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this application is related to subject matter in US. application
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PCT/ US97/ 23089 entitled "BIOLUMINESCENT NOVELTY ITEMS". - #his application is also
related to U.S. application Serial No. 08/808,9089, filed August 8, 1997, to
Bruce Bryan entitled "DETECTION AND VISUALIZATION OF NEOPLASMS
AND OTHER TISSUES"” and to U.S. Provisional application Serial No.
156 60/023,374, filed August 8, 1996, entitled "DETECTION AND
VISUALIZATION OF NEOPLASMS AND OTHER TISSUES", and also to
published International PCT application No. WO 97/ .
Where permitted, the subject matter of each of the above noted U.S.
applications, provisional applications and International application is herein
20 incorporated by reference in its entirety.
FIELD OF INVENTION
The present invention relates to methods for the identification of an
analyte in a biological medium using bioluminescence. More particularly, a
method is provided for diagnosing diseases employing a solid phase
25 methodology and a luciferase-luciferin bioluminescence generating system.
Methods employing biomineralization for depositing silicon on a matrix

support are also provided herein.



BACKGROUND OF THE | NVENTI ON Bi ol um nescence Lum nescence is a
phenonmenon in which energy is specifically channeled to a nolecule-to
produce anvwexgs8e® state. Return to a |lower 5 energy stateﬁ?’%?%@ﬁ‘f?gni ed
by rel ease of a photon (hy). Lum nescence i ncl udes fluorescence,
phosphorescence, chem | um nescence and bi ol um nescence.

Bi ol um nescence is the process by which |living organi sns emt |ight

that is visible to other organisns. Lunm nescence nay be represented as
follows: [err] [err] where X is an el-@tronically excited nol ecul e and
hy represents |ight em ssion upon return of X to a |ower energy state.
Where the | um nescence i s biolum nescence, creation of the excited
state derives BACKRGROUND ORYHE WVENYIEN reaction. The color of the
emtted light in a bi ol um nescent (or chenilum nescent or other

| umi nescent) rBigluminescence characteristic of the excited nolecule, and is
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Cel | Physi ol nglohﬂﬁmeld@ﬁﬁsél Bﬁilumllnesdéd&e,ls fhegsrioicees H&tlvllhlchﬂmng dmgintsmsd
Adiffs, NJ, pp. 63-80; Ward et al., Chapter 7 in Cheni-and

Bi ol uni nescenceniwlipht @t is\isikle to otbgkk@r,ganpsﬁ'es NUpiegogneg gnay be
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Lum nescence, Nar cosi s ar;éj Llfe in the Deep Sea, Johnson, Vantage Press,
NY, see, esp. pp. 50%561. Though rare overall, biolum nescence

is nore Commnv\}rﬁeagﬂ%' € an d&tﬂ&?bﬁlﬁ? dltRd! Hw&l@éul@séﬁﬂqlw Q’E?ﬁs‘%‘eﬁ"@ light

Bi ol um nescence evel ope as many as thirty evolutionaril
di stinct origi emission vpos, rétermanf fXSttxl a lower &nesgyestatef wilVisereo thhat
the biochem Callun?irr]!gs QIXCSGI ;%l ngu%kegggrbgemcsrggtion of the excited state derives from
15 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
20 oxygen, either bound or free in the presence of a luciferase. Luciferases,
are oxygenases, that act on a substrate, luciferin, in the presence of mole-
cular 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.9., McElroy et al. (1966) in Molecular Architecture in Cell Physiology,
25 Hayashi et al., eds., Prentice-Hall, inc., Englewood Cliffs, NJ, pp. 63-80;
Ward et al., Chapter 7 in Chemi-and Bioluminescence, Burr, ed., Marcel
Dekker, Inc. NY, pp.321-358; Hastings, J. W. in (1995) Ce// Phys-

jology:Source Book, N. Sperelakis {ed.), Academic Press, pp 665-681;



responsi bl e for biolum nescence in different organisns are distinct.

Bi ol um nescent species span many genera and i nclude m croscopi¢ _ '

or gani sns, V8826337 bacteria [primarily mari ne bacteria incl U%HHSV(%P?’O 10
speci es], fungi, algae and dinoflagellates, to marine organisns, including
art hropods, nol |l usks, echinoderns, and chordates, and terrestrial organi sm

i ncludi ng annelid worns and i nsects. Bi ol um nescence, as well as
ot her types of chem | um nescence, is used for quantitative

det erm nations of specific substances in bid®logy and 15 nedicine. For
exanpl e, luciferase genes have been cloned and exploited as reporter

genes i n nunerous assays, for many purposes. Since the different

luci f er ase syst@indsaedce) Nberosis appddfel inahe psior Seenichnddme W arepgbPrassd
to detect and quantify a vari etéBOf substances. The mgjority of commerci al

bi ol uni nescencYasgei €8Pi BRs 58r86based on firefly [Photinus pyralis] 20
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purposes is t hespeneiblenfsy sielomintseepcs i fri ediffeetmty farganisms phot distioce n,
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- 4- phot%ﬁa&'semﬁ' i crh eF%tt??/cécleyas Fparmwal[ll[yemﬁrmzeol?ggﬁn%?ﬁézﬁ@ g%g'%can
be inj ect efigi ngwecies], dahlgh, algaguad dircflagelletasatte maridet ganistnsj imslodig a
| arge concentration range [3 %(ré% err] tg éOLéar M. . Because
of their anal yaitBEaPeAs. MeYuskengGNINGGerBISaaRE chRifatEEseRd terEestiah Qraaniay,
studi ed and weldley fdAb ARl RBrAstadd fagrge Cial |y aval | abl e [e. g,

I

firefly luciferase 18 avallable fromSigma, St. Louis, MO, and _
Boehri nger Mannhei nBiiontieescenlce, |lasdivatiapolotker tyesr et chismmibumhinespeodecsd
firefly luciferase_and other, reagents based on thi.s ne or for use wth
this = protésen &pEaHDBITAIecIFIEsmRRoRRyS’ EBF DR AUTAN RER R BIPIORY 2 he
aequorin 195 PRAMBHE! Hod ekHRidie! ReRefdsydridd Hdvesheadidnse 41 aggliditednds
Renilla are commercially avail able from Seal ite Sciences, Bogart, GA;
coel ent er azi nereporter géresiatnumetousoassays iy Haby puspesesr Sinpsesthe different

| uci f erases, i aTvai | able fro

| uci f erases ant¥¥ &rg§%ay§tgg§’%ﬁ1§ge gljféypeln'ftcslf):ﬁ:@‘&cpéegqlzﬁze’%%rﬁ&gQﬁ%}/ %ﬁ\é&}?g‘g%ﬁcs
qual ity contr o}y defdt' YRRy £5hHEE, éPsubstances. The majority of commercial
bioluminescence applications are based on firefly [Photinus pyralis]
20 luciferase. One of the first and still widely used assays involves the use of
firefly luciferase to detect the presence of ATP. It is also used to detect
and quantify other substrates or co-factors in the reaction. Any reaction
that produces or utilizes NAD(H), NADP(H) or long chain aldehyde, either
directly or indirectly, can be coupled to the light-emitting reaction of
25 bacterial luciferase. '
Another luciferase system that has been used commercially for
analytical purposes is the Aequorin system. The purified jellyfish
photoprotein, aequorin, is used to detect and quantify intracellular Ca?* and

its changes under various experimental conditions. The Aequorin



15 other such anal yses. Chi ps, arrays and m croel ectronics

M croel ectronics, chip arrays and other solid phase spaciallé -
addr essabl ewarsagy7have been been devel oped for use in di agnBSTUSY/ZARP

ot her applications. At present, nethods for detection of positive results
are 20 inadequate or inconvenient. There exists a need for inproved,
particul arly nore rapid detection nethods. Therefore, it is
an object herein to provide detection nmeans and nmet hods. SUMVARY
OF THE | NVENTI ON 25 A nmethod is pre4ided for diagnosing di seases,
particularly infectious di seases, using chip nethodol ogy and a

| uci ferase-luciferin biolumnescence generating system A chip device
for practici ngphBeopmRitbipds rélstidbiyGmall | ~RORDa]SsorteKked, nd 0 dinfedtadlindes
an integrated photodetector that detects the photons emtted by the
bi ol um nescenceeleircuantijiesyadequatere detarddcalcium over gglapge Toncentration
PCT/ US97/ 23089 . a practiced with any suitable chip device,
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nodi fied as descri begbchakgidt fHair analy8iebPGtilig)) Mbnganefaitds il alBsiutdde
bi ol um nescence generating systens. The chip device provided herein is
adapt abl e f& heweibeamstudiag anst mall-¢haracterizageand tase taconmeneially available
identification, of infectious agents in_biological ~speci ngns . JO
repare the chign WETYaBGrdEe: & patahies B skinen To bevise M, and
the chip is falgoehahgsr ManpbbindiBiocHéehicdi!ihdiangpbie INREedombiaantly Pk@cﬂ@sw
macr onol ecul es, and rncluding |inkage of photodi odes, photonultipliers CCD
(char ge coupl edirelyiusiferase andeathenreagantshasesdi this @engefor iusg withrihisio
production; attachin X i . S &.Qkal.0g]

mol ecul e or antf g{él'rbgﬁ%{gv%%&g?{de@ﬁ?%fgagg%%%gg'gﬂ’ 'g%t% i Og‘dﬁ l'%gt%gi%?!n ,
preferably 100 phodssicasrd ILeeatasen fidier piRfiskhahadiiRsass efrore RNy are
anong the preferred detectors, and specified herein. It is understood,
however, that GPR¥netgialhapyailaiedremy Iealile IriercwstBagarbdCincosieterazige,

I n one enbodi , L RAd S L 1 r LI QUi 1

an array. such s G EBelGiHEEaRLELES 1B hElE Wdli@tatl  £bbafhiid from
is treated to MNoeldeulartProbest Edgerenr@R]. i Thesofucifeeastssgmbedlatedasagpeatd are

whi ch the chip is int d d | dapt ed, h bxd tizati
ic eC|ps|S|n ended, an |saaﬁe such as gc;{%alzal n

for linking uUsef@sdeapents Wsdipgrostics: BualBscontrak eVl gingran
panel of aRftyg badhessud? and @S an antibody specific for particularly
bacterial antigen, Is afalni xed to the surface of the chip above each

phot odet ect or . CKipsrarays acd microelecttanics with a test sanple, the chip
|'s contacted a Secor&ﬂic?gélieg?r% iclsi,nlé?lyp t grrgys and other solid phase spacially
addressable arrays have been been developed for use in diagnostics and
other applications. At present, methods for detection of positive results are
20 inadequate or inconvenient. There exists a need for improved, particularly
more rapid detection methods.
Therefore, it is an object herein to provide detection means and
methods.
SUMMARY OF THE INVENTION
25 A method is provided for diagnosing diseases, particularly infectious
diseases, using chip methodology and a luciferase-luciferin bioluminescence
generating system. A chip device for practicing the methods is also
provided herein. The chip includes an integrated photodetector that detects

the photons emitted by the bioluminescence generating system. The method



conponent of a biolum nescence generating system such as a lucif erase or

luciferin, specific for the antigen. The remaini ng conponent
bi ol um nes¥M8¥z63&her ati ng reaction are added, and, if any o ?Cf/kggﬁﬁoéﬁ

ant i bodi es |l i nked to a conponent of a bi ol umi nescence generating
system are present on the chip, light will be generated and detected
by the adjacent phot odet ector. The photodetector is operatively |inked
to a computer, which is progranmed with information identifying the

| i nked anti bodi es, WO 98/ 26277 -5-
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the event, and thereby identifies antigens present in the test sanpl e.
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when t he reactlon takes place thereat, and each photodetector is
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an array, such as an X-Y array, of photodetectors. 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 antibodies. A selected antibody or panel of antibodies,
20 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 a second antibody linked to a
component of a bioluminescence generating system, such as a luciferase or
luciferin, specific for the antigen. The remaining components of the
25 bioluminescence generating reaction are added, and, if any of the antibodies
linked to a component of a bioluminescence generating system are present
on the chip, 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,
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-7- I n anot her enbodi nent, a mcroel ectronic device for _ -
detecting ama98/26277| dentifying analytes in a fluid sanple us}’ﬁE{US”’”w
light-emitting reactions is provi ded. The device includes a substrate,
an array of mcro-locations defined thereon for receiving the fluid
sanple to be analyzed, a separate 5 targeting agent attached to an
attachnment |ayer of each mcro-location, and an i ndependent

phot odet ect or optically coupled to each m ebo-1ocation. Each targeting
agent is, preferably, specific for binding a selected anal yte t hat may
be present in the received sanple. Each phot odetector generates a

sensed signal LesHRIESKNE dverihairenthefeby gldntéidst badgahst heseat ries pos diesy
10 mcro-location when the sel ected anal yte bound thereto is exposed to a

secondary bi ndisagrigent al so specific for binding the selected anal yte or
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present. An electronic circuit reads the sensed signal generated by each
phot odet ect & @andibgsiyeerae ®angliopantibadiessitgihe surisceecopneting the ehip with
i ndi cative of the |iaht it L C ' -.l.acat | :
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i dentifying angLy¥egstdre suffickdmdiimel depentimgiapory akssy fermat-dush dsto bird o-
20 lum nescence is provided. The device includes a substrate, an arraé of
ni cr o- | ocat i ongheed itaragttindhecsamele; eaehinonte: plirsangtbepdnpabatiagwih 2 a
separate anti-|ljga : a i tl.a :

2t tachment | SR aydpndERaBR eA BEERLAL (B8 100fkasd A Bhdb@Pluciferase

phot odet ectiey GpkickadroYein; initignPptiasbioturaitdscent raadtiota deoectinglight eoipsdr
antibody is specific for 25 bindi n_%'ba sel ected anal yte tha present
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15 reactions. The device includes a substrate, an array of loci, herein

designated micro-locations, defined thereon, and an independent

photodetector optically coupled to each micro-location. Each micro-location

holds a separate chemical reactant that will emit photons of light when a

reaction takes place thereat. Each photodetector generates a sensed signal

20 responsive to the photons emitted at the corresponding micro-location when

the reaction takes place thereat, and each photodetector is independent

from the other photodetectors. The device also includes an electronic

circuit that reads the sensed signal generated by each photodetector and

generates output data signals therefrom. The output data signals are

25 indicative of the light emitted at each micro-location.



anti body-sel ected anal yte conplex and Iinked to one or nore conponents

of a luciferase-luciferin reaction, and is then reacted with the renai ni ng
conponent s W@ 926387 at e t he bi ol uni nescence when the sel ect edPGRASYV308%
present. An electronic circuit reads the sensed signal from each 5

phot odet ect or and generates output data signals therefrom The out put

data signals are indicative of the biolumnescence emtted at each m cro-

| ocation by the reaction. I n anot her enbodi nent, a method of
detecting and identifying anal ytes in-Z biol ogi cal sanple using

| uci ferase-luciferin biolumnescence is 10 provided. The nethod incl udes
providing a mcroel ectroni c device having a surface with an array of
m cro-1ocations defjingfotHeererabodiesntyal hiitf@lddionic devibe ffae )ietoctnsy End or
enhance the attachnment of a receptor antibody or _ plurality of .
anti bodi es t hedentify¥ingeanalvitesrio- pofdid gempladusingadphtgmitting reggtionsi is
receptor antibody.or plural it hereaf to the surface at each .mcro- .15

| ocati on. The REVSe%dg Jﬁfﬁ?iﬁ%@é Includes; ¢ suBRtRte, Al ARy Oh S SIgGRIONS
anal yte t fe¥indBRYh SR oY AsTaiticeiving B eSfuiE! SampiRetdBearhifks®, hn@padsas
appl yi ng the sanple to the surface such that the selected anal ytes
will bind th tteegeting ageotptiechedte Boditaghraentlayeoot aeck micertogation@nd

i cro-| i hi | : h f.ter. waiti
Suffiei on perdndiarbfiant gbieBRRorCob gty WBumd 36 8 gt ritut
receptor anti bpsbh Qérg@@iﬁ? ageritis) pesferatily, specifieXie® Pindinghs selydtad aarlabyte

secondary anti body specific to bind the sel ected anal yte al ready bound
to the recept dihaimawhbapraseridethgirersivedsampls. iiaah photodetectos|ganesates

analyte is pre ' ' . .
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other of 2f0 tdgcrbUechtibaswhandtHeuséieetéd ahahitBebsuHd aiesretdhie evidwed & 20
i ncl udes detecting photons of light emtted by the reaction using a

phot odet ect or Secondgsy birding agems PP SRecHR forhinging besaleptedanalyte orthe
hot odet ect Al i ' '
phot odet ect or t%‘?@%{uﬁé: ?ger?ﬁselectébe;%%%'g%%plggﬁéﬁéeﬁrtﬂ?é Vo cgr]é]tber more

bi o-1 um nescen ereat, sensed signa rom each
phot odet ect or cordpgesatsibf adightitegpittidgtraaction. TWE &dpi62Hen reacted with the
PCT/ US97/ 23089 .. ) - ? signal s
t her ef r om i ndi 'ERIVNDLOMRONINGF TR FrEkcHIRBNEIANS veheqt the srlapted analyte’is

| ocati on t ti00.el PR @dﬁg i or
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attachnent layer of£96haRbfh& £RBRGIMREBNL, CAGRIcFES8REBhic device for detecting
and identifying analytes in a biological sample using luciferase-luciferin bio-
20 luminescence is provided. The device includes a substrate, an array of
micro-locations defined thereon for receiving the sample to be analyzed, a
separate anti-ligand, such as areceptor antibody, attached to an attachment
layer of each micro-location, and an independent photodetector optically
coupled to each micro-location. Each receptor antibody is specific for
25 binding a selected analyte that may be present in the received sample.
Each photodetector generates a sensed signal responsive to biolum-
inescence emitted at the corresponding micro-location when the selected
analyte bound to the corresponding receptor antibody is exposed to a

secondary antibody also specific to the selected analyte or to the receptor



antibody is specific for a selected analyte that may be present in the
recei ved sanpl e; a photodetector that generates a sensed signal responsive
10 to bi owm9882t%ence enmtted at the corresponding nicro-l%&%ﬁﬁ? n the
sel ected anal yte bound to the corresponding receptor antibody is exposed

to a secondary anti body al so specific to the selected analyte and linked to
one of a luciferase and a luciferin, and is then reacted with the other of
t he l uci ferase and luciferin to generate the biolum nescence when the
selected 15 analyte is present, and an eldtronic circuit which reads the
sensed si gnal from each phot odetector and generates output data
signals therefrom i ndi cative of the biolum nescence emtted at each

m cro-locati Onahﬂbbbﬁ-selecteﬁmwt@rborﬂibmxsarsd tinkéd ¢b wihesoramore CRSSptIgents
instrument including an in interface circuit for receiving the

out put data si gha#l BiGif ﬁdi’%%:[) ajteripr reasdion, Ancés themirpacieshwdthothe t'@ﬂ"‘%i't““@ach

m cro-location, p%ré?iutgt %ﬁﬂl'eitﬁ tHE 5@Hlﬂgscence ﬁ/h%?wt?\ea'?é]é%ﬁ'dtér%xfé sy

havi ng a | ocat I 9N PASSOCT & eac m cr o- an out
devi ce for genpredeng vmu télectromiccicircuit rreagsnsiee t erewed  signalutfporin dacihce
si gnal and a processing circuit. The processj circuit reads t he

out put dat adsi gRaredetegtary Wnﬁﬁ%teﬁrﬁﬂﬁpultrﬁ%gf%\&’éaél grome orig qHiRUD 5
these signal s WhtdsldhBi€ard ARACEE &St The Kol iRk oditee bg%,gtgaaéteéaé fnicro-

correl at ed out pu a sign Si re time perio accurul ati ng
themin the daiscatiomubgithéosactiomy, and generates the output device signal
whi ch, when applied to the OUtrBUt devi ce, cauaeé tBPe out put de |ce t

generate visible in#l 3P Pél’aﬁ godnemn Br&eé qgiecipg 2R gl &l‘?ﬁ'ﬁ\j’f"@s

WO 98/ 26277 biol | | lucif -luciferin biojuRthé ¢e2i3089
o enavies Iy iolepisaleample veinp ucifrsseociprn bioh BERCHPTECHET

using sel f10 providedr eRsmbiethotiipsiudestirevidit @ adnigoeleettdnjc peefesr hadingr e
t hose adaptable to sel f-assenbl i

W roel ect,ronic self a g SS bpée, ng
chips and syst Bridragsyith an aay g1 (B adSER TRy P hed fesveaPy GREVABERG the
application Nogyrf¥€k %%/ peaaR; or\/\@nhﬁnc@%ngﬁﬁcﬁr%ny\Qf9§/rQ38éForaﬂﬁi’cl@bGQ oM

arrays, such as those describ U. S. Patent No 683, which
are each her ei pluratityr pdr antiodips theretefadrearfe. mrnn@rl@@auoradandsgaapblrtgﬂqos

are such that each.i ndivi sed ene. a

the presence ofperiEerzebPly atieshner phisdty PERTeTHErSR B gfoh iBrd."
m crol ocat hgn @uhtioreTisE Bdictted BAtIBOA Yyé ssedificfeprpmiting 16 a selectbiemdlew
el ectrophoresi s throughout, but assenb occurs onI% at that | ocati on

after the chi ptiis masehe ﬁ%@ﬁil'@dheﬁﬁmedéﬁh%@ﬁtm algednelusigsiapplying these
e oSS B Bt SO1ARE" N SRR REURE B 10 e
herein, elect r%&ﬁ‘ptoﬁ@nﬁbﬁd? a@ttuthed to the surface at each micro-location, washing
the sample from the surface after waiting a sufficient period of time for the
20 selected analytes to bind with the receptor antibody at each micro-location,
exposing the surface to a secondary antibody specific to bind the selected
analyte already bound to the receptor antibody at each micro-location when
the selected analyte is present, the secondary antibody linked to one of a
luciferase and a luciferin, and initiating the reaction by applying the other of
25 the luciferase and luciferin to the surface. The method also includes
detecting photons of light emitted by the reaction using a photodetector
optically coupled to each micro-location, each photodetector generating a

sensed signal representative of the bio-luminescent activity thereat, reading

the sensed signal from each photodetector and generating output data



15 cathode, are located at the bottomand top of each well, respectively,
to allow for the delivery of analytes and reagents by fr ’

el ect r ophorWi%/26277  The anti bodi es are attached to each Ioggﬁl%éﬁqé%oﬁg
MYLAR (oriented pol yet hyl ene terephthal ate) |ayer prior to assenbling
the chip (using, for exanple, a dot matrix printer). Thus, it is
nonsel f -addressable in that is has 20 a plurality of individual wells each
cont ai ni ng a phot odi ode i ncorporated into t he sem conductor |ayer at

t he bottom of each well. In pr acPrce, for exanpl e, specific
anti-ligands, eg, antibodies, may be attached directly to the matrix
of the chip or to a mddle reflective support matrix, such as heat
stabl e MYLAR, pigials thesgframtindicetive of tbe hiakimingsceres emitied fimsch micro-
contacted with the.chip,..,washed and a plurality of secondary

ant i body- | uci fé?%%téorbbﬁjw a'ie@§%8p' protei n fusions are added. The wel |'s
are washed and the ngnaiirfHercOMBORRAEAL,Oh $\stehi Cfb!t”ﬂé‘té@ﬁﬁ?ﬂand idefiGBRGhg ON
are added to initiate the reaction. Light produced in a well is

det ect ed by t henghgesdn addplogieal samiple pising juatiemagetiugifrricbighliminakoence)is

WO 98/ 26277 ) . . . -y / US97/ 23089
-11 - Sor PEPHideds (Thepyteqpinglydss: & Migealesi 2nis ARYSS 'Wci 'Pgaaﬁ‘a‘l"t’%
signal- is TR kg d-1bRaBloRs @sﬁséééulain@niﬁe slaml&,aé ¢ parsteRieptor aftiBody

processi ng unit displays the well or wells that are positive. Each well
corresponds t o aitachedpse tarc @ttachnepinipyerhef eeghpaniaia-tacagiondeaachs recepton
of the infecti ou% ted.

