such

nol ecul es, 25 which are useful as targeting agents. The bi ol um nescence
gener ati mgopeesstd ons are used with the Renilla reniform BCEER1p8oVI ded
herein. a. Linkers Any linker known to those of skill in the art may be
used herein. Oher linkers are suitable for incorporation into chemcally
produced conjugates. 30 Linkers that are suitable for chemcally I|inked
conj ugat es i nclude disulfide bonds, thioether bonds, hindered disulfide
bonds, and coval ent bonds between free _ggeactive groups, such as am ne and
t hi ol groups. These bonds are produced WO 01/ 68824 PCT/ US01/08277 -90
usi ng heterobifunctional reagents to produce reactive thiol groups on one

or both of \Lhe PRlHeRRE HS S8 Hed i ik du8@CS thBOrmo ulddi Qe X, QUQJ%RQHeéé“e
pol ypeptide w'th reactive thiol groups or amne groups t'o reactive

mal ei m do gepRljgation Nhi P 50@145§§s Marmhb@,atﬂ%?dheﬁyc(brmeﬂ@détmw be @dhpted
linkers | nckééqfsabil?ei%nq tgéﬁgger rﬁ":cﬁe a'sQ‘é%D;?led 3:891@%@&&9& SR b msgﬁq)hgoxy

propane, aci I'n conjugate I pic acrd ydrazi de,
t hat woul d tergetirapegehtbn nore acidic intracel |l ul ar conpartnents cross

i nkers that are Ieav 0 UV.or. Vvisi bI t l.i nkers,
such-as the vari gﬁs € oJrrglaﬁe% @asucﬁg%gﬁo&g'gﬁod%ect %8 pé?—f-? rg%h qu e aé%r?st ant
regi on of hpmnulagﬁﬂ:tngsrem a Batlogicaltsaaiple 6§ 38yt bbiréatibrato kimamighaleriibted

30: 379- 386) Sore nﬁnts several linkers may be included in order
to take adygﬁlﬁﬁ W”H@?FFB re4c888r ti es of each Iinker. Chenical |inkers

aﬂd pept i ge Ihl nkﬁl’ssannﬁ};{erb@tl\lel)%eddhrﬁ;ﬁbhlﬁ)ﬁt m\ga% emdrymegclmmbimetdmgl m;kaE Ej 0
the TA and the tar eIe The hetero unct ona nt, scri be
bel ow, may BEYI&ET f’tﬁ'e fngﬁ?kaﬁ?cﬁ”%é‘aﬁ’ JEtﬁﬁ‘p? "f‘fa'mp“e% f Lﬁtl?‘iaﬁﬁﬁers may

al so be1bi nbéﬂucbhérl?@@ﬁtﬁﬁl%' o likdyecldCPdi Setbcdte shibstteRs. ants ddh bé ketemy and
targeted agent, i nker, tarMed agent and TA as a fusion protein

Flexible Ii ﬁf&‘é‘?@deﬁ‘(dmloﬂﬁk'@ﬁ@? Aﬁﬂ@@é&%S@QI%hI’F?W'% DVt BFAYGEt es ar e

cont enpl at eficfrerasHS@ith 8hdiRBhaldeSiBBeP bt Y K- 8 b8ErhihDkers are contenpl ated
herein. Nunerous heterobifunctional cross-linking reagents that are-used

to form 20 covaMsiodsofpPrerarigespriigates greokvmel thasedf silbinpthezaitt t o
i ntroduce thPéxa%ﬂHPéedRCEH tmaptsea&%nearf%r kBR; \ggaﬁ& Eh@%enfe.pat%lg' édmé.ﬂ.ntgh' s

art (see, g | mmunoTechnol o Cata & Hand
1992- 1948, mmheqmgchaw@emmowmfsam &y9. dﬂt@n@tm@é%ﬂ ham@aglents and

id t Cunb t
g/r ?V'( 183 2? m&%ﬂz SHQULRE difith BYSN (1 688PR Bmeri&lr BRYIMofgY - er e

Laboratory). Aequorin has been conjugated to an antibody molecule by means

of a sulfhydryl-reacting binding agent (Stultz et al. (1992) Use of Recombinant

Biotinylated Apoaequorin from Escherichia coli. Biochemistry 31, 1433-1442).
20 Such methods may be adapted for use herein to produce aequorin coupled to

protein or other such molecules, which are useful as targeting agents.

Vargula luciferase has also been linked to other molecules (see, e.g., Japanese

application No. JP 5064583, March 19, 1993). Such methods may be adapted

for use herein to produce aequorin coupled to protein or other such molecules,
25 which are useful as targeting agents. The bioluminescence generating reactions

are used with the Renilla reniformis GFP provided herein.

a. Linkers
Any linker known to those of skill in the art may be used herein.

Other linkers are suitable for incorporation into chemically produced conjugates.
30 Linkers that are suitable for chemically linked conjugates include disulfide bonds,

thioether bonds, hindered disulfide bonds, and covalent bonds between free

reactive groups, such as amine and thiol groups. These bonds are produced



25 Chem 3:397-401; Thorpe et al. (1987) Cancer Res. 47:5924-5931; CGordon
et at. (1987) Proc. Natl. Acad Sci. 84:308-312; Walden et al. (1986) J.
Mol e Cel IwODbmeasapl . 2: 191-197; Carl sson etalL (1978) Bi ochratr/US01/(BZ3.
723-737; Mahan et al. (1987) Anal. Biochem 162:163-170; Waw yznaczak et
al. (1992) Br. J. Cancer 66:361-366; Fattomet al. (1992) Infection &

| mmun. 60: 584-589). 30 These reagents may be used to form coval ent bonds
between the TA and targeted agent. These reagents include, but are not
limted to: N-succinimdyl-3- (2-pyridyl i!,i_t hi 0) propi onate (SPDP; disulfide
i nker); sulfosuccinimdyl 6-(3-(2 WO Of 68824 PCT/ USOL/ 08277 -91
pyridyl dithi o) propi onanm do) hexanoate (sul fo-LC SPDP)
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hydr azi de ( ABkplingAthedirddee s Hitd EAIaWMBSargEmn oegérdaVvEid ketarubifoeatiorsénsi ti ve
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Numerous heterobifunctional cross-linking reagents that are-used to form

20 covalent bonds between amino groups and thiol groups and to introduce thiol
groups into proteins, are known to those of skill in this art (see, e.g., the PIERCE
CATALOG, ImmunoTechnology Catalog & Handbook, 1992-1993, which
describes the preparation of and use of such reagents and provides a commercial
source for such reagents; see, also, e.g., Cumber et al. (1992) Bioconjugate

25 Chem. 3:397-401; Thorpe et al. (1987) Cancer Res. 47:5924-5931; Gordon et
al. (1987) Proc. Natl. Acad Sci. 84:308-312; Walden et al. (1986) J. Mol. Cell
Immunol. 2:191-197; Carlsson et al. (1978) Biochem. J. 173: 723-737; Mahan
et al. (1987) Anal. Biochem. 162:163-170; Wawryznaczak et al. {1992) Br. J.
Cancer 66:361-366; Fattom et al. (1992) Infection & Immun. 60:584-589).

30 These reagents may be used to form covalent bonds between the TA and
targeted agent. These reagents include, but are not limited to: N-succinimidyl-3-

(2-pyridyldithio)propionate (SPDP; disulfide linker); sulfosuccinimidyl 6-(3-(2-



266: 4309- 4314) . Phot ocl eavabl e linkers are linkers that are cl eaved upon
exposure to light (see, e.g., Goldnmacher et a/. (1992) Bioconj. Chem
3:104-10Wowhesskd | inkers are herein incorporated by referenus)losetrer eby
rel easing the targeted 30 agent upon exposure to |ight. Photocl eavabl e

| i nkers that are cl eaved upon exposure to |light are known (see, e.g.,
Hazumet a/. (1981) in Pept., Proc. Eur. Pept. Synp., 16th, Brunfeldt, K
(Ed), pp. 105-110, which describes the use of a WO 01/ 68824 PCT/ USOL/ 08277
-92 nitrobenzyl group as a photocleavabg? protective group for cysteine;
Yen et at. (1989) Makronol. Chem 190:69-82, which describes water soluble
phot ocl eavabl e copol yners, includlng hydroxypropylnethacrylanlde copolyner
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agent cells In a tunor or spe tissue’(targeted tissue
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Acid cleavable linkers, photocleavable and heat sensitive linkers may also
be used, particularly where it may be necessary to cleave the targeted agent to

20 permit it to be more readily accessible to reaction.
Acid cleavable linkers include, but are not limited to, bismaleimideothoxy
propane; and adipic acid dihydrazide linkers (see, e.g., Fattom et al. (1992)
Infection & Immun. 60:584-589) and acid labile transferrin conjugates that
contain a sufficient portion of transferrin to permit entry into the intracellular
25 transferrin cycling pathway (see, e.g., Welhoner et al. (1991) J. Biol. Chem.
266:4309-4314).

Photocleavable linkers are linkers that are cleaved upon exposure to
light (see, e.g., Goldmacher et al. (1992) Bioconj. Chem. 3:104-107, which
linkers are herein incorporated by reference), thereby releasing the targeted

30 agent upon exposure to light. Photocleavable linkers that are cleaved upon
exposure to light are known (see, e.g., Hazum et al. (1981) in Pept., Proc. Eur.

Pept. Symp., 16th, Brunfeldt, K (Ed), pp. 105-110, which describes the use of a



froma nunber of human neoplasns. C. Anti-tunor Antigen Antibodies

Pol ycl onal and nonocl onal anti bodi es may be produced agai nst selected 30
anti gens.wa@bt/esspat i vel y, nmany such anti bodi es are present Pgr/as@aidsatsl e. An
exenplary list of antibodies and the tunor antigen for which each has been
directed against is provided in U S. application Serial No.08/908, 909,

whi ch is incorporated RECTI Fl ED SHEET (RULE91) | SA/EP WD 01/68824

PCT/ USOL/ 08277 -93 by reference in its entirety. It is contenplated that
any of the antibodies |isted may be coflfugated with a bi ol uni nescence
generating conponent follow ng the nethods provided herein. Anpbng the
preferred antibodies for use in the methods herein are those of 5 human
origin or, ﬁﬁf@epi\éfgafpalblay a mﬁoﬁamlq@wtﬁ@ﬁmgr@nalfoaﬁwt@wp &en efrdse  are
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g it

Cor PRkt nghEig: Sieb ey, *herdobtl cdBsh s s B IR RAT or AP s

| uci f er ase Goldnedchentel bHdy992) Biesen)i loadm. 13: w181OI?atAaftth toscribed 86crd5H.  As
not ed above, the targetl g %nt and | u |fe5 é)r,luciferase ma¥ be Iinked
directly, sliferaodirrdeHattldardags BRogYtici degradation: YRAN EXRASHERS \OPEHt her
sui t abl e bongsligHer3650&yn)MaMd [Benidr érlamk(e@sshpﬁmbh@nl PR &Ibio/ 4B R 81 1oy, be
nore than one luciferase _or luciferin per targeting agent, or nore t han

one tar getl wicydetcripes “I'thttiel'"'éY’%\é:aélPo']Vucﬁhl"é‘rdierf”os T'%P%é?qﬂﬁéﬁlthaén
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targeti 38 agent may be fused (di rect | B/fbor via a linking peptide) to the
e

luci fer BXPeRYre de Hemi- naweh mw% h@py partigylae waenh! Eeatife DNA 20
encodi ng an%ﬁ%ﬁaﬂ)ﬂ%l&nb\' ohmﬂgrmlefﬂdnh%'ns%hsle‘ Fpé %x&oé@@ytobﬁgﬂt'&%%érn the

sane trans onal” readi rane encodl ng any of
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di agnostﬂsc ;S)yo%gorTSB in which it is desirable to remove the targeting agent to permit rapid

clearance from the body of the animal.

b. Targeting Agents
Targeting agents include any agent that will interact with and localize the
targeted agent cells in a tumor or specialized tissue (targeted tissue). Such

20 agents include any agent that specifically interacts with a cell surface protein or
receptor that is present at sufficiently higher concentrations or amounts on the
targeted tissue, whereby, when contacted with an appropriate bioluminescence
generating reagent and activators produces light. These agents include, but are
not limited to, growth factors, preferentially modified to not internalize,

25 methotrexate, and antibodies, particularly, antibodies raised against tumor
specific antigens. A plethora of tumor-specific antigens have been identified
from a number of human neoplasms.

c. Anti-tumor Antigen Antibodies
Polyclonal and monocional antibodies may be produced against selected

30 antigens. Alternatively, many such antibodies are presently available. An

exemplary list of antibodies and the tumor antigen for which each has been directed

against is provided in U.S. application Serial No.08/908,909, which is incorporated
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I n nost enbodi nents, the Renilla GFPS and conponents of the diagnostic
systens provided herein, such as Renilla luciferase, are fornulated into
two conpo@nt/essas: a first conposition containing the conpOpase;osarid a
second conposition containing the remaining conponents of the

bi ol um nescence 30 generating system The conpositions are fornulated in
any manner suitable for admnistration to an animal, particularly a
manmal , and nore particularly a human. Such fornul ations include those
suitable for topical, local, enteric, \301/68824 PCT/USOL/ 08277 -94
parenteral, intracystal, intracutaneous, intravitreal, subcutaneous,

i ntramuscul ar, or intravenous adm nistration. For exanple, the conjugates,
vvhichinprg hadi -1 g A9ee Ad t
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Alternatively, an antibody, or F{Ab), antigen-binding fragment thereof or

other protein targeting agent may be fused (directly or via a linking peptide) to
the luciferase using recombinant DNA technology. For example, the DNA

20 encoding any of the anti-tumor antibodies of Table 3 may be ligated in the same
translational reading frame to DNA encoding any of the above-described
luciferases, e.g., SEQ ID NOs. 1-14 and inserted into an expression vector. The
DNA encoding the recombinant antibody-luciferase fusion may be introduced into
an appropriate host, such as bacteria or yeast, for expression.

25 4, Formulation of the compositions for use in the diagnostic systems

In most embodiments, the Renilla GFPS and components of the diagnostic

systems provided herein, such as Renilla luciferase, are formulated into two
compositions: a first composition containing the conjugate; and a second
composition containing the remaining components of the bioluminescence

30 generating system. The compositions are formulated in any manner suitable for
administration to an animal, particularly a mammal, and more particularly a

human. Such formulations include those suitable for topical, local, enteric,



may then be extrapol ated therefrom Upon m xing or addition of the
conjugate(s) with the vehicle, the resulting mxture may be a sol ution,
suspensi O ogeaskei on or the |ike. The formof the 30 resuPCT/gowisxI7ur e
depends upon a nunber of factors, including the intended nbde of

adm nistration and the solubility of the conjugate in the selected carrier
or vehicle. The effective concentration is sufficient for targeting a
sufficient WO 01/ 68824 PCT/ USOL/ 08277 -95 anmount of targeted agent to the
site of interest, whereby when conbi nedgyith the remaining reagents during
a surgical procedure the site will glow. Such concentration or anount may
be determ ned based upon in vitro and/or in vivo data, such as the data

from the mousRX&aPIRRELysTRIRrakafankHI® iBtralitle8h RbcaRBO ahiRusmAg! - | f
necessary, pharnaceutically acceptable salts or other derivatives of the
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suitable for topical, local, intravenous and systemic application. Effective
concentrations of one or more of the conjugates are mixed with a suitable
pharmaceutical carrier or vehicle. The concentrations or amounts of the

20 conjugates that are effective requires delivery of an amount, upon
administration, that results in a sufficient amount of targeted moiety linked to
the targeted cells or tissue whereby the cells or tissue can be visualized during
the surgical procedure. Typically, the compositions are formulated for single
dosage administration. Effective concentrations and amounts may be

2b determined empirically by testing the conjugates in known /n vitro and in vivo
systems, such as those described here; dosages for humans or other animalis
may then be extrapolated therefrom.

Upon mixing or addition of the conjugate(s) with the vehicle, the resulting
mixture may be a solution, suspension, emulsion or the like. The form of the

30 resulting mixture depends upon a number of factors, including the intended
mode of administration and the solubility of the conjugate in the selected carrier

or vehicle. The effective concentration is sufficient for targeting a sufficient



Typically an effective dosage shoul d produce a serum concentration of
active ingredient of fromabout 0.1 ng/m to about 50-1000 (err)g/m,

pref erabiwob0es800 30 ,ug/ m . The pharnaceutical conpositiPOFUSYpIseHl | y
shoul d provi de a dosage of from about 0.01 ng to about 100 - 2000 ny of
conj ugat e, dependi ng upon the conjugate selected, per kilogram of body
wei ght per day. Typically, for WO 01/68824 PCT/ USOL/ 08277 -96 intravenous
adm ni strati on a dosage of about between 0.05 and 1 ng/kg should be
sufficient. Local application for, suchggs visualization of ophthal mc
tissues or local injection into joints, should provide about 1 ng up to
1000 (err)g, preferably about 1 Ng to about 100 ,ug, per single dosage
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al cohol and neth ar abens; antioxi dants, such as ascorbic acid and 25
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the adj ust tonicity suc sodlu chlor extros ar ent al

preparat i onglscallrzelddoxeﬂ\cﬂt@med intnacempal esintrdimsisosiabl modsa phadsintraioht i pl e

dose The conjugate is included in the pharmaceutically acceptable carrier in an
amount sufficient to produce detectable tissue and to not resplt in undesirable

20 side effects on the patient or animal. It is understood that number and degree of
side effects depends upon the condition for which the conjugates are
administered. For example, certain toxic and undesirable side effects are
tolerated when trying to diagnose life-threatening illnesses, such as tumors, that
would not be tolerated when diagnosing disorders of lesser consequence.

25 The concentration of conjugate in the composition will depend on
absorption, inactivation and excretion rates thereof, the dosage schedule, and
amount administered as well as other factors known to those of skill in the art.
Typically an effective dosage should produce a serum concentration of active
ingredient of from about 0.1 ng/ml to about 50-1000 ug/ml, preferably 50-100

30 ug/ml. The pharmaceutical compositions typically should provide a dosage of
from about 0.01 mg to about 100 - 2000 mg of conjugate, depending upon the

conjugate selected, per kilogram of body weight per day. Typically, for



vial s made of glass, plastic or other suitable material. 30 If adm nistered
i ntravenously, suitable carriers include physiological saline or phosphate
buf f er ed w@bi/ess24 PBS), and sol utions cont ai ni ng t hi ckeni nBCEUA01/08277

sol ubi li zi ng agents, such as glucose, polyethylene glycol, and

pol ypropyl ene WO 01/ 68824 PCT/ USOL/ 08277 -97 glycol and m xtures thereof.
Li posonal suspensions may al so be suitable as pharnaceutically acceptable
carriers. These nmay be prepared according to nmethods known to those
skilled in the art. The conjugates may gg_ prepared with carriers that
protect themagainst 5 rapid elimnation fromthe body, such as tine

rel ease formul ations or coatings. Such carriers include controlled rel ease
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i sotonic 15 solutions, pH about 5-7, with appropriate salts. The ophthal mc
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acid. The conj ugabeetilBNJPEdib Al HeeshAitistaea R lomcé Obr ﬁqagib@aiivia&pmtsation
(see, e.g., U S  Patent Ss. 4,044,126, 4,414,209, and 4, 364,923). Al so,
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contain the activators and al so the renmai ni ng bi ol um nescence generating

agent, suchf the digeasecqanditiophbeing iironeseq @geteay be getesmingdurimpigealbe, or a
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administering or supervising the administration of the compositions, and that the
concentration ranges set forth herein are exemplary only and are not intended to
limit the scope or practice of the claimed compositions.

20 Solutions or suspensions used for parenteral, intradermal, subcutaneous,
or topical application can include any of the following components: a sterile
diluent, such as water for injection, saline solution, fixed oil, polyethylene glycol,
glycerine, propylene glycol or other synthetic solvent; antimicrobial agents, such
as benzyl alcohol and methyl parabens; antioxidants, such as ascorbic acid and

25 sodium bisulfite; chelating agents, such as ethylenediaminetetraacetic acid
(EDTA); buffers, such as acetates, citrates and phosphates; and agents for the
adjustment of tonicity such as sodium chloride or dextrose. Parental
preparations can be enclosed in ampules, disposable syringes or multiple dose
vials made of glass, plastic or other suitable material.

30 Iif administered intravenously, suitable carriers include physiological saline
or phosphate buffered saline (PBS), and solutions containing thickening and

solubilizing agents, such as glucose, polyethylene glycol, and polypropylene



30 of oral admnistration, the active conpound or conpounds can be
incorporated w th excipients and used in the formof tablets, capsules or
t roches. W@004g888824 PCT/ USOL/ 08277 -98 Pharnaceuti cal | yPcOupa@taskt7e

bi ndi ng agents and adjuvant materials can be included as part of the
conposition. Tablets, pills, capsules, troches and the |like can contain any
of the follow ng ingredients, or conpounds of a simlar nature: a binder,
such as 5 mcrocrystalline cellulose, gumtragacanth and gel atin; an

exci pient such as starch and | actose, aggisintegrating agent such as, but
not limted to, alginic acid and corn starch; a lubricant such as, but not
limted to, nagnesium stearate; a glidant, such as, but not limted to,
col | oi dal si,lyJ t; C
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materials that sup Ecemant the desired action, such as cis-platin for
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addi ti onal agents, ﬁ as sp shifters articul ar
provi ded 5heselun0n8'l7hdr$ebgmanewthapmphatassadﬁse The ophthalmic - composmons

may also include additional components, such as hyaluronic acid. The
conjugates may be formulated as aerosols for topical application (see, e.g., U.S.
Patent Nos. 4,044,126, 4,414,209, and 4,364,923).
Also, the compositions for activation of the conjugate in vivo during
20 surgical procedures may be formulated as an aerosol. These compositions
contain the activators and also the remaining bioluminescence generating agent,
such as luciferin, where the conjugate targets a luciferase, or a luciferase, where
the conjugate targets a luciferin, such as coelenterazine.
If oral administration is desired, the conjugate should be provided in a
25 composition that protects it from the acidic environment of the stomach. For
example, the composition can be formulated in an enteric coating that maintains
its integrity in the stomach and releases the active compound in the intestine.
Oral compositions will generally include an inert diluent or an edible carrier and
may be compressed into tablets or enclosed in gelatin capsules. For the purpose
30 of oral administration, the active compound or compounds can be incorporated

with excipients and used in the form of tablets, capsules or troches.



luciferin, can be fornul ated as described above for the conjugates. In sone
WO 01/ 68824 PCT/ USOL/ 08277 -99 enbodi nents, the luciferin or luciferase in
this conpogot/essed wi || be linked to a protein carrier or PCH®ER0IG®RTT er to
prevent degradation or dissolution into blood cells or other cellular
conponents. For enbodi nents, in which the second conposition is applied

|l ocally or 5 topically, they can be fornmulated in a spray or aerosol or

ot her suitable nmeans for local or topical application. In certain

embodi ments described herein, all conpoggnts, except an activator are
formul ated together, such as by encapsulation in a tine rel ease .
formulation that is targeted to the tissue. Upon rel ease the conposition
Wil 10 haygafealuiesn) bofflatifle iRidPaLbad ol &yu Al sidhialRahbd 0 ol ow
In practice, the two conpositions can be adm ni stjere SI rru?taneously or
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| uci ferase enzynes). or, a ciferin, T targeted agent na e coupled to a
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or cell 1ot YBRicysieNad fraittiiavFingel | surface antigen or other tissue
specific antigen. Methods for preparing conjugates are known to those of

skill in the art Wherstheodosags miitelormdy dgtapsulenBtcanscapéain gifeasiditinn to
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addition to the active compounds, sucrose as a sweetening agent and certain
preservatives, dyes and colorings and flavors.

The active materials can also be mixed with other active materials that do

20 not impair the desired action, or with materials that supplement the desired
action, such as cis-platin for treatment of tumors.

Finally, the compounds may be packaged as articles of manufacture
containing packaging material, one or«more conjugates or compositions as
provided herein within the packaging material, and a label that indicates the

25 indication for which the conjugate is provided.
b.  The second composition

The second compaosition will include the remaining components of the
bioluminescence generating reaction. In preferred embodiments in which these
components are administered systemically, the remaining components include

30 the luciferin or substrate, and optionally additional agents, such as spectral
shifters, particularly the GFPs provided herein. These components, such as the

luciferin, can be formulated as described above for the conjugates. In some



WO 01/68824 PCT/ USOL/ 08277 -100 Vargula luciferase has al so been linked to
ot her nol ecul es (see, e.g., Japanese application No. JP 5064583, March 19,
1993). Swedomeshods nay be adapted for use herein to proBOT/ESE@ARADr i N
coupled to protein or other such nol ecules, which are useful as targeting
agents. 5 Aequorin-antibody conjugates have been enployed to detect the
presence of or quantitate a particular antigen in a biological sanple by
direct correlation to the light emtted fromthe biol um nescent reaction.
As an alternative, the Reni//a G-P or Rggi//a mulleri or Gaussia luciferase
or a conponent of the biolum nescence generating systemmy be nodified for
10 linkage, such as by addition of am no acid residues that are
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neopl asia or tissue to be visualized. In general, however, a_luciferin,
Reni //a GFPTORYATONthLIY targetepita the Ry HPORARIsateatneRampRAsan Will ot her
luci f er gge, hade bbéh 10cBREdd @NtHel ddsirb@ skenhnDdiIEBedif tb Rfowar geti ng agent,

adm nistered to an aninmal prior to surgery. During the surgery, the

tissues of inter8spragtigechigttayg eemppsiions pan be REMINBPrebApBHeAeeYslY 6f a
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targeting agent reacts wll gl ow. WD 01/ 68824 PCT/ USCOL/ 08277 -101 Any
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composition is then administered, either pre-operatively or during surgery.

15 The conjugates that are provided herein contain a targeting agent, such
as a tissue specific or tumor specific monoclonal antibody or fragment thereof
linked either directly or via a linker to a targeted agent, a luciferase (including
photoproteins or luciferase enzymes) or a luciferin. The targeted agent may be
coupled to a microcarrier. The linking is effected either chemically, by

20 recombinant expression of a fusion protein in instances when the targeted agent
is a protein, and by combinations of chemical and recombinant expression. The
targeting agent is one that will preferentially bind to a selected tissue or cell
type, such as a tumor cell surface antigen or other tissue specific antigen.

Methods for preparing conjugates are known to those of skill in the art.
2b For example, aequorin that is designed for conjugation and conjugates containing
such aequorin have been produced (see, e.g., International PCT application No.
WO 94/18342; see, also Smith et al. (1995} in American Biotechnology
Laboratory). Aequorin has been conjugated to an antibody molecule by means
of a sulfhydryl-reacting binding agent (Stultz et al. (1992) Use of Recombinant

30 Biotinylated Apoaequorin from Escherichia coli (Biochemistry 31:1433-144.2).

Such methods may be adapted for use herein to produce aequorin coupled to

. protein or other such molecules, which are useful as targeting agents.



systemis contenplated for use in the nmethods herein. Preferably the
visible 1light is a conbination of blue, green and/or red |light of varying
i nt ensi t ive@ 0e68%$24 wavel engt hs. For visuali zi ng neopl asi a oPCEpsel/esk17y

ti ssues through mammalian 5 tissues or tunors deeply enbedded in tissue,

| onger wavel engths of visible light,. i.e., red and near infrared light, is
preferred because wavel engths of near infrared |ight of about 700-1300 nm
are known to penetrate soft tissue and bone (e.g., see U S. Patent No.

4,281, 645). In other embodiments, the cqjy.ugate can be applied to the
tissues during 10 surgery, such as by spraying a sterile solution over the
ti ssues, followed by application of the remaining conponents. Tissues that
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conposi tions, such as suspensions, ers, as pastes o i n ot her
sui t abl e st epplicatiborNe. JFheQ64R§3 Uﬂammw,d‘e%%)lfﬂm mpthegs, maebesdhgtedor i n

any suitabl ?’orf L?g’ npger;fpeto ;?rggl.?@é gemm djp'le?ikfa prto{’eE ﬁ orrratthérchﬂarﬁglefﬁla%l’ I K

m cr obeads sUi Vit ocuse ah at The ass
capillaries th(yipauaanhdejuladsl talbgetingnagedits. rmre though pref er abI y all but one,

f th t t.h ded
Cogether 3 Fonct| SFPTFS0iAd oblEu SRt a Bl s e B PR ¢
the 20 rem&lloﬂbﬂgu@rﬁi’faw"lélﬁ{&a(t&:)u,larsdmﬂ@eﬂSn b}bl@.d@ibﬁlgseﬁﬁiilé‘ byFRdfécwicbirelatiohiad ase,

FMNH2, ATP, alr or oxy L Freferred enbodi ments the luciferase or
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guns, tdp ciegddetatos, oftty bidlaininaseence degjed as well as the particular item.
Selection of the targeting agent primarily depends upon the type and
characteristics of neoplasia or tissue to be visualized and the setting in which
visualization will be performed.
The Renilla reniformis GFP is added to one or both compositions to act as
20 a spectral shifter.

C. Practice of the reactions in combination with targeting
agents

The particular manner in which each bioluminescence system will be
combined with a selected targeting agent will be a function of the agent and the
25 neoplasia or tissue to be visualized. In general, however, a luciferin, Renilla GFP,
Renilla mulleri, Pleuromamma or Gaussia luciferase or other luciferase, of the
reaction will be conjugated to the targeting agent, administered to an animal
prior to surgery. During the surgery, the tissues of interest are contacted with
the remaining component(s) of a bioluminescence generating system. Any tissue

30 to which or with which the targeting agent reacts will glow.



f oot bags and board/card ganes; finger paints and other paints, sliny play
material; textiles, particularly clothing, such as shirts, hats and sports
gear sui tve0Q oBessky eads and yarns; bubbl es in bubbl e maki ngP€DySo01A182770t her
toys that produce bubbles; balloons; figurines; personal itens, such as
bat h powders, body lotions, gels, powders and creans, nail polishes,
cosnetics including make-up, toothpastes and other dentifrices, soaps,
body paints, and bubble bath; itens such as fishing lures, inks, paper;
foods, such as gelatins, icings and frgq ? yings; 10 fish food containing
Iu0|fer|ns and transgenic fish, partlcu arly transgenic fish that express
a luciferase; plant food containing a luciferin or luciferase, preferably
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nol ecul es 1 di agnosi s of neopl asns and ot her tissues Methods
for di agnosﬂ@“ﬁ@f@ﬂlpfsﬂm femaining compongrisesTipsHas that expreps dhe targetgdef er abl y
neoplastlcig%%§HQN,qﬁbwg conpositions containing a Reni//a mulleri or 30
Ptil osarcus P and ['or a Renilla mulleri, Pleuromanmma or Gaussia |uciferase
are provided. FOe wagapisenay ke pRevifled in peinpesitioBHBushdsesuspersionse assed i n
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through capillaries. Typlcally all but one or more, though preferably all but one,

of the components necessary for the reaction will be mixed and provided
together; reaction will be triggered contacting the mixed component{s) with the

20 remaining component(s), such as by adding Ca%*, FMN with reductase, FMNH,,
ATP, air or oxygen.