~agents. 5. Al steps be auto Th
desi gn, fabric& '&ﬁ,%yaf?d saggg'cofor_ngngg‘fg?%%oﬁneaz‘éta?bIt L REY be pﬁ?soed}ta;rh’rggfe,
sel f - addr essablrgcginddsahiplas s phbtéduteisi Rl geherates a%é‘iis@ﬂ&i?nal respshsive
devi ces which actively carry out controlled nulti-step and nmultipl ex

reactions i@ nitoriskopinesceonemenitied atctheceorigsponrdinganiarernagatien when the

o ¢ bi ol um . . . _ ' .
et ade. but e EPOIATEPRRF R 0¥ sBrBsRPRH fockEil AnBBy i BRbSES
as nucl ei ¢ aci doangedddatynartitddy} sisacdpbdifi®to dhe aelsvred amalytecshd lnkedeo
reactions, and related clinical diagnostics. The resultin

. 0S| . € 9
chips, which i meleueiea lucitarppe gpdmatuciterian @nshstthan saastetswitgrthst atbier of ghe
detecting means, .l & BrOM PRtk iﬁﬁ%@&ér&%‘ﬂ{@%io@%ﬂ%&%@%hen thé Skt ted
enzymati c dep05|?| on, simlar '8 enzymati ¢ deposition by
radi ol ar ai NG arghaljtetiemreséhts ana anietastramie aidyis whichviieads tine sahsed sigrol

means.  Such si 1TeH ARSH SPHAGSSIPEIOG oG HHE AL SIIBUD GBEAT GHAR: AP T
Ly e <0t A O o cPBRRERGE A SFRERCSAER, RSBy y
matri x are al saepetivhdetheheystiem includes a processing instrument including an input
interface circuit for receiving the output data signals indicative of the bio-
20 Jjuminescence emitted at each micro-location, a memory circuit for storing
a data acquisition array having a location associated with each micro-
location, an output device for generating visible indicia in response to an
output device signal and a processing circuit. The processing circuit reads
the output data signals received by the input interface circuit, correlates
25 these signals with the corresponding micro-iocations, integrates the
correlated output data signals for a desired time period by accumulating
them in the data acquisition array, and generates the output device signal
which, when applied to the output device, causes the output device to

generate visible indicia related to the presence of the selected analytes.



Al so provided herein is a synthetic synapse. A suitable enzyme,

particul arly, acetylcholine esterase is fused to a luciferase, such as -b
25  recombiwams2epr essi on. The luciferase is either in an | REEUSYH23H0
active conformation. Suitable nutations in either protein may be
selected to insure that |.uciferase can undergo appropriate
conformati onal changes as descri bed herein. The resulting fusion is
attached to a chip, such as a chip provi ded herein. Upon binding of the
ligand to the enzyne, such as the WO B/ 26277

PCT/ US97/ 23089 -12-

bi nding of acetylcholine to the esterase, the linked luciferase is, if
previously | nactih\\het SmdetirMahrd thy chittistieltaddreseablel. \Whewi mmﬁ@xelf-
active, is inactivated by t he blndlng In the presence of the

remai ni ng corrp@deinessah‘le ghips lntihglnmh@ds@mtbew@amred@rsyb@mdam@we t%

produced (or i,ch ¢ s detected, b tOdIOd
associ ated wit ﬁ“@ﬁ%e Eﬁﬁ'ﬁ’)"ic st \gﬁp @?’Z%t # 8% qu%ghﬁ‘% gr‘?g S Hat s"i’%
processed, suchgap ol d%scnbe&@ﬂlh@éﬁfauomdpcs émﬂqa%ﬂbhtms lwcmwmsos»two
nmeans, such as fiber, to an el ectrode, which is attached to any desi red

device or efff e@E/D183% and WE 86/079172 amdsalse.in @seays: ssiehpas ghosedeseriped |
wor k, -such as a wi,t ch, o] BRI CRI PTI
DRAW NGS HHS§FF6£§'FEE o |sslg'5s1cﬁ§§at hicly 8r% <A é‘gBE '8f‘“§°%°g%eglﬁ’

ni croel ectroni Gefte¥he6. The seftadtibesibhlooctipd drédadiidH Yhardeadlivdiokdal vell
bi ol ogi cal sanple using biolum I nescence, the mcroel ectroni c device

i ncl udi ng an arnay befaddreseed enest eiimein the aresesiest Afddedest by shanging yhe

cmitted at the Broeghar ol RicplooEbRd then sendihf ey kS HsGenss

view of thegli Q/xéweetn@mmﬂebaatésﬁmtm o, it assemEIyCocdur%hﬂvwrw thae
phot odet ector array di sposed on a sem conduct or substrate

FIGURE 3 is a perafyereftesthe elindrag heenpeseypplad.r bhese GéV'lcéé age nm@f'ed for 3
including the qj& Qfsnbl et Jl-.%%ﬂn Wprépfé%f r%&’fé@hée gnBﬁfrfggﬁﬁ(@kﬁ)
n or ne

and FIG 3Ais a nagnified view s the 1 est

detail; the luEiféid?,E/lécifena sqetmmat ic di agram showi ng a pixel unit
cell circuit for 25 detecting the, biolumne nce em ted at each

m cro-location in tHE 2pethpr embodiment prevegget hsreig, %cr%tﬁe%h@wmdeh@d

vol tage |evg s ﬁthﬁaéegréﬂ%?e@fattthﬁ bottompéﬁ(@ItoHerte&ﬁ'l l/véﬂ’ redpéciiell! & 4
as a function of trnme during operation of
allow for the dehvery of analytes and reagents by free ﬂow electrophoresis.
The antibodies are attached to each location on a MYLAR (oriented
polyethylene terephthalate) layer prior to assembling the chip (using, for
example, a dot matrix printer). Thus, it is nonself-addressable in that is has
20 aplurality of individual wells each containing a photodiode incorporated into
the semiconductor layer at the bottom of each well.

In practice, for example, specific anti-ligands, e.g., antibodies, may
be attached directly to the matrix of the chip or to a middle reflective
support matrix, such as heat stable MYLAR, positioned in the center of each

25 well. The sample is contacted with the chip, washed and a plurality of
secondary antibody-luciferase conjugates or protein fusions are added. The
wells are washed and the remaining components of the bioluminescent

reaction are added to initiate the reaction. Light produced in a well is

detected by the photodiode, photomultiplier, CCD (charge coupled device)



WD 98/ 26277 PCT/ US97/ 23089
- 13- FIGURE 6 is a system bl ock di agram show ng_t he -

m croel ect MMP¥2277 device of FIG 1 nounted on an adapt or BRETUS? V2388 d.
and serially interfaced to a conputer programed to read the serial

out put data stream to correlate the output data with the array of

m cro-locations, to integrate the 5 data correlated with each

m cro-location for a predetermned tine period set usi ng an i nput
device, to identify the anal ytes present i-11the bi ol ogi cal medi um by
reference to an analyte map, and to display the results on an out put
devi ce; and FI GURE 7 shows the mcroelectronics device of FIG 1

recei ved on a 4P oghéc uitabhaiddtedtioehindaes seaiicorduitor lalyer ugrt the sigharctidy
handl e the package. FIGURE 8 is a schematic cross-sectional

di agram of a ttaleyed 493 processing unielypicaly emomnputechi pl e Rracessing anit

phot odi ode/ CCD),.. E wn S ' | of
Pt el 1 ligplavs t*&%i"be%k VO 39%?%18%%%’ "o EPED, @@ﬁp@@@ﬁﬁgﬁga
schemati c di agpaficfiatiigdrid, therathypalmieihl.identification of th&iiectid ushmynts.
bl own-up schemati c di agram of specific anti bodi es attached to the

mi ddl € ref|8ct Alstpagenayiber pgtameteid-wel | CCD chip ~ of Fig. 8.
FIGURE 11 15 a Crosipge%te's%mfagﬁ?éﬁ \Vigup!, del 1o r?%n%%if—%'%drtelgg?ﬁ% and

rel ative positions t he refrective mrror layer an e cathode and

anode. Anti bodpegyrafineaiedsélbatibressabie! thd sdif-asddrnistin psfidroegroniyy 8y teshns
above the photodi ode. Bound antigen is detected usi ré[g an anti bor;j%- )
| uci f erase fusf daviees whighdagtivaly casneoit c@mtrlied Ariltissen ANk sediiplex

reaction is de byt IO [.gggr a ocC | | 1.. for
25 identifi ca{e?dc%trtﬁq’s n :cP%RE& I'S ftghexgﬁgocét&iec% Oﬁﬁ%#%?ﬁ’@téné
sel f - addr es@abémission®of a bioluraitaiscens rdatiforcatecsrondd &) hetaino| Th d egctidn s

techni ques [see, International | PCT application No. WD 96/ 01836].
Incl uded are ainchiie.ditHoRiengPt #ited to, FaRsttnelachprorioaicdlRrogedures, suchyp

98/ 26277 as nucleic acid and protein nucleic acid hybridizatioﬁ@é“ﬁggeg%)rﬁ%en

reactions, and related clinical diagnostics.
The resulting chips, which includes a silicon matrix and photodiodes
15 or other light detecting means, are provided. The silicon may be deposited
using enzymatic deposition, similar to the enzymatic deposition by
radiolarains and diatoms. Also provided are chips in which the absorption
of silica or derivatives thereof is advantageously employed as a detection
means. Such silica has an absorption maxima at about 705 nm, which is
20 the wavelength emitted by Aristostomias bioluminescence generating
system. Enzymatic methods for depositing silicon on the surface of a
matrix are also provided herein.
Also provided herein is a synthetic synapse. A suitable enzyme,
particularly, acetylcholine esterase is fused to a luciferase, such as by
25 recombinant expression. The luciferase is either in an inactive or active
conformation. Sui;cab!e mutations in either protein may be selected to insure
that luciferase can undergo appropriate conformational changes as
described herein. The resulting fusion is attached to a chip, such as a chip

provided herein. Upon binding of the ligand to the enzyme, such as the



-14- FIGURE 13 is the cross-section of a mcrolithographically

fabricated m cro-| ocation; antibodies or other receptors are |linked to
t he attachrnwot9si26277 | ayer. FIGURE 14 i s a schenat PET/US97/23089
representation of a self-addressable 64 5 micro-location chip which was
actually fabricated, addressed with ol i gonucl eoti des, and tested.

FI GURE 15 shows a bl own-up schematic diagram of a m cromachi ned 96

m cro-1 ocations device. FIGURE 16 is the cross-section of a

m cr o- machi ned device. 10 FI GURE 1-71Zhows a schematic
representation of an artificial silicon- synapse. FI GURE 18

shows a detailed schematic view of an acetyl choline

est erase- | uci f gfiagmgldtHceRy|BhBIiISE fo BileatRrats tié IAREH NRiRTE 64 RS Hpreviously
fl uorochrone conjugate used in the silicon-synapse. 15 FI GURE 19

depi cts the netihachivedy attivateddbypthebinging.ofr iEpreviewsly activesisinpeivatesdy

el ectrodes in the human spinal cord to hypasgs,a per t Lhal _gord
| esi on. _t e by _ 2 dg}ﬂ .(:Qrsesgngghg e e %P‘E}nq O%OWPOE'E%]%? of %
described her e'molumineb@eﬁ’d@@@ﬂé?étﬁnpi%g%l/émf @ig&@le& asrodugednfor Ciki @uenched),

m croorgani sms. 20 DETAI LED DESCRI PTI OF PREFERRED EMBODI MENTS TABLE
OF CONTENTSS5 which cimefigmiis idstected bp.the pholosdiedrs asheeiatrthavith ithg chip.
Eﬁi?ferenr;ases This %'etectig%n%%%Er&%%ﬁ%b?%{q?{%Zéwat is processed, gléch as by a

Activators computer, and isGtransif@é6d iB3N8Sppropriat¥n@8ng62Uch as fiber, to an
PCT/ US97/ 23089 ] . -15- . 2.
Ct enophor e and aleetrede ewhich isyattaghed to any desired devige orrffertignopamticayaiem

f)_l) Tﬁ‘gqlég;: PI%%@%‘?@% Eipgn receipt of the signal, work,( géxch ésugi fRisk R t\g’litch,

10 occurs.
BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a schematic block diagram of a microelectronic device
for detecting and identifying analytes in a biological sample using biolum-
inescence, the microelectronic device including an array of micro-locations

15 and a photodetector optically coupled to each micro-location for detecting
the bioluminescence emitted at the corresponding micro-location;

FIGURE 2 is a top view of the die for the microelectronic device of
FIG. 1 showing the photodetector array disposed on a semiconductor
substrate;

20 FIGURE 3 is a perspective view of the microelectronic device of FIG.
1 including the die of FIG. 2 housed in a ceramic dual in-line package (DIP),
and FIG. 3A is a magnified view showing the test well formed in the DIP in
detail;

FIGURE 4 is a schematic diagram showing a pixel unit cell circuit for

25 detecting the bioluminescence emitted at each micro-location in the array;

FIGURE & is a graph showing the voltage levels at three nodes of the
pixel unit cell circuit of FIG. 4 as a function of time during operation of the

device;



3. Crustacean, particular Cyrpidina [Vargulal], systens a.

Vargul a | uci ferase (D) Purlflcatlonfrom(,\é_f)rl

(2) Prepar %0 081243¢7 Reconbi nant Met hods 10 :

luciferin C. React i on 4. | nsect

bi ol um nescence generating systens including fireflies,

click beetles, and other insect systens a. Luci ferase 15
b. Luciferin C. Reacti on 5. Bact eri al
systens a. Luci ferases -13- b. Luci ferins 20
C. React i ons 6. O her systens a.

D nofl agel | at e bi ol um nescence generating systens b.
Systens from nol | USERGURECH ifa dyaitem Bmﬂ:kPBMQaSm showing the mncro@lectromcs
Eart hworms and ot her annelids 25 d ow wo

e.  Marine potig¢isesfd| @i meayrteshen an adaptor cnrcurt boprd andg@@ﬁymfw
rai |l way beetl e

PCT/ US97/ 23089t 2 con¥\0ut%§ &%%ngmed to read the serial outputléiata stream, to

7. FI uor escegbrrelaak @hBDutput data with the arrdy of n%ﬁemm@ntsl 6 iflegparstrnt
pr ot ei ns b. Phycobi | i protei ns C Desi gn and

Fabri cat i onBof dayd geyrelated with each micrrdreatipniats psedaieemingdime period set
ﬁ Eglo]; i gg?r g%%%:)lgceﬁgpgsdewce, to identify the %nalyty?wﬂeéeﬁftlﬁrqh@ ﬁto!o%‘mﬁl

cro
10 medium by ireferendé &6 GiFRERaRItEGnap, and to display the:resulﬁebiﬁ an
addr essi ng of chips 3. Attachment of biol ogical nolecules to
chi ps output devige; angberj vati zati on of silica substrates

b.  Attachment of pjel,agi£ahoWR1AEYhiFodRetRinics VBN S & 8RS

conj ugat es
10 circuit board which does not require the user to directly handie the package.

FIGURE 8 is a schematic cross-sectional diagram of a three layer
multi-well CCD chip {a chip containing a photodiode/CCD).
FIGURE 9 shows a blown-up schematic diagram of a multi-well CCD
chip bottom layer and middle reflective layer and schematic diagram of an
15 individual well.
FIGURE 10 shows a blown-up schematic diagram of specific
antibodies attached to the middle reflective layer of the multi-well CCD chip
of Fig. 8.
FIGURE 11 is a cross-section of an individual Well indicating the
20 relative positions of the CCD, reflective mirror layer and the cathode and
anode. Antibodies attached to the middle reflective layer hang inverted
above the photodiode. Bound antigen is detected using an antibody-
luciferase fusion protein, and light generated from the bioluminescent
reaction is detected by the photodiode and relayed to a processing unit for
25 identification.
FIGURE 12 is the cross-section of three self-addressable micro-
locations fabricated using microlithographic techniques [see, International
PCT application No. WO 96/01836]. Included are arrows denoting the

positioning of photodiodes.



1. Li nkers 2. Luci ferase fusion proteins 3

Nucl ei ¢ acid and peptide nucleic acid conjugates E. Radi ol ari ans and
di at ons f oWQe§263¥% i on of silicon on matrices 20 F. Met hRYSI/E$A3128989ng
the chip A Definitions Unl ess defined ot herw se, all
technical and scientific terns used herei n have the sanme neaning as is
commonl y under stood by one of skill inthe art to which this invention
bel ongs. All patents and publications 25 referred to herein are

i ncorporated by reference herein. -14- As used herein,

chem | um nescence refers to a chemcal reaction in whi ch energy is

specifically channeled to a nolecule causing it to becone
el ectronical ly exci FRSURRU 3 uPaROMEELSecR 6f 838RrSlitRBEFABhit BBy :Fef]’dricated
S

emtting visible light. Tenperature does not contribute to thi

channel ed enermjcro-locationpaggbagmpror other receptors are linked to the attachment
PCT/ US97/ 23089! -17- Thus,
cheni | umi nesceR¢& i nvol ves the direct conversion of chenical ener gy to

lTght energy. Biol URIGBRECT G ebaiembtc rapreddiiglionfofCh W Il RRSEERCEY
reactions that involve luciferins and |uciterases (or the photoproteins).

Bi ol uni nesc2nc®igrodecatpnhahip nwhieh umeasphactphty e §aknicated, S5addressed Agithsed
her ein, biol unjnesc . i S type of chem - | um nescence, refers
oSl St idaP

to the enission _ ol al nol ecul es, particularly
proteins. The essepfGWREd@EHIWSA biownlipssharagts et ahof a midR)r85ehiAkd
oxygen, either bound or free in the presence of an oxygenase, a

| uci f erase, whP@Hnigeedoertienssdpyiceate, a luciferin. Biol um nescence is 10

generated by an enz e tei luciferase] that. i n .oxygenase
that acts on a subs%,'ra Igéﬂ%ﬁ{ef}eloépﬂsg—%q%ou%n?ﬁgsrgg:&-énggw&eaa FCPn t he
presence of0nol ecul BIGWRE dENslioMlsta SEIsdrabtTE réPrRseHBMSRbE ahOardifichal Gill@mh-
state, which upon return to a |lower energy |evel releases the energy in the
form of |i ght.SYrspse. As used herein, the substrates and enzynes for
produci ng bi ol iR . erred t | uci f eri.n_and
| uci f er ase, repéllpr@ew(;lltq?\C/‘EE?n 30/3% os&sgr?g ?E%Legﬁ%éy?@g%gd\ggt% 0 og %iraﬁ%ﬁﬁﬁfcir" lihe
speci es t her ecdstefame-luciferadenr iftisipneapiotgineshd tam mdcetyietdiingt hedtBeageane
of the organi sfmfrom whi ch | it derives, for exanple, bacterial

luciferin or fiyYOCHreme ¢eniygate yped in the siligonisynipRsg: ei n, | uci f er ase

refers to gygenaseﬁdm@% TRIRLYES fhel h@iﬁﬂgolg%yemrf[mengléc%ﬂge%ritﬁpg\;sﬁ%ron-

i nstance, bacterial luciferases catalyze t dati on
nmononucl eot i desyrradesaaTdl aleicpioaleisnahediydes,spividl dordeacth yoass a perpiepding es
i ght. Another .class If | uci ferases, found anong marine

spinal cord lesion.

FIGURE 20 depicts a scheme for operation of chips described herein
in diagnostic assays for detecting infectious microorganisms.
20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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art hropods, catalyzes the oxidation of Cypridina [Vargula] luciferin, and
25 another class of luciferases catal yzes the oxidation of Col eoptera -

l uci ferin. wo 9826277 Thus, luciferase refers to an enzyne o#® dR8? ei n
that catal yzes a biolum nescent reaction [a reaction that produces

bi ol um nescencel . The | uci ferases, such as firefly and Renilla

| uci ferases, that are enzynes which act catalytically and are
unchanged during the biol um nescence generating WO 98/ 26277

PCT/ US97/ 23089 -15- -18-

reaction. The luciferase photoproteins, such as the aequorin and obelin
phot oproteins to which luciferin is non-coval ently bound, are changed, such
as by rel ease of the | UCi(ft%BBEhoF’é‘%hB%ﬁlQHé% SP&BRE) generating reaction.
The luciferase is a protein that occurs naturally 1 n an organismor a
variant 5 or nutant thea.é&dfe asgebriasysterari ant produced by nut agenesi s

t hat has one or nore properties, such as therma or pH stability, that
differ fromthe nat ur al | y-‘&icur‘?‘?ﬂﬁoﬁﬁ’i‘ &?‘&tﬂprq}ﬁﬁ ferases and nodified
mut ant or vari ant forms tQ%eofL -perwell known. Thus,
reference, for exanple, to "Renilla lTuciterase" nmeans an 10 enzyne

i sol ated fr&m nmenber of tthe gé€ltusAReria $ystem an equi val ent nol ecul e
obtai ned from any other source, such as Iro anot h K/ Ant hozoa, or that
has been prepared syhnt hetGréigfagean, particular Cyyg ’P%ii FEFU8ESSYRIBMSUci feri n

and activators thereof arge ref\ﬁ,r i&biﬁe’?ase bi ol um nescence generating
reagents or conponents. 'PYpi ca , a subset 15 of these reagents will be
provided during the assay or dfth&unifpatiomivbim Cyeddina at particul ar

upon contacting the chip surfdcb APPAEIAD PLRRCAIG PRbMAHOMNd | the
i ght prod d is detectgd by A Qflirppes at those locations of the
array V\herg@)g specific target \K%’?dggleen ert ected by the inmobilized anti 20
| i gand. Thus, as used herein, Rémctoonponent |uciferases, luciferins, and

ot her factors, such as Jderr], err] Calerr are alsq referred to. as.

bi ol umi nescence genérati ri%s ‘]etzﬂ_ﬁlwg el SFeé‘@%ﬁ%‘EeW'"@o ﬁ@ﬁ'?f.{“(’qngg'mﬁ'es'
As used herein, "not stricickpeeies, Wd-athey NS YSIeRS t he

photoprotein acts as a cgfal ygt i psomote the oxidation of the substrate,
25 but it is changed in the reacﬁ on, since the bound substrate is

oxi di zed an® bound rml ec lumifesbygen is used in the reaction. Such
phot oproteins are regenerat ed. by addition of the substrate and
nol ecul ar oxygen under  ©- ap%?aocgfqr?;t e conditions known to those of skill
inthis art. 5. Bacterial systems
a. Luciferases
b. Luciferins
20 c. Reactions
6. Other systems
a Dinoflagellate bioluminescence generating systems
b Systems from molluscs, such as Latia and Pholas
c. Earthworms and other annelids
25 d Glow worms
e. Marine polycheate worm systems
f. South American railway beetle



WD 98/ 26271 PCT/ US97/ 23089.
-19- As used herein, biolum nescence substrate refers to the
conpound WOP®$2277s oxi di zed in the presence of a | uci f er askETYRY’ ?%‘7’
necessary activators, and generates light. These substrates are
referred to as | uci ferins, which are substrates that undergo oxidation
in a biolumnescence 5 reaction. These biolum nescence substrates include
any luciferin or anal og t hereof or any synthetic conmpound with which a
| uci ferase interacts to generate |ight16-Preferred substrates are those
that are oxidized in the presence of a luciferase or protein in a

| i ght - generating reaction. Bi ol um nescence substrates, thus, include

t hose conpounds that thopriopéscent grbitéihsi N the art recognize as luciferins.
Luciferins, for exanple, include firefly luciferin, Cypridina [also
known as Vargul a] | uci f eai n [ Eoe¢reandrbigerfégorescenppeqateinsal |uciferin, as
wel | as synthetic anal ogE of %Pese .?ubstrat es or other conpounds t hat
are oxidized in the presg&nce Y8°?U8r?f§ﬂ%%e in a reaction the pr oduces
bi ol um nescencg. 15pesign and AebHegHoR&sfeCRipscapabl e of conversion into a

bi ol um nescence substrate nmeans susceptible to chem cal reaction, such
as oxidati oh or 1. r edblonseli-addigssahle|aPs bi ol uni nescence substrate.

For exanple, the | upi pesgence .nroduci ng reaction of bi ol um nescent
bacteria invol ves tf?le gleﬁ'raé’ccﬁﬁg?? © q'"ééflavi n nononucl eoti de group (FM)
to reduced flavin 20 nogonucheftixkdaatddisi err]) by a flavin reductase
enzyne. The reduced flavin nmononucl eoti de [substrate] then reacts with
oxygen [an activator] anB- Fabeeaten froredyresr ase to form an i nternedi ate
peroxy flavin that undergoes . [ [ jon, in the presence of a

| ong- chai n al dehyde, to gener Gte I ﬁwﬁhog?gﬁ\%h respect to this reaction,
the reduceglpfl avin and the | ofg chafigarednadeRiieg 25 are substrates.

As used herein, biolum nescence system][or bio]um nescence generati ng
systen] refers to the sef-of PeHRIArespEQUPY BRIPSOr a

P {1 Pescence: Brodlc, PAREREUATY! olaeel AR BRI S At Lerase:
WD 98/ 26277 a Derivatization of silica substrates PCT/ US97/ 23089
b. Attachment of biological molecules
15 D. Formation of luciferase conjugates
1. Linkers
2. Luciferase fusion proteins
3. Nucleic acid and peptide nucleic acid conjugates

Radiolarians and diatoms for deposition of silicon on matrices
20 F. Methods employing the chip
~ Definitions
Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as is commonly understood by one of skill
in the art to which this invention belongs. All patents and publications
25 referred to herein are incorporated by reference herein.
As used herein, chemiluminescence refers to a chemical reaction in
which energy is specifically channeled to a molecule causing it to become
electronically excited and subsequently to release a photon thereby emitting

visible light. Temperature does not contribute to this channeled energy.



- 20- required to conplete a biolum nescent reaction forma

bi ol um nescence system Therefore, a biolumnescence system (or -
equi val ent IW0®&8/26277 bi ol urmi nescence generating systen) ref ersppg’%?%%"é? - of
reagents that, under appropriate reaction conditions, yield

bi ol um nescence. Appropriate 5 reaction conditions refers to the
condi ti ons necessary for a biolum nescence reaction to occur, such as
pH, salt concentrations and tenperature. In general , biolum nescence
systens include a biolum nescence substrat-d7ta luciferin), a

| uci ferase, which includes enzynes |uciferases and phot opr ot ei ns, and
one or nore activators. A particular biolumnescence 10 system nay be
identified by rg{erememillmindetenrethiolvestigadirest E6overstircdf chemids®@energy

| uci ferase derives; for exanple, the Vargula [al so called Cypridina]

bi ol uni nescencto kghtemergyr Bielugiinasesnneigfeisie thessibsetaf ghemilunynessenae

such as a luciferase isplated fragmithe ostracod. Vargula gr produced using
econb nant - meHRS NS gaR MRS UEUP TR (PR Ses 1A PreyRpEtel
woul d al so i nchugnifesditidel GsdPhofBkidiAtiAERIdRESIESSEHOrebBes@Ep! et e .t he

bi ol um nescence reaction, such as oxygen and a substrate with which the

| uci f et ase Beacts i Ast hisesr dwseive bioluménesoenes. t whiehdisc@ |tyget of chemi-

As used herein, ATP, ANP nd DH refer to,.adenosine .

T phosphat o, | HIBRESPRECHo BIBLS S AR, SRISEH S LT S0 A RlosiFal malseyige: 20
(oxi di zed fornpapisliiahigopidteiisde FHEnkBSewtislucbaditicle fof eHict@shid&dEnce is
respectively. As used herein, production by reconbi nant neans by
usi ng r ecomieeidar opmaenetiibersbavad orifrre instheopreseacadf|arkasvaendsedts
of nol ecu| ar.. bi ol ogy..f.Qr Ssi ei ed . .« 25
As used herei n!&éifgg%a’ntg?/r%{%ﬁya%%ﬁi%a%%l:é;[tepr%gﬂ‘%?&?nrg'ansspasiﬂﬁ'ﬁg:g%nﬂ%m

sim|ar so1phagehbeatedIREEH XY mebLbaSr {br‘btéiﬂxfmm&*mkéytmb@gﬁﬁng%émt
t he substantially identical product_ can be used in place of the
pr oduct . that acpg ans@dsHiesteate lugitprimie biolyminassensansubksiratediivnths

horpgeneous g{%ée%c%p&e m’olé&a% §%yé§§%dy trARERFHAPHRe SOBShd €5 afSexcited

det er m ned by ndard

PCT/ US97/ 23089state, which upon return to a lower energy level releases e energy in the
met hods of analysis, such as thin |ayer chromatography (TLC), gel
el ect r ophor esi $R@THIGR- per f or rance” i qui d chr omat ogr aphy (HPLC), used

by those ofgskill ind h@s%thér‘éirﬁssﬁ%slﬂ]{%g{é’c & lahd Cl{nzqy%éé' CESNt s Rty

such that further purification wou etectably "alter the physi cal
and chenical biglunyeesdearxe arxlgeneriealynefeoednto bolugfaal aat ilvciferase, of
the substance. respectively. When reference is made to a particular species thereof, for
clarity, each generic term is used with the name of the organism from which
it de‘rives, for example, bacterial luciferin or firefly luciferase.

20 As used herein, luciferase refers to oxygenases that catalyze a light
emitting reaction. For instance, bacterial luciferases catalyze the oxidation
of flavin mononucleotide [FMN] and aliphatic aldehydes, which reaction
produces light. Another class of luciferases, found among marine
arthropods, catalyzes the oxidation of Cypridina [Vargul/a] luciferin, and

25 another class of luciferases catalyzes the oxidation of Coleoptera luciferin.

Thus, luciferase refers to an enzyme or photoprotein that catalyzes
a bioluminescent reaction [a reaction that produces bioluminescence]. The
luciferases, such as firefly and Renil/a luciferases, that are enzymes which

act catalytically and are unchanged during the bioluminescence generating



Met hods for purification of the conpounds to produce substantially

chem cally pure conpounds are known to those of skill in the art. 7@?

subst anti aW@ 9%P&i7 cal | y pure conpound may, however, be a mi 5& ofpo8s .
stereoi soners. In such instances, further purification mght i ncr ease the
10 specific activity of the conpound. As used herein

equi val ent, when referring to two sequences of nucl ei ¢ aci ds neans that
the two sequences in question encode the sane sequence of am no acids
or equival ent proteins. Wen "equival ent" -18-used inreferring to two
proteins or peptides, it neans that the two proteins or 15 peptides have
substantially the sane am no acid sequence with only conservative

am no aci d subpdddtign. OThe ARfferssd) phbadprotdinshauenad biaé adquoein and obelin
substantlally alter the activity or function of the protein or peptide.
When equpbatimfp’telf‘éﬁ'éw@“t:%’%'fﬁﬂﬁbér”t";’ﬂ cwréea%geﬂﬂﬁ areehangedasieh: o

be present astb0 rterllgess a&?tlfé ffeferint drin a"\groﬂﬁ'ﬂfﬂeggépeg%ee Cf?tl?h rdhdfigh ent

rates of the 2 ype o enzynat’lca Ivities are

preferably Theube“rmtseab laypricheinsiae occGasmbrirelty & wn"orgaaism of ar vaniant o
two nucl eoti de uences, neans that the two sequences of nucl eot i des
are capabl e5of or mutany 97803 SHEh P9 éf"@F‘éBF Profuced By snytagenesis thahngs one

ey, B e e, s S NOTRL PAE SRR tod g oo

nost prefer abI m sa et ween

Preferably thenhmawlwuudrﬂﬁg proterWl| ILub;fbrasaszencmrrded:framndiuﬁanna:rof/arhargm
stringency. used herein: stringency of hybridization in
det ermi ni ng pefe/ns é@%’e‘)f are Wwelhkpewn-s as fol | ows: 1) high

stringency: 0.1 X S§gs Oetdberie; vl Ekihbie, to %/ﬁglla@_ﬁ%a_se" means an

PCT/ US97/ 23089
2) nedi um 90r i epeyeie: isblated fRGREMeberbfIBS, g&fieReh@a or an equivaldnt | ow

cqui val ont st r TRIEREREB R RORLANE SRS A ge: SUChREdFIR TRAINGL frispezos.
salts and tenp d¥pein, peptide nucleic acid
refers to nucl g??‘gf:ﬁgsgr?%" prepared"%yHﬁmﬁ?{éh ?he ri bose- phosphat e backbone

is repI aced by a badlﬁmduelfbeds@s and h.logjetrheandﬁ}ctamtdss twrdef are referred to arhe

term?” b t ant aII " varie th th t ext
T st ot o indatae Shnetgbhe BoBs L of o IR iy 4 B0BEer

preferably gea'&ﬁitﬁésér‘ae%g%n@@vﬁllB@b&)\ﬂﬂ@(ﬁghﬁh )théfas‘s st of{¥favige tmAsLilized
preferably at |east 95% used herein, | ol ogi cal activity

refers to the iah pamwlac!oqattqresomhesurfacemfﬁberﬂhfm mesnmeegeeee will'be

responses that g egﬁ'clzed HBgrq c%(rj'a%c Lrnsg} {haetéhrB s%fa%e with the remaining reagents and

the light produced is detected by the photodiodes at those locations of the

array where a specific target has been detected by the immobilized anti

20 ligand. Thus, as used herein, the component luciferases, luciferins, and

other factors, such as 0, Mg?*, Ca?* are also referred to as
bioluminescence generating reagents [or agents or components].

As used herein, "not strictly catalytically" means that the

photoprotein acts as a catalyst to promote the oxidation of the substrate,

25 but it is changed in the reaction, since the bound substrate is oxidized and

bound molecular oxygen is used in the reaction. Such photoproteins are

regenerated by addition of the substrate and molecular oxygen under

appropriate conditions known to those of skill in this art.



conpound, conposition or other m xture. Biological activities nmay be 15
observed in in vitro systens designed to test or use such activities, Thus,
for purposewOssr262m t he bi ol ogical activity of a luciferase iRCT/YR97/23089
oxygenase activity whereby, upon oxidation of a substrate, light is

pr oduced. As used herein, a conposition refers to a any m xture.
It may be a solution, a suspension, liquid, powder, a paste, aqueous,
non- aqueous or 20 any conbi nation thereof. As used herein, a
conmbination refers to any associ ati on bet wehk two or anong nore itens.
As used herein, fluid refers to any conposition that can flow Fluids

t hus enconpass conpositions that are in the formof sem-solids, pastes, 25
sol utions, aqueous R} WEdher8f!, DiokuphineBSendd sap®traftdréfeheto 3HE tompound
conposi tions. As used herein, macronol ecul es are intended to
generically  thatrisoop@izedalin the eureisensce het avdutiferssel i an@damy neetsagy

f:lﬁ]P? reg Igf actiohs ggf%@gﬁéﬁ%ﬁes TRSHTBTHID! SR eSres " Grd Irefitl 3582801

PCT/ U.897/ 23089 luciferins, which are substrates that undergo oxidation in-adSioluminescence
proteins, organic nolecules, nucleics acids, viruses, viral capsids, phage,

cel |'s ‘or mefr anastiome Tbebe dioclporineserncs substiates insiudg anyalysifgsn gsaalog
cells - or nbr gnes. O ti.cular interest herein,  arl. r, I S
U e L N AT
are those 5 preseile lighRodPrbldtréld simdtaideardithbesi tah sambkigiized in the
As used herein,” a receptor refers to a nolecule that has an affinity for

a gi ven | i gand.presencespt of sa miycifarasat or aPrgtet ciiy r & nfjgbt-geparating creaction.

nol ecul es. Receptors. may al so be referre [ e.a iall ~£AS
used herein, t%P@&'BﬁF%‘F“ HhaY ﬁ?f’-&fﬁ'g}[a‘?‘n'g’ &%&d&niﬁqsc%éé@%gjb@gs ﬁéggﬁggi" 10
can be usedg n dliFinthenit Fedctfhisd as fudiferitts. AdiRgiNse Sovexdmpld) ericlagediretly
Receptors may be attached, coval ently or noncoval ently, or iIn physical,

contact with, thacifertnndyryidipabkalso knowp asr Kergufablueiferin elooejentesazinel,
specific i_ndi .an ' j :
R o e e R e S
receptors and Mdompolsdsthatzare@xidiecegimtiss prasence ofialluaiferdsedhaseantion the
antisera reactive with specific antigenic determ nants [such as on

viruses, cells,produgesdiolumineseqnss.al s], drugs, pol ynucl eotides, nucleic
acids, peptjgles, cof QEtQLSY nerein,! @abhBR: ctU88hversiSH Yinds CAbioiGRindstlehte

cel l ul ar menbr anes, "and or ganel s Ea% es of receptors and
appl i cati ons usiubgtiate hmeeanepdusceptibhe [todehetficabueaatien nsticheas oixidation @r
a) enzynes: Sper(e:zid[xic'(c:io}w,r 6‘1cﬂsa O\;iteld%r gt SEoqgm?rges%g%\t/gegugsstsraet%t.i a{’ort Ce’axample, the
luminescence producing reaction of bioluminescent bacteria involves the
reduction of a flavin mononucleotide group {FMN) to reduced flavin
20 mononucleotide (FMNH,) by a flavin reductase enzyme. The reduced flavin
mononucleotide [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

25 are substrates. .

As used herein, bioluminescence system [or bioluminescence
generating system] refers to the set of reagents required for a
bioluminescence-producing reaction. Thus, the particular luciferase,

juciferin and other substrates, solvents and other reagents that may be



survival of mcroorgani sns, which could serve as targets for antibiotic

[ligand] selection; b) antibodies: identificatio _ -
| i gand- bi nW@§8/262f/c on the anti body 25 nolecul e that conbi k‘g’t’\'zb??%‘?-"{’??e

epitope of an antigen of interest nmay be i nvesti gated; determ nation
of a sequence that m mcs an antigenic epitope may |ead to the

devel opnent of vaccines of which the i nmunogen is based on one or nore
of such sequences or |ead to the devel opment of rel ated WO 98/ 26277
PCT/ US97/ 23089 -20- - 24-

di agnosti c agents or conpounds useful in therapeutic treatnments such as
for auto-imune di seases c) nucleic acids: identification of

| i gand, such agdUifdeitd cmpidfe a biolbiMideseri te@tionSform a biadlimimdsdeyricec
pol ypeptides: polyners, preferably polypeptides, that are capabl e of
promoting a chewstean. rei@'ﬁ&fﬁ%nvﬁal ialgminesaense rsistemof (0§n@quivaightlyp@e
reactants to ope,or.nor ro i Su y | I | de
2 bi nding si t eoENEETTeEorBp S ratioD Sy SRRl ¥5TerE RSt B Yeagentd TRk

i nt er medi at e apfdapappidpiraté Wesdtiomabhtiitiorrsyyied héoluminbscdniorli Agpsopréatei n
10 which the functionality is capable of chem cal Ig/ nmodi f%/i ngi t he bound
react ant [ sBe, reagjion eorslitipns eaferakp the congdifjgns necessary for a bigluppessagnce
recept-ors: determ.pati t iga ' }: | ity to
a receptor is [ﬁsaecft&% :tér)l%tcf%fé"'dg@%l{] o%néﬁ'ts’ %&%Sbk‘gﬂter%msraenﬁ g%@ﬁgﬁéttur@. i

t her api es; for gexard) Biolus@idsceheaisyeterdt ihtlyaieds bidiamibésubrice dibstsateh(a
receptors my Igez_id to the devel opnent of drugs to control bl OQP

pressure; and luciferin), a fluchigragee rwéish ofRCIUEEE or8RZYME DN (W TErAgES dENthat

bind to the opj - re t | e hrain is al SRigent
of | ess-addict F\P}é&pmte'rn éb%ggeoﬁr{ee?\?é rﬁ?%'}ré ?r%l;'\gﬁaﬁée ﬁ?‘%ﬁégzgtﬁ gé’ﬁﬂrgﬂg'gggézo

As used henei nsystem bealy be idéntifes bptrefodpcé taghespsecifieustyaatsrirdiom which
fragnents, which are conposed of i ght chain d the variable, regio f

a heavy chai n. the luciferase 'Q%"Y%%d?q{eﬁ ?W,p?%'ofﬁﬁ AUl Jalses %QLeq &e’%{ﬁ}}”g]

t opol ogi cal co Lrfthdd L0 $\RaekShciobies At PEARNS Nifdthbaces
of a ligand no ec%@%énéﬁcfssyzsg%r(gggﬁ}gp. &%uﬁsrh t%e ?ecept?rwandli ts

| i gand can be dashrastebiciferase isotated| feomrither 9stragntl . f iangwsa oo peodutrd usimgact

surface char aCtreeg(;ns’nt)!nCasntarrn%ans.or %Oorganlke:gﬁgésarc}% %h%s%aﬁ:%if%trgseers'. This system

15 would also include the particular activators necessary to complete the
bioluminescence reaction, such as oxygen and a substrate with which the
luciferase reacts in the presence of the oxygen to produce light.

As used herein, ATP, AMP, NAD + and NADH refer to adenosine
triphosphate, adenosine monophosphate, nicotinamide adenine dinucleotide

20 (oxidized form) and nicotinamide adenine dinucleotide {reduced form),
respectively.

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.

25 As used herein, substantially identical to a product means sufficieritly
similar so that the property of interest is sufficiently unchanged so that the
substantially identical product can be used in place of the product.

As used herein, substantially pure means sufficiently homogeneous

to appear free of readily detectable impurities as determined by standard
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As used herwiOrP8/28277 gand-receptor pair or conplex forned V\heﬁqwsgmms‘g
macr onol ecul es have conbi ned t hrough nol ecul ar recognition to forma

conpl ex. As used herein, an epitope refers to a portion of an
antigen nolecule 5 that is delineated by the area of interaction wth the
subcl ass of receptors known as anti bodi es. As used herein,
aligand is a nmolecule that is specificall32%ecognized by a particul ar
receptor. Exanples of |igands, include, but are not limted to,

agoni sts and antagonists for cell nenbrane receptors, toxins and 10

venons, Vviral epitheRies ofh@hBRRRS becld. as stiiholdlgdr, chedmategrapbgpt(TLE), gel
opi ates, peptides, enzynes, enzyme substrates, cofactors, drugs Iectl ns,
sugars, ol i gon@&@mm@i@r@smmd bigh perfasnapce gsyectéhma@graehm(%h ), Hped

ronoct onel 0% VRO agat e o Se RSSS RSB o M BN pyre st

affinity for atsht/ﬁmﬁe:qm”rﬁlo%m@nmaumotdetebfﬁmbaltemcbmsac@lraedieéhmttal
region of the surface. Anti-Iligands nmay natural |l y-occurrin

manmade nol Sculpsepertiese SLtCIHWeQS @aﬁvmt@m@@@logma' actiyitigs, rofuthg ed E'Eimé’teat e
t
ot tached. covandriiartotohohedRGRIT o s SoRIA e pred ity SlfiabRaky

directly or vi @h@nﬁaawfp&ebcmlpwnayb@rteanﬁew@yto"ﬂﬁmr of iyl an ttheheaet. A
I's nmeant that the binding of the anti-ligand (or specific binding nenber

ligand) is revéﬂbisbﬁfﬁl%lh’dCha@'CQW’YePéTQ)P@m%P%”&b@F%Wt haweyeﬁoﬁgz%rrﬁ"ﬁtﬁ(ﬁe%e
or unbi nd's%’r’e e SSqu}? SUEKE? as cx égp%@ ﬁs %naHl it r{c(?%swhfs

noncoval ent nt eractl ons, SUC ros OI’ ces, van der

forces, hYGIOOp&@bbtdectt(/‘n‘tymf therdorapbandf or ces, and the Iike. Furthernore,
rever5|ble attachnents al so may. ari se onmc rtal n, but not all

coval ent bondi ng redd$i%isd Ef(%{ﬁp?‘é%“’a'em' iWBPDdeeB{Rg 2P tWBt SPAYRICRF ©F,
attachment by trhu%lég é%&é fﬁ‘i @%‘ptﬁ W’A §eﬂuence%‘ﬁﬂh5§§ﬁ$ﬁ enb%?é‘cﬁe same

acetal s, ket al s

Chem stry", 2ndeegdencelof ahsin()hcﬁﬁﬁ)r eqﬂwalemtgrotmm pWhﬂre'ébmavaiamt" is used\D

98/ 26277 in referring to two proteins or peptides, it means that tﬁgl‘-t/vvuos%%tze?l’gsgs%r

15 peptides have substantially the same amino acid sequence with only
conservative amino acid substitutions [see, e.g., Table 2, below] that do not
substantially alter the activity or function of the protein or peptide. When
"equivalent" refers to a property, the property does not need to be present
to the same extent [e.q., two peptides can exhibit different rates of the

20 same type of enzymatic activity], but the activities are preferably
substantially the same. "Complementary,” when referring to two nucleotide
sequences, means that the two sequences of nucleotides are capable of
hybridizing, preferably with less than 25%, more preferably with less than
15%, even more preferably with less than 5%, most preferably with no

25 mismatches between opposed nucleotides. Preferably the two molecules
will hybridize under conditions of high stringency.

As used herein: stringency of hybridization in determining percentage

mismatch is as follows:

1) high stringency: 0.1 x SSPE, 0.1% SDS, 65°C



- 26- by reference). Exanples of anti-Iligands which can be enpl oyed

in the met hods and devi ces herein include, but are not limted to,-
cel | menbr am@98126277 r ecept or s, nonocl onal anti bodi es and ant i ReV4SY 23 ve
with specific antigenic determ nants (such as on viruses, cells or
other materials), 5 hornones, drugs, oligonucleotides, peptides, peptide
nucl ei ¢ aci ds, enzynes, substrates, cofactors, |ectins, sugars,

ol i gosacchari des, cells, cel l ul ar nmenbranes, and organell es.