In preferred embodiments the luciferase or luciferase/luciferin will be
provided in combination with the targeting agent before administration to the
patient. The targeting agent conjugate will then be contacted /in vivo with the

25' remaining components. As will become apparent herein, there are a multitude of
ways in which each system may be combined with a selected targeting agent.
G. CONMBINATIONS

Renilla reniformis GFP can be used in combination with articles of

manufacture to produce novelty items. The Renilla reniformis GFP can be used
30 with a bioluminescence generating system. Such items and methods for
preparation are described in detail in U.S. Patent Nos. 5,876,995, 6,152,358

and 6,113,886} These novelty items, which are articles of manufacture, are



procedures. The systens include conpositions containing conjugates that 5
include a tissue specific, particularly a tunor-specific, targeting agent

| i nked t ovao1/688eget ed agent, such as a Renilla reniform sPCGFBS01208R1ICi f er ase
or luciferin. The systens also include a second conposition that contains
the remai ning conponents of a biolum nescence generating reaction and/or
the GFP. In sone enbodinents, all conponents, except for activators, which
are provided in situ 10 or are present in the body or tissue, are included
in a single conposition. In particular_444e diagnostic systens include two
conpositions. A first conposition that contains conjugates that, in
preferred enmbodi nents, include antibodies directed against tumor antigens
conj ugat ed {a@nGH Qr?t@Ftam'r}etntPerecpéaQilngQr{?ieaﬁﬁﬁ%ﬁergc?Qﬁ& Mg, {?%"E‘%F% RE: @
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carrier andtbdthBasteslapasethéiodéniiiféds)Roaps) &idtlyt pAits! B8R Gabbly LG itdras er ed
conponents to travel to 25 the targeted tissue without interaction with

bl ood cel | EHAPHEALITIEY ligshinks. PaRaTpENASST AUEhas ggkelins igings andECstingss er i n

or |uci f1¢r a$i8h fded wsmm.s% Alcifdiing Bﬁ§ itRGsPLHEFRAS paﬁich@% tfé?fsggr‘négl}ﬂs' ng
di seases, partlcularly i nfecti ous di seases, using chip nethodol ogy, a

| uci f er ase/ i@t P@ress dlusitarsaeBlaphieadyeendpivingng lugjteriarmr ludtraseel udi ng a
Gaussi a, Pl epanRiTR (ireRs Yol Lge WHH ﬁsﬁsqeurd Elgﬁf%sﬁxaplek'&e?sl. ﬂchSg and

reniforms P, are provided. In particular, th hip 1nc
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shifted by chip devi'ce I's descri copen |ng u. S.
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application deyg) %%??Zér%ésn%h&gg lﬂﬂabik?rrc?rﬂ{.at ed photodetector that

detects thepp otond um nescence
Any article of manufacture that can be combined with a bioluminescence-

generating system as provided herein and thereby provide entertainment,
recreation and/or amusement, including use of the items for recreation or to

20 attract attention, such as for advertising goods and/or services that are
associated with a logo or trademark is contemplated herein. Such uses may be
in addition to or in conjunction with or in place of the ordinary or normal use of
such items. As a result of the combination, the iterﬁs glow or produce, such as
in the case of squirt guns and fountains, a glowing fluid or spray of liquid or

25 particles. H. Exemplary uses of Renilla reniformis GFPs and
encoding nucleic acid molecules

1. Methods for diagnosis of neoplasms and other tissues
Methods for diaghosis and visualization of tissues /n vivo or in situ,
preferably neoplastic tissue, using compositions containing a Renilla mulleri or
30 Ptilosarcus GFP and/or a Renilla mulleri, Pleuromamma or Gaussia luciferase are
provided. For example, the Renilla mulleri GFP protein can be used in

conjunction with diagnostic systems that rely on bioluminescence for visualizing



5 generating system The nethod may be practiced with any suitable chip
device, including self-addressable and non-self addressable formats, that

i s nodi f ivedoress2descri bed herein for detection of generatpdI/pRaisey by the
bi ol um nescence generating systens. The chip device provided herein is
adaptable for use in an array format for the detection and identification
of infectious agents in biological 10 specinens. To prepare the chip, a
suitable matrix for chip production is selected, the <chip is fabricated by
suitably derivatizing the matrix for |iftkage of macronol ecul es, and

i ncludi ng |i nkage of phot odi odes, photonultipliers CCD (charge coupled
device) or other suitable detector, for nmeasuring |ight 15 production;
attaching a r a I u : .0k QQi . hpl_ecul e or
anti 11 gand oane ARGAE LGRS LAY, Ehed BHE BRI AhPIARlch Soral et
preferably 08/208, 8991 gTrlmdsyrsmmis ra(mparlueuladm us@hm&mdirimmtéizingrmdpdﬁsemgy anong
t he preferred ldet egtors ({i ecrﬁgcﬂ |eed he} ar Vndeg however ,
that other "SPRIPEL ESHHE A B s pe HPang PR IPgHe %'ansd}ﬁ%
enbodi nent , ptdeedakesp Thia eysdemu:%mmlgd@aompbﬁgbm eontainiy conjubatls ahat arr ay,
such as an X- ot odet ect such as_.that described in co-
pondi ng 8 sk § Bhveorpdeia. Ferig ahes SeB0THRst o cEeR: A 2 i s
treated t O t4rgBEAr adeint,| S1htad & ReAMdirkhifimi® GFPNe IWhiRes R Sdr IGciAsmAY Theor
which the chip is intended, and is adapted, such as by derivatization for

i nki ng nol E¥HPRE algqtilusle Saecand; %EF?%"'O”A{'?@ICQ&W Hit IeRANSr panel of

anti bodi es, caMpBn&ssadt @Hblm%/sceﬁl@@@eﬁler‘étrf\ﬁrre@&f&rﬂ &id/&r the el Qhisdme
antigen, is affixed to the surface of above each phot odetector.

After cont aémbﬁé'n‘ﬂ?ﬂiscﬂi POMPPPEIES t @EIePE é?qu’“é'vafﬁé' W@fﬁhparpﬂ)r@‘ﬂmch(ﬂ gwith a
second apti Bpdye r!)r’e@grﬁdinttﬂe 8y GrRissgéi Clre Afc1b AL ﬁeé’krh%;@ cdrbpositidh. | 8r ma

chinmeric anti body- G- usrondggoteln or an anti body Tinked to a
conponent of a bﬂmpmﬁcn@m@ﬁ st Bystans ipstudm tvwuedmpesitionsi ebritseimma,

Gaussi a or Rom@Lkighiibt/g i8S Bmuifecaiiat DAY ofeireB Rl ! rdifucANt | gen.

The remaining conmponents o egscence generating reaction are
added, REC?TDFHJCEEBSSHEEIR%Q RUEESU_)UmSKEF!im Gbhpgett RCTLUSPLNO82F T the- 105

and, if any,of &rﬂ%s&%%%bqge% ?afcmg'r%%ﬁgo %cﬁ?&?ﬁ%?Q}cluf%geprl%‘f&rkb'rg‘ta{‘esCence

generating sy emare enerated and
det ect edb bwcﬁfhasadqracpemndthotmclm‘taantembod‘fh«mtphodmd@testcontairﬁng)permat—r vel y
linked to aspecific targeting agents are linked to luciferases or luciferins. In other
embodiments, tumor-specific targeting agents are linked to microcarriers that are
coupled with, preferably more than one of the bioluminescence generating
components, preferably more than one luciferase molecule.
20 The second composition contains the remaining components of a
bioluminescence generating system, typically the luciferin or luciferase substrate.
In some embodiments, these components, particularly the luciferin are linked to
a protein, such as a serum albumin, or other protein carrier. The carrier and time
release formulations, permit systemically administered components to travel to
25 the targeted tissue without interaction with blood cell components, such as
hemoglobin that deactivates the luciferin or luciferase.
2. Methods of diagnosing diseases
Methods for diagnosing diseases, particularly infectious diseases, using
chip methodology, a luciferase/luciferin bioluminescence-generating system,
30 including a Gaussia, Pleuromamma or Renilla mulleri luciferase plus a Renilla
reniformis GFP, are provided. In particular, the chip includes an integrated

photodetector that detects the photons emitted by the bioluminescence-



conputer, which is progranmed with information identifying the |linked 5
anti bodi es, records the event, and thereby identifies antigens present in
the test waangiset 3. Met hods for generating Reni//a nu//ePCT/US01/08277

| uci ferase, P/euromanma | uciferase and Gaussi a | uciferase fusion proteins
with Renilla reniforms GFP. 10 Methods for generating GFP and | uciferase
fusion proteins are provided. The nethods include |inking DNA encodi ng a
gene of interest, or portion thereof, to DNA encoding a Renilla reniforms
GFP and a luciferase in the sane transi®tional readi ng frane. The
encoded-protein of interest may be |inked in- frane to the am no- or

carboxyl -term nus of the G-P or Iuciferase. DNA 15 encodi ng the .
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o 00, SFOURRGRlR B BANEB L IR bifolGRE RNALE L e B fAeRE a
chimeric fu8l OR Gomtai ning the Iuchterase preferably eni

| uci f er ase, gamsreting ef/saueabl tharrﬁehdnd heayr e pfaskined vxhticameswwle ahld dReite, [ a
reniforms G- enco dto

ortlon 0] | ul ose
bi ndi ng dordicH4g B‘f’ %@a“b&e aeglqonbsg fe"?ijd\lésssgyg f°6ma g &Rt 'p ylgrldéfa%%rg?%)ounds
25 Met hods HescribdarHdréiyifogdeeapon ol gensiangl pesondibyant tislintneshatceexpr ess

het er ol ogous DNA encoding a_Renilla reniform s G-P u he_control of a
pronot er el SRRHEIIBY SYSEANe Jf’eﬁ‘i‘f%a%\g?e QF%"‘iﬁ‘%U?r&E‘d's &Fﬁgta&)é%fﬁfﬂisﬁdﬂt “cells

can be usedrrh fhehedttiof YheL oo Sn@ddritBieBtsn bhaifedmilisl @jetitd ebibelal of
transcription fromthe pronoter of interest by neasuring GFP-nedi ated
f1 uor esd@ncépedWer@conbi nant cel |'s expressing chineric GFPs nay al so be

used for noni tOrrragpresgr@em%ﬂrpe%%mbmm@frmﬁm Of’ﬁffofihéti&bmgssél’éctd@tﬂfem ni ng
the cellular localization of WO 01/68824 PCT/ USQL/ 08277 -106 the target

protein by rchipnisifelyioased by atitzll Wgﬁ%&g dlhe oEpUxEi likage Pf uor escence
wehin the Lecoibmlies Cold inckoitd TdSels fiYodiSady, ShBESHUERM I CERY the

Renill a ren| orms g nucleic acid nol eucles (see, SEQ
| D Nos. 23- 28)arge Chuged \Met/llqeuor other suitable detector, for measuring light

15 production; attaching an appropriate macromolecule, such as a biological
molecule or anti-ligand, e.g., a receptor, such as an antibody, to the chip,
preferably to an assigned location thereon. Photodiodes are presently among the
preferred detectors, and specified herein. It is understood, however, that other
suitable detectors may be substituted therefor.

20 in one embodiment, the chip is made using an integrated circuit with an
array, such as an X-Y array, of photodetectors, such as that described in co-
pending U.S. application Serial No. 08/990,103. The surface of circuit is treated
to render it inert to conditions of the diagnostic assays for which the chip is
intended, and is adapted, such as by derivatization for linking molecules, such as

25 antibodies. A selected antibody or panel of antibodies, such as an antibody
specific for particularly bacterial antigen, is affixed to the surface of the chip
above each photodetector. After contacting the chip with a test sample, the
chip is contacted with a second antibody linked to the GFP, such as the Renifla
GFP, to form a chimeric antibody-GFP fusion protein or an antibody linked to a

30 component of a bioluminescence generating system, such as a Pleuromamma,
Gaussia or R. mulleri luciferase. The antibody is specific for the antigen. The

remaining components of the bioluminescence generating reaction are added,

RECTIFIED SHEET (RULE91)
ISAVEP



conponents of a biolum nescence generating systemfor use in diagnostic and
i mmuunoassay nethods and with the novelty itens, including those described
herei n. WwoOeonessenbodi nent, the kits contain appropriate rpay@stizsard an
article of 10 manufacture for generating biolum nescence in conbination
with the article. These kits, for exanple, can be used with a

bubbl e- bl owi ng or producing toy or wth a squirt gun. These kits can al so
i nclude a reloading or charging cartridge. In another enbodi nent, the kits
are used for detecting and visualizing_4pg0plastic tissue and other tissues
and include a first conposition that contains 15 the Renilla reniforms
GFP and a selected luciferase, such as a Renilla nulleri, Renilla
reniforms [ ' ,

(eniform s pacRuRSIa hUSLERRASEw RO BB SSMbASCLDR |
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conpositi on sé@pleai Ning a secondary antibody, such as an antibody specific
for the infectioys agent that is 25 |inked, for exarrple to a Reni//a
reniform s GFP prot ei 9@09‘1‘1} %'%MQWMR@W JuciferasgiAleyramemar £ si on
protein, F(Ab)2 anti bdesiferasepnchGaygsig juciferaspfugipnproteingpvith &eaia pr ot ei n or
to such conjugates conbagishnckpe. for exanple, Gaussia or Renilla mulleri
or reniforms, luciferase. A second conposition containing the remaining
conponert®s of a BiYhafs AYsIVRERINGeRER aNArYcitafaseetisian Rmeteiss 3t BipYiderh t hat
emts a \Nqu4h%rlﬁéﬂP,oe£ u#dl&ibt lididd DNA Bﬁc&ﬁﬁé Taag}e'ngrbfrn"’?t@g@stoar bdtEolFtRereofbUch
as species of Renilla or Aequorea, for exciti ng Renilla luciferase,

whi ch WO 01A6Mem¢1'&$@18@w277rpmfom Gribad e ugf@é@&e nithatsanteat i s
detected by f ce of
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targeting a%ﬁemen(ioryn%%agtﬁginteg cﬁrectly from the targeted gene of interest and the
promoter-containing fragment linked upstream from the GFP or luciferase coding
sequence to produce chimeric GFP proteins.

20 For example, a chimeric fusion containing the luciferase, preferably a
Renilla luciferase, more preferably a Renilla reniformis luciferase, and Renilla
reniformis GFP encoding DNA linked to the N-terminal portion of a cellulose
binding domain is provided.

4. Cell-based assays for identifying compounds

25 Methods for identifying compounds using recombinant cells that express
heterologous DNA encoding a Renilla reniformis GFP under the control of a
promoter element of a gene of interest are provided. The recombinant cells can
be used to identify compounds or ligands that modulate tHe level of transcription
from the promoter of interest by measuring GFP-mediated fluorescence.

30 Recombinant cells expressing chimeric GFPs may also be used for monitoring

gene expression or protein trafficking, or determining the cellular localization of



GFP or luciferase. The second conposition, contains at least the luciferin
(substrate) and/or luciferase. Both conpositions are fornul ated for
system c,wQO0l/ksseal or topical application to a nmanmal . | nPa@lrUSINBRTN e
enbodi nents, the first conposition contains the luciferin linked to a
targeting agent, and the second conposition contains the luciferase or the
| uci ferase and a GFP. In general, the packaging is non-reactive with the
conpositions contained therein and where needed shoul d excl ude water and
or air to the degree those 15 substancgggare required for the |um nescent
reaction to proceed. D agnostic applications nmay require specific
packagi ng. The biol um nescence generating reagents nmay be provided in
pellets, en
P ef or abl y by b CABL PO by TubhetyBlo BREHR1RRAH: S cr At tnITRELAES,
i ncl uded |nvuﬂmmmhﬁuaqmnbmmnﬁcamanufacture 20 or as mixtures in chanbers
wi thin an articli manuf acture or in sone other configuration. For
exanpl e, a conposition containing |luciferase conjugate will be provided
separately from Kisdnépbe psepared bonairdep ahaRenio npofirtisoGFP oothai ni ng a
bi ol um nescence subs ate nd bi Iunlne e . act Simlarly, the
Reni 118 Ponenoiding ReEstu g darigkleh Medc SEONBINSE AF b hise arpdebie n ' such
gs a Pl egr gﬁaﬁ‘iﬂmnerﬂ@rﬂf/d Blomm’nheédeneé deneeaing dydtdrh esase Iﬁrdladrhb@ltlf: earnun may
e provided.in a co on t iS a mxture, suspension, solution,
pouder . pasiEMSPOGRRIENoRa BN WehJot oYY Sear BEDRTor g dpssrbec
conbi nat i onhatdidy t he remai ni ng conponents, but in the absence of an

activating conponent. Upon contacting the conjugate, which has been
targeted to a 30seneemhediment,dhe fjts FortainsaRRIRBEREIEAIENTHENE @ACATTiBl Of

COMENCaP aﬂ@bnhmt&aéﬁ#%engﬂa@m@ bnéleFH&E@r’iJeeﬁl: SSHRBHL BN Weh tthléearﬁblés ue gl ows
green emtting |ight near 510 The luciferase, GFP and bi ol um nescence

substrat e, ﬂbﬁﬂékl&fnﬁpéexwelewmbﬁwss!wm/hys@pﬂde\ym or pegupiagKayed t o
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packagi ng apparatu eria
activating composition, which contains the remaining components of the

bioluminescence generating system and any necessary activating agents.
In other embodiments, the kits are used for detecting and identifying