As used herein, a substrate refers to any-B8trix that is used either
directly or follow ng suitable derivatization, as a solid support for
chem cal 10 synthesis, assays and other such processes. Preferred

substrates herein, 2y me@iemSdtliheeAcpubst Ka8SBE 00, % SDF)iGEIC subst r at es
that are derivatized on the surface i ntended for |inkage of

anti-ligands and |i §anlosv atingenay: 1.0 B8&PEE). 28uISESS, $@RLudi ng the

fl uorescent proteins,, phycopiliprotein nd. .. th 1 SSi i f )
5 20" B G iseBFIPORE, thaf | S BRuf o Sriposngso Fia b Sastfedtd §hs
i nsol ubl e aRERRAMe B0FER, Jalishendredmpetatupds.i nterest, typically a

bi ol ogi cal nol ecul e, macr onol ecul e, organi c nol ecul e or biospecific

ligand i s |Bnked or Asomesthengin, peptidg/puelgid geid ratarsit nueleicagd epatags in

materi-al having.a rigid .or sem-riqgid,surface.. ny. LAEn at
et e o § drtelh Ren iBbaRETosPh ol FetkbB5E is rantpdfy |ay%1g’Pgﬁ,bH§| I{‘%gugh
in sone enbodi fRydthet by@vidiebdagsrable to physi cal ly separate
synthesis regions for different polynmers wth, exa wel | s

yne, \ _for npl e
rai sed regions, etchbe terenisikstaptiaby’hyariaswith Speicsyytext as unggrsiged by
materi al s i ncl yde any. igls re.u (,Ni (A 0
supports for cﬂ?e ecaﬁk"%%%éi %ieogr%tcbg}lan?m %céﬁg g?/rr‘\ r?ie!ge"sﬁ%an fﬁaﬁ%%gg?os@dch
25 as, bugpar prdtetablynkafs tad:lepsl BOLY, fitte preferabhbanidast POYy,parapyheste,
nyl on, gl ass, dextran, chitin, sand, pum ce, polytetrafluoroethylene,
agar ose, peefesallytrlpass958endri ners, buckybal |'s, pol yacryl ami de,
Ki esel guhr - pol ] n : ' in vi R f
pol ystyrene- pol yacr ﬁé;%&%&;ﬁ%ge% gﬁg&@lféﬂ géc}gvr'rggg?tgéé, {of)grey"snt%%?tgé%es ora
[ pol yet hyl enegkypamdurtboppbiytmlogicki msponsabhieat result upd @itnip&Rration of a
PCT/ US97/ 23089 . . : . =27 %nd
other material SOMRAYNEL SABRGSION & %\el'pl"“BﬁHéee s?‘r?ﬂ‘?r%‘?@g,ac fHes Wy be
separat | onggandyQUhidd fih! it syBtBsHedionantd Fasdriife shefTURAIRRAY STRAY)
ot her such applications. As used herein, the attachnent |ayer
refers the surfecpundoseschereinpth® biclegicat activithiafha hutitarabe ds dtseoXxy genrase

Typically, t heagmlpcylv%/hgreby, upon oxidation of a substrate, light is produced.

As used herein, a composition refers to a any mixture. It may be a
solution, a suspension, liquid, powder, a paste, aqueous, non-agueous or
20 any 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,
25 solutions, aqueous mixtures, gels, lotions, creams and other such
compositions.
- As used herein, macromolecules are intended to generically
encompass all molecules that would be linked to a solid support for

diagnostic assays. The macromolecules include, but are not limited to:



sem conductor device, which is coated on a |east a portion of the surface
to render it suitable for |linking nolecules and inert to any reaction

whi ch WORSI263%i ce i s exposed. Ml ecules are |inked eit hefCHP¥ 8@??83 or
indirectly to the surface, |inkage nay be effected by absorption or
adsorption, through 10 coval ent bonds, ionic interactions or any other

i nteraction. Wer e necessary the attachment |ayer is adapted, such
as by derivatization for | i nki ng the nol ecul es.

Bi ol um nescence generating systens -23- A biolum nescence generating
systemrefers to the conponents that 15 are necessary and sufficient to
gener ate bi ol um nescence. These include a | uci ferase, luciferin and
any necessary f;8tdip! 8f§arit riSRGUIdsONMucIMcEtasidd, Yinises, vrra!b!a?:'s!b’g nsfd)ce
generating system known to those of skill in the art w | anenabl e
to use in the wﬁipawra'nwbramMe;ommbnmnsmfswmsmtrab@@snds phags:iceds
herein. Factors for onS| der@ﬁl on,. | f {1 a biolum nescg_&c] 2|
generating systef® @ﬂ?&e P35?% ﬁBt'n TSt ATeiD, qTfe MARIPMAieGES, thaty
bi ol ogi cal Tl t&;fécm@éw Bm%ofﬁ%ﬂaéﬂé??té"’o\‘ weh@stbl Alniatj 188 SereinBrest h#erm@»sam
in which the reaction’is run; stabi he conponents, such a

t enper at ur & orprpseis'emsbodwftuyqis @hdl cbtharftaobglqai@aomipsnent s; sust al nablity
of - the light em ssi t her constant .or inter avail ability
O s comner Ll O ofl oot SR IeLNEL SORSLAN 100 LS AR B SR 1
98/ 26277 a given ligand. Receptors may be naturally-occlfeid/SOr/ 3B8tic
- 28- 1. General description I n general,

bi ol um nescenduvolestigs Receptosnoay algodairafgrreddniinshe art as rae@chgamﬂa nAs
WhIChaSpECIfIC chem. ca t{,‘substrate iferin

cat alyzed by diredh oS tnd tReePh Sos artiTialede e ebeRERanls BRPERS™

easily nmuiyg aigidbe a@d in fHei00h4Ite A gfhtéf'tm?é\é a@b aysivad MWélrfsQfe'cibé)r
ot her substrate or cofactor or other protein, in order to continue or

revive t iteaepders omay Bieoatmph@dcmélajéWepamOm@QV@éﬁnﬂsongr & hwsigal
known 0 those tontact With § g in hw%n%géh %ﬂﬂeﬁ‘% gﬁ'{?%r'{e&%ét viE ;ﬁg%ﬁc

adapt ed for use 'R apparatu sys

descri bed her QllﬁdlnbosubstanceT&]errﬂ(étr eEﬁHﬁﬁﬂ@sl%f0é§é§5lﬂo$§5|r&ﬂdd§0bﬂ€%$e @lot
bi ol um nescence generating systens, and sone representative genera and
speci es t hat hm't@s&rﬁ%. tamgibsdies.neek SREmbIpRE SEceptRTEhSHHac g eCsPERRR ARd

table [repf @dqﬁf‘é?na Zing rﬁ@@é’torfsr ﬁ@éltoh'agéndﬁoﬁﬂe%géad%m t‘slgra reactlve with

Physi ol ogy: Source erel ress
665-681]: 15 specific antigenic determlnants [suchTABLEn1 viruses, cells, or other
Represent at | vemIa{Jerplarl\So]us Q gg poR}nucIeotides, nucleic acids, peptides, cofactors,
lectins, sugars, polysaccharides, cells, cellular membranes, and organelles.
Examples of receptors and applications using such receptors, include
20 but are not restricted to:
a) enzymes: specific transport proteins or enzymes essential to
survival of microorganisms, which could serve as targets for antibiotic
[ligand] selection;
b) antibodies: identification of a ligand-binding site on the antibody
25 molecule that combines with the epitope of an antigen of interest may be
investigated; determination of a sequence that mimics an antigenic epitope
may lead to the development of vaccines of which the immunogen is based

on one or more of such sequences or lead to the development of related



Tﬁpe of Organi sm Representative genera Bacteria

Phot obact eri um Vi brio -
Xenor habdusWO 982627f;shr oons Panus, Armil| arF§T/VUSo7/23089.
Pl eurotus 20 Di nof | agel | at es Gonyaul ax

Pyrocystis Noctil uca Cnidari a
(coel ent er at es) Jel I yfish Aequor ea Hydr oi d
Qoel i a Sea Pansy Renilla 25 Ct enophor es

Mheni opsi s -24Ber 0e WO 98/ 26277

PCT/ US97/ 23089 - 29-

Type of Organi sm Representati ve genera Annel i ds

Ear t hwor s diagnostic agémisamracatinpounds uddini inetheobpelmie teatments such as
Chaet opt er us, Phyxot rix Syllid fireworm Qdontosyl | is 5
Mol | uscs oq_a\ﬁggtmmune diseases Lati a c am

ﬁg?leficar oUS Squid, nucleic acids: lden&k@éﬁﬁﬂgﬂuﬁﬁﬁﬁd such as provem OII' A,
(Cypridina) bmdm&u’;te‘ﬂp (euphausi ds) I\/Eganyctl phanes

Acant hophyr a
Gnat hophausi®a

10

15

20

25

d) catalytic polypeptides: polymers, prgperabiy polypeptides, that are
capable of promoting a chemical reaction involving the conversion of one
or 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];

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
receptors in the brain is useful in the development of less-addictive
replécements 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.

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.



15 Decapod Ser gest es Copepods | nsects

Col eopterids (beetles) Firefly Phot i nus, Photurts
20 walosré7beet | es Pyr ophor us Rai | r BSE/URST/#3089 -
Phengodes, Phri xot hri x Diptera (flies) Ar achnocanpa

Echi noder ns Brittle stars Ophi opsi la 25 Sea cucunbers
Laet nogone Chor dat es Tuni cat es Pyr osona WO
98/ 26277 PCT/ US97/ 23089

- 30- Type of Organi sm -FBpresentative genera Fi sh
Cartil agi nous Squal us Bony Ponyfi sh

Lei ognathus 5 Fl ashlight fish Phot obl ephar on

Angl er fish K5 ileaiseret a ligand-receptoMpdshbpedmplex formed wWitan elbhys
Lantern fish Beni a Shi ny | oosej aw Aristostom as 10
Hat chet fish macromolkpuiesmbeee gpmbined throughnmotamidar feangnition to form a
Pachyst om as i Mal acost eus

M dwat er fi sh S®™MP%¥yc| ot hone Neoscopel us
Tar | et onbeani a As used HarbRY, abi spitbpdasennto 8pRTIDA BF apoavitgan Aicidcihler
use as sources of bi ol um nescence generating systens herein include,

but are not5| ithatésl detineated taoﬁa@@sqam? interantiers vdth the sybolass ofvgsgpies

Fllor enci el | a. KRG SURGIORERSnocost us. | Par acant hus. Atol i a, Pl agi a

(PISE Iy: gtC:; pus, Acant ReRfédehersiiPn@ai®i£a molecuRetiathy lsbacHindiipaacbBgnkzed

by a particular receptor. Examples of ligands, include, but are not limited

to, agonists and alntagonists for cell membrane receptors, toxins and

10 venoms, viral epitopes, hormones [e.g., steroids], hormone receptors,

opiates, peptides, enzymes, enzyme substrates, cofactors, drugs, lectins,

sugars, oligonucleotides, nucleic acids, oligosaccharides, proteins, and
monoclonal antibodies.

As used herein, an anti-ligand (AL.sub.i): An anti-ligand is a molecule

15 that has a known or unknown affinity for a given ligand and can be

immobilized on a predefined region of the surface. Anti-ligands may be

naturally-occurring or manmade molecules. Also, they can be employed in

their unaltered state or as aggregates with other species. Anti-ligands may

be reversibly attached, covalently or noncovalently, to a binding member,

20 either directly or via a specific binding substance. By "reversibly attached”

is meant that the binding of the anti-ligand {or specific binding member or

ligand) is reversible and has, therefore, a substantially non-zero reverse, or

unbinding, rate. Such reversible attachments can arise from noncovalent

interactions, such as electrostatic forces, van der Waals forces, hydrophobic

25 (i.e., entropic) forces, and the like. Furthermore, reversible attachments also

may arise from certain, but not all covalent bonding reactions. Examples

include, but are not limited to, attachment by the formation of hemiacetals,

hemiketals, imines, acetals, ketals, and the like (See, Morrison et al.,

"Organic Chemistry”, 2nd ed., ch. 19 (19686), which is incorporated herein



It is understood that a biolum nescence generating systemmay be 20

i solated fromnatural sources, such as those in the above Table be
produced syWPW8R6FAI |y, In addition, for uses herein, the coﬁﬁ@ﬁ‘@ﬁ{’?ﬂ%ed
only be sufficiently pure so that m xture thereof, under appropriate
reaction condi tions, produces a glow. Thus it has been found, in sone
enbodi nents, a crude extract or nerely grinding up the organismnay be 25
adequate. Generally, however, substanti al Ig&é)ure conponents are used,

but, where necessary, the precise purity caP-be determ ned enpirically.

Al so, conponents may be synthetic conponents that are not isolated from
natural sources. DNA encoding luciferases is available [see, e.g., SEQID
Nos. 1-13] and tyasefeeencejodixXareplesset andi-ligargsQwiichiosan b earengdloy&d] inathe

WO 98/ 26277
PCT/ US97/ 23089 methods and devices herein include, but are not hmlted tgi_cell membrane

synt hetic and q&%gmgl VRS HORH: gt%ﬁ %@sbﬁﬁ eg@ﬁv% (ﬂ sglpgec&,f,c

herein is only répresentative of enco |ng u0| ferases
avai | abl e. antigenic Afgtetrnivlamts n@mmbnas grneirasesgcslstanptidre trhaterials),

synthetic or i sol ated form natural ces, such as those set forth jn
Tabl o 1 ol GwharEones, nareen, GORIIRE T a0 BEPUACS K PIPRGP { RHCIHT apis,

i nt ended for ?%éVHhéJ'ethPates, ey cl[t%‘?§ le&ﬂ@'éﬂ@%&@nﬁhgoéé'csél'f'a'miesag%lléb

met hods provi erel um nescence Syst'ens per se, whi
not rely on ox;ogaﬂn%emembraﬁés;cmcemgme}llefsre not enconpassed herein.
a. Luciferases erase refer to any conpound that, in

e
presence of any A?}é’é@@?&ﬁ’?‘”&(ﬁ sybstrte refers,iq 2BY R ff&&F'a%& SoHsed egper
bi ol um nescencey; Rt sAffiowing Jdlﬂé%'lé EEholatxié’u&measoé g8fid Stip ?forfTFBre&Vérﬁfcal

oxygen, whether free or bound; from a lower energy state to a higher
ener gy st atl® smm/htlndzms, am\,amsd odier, su;xpmprQCSesseet UFneferved Iseibistnates dﬂleee:gy
state, emts |i For oses her.ein dl S
enconpass. enzyifiE SRR SUPSRRER of FLGPYFepFuhattata ahat are fefiydtigod of fhe ' ©
oxi dation of a sy’ ahter’itdl HofOliRRAGOPEP! ShilfigaRShand 3QAREEI Bind other
that act, though not strictly catalytically [since such proteins are

exhaust ed macromeoleeltes; orgluding Bnfluatascent wreteins seibgeabitieratainshend
presence of oxyogﬁn %0 sstlgn ér ate light. These luciferases, including
phot opr ot ei ns, &heay a’l’.FOI‘I n, are herein also incl uded anong the

| uci f erasesqy5 These rgagesd herein, al metmbdeefeb*@tmahvrs@hib)bmémrsrdhagor insoluble
| uci ferases [including photoprotelns] prot ei ns . Froduced by
reconbi nant DNAUPRREt ADHREH %\e moiRGUle @Taterest $ypicalyor b'O'OQ'Cﬁth"?@ﬂ'&r n

A R P L
a catal yst to Oxipitally ansathigts atsebsWaeé ﬁhﬁehhl@’fﬁvnmg apigid ve edmi-rigid surface.
In many embodiments, at least one surface of the substrate will be
20 substantially flat, although in some embodiments it may be desirable to
physically separate synthesis regions for different polymers with, for
example, wells, raised regions, etched trenches, or other such topoilogy.
Matrix materials include any materials that are used as affinity matrices or
supports for chemical and biological molecule syntheses and analyses, such
25 as, but are not limited to: polystyrene, polycarbonate, polypropylene, nylon,
glass, dextran, chitin, sand, pumice, polytetrafiuoroethylene, agarose,
polysaccharides, dendrimers, buckyballs, polyacrylamide, Kieselguhr-

polyacrlamide non-covalent composite, polystyrene-polyacrylamide covalent

composite, polystyrene-PEG [polyethyleneglycol]l composite, silicon, rubber,



Generically, the protein that catal yzes or initiates the biolum nescent
reaction is referred to as a luciferase, and the oxidizable substrate is
referred WO986XI a |uciferin. The oxidized reaction produdtCES¥298qd
oxyluciferin, and WO 98/ 26277

PCT/ US97/ 23089 - 32-

certain luciferin precursors are terned etioluciferin. Thus, for purposes
her ei n bi ol um nescence enconpasses |ight produced by reactions that are
catalyzed by [in the case of luciferases ti&# act enzymatically] or
initiated by [in the case of the photoproteins, such as aequorin, that
are not 5 regenerated in the reaction] a biological protein or anal og,
derivative or and otidranatdrids anfed as supports fd1050kd Phaky, syrethekss, bffasiey
catalytic proteins are referred to as _luciferases and i nclude enzynes
such as the | useparadinns andpusidicatipns. twbridizatiogureastions. ommuredssays, and
emtting |ight I uciferin. Also included 10 anong

| uci f erases ar 8%%0%%%?%?@?%%@&&“ ch catal yze the oxidation of

luciferin to emt |ightisédithedsia, chargtithmenhiyeeaefdronhaslirfatd obehe chip
reconstituted to be used again. The luciferases may_be naturally occurring
or may be nBdi AeEige stiechwhichympderuips angi Hekedng tTypigalivevéher chir els a
certain propert] t sul {1 t aj. i el

fo 15 oot al yreoieotfurE et \onlEi, doRdatl B3kadt d BT SriBedfrace

Any protein theb réwderitishitatslasor Asking rhylecaldy aidinert fanyg pdadtiorRsto which
oxi dation of a substrate in the presence of nolecul ar oxygen to produce

i ght as defi n&e Hevigenis eRrssd - uMialepdesiase limkedsitiyesdieartivuer fndieardly e e
those that are i_hed;: i ] i_at i 0
Soh i nor eqiis, SaFeREL IREGE Tl bb iteqtE By ThBREpRBA G ASsqiBtiol] tBfbuar?

allelic 10 ocosplenitebonds, dadbmicnintenactiorserdri ang othetelrerastiornf 1 axhdpes,
particularly cyst ei ne reslipdues. Sui t abl e conservative substitutions of

ami no aci ds_ ar Becessany thgattgchmesd layesis prapieds riuchaps bynderugtizationder

general ly w t h@Hi; [ t he biol ogical activity of the resulting
nol ecul e. Thong%IPgsﬁﬁ ﬁlloltlﬁé%gg this art recognize that, in general, single

am no acid sub$tit uBiclominasceEnve generatggesystaims egi ons of a pol ypepti de do
not substantially al tgr bi ol ogi cal acti vi tey &sf%?, e.lg, WAt son et gl .
Mol ecul ar Bi ol ogy of® PIMBUIRSCERCR 95RerFURG SyStem fgfgrs tqijde components that
Benj ami n/ Cqgn agénEeessé}?-andosmr&}ent%c&ﬁémﬁé bioWirhfescBhBe. ThesBNiRERIKRD ¥
made in accordance wth those set forth in TABLE 2 as follows:
luciferase, luciferin and any necessary co-factors or conditions. Virtually any
bioluminescence generating 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 bioluminescence
20 generating system, include, but are not limited to: the desired assay and
biological fluid used in combination with the bioluminescence; the medium
in which the reaction is run; stability of the components, such as
temperature or pH sensitivity; shelf life of the components; sustainablity of
the light emission, whether constant or intermittent; availability of

25 componenté; desired light intensity; and other such factors.



WD 98/ 26277
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TABLE 2 WO 98126277 Original residue ConserRﬁéil.’/USSé’/Z?’Oﬂi’ .
substitution Ala (A Gy; Ser
Arg (R Lys 5 Asn (N)

A@n; Hs Cys (O Ser; neutral am no
acid Gn (Q Asn

du (E) Asp -28- dy (G

Ala; Pro 10 Hs (H Asn; Gn
lie (1) Leu; Val Leu (L)

lie; Val Arg; @n; Gu
Vet (M 1. Generalld’e%c(w@(rlyp e 15 Phe ()
Met; Leu; Tyr In general, biolumin&ayencs) refers to an energy-yielding chemildal
w; (D reaction in WWP ?ﬁpec‘?ﬁg chemical substrate, a lu\e,ifr-grﬁpﬁ]&%goes
val (V) oxldarlon cgta!yzed by'a‘neeniﬁ'He alucnferase Bl%fwe&'@ﬁﬂeta‘étnbﬂgs
are al so perm ssible an be’ det erm ned irtrcally or 1n accord
with Known ﬁonameamhy\mammstadt Lﬁtqmrmsg oAlwrepjeﬂnshment ofedhiusted logifefintdne
pol ypepti de may be effected b maan known .t o, t hose of skill in
this art. ther substraig or PERTEIR i) ﬂ@?f'c"&rﬁ%?tt’?%ﬁ py revive

i sol ated from pathgtion. snonuﬁﬁﬁég@éwceeg@fe%ﬁﬁg rb Aot areS b KHE W MBse
encodi ng the luciferase, obt al ned 1 n"any nmanner known to those of
skill in the aot skifbrin pnhm)cm’e::and any lsecbhi rgactiond enax threnctdapdid aﬁomeds@yn

Quant i { res of EHEOIRTLPI0L ShG e aekstPe SRd metadiy desiect hef

luci feraseifrom hoshefeldre MASmBFEILIrBEnisrANANDPs0BHEs of bioluminescence
generating systems, and some representative genera and species that
exhibit bioluminescence are set forth in the following table [reproduced in
part from Hastings in (1995) Cell Physiology:Source Book, N. Sperelakis
(ed.}, Academic Press, pp 665-681]:

15 TABLE 1
Representative luminous organism

Type of Organism Representative genera

Bacteria Photobacterium
Vibrio
Xenorhabdus

Mushrooms Panus, Armillaria
Pleurotus

20 Dinoflagellates Gonyaulax
Pyrocystis
Noctiluca

Cnidaria (coelenterates)

Jellyfish Aequorea
Hydroid Obelia
Sea Pansy Renilla

25 Ctenophores Mnemiopsis

Beroe




purposes is wdely available as are nodified forns thereof.

Exanpl es of luciferases include, but are not limted to, those_i

fromthe ctWA9BR6A7Es Mheni opsi s (rmemniopsin) and Beroe ovata¥ (:Héqsg\/?w 35
those isolated fromthe coel enterates Aequorea (aequorin), Cbelia (obelin),
Pel agia, the Renilla luciferase, the luciferases isolated fromthe nollusca
Phol as (phol asin), the luciferases isolated fromthe Aristostom as and
Porichthys fish and fromthe ostracods, such as Cypridina (also referred to

WO 98/ 26277 -29- PCT/ US97/ 23089
- 34- as Vargula). Preferred luciferases for use herein are the
Aequorin protein, Reni I I a | uci ferase and Cypridina [al so called

Vargul a] | uci fgFase T see, e, FQO 1D NOs. &, 2, ﬁﬁa}] . Al so,
preferred are | uci feYreses %aﬁﬁm eact:' RQRTBE‘P@WW@ gerand/ dr near
infrared |ight The?e include luciferfases found 5 1n specieg of

Ari stostom as, I#S A scintill ans Pachyst om as, Mal dicost eus, such
as M niger. Earthworms b. cPirlpeardia _The dubstrates for
the reaction ijhcliNMadnemplyshiasies e(s) bretanterus, Phytatrixuci f dr ase -react s
to produce |i gt Syt firewioewul es i nclju@donhesyis ural ly- 10 odcurring

subst rat es, m) fTed Torns thereor, and Synthetic substrates [Isee, e g,

U.S. PatentSNos MoIupes 534 and 5, 098 828]. Exenplary luciferi i ncl ude
t hose descri be M’P‘l@ﬁh as wel | as defba8®ives ther eof, analo

t hereof, synth tiC&iaEmbstrat es, such asPbbleset anes [see, e g, W S. Patent
Nos. 5, 004, 565|| ar8hbd 455, 357], and ot heeterotgativisls t hat are oxj di zed by 15
a luciferase ifh a |ight-producing reacHegstocagsus €. 9., U. S. Pdtent Nos.
5,374,534, 5, OW, , , : e
identified enpjGroatdoeaby sel ecting clonpounds that are oxidiz in

bi ol um nestént}} r d2stracods. Vargule (CypAdinajat ors 20 The
bi ol um nescencfg nerat i ng. Sysie urre addl tronal conponent s
di scussed here n%ﬁd"Rr{G\Wﬁ ?Bs'fjﬁgze 0 N&aa vetiphgnesart. Al L

bi ol umi nescentj{reactions require nol ecAcapta@HEa in the formfpf dissol ved

or bound oxygep. Thus, nolecul ar oxygeRplephrsisved in water orfin air or
bound to a phojoprotein, is the activpGoathaphdusid um nescence jf eacti ons.

15 Decapod Sergestes
Copepods
Insects
Coleopterids (beetles)
Firefly Photinus, Photuris
20 Click beetles Pyrophorus
Railroad worm Phengodes, Phrixothrix
Diptera (flies) Arachnocampa
Echinoderms
Brittle stars Ophiopsila
25 Sea cucumbers Laetmogone
Chordates

Tunicates Pyrosoma




25 Dependi ng upon the form of the conponents, other acti vat ors include,

but are not limted to, ATP [for firefly luciferase], hg f’ﬁ% tase
[ bacteri al WO 98/26373t ens] for regenerating FMNH2 from FMN, an %@ :
ot her suitable metal ion [aequorin]. WO 98/ 26277

PCT/ US97/ 23089 - 35-

Most of the systenms provided herein will generate |ight when the

l uci ferase and luciferin are m xed and exposed to air or water. The systens
that use photoproteins that have bound oxy@8n, such as aequorin, however,
will require exposure to CaJerr] [or other suitable metal ion], which- can
be 5 provided in the formof an aqueous corroosi tion of a calciumsalt. In

t hese i ns T—addr it om o1 a ﬁﬁﬁﬁlﬂ metal ion]
to a mixture o Tyﬂ!@@fﬂf@@@@”ﬂaeqkﬁrl rﬁem’ﬁéemmiVﬁ£¢ﬁ¢FPSUC as

coel ent er azi ne{w [T result In neration of light. The Henilla system

and other Ant hpZF&R s stens al so equire Caferr] [or othen suitable
metal ionl. 10§ Cartilagippugrude prepaf 2HAH8WE are used, such ag ground up
Cypridi na [ shrj midony or ground fireflies, it may be necessdry to add
only water. |n|instarRoes/fish whi chLéiOIQGfatfhl& [or a firefly or beetle
| uci f erase] sarfp used Rishlighadishon nmay| Photoldaplyaromqui re addi tifon ATP. The

preci se conmpongnts WAMhgIBE figaparent, | Crip@psaras of the disdl osure
herein, to thoge of ?\hls h:drﬂaﬁh' s art pbnaﬁm readily 15 detfer m ned

enpirically Ks also undg%? that these mxtdres will also
contai n any (é(il t] ﬁ)na? sal ts or gésrsm i kons that are fjnecessary for
each reaction W Since actrons are

wel | - char adPer zed Hatgpek ’5'?‘ skill i n TOpelecUs+ wi|l be ablfe to

determ ne preclse prad}SbP'fhedrfés"hnd r equPeFbP¥StOFNBSnent s. 20 Sellection of

conponents wi | depend upon the chip Mﬁ'é%"%?ﬁ&ssystem t he assay to
be preforned ad t he I é{eerraf & Varip c g%mants are descri bed and
exenplified hefein; i W' 0 such de%?rl g Lol Of her erpodi nent s

wi |l be appareft. . el%(? P?Hﬁs al |

enbodi nents, u
generating system wd

b bidomueshendarpanisms Gointeaited Bt a@ppume%wb
A A T R e R, L

det ect ed. YBen gy HldysbRHsE CudsTa, WslistoFa, VEMpIrRIRY UM NG/ypHIRO M Stophids

{(fish), Vinciguerria, Howella, Florenciella, Chaudiodus, Melanocostus,

Paracanthus, Atolla, Pelagia, Pitilocarpus, Acanthophyra, Siphonophore,

Periphylla and Sea Pens (Stylata).

| It is understood that a bioluminescence generating system may be

20 isolated from natural sources, such as those in the above Table, or may be

produced synthetically. In addition, for uses herein, the components need

only be sufficiently pure so that mixture thereof, under appropriate reaction

conditions, produces a glow. Thus it has been found, in some

embodiments, a crude extract or merely grinding up the organism may be

25 adequate. Generally, however, substantially pure components are used,

but, where necessary, the precise purity can be determined empirically.

Also, components may be synthetic components that are not isolated from

natural sources. DNA encoding luciferases is available [see, e.g., SEQ ID

Nos. 1-13} and has been modified [see, e.g., SEQ ID Nos. 3 and 10-13] and



WD 98/ 26277 PCT/ US97/ 23089

- 36- wi Il be added to the surface of the chip and the |light produced
at those Wol9%®6ons of the array is detected by the phot oc?Fg' /133089 he .
chi p. In general, since the result to be achieved is the
production of |ight that can be detected by the photodi odes of the chip
or visible to the naked 5 eye for the purposes herein, the precise
proportions and anmounts of conponents of the biolum nescence reaction
need not be stringently determ ned or-3fet. They nust be sufficient to
produce light. CGenerally, an anount of luciferin and |uciferase
sufficient to generate a readily detectable signal or a visible glow
i s used; this annwaticCand Rifteraagié Yudstratsd nade lbeerp AR ISedal MheaDNA fisted
dependent upon the sel ected system and sel ect ed application.

For purposes hiersim,issaoly aeplasentative affethd|PNA ensading Haciferases that is
concentrations anfiaéﬁroport I ons used for anal ytical purposes by those of
skill in YR %h arts. Hi gher concentrations or |onger integration

times may be 15 usggyi foiblenigbs¥ende NgnarttihgCisgBtdn, bivhettert @ybehsted esit ed
by phot odi odes in the chip. Al so because the conditions in which the
reactions abe isstatedform natupaltsolustes, sushyastasietsedfortrio Takde dopirnyehere

are subject to, stora hi gher concentration may be used to. oue
any | oss of ac??ﬁ'?fgwggf’l@?s?ﬁé K i %Eﬁﬁs'sé?ge"feeﬁgf,sorp‘fse 'é‘rg'}ﬁr)g/ﬂ%g
ng and nore prgé@icall v chiflbiMationk, a KdtemdCi Babasendtbdki t groiled caBkremn.
m xture or 1 ny, preferably 10 ng, nore preferably 100 ng. Such

| uci f erases maGhemilwnoiceseents sysyemg per se, wbigbodpt Noh reyneai axvgeaases

| east about 0.Q1 ny/l n i cal 0.1 ;.1 ng/l, 10 ng/l or nore
of each corrpon@ﬂ?'?gpﬁ'? sgﬁg%&%?gﬁ% h%?q’sg?fi%rgmal SO bet ween about 0.01
and 100 nosdp, preferablyabeueseraddsl and 10 ng/l, 25 additional luciferin

can be added to manﬁ of the reactions to continue the. reaction. In
embodi ments in whi chueiferasgsi raipade ary capaHpd; that) yn dhe aersence of @y

need to be regﬁ??é%a?g’ackiggﬂgﬁrgzg?@ﬁ e&%B%BSF\%?%tﬁgﬂsrﬁﬁggggﬂ%e Ldbstrate

t hose in which han € reactlon,
repl eni shed; [luciféyp] ipahke)prbsghes ofwadenilanbxpgen WrhbtHee fesd echednd Rroges

of concentration WO 98/ 26277 .

PCT/ US97/ 23089a lower energy state to a higher energy state such that thesubstrate, upon
15 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 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
20 to generate light. These luciferases, including photoproteins, such as
aequorin, are herein also included among the luciferases. These reagents
include the naturally-occurring luciferases [including photoproteins], proteins
produced by recombinant DNA, and mutated or modified variants thereof
that retain the ability to generate light in the presence of an appropriate
25 substrate, co-factors and activators or any other such protein that acts as

a catalyst to oxidize a substrate, whereby light is produced.
Generically, the protein that catalyzes or initiates the bioluminescent

reaction is referred to as a luciferase, and the oxidizable substrate is referred

to as a luciferin. The oxidized reaction product is termed oxyluciferin, and



per liter [or the amount of coating on substrate the results from
contacting Wi th such conposition] of each conponent on the order of
0.1 to 20 nyO98R6277preferably 0.1 to 10 ny, nore preferably BETHERMH¥Bbut. 1
and 10 ng of each conponent will be sufficient. When preparing coated
substrates, as 5 described herein, greater anounts of coating conpositions
cont ai ni ng hi gher concentrations of the luciferase or luciferin nmay be
used. Thus, for exanple, in presence of calcium 5 ng of

| uci ferin, such as coel enterazine, inr38ne liter of water will glow
brightly for at |east about 10 to 20 m nutes, depending on the
tenperature of the water, when about 10 10 ngs of luciferase, such as
aequori n phot opeabri udifeein’ praaesors b itéenes etiolucifédiom Rens,| fa, pupadded
thereto. Increasing the concentration of |ucjferase for exanple, to
100 ng/ 1, provhersin piglamineseanae ensampassas ighppeagdused by Reactions that'are | 1

desired, the opsehvaly DSyDiR VELLBE RRDtarkEae WA EOM ARnIAL ANy iniatll,

addi ng an, an P or, ‘ror exa nmagnesium o escence
generating reag}i pR-tH £aseVbELiBei photdipro®ing,s sueh 8€Sadifbrird, hthat are not
concentration of free magnesium may be reduced by addition of a

suf fici ent Bnotggensrated in ghelraastignlagebiclogiceihpeptein or analog, derivative or
et hyl enedi am n%&.ﬁ%ﬁ?%&tei ¢ acid [EDTA]. The anount of EDTA and al so
cal cium can be i'rical I°y' determned to appropriately chel ate

magnesi um W t hout FBhi tlatitynghéreidr aklesé | dgtalyiec 20rotdiesi raed referred to as
bi ol um nescence. . It is understood, that concentrations and
amounts to be lusierargseand includgpnzyimas sueh @sdhe lysiteEgspscthat ratalyze tbg

bacterial target..q.ki ncent j : i; a r:

the. i mobi | | zed St RAHRARE Fehthng ighr 88 rAERURL yidqiEHin. ZRREIACRge
these may %0 readingy ldeiferaseseateephotomralteéins, Abhich eptalyzenthe pxidation afl y
t hose used when commenci ng npiric deternmi nation, are generally

C .an. al
t hose used for fugh&ripy itEaP"}bFJr“@géeEL,'t &8 changegdfinthe ieactioRe APAaMiis P& e
at | east thoseé&ﬁ%- Qa,?,aé Leal p - F}gp-
i ncr eased, par{| cu é'frt%e I a@ﬁé?;ﬁgﬁﬁ Zﬁgq%ﬁ%ﬁsg?%a& Bsgﬁgﬁ?@ esl F'gg.

WO 98/ 26277 or may be modified, such as by genetic engineering to RGPfMIRD OF 28639
- 38- Ct enophoy e, and coel ent er.ate s?/st ns

2, . -
Ct enophor es, sGEFELSPIRRSHIBYsiAS [ARKAT SR8 ITASUILAG Botesderetains the apility\tpn)

and coel enygr aggfaly S BioldRRNEYRAt (B861HEOH, R)is eReBhighdsebhdrain. and
Pel agi a, produce bi ol um nescent light using simlar chenmstries [see, 5

e.g., Stephenson et Agly. pfai@d)that ddsi Maiterase micdivitysia protein ¥zg: cBahzes
Hart et al. (13 NatiBn06P SNt drvatd 8n 292 prastRee | oF FoMELIANBkyE&H 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.

20 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 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 resulting molecule. Those of skill in

25 this art recognize that, in general, single amino acid substitutions in non-

essential regions of a polypeptide do not substantially alter biological

activity (see, e.q., Watson et al. Mo/ecular Biology of the Gene, 4th Edition,

1987, The Benjamin/Cummings Pub. co., p.224}. Such substitutions are

preferably made in accordance with those set forth in TABLE 2 as follows:



Application No. W94/18342, which is based on U. S. application Serial No.
08/ 017, 116, U.S. Patent No. 5,486,455 and other references and patents -
cited her eiw 9874287 Aequorin and Renilla systens are represen?ﬁ?ﬁ§g"§W&’are
10 described in detail herein as exenplary and as anong the presently
preferred systens. The Aequorin and Renila systens can use the sane

| uci ferin and produce |ight using the same chem stry, but each |uciferase

is different. The Aequorin luciferase aequorin, as well as, for

exanpl e, the | uci f erases mmeni opsi n and3berovin, is a photoprotein that
i ncl udes bound 15 oxygen and bound luciferin, requires Ca[err] [or other
suitable netal ion] to trigger the reaction, and nust be regenerated
for repeated use; whereas, t he Reni ITABLE@ ferase acts as a true enzyne
because it is unchanged odirdi Rgidue the reacti oDoragiehtivd subeitutiones di ssol ved
nmol-ecul ar oxygen. Ala {A) a. The aequorin Sysem 20 The

aequorin systemis well knberdR)[see, e.g, Tsuji et al .ly§1986)
"Site-speci®ic nutagenesi AsofiNit he cal ci um bi ndi ng pKbt brot ei n aequorin, "
Proc. Nati. Acad. Sci. USAY83EI8107-81 1 1; PraSkepeugrel agino atitg85) " Cl oni ng
and Expression of the cDNASICHHI ng for Aequorin, a Bi #suni nescent

Cal ci um Bi nding  Protein,8u(jochenical and Bi ophydseal Research 25
Commruri cati ons 126: 1259- 12@8{G'Prasher et al. (1986) AfefRods in

Enzynol ogyl@33: 288-297; PrHisHBr, et al. (1987) "Segbf®hEE Conpari sons

of c¢DNAs Encoding for Aequdeih |sotypes,” Bi ochem stf¥yVd6: 1326- 1332;

Char bonneau et al. (1988 " Anino Acid Sequencd® ¥# the

Cal ci um Dependent Phot opr ot¥8i"d Aequorin, " Bi ocherri%'?‘r?"‘?&’. 6762-6771;

WD 98/ 26277 Met (M) teu; Tyri e pCT/ US97/ 23089
- 39- 1&hi nonura et al ?heg%98l) "Resistivity t ¥4t WFation of the
apoprotei n of aequor i n5& reconstitution of the 1Uuni nescent

phot oprotein fromthe tHial | y denat ured apoprotséf n," Biochem J.
199: 825-828; Inouye et al. ™™ (1989) J. Biochem 105Y473-477; Inouye et
al . (1986),~ Expressi on of T nfd\poaequori n Conpl enment 'l"_yp']SNA in Escherichia
coli," Bi dthemistry 25Y8M95.8429: | nouye et al. "¢1885) "C oning and

sequence anal ysi s of cDNA for the |uym nescent, protein aequorjn," Proc.
Nat|. Acad. Sci. UsRther ssggg&utm%fsaélwem%@@a@f% a@@ama\(% termigedcal
and Physical P, ;1. : ry nt N
ool at ed f1om AoBLSFUTq PR R R o R e LR ARy b
Eur opean Pat entnodijpfiidatiari iobrthe polPpépitdd® fday\be dfiectedary Ralyemeafstnaatiton 0
226 979 A2, . _European, .. _Pa}_’ent Application 0 245 093 Al and European

Pat ent Spetdf i @seoRl 8ki¥4B this adg3 B1: U S Patent No. 5,093,240; U.S.
Patent No. 5,360, 728helilSferases FyPBE Maimedlctinmhifeially Ssol@e8Hrornatural

5,422,266; U.S. Patent No.
sources, expressed in host cells using DNA encoding the luciferase, or

obtained in any manner known to those of skill in the art. For purposes

herein, crude extracts obtained by grinding up selected source organisms

30 may suffice. Since large quantities of the luciferase may be desired,

isolation of the luciferase from host cells is preferred. DNA for such
purposes is widely available as are modified forms thereof.

Examples of luciferases include, but are not limited to, those isolated

from the ctenophores Mnemiopsis (mnemiopsin) and Beroe ovata (berovin),

35 those isolated from the coelenterates Aequorea (aequorin), Obelia (obelin},

Pelagia, the Renilla luciferase, the luciferases isolated from the mollusca

Pholas (pholasin), the luciferases isolated from the Aristostomias and

Porichthys fish and from the ostracods, such as Cypridina (also referred to



15 5,023,181; U S. Patent No. 5,162,227; and SEQ I D Nos. 5-13, which set
forth DNA encodi ng the apoprotein; and a form described in U_S. Patent
No. 5,162, 28D 98@6x7Bpean Patent Application 0 540 064 Al and BeLiUSp#23183
Sci ences Technical Report No. 3 (1994), is comrercially available from

Sealite, Sciences, Bogart, GA as AQUALI TE]. 20 This systemis anong
the preferred systens for use herein. As wl| be evident, since the
aequorin photoprotein includes noncoval ently bound | uci ferin and

mol ecul ar oxygen, it is suitable for storag#-in this formas a
| yophi li zed powder or encapsul ated into a selected delivery vehicle. The
system can be encapsul ated into pellets, such as |iposones or other

delivery 25 velii phRu/alr PRSfeFred lueuféwars@baocmmremuaie e Atheorimgrotaihe
chanber anpul es. VWen used, the photoproteins will be conjugated to an

ant i Ilgatﬂl?,nlllmhmifetrase Iaeds@mwmed[a&;sp@i!%s\/arauméuwfme ﬁae e.q.,

tact ed th t
Contacted i th g0 0 NRTEEB] S 1 AR LN SEMRAES IS
particul ar | OC@EB';S}BdQEetrEG #Hd/8¥ near infraré® I1RfHt26PHgse include luciferases found

PCT/ US97/ 23089 - 40-
light is det%ctladSbWIBﬁeOi)héflétn&fééya-ﬂn susd @s PA-adgn{Engat aP§F§M§T‘§”’é’Fe

anal yzed by t associ at ed. ¢ cessor. This systemis preferred
for use in nunzﬂﬁﬁg O i T sh@r%ﬁﬁp (1)

Aequorin and rel ated photpr otidiferirs The phot oprotein, aequorin,
isolated fromthe jellyfish, Aequorea, ght upon the addi tion
of Ca[err] [or ot herTrseusuagvate@eiomthﬁdﬁ]actwnénclude %\quaﬁlpﬁum%)t wittoveiieh

whi ch i ncl udesﬁggq?‘gaﬁ%% 5&@ tﬁ@)q BHQﬂng(ygEQh molecmtitlégtmélﬁd@%hg?\%‘?gréﬂ&

Ca[err], does S50

by cal ci umq mhld‘dwrﬁhg@aestremm@iﬁddtfbmh mmrbelf,lahcjsypﬁhéateub@trapemtheel, ng
nis

apoaqueori n. The bi ol um_nescence phot equo

o ea 1 om @aurd. Patent Blos, sy das oA onB 5 0oR, B AStBPAY Bifeung
Shi o a et aitopeBelTSY Yascrived IKerdlt %%E‘a“%ﬁ“%%§ Bersth, oo
Shi nonmur a et al théi@ﬁQ)syﬂtbeimwbStmtés mriLas]cﬁoxewés kehaegpg £tU .. P§tear1)

Bi h t 10: 4149- 415 d i t al 1972) Bi hem.st
111602 160] . No M BOBLE A A AB A irnd other sRindHNHREhaT AEY BRBLSRY Y
compound cofy ery q,ggkiite fh G ﬁbi’é‘duilﬁﬁereactlon W@é@""b_cﬂorlg%/apﬁfﬁrﬁﬁ’ Nyaund

thereto. The protern contalns Fhree cal crum bi ndi ng sites. Upon
addi tion of trads,87b6A; 5,088BRB fnd 49585881+ abueh mthstrates iﬂ@'n maycheas

Sironty Ul £0 S BRSO SRy ! by UALRIARED, RBLRITAY e, puiaSBA"TH
pr ot ei n- bound %Mgﬁﬂmegegﬁg},’egd’tmﬁst_ his oxidation is released as a flash of
c. Activators

20 The bioluminescence generating systems also require additional

components discussed herein and known to those of skill in the art. All

bioluminescent reactions require molecular oxygen in the form of dissolved

or bound oxygen. Thus, molecular oxygen, dissolved in water or in air or

bound to a photoprotein, is the activator for bioluminescence reactions.

25 Depending upon the form of the components, other activators include, but

are not limited to, ATP [for firefly luciferasel], flavin reductase [bacterial

systems] for regenerating FMNH, from FMN, and Ca®* or other suitable

metal ion [aequorin].



blue I'ight, centered at 469 nm Concentrations of calciumions as | ow as
10[err] Mare sufficient to trigger the oxidation reaction. 25 -
Nat ur al | y- oWOWBREHI apoaequorin is not a single conpound but HEYHE2308 - o
a mxture of m croheterogeneous nol ecul ar species. Aequoria jellyfish
extracts contain as many as twelve distinct variants of the protein [see,
e.g, Prasher et al. (187) Biochem stry 26:1326-1332; Blinks et al. ( 975)
WD 98/ 26277

PCT/ US97/ 23089 -35- -41- Fed.
Proc. 34:4741. DNA encodi ng nunmerous forns has been isol ated [see,

e.g., SEQID Nos. 5-9 and 13]. The phot oprotein can be
reconstituted [see, Mogt of.the Rattems plovided hered2dsill Yenebpytecight nvingn tthe
apoprotein, such as a protein reconbinantl 5 produced in E. coli, with a

. . Y, :
coel ent er azi ne ugfrmsaangd lygienp are mixed apge>dRsedLr) Heor Watehe T he SYEHIBS of

256 236238 Sty HERITR SRS ve boypd SRYARL KtnTs Figudcd plygiRr ©
such as 2- ner cajpiliaeguirenekposind tal Sa? EQFAother sotalblelmetsldoadnivhith @as be

bet ween about 5 to about 100 nM or higher for 10  applications herein] tie
up any Ca[ e®r] Previgegvbrthetferggdramaauseusgparqsition of a ¢alaitim salturdpjthese

desi d. DNA er i i fi f . . )
fequl re’ 2-ner cAutaRPBsnaflitior §Ea CATH R, lfer AR Phdhal BB o p ARG 89"

g, U S. Patent |iNdferds&. [aBguerih] Mad fuddBin24€ljch Heecoeleatstaing edill result in
phot oprotein is also_comercially avail able [sold, eg., under the trademark
15 AQUALI TE[ egeneratier Rfilighdesths fegiansystem padethend\nthozge systgms also

The |i ght reaCtrjagﬂiré T 42w [g,ggtﬁgr QMitQQ@ %tﬁéﬁ“] " at a concentration

sufficient to overcone the ects of the chelator and achieve the 10[err]6
M condént r at i onf clRsleprepasattdng ave csed, esictass grouraf upafypriding dshrimp]
trigger the reaction, for use in the methods her?in, hi gher .
concent rat i ons 9519"eHBAITEliesy it FAY BR NeREFRRIVAG AAd RENE ¥YATEE (M dpstappes in
phot opr ot ei n. WEHdﬂi@gﬂi%’s [dH lsllffﬁ%ﬂy or b%f%ﬁf&if&éé%”ére%sé@‘ﬂﬁé’ rgév{:ﬁéﬁ]rggv

the formof a calciumsalt w e required. reci se anounts nay
enpirical |l y deoaiyrewmire &#dditiopeA her €he pretcispmpniponents vgiliftfe appearent,anlightl y
add water to th hot,oprotein, which is provjd in the formof a..
Concent rated cOHINE BRAICTITe: et e 108k St SElibabE pey ar 8V heueariy
purposes hquei Retédinedosmplricaml | quantities of Ca[err] , such as

t hose present in nost tap water or in phosphate buffered saline (PBS) or

ot her suitabl e buffdt dsoalspousdieistodod thed thess unixtarest Mellskisa, centaihdany

ri r h Lol ymn [ .Lon. .
trigge t 3aditicha saltessgxegﬁ?ferse%?tlogs 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.
20 Selection of components will depend upon the chip device and system, the
assay to be preformed and the luciferase. Various embodiments are
described and exemplified herein; in view of such description, other
embodiments will be apparent.
d. Reactions
25 in all embodiments, up to all but one component of a bioluminescence
generating system will be bound directly or indirectly to the appropriate
locations of the chip or otherwise immobilized at those positions of the
array in which the presence of analyte, preferably an infectious agent, is

detected. When bioluminescence is desired, the remaining component(s)
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-42- Numer ous i sof orns of the aequorin apoprotein been

i dentified woo9siz2i7at ed. DNA encodi ng these proteins has beeﬁ%é@‘m&nd

t he proteins and nodified forns thereof have been produced using

sui tabl e host cells [see, e.g., U S Patent Nos. 5,162,227, 5, 360, 728,
5,093, 240; see, also, 5 Prasher et al. (1985) Bi ophys. Biochem Res.
Commun. 126: 1259- 1268; | nouye et al. (1986) Biochem stry 25:
8425-8429]. U.S. Patent No. 5, 093, 240;-38-S. Patent No. 5,360, 728; U.S.
Pat ent No. 5, 139,937; U S Pat ent No. 5,288,623; U S. Patent No.
5,422,266, U.S. Patent No. 5,162,227 and SEQ I D Nos. 5-13, which set
forth DNA encogiiitd B8ddQ totRPEGHEES ofathé 8hibOamd ithed Wdicky #VeHidsabl e
form Sealite, Sciences, Bogart, GA as AQUALI TE[err ! DNA encodi ng
apoaequorin or lacaticnst of theesgey is detectegsy dhe mhotpdi i ofathe ghipduct i on of

Upon addi ti on'of t hd" BaRrr pirce the resultdf B AR A CisdnernisRi ARk ot i,
derivative thepgofeq r%e%ta@ﬁzldqu EH\?EEBfodIéEes afdhaehas o+ afsivBBanclmaed
e.g, US Patent No. 5,023 apoprotein and ot her

constituent § okyehtorphioe quropeeﬁ heréirbi theirmreeisee peeportionsgendr amowgts of

phot 0pr ot 1 1 aRAATESHTL ShiiTy REDW NG SEREEobtatih A GETEE Proftringenth”

Reconsti t uti on geeshinesd drhﬁe’@r'ﬁﬁé\flﬁméifbeasdfﬁdl&itﬁ@ pedote Ilghﬁh(ﬁ&e%ﬂly, an
mer capt oet hanol, except for nodified fornms, discussed below that are

desi gned so t hameuntaflutiferimgaddugiferase suékicippbtp peaerate ag'eadﬁlysder%ﬁtéhte

g?bduced 55?23 240' %’u@h\”s'ble gé F?'%a#és%%’ grqrﬂo{‘"ht é@pf’g %ogﬁgE»ﬂae%g C?ra 'S

known to th@SGeﬂ%plﬁKaw aritl tised@sdnddnt ebofDehé | et RUMBYERAH e8hd Jétecfam
encodi ng aequorin is expressed in a host cell, such as E. coli,

i sol ated and r @pliseiiomt ed t o produce the hot oprotein [see, e.g, US.