20 diseases, particularly infectious diseases, using multi-well assay devices and
include a multi-well assay device containing a plurality of wells, each having an
integrated photodetector, to which an antibody or panel of antibodies specific for
one or more infectious agents are attached, and composition containing a
secondary antibody, such as an antibody specific for the infectious agent that is

25 linked, for example, to a Renilla reniformis GFP protein, a chimeric antibody-
Renilla reniformis GFP fusion protein, F(Ab), antibody fragment-Renilla reniformis
GFP fusion protein or to such conjugates containing the, for example, Gaussia or
Renilla mulleri or reniformis, luciferase. A second composition containing the
remaining components of a bioluminescence generating system, such as

30 system that emits a wavelength of light within the excitation range of the GFP,

such as species of Renilla or Aequorea, for exciting the Renilla luciferase, which



known to those of skill in the art, and preferably include all such
apparatus 10 described in U S. Patent Nos. see U S. Patent Nos. 5,876, 995,
6, 152, 358vandessd4 1 13,886. J. Muteins Miteins of the RenipPCHUS@SRTr m s G-P
are provided herein. Miuteins in which conservative am no acid changes that
do not alter its ability to act as an 15 acceptor of energy generated by a
Renilla luciferase/substrate reaction are provided. Al so provided are
muteins with altered properties, including nuteins wth altered spectral
properties, nuteins with altered surfacg-properties that reduce

mul tinmerization, including dinmerization. 1. Miutation of GFP surfaces to

di srupt nultinmerization 20 Figure 5 depicts the three anthozoan fl uorescent

protei . { of oRDLER: Bodit th AhaeIASLHES 1658 Pho RRLAEY oRHAL LAl E 1o

com‘rermally rom & ont own as as’ In this
al i gnnment) (ndiddte ¢lbe pteseO/@OO0 he &@&rwe Struct. B| oI 7 1133 1138;

Yar br ough et al. 0Q1) Proc 2-467). A dark
gray background Hﬁﬁir&% emor%mgaﬁ ﬂ&eAﬁ ?%%Fln We °°r%"%{‘ef‘fgﬂf gray

backgr ound deghcsttn: syaeed. pihsskicctenpis! cqmnmﬁidnsemnt?h&@etmrqtﬁijlfﬁates,
structur characteri.zati Baird et  _al 2000) Proc.

ot ) AcS, retebh Aee BEp e Gacaiedy) RHBIer ohREle SHTELE ns an

obl i gat e tewcﬁﬁfarseldhd réhddiing EWItdﬁTﬂﬁecéHcéogdﬁéféﬂn‘g $H3eém ERPbNBHSt | ms;éi zes
inliving cells (Baird et a/. (2000) Proc. Natl. Acad. Sci. U S A 97:
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vitro and nmultinerize in vivo. Ptilosarcus and Reni/la nullerei G-Ps

di ver ge st r 6wgptateh agaiqiducitarases eBoidneamposiiangsme dormaateshter wrrtemiess24

PCT/ USOhig08 54l or tipftab 3y ?)Fu%?@h't‘éaé mahfRsaech éﬂﬁérbﬁhvecémgb'& Alenfahe flrst
pol ypeptide threading algorithms predict that these G-Ps fol I'd into

essenti al | ycemeositiar contaies thelugiers Reitd toneltargeting eaentnaoh thosecansuence
di ver gent AEQMEBEﬁoN'c%Eg;g Jg:&cn‘ 0k of e fu%gb%gnirypﬁa%&' s simlarly

related in sequence to osarcus an mul l erei GFPs (37%
51 % and 53% i deht geredral, ites pacitaging ys)nonandcwrmwiﬁhstheemmmmmsqunealyed 0
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di srupt the
bioluminescence generating reagents may be provided in pellets, encapsulated as
micro or macro-capsules, linked to matrices, preferably biocompatible, more
preferably biodegradable matrices, and included in or on articles of manufacture,
20 or as mixtures in chambers within an article of manufacture or in some other
configuration. For example, a composition containing luciferase conjugate wiill
be provided separately from, and for use with, a separate composition
containing a bioluminescence substrate and bioluminescence agctivator.
Similarly, the Renilla reniformis GFP and selected luciferase and/or
25 luciferin, such as a Pleuromamma, Renilla mulleri or Gaussia luciferase or
luciferin, may be provided in a composition that is a mixture, suspension,
solution, powder, paste or other suitable composition separately from or in
combination with the remaining components, but in the absence of an activating
component. Upon contacting the conjugate, which has been targeted to a
30 selected tissue, with this composition the reaction commences and the tissue
glows. In preferred embodiments, the tissue glows green emitting light near 510

nm. The luciferase, GFP and bioluminescence substrate, for example, are



10 formation of GFP nultiners. Such nutations nmay al so be effected in the
Ptil osarcus and Renilla nullerei and other GFPs (see Figure 6). Two

i nt eract ivomoseRsteaaces within the dsRed tetranmer, one pri maPCTASolmgariophobi c
(residues marked by X) and one primarily hydrophilic (residues marked by
0) have been described (see, VIl et al. (2000); Nature Struct. Biol. 15
7:1133-1138). In general, the correspondi ng residues vary consi derably
between the 4 GFPs in a conplex way, although the physicochem cal
properties of the amno acids are oft_e,rqﬁqonserved. There are a few
clusters of conserved residues, especially between Ptilosarcus and Renilla
mul l erei GFPs, in keeping with their 77% overall i denti ty. 20 The schene
provi ded heﬁ@&@gfeertodéx?ma@twmr RGI G, Bk Blo |hﬁ afa%@.eato?mu;)%nam d side
chains so that tthe surtaces acquire or retain a dt oph acter, and
are al so al aemidstratianhaid rm@eeaa-tbheangstadysmet tibe seemelsvnozﬁntln selts bdetheghai ns
are altered h P a u the (err)-sheet
secondary s i ﬁe?ngtgc%%ﬁ éc]éh%?lug'e %pﬁb&% %err fr%'%}'éﬁlpr? c{u sr’y zltructure
It is thus 2a&tieasend campbhattst He ssermoeﬂdaoqynrrmhtmot Lsr@sirablartys @ovilaee nut ants
be retaiped e chain substitutions is
Gover nedBoyeeht e GEb PREPEAPBRONTYE Soing g SinineteRRse SPostpiEy sucre

mut ati ons thmtedadot@rnaah)a@gestrd%er whichngdrethensbechbc Al at sytemdafly t hose in
which R H and, K residues have been replaced with 30 D, such that the

hydr ophobi c23RE$§®ophi | i ¢ surfaces now each contain 3 mutated resi dues
(SEQ ID No. 33; bWfatie di¥iienahgadHdisackebidg sHpBratd? nalidatdRbnateAll 4@ Asp at
amno acids'! 31 and 199; H s to Asp at am no acid 172. WD 01/ 68824

PCT/ USOL/ 0gmawn tg hosg phskjl ﬂréétee%rtrrﬁnda@r@mrébly ingluppial Push APBAGEEY t o
introduqg agidQibagiicl u.s! F‘@teﬁhﬁl’o@sséeh@ts FaRerRRAAY 876 @ oBUBLP3!5 388! ARt | On,
and that significantly alter surface sterochem stry. Di sruptl on of

i nteracti ng®bshr¥.888s i nvol ves | oss-of - function nmutagenesis. It is thus
contenpl at eg thhgki@l tering only a few residues, 5 perhaps even one, is
sufficient. 2. Use of advantageous GFP surfaces wi th substituted

f1 uorophores O Narteigs of 4be feokla GEPErmés) GHRB ate prajédeast heneimt MudgingGip

usef ul ness [ \,

advent | t1 ousrict EfRiehEiivel duinb dofofghE Tist & For aRLHEERTR et oo an

cont ri bdbi ngceeapt - ¢rrmimz:@dnwte§kbyciatfieni/kriuhquraaeVsal@stG%E’sreécrtimm are

bi ol um nescenl,iddC! WS pRvided S Hh TS RN St HCRTBERAL! hefllddd hitlbins
with altered spectral properties, muteins with altered surface properties that
reduce multimerization, including dimerization.
1. Mutation of GFP surfaces to disrupt multimerization

20 Figure 5 depicts the three anthozoan fluorescent protein for which a
crystal structure exists, another available commercially from Clontech as dsRed
(also known as drFP583, as in this alignment) (Wall et al. (2000); Nature Struct.
Biol. 7:1133-1138; Yarbrough et al. (2001) Proc. Natl. Acad. Sci. U.S.A. 98:
462-467). A dark gray background depicts amino acid conservation, and a light

25 gray background depicts shared physiochemical properties. These crystal
structures and biochemical characterization (Baird et al. (2000) Proc. Natl. Acad.
Sci. U.S.A. 97: 11984-11989) show that dsRed exists as an obligate tetramer in
vitro. Evidence also exists that dsRed multimerizes in living cells (Baird et al.
(2000) Proc. Natl. Acad. Sci. U.S.A. 97: 11984-11989). Sedimentation and

30 native gel electrophoresis studies indicate that Ptilosarcus and Renilla mullerei
GFPs also form tetramers /in vitro and multimerize in vivo. Ptilosarcus and Renilla

mullerei GFPs diverge strongly in amino acid sequence from dsRed (39% and



bi ol ogi cal functions than do anthozoan GFPs from coral and anenopnes. The
Renilla reniforms G-P is present in low quantity and functions as a
resonancavoenessgy acceptor in response to a dynanm ¢ neur aPCTVEBawN8R77t hat
enables a startled animal to emt light flashes. A coral GFP-like protein
is present in large quantity 15 and apparently is used primarily as a
passive pignent; it may not have evolved to dynamically interact with
sensitive cellular machinery. These two cl asses of anthozoan fl uorescent
proteins thus may have surfaces with myjgdly different biol ogica
properties. Figure 4 exenplifies the site for substitution for inserting
fl uorophores 20 into the background of Ptilosarcus, Renilla mullerei and

reni | 1@ 1enighap Mehiihl SespeivadL. ! CoM %Eat.otn@ﬁpﬁgp@;sﬁdaotmgécﬂ %%%Jfg%%bat i es

bet ween two highly conserve prolin s W th correspondi amno acid
regi on frompetjctothae theset Gicsotald lr@Dset’erﬂ@flurttleusbmneadrucetgemsdsébdr esqbonds to

am no aci ds n no aci ds
59-78 of SEGQ?’SZ‘%&S ﬁ'gé‘%? #@“ﬁ%ﬂwﬁ?%&%é tg}r’ﬁs rc?gg am@% 59-78 of SEQ
I D No. 32 fwniﬂrhﬁso@ﬁPwsm(EléFty relatadeipl segeenar to d¥Rbd, iRt safdissand2Benifsi dues
conpri se .t he tide i.on.that the interior
o0 The” 5 e et FE s d e tespb ER onfh DB Gere (vl
et al. (200@xtrilaely kkebt taltdrm Bhtlbr miltinte3: INIBBImeYiza s gindesiraisle .fof 2001)

Proc. Natl. Acad. .U 462- 467 repl acement,_.or 30 nodification
alters spectMlY #R gﬁ@%‘?qs gat ”ﬁﬁgﬁpﬁ%ﬁegﬁ ingpppiedy fn chigyerp Rigiedh/ 68824

PCT/ USQL/ 08%dsfon.-Hdrce Mutelidims@aithcthel caphsitya fsl nunimalif ibTedlideeussed above,
transgenic aninmals and plants that contain the nucleic acid encodi nﬁ t he
4

Reni | | a renPfOfdRd Eres RFQyidsdodfedndtations 106 Renflg eniferaut GFRGNeT disetpsrs

plants 30d asidERIoh dMEEP MUNIRSS. aSPmRERidNRINEY GRB%e efPededin thé S. Pat ent
No. 6,020,538). Anong the transgenic plants and animals provided are those

that are nBy&sﬁﬁﬂuﬁt%ﬁe@/&?ﬂ“ﬁ@’%ﬁwﬁﬂ@r\M"Eﬁ? lege 5iggre Fi-ngernail s or tusks
or hair that gl qys frJtéi%Eﬁéﬁ@Grtf!aéfes Wftﬁm%rﬁs@eEQQGa@\@F BHeSprimaa as

chi ckens and cows and pigs are contenplated fromwhich glowng nmeat and
eggs (green h%@f@@haﬁié (restjuesomackedidy ¥bard aeel priglaoiM hydreaphilie (ealuser ve as

1 Shi NG | U7 G5urk o 845Jilvhoch W soff 1dc8, 1A 411 T2BOBRSHERY 8urBse. B /2P0 t er

to detect t at et er ol ogous gene
16 7:1 133 1138). In general, the corresponding residues vary considerably between

the 4 GFPs in a complex way, although the physicochemical properties of the
amino acids are often conserved. There are a few clusters of conserved residues,
especially between Ptilosarcus and Renilla mullerei GFPs, in keeping with their
77 % overall identity.

20 The scheme provided herein for disruption focuses on altering surface
amino acid side chains so that the surfaces acquire or retain a hydrophilic
character, and are also altered in their stereo-chemistry {the sizes of the side
chains are altered). These GFP surface regions roughly map to the R-sheet
secondary structures that comprise the GFP R-barrel tertiary structure. It is thus

25 essential that the secondary structure in any surface mutants be retained, so
that the choice of amino acid side chain substitutions is governed by this
consideration.

It is also desirable to introduce mutations that alter charge. For example,
such mutations are those in which R, H and K residues have been replaced with

30 D, such that the hydrophobic and hydrophilic surfaces now each contain 3
mutated residues (SEQ ID No. 33; Lys to Asp at amino acids 108, 127 and 226,
Arg to Asp at amino acids131 and 199; His to Asp at amino acid 172.



linked to the GFP gene is incorporated into the animal's genonme or becones
part of the genone in sone or all cells. The Renilla reniform s can
simlarlywbelessed as a reporter for gene therapy. The GFECT/ER01NS277
introduced into plants to make 15 transgenic ornanental plants that gl ow,
such as orchids and roses and other flowering plants. Al so the GFP can be
used as a marker in plants, such as by Ilinking it to a pronoter, such as
Fos that responds to secondary nessages to assess signal transduction. The
GFP can be |inked to adenylcyclase caustt the plants to enit different
spectral frequencies as the |evels of adenyl cycl ase 20 change. L.

Bi ol um nescence Resonance Energy Transfer (BRET) System In nature,

coel ent er azi ne- usiitegditagted MM\eeimwcmiqmﬁbadeslﬁldd@ igiredurd amgine aqidrax.
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fl uorescent pprieipei dveh@rié) is sﬁFi’ETEnwas soon thereafter observed in the

hydr ozoan Aequorea victoria and the gnt hozoan Renill a renifornms, Although

energy transfer in vi t45§ Yad¥ariagpeys FrBFudgces Withatubstitulad flgephaespeen

denpnstrated in ARQUPERF M GFPsehaflbe KelUeddrmiBhis REGRH GdefdiRedbad- 62)
and Renilla (Ward & Corm er (1976) J. Phys. Chem 80:2289-91) systens, a

key differ efieortess imbying §YsEMms i 05t surtdcennay adventitipyslysigterptcrthvitp! SHEET
(RULE91) | S/éfaﬁﬁa%%éﬁéﬁ%wgﬂytﬁ&w.%%ho Gi:ﬁzncﬁ%a%éilaasf %t&%@ﬁs

only in Reni//a, apparently due to the pre-association one | uciferase
mol ecul &0 tGFP@rfeormtpblhmmpwﬁrlueWﬁae -&FBawyatasns §qr9¢8ynda1’nmt@bhéﬁferent
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| uci ferase can be co converted to narrow green em ssion 5 (508
nm upon addiemllarreo:rfozpwaﬁlP lam@mmh‘ommmlta aBEPu(here & Coesvnence (1976)
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to dynamically interact with sensitive cellular machinery. These two classes of
anthozoan fluorescent proteins thus may have surfaces with markedly different
biological properties.
Figure 4 exemplifies the site for substitution for inserting fluorophores

20 into the background of Ptilosarcus, Renilla mullerei and Renilla reniformis GFPs.
In particular, the 20 amino acid region that lies between two highly conserved
prolines with the corresponding 20 amino acid region from any other anthozoan
GFP (the underlined regions corresponds to amino acids 56-75 of SEQ ID No. 27
Renilla reniformis GFP; amino acids 59-78 of SEQ ID No. 16 Renilla mulleri GFP;

25 and amino acids 59-78 of SEQ ID No. 32 for Ptilosarcus GFP) is replaced or
modified. These 20 residues comprise the bulk of a polypeptide region that
threads along the interior of the B-barrel structure that is characteristic of
anthozoan GFPs (Wall et al. (2000) Nature Struct. Biol. 7:1133-1138; Yarbrough
et al. (2001) Proc. Natl. Acad. Sci. U.S.A. 98: 462-467); replacement or

30 modification alters spectral properties.