Pat ent Nos. 5. 418. Y35, irgSdesdHbrein, subn3Udidf 15 ARderdbly Sx MRstol

WD 98/ 26277
-43- concentrations and proportions used for analytical purposes by those of skill

in the such arts. Higher concentrations or longer integration times may be
15 used if the glow is not sufficiently bright to be detected by photodiodes in
the chip. Also because the conditions in which the reactions are used are
not laboratory 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 mg and more preferably 100 mg, of a
20 luciferase per liter of reaction mixture or 1 mg, preferably 10 mg, more
preferably 100 mg. Such luciferases may be produced by drying a
composition containing at least about 0.01 mg/l, and typically 0.1 mg/l, 1
mg/l, 10 mg/t or more of each component. The amount of luciferin is also
between about 0.01 and 100 mg/l, preferably between 0.1 and 10 mg/l,
25 additional luciferin can be added 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



O interest herein, are forns of the apoprotein that have been nodi fi ed
so that the biolum nescent activity is greater than unnodifi _ -
apoaequor | "WPSBR6272 g U.S. Patent No. 5,360,728, SEQ ID Nog’%'rfbs?l’ﬁ".&*’ .
Modi fied forns that exhl bit greater biolumnescent activity than unnodified
5 apoaequorin include proteins having sequences set forth in SEQ I D Nos.

10- 12, in which aspartate 124 is changed to serine, glutamate 135 is
changed to serine, and glycine 129 is changed to al ani ne,
respectively. O her nodi fi ed forms wi®-i ncreased biol uni nescence are
al so avail abl e. For use in certain enbodi nents herein, the

apoprotein and other 10 conponents of the aequorin biolum nescence
generating syspeniitearfer the an‘pmuitacgfemaﬁng)on\siudtstram tfaae nésults fFomvkbotgctiien

desired is subjected to .con i ons under which hot tei
feconeti tut o5 PigFuRk Sagpnsienhot €0k qaEpPRATYORMNS SXPERR! sddo Eogngr

U 'S. Patent No eef’fepz?t?lg]@]! 1278 Hgog'ngr%t Gfterabl Hﬂ?v%e%gtggp g]and 10 m

Particularly pP erred are forms t he apopro el n not re U|re
a reduci ng ageaach:mmpmserﬁ-wélrbapuéhd:nbanoIWhénrpreparmngtuotamed(substrates Taese
forms, desc 240

ib for exa ee,. ., . al so
Toul | et ol B (3888y0H BE "&a&rﬁat%@a&ouw@?ceagnﬂcogm%ernglmﬁmwlgﬁef
modi fied by repLbacenBatioRE 0?1Re WicHBiRe c‘?FeﬁR'ﬁﬁa?'tL e cysteine

residues with, tor exanple serine. Repl acenent may ected by 20
modi fi cation of t he TBN8, émrce)cﬁmglet, hepamﬁlmamf@qimpmt@mg oﬁuuﬁfa‘:rm tshath aet
forth in SEQ ID the cyslilelne codons with serine.

l\‘o. 5, and.r
The phot opr ot eFRE'ERRE AZNS: f'%r‘)&?ggef by ater il plewekigl ﬂy daEAt éf’sas" abougyld i 4
are al so cont eppbaf Bfhdtes, Héﬁeﬁ’tﬁhﬁ%ﬁr B%ﬁprﬁ?é%hﬂgofﬂf‘e GRheF, rJJﬁeﬁ%tHo‘(ﬁ‘ 10

ted photoprotein obelin fromthe yp belia longissima i s known
25 and ava0l abigs p§deciferage, lsucarasoaequetmmhotpmm)n m&zmse @7Ricifedaseand
Bondar et al. (199 ochim cta 123 29 321.

bhot opr ot ey n” cIRMRES G 5 edsH, SRIP- VTPriingabs canapntragah PLdycitgrase,
(1995) Arch. Bf&céb(arﬁb@mﬁﬂO@%@g@zpr%'imdé@%%&ﬁbu%ly%rullnéﬁ?%@pléy oBilightm n.

Chem | um n. 8:301-3051.
PCT/ US97/ 23089 If desired, the onset of the bioluminescent reagiion can be delayed n

general for he t he.components of the bi ol um nescence are

packaged or pr BvAREPE 5N, AR RESE o xR p rerefeiier & FeroBpprggase

t he reast i genediiiy esetiont Mdsd J wheramNIBition0é nbt HEgiesd NbherB3rideritfition
particularly Ca[err] is contacted with the other conponents. For a nore

sust ai ned gl owef fEReERERNESHING A2V dec B YerfbhY| 3aditien nta suflieiept apapumeot
added or can b‘éhela’tm@;r Qﬁbgﬁdsb& r%Is.gI@l’cf"?%%ﬁéaramlnetetraanc:e’tnc acid [EDTA]). The

amount of EDTA and also calcium can be empirically determined to
appropriately chelate magnesium, without inhibiting or preventing the
20 desired bioluminescence.

It is understood, that concentrations and amounts to be used depend
upon the selected luciferase, the desired bacterial target, the concentration
and amount of light absorbed by the immobilized anti ligand, the size of the
photodiode array and these may be readily determined empirically.

25 Proportions, particularly those used when commencing an empirical
determination, are generally those used for analytical purposes, and
amounts or concentrations are at least those used for analytical purposes,
but the amounts can be increased, particularly if a sustained and brighter

glow is desired.



(2) Luciferin The aequorin luciferin is coel enterazi ne and

anal ogs therein, which i nclude nol ecul es having the structure |formula
(1)1: 10 wo9sneerr] 20 in which Rlerr], is CHerr]d err PEFERY 23080
CHerr]; Rerr] is CJerr]JHerr], and Rerr] is p-CerrJ]Herr]OH or CHerr]

or ot her such anal ogs that have activity. Preferred coel enterazine has
t he structure in which Rerr] is p-CHerr](er]Herr]OH, Rerr] is
Cerr]Herr], and Rerr] is p-Clerr]H err] OH, whi ch can be prepared by
known nmet hods [see, e.g., Inouye et al. (1385) Jap. Chem Soc..

Chem str, Lttrs. pp 141-144; and Halt et al. (1979) 25 Biochem stry

18: 2204-2210]. The preferred coel enterazi ne has the structure (fornula
(11)): [err] YO 98L26rdghore and coelenterate systems

PCT/ US97/ 23089 - 45- and

sul fated derivativeStemephares, such as Mnemiepsiedoriesniopsind cand iiespaze vata
when bound to the aequor hot opr ot n wi,th b e .l
presence of Ca[bﬁrp}’"ﬂaﬁ"d coefeéﬁ reastgﬁt o gsféfeggasea% P}sgn? BBE/ia Tob i)

and Pelagia, produce bioluminescent light using similar chemistries [see,

5 e.qg., Stephenson et al. (1981} Biochimica et Biophysica Acta 678:65-75;

Hart et al. (1979) Biochemistry 18:2204-2210; International PCT
Application No. W094/18342, whichis based on U.S. application Serial No.
08/017,116, U.S. Patent No. 5,486,455 and other references and patents
cited herein]. The Aequorin and Renilla systems are representative and are

10 described in detail herein as exemplary and as among the presently
preferred systems. The Aeguorin and Renilla systems can use the same
luciferin and produce light using the same chemistry, but each luciferase is
different. The Aequorin iuciferase aequorin, as well as, for example, the
luciferases mnemiopsin and berovin, is a photoprotein that includes bound

15 oxygen and bound luciferin, requires Ca?* [or other suitable metal ion] to
trigger the reaction, and must be regenerated for repeated use; whereas,
the Renilla luciferase acts as a true enzyme because it is unchanged during
the reaction and it requires dissolved molecular oxygen.

a. The aequorin system

20 The aequorin system is well known [see, e.g., Tsuji et al. (1986)
"Site-specific mutagenesis of the calcium-binding photoprotein aequorin,”
Proc. Natl. Acad. Sci. USA 83:8107-8111; Prasher et al. (1985) "Cloning

and Expression of the cDNA Coding for Aequorin, a Bioluminescent

Calcium-Binding Protein," Biochemical and Biophysical Research
25 Communications 126:1259-1268; Prasher et al. (1986) Methods in

Enzymology 133:288-297; Prasher, et al. {1987) "Sequence Comparisons
of cDNAs Encoding for Aequorin Isotypes," Biochemistry 26:1326-1332;

Charbonneau et al. {1985) "Amino Acid Sequence of the
Calcium-Dependent Photoprotein Aequorin,” Biochemistry 24:6762-6771;




CCELENTERAZI NE The photoprotein aequorin [which contains
apoaequorin bound to a coelenterate luciferin nolecule] and Renill a-

| uci f er ase, Wi 98@688ed bel ow, can use the sane coel ent er atRETUA72808 .
The aequorin photoprotein catalyses 10 the oxidation of coelenterate
luciferin [coelenterazinel to oxyluciferin [ coel enteram de] with the
concom tant production of blue |ight [|anbdalerr] = 469 nnj.

I mportantly, the sulfate derivative of the coelenterate luciferin [lauryl-
luciferin] is particularly stable in water,3%nd thus may be used in a 15
coel enterate-|ike biolum nescence generating system In this system
adenosi ne di phosphate (ADP) and a sul pha-kinase are used to convert the
coel ent er azi ne gpmbohsuratePaRted8hprResRthvift & Behatiratidnustehd apbpestRie bf
the lauryl-luciferin to the native coel enterazine. Thus, the nore stable

| auryl -1 uci f er iaequerinsand iraconstitutiom ob the ilumingssgntéd phedoprateinucirpar dke

“Pl Gt on | Patialy cendtuRes RoBraiT” bpchaf, Lol R8ie e AL EBNR R a1
syst em of AequqnseeLSJ. Biod¥¥rhi cud@gggs%am aRbayé @t alsq1086) heExmrieksidn and
e WO 9872

apparatus herein. T _ T _ _ _
PCT/ US97/ 23389 Apoaequorin Complementary DNA in Escherichia -cdi,” Biochemistry

particul ar amoyy d _manner i n_whi he..conponent s_are_ provi

depends upon ttggé%g’(:?%gga ayye |§§C§LF\AQ:]§§§S ﬁ%ﬁfﬂ af’pgso\%f‘.’e |§¥§()j'§ﬂ5er?1f
can be provi de¢pNa lfsPRRAE liimkRkdcehprbtah abiguorial, OVPrgRON NI AN Sdi. USA
Caferr] . It can be encapsul ated, linked to matrices, such as porous

gl ass, or in aB8213154c3hp8sPransiesgastuenalatl 37 8blGhemicabpnd Fhysiesi Brpperties
preferably in the,presence f sugficient .chelati v
triggering the oll}e%g?ﬁ‘%ﬂp an|dnéhe @reei‘o{i'g@ﬁ??caeﬂtoﬁ%gg n ﬂ%l%%%gl}oltrﬁ Qfe%u%%a
phot opr ot eip Wirblskedda” NAnt Thern. §eten 7t 3ueig-3453;6FGropleanl Fatent ppplisation
concentrations of at least 0.1 ng/l, nore preferably at least_ 1 ng/l
and hi gher, wilQ 540 984 AdEuIapaasy Patente NppHicAtARsO 4280918 Agy European

| uci ferin/100 | L el h k| S ' : t

t he desired co%ét%{'tr a#ﬁgég&\?ﬁﬁ ﬁ\%}g OudégéH % Enré&éﬁbg&ﬁ&wﬁﬂ&hgnzﬁ?a

system 093 REpr gssnPatevieNol, 50833200 all S.sPateritsNobs 5,860R228) &J.S.
system Renilla nown_as sea pansies, are _nenbers of the class

| k
of coel ent er at datent N&t ?%23&;_9%5 -S-i Reterfe Nt Ref28i 48 8imithes cBAtE e a,
such as 45 GY3IRMWER |25, BhidiSHE CHSt 6 S A AsEF AN NYPE-h 4MwiRBH set

Par azoant hus.

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 (1984}, is commercially available from
Sealite, Sciences, Bogart, GA as AQUALITE"].

20 This system is among the preferred systems for use herein. As will
be evident, since the aequorin photoprotein includes noncovalently bound
luciferin and molecular oxygen, it is suitable for storage in this form as a
lyophilized powder or encapsulated into a selected delivery vehicle. The
system can be encapsulated into pellets, such as liposomes or other delivery

25 'vehicles, or stored in single chamber dual or other multiple chamber
ampules. When used, the photoproteins will be conjugated to an anti
ligand, bound to the specified positions in the array and contacted with a
composition, even tap water, that contains Ca?* [or other suitable metal

ion], to produce a mixture that glows at that particular location of the array.



Bi ol um nescent nenbers of the Anthozoa genera contain |uciferases and
luciferins that are simlar in structure [see, e.g, Cormer et al. (1973)

J. CelWO 9BR§237 ol . 81: 291-298: see, also Ward et al. (19PE¥/USP “851\1at|
Acad. 20 Sci. U S. A 72:2530-2534]. The luciferases and luciferins from
each of t hese ant hozoans crossreact and produce a characteristic blue

| um nescence. Renilla luciferase and the other coelenterate and
ct enophore | uci f erases, such as the aequorin photoprotein, use

i m dazopyrazine 25 substrates, particul ari40-t he substrates generically

cal | ed coel enterazi ne [see, formulae (1) and (11), abovel. O her genera
that have luciferases that use a coel enterazi ne include: squid, such as
Chiroteuthis, HyeiRMHtesdatscted by tHRYSHEYodIddEsSin thélcheeBha the ddth %fgrﬁehs are

Sepi ol i na; shrl np, such as WO 98/ 26277
PCT/ US97/ 23089 analyzed by the assoc1ated computer processor. This sygtem is preferred

Opl ophor us, Ser est es and (hat ho u3| ) Sea fish, such as
Ar gyr opel ecus, &af’é?l LR G T Al c'g% Reni |l a

| uci f erase does not, however, (vae h@@nﬁnﬁmaﬁa%ﬁd%wotemé equires
di ssol ved oxygen in order to produce light in the Presence of a 5 suitable
r

luciferin s@bstrate. Eioborrmptein, ﬁalupeﬂas@la@@s a5 the jellyfishz yheguorea,

[ unt nescence. oA TEBRRIL ErbGURon St CaL o for b SRR pldELIETL fhe

luciferin. Al SQqu@ﬁBl\g Rotopebfeds 2amidis |r|icﬂl.laé$ \bQJLMdSﬁJ@Hbﬁntﬂwdl%ﬁJnd oxygen
Renill a luciferase encodi ng Renilla luciferase, and use of the 10 DNA

to produce recdhdtisdateasadibyerase does natneaairedigsalyedaxmgenudiuneingseence

from ot her coel.ent b

Nov 1 U, Patenioageiy $oEidEs iR IBRY A deoarty 6 fuciferth Shpirdte
(1985) Bi oqlmemprBugeltﬂ,)gsapmegawnmn 126: 1259-1268; Corm er (1981)

"Reni |l a and Aequorea biol un nescence"” in Biaglunm nescence and 15

Cheni | uni nescence, peRislumineseanseBhptarroteingequpnigisisclated;frpm aamupper
254: 769-780; t 4
al. (1 981) P\r/\g’gds‘i?é:t"% °£f:t?s’t§ g@:ﬁ’]s“ %‘%"K’ mtziggszﬁ‘}lrz"% A—ﬂE@PQcﬁéws%)

Proc. Natl. Acadeigftipeptid®.campléx4885-€.28,/Shidoomues edlbl. (1 282)J. Cellular and

Bi h t 14: 2371 2376; 1977) P d. S
o gCAem7Z 21)2/85 ?3§r§3§'1§‘7'§7°’3‘5) —'Ee%g“%ﬁgﬂi&ﬁbﬁég“
and Matthe 34k & AR B Babc%@nﬁéfrwo 4129 N4 22 ReAds Righomura

Renil a | uci erase an‘g host Cel'Ts contai ni hg such provi de a conveni ent
means for prodetiaig (1878e Riosmemistes 14f:160a- b@@@he T[meeatleeg)rotejnScoﬁ’sﬁlemt
Nos. 5,418,1 55 and 5, 23 6@8, whi (ih descri be recgqr}gl nant prog1 ion Gﬁe 25
Reni | | a | uci f e3¥8€ananfnd RRtEreGyLlice CERPIUNY SOEIRHCHE/n B0 G Y nisee:

below] noncovalently bound thereto. The protein contains three calcium

binding sites. Upon addition of trace amounts Ca** [or other suitable metal

20 ion, such as strontium] to the photoprotein, it undergoes a conformational
change the 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. Concentrations of calcium ions as low as
10 M are sufficient to trigger the oxidation reaction.

25 Naturally-occurring apoaequorin is not a single compound but rather
is a mixture of microheterogeneous molecuiar species. Aegquoria jellyfish
extracts contain as many as twelve distinct variants of the protein [see,

e.q., Prasher et al. (187) Biochemistry 26:1326-1332; Blinks et al. (1975)



| uci ferases, particularly those fromrelated organisns]. A nodified version
of a method [U.S. Patent Nos. 5,418,155 and 5,292,658] for the recom -

bi nant prodwoBB678f Renilla |uciferase that results in a hi S&IFUSOFHI of
WD 98/ 26277

PCT/ US97/ 23089 - 48-

expression of the reconbi nant enzyne is presented in the EXAMPLES

her ei n. When used herein, the Renilla luciferase can be packaged
in | yophilized form encapsulated in aédehicle, either by itself or in
conmbination 5 with the luciferin substrate. Prior to use the mxture is
contacted with an aqueous conposition, preferably a phosphate buffered

saline or otheged. Procs®4:874e. DNA ehcoditnamérdss irarchdnbéens idotaeld [age. 1
mm Tris, 0.1 nm EDTA] pH 7-8, preferably about pH 8; dissolved Jerr]

will activate elgn, SEQ lDd‘é@sl%@ aMdh?{]l on of glycerol [about 1 % i ncreases

light intensity. Fi congcentrations of | f.e ase int
msture will by on the BRawEgren dah pRReBpsitinTsEEr e, U Mo diRp s
of luciferin wesld2Be &) bgesmbihivigithe apogi@it6in, subh d8ld plotietn l@@orﬁblrﬁm{tﬁ/

orders of magni tude hi gher to produce a |ong | asti ng bi ol um nescence.
In certain Brbpthdraads imerki ncolabowith roadeﬁgefaémepréﬂéhatﬁsy 2- synthetig,

nore preferabl nteralne wi | u

100" g of Reni FPaBRtipiEas e HeSHeE PE L abhand® s ind ot 19Ek, e
determ ned enpBhiradhiuta @cndl, (algs’ts)vwéﬂurd@@&s@zsgmmmoeﬁmanatténe(1981)
ultimate concentration and application. In particular, about addition

of about 0.25 Biochemistiy b 189i825c828heuchasi-mescpataasthanehandalse BB A

Sufticrent to BFbeie lebipettphate BRTREN el SHaRR 30 ALY BERe) Bl

Nos. 5, 4181855appricdtict? h@5&n}wh; op anY Cd@Sledﬂr@véﬁﬁQ@géﬂﬁg MePdikgdatisn of
Renilla luciferasel. Yé i zed m xtures, and conpositiaons’

cont ai ni ng t he'ga&tiqn wntil desinege i PN ApRcOgling an@@dmeé\fpa@opffmﬁ@nqmpi%ﬁéw or
m xtures of t hﬁo’aé’ﬁ'oft %&?Fe Qr}qe?%ptbﬂﬁﬂrﬁﬂ 'fgll' %n@h?&n&?:sﬁ%gggﬂé?l%%qsbg,t 0

a suitable delrvery ve
capillary tubee.dy ug. SiePatemtyNuehikcSe PagehatNol, 5109® 240]. Tﬁleeaamrmautetg
or other such vehl cle. Kits containing these i xtures, nposi ti ons,

or vehicles anBhafeRyoleipts glshceraalrtrlvaygdable ksgld, aa_aa&ﬂdr?gthe trademark
bi-ol ogi cal 180! aeh REITFE, WAicRUE [¥sRriBbdliRL @i Pateft RiAI5q 6%, 9874ed.  The

The light reaction is triggered by adding Ca®* at a concentration

sufficient to overcome the effects of the chelator and achieve the 10° M
concentration. Because such low concentrations of Ca?* can trigger the
reaction, for use in the methods herein, higher concentrations of chelator

20 may be included in the compositions of photoprotein. Accordingly, higher
concentrations of added Ca?* in the form of a calcium salt will be required.
Precise amounts may be empirically determined. For use herein, it may be
sufficient to merely add water to the photoprotein, which is provided in the
form of a concentrated composition or in lyophilized or powdered form.

25 Thus, for purposes heréin, addition of small quantities of Ca%*, such as
those present in most tap water or in phosphate buffered saline (PBS) or
other suitable buffers or possible in the moisture on the skin, should trigger

the bioluminescence reaction.
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- 49- | uci ferase may al so be linked to an anti |igand through -
chem cal oRyo 9s2620£CONMbDI nant neans for use in the nethods heR@EI/HS97/23089
Reconbi nant production of Renilla reniform s |uciferase The
phagem d pTZ18R (Pharmacia) is a multi-purpose DNA-vector 5 designed for
in vitro transcriptions and useful for expression of r econbi nant
proteins in bacterial hosts. The vector contains the bla gene, which
allows for the selection of transformants .gp.resistance to anpicillin,
and a polylinker site adjacent to the lacZ' gene. The het er ol ogous

gene of interest is inserted in the polylinker and transcribed 10 fromthe

lac promoter by 'nd"{ﬁ}"“?@r’é) WoBKAIPLE: twértéb%NA [ oy Bﬁ‘é;ﬁ] bben identified

t hi ogal act opyr anosi de" ( Ing the Renilla

reni form s | ucidfamee DNA baesding theskqsreteife. s, beere cldrgd, Raidetite antelns
5,292, 658 and 5, 418 155). The plasm d pTZRLuc- 1 encodes t@e Renll
| uci f erase on angd TDOF!HthEfRTN'S mﬁffaf haye| bmpf? eRth tsings gvitable; host:

and Sstl sites 1 t [ .

Pat ent Nos. &gef %&u‘é‘ d4§$a3_§[15{ ﬁgg S 162%@%?&’73%%?2? ia)féjt' (1e§9a]l_§o,
:_sol ?t i on a5d Ex@gms?toﬂ af gBSl:EL@ghys Bieebedi. RefRe@otrenurenil R6r h259-1268;
uci ferase, Proc. Nat Aca Sci US A 8 4 444

initiation of ineerEtpalor 6 Bioghamistry &-,5: Bé&2R %22 Qﬂs %tﬁﬂﬁé}lot he
control of thedg 868, 245,007 Path N 5, 350, 50288 U8 l?%ér'i‘tho 5,18b%874du.s.

pTZRLuc-1 expreés erase that ‘i s functional
bi ol um nescencPatastanNo.abi2881643s U.Be Patepér Nioesbd22, BéSnaULSre RategtgNo.

or | vat [ve of BTHREEEL arﬁmi §N2»38p§3$acwg et 5Be fer VA sneoding the
hi gher Iev | nté Pﬁ&%same ?’r‘u J'h%olrﬁ%bf'&é %vtahaﬂlepf-@ﬂ-%'aﬁte, SCIeWGSQ

transforma ost ent E. colil strain
was transfor rrecmotgamga@msuﬁmbld\mmma efmmdm dpogequorimer variants thereof

st L0ns P oL Y e S o R R SO b Bestoreiny
?2/0_26277 The photoprotem is reconstituted upon addition RET/HE91L2HEAA,
coelenterazine, preferably a sulfated derivative thereof, or an analog thereof,
15 and molecular oxygen [see, e.g., U.S. Patent No. 5,023,181]. The
apoprotein and other constituents of the photoprotein and bioluminescence
generating reaction can be mixed under appropriate conditions to regenerate
the photoprotein and concomitantly have the photoprotein produce light.
Reconstitution requires the presence of a reducing agent, such as
20 mercaptoethanol, except for modified forms, discussed below, that are
designed so that a reducing agent is not required [see, e.g., U.S. Patent No.
5,083,240].
For use herein, it is preferred aequorin is produced using DNA, such
as that set forth in SEQ ID Nos. 5-13 and known to those of skill in the art
25 or modified forms thereof. The DNA encoding aequorin is expressed in a
host cell, such as E. coli, isolated and reconstituted to produce the
photoprotein [see, e.g., U.S. Patent Nos. 5,418,155, 5,292,658,
5,360,728, 5,422,266, 5,162,227].



selected by plating on Luria Broth (LB) plates supplenmented with 100
[err]g/m ampicillin. Single anpicillin resistant col onies were
grown i n LBVEOE8R62T suppl enented with 100 [err]g/m anpi FGTGS]7/23089 .
anbi ent tenperature using 5 continuous shaking until cell growh reached
m d-1 og phase (i.e., cell culture reaches an O D. 600nm=0.6-0.8 units).
Transcription fromthe | ac pronoter was induced by addition of 1 nmM

| PTG and cell culture was shaken at anbient tenperature for an

addi tional 8 hours. Cells were #Ma-vested by centrifugation at
10,000 x g and frozen at 10 -20[err]C. The cell pellet was thawed and
resuspended at a 1:5 ratio (wWw) in a solution of 10 mM EDTA, pH 8.0,

containing 4 my/m IofsaekEst hereif Siag@BfdehainiofatheCeippproteihettegl haveeheen
placed in a 25[err]C water bath for 30 minutes and then transferred to

ice for 1 hour madifiedes? shakthe| Bighminescepy astivityals greater chapr yomesifigg a

lyaed col | ul ar SHEAPIGCUBLSPE BaeaChy BRIRT N A 100r A S5 ER AP Nos. 1035,

3 hours and t hg/sdipet Tarmeithaesxkibrateetbraidiungihaseast adthaty than ieinogifiss
resuspended at a 1:5 ratio in the above-described sol utions,

and t he
subsequent Bncabaspauerinlinelide preteirmbayinggaausnces spt fowsh én 86Q INest ¢6-

ocul ting ~ol anf iea oo aeBaRae 24P gy BhBeE ta Yok afiphiace 138 s shanas]

luci ferase. Al kgrewirie/ehnd diheiney3aoeisreliahged Uty etdrifle] Pespectivadyi t iOxhal
purification steps (e.g., ion exchange chronatography or .
i munoaf fi ni t yeedifadifegmepnith inergasednkipleninesrenae arg Mse aypilahlgvi de a 25

horbgeneous source %ffggljhsee 'ﬂ'vréefr{%%ﬁﬁég@%ehg%in,utﬁe dpptBleifPsnd other

5,292,658 and 5, 418,

PCT/ US97/ 23089 components of the aequorin bioluminescence generailing system are
3. Crust acean, Eart icularly rpi di na systens . The ostracods,
such as Var gul R35kpa8d tof, pwww&gaéra MIXHHE. seich) (yehen desifed isngibiestad R

crustaceans, s ' f ' : ihefll .
Found Tt abBHiGR, Gife BnRtfink stfitbbiStorl Reahsifithes frod &8 aldiioRdifl
| uci ferin and lusifdrar ase okpyen {see, b ey, Suffatent Ne. 54023,11&@1,; and UvhiRdtent

produces. & 011 QI LS LUE) 92 c Bt o QTS e TS kb Doperote P
o o oy S5, GRS e st 2y BBt i on,

her ei n because Thesedomrsneiessribed, for example in U.S. Patent No. 5,083,240 [see,

also Tsuji et al. (1986) Proc. Natl. Acad. Sci. U.S.A. 83:8107-8111], are

modified by replacement of one or more, preferably all three cysteine

residues with, for example serine. Replacement may be effected by

20 modification of the DNA encoding the aequorin apoprotein, such as that set

forth in SEQ ID No. 5, and replacing the cysteine codons with serine.

The photoproteins and luciferases from related species, such as

Obelia are also contemplated for use herein. DNA encoding the Ca®*-activa-

ted photoprotein obelin from the hydroid polyp Obelia /ongissima is known

25 and available [see, e.g., lllarionov et al. (1995) Gene 153:273-274; and

- Bondar et al. {(1995) Biochim. Biophys. Acta 1231:29-32]. This

photoprotein can also be activated by Mn?* [see, e.g., Vysotski et al.

{1995) Arch. Bioch. Biophys. 3186:92-93, Vysotskietal. (1993) J. Biolumin.
Chemilumin. 8:301-305].



stable at roomtenperature if dried and powdered and wll continue to

react even if contam nated. Further, the biol um nescent react U res
only the | ROP¥R627 | uci f er ase corrponents in concentrations at T’@#@g

parts per billion to 1:100 parts per billion, water and nol ecul ar oxygen to
15 proceed. An exhausted system can renewed by addition of luciferin. -

a. Vargul a | uci ferase Vargul a luciferase is a 555-amno acid
pol ypepti de that has been produced by isolation from Vargula and al so
usi ng reconbi nant t echnol ogy by expred#$k-ng the DNA in suitable
bacterial and manmalian 20 host cells [see, e.g., Thonpson et al. (1989)
Proc. Nati. Acad. Sci. U S. A 86:6567-6571; Inouye et al. (1992) Proc.
Natl. Acad. Sci. U. $nfeneral foBOs©b8reifslhe componentsasf thie. b|6ﬂ19r78)asbemd:md$in
Enzynol ogy LVII: 331- 349; Tsuji et al. (1978). Met hods  Enz

57: 364-72: Tsupackaged®r prOV'Chdo%%'mfstWeie*wﬁ smgne%métmwhe
Application No,

2PP0' Sa7 955 aipdction. WherdSdd, R 3kee &Rgﬁggpﬁaq{mg%a“ AbrdiRbH @Eacg

Met hods for puigdiGatconmacied\aitytha o[tED;pcompmem]enltsJ.cFbelaaaerasesmahéd glow,
known. For exanple, crude extracts containing the active can ‘Re readily
prepared by 5gr|aﬁQPﬁg'”uﬁa’cbrb%PG§HFH@U§'Ne'%"@%F‘dt%anF RN P adqed or can %
98/ 26277 PCT/ US97/ 23089
-52- em%(c)iwr?grdltm h'gh ?xecggr ation of Cypridina hilgendorfi |uciferase
can be prepared by i mrer §2hg diupifedird r ozen C. hil gendorf| indistilled
wat er containing, 0.5-5.0 Msalt, preferabl g_@o 0. M sodi um or

pot assi um chI orlinfeaeguerimilveieann fsFeelentersz @!‘d G’@f%%g"%feﬂ" 1yhéieh
for 1-48 hr, Il fiphd owed by hydrophobic
chr omat ogr y an %ﬁgﬁg%}lésgggﬁ ggtgeogrﬁu%%?ﬁ/ r‘?o?nat ogr aphy [ TORAY
IND I NC, Jdpanesegpatent apgication JP 4258288, published Sept enber
14, 1993; see, al so; et al. (1978) Methods Enzynol . 57:364-72
for other nethods]. 10 | The luciferin can be isolated from ground
dried Vargula by h | t he extract, which destroys the luciferase but
| eaves the luciferjn inftact [see, e.g, U S. Patent No. 4,853, 3271.
(2) Prepardb on by _Rec i nant Met hods The luciferase is
preferably prodiced l%y ex(pHeSS| on of cloned DNA 15 encodi ng the |uciferase
[ Eur opean Pat ent Ap&})' cati onRNO. 0 387 355 Al; I nt ernati onal PCT
Application No. WO 90/01542; see, also SEQ I D No. 5, whi ch sets forth
t he sequence from Japanese Patent Application No. JP 3-30678 and
Thonpson et al. (1989) Proc. Natl. Acad. Sci. U S A

20 in which R, is CH,CgH; or CHg; R, is CgHs, and Ry is p-CgH,OH or CH; or

other such analogs that have activity. Preferred coelenterazine has the
structure in which R! is p-CH,C¢H,OH, R, is CgH;s, and R; is p-C;H,OH,
which can be prepared by known methods [see, e.g., Inouye et al. {1975)
Jap. Chem. Soc., Chemistry Lttrs. pp 141-144; and Halt et al. (1979)
25 Biochemistry 18:2204-2210]. The preferred coelenterazine has the

structure (formula (11)):

30 N_ N

'f CH,
e
35 HO



86: 6567-6571] DNA encoding the luciferase or variants thereof is 20

I ntroduced into E. coli using appropriate vectors and isol ated usi /9

st andar d ne¥vVBo886277 b. Vargul a luciferin PCT/USIT 30%?1e
natural luciferin in a substituted im dazopyrazi ne nucl eus, such a
conpound of forrmula (I11): 25 30 WO 98/ 26277

PCT/ US97/ 23089 - 53-

[err] Anal ogs thereof and ot her conpounds that react with the
luciferase in a light producing reaction ad® may be used. 15 O her
bi ol um nescent organi sns that have | uciferases that can react with the
Vargul a luciferin include, the genera Apogon, Par apri acant hus and

Pori cht hys. C. React i on The luciferin upon
reaction with gmg@nfaft@a Fervativesehapyre 20 internedi ate [which includes a
cyclic peroxide siml ar to the firefly cyclic per oxi de nol ecul e

intermediate]. In t rPgl:ttgr&fo OE?EI%%&QH&HH“ w%%@e%to%\d ﬁroea&te' Oa[ﬁ]qet}d}ﬁ':

per oxi de breaks down exclite

excited nol BCUbﬁotd‘mﬁt@m il bbuedt oxhhes- ghdein |‘drghtpresence of Cdite can
optimum pH for the reaction is about 7. For purposes herein,

represented as follows:
N
I boundO [ :[ e+ €O,

COELENTERAMlDE

O

\')

COELENTERAZINE

The photoprotein aequorin [which contains apoaequorin bound to a
coelenterate luciferin molecule] and Renifla luciferase, discussed below, can
use the same coelenterate luciferin. The aequorin photoprotein catalyses
10 the oxidation of coelenterate luciferin [coelenterazine] to oxyluciferin
[coelenteramide] with the concomitant production of blue light [lambda,,,
= 469 nm].
Impartantly, the sulfate derivative of the coelenterate luciferin [lauryi-
luciferin} is particularly stable in water, and thus may be used in a
15 coelenterate-like bioluminescence generating system. In this system,
adenosine diphosphate (ADP) and a 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 illuminated and the luciferase
20 combined with the sulfatase are added to the luciferin mixture when
illumination is desired.
Thus, the bioluminescence generating system of Aequorea is

particularly suitable for use in the methods and apparatus herein. The



25 any pH at which the reaction occurs may be used. The concentrations of
reagents are those normally used for anal ytical reactions or higher %{gee,
EoTEUSS T8

eg, ThonpsoW®28/24277 (1 990) Gene 96: 257-262]. Typically ons
of the luciferase between 0.1 and 10 ng/l, preferably 0.5 to 2.5 ng/l
will be used. Simlar concentrations or higher concentrations 30 of the

| uci ferin my be used. WO 98/ 26277

PCT/ US97/ 23089 - 54-

4, | nsect bi ol umi nescence generating syst4®s including firefly,

click beetle, and other insect systens The bi ochem stry of
firefly biolum nescence was the first bi ol um nescence generating
systemto be chedréieLRiriateeunhseand the ntfanndrdnhabizéinthet cainpoh@Bly are provided
Phot ochem stry and Phot obi ol oqy 42: 609-611; McEl roy et al. (1966) in

Mol ecul ar  Ar chi deransseupen the selacfad @ssay, luciferasggadantiligand. Thig system
P i Hal | , d | et 2+
oo ol g AL et A My S o B

comercially a son,
W, see, e.g, Leaeh R emtapdul@Ra) liNkbtadmatrides? g0bhe@ypdduslgidsSlorinGs a
esp. Table 1]. Luciferases fromdifferent species of fireflies are

anti geni cal |y s¢empasitionsesdch ged salutinp lga!ispepsOns Riefarablyjendespresence

Phot i nus, Phot ugj F e iy
o otuces more 19t ARARSaE g FRIMCt pRGSREUWERFRE TG FEREHH" The
stabilized by concesrdtiomofthie ddcprortf photopreteih hithiviarg andrandbeldete®mined

reaction can be 15 buffered by tricine. . a. Luci f erase
DNA cl ones encodPRYiqally: f byrisalty FPBReNHATIBNS of K dedst Qrgmadk ke prefegably
produce the encoqgddd ‘i"‘rﬁ;ﬁr ipﬁeY‘P\'N'iu Be%mctgaf_lﬁ@ﬁ&iﬁer%i ent§! J0F8
t hat encode |uciferase om Photi nus pyralits, Luciola cruciata [see, 20

em de Vet B aing l0¢HF8H)/ T®eng Nitliciféazd. willche ubed.iA. seBectéd AblidfEs; and at
de W et al. (1986) Methods in Enzxnol,ﬂ%al?ﬁ's; U.S. Patent No.

4,968, 613, see, N CFIGHFPRFHRIratigns wi U$ethi . The DNA has al so

been expressed in Sacchargnycephl il sfstenjapanese Application No.

JP 63317079, published Decenber 26, 1988, KIKKOVAN CORP) and in 25

t obacco. Repreddntatore eficadlentarats-syspemsistHefasda syatdmeBenisect

| uci f er ases have been prepared. For exanpl e eat stable lucjferase
mirants DA 150 KIRH: A SPACO TG 8re JRRTDPE Sider SlrsRophselenties,
produci ng t8 Anthdzé@l f GURRAS RAcfudBsal beidre. bibiurhideStantM GBnERYL adlidh asi d
sequence

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. 81:291-298; see, also Ward et al. (1975) Proc. Natl. Acad.
20 Sci. U.S.A. 72:2530-2534]. The luciferases and iuciferins from each of

these anthozoans crossreact and produce a characteristic blue
luminescence.

Renilla luciferase and the other coelenterate and ctenophore

luciferases, such as the aequorin photoprotein, use imidazopyrazine

25 substrates, particularly the substrates generically called coelenterazine [see,

formulae (1} and (ll}, above]. Other genera that have luciferases that use a

coelenterazine include: squid, such as Chiroteuthis, Eucleoteuthis,

Onychoteuthis, Watasenia; cuttlefish, Sepiolina; shrimp, such as



WD 98/ 26277

PCT/ US97/ 23089

honol ogy WW®98/387% er ases from Photinus pyralis, Luciola m ng%’i”sw’”"’??
cruciata or L. lateralis and having luciferase activity is avail able [see
e.g., I nternational PCT Application No. W5/25798]. It is nore stable
above 30[err] Cthan naturally-occurring insect luciferases and may
also be 5 produced at 37[err] C or above, with higher yield.

Modi fied |uciferases that generate |ight a‘ﬁ di fferent wavel engt hs
[conpared with native luciferasel, and thus, may be selected for their
col or - produci ng characteristics. For exanpl e, synthetic nutant beetle

| uci ferase(s) @pibphighusnclergegtesyclandudiathapéeusiaat dpepeiese fish, such as

bi ol um nescence at a wavel rent fromwld-t pe | uci ferase are
known [Prorrega“(&)f’ﬁpe GRUSY ﬁ'é??}éha{b’ap SAﬁBFﬂ’EI ?‘EHP‘T(H W95/ 18853,

which is based on %&lléﬁﬁérr&r%b%e%%e' ANQer:S/rﬂa% Q@n&/&ﬁ% ahl&hus
nmut ant beetl e luciferase has an am no acid sequence differin rom t hat

of the correspeqtireg dissolveydpexygen ot ardeuto airad[;sedrgha rg, tHa 6res!%toenbf a5
Nos. 5,182,202, 5,219,737, 5,352,598, see Qr %&

subst it ut i oh( sSUiEADIBMaciEprin wabwerer.&rgce RS ESER 8 thie,A0R¢E:
bi ol um nescenc fh [ d

|l east 1 nmf rorrrr'ha{[t dg?o uce}‘cirlré\géyr%evloé%llq’tg gé’égﬁ@??eﬁs@%’ béé]efﬁe Wso‘tﬁ?r'é‘?
nmut ant | uci f erlasgnbscencd santimrnrp:g—b:dam@lm khe eprbsérﬁ)ce lod csdteratyes lewdls afhe

am no acid sequence of | uci f er ase, W t at_| east one
mutation in Reva ﬁﬁns‘i’ é}& JUedeRpe; 's°‘d'legi}8'1%é S&%"'Fﬁé’ heat. 51 no acid
nunber 233, va' i ne h¥nlII§Qh§H'5r'a@@ @NAB&C&&hgnﬁe&wa%me&bn%nd use t%§6
glycine by serine at 326, histidine by tyrosine at 433 or proline by
serine at UB2 IaNAﬂorm\mdu[cseecombg)anth&fermeas wlkas B[\meniadmgdudrfmse
5,330,906]. The | ucjferas are produce sin encodi n

onoh it ot | JEPFBIET SarenSEeieR. 2 wabRAPWIoTH SVaabE soer Betke SEQ 1D

luci f erases prnsureul S9PhtaNt Nb<CH, 218, 1 58%and 4, en, éSB%%'stYPﬁash@ﬂ%t al.,
mutant |uciferases catal yzeI uci ferr nto produce red [err] 609 nm and

nn, orange[ [ etM9a594 Rag: xomirfusy. (128538591 268¢Rormigrel 1(&3’ﬂér

WO 98/ 26277 "Renilla and Aequorea bioluminescence” in Brolulr:)ncr:;\-/egcsegrzée23088

15 Chemiluminescence, pp. 225-233; Charbonneauetal. {1279) J. Biol. Chem.
254:769-780; Ward et al. (1979} J. Biol. Chem. 254:781-788; Lorenz et
al. (1981) Proc. Natl. Acad. Sci. U.S.A. 88: 4438-4442; Horiet al. (1977)
Proc. Natl. Acad. Sci. U.S.A. 74:4285-4287; Hori et al. (1975)
Biochemistry 14:2371-2376; Hori et al. (1977) Proc. Natl. Acad. Sci.
20 U.S.A.74:4285-4287; lnouye gt al. (1975) Jap. Soc. Chem. Lett.141-144;

and Matthews et al. (1979) Biochemistry 16:85-91]. The DNA encoding
Renilla luciferase and host cells containing such DNA provide a convenient
means for producing large quantities of the enzyme [see, e.g., U.S. Patent
Nos. 5,418,155 and 5,292,658, which describe recombinant production of
25 Renilla luciferase and the use of the DNA to isolate DNA encoding other
luciferases, particularly those from related organisms]. A modified version
of a method {U.S. Patent Nos. 5,418,155 and 5,292,658] for the recom-

binant production of Renilla luciferase that results in a higher level of



- 56. - physi cal and chem cal properties of nutant luciferase are

substantially i dentical to native wld type-luciferase. The nutant -

| uci f er ase WOSBREIT am no acid sequence of Luciola cruci aPGTUS ¥ se.
with an alteration selected from Ser 286 replaced by Asn, Ay 326
replaced by Ser, -H's 5 433 replaced by Tyr or Pro 452 replaced by Ser.
Ther nost abl e | uci ferases are also available [see, e.g, U S Patent No.
5,229, 285; see, al so International PCT Application No. @ 95/25798,

whi ch provi des Photinus luciferase in +#8-ch the glutamate at position
354 is repl aced | ysine and Luciola luciferase in which the glutamate at
356 is replaced 10 wth lysine]. These nmutant | uciferases as

wel | as the wilestptygaion usfi ties asesmibirant enaymegist pesserpedfiar e MOARPLES
particularly in instances when a variety of colors are desired or when
stability at hihgFIP.tenperatures is desired. It is also noteworthy that

firefly luciferases | pDH..ont i b 7.5 | , Al e
suitable for use in\'gﬁégn?gg‘?chggeég’ygﬂ%eﬂggfliﬁeaégtfe'%ée gFEaPienreb%Bﬁ%Bélé irf
b. Luci f eri niyophilized form, dreabisuktéy in acviehile reittserdybieseibbhiregambination
[err] 25 Anal ogs of, this Juciferin and synthetic firefly luciferjns
are al so kn&wn Wigh the lugjfarin gubsitpta. PHORLP Ysedae MEUrejisscoptacipg wigh an

5 374,534 and oqyc809Be BRRbinaMISR LAY GRIBAIRESGfrell Biie (bVbthsee

PCT/ US97/ 23089 suitable buffer, such a Tris-based buffer [such as 0.t pam Tfiesr 011 mm

EDTA] pH 7-8, preferably about pH 8; dissolved O, will activate the

reaction. Addition of glycerol [about 1%] increases light intensity. Final

10 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 be at least about

10® M, but 1 to 100 or more orders of magnitude higher to produce a long

lasting bioluminescence.