RECTIFIED SHEET (RULE®1)
ISA/EP



val uabl e uses as protein tags and transcriptional reporters; BRET increases
the sensitivity and scope of these applications. A GFP increases the
sensitiviwgooéss24 he | uci ferase reporter by raising the gqurarT/wseyasetd. A
single luciferase fused (or chemcally linked) to several spectrally

di stinct GFPs. provides for the 15 sinultaneous use of nultiple |uciferase
reporters, activated by addition of a single luciferin. By preparing two
fusion proteins (or chem cal conj ugate_ﬁ) each containing a GFP having a
di fferent em ssion wavel ength fused to 1oi'entl cal luciferases, two or nore
reporters can be used with a single substrate addition. Thus nultiple

events nmay be nonitored or nultiple gssays run using a single 20 reagent
addition. Slch aTF%HQF'E“érp'W&a@H]ai"é’" Blf-ratioing if the distribution of

luciferin is uni fb\‘érdﬁ&fssé&Bb@\%leckéﬂsgemyh%rﬁglb|énHYpI£rQsQﬁQN66Ht§mt’drﬁé noni t or
several sinultaneous macronol ecul ar  events within a cell is a maj or
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I"'uci ferase. and fluorescent protein. By making fusion
prot ei nsb t he.l US. fRetery NGFRRO20EHlor pair may be made to respond to

e s a s one Al SABLRERLAG Bl orh P/ oA E NS PR ach oNE

serves as a sensor. Energy ansf uorescent proteins (FRET)
as a 30 physvatyogernal suoénpmammatmwntbeawﬂsroemiogemdll:(Mjmkakur heir that (1997)
Nat ure 388:

Pswee ) t he carboxyl
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moi et i ed0 TAEN B LRIYRE HANGY MITB 58P SERIe BrlINRirex:08 2G¢HiPY Pe change
inratio V\ﬁﬁ’en///éf&wfd;hﬂélé&) Zerve eRrpapoadr f4 asteat tml%dhétenﬂdi’gbuﬁggeaﬂpl i cation

U.S. application erial No. 09/277,716, illustrates the upder|
principle of'“'ﬁ%?%men%%%éﬁ'i‘e 'SRESWHBWE%JW&%? S S SFNBRRTYE LT lO%Ps

and | uciferggene ?érﬁfrﬁé ﬁblsa/ms;@%ﬁtc@ns | wRé lRRRAS Penifitfthit £on RRIAY HRelsar | A)
in isolation, uci ferase, preferably an anthozoan | uciferase, em ts blue

light from efh@ fé@@lt@nftoétgﬁﬂ? ieergey v GERcarbsHotedugsd inko peakniq Biikea GFP,
g;gr te(ra\glq\ll?\nyt ?\r@ ?@atrm)%%%ﬁﬁ Ak thb’pglévx; %u&p afs r?)‘f"cilnbn@ ihE88& arddéthel S

reen |1 emts green light fromits 1integral peptide
based fl uor 8phsriag p@)ntem@msq ﬂ@ GER caebassedmd a@PPries dbelaate sagh as by

linking it to a promoter, such as Fos that responds to secondary messages to
assess signal transduction. The GFP can be linked to adenylcyclase causing the
plants to emit different spectral frequencies as the levels of adenylcyclase
20 change.
L. Bioluminescence Resonance Energy Transfer (BRET) System
In nature, coelenterazine-using luciferases emit broadband blue-green light
{max. ~480 nm). Bioluminescence Resonance Energy Transfer {BRET) is a
natural phenomenon first inferred from studies of the hydrozoan Obefia (Morin &
25 Hastings (1971) J. Cell Physiol. 77:313-18), whereby the green bioluminescent
emission observed /n vivo was shown to be the result of the luciferase non-
radiatively transferring energy to an accessory green fluorescent protein {GFP).
BRET was soon thereafter observed in the hydrozoan Aegquorea victoria and the
anthozoan Renilla reniforms. Although energy transfer in vitro between purified
30 luciferase and GFP has been demonstrated in Aequorea (Morise et al. {(1974)
Biochemistry 13:2656-62) and Renifla (Ward & Cormier {1976} J. Phys. Chem.

80:2289-91) systems, a key difference is that in solution efficient radiationless

RECTIFIED SHEET (RULES1)
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a conplex in vivo or in vitro, the luciferase non-radiatively transfers its
reaction energy to the G-P fluorophore, which then emts the green |ight;
D) any mweoubsse4 i nteraction that disrupts the |uciferasepGEBSeaspi7zex can
be 15 quantitatively nonitored by observing the spectral shift from green
to blue light. Hence, the interaction or disruption thereof serves as a
sensor. The simlar use of a luciferase-GFP pair in the presence of
substrate luciferin has inportant advantages. First, there is no
background and no excitation of the agpp%gt or fromthe primary exciting

|l ight. Second, because the 20 quantumyield of the luciferase is greatly
enhanced by nonradiative transfer to G-P, background from donor em ssion
is less, an ' t ' _ Shhirgd, the
wavel ongt b Shre] Trar e Bobh dn FERTE, Ahpert L R ndpREGonialBh  ha o
the GFP (typhedudiferasegnsteoulenyith onkfgigehomadimani (YWard &Cgrmaler 61&48)ap. Al |
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many WO 01/68824 PCT/ USOL/ 08277 -114 different response nodi fying el enents

can be repr H%@FE??S%HI%‘"&_[F&?F?"L atively incorporated into a given

luci f er age- GFP paiiéiterGaesshiiPHiBomYEdrti graidihaveOmlaly WEI-ddveipRatanwoul d need

to be purified, and its purification could be nonitored via the

f 1 uor escent VpHablejusemssargtein fapgrndhirarachigtingalireroerns: BBET tewepwsdied to 5
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BRET Resonance energy transfer between two chronophores is a quantum

mechani cal Brokiederasé depqrterdygiaising eeyauasyidmt Yield. tA singde WicHerase dusnst ween

t he donor > Y Lye: O ion in

space (Wi &@%h%rﬁg%gw?rfé%gg%ﬁ{é%%?ggﬁ%% &%gﬂléﬁg b%QE'*O%%cf?Q%@e; of energy

t r ansf el 5i ssinultasesed ys@pdpoltinle hidiferasetiepoBerts, potieatedfbycandiinmpdion e

separation. i ciice i st i o] 0 A

whi ch has ngl Ieﬁggg(%gnﬁcgy pﬁ‘&?armaecw flg'io% Sl%(fgné wg&en%cé\bc%“}ug%{)esr), ee;]cc?\
containing a GFP having a different emission wavelength fused to identical

luciferases, two or more reporters can be used with a single substrate addition.
Thus mUItiple events may be monitored or multiple assays run using a single

20 reagent addition. Such a reporter system is self-ratioing if the distribution of
luciferin is uniform or reproducible.

The ability to conveniently monitor several simultaneous macromolecular
events within a cell is a major improvement over current bioluminescent
technology. BRET also enables completely new modes of reporting by exploiting

25 changes in association or orientation of the luciferase and fluorescent protein.
By making fusion proteins, the luciferase-GFP acceptor pair may be made to
respond to changes in association or conformation of the fused moieties and
hence serves as a sensor.

Energy transfer between two fluorescent proteins (FRET) as a

30 physiological reporter has been reported (Miyawaki et al. (1997) Nature
388:882-7}, in which two different GFPs were fused to the carboxyl and amino

termini of calmodulin. Changes in calcium ion concentration caused a sufficient



energy transfer a very useful technique for studying the interactions of

bi ol ogi cal macronol ecules. A variety of fluorescence based FRET bi osensors
have beewQBl/essastructed, initially enploying chem cal flpOT@Semspigated to
proteins or menbrane conponents, and nore recently, using pairs of
spectrally distinct GFP nutants (G uliano & Taylor (1998) Trends Bi otech
16: 99- 146; Tsien (1998) Annu. Rev. Biochem 67:509-44). Although these
genetically encoded GFP bi ol um nescence-based 20 bi osensors have advant ages
over |ess convenient and | ess precise cfipqi cal conjugate-based bi osensors,
all share a limtation in their design: It is generally difficult to
construct a biosensor in which energy transfer is quantitative when the

chr 0oPhOT €3 oAfPinbiloth O8RMaARARbAAN 1d birdinBERI b %n%gg%wsf‘ert 0

arbitrarily nmanipulate e conpl ex stereochemstry o terns so that
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separati on i jentation, oThe efficiency of such biosensors are
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donor and accept 6igurd Be reptodaredaftdmaal peyridocopendingnappdicatias Undisapplieation

quanti tati vel y m oi.d. backgrpund signal, emapating frgm
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01/ 68824 PCEhthoed4) 8k férase] dmitarii® G@htSrombthe CokRataatneayiivenment al
nonitoring systens would henefit gr eat | #b'f rom nodul ar bi gsensors where the

signal of aChEPRNRFeeR) Infsqlation, ,GFP, pigiRspRl anoanileraan BER datibindoto

pol ypeptjpdesye jugirtiagbiHa f3skditedStvithivild-§akh Yight dhitsi JigeH ok enfitsom t he
huge excess_of "non-hits"). Current genetically 5 encoded FRET and

bi ol umi nescéregabperiflepbasedridunrapharap Cayvhenithgilemitaraser angt GFU apsocirtecs are
| ess than twosholidk g7 695 & i Dar, AR 1ktifersde - BidiAREly 4 nFbrshBStealtion
fewfold greater (Xu et al. (1999) Proc. Natl. Acad. Sci USA 96: 151-156;
M yawaki et eaergy (tegbg Ghilallugrepizgs; 8ductyjhenmemiis thegresadighprdrens, the

oed | - combl nes B el that BRrHE e AioractiSFe OEpKATER Bipreln can be
gnate | uclferases. Nt nozoan
| uci f er 49es aGRRitatively exentqred bydebsarving did spattralipbifi frbincdregn ta biue light.
Hence, the interaction or disruption thereof serves as a sensor.

The similar use of a luciferase-GFP pair in the presence of substrate
luciferin has important advantages. First, there is no background and no
excitation of the acceptor from the primary exciting light. Second, because the

20 quantum yield of the luciferase is greatly enhanced by nonradiative transfer to
GFP, background from donor emission is less, and the signal from the acceptor
relatively greater. Third, the wavelength shift from the peak emission of
luciferase (~480 nm) to that of the GFP (typically 508-510 nm) is large,
minimizing signal overlap. All three factors combine to increase the signal-to-

25 noise ratio. The concentration of the GFP acceptor can be independently
ascertained by using fluorescence.

For some applications, in vitro crosslinked or otherwise in vitro modified
versions of the native proteins is contemplated. The genetically encoded fusion
proteins have many great advantages: A) In vivo use - unlike chemistry-based

30 luminescence or radioactivity-based assays, fusion proteins can be genetically
incorporated into living cells or whole organisms. This greatly increases the

range of possible applications; B) Flexible and precise modification - many



domai ns that confer the biological properties specific to a given biosensor
can be linked. Al though one can construct nmany useful two conponent
bi osensome0o obessed on this scaffold, in a biosensor contenpCBUSE/(82T7ei N,
i ndependent protein 15 domains that potentially conplex with one another
are respectively fused to the luciferase and the GFP. There are nmany
possi bl e variations on this thene. For exanple, in a three conponent
systemeither the luciferase or G-FP can be fused to a |igand-bi ndi ng
domain froma protein of interest or oth¥ target peptide or other noiety
of 20 interest. If the design of the fusion protein is correct, binding of
a small nolecule or protein ligand then prevents the |luciferase-G-P
associ at i ondiffgitent resgemas mgdidvnbiaRineoa con bl reresdusibls agd BRETLisHyely
bi osensor; e | C . rt i e sence
of the Ii gaEn %érgr?\é/l%g 'glg?g@?\\%g‘r&%?ée%?gr%;'rz& )%Fgﬁnﬁgfﬁéﬁgﬁs °@pn‘"§‘£
desi gned t oreageat evab needhpohepurified) &6 ity paritéatighecavddrpe meortitoBREVia the

de of uses. [The nucle acids, and thg constructs

bi osensors for a ltitu | [

and pl asni di'”ﬂr&s‘é‘%ﬁ, prﬁt‘?"ﬁin?o'etﬁr eld%?%q‘?'Bﬂmgfmg{'ﬁsa?eine??/in&p ROSEF r at i ons of

f usi on piot eddiRatehatfinith PJurtieatwon mamiiduszoan GFP, in this case Renilla
reniforms, preferably wwth a Renilla _ |ucj ase, nore preferably wth the
Renilla renifor mls | uéelsgnafge?e""f‘l’fé aged 8[‘(%'{58! acid encoding the GFP can be
fused adjacent t@ebhi@arddcdrRigy BehsterpsQtiddntdenrdmbphbessare Qiarfiemar at ed
therefrom by insertion of nucleic acid encodi n% for exanp

| e,
| i gand- bi ndiMeshawRal Prosessathst bt exqyiviely persibe Wedi@@m%ﬁatvga‘:@?‘m ED SHEET
(RULE9L) | Shh&PaM0:0dd 2882 o RIePhbIRSIdrBREH reratil olibisiatiBh a8 8pidd lwhe, bound.

Upon interaction of the |igand-binding domain with the a test conpound or

ot her ndPet Pranchid %94t élnaétFieehes. 2 he 1P diticeney pEpag@yiransterye al tered
thereby changleRfly BogBMiciil 98 1 8nFouRl JfRAGRIMAY sebbraliBie s afacdode &P

and | uci ferase can to fine tune e interaction to make It nore
5 sensiti vetheousinf distece saage shabeyed Ooe 1@P Aénpbichthasenade tiskaance

par anet ers. T.Se i r Fi.Qur. I ml ary
BRET sensor “ar @HFE ec?fc%rggggy%?@ﬁ%g%'b{fe:ﬁr éﬁ%‘?\%ﬁg g%%ﬁg%%kﬁﬂlzsopﬁgﬁ%é r'aée- GFP
scaf fol d, t heacbasoleciies. teaniaiprod Seotateree-bBRETFRENboserych hbee baers shown

e o 15, SR, AR BEIRTR P B oo e
membrane components, and more recently, using pairs of spectrally distinct GFP
mutants (Giuliano & Taylor (1998) Trends Biotech. 76:99-146; Tsien (1998)
Annu. Rev. Biochem. 67:509-44).

Although these genetically encoded GFP bioluminescence-based

20 biosensors have advantages over less convenient and less precise chemical
conjugate-based biosensors, all share a limitation in their design: it is generally
difficult to construct a biosensor in which energy transfer is quantitative when
the chromophores are in closest apposition. It is almost impossible to arbitrarily
manipulate the complex stereochemistfy of proteins so that conjugated or

25 intrinsic chromophores are stably positioned with minimal separation and optimal
orientation. The efficiency of such biosensors are also often limited by
stoichiometric imbalances between resonance energy donor and acceptor; the
donor and acceptor macromolecules must be quantitatively complexed to avoid
background signal emanating from uncomplexed chromophores. These

30 limitations in general design become important when biosensors must be robust,
convenient and cheap. Developing technologies such as high throughput

screening for candidate drugs {using high throughput screening {(HTS)
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interacting protein domains of choice. The |uciferase and G-P can
alternatively be placed centrally within the pol ypeptide, between

i nt eract wgopesseei n donai ns (not shown). This alternativeCEUS@geTrENt iS
advant ageous for one step protein interaction-based cloning schenes, where
cDNA fragnments encodi ng potential 15 protein targets can be ligated onto
one end of the construct. Single polypeptide sensors that detect
conformati onal changes within protein targets or the

associ ati on-di ssoci ation of protein tarldéts are well-suited for the
detection of physiological signals, such as those nediated by

phosphoryl ati on or other nodification of targets, or by binding of

regul atory @@tbégané®chiscimdasntionmentd, metarmogastemseradd depeided on
interference are .best ite SS t ..I | ecul es
or protei nsgﬁeﬁ‘ﬁéaf"ﬁ‘aé‘h‘%"%ﬁ:‘?r b‘gsen%f’%guﬁé'lfegirg‘)? C@naﬁ’ 0?%% ta(?%?ftsa |ver§gssays of
met abol i tescor&pl@:h faanatlaugatrwemﬂtw@bblqumms) wenambxggommsaauamalvpl at ed.
Since in vivo _and ha&lenajr o lu eraset nsfer. an be nearly

25 100% ef f ASFBAHIS %th%ﬁ%ﬁ’%@f‘fe&ﬁs" b@?ﬁé‘gﬁe)th “" e&*’é&%‘ Yand GFP nust

be suffici eRdodeq FRETADN shmaﬁme@ctdnﬁalbaswuoncalenmbaﬁspmshltmdmtsvmn donor
and acceptor chronophores. Optim zation of the lucjferase-G-P ener%y
a

transfer nodeVeftan a'ien'ﬁﬁfr thamt T Tl ior eRtRIgthenFeRE Ry S9BRIET 288 AL P PEY

singl e pol yp@@kbx@%é&@ﬁ% ek al. $1989)uGbal tha,hcémesd/ w4 962381 GR;
interaction be weak relative to interactions 30 between target domai ns,

t hus the nebUygveeki i aédﬂﬁﬂ?té’éﬂéﬁégéy%% -dhsfer module. In practice, either
the luciferase o A
&O%R&S%e EpRaicifls Dhe Sﬁ’(?z@a% ERELYARIA RS thRNSbAR

optim zed | uciferase- ted by screening for either WO
01/ 68824OPCIEFEﬂscmrbeelzamereummntﬂwedrmgqommaémnswitbn‘ESactoqr\ntﬁ hisHprases.

h I I t
obot o Sy AHSEORR It ESkela i EaRpIcRREBRNNS o S8 AFdii S Thol Sufith BRIERT
| oss-of - f undbmermsrtbaanmfe( e kiotvgiibal twmn‘eemwsepe@ﬁ% tn agiveg)biogangoneaiebs of
g e e ARRI SRRl 5 LAY S hapTelt e dRpL i ze0

energy tra rmal ection can then be
used, if nebawiaéryxhlts@cafﬁblurﬁrzebtdsensmtcmn&mﬁplarsi berting émiepehderitaprgein

d ed d |
endpol {150 cREREF iR BALRBETBIeKy RBP CART o 67 (HeSEHaL PURE) Brine

mterferencmcﬁgfggeras\dbm@asﬁe it is essentl aI t hat such sensors be able to
"open 10 and cl gse" at near phyélolo i cal ﬁ“ er at ur s to sense

interference. Th&PREA a"edRRPOPATSIIE VARTHYF Yal AR be H%‘éﬁarf‘%em)é‘a?g?{e?he
bi ndi ng af f BinbYn&ft §)3€e@NANRE the luciferase or GFP can be fused to a ligand-binding

domain from a protein of interest or other target peptide or other moiety of
20 interest. If the design of the fusion protein is correct, binding of a small
molecule or protein ligand then prevents the luciferase-GFP association. The
resulting combination of elements is a BRET-based biosensor; the change in
spectral properties in the presence and absence of the ligand serves as sensor.
More complex protein fusions can be designed to create two component and
25 even single component BRET biosensors for a multitude of uses.

The nucleic acids, and the constructs and plasmids herein, permit
preparation of a variety of configurations of fusioh proteins that include an
anthozoan GFP, in this case Renilla reniformis, preferably with a Renilla
luciferase, more preferably with the Renilla reniformis luciferase. The nucleic

30 acid encoding the GFP can be fused adjacent to the nucleic acid encoding the
luciferase or separated therefrom by insertion of nucleic acid encoding, for

example, a ligand-binding domain of a protein of interest. The GFP and
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to the interference sensor, nmaking it possible to thermally wash off the
anal yze and reuse the sensor, a great advantage for biochip-based

appl i cat ivom81/68824 Advant ages of BRET sensors 15 There are PENyS@dsart ages to
t he BRET sensors provided herein. For - exanple, BRET sensors are
self-ratioing. The reporter and target are integrated into single

pol ypeptide. This ensures 1:1:1 stoichionetry anong |uciferase, G-P and
target (or a 1 :N. 1 stoichionetry if nore than one, typically a honodi ner,
GFP can be bound to a luciferase). GFP-figiorescence allows 20 absolute
guantitation of sensor. The null state gives signal that verifies sensor
functionality. Quantifiable null state facilitates disruption-of-BRET

sensors ( DRRHEdase BRI beSimAl SUPY thtbritieh o$ it ByaridPbiR@ingeddnadih Quitih aine GFP
FRET sensors because there is no cellul ar aut ofI uor escence no excitation

of the accepti®t arRAUNdner elfeREIdetx the NfRIaFtigheT theGFE gaAdusiieyasa Wil

luci ferase gg@ablad ®RRACEHNPhGZ e GisERA] Ry Bf @5@5&% ks(an$f1@éesfs9rﬁﬁ|% and
there is mniml signal overlap between em ssion of FI | uci f erase and

eni ssi on of GFRé@ndiipciferpse can heHagdted tefipg twaﬁ/éheamftmatw Emerkeit MeEt i on
coef fici gnt sefiaR REONRLRAESHAI cﬁgﬁgé%Fﬂosemétupéar Bhet pahnidbrshi t

identifi cat| on and downstream evalUation inin vitro screening assays in
invitro or in v2vo oBRER Sensgr Arghitegtiiresy in 30 cultured cells and tissues

Shich i 8 sui teq FOURLAHENED iRt BT Poqop SigHer RRERSIY amsrect ! on
PCT/ USOL/ OSETﬂpanelﬁepibBRﬂilé (uDifsnaap{GF@mcxaﬁoBREﬂT§= basid fpemmwresgetgtwer
knowl e_dge O%B%?I ngor arc ectﬂcéus{hov%n rreunﬁg | gl lcteg n’?@] %gb@ ’c'iéet Iflpsgon

screening r s can use i 76 osensor Sensors
benefit 10r oabn/saaictgelmblthedmmmrmet aynd GﬁPlmznapslybaptMeevmhwmdbmbkéMgent

| uci f erase- G-P ener transfter ste xed
and mat ched PRRGHTY PLetEE AR AR SPEB oL TrERPE AR A hisn BERRRA ¢ ut ed
for | ess acbhé ‘ﬁﬁacbd&ieﬁ%ﬂﬁ@ﬁthlﬁmﬂie palgpPdiide, Ebet\ﬁ@é@mﬁdrdctiﬁgfp@dité&ﬁd@ﬁbin‘se site
can be fused to, an Smt an | uci f erase GFP- tl‘) erm.ln There are many
di verse coelMohsbPYR nLh tﬁ@"th&"ﬂ\’@”%%@"t aQEﬁ’? S T3 @B ERI RIPIED t hat
an opti m zeght§@BE6K-bsSef ERNthg®ohebfs, Whers DN irbgrdbﬁﬁsﬂé’rﬁ:ﬂﬂm?%tﬁ@ﬁﬁal Al so

t he BRET accept or may be varjed to give shifted em ssions acilitating

mul ti pl d5si RMPIAEEIRS Fan e satedrRud e AR the construct.

Single polypeptide sensors that detect conformational changes within
protein targets or the association-dissociation of protein targets are well-suited
for the detection of physiological signals, such as those mediated by
phosphorylation or other modification of targets, or by binding of regulatory

20 ligands, such as hormones, to targets. Sensors based on interference are best
suited to assaying the presence of small molecules or proteins independent of
any regulatory context. Quantitative assays of metabolites, such as a sugar and
allergens, are among those contemplated.

Since in vivo and in vitro luciferase-to-GFP energy transfer can be nearly

25 100% efficient, binding interactions between the luciferase and GFP must be
sufficient to establish an optimal spatial relationship between donor and acceptor
chromophores. Optimization of the luciferase-GFP energy transfer module is
important in building effective BRET sensors. In a single polypeptide sensor it is
crucial that the luciferase-GFP interaction be weak relative to interactions

30 between target domains, thus the need for an optimized energy transfer module.
In practice, either the luciferase or GFP surface can be randomly mutagenized,

and an optimized luciferase-GFP scaffold then selected by screening for either



GFPs can be nutated, GFPs or other proteins can be nodified with different
chem cal fluors, high throughput screening (HTS) fluor-nodified FRET
accept or woouessbe adapted, and the BRET donor (| uciferasepCmlgolms2wvari ed,
such as by using 15 an Aequorin (Ca + + activated) photoprotein, or a
firefly luciferse (requires ATP and a firefly luciferin) to give

condi tional activation. The sensor scaffold can be incorporated into a
variety of immobilization notifs, including free format plates, which can
reduce reagent volunes, reusable mcrotiltZer plates, mniature colums and
bi ochi ps. Finally, BRET sensors are inexpensive and reproduci bl e reagents
20 because they can be produced by standardi zed protein productionAand can
i ncor por at eblpardrfgreat eoissiagst tv@nean' walsiojogieal deeuberasprmst {Eresmab eedpoint-

BRET modul ce° B 66 Coeatr PRY oIy S R, i RRET RSV o

i ncl uded f o#chibVaisd ba&ause 1ps- ptaﬂensnonlryumntb (vsearmmd ilutiferabedG B binidividd  t he
scope of the |nvent|on angéP enllla

BT e e O
renifornmis ErYIeE) 9F '@?8’81' WP”? ERYTE ‘r\,\,glg@,agw % ff“”f’ ¥ J08EM  0f Georgia. To

prepare the sea pansheD flﬁfzédséﬂe%? eansRr etafiBitildn haheutheZbalbéndpoirat ti ne
were placed on a large gedo ice. They were flipped wth a spatula to

flip them o%&pctqn parethan be H‘é?ﬁ f' Bﬂs@ﬁ@é{sz%@p’“m&?dw interRetions | ReEWERR mal

P11 um nat edyphey Egéttd&ﬁé\“ﬁ s ifb P ARG inYd GReh8&. dfiMs is6CondRFlahb FfERePitET
(RULE91) ISA/E WO 01/ 68824 PCT/ USOl/ 08277 -119 The brightest and

greenest weeedpoint-sedectignamed Herespepially dneoaitkior ecersdrugdiearof at about
65-70 C for,fue Aou §8nsq?l§ %e@él&QQ§§s s thgﬁsuc.cfpéérlse% Qé‘gbl%% WRALRT

treatment was repeate ree tinmes over a hour period. In addition, the
pr ocess 10as apeé cfosefred naar m\gsmloglmlt’f@mnemyr% torseerpantstetnaer dharmakst 5

chi lling, thg%p?o%tl geﬁ’ec&%lynn@#hal\égrb%J 845y aﬂJend(he% &o?(}%“ad#rp{fﬂfyth%aﬂ}'tgpar ed

from the fF& stha wer e sel iS way were
frozen in |td]majmmrferreg@snsensmln,dmshmppedoetstrbl&toafn@rgtaﬂe waghcoff thaadalytea, Ca),

T O e e AR SIS P H Ay SRR AR vt o
pol yA- nRNA was pgepar MmamadeﬁocBNBTwﬁkckmm s reaction was performed,
appendi G‘% as Xr%g!areszlar%emgr?yda vantagecsoto 'cheegFEEr"ll sce;[r!s%ps Sriowded herein. For
example, BRET sensors are self-ratioing. The reporter and target are integrated
into single polypeptide. This ensures 1:1:1 stoichiometry among luciferase,
GFP and target {(or a 1:N:1 stoichiometry if more than one, typically a
homodimer, GFP can be bound to a luciferase). GFP fluorescence allows
20 absolute quantitation of sensor. The null state gives signal that verifies sensor
functionality. Quantifiable null state facilitates disruption-of-BRET sensors
(DBRET). BRET sensors have better signal-to-noise ratio than GFP FRET sensors
because there is no cellular autofluorescence, no excitation of the acceptor from
the primary exciting light, the quantum yield of luciferase greatly enhanced by
25 non-radiative energy transfer to GFP, and there is minimal signal overlap
between emission of the luciferase and emission of the GFP. Also, anthozoan
GFPs have 6-fold higher extinction coefficients than Aequorea GFP.
The BRET sensors can be used for hit identification and downstream
evaluation in in vitro screening aséays in in vitro or in vivo or in situ, including in
30 cultured celis and tissues and animals. The BRET sensors can be created by

thermal endpoint-selection, which is suited to
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to the cDNA. The cDNA was inserted by ligation between the EcoRl and Xhol
sites of the Uni-ZAP Lanbda phage cDNA cl oning vector. The resulting
unanpl i f ivedloi/6d8eeary contai ned approximately 1.6 x 10$ 15rQT/iUReIros2pl aques,
which after anplification gave a titer of 3.5-7.5 pfb (plaque form ng
units)/m . Insert sizes ranged fromO0.9 to 3.0 kb, with an average size
around 1.5 kb. Two mass excisions were performed to give pBluescript
phageni d containing the cDNA inserts; each excision fromabout 8 x 10
pl aques gave rise to about 4.8 X 109 ctB-(colony forming units)/m .
Phagem ds were 20 transfected into the SOLR strain of E. coll. Screening
was perfornmed by platlng (u3|%% an artist's airbrush) roxi mtely

c

200, 000 col BRRES (Disreptéan-of-BA mcéfeei:ur:as ncqiféord@wwafsmmgp tegelgaP nedi um
t | Af
| ncor porati gg %u?‘{%@@ﬁ%‘?& o‘i’ma?ﬁ{ijn ncdhc fs?ﬁgu at gﬁw%pslnue %ﬁ%%ﬂfs%dztg ter

24 hours gro In a expressi ng

col oni es vveoprtmndzermohrsdrsbyBRETlmnms |b|egeftimﬁeorpl\ai3999ucsﬁmgivar82®0 Watt quartz
hal ogen fi be tics ht r andpa

oxc Lt on_ FRErchp Yot S g areal el T B BE AR as s

en ssi onsf i kHeecomppmsraxicamtiel yixkd driduanahedntHigial affieisnteeergogduad, DNA
isolated fr mmm ransformed into the XL-1 0 Gold E.

Lol e Eral i teae ReBe be as it lor 1o e I Bq B o Gl Fosal ved

three disti pgpépaalbbreks @stivotité B8E bk . fubd &S apfrRRa4s e ML difepdBcaGEp-one of
each size class and sent_to RECTIFIED SHEET ( RULEgl&gl SA/EP WD 01/ 68824

PCT/ USOL/ 082i1#ing. 4omaigeqsrgfre Magy (disise saelenirjazingUsieg lediiarssys: sequenci ng

data were report@ﬁEfr%enE’&@wgen&mér s%5rh%9an h%ﬁzéd@&%ﬂ@@mo@% géones of
Reni la reniforms GFP were isol ated Nos 23-25). Each cDNA is full

| ength 49 | ueribwitbydiffaesttitergets’ Alsor e BHE Topapsa e oy BAL(GS T aent | cal
protein of gﬁﬁ AENRQsiBRs IS chithfgThnbR &%ultg@ous% gied El'ﬂetalﬂﬂa&'bbﬁmry

cl one (Cl one t he codi ng sequence of one ers by 4 silent
mut ati ons. GFBﬂ@snzneandtaBecal SiPconetaenprteins canfoeenedified with diiterent  and 3°

untransl at egé Q:Iapﬂéo ftﬁ]@?enco %}Epro ﬁi afmoq nh'%ﬁ%?%ﬁﬁr”a%gléﬁtpt%ﬁjs into

expr essi on vec pro uced nce nmodifications
may be appacermbetadapmdsemdfths IBREIT damot hlecmerase)lmav be vianednsleth ashby using

I nvent | qg bgn lAIerguEJrequ (8”'4)’+ %t&/gt%d?gﬁet%greo em or gsﬁreﬂy luciferse ({requires ATP
and a firefly luciferin) to give conditional activation. The sensor scaffold can be
incorporated into a variety of immobilization motifs, including free format plates,
which can reduce reagent volumes, reusable microtiter plates, miniature columns
and biochips. Finally, BRET sensors are inexpensive and reproducible reagents

20 because they can be produced by standardized protein production and can
incorporate purification tags. Genetically encoded reporters more reproducible
than chemically modified reporters. Linear translation of BRET modules ensures

sensor integrity.

25 The following example is included for illustrative purposes only and is not
intended to limit the scope of the invention.
EXAMPLE
Specimens of the sea pansy Renilla reniformis were collected from
inshore waters off the coast of Georgia. To prepare the sea pansies for isolation
30 of mRNA, about 25 or so at time were placed on a large bed of dry ice. They
were flipped with a spatula to flip them over to prevent them from freezing.

Oddly, the entire animal illuminated when it came in contact with the dry ice.
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WO 01/ 68824 PCT/ USOL/ 08277 -121- WHAT IS CLAIMED IS: 1. An isolated

nucl eic acid nol ecule encoding a Reni//a reniforms green fluorescent

prot ei n, wonpeissdi ng a sequence of nucl eotides that encodeBCTH801/g8eTt ei n of
SEQ I D No. 27 or a green fluorescent protein encoded by a Reni//a 5
reniform s having at | east 80% sequence identity thereto. 2. An isol ated
nucl eic acid nolecule of claiml1 that encodes a protein having at |east
90% sequence identity to the protein of SEQ ID No. 27. 3. The isol ated
nucl eic acid nolecule of claiml, corrpﬁ@'ng a sequence of nucl eotides
selected fromthe group consisting of: 10 (a) the codi ng portion of the
sequence of nucleotides set forth in an Q ID Nos. 23-25; (b)
sequence of THEArEBIEsHa5d gReRNETy BYSr@licy Lﬂ‘ﬁf@ﬁ’ 'ﬂlag'?ﬁ%@rﬁcﬂ Rgeh o sga V’(fﬁér
sequence of af‘HScl)LﬁOéE’:d@sCoffor tab: ho%'?sd frﬁ)s m%&%m iof, AL deswater
conprising degenerate codons of (a) The 1sol ated nucleic
aci d nol ecutréatmﬁerdl waw%eaM’tmewlm@é CWGCBeﬁ bouralﬁr@dl sln[amldltncgu, thfée i sol at ed
nuCl &1 ¢ act BrdTBLE S lorflef! dErfonNhE) fhe

nucl ei ¢ aci pro e or ner, rising
nucl eot i 5eschléingctlmzlcmﬁlretdmrtmmalsswqweﬁnwncn‘ohducA eBNAdhiyas,eWaefprenaaednfmm 7.
The probe of eofl rrer gl aim6, conprising at |east 16 contiguous

nucl eoti des fk BT P6m t he sequence of nucleotides in claim1. 8. The
probe or priner mﬁe@hahmfhatcwawsaemgd altis Ives tveB frooew irgliuis nitrogehgeot i des.
25 9. Aplasmd r|5|n t he se nucl eotides of claim1. 10. The
pl asmi d of EW‘%Phﬂpge aotal %Fr?ee%ﬁgg%p?}'f? 3%’6’( %P?m&%ﬁafg??fbﬂf WiCS5r onot er

el ement; a Bbﬂﬁdzd%gméluﬁ@s fied cbigridiohasfusista cONASIagieS uagédsorandt ta
sel ect abl e mar ker; 30 wherein the nucleic acid encodlng the cloning site is

posi ti onfd B@m@ewe uaivei RUrigddRo eI A gvanRrepprsito e aetlaNemynHifdist he
green fluorgseeph WAOL&HIMR, @hHERBAS aRETNASPE RBA TS 57 £EAFA restriction site

to the cDNA. The cDNA was inserted by ligation between the EcoRl and Xhol

sites of the Uni-ZAP Lambda phage ¢cDNA cloning vector.
The resulting unamplified library contained approximately 1.6 x 108

15 primary plaques, which after amplification gave a titer of 3.5-7.5 pfb (plaque
forming units)/ml. Insert sizes ranged from 0.9 to 3.0 kb, with an average size
around 1.5 kb. Two mass excisions were performed to give pBluescript
phagemid containing the ¢cDNA inserts; each excision from about 8 x 10 plaques
gave rise to about 4.8 x 10° c¢fu (colony forming units)/ml. Phagemids were

20 transfected into the SOLR strain of £. coli.

Screening was performed by plating (using an artist’s airbrushj
approximately 200,000 colonies to each of 40 cafeteria trays containing LB agar
medium incorporating 0.4% carbon black to absorb background fluorescence.
After 24 hours growth at 30° C in a humidified incubator, GFP expressing

25 colonies were identified by illuminating the plates using a 250 Watt quartz
halogen fiber optics light (Cuda Products Corp) with an EGFP bandpass
excitation filter (Chroma), and viewing colonies through a GFP bandpass
emission filter. Approximately 10 fluorescent coionies were picked, DNA isolated
from minipreps, and the DNA transformed into the XL-10 Gold £. coli strain

30 (Stratagene). Analysis by restriction digestion resolved three distinguishable sizes

of insert. DNA was prepared from a clone of each size class and sent to
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and wherein the nucleic acid encoding the green fluorescent protein is
operatively linked to the pronoter elenent. 1 1 . The plasm d of claim?9,
further ovopresseaig a sequence of nucl eotides encoding a pOTUR&rmsy. 5 12.

A reconbi nant host cell, conmprising the plasmd of claim9. 13. The cell of
claim12, wherein the cell is selected fromthe group consisting of a
bacterial cell, a yeast cell, a fungal cell, a plant cell, an insect cell
and an aninmal cell. 14. An isolated substantially purified Renilla

reniforms green 10 fluorescent proteinq4§FP) encoded by the nucleic acid
nol ecule of claiml1l. 15. A nmutein of the GFP of claim 14 that exhibits
altered spectral properties. 16. A mutein of the G-P of claim 14 that
exnibits a ieduffih 1AARRGK or &) 96MdHeht B! Seadeholl dit-CRBRORIEHEE o
conprising the gr een | uorescént ‘proteln o Parm 14 st one
conponent ofrelutiecirufi2ie88ence generating system 18. The conposi tion of
T e ot b e BRI E n R il M Y PE BrESu 8 igEfd T om
those isolated fronc an rnsect syste era e system a cC enophore
system a basE@nDaNossP8tbn EacmaDlNﬁsls 20 Imgshe\mjudagadrmsimeaalsWsueamma fish

o ai m 175 wABP e REHE Po M EaLRBE Gl TiRg Syt Bee QBT B 24) 1o

t hose i sol atﬁbdxpferr@d‘rto fthe pfilnags clova€Qioapsli)sthe Beling semaetnae Aations eadiffélkel i a,

Vargul a, Pelagja, Renilla, Pholas Arisiostom as, 25 P om as, _,

Por et hys. - By o AT NUAHDLE CRIPBA 2o dy e STk HEeCeryl e 5
Gonadost om aad FUsnslatethte)isrisdof tHal IDNAL This MaIIBIE raRicSHE BeerTngerists

Mycot ophi ds, Vinciguerria, Howella, Florenciella, Chaudiodus, Mel anocostus,

Sea Pens, CHtP PRIRSSID, VerTel hddhe iansodesh praisinarefveed: vat aseni a,
cuttlefiggh, SepigidddMmodERGABRO S, be Gt &Ry Ihdse S RASH @Fe afeNRtifiophausi a,

Argyropefecus, 30 Yarella, Diaphus, Gonadostonias and Neoscopelus. 20. A
mut ei n of cI'%Pﬂﬁ’%fhaédhﬁrm‘éqniﬁ'@“Q?b'ﬁ’i"“%%?'i"tﬁrp\i heannesdedickdmas  ani no aci ds
56-75 of SEQ I D No. 27, whereby spectral properties are altered. RECTIFIED
SHEET (RULE91) | SA/EP VO 01/ 68824 PCT/ USOL/ 08277



-123 21. The conposition of claim20, wherein the biolum nescence
generating systemis selected fromthose isolated from Aequorea, Obelia,
Vargul a anooRess24 | a. 22. A reporter gene construct, conprPeT/mgotdse7nucl ei c
acid of claiml1l . 5 23. A conbination, conprising: an article of

manuf acture; and a Renilla reniform s green fluorescent protein (GFP)
encoded by a nucleic acid nolecule of claim1. 24. The conbi nati on of
claim 23, further conprising 10 at | east one conponent of a biolum nescence
generating system whereby the conbinak3ten is a novelty item 25. The
conbi nati on of claim?24, wherein the conponent of the biolum nescence
generating systemconprises a luciferase. 26. The conbi nation of claim 24,
wherein theVﬂ@A‘p@S@W-\IMEDtlBe 15 bi ol um nescence generati ng syst em
conprises a luciferin nbi nati o the artlcle

Th
D et actur 0 0 Lo Acbaa e aaran ralpetle Sadtoiiora meple centn

itens, fairyredustuorésens ,prothTciohﬁanam@ Pegfifenpe ol uticRotidSs t%emeeady ﬂﬁt ion
of claim 27, wherein the art| cI e of manufacture is, 20 selected from anong
toy guns, pBratein fiFRQ 13Nt 70 2 9988 TYOreRfePhRIHIEY eoded bygy&enily i ny pl ay
material 5 Crfifdhm havipbe1eZBkBO% Eédﬁ%né‘é"ihé%ﬁl@@ltﬁ‘éei&er efor, balloons,

bath powders, body l|otions, gels, powder s, body creans, toothpastes,
nout hwashes, soaps, b&dy'Sﬁ'am @uclﬁew%mebﬁpﬁle oolpin Jthat f—"aﬁpges A Rrefing

| ures, egg- ﬁQ@H&%t‘i&éé%@d%%e&u&%%&rﬂﬁy tg%b%rot%n%kéﬁé% NBgL wand toys,
25 wrappi ng paper, gelatins, ‘icings, frostings, fairy dust, beer,

ornamental t ran§gen| Jhpll%ﬂi@’@d rwcheic agiHanpagwe of rlaigy 1 SEHPRAINGNRS, | ce

cubes, i ce, L}énlc né.%%ﬂﬁes QQI@Xte‘&aﬂr&%%hQ’b‘ﬂo%}@Qk@stﬁﬁq Br. 29. The

conbi nation°o i'S a transgenic ornanen plant. 30. The
conbi naflPon of cl(ailthe 2@dingagortisn &f ttloy se@@n8¢ .of Tiusleotidps wat fasth iofanyl efi m 28
that is a f ggl?ﬁ Tﬂ;zgonblnatlon of claim28 that is a cosnetic. 33.
The conbi na Fon-of €14 m28 that is a beverage. RECTIFIED SHEET ( RULE91)
| SA/ EP (b) a sequence of nucleotides that hybridizes under high stringency to

the sequence of nucleotides of (a); and
{c) a sequence of nucleotides comprising degenerate codons of (a) or (b).
15 4, The isolated nucleic acid molecule of claim 1, wherein the nucleic
acid is DNA,
5. The isolated nucleic acid molecule of claim 1, wherein the nucleic
acid is RNA.
6. A nucleic acid probe or primer, comprising at least 14 contiguous
20 nucleotides selected from the sequence of nucleotides set of claim 1.
7.  The probe or primer of claim 6, comprising at least 16 contiguous

nucleotides selected from the sequence of nucleotides in claim 1.

8. The probe or primer of claim 7, comprising at least 30 contiguous
nucleotides.
25 9. A plasmid, comprising the sequence of nucleotides of claim 1.

10. The plasmid of claim 8 that is an expression vector, comprising:
a promoter element;
a cloning site for the introduction of nucleic acid; and
a selectable marker;
30 wherein the nucleic acid encoding the cloning site is positioned between

nucleic acids encoding the promoter element and the green fluorescent protein



WO 01/ 68824 PCT/ USOL/ 08277 -124 34. The conbi nati on of claim 24, wherein
the article of manufacture is selected from anong toys, fountains,

per sonal wane6iseens, fairy dust, foods, textile, transgerCT/USITBRENL al

pl ant and paper products. 35. The conbi nation of claim 34, wherein the
article of manufacture is 5 selected fromanong toy guns, pellet guns,
greeting cards, fingerpaints, foot bags, sliny play material, clothing,
bubbl e making toys and bubbl es thereforyso.balloons, bath powders, body

| otions, gels, body powders, body creans, toothpastes, nouthwashes, soaps,
body paints, bubble bath, board game toys, fishing |lures, egg-shaped toys,

toy ci gar et%ﬁé’wl%q%ksthe%yelg B nEBARG 8 Ued PN Sore bl ARRING PapEr.

gel atins, iclngs rostings alry dus W ne arrpagne soft
dri nks, |ceopubeswynmmgddoyheoexn@@ap@nwhmdy pai nts and bubbl e bat h. 36 An

anti bOdy t hat Spg(il 4 Ceglgllagm% nidélalin%)QR?LphAelr%omdnrHsm%gysgqlPJ c of%l ?e%lflg%

derivative of the an y cont &fhi ng omain er eo
anti body of entading 3Gutifeatsd.s a nonocl onal anti body 15 38. A nucleic aci d
construc conpri

ing ,a nucleotide sequence . encodi C|fer se and a
sequenceof nucl d6ti d&ret‘ff’”@l"};ﬁ”hq’fs"t ﬁ%tj CORB3RY Fg{gﬂp’fjlcﬁ ornis
fluorescent protegn (®hB)cell9 clalifiel Nugh&em mldianq@rssmebwtfrm tﬁé @Inmp?S
wherein the luciferase is a Renilla nmulleri |uciferase,

| uci f erase 6PNEiSI%At BhaRIREE] &Rl @eYeé§Ece"£’@ WpoaRell, qRle; %e”aéf‘ df’%’@ﬁﬂ"‘p uct
of clai m 39, aarRliRatdg. Gaussia luciferase is a Gaussia princeps

| uci ferase. 41. The nucleic acid construct of claim38, wherein the
luciferase is enbdodedrbyolatedsamseantialiyiuriiied &fsrilaasniéutis 8f%R in SEQ I D

No. 17, 18EQul.L}eNent &gte]h?’(ﬁplﬁ) e?%@dé@bb‘%e %%ole?e §&84§5\8&|@fof Rushept i des

encodi ng the am no aci d sequence set forth in SEQ I . 18, SEQ ID No. 20

or SEQ ID No. 29:15andAamsiesjuendee @FPmi(ﬂi%mi‘élé*sattmblﬂﬁyﬂiﬁf@ﬁ spectihder hi gh

stringency Fpogggha g sequence of nucleotides set forth in SEQID No. 17, SEQ
3

ID No. 19 o 0 ID No. 28. 42. The nucleic acid construct of claim 38
that is DNA.  4316The Anonctan of alce GFEarisiaionct4 dhatodxhibns3Braduaed itendNAy
RECTI FI ED SHERT o RihiRdek.
15 17. A composition, comprising the green fluorescent protein of claim
14 and at least one component of a bioluminescence generating system.
18. The composition of claim 17, wherein the bioluminescence
generating system is selected from those isolated from: an insect system, a
coelenterate system, a ctenophore system, a bacterial system, a mollusk
20 system, a crustacea system, a fish system, an annelid system, and an
earthworm system.
19.  The compaosition of claim 17, wherein the bioluminescence
generating system is selected from those isolated from: fireflies, Mnemiopsis,
Beroe ovata, Aequorea, Obelia, Vargula, Pelagia, Renilla, Pholas Aristostomias,
25 Pachystomias, Poricthys, Cypridina, Aristostomias, Pachystomias, Malacosteus,
Gonadostomias, Gaussia, Watensia, Halisturia, Vampire squid, Glyphus,
Mycotophids, Vinciguerria, Howella, Florencielfa, Chaudiodus, Melanocostus,
Sea Pens, Chiroteuthis, Eucleoteuthis, Onychoteuthis, Watasenia, cuttlefish,
Sepiolina, Oplophorus, Acanthophyra, Sergestes, Gnathophausia, Argyropelecus,
30 Yarella, Diaphus, Gonadostomias and Neoscopelus.

20. A mutein of claim 15, comprising substitution in amino acids at

amino acids 56-75 of SEQ ID No. 27, whereby spectral properties are altered.
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| SA/ EP WO 01/ 68824 PCT/ USOL/ 08277 -125 44. A plasm d, conprising the

nucl eic acid construct of claim38. 45. The plasm d of claim44, further
conpri si mo ar/essgquence of nucl eoti des encodi ng: a pronot ePCEUSMEIL]7 5 a
sel ectabl e marker; wherein, the sequence of nucleotides encoding the

| uciferase and GFP is operatively linked to the pronoter el enent, whereby
the luciferase and GFP are expressed. 46. The construct of claim 38,
wherein the luciferase and the GFP are_q2H) encoded by a pol ycistronic
nmessage. 47. The construct of claim 38, wherein the encoded |uciferase and
fluorescent protein conprise a fusion protein. 48. The construct of claim

38, wherein the byci f‘ﬂ]@%%rﬂ sfEeh! de dainf 86 M@F@lﬁtﬂ\éjﬁfoﬁﬁﬁlﬂé&en@é 49. A

reconbi nant host “cel |, ising the plasmd claim4 50. The cell of
cl ai m 46, whemrahting laestcml s seisecgeei Hotethoke dsnlated frprovjequotassiGlteliag of a

bacteri al ell, a fungal cell, a plant cell, an insect cell
and an ani ma %‘Plgcuéﬁafﬂxgﬁhﬂgn i soI at ed subst antl ally purifi ed | uci ferase and

GFP fusion proteikg, 20rephaeegemd bensBikiet] sorapireng lthenuanicf aridros cl@FP land t he
fusi on protein |§ enc ded ?3% .the nucleic acid construct of claim47. 52.
The fusi8n protefh o BYON\GPPRIS' Y he | uciferase is a Renilla

| uci ferase. 53. The fuﬁlaetrbl@mmrmfaﬁtufel &nth 51, wherein the luciferase is a

Renilla 25 reniform’s%ucfer% 54, Aco osition, ?§'{ﬁr|5ig%do he fusion
protein of claim48. @ HE" ?fﬂifﬁ@ir?qrb “‘UP CEIpl ey tHEP hiﬁrai si ng
at | east ongucleRnRMNBItecie af Blah UM nescence generating system 56. The
conposition of claimb55, wherein the conponent of the 30 biolum nescence

generating syst eRf sThe SQRPINgTeM of haim B TRGRSFUMBISIRY const ruct of cl ai m
47, whergin the sequeRERaef ondHEMBOLeHES £PRAMHiRGsddhee! JirklLingsE sad, GFP

are not conti guous.
whereby the combination is a novelty item.

25. The combination of claim 24, wherein the component of the
bioluminescence generating system comprises a luciferase.

26. The combination of claim 24, wherein the component of the

16 bioluminescence generating system comprises a luciferin.

27. The combination of claim 23, wherein the article of manufacture is
selected from among toys, fountains, personal care items, fairy dust, foods,
textile and paper products.

28. The combination of claim 27, wherein the article of manufacture is

20 selected from among toy guns, pellet guns, greeting cards, fingerpaints, foot
bags, slimy play material, clothing, bubble making toys and bubbles therefor,
balloons, bath powders, body lotions, gels, body powders, body creams,
toothpastes, mouthwashes, soaps, body paints, bubble bath, board game toys,
fishing lures, egg-shaped toys, toy cigarettes, dolls, sparkiers, magic wand toys,

25 wrapping paper, gelatins, icings, frostings, fairy dust, beer, ornamental
transgenic plants, wine, champagne, milk, soft drinks, ice cubes, ice, dry ice,
soaps, body paints and bubble bath.

29. The combination of claim 28 that is a transgenic ornamental plant.

30. The combination of claim 28 that is a toy.

30 31. The combination of claim 28 that is a food.

32. The combination of claim 28 that is a cosmetic.

33. The combination of claim 28 that is a beverage.
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RECTI FI ED SHEET (RULE91) | SA/EP WD 01/ 68824 PCT/ USOLl/ 08277 -126 58. The
nucl ei ¢ acid construct of claim57, conprising a sequence of nucl eotides

t hat encodest/essk4 gand bi ndi ng domai n of a target protein. PERUSA/IBRTSENSOr,
conprising a GFP protein encoded by the nucleic acid nolecule of claiml
and a luciferase. 5 60. The bi osensor of claimb59, wherein the luciferase
is a Renilla luciferase. 61, A biosensor of claim59, further conprising a
nodul ator. 62. A biosensor, conprisi ng, fusion protein of claimb51. 63.
The bi osensor of claim62, wherein t he P and luciferase in the 10 fusion
protein are not conti guous 64. A biolum nescence resonance energy transfer

a1 o™ | BePLrBe admeiieh Qroern teprera s el e REEIE e ( he

GFP and |UCBéI@ét@&Grtﬁlﬁ%ﬂﬁ‘dn@tﬁxysﬁftdm@&bls pdreend] eaiditems ofalrgrdustibfisbdsit e of the
| uci ferase. 65. The BRET system of claim 64, further conprising one or nore
nodul at or s. tde, TrROSBRET %Q@Pé?ﬁahf"aﬁ ANthPeBer QIPSHEn the GFP and | uci f er ase

are 20 each attgshedrhe BniliddiRhest ciamfghalpereiPiheaghkicabemahtrehad ifo the
same nodul ator. 67. The BRET systemof claim 65, wherein a confornational

change i selpiadifearpemangstey @S pelietaaesi araeliad Haeks. Mnggraginte hivot
luci ferase 6515% @Eﬁixgpggy J&@rlﬁgﬁ%ﬁ u@@%b@é nfkgdMR2 antRb8ldd @erefor,

conf or mat i ona ator causes a decrease in the proximty
of the | uci batmse baith @PdereobodthOtBRETISIgshedvi bewderai hPéb cradmes.ei n t he

compr | &1 ng: ‘A EsEY Tap AFNGRES Toapdr b BFf, Eenf Bl BEATIAIIG Y, e
substrat e, fislengiures esggismaperioolyecatyi ©ogareste$ odollsi alkarh@ra magic ovavidemyse;

10 wrapping paper, gelatins, icings, frostings, fairy dust, beer, wine, champagne,
soft drinks, ice cubes, ice, dry ice, soaps, body paints and bubble bath.

36. An antibody that specifically binds to Renilla reniformis or a
molecule or derivative of the antibody containing the binding domain thereof.
37 The antibody of claim 36 that is a monoclonal antibody.

15 38. A nucleic acid construct, comprising a nucleotide sequence
encoding a luciferase and a sequence of nucleotides of claim 1 that encodes a
Renilla reniformis fluorescent protein (GFP).

39. The nucleic acid construct of claim 38, wherein the luciferase is a
Renilla mulferi \uciferase, a Gaussia luciferase or a Pleuromamma [uciferase.

20 40, The nucieic acid construct of claim 39, wherein the Gaussia
luciferase is a Gaussia princeps luciferase.

41, The nucleic acid construct of claim 38, wherein the luciferase is
encoded by:
a sequence of nucleotides set forth in SEQ ID No. 17, SEQ ID No.

25 19, or SEQ ID No. 28;

a sequence of nuclectides encoding the amino acid sequence set
forth in SEQ ID No, 18, SEQ ID No. 20 or SEQ ID No. 29; and

a sequence of nucleotides that hybridizes under high stringency to
the sequence of nucleotides set forth in SEQ ID No. 17, SEQ ID No. 19 or SEQ

30 ID No. 28.

42.  The nucleic acid construct of claim 38 that is DNA.
43. The nucleic acid construct of claim 38 that is RNA.
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i ndependent phot odetector integrated at or adjacent to each mcro-|ocation
and opti oedbyessoupl ed to each m cro-location, each phot ode¢eBTS@r08217€i Ng
configured to generate a sensed signal responsive to the photons of |ight
emtted at the corresponding mcro-location when a light-emtting chem cal
5 reaction occurs at that mcro-location, each photodetector being

i ndependent fromthe photodetectors opté$al |y coupled to the other

m cro-locations; and an electronic circuit coupled to each photodetector
and configured to read the sensed signal generated by each photodetector
and to generate utpyt data signals therefromthat are jndicatiye of the
aht Cemitted at “Bach M BERTE ST BRaReO eI P Aokl Bf FETE REm cal
reactions, wherehy.t hahdgrasaid deifet 44 plaethensombrising it serjiiehéedf by
light-emtting chem cal reactions, wherein: each mcro-location is defined
by a porti oRUgEOHIRS «ROYN%: and the micro-locations defined on the
substrate each conpri ggrameedPQ&@BL:; of a bi ol um nescence generating system
and a green fluorescent protein of claim 15 1, whereby photons of |ight
are em tBed when a reaceiestoklakeket ace at that nmicro-location. 71. The
device of Ccliefif Gnaieh.ghde bRRuObSHRS! HfidkiiNheAlsrRaay hiedrpas an array.

72. The device of clarm erein the Um nescence generati ng

syst em conpeperetively Bioked ita theipidregtas elen®®it, Wherehgthe duaiferadeaand GEP apher ei n
t he bi ol um Qg%gg%%e generating systemconprises a Renilla reniforms

| uci f er ase. . et hod of detecting and identifying analytes in a

bi ol ogi cal sanphké, cdhprdossimget @5clpinDd8divhgrdiheheriuciferise@ndahe cGGRPearece of

cl ai s qg att&%gi n»g aoﬁcrtpormcl ecetélae or plurality of different
macr onol ecufg¥ kf B PO LY S1%°8%H micro-location on the devi ce,

wher ei n macr onol aguirke icenspect d¢fi dainf 88, Whadiimechd enelkadtetbraswmbnyd e t hat may

be present in the hiological sanmple;. contacting the sanple with the surface
of the mi crh@?@é??’ﬂrﬁrf?teg’éﬂ’g’é’f'se§d‘“§\'ﬁ8rpéﬁg‘f”hny of the sel ected anal ytes
that are present 48n thrae SaApirectbdéMelaih038 N herde tRCEEMLE iaREaghed to the

surface at eooh misiuoierage, | O
15 49. A recombinant host cell, comprising the plasmid of claim 44,

50. The cell of claim 46, wherein the cell is selected from the group
consisting of a bacterial cell, a yeast cell, a fungal cell, a plant cell, an insect cell '
and an animal cell.

51. An isolated substantially purified luciferase and GFP fusion protein,

20 wherein the GFP is a Renilla reniformis GFP and the fusion protein is encoded by
the nucleic acid construct of claim 47.

52. The fusion protein of claim 51, wherein the luciferase is a Renilla
luciferase.

53. The fusion protein of claim 51, wherein the luciferase is a Renilla

25 reniformis luciferase.

54, A composition, comprising the fusion protein of claim 48.

55, The compaosition of claim 54, further comprising at least one
component of a bioluminescence generating system.

56. The composition of claim b5, wherein the component of the

30 bioluminescence generating system is a luciferin.
57. The nucleic acid construct of claim 47, wherein the sequence of

nucleotides encoding the luciferase and GFP are not contiguous.
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the surface of the m croel ectronic device to a second macronol ecul e or
pluralitywohesssef bound to the sel ected anal yte al ready bpangsowms2the fir st
macr onol ecul e at each mcro-|ocation, wherein the second nmacronolecule
conprises a conponent of a biolum nescence generating 5 reaction;
initiating the biolum nescence generating reaction by contacting the
surface of the device with the remaininggonponents of the biolumnescence
generating reaction, wherein the wavelength of the resulting light is
shifted by the Renil/a reniforms GFP, and 10 detecting photons of |ight

emtted by the GGB “S"rﬁgn %'ﬂcogggecto%‘s‘{r%t PPLEaY! Xor%gH8h§%§%u%ﬂ%‘of
m cro-|l ocation, eatch phot odet ect or genera?| ng a sensed " s gneﬁ
r epr esent at hudeotiddshehabieat oddsnz §gantkingiegedataiorf at tardes pretgrect i ve micro-

| ocation. 75. A i c_aninal or pl hat the Reni|l
oniform s 15 nfd oi & AEFG B TRV SREP Aot AReqen Py R RGP of Bl ant

of cl ai m 75mosuee bediafrh amymmengifetaseh, worms, nonkeys, rodents, goats,
pi gs, cows, sheeBb hor ses, flomeriag%gl ants, ornapental plants. 77. The

transgenPc ani maPlor pramiossnsey g Phitheradn dhe YicHRiase 's perer’e) ED SHEET
(RULE91) | StyckBrase.

61. A biosensor of claim 59, further comprising a modulator.
62. A biosensor, comprising a fusion protein of claim 51,
63. The biosensor of claim 62, wherein the GFP and luciferase in the
10 fusion protein are not contiguous.
64. A bioluminescence resonance energy transfer (BRET) system,
comprising:
(a) a GFP encoded by the nucleic molecule of claim 1;
(b) a luciferase from which the GFP can accept energy when
15 the GFP and luciferase associate; and
{c) a luciferin or other substrate of the luciferase.
65. The BRET system of claim 64, further comprising one or more
modulators.
66. The BRET system of claim 65, wherein the GFP and luciferase are
20 each attached to a different modulator, or each are attached to the same
modulator.
67. The BRET system of claim 65, wherein a conformational change in
a modulator causes an increase in the proximity of the luciferase and GFP.
68. The BRET system of claim 65, wherein a conformational change in
25 a modulator causes a decrease in the proximity of the luciferase and GFP.
69. The BRET system of claim 65, wherein the luciferase is Renilla
reniformis luciferase.
70. A microelectronic device, comprising:
a substrate;
30 a plurality of micro-locations defined on the substrate, wherein

each micro-location is for linking a macromolecule;
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an independent photodetector integrated at or adjacent to each
micro-location and optically coupled to each micro-location, each photodetector
being configured to generate a sensed signal responsive to the photons of light
emitted at the corresponding micro-location when a light-emitting chemical
reaction occurs at that micro-location, each photodetector being independent
from the photodetectors optically coupled to the other micro-locations; and
an electronic circuit coupled to each photodetector and configured

to read the sensed signal generated by each photodetector and to generate
output data signals therefrom that are indicative of the light emitted at each
micro-location by the light-emitting chemical reactions, whereby the device
detects photons of light emitted by light-emitting chemical reactions, wherein:

each micro-location is defined by a portion of the surface; and

the micro-locations defined on the substrate each comprise a component
of a bioluminescence generating system and a green fluorescent protein of claim
1, whereby photons of light are emitted when a reaction takes place at that
micro-location.

71. The device of claim 70, wherein the micro-locations are provided
as an array.

72. The device of claim 70, wherein the bioluminescence generating
system comprises a Renilfa luciferase.

73. The device of claim 71, wherein the bioluminescence generating
system comprises a Renilla reniformis \uciferase.

74. A method of detecting and identifying analytes in a biological
sample, comprising:

providing the microelectronic device aof claims 70;

attaching a macromolecule or plurality of diffeorent macromolecules to the
surface at each micro-location on the device, wherein macromolecule is specific
for binding to selected analyte that may be present in the biological sample;

contacting the sample with the surface of the microelectronic device,
whereby any of the selected analytes that are present in the sample bind to the

macromolecule attached to the surface at each micro-location;
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exposing the surface of the microelectronic device to a second
macromolecule or plurality thereof bound to the selected analyte already bound
to the first macromolecule at each micro-location, wherein the second
macromolecule comprises a component of a bioluminescence generating
reaction;

initiating the bioluminescence generating reaction by contacting the
surface of the device with the remaining components of the biocluminescence
generating reaction, wherein the wavelength of the resulting light is shifted by
the Renilla reniformis GFP; and

detecting photons of light emitted by the GFP using a photodetector
optically coupled to each micro-location, each photodetector generating a sensed
signal representative of the bioluminescence generation at the respective micro-
location.

75. A transgenic animal or plant that expresses the Renifla reniformis
nucleic acid of claim 1.

76.  The transgenic animal or plant of claim 75, selected from among
fish, worms, monkeys, rodents, goats, pigs, cows, sheep, horses, flowering
plants, ornamental plants.

77.  The transgenic animal or plant of claim 75 that is an orchid.
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