In certain embodiments herein, about 1 to 10 mg, or preferably 2-5

15 mg, more preferably about 3 mg of coelenterazine will be used with about

100 mg of Renilla luciferase. The precise amounts, of course can be

determined empirically, and, also will depend to some extent on the ultimate

concentration and application. In particular, about addition of about 0.25

mi of a crude extract from the bacteria that express Renilla to 100 ml of a

20 suitable assay buffer and about 0.005 yg was sufficient to produce a visible

and lasting glow [see, U.S. Patent Nos. 5,418,155 and 5,292,658, which
describe recombinant production of Renilla luciferase].

Lyophilized . mixtures, and compositions containing the Renilla

luciferase are also provided. The luciferase or mixtures of the luciferase and

25 luciferin may also be encapsulated into a suitable delivery vehicle, such as

aliposome, glass particle, capiliary tube, drug delivery vehicle, gelatin, time

release coating or other such vehicle. Kits containing these mixtures,

compositions, or vehicles and also a chip device and reagents for attaching

biological molecules to the surface of the chip, are also provided. The



in which: Rerr] is hydroxy, am no,
l'inear or branched Cferr]-Cferr] alkoxy, qerr]-qerr].akﬁwﬁﬁyan

L- anmi no aci WO8@fT4l bond via the a-am no group, an olig

radical with up to ten L-amno acid units linked via the a- am no group
of the termnal unit; 10 R2 is hydrogen, Herr]PJerr], HSJerr],
unsubstituted or phenyl substituted | inear or branched (Jerr]-(err]

al kyl or CJerr]-Clerr] alkenyl, aryl containing 6 to 18 carbon atons,
or Rlerr]-C(0O-; and R3 is an uflibstituted or phenyl
substituted |inear or branched Clerr]-Cerr] alkyl or

Cerr]-Cerr]al kenyl, aryl containing 6 to 18 carbon atons, a 15

nucl eot i de r adiuwcdferase hmbayt als® ptm)sl'mkade tgr anipanti olrigancglty\cosfgldi chétnjcal or
attached nono- or djsaccharide, except for is a Dluciferin
or D-luciferi nr%%qrﬁbmaégtrgpans for use'in t methoém act i on The

reaction catalyzed by fi fdombinght Wr@&@étn@ﬁ‘%fri?érﬁil@?em%ﬁﬁk laelferase ,
| uci ferases requires ATP, Mg[err] as well as nol ecul ar oxygen. Luciferin
nmust be added exogeﬁ'd)msd)lyagé?nmblri‘lI&E’b(ﬁmaram:la;}asaa yres-pgurpoke il Ayvector

Iu0|fer|nat|vatjon d .t he, subsequent ste Ie di to the excjted
product . The | HEFEERANAr d LS JFRRSGBIRS AO SR WL FerRFPSHABA at e
| nt er medi ate Téeoﬁnbma%rme&@ﬁs ih R tERACh S5 t‘ﬁw@@éﬁ?& Eontamidnte BY£! 1 C 25
luci feryl peroxy species, simlar to that of the coelenterate Internediate
cyclic peroxi dgpnahwjhcbmlalms twwthe selgctibd c(t(i{remsﬂorm@tsubyevetsn&tadcettat e of

t he carbonyl produc; The, exci,t nol.ecul,e then emts ello i ght
the col or, yhoﬁém'c'hlns ang BM'Y@%%S%WWWW E‘el éﬁ?%d% gcoI or

of the biol um REESBRERLENGESEDTTIRRITRYE!d PeaeBaR the p&Pinker and WA RRRTT7
PCT/ US97/ 23089 - 58-

Di fferent 3Pecifrpsndheflae @rbmeeh’vunductlenemr exarople, okith isopropyl-g-D-

bi ol um nescenc SQ f t t he cc} LI j.f the reaction will be dependent upon
the species fr ?ané"r’loﬁ& §8PAS-is obtained. Additionally, the

reaction is optim zqpeapNRHeRe8dingdthe RenillB@dehifopmiPlucifErasaksddrerin to
a reaction that is exhausted produces additional |ight em ssion. Thus,

the system on€&lonast tngi stredy.S. Patgng N@‘P‘aﬁ;m&i%émq’ﬁ Bat &Phedhe

el o e L LA 56 e DS Sy S Sk

cont enpl at 48. BhuSDNmﬂagﬁmriﬁaé&edfmaEddeea‘Hcy__mSéntw 6RpTZA 8ROl aakaged

with the chip.
construction is described U.S. Patent Nos. 5,292,658 and 5,418,155;

see also Lorenz et al. {1991) Isolation and Expression of a cDNA

encoding Renilla reniformis Luciferase, Proc. Natl. Acad. Sci. U.S.A. 88,

4438-4442). The initiation of transcription of the Renilla luciferase cDNA

20 is under the control of the |acZ’ promoter. E. coli strains harboring
plasmid pTZRLuc-1 express Renilla luciferase that is functional in
bioluminescence assays and retains the properties of the native enzyme
(see e.g., U.S. Patent Nos. 5,292,658 and 5,418,155).

A derivative of pTZRLuc-1, pTZRLuc-3.6, produces approximately

25 7-fold higher levels of recombinant Renif/a luciferase than pTZRLuc-1
when transformed into the same E. coli host. Competent E. coli strain
XL-1 was transformed using purified pTZRLuc-3.6 according to the
instructions provided by the manufacturer (XL-1 Supercompetent cells

and protocol; Stratagene, Inc., La Jolla, CA). Transfectants were



5. Bacterial systens Lum nous bacteria typically emt a

continuous |ight, usually blue- green. Wen strongly expressed

singl e bact MQWARAEY enit 10[err] to 10[err] phot ons perPCRAIR08Y .
Bacterial biolum nescence systens include, anong 15 others, those systens
found in the biolumnescent species of the genera Phot obact eri um

Vi bri o and Xenor habdus. These systens are wel | known and wel |
characterized [see, e.g., Baldwin et al. (1984) Bi ochem stry

23: 3663-3667; Nicoli et al. (1974) J. Biol -5&hem 249: 2393- 2396;

Wel ches et al. (1981) Biochem stry 20:512-517; 20 Engebrecht et al. (1986)
Met hods i n Enzynol ogy 133:83-99; Frackman et al. (1990) J. of

Bact eri ol ogy 17gs16d1@d- 5y phatird yaMmirta Brotl (LE) KI8@)s supplexhv'l@hh@dwm
Enzynol ogy 133:70; U.S. Patent No. 4,581, 335].

Luci f er ases 100 ;&im!@mmcl"lmc. ferase, as exenplified by |uci fer ase

oxi doreduct ase - SRR Al chonten 8 For KR IR ek 0"

oxi dase, for nedsypplémRnted witis 300 AdiriNa®ipidig &t AlBlenttepipdratiyeSydiHgi ts a
and [err]. The a-subunit has an apparent nol ecul ar wei ght of

appr oxi mat el§ s0mInRE skipgantil celljgrovythsigaghed migkslosphpsalient cell

gDCI_I_/et:JgIg?/r 22’8'88htulmrear%% Réé %tﬁld GEOZmOQS’ 6k6)8 units). V\?raql%c:%%ég)n from the ac, .

eg, Cohn et al .proh9SR)} Wa®ihdusedl by AeiditiorPeif -1 MNG.IATGOShd @1l diure was

These subunits assom ate to forma 2-chain conplex luciferase enzyne,
whi ch cat al yzesshaken| ?Tghmb@ﬁtttﬁmﬂfrﬁél&@t fasranppdditionahBre@esat bact eri a,

such as Vibrio harve e

Sci ence 21 8:791-793 é"“{/%??cbp %grl\?y[cé ﬁ%"rgeggp %tjlgﬁ‘)&% ﬁé@n%lé??én a§
32: 773-781, 1(Eng®01°eChThetce&|pelléi%éB tiiwed zNﬂi tesubpaddedcit.a W:S.réatio (w/w)
81: 4154-4158] and other marine bacteria. Bacterial |uciferase

genes have beerNc@ éﬁ‘éﬁ"’[ﬁs%fememyl EDJ A5, pB-8 &hicontaining, 4 masn hesozyne S|
Patent No. 4,58 %ﬁ% Cﬁé% Ea)t e*i‘ %‘ ARs| wdtd Blactd inNP 2588 @%@ef@&th’qﬂor
act Puci o

Plasm ds for expression o rial erase, such

harveyi, i ncl udgO phintifes acdiRREN Brdrgatred mDNeEm@ﬂ bblE?RL The celB; W8 dysexhd
pMVR19 (NRRL B- 18081 are kn For exa ence of the
entire |ux reg Ao #@%Wﬁ&%f‘l?%?l HBUE?EBH%e fm"ﬂ tagenigsgdnerel! et
al . (1984) 4 inQﬁJBtﬁFry 23: 3663-3667; Baldwin 15 et al. (1981) Biochem
20: 512- 517 Bal dwn et al. (1984) Bi ochem 233663- 3667; see, al so,
e.g., U S Patent No‘Ehe&iysB%t;aMar debdg vsas;removedéawcanﬁﬁmgaﬁép.atm@%
regulon i ncl udes

aut oi nducer syt ﬁlasci rs BQH&s amgié,ﬁglﬁ?rg’?@gggﬁarﬂ% wps g leBraR A 78aihed. ' Yhe

pellet was resuspended at a 1:5 ratio in the above-described solutions,
and the subsequent incubations, lysis and centrifugation steps were

20 repeated. The two supernatants were combined and stored at -70°C.

The resulting "clarified lysate” was employed as a source of

recombinant 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

25 homogeneous source of the purified enzyme (see e.g.. U.S. Patent Nos.

5,292,658 and 5,418,155).



(1984) Proc. Natl. Acad. Sci. U S. A 81:4154-4158], the | uxC, quD and 20
| uxE genes, which encode enzynes that provide the I uci ferase with
al dehyde suw&Ba6¥F7 and the | uxA and | uxB genes, which encodepq"‘?’u@sngw”

al pha and beta subunits of the |uciferase. Lux genes from ot her
bacteria have al so been cloned and are avai | abl e [see, e.g., Cohn et
al. (1985) J. Biol. Chem 260:6139-6146; 25 U. S. Patent No. 5, 196, 524,

whi ch provides a fusion of the | uxA and | uxB genes fromVibrio
harvey,]. Thus, luciferase al pha and beta <abunit- encoding DNA is
provi ded and can be used to produce the |uciferase. DNA encodi ng the a
[ 1065 bp] and [err] [984 bp] subunits, DNA encoding a | uci f erase gene

of 21 24 bp, encodirg theCﬂJsQS'@ea%ﬂde?ﬁbala?b}bwmiEma’i systems\WO 98/ 26277
PCT/ US97/ 23089 - 60-

recombi nant vector cwm asrrangdm@mgad/arg%wrrgmmflggndnafﬂaand noctiluca
transforned E. coli ot her cterial hosts for PLE n
production of g S@P\%BH&‘W%EH‘SZ?%%@sarsémé\?/tén\egbqaé'eé ﬁtﬁ%eg dThes § 2%9 al
luci ferases ar gjrgfljE¥e4a@ RIUnd mveid Akitérs off the coast of Japa®and drAf [fg‘ﬁtl s
Bacterial luciferins include:

[err] ~ OH 520 sawirtingchucifesintand luriteanse intior ther walieledvheEs/ the FeARIIRMY eot i de
are .. consi ?eée ;larﬁnc Jc%rslanb§lg;ﬁg%ll.?eo J}n‘?{ soé&ggcsggg%' el ltéeaclti'og\.rll_t

emtting
bacterial syst enpol/eeWrlP, Iud:;'ﬂerﬂddublf@fhsleoaﬁ@dﬂ@@dufdrébuvgeﬁ |arl, Ahus, is

pol ypeptides to conpl ete the biolum nescent reaction: two subuni ts, a
very suitable for application herein.
The systems, such as the Vargu/s bioluminescence generating
10 systems, are particularly preferred herein because the components are
stable at room 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
15 proceed. An exhausted system can renewed by addition of luciferin.
a. Vargula luciferase
Vargula luciferase is a 555-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
20 host cells [see, e.a., Thompson et al. (1989) Proc. Natl. Acad. Sci.
U.S.A. 86:6567-6571; Inouye et al. (1992) Proc. Natl. Acad. Sci. U.S.A.
89:9584-9587; Johnson et al. (1978) Methods in Enzymoiogy LVII:331-
349; Tsuji et al. (1978) Methods Enzymol. 57:364-72; Tsuji (19740
Biochemistry 13:5204-5209; Japanese Patent Application No. JP 3-
25 30678 Osaka; and European Patent Application No. EP O 387 355 A1].

{1) Purification from Cypridina

Methods for purification of Vargula [Cypridinal luciferase are well
known. For example, crude extracts containihg the active can be readily

prepared by grinding up or crushing the Vargula shrimp. In other



and [err], of bacterial luciferin and three units of a fatty acid reductase
system conpl ex, which supplies the tetradecanal aldehyde. Exanples of .
bacteri al bm 98#t@®scence generating systems useful in the agSeB¥N@3Ad
met hods provi ded herein include those derived fromVibrio fisheri and 30
Vi brio harveyi. One advantage to this systemis its ability to operate at
cold tenperatures. It will thus be particularly anenable to nethods of
using the chip for the detection and nonitoring of antibiotic sensitivity
of psychrophilic organisnms. Al conponB@gts of a bacterial system can
be WD 98/ 26277

PCT/ US97/ 23089 -61 -

frozen into 'Ceembo%ﬁ%ﬁ@sI@pw;kéﬁahensofsw ﬁsnﬁehm,ﬁ&hrm&feﬁs%eéan be

i ncubati on at tenperatures near O[err|]C, the chip can be transferred
to war ner peEzedthy Esrrwmsingrmtor@hértqzen @i hilgendmwéica dinsiedyareovi di ng
a sust ai ned | ow. act er.i al f t al zes t he

f1 avi n- medi at edCH&ﬁ‘%ng}Fb% oM %’51 preferghly bnﬁ fﬁoa‘f’h%?@ bpﬁt@%“m

car boxylic aci degpdidan a%mohﬁqnfé@wte at besooc pﬁ'éﬁ\‘é@iyd@qws(ftfbrgi%ﬂr,
state with the conconitant em ssion of green’light err

490 nnj see, be. grefescaykiO-@4 b, .fof E@t&@)ctl@moinllomd by hydropbabic Sci. USA

81: 9080; uU. Pat . 5, 6, 524] : . . FWH2 +R-
e o hse” B CcPRIOMEFAHrAPBY ML e N exchangs Pt aLINIb: CORTBIOVRPYAt od by
cont act  ng 1 edUpRSRANAID INC, JBRRRBH ek SEoKENN oprddcubeh, BuBizhay e of

the bacterial |uciferase, oxygen, ong- chai n al dehyde, usually
n-decyl al dehyd&eptember 14, 199%. saec(ahmgTﬂ;Luch at. 438718} dvitethosdsf Enzymgtent

bacterium 15 : hapedai _j.s own [ CHI SSO CORP; see, also,
Japanese A%ge:?@g_ﬁ%i ?’ﬂjﬁ Qt?é(sgubl i shed August 22, 1995]. The
reduced 10f I avi n mpeAnERERAdafebd GRS frbm brsuAEHrieH VERRNS bY hdating
oxygen in the presence of bacterial luciferase to produce an

i nt er medi at e petlgxgxiragyi which destrays thateeifer@isattuitrieaves the iuciteriroingachai n
al dehyde [tet rarj%canal ] t% ZFgatg['\gtl\m tﬁ%ﬁc#ﬁg?nd the | uciferase-bound

hydr oxy fl avin ‘excited |uciferase-bound

hydroxy flavin then emts |ight{2pPReeparatioflihsRetaimdindritoMetiieds uci f erase as
t he oxidi zed flavin nononucl eoti de and water. In vivo FMN is

reduced agai n and redfiellugifecass tﬁrmeferab[mpww by expirsrioniofElonethMA
acid. 25 qg5  enEb@NGtHERFRARRSIHIRY DS PatEACRAPPIESESN Mo Jo 387 35T Al RN

- international PCT Application No. WO90/01542; 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

20 introduced into E. coli using appropriate vectors and isolated using
standard methods.
b. Vargula luciferin
The natural luciferin in a substituted imidazopyrazine nucleus, such
a compound of formula (lH):
25

30



5,484,723; see, SEQ ID No. 14 for a representative sequence fromthis
patent]. These as well as NAD(P)H can be included in the reacgt] g
regener at e WONB263%3r reaction with the bacterial |uciferase 3’#3?‘?%% 3089

WD 98/ 26277 PCT/ US97/ 23089

- 62- chai n al dehyde. The flavin reductase catal yzes the reaction of
FIVN, which is the luciferase reaction, into FMNH2; thus, if luciferase
and the reductase are included in the reaction system it is possible
to maintain t he bi ol umi nescent reacti o®3-Nanely, since the bacterial

| uciferase turns 5 over many tines, biolum nescence continues as |long as
a long chain al dehyde is present in the reaction system The
col or of light produced by biolum nescent bacteria also results from
the participation of a blue-florestent protein [BFP] in the

bi ol umi nescence reaction.® i tein, which is well known [see, e.g, 10

Lee et al. (1978) Methods i h Enkynol ogy LVII:226-234], may al so be
added to ba%terial bi ol umeé Mce regctions in order to cause a shift in
t he col or. 6. & hIEr syst ems a. Di nof |.agel | ate

bi ol um nescence g $ Ni.zNH In dinoflagellates,

bi ol um nescence n organel l es termgd, scintillons. These
organell es are sytpecketi ngs of the cytoplasminto the cell vacuol e.
The scintillons contd’n only dinofl agellate |uciferase and luciferin
[wWwth its BOnding protein], other cytoplasm c conponents being sonmehow
excl uded. The dinoflagellate luciferinis a tetrapyrrole related 20 to

chl orophyl I : [err] 30 or an anal og thereof. The

B L b S R
luciferase in a light producing reaction also may be used.

15 Other bioluminescent organisms that have luciferases that can
react with the Vargul/a luciferin include, the genera Apogon,
Parapriacanthus and Porichthys.

c. Reaction
The luciferin upon reaction with oxygen forms a dioxetanone

20 intermediate [which includes a cyclic peroxide similar to the firefly cyclic
peroxide molecule intermediate]l. In the final step of the bioluminescent
reaction, the peroxide breaks down to form CO, and an excited carbonyl.
The excited molecule then emits a blue to blue-green light.

The optimum pH for the reaction is about 7. For purposes herein,

25 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/|, preferably 0.5
to 2.5 mg/l will be used. Similar concentrations or higher concentrations

30 of the luciferin may be used.



WD 98/ 26277 PCT/ US97/ 23089

- 63- and Chem | um nescence, DelLuca et al., eds. Academ c Press, NY,
pp. 343- 360] woLagMms@scent activity can be obtained in extract $GFHER7/A089

pH 8 by shifting the pHfrom8 to 6. This occurs in soluble and

particulate fractions. Wthin the intact scintillon, the |um nescent.flash
5 occurs for [err] 100 nsec, 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 i8%-a protein [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 enzyne. 10

b. Systens from ny| usqpsestisidlihinedcenca fbrigrating systems inclubffild Uke$t
Latia neritoides and specjes @éetrgp(y om& RsaLy ani mal s. ‘Yﬁe

luciferin has the structure: andg};as been synt hesi zed [ see,
e. g, Shinmonura et alThd b%)emustryﬂ)fonmm lslorlqm?f‘téb%&dcé?@&s teifiretrura et al .
(1972) Proc. Natl. Acad. A.. 69; 2086- 2089 ddition to a

| uci f er ase and Q'%[Hm‘éﬁﬁﬁe@%ge”eraF'@&c?Y?fﬁ"h&% 5 ¢harea "d’&?ﬂo&@ﬁt €. " purpl e

protein”. W’ﬂé}{ é1? ?fpﬂo?@cﬁétgfs'tﬁ{ §6d BhABRIGGE AU BOBESHF! NY
agent is repr esent e schene

| uci f erase McElroy et al (1 966) in Molequiaplechitetteire if eﬁ’arld Physiologf2 is a

reduci ng agent Thus for  prac e h reaction w|]|

require the puria¥ashi gt@ln eds. Pé%“ﬂhfgff %a&s?%c gﬂ%‘?‘?fﬁ 'r'lf?$' J. pp. 83-80]
and it is commercially available [e.g., from Promega Corporation,

Madison, WI, see, e.g., Leach et al. (1986} Methods in Enzymology

10 133:51-70, esp. Table 1]. Luciferases from different species of fireflies
are antigenically similar. These species include members of the genera
Photinus, Photurins and Luciofa. Further, the bioluminescent reaction
produces more light at 30°C than at 20°C, the luciferase is stabilized by
small quantities of bovine albumin serum, and the reaction can be

15 buffered by tricine.

a. Luciferase
DNA clones encoding luciferases from various insects and the use
to produce the encoded luciferase is well known. For example, DNA
clones that encode luciferase from Photinus pyralis, Luciola cruciata [see,

20 e.g., de Wet et al. (1985) Proc. Natl. Acad. Sci. U.S.A. 82:7870-7873;
de We et al. {1986) Methods in Enzymology 133:3; U.S. Patent No.
4,968,613, see, also SEQ ID No. 3] are available. The DNA has also
been expressed in Saccharomyces [see, e.g., Japanese Application No.
JP 63317079, published December 26, 1988, KIKKOMAN CORP] and in

25 tobacco.

In addition to the wild-type luciferase modified insect luciferases
have been prepared. For example, heat stable luciferase mutants, DNA-
encoding the mutants, vectors and transformed cells for producing the

luciferases are available. A protein with 60% amino acid sequence



WO 98/ 26277 PCT/ US97/ 23089

- 64- C. Eart hworns and ot her annel i ds :
Eart hwor m speoese&77such as Di pl ocardi a | onga, Chaet opterus aRGT/US97/23089 .
Har not hoe, exhi bit bi ol um nescence. The luciferin has the structure:

[err] 10 The reaction requires hydrogen peroxide in addition to

| uci ferin and | uci ferase. The luciferase is a photoprotein

d. d ow worns The luciferase/luciferin systemfromthe gl ow worns
that are 15 found in New Zeal and caves, Au®bralia and those found in G eat
Britain are also intended for use herein. e. Mar i ne
pol ycheat e worm syst ens Mar i ne pol ycheat e wor m bi ol um nescence

gener ating SVSBSPH%;og,é wﬁHQD_ciaéraBaw&smi%mﬁbgﬂé/@pttwm ralregralics, L.
contenpl ated for use™20 herein. . . South Arerican rail way
beet | e crucihta br &l vateraliscend baying lunifergse pstivityfis aivailpblestigen e.9.,

Aneri can il .beet [ | so. i f h '
o Fion 25  Mtemdugnal teF dnPireren VoL ROPeles dPBLadt B fhiase siahle a2 ce
generating e R r B ArAng AfssdOiifciferARscand ¢haalddibef er ases

found in species of Aristostom as, such as A scintillans [see,
eq., O Day eb aproduced 39B%f G/iosiabevReyvith highe Bi88]., Pachyst om as,
ga&?ﬁgggfggbggmh a?\/lodifie%l Iurclzlfgrears'es that gewgrgt%/ hzgq'\tht different g\!.)a_velengths
[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
10 bioluminescence at a wavelength different from wild-type luciferase are
known [Promega Corp, International PCT Application No. W095/18853,
which is based on U.S. application Serial No. 08/177,081 1/3/94]. 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
15 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
bioluminescence with a wavelength of peak intensity that differs by at
least 1 nm from that produced by wild-type luciferases.
Other mutant luciferase have also been produced. Mutant
20 luciferases with the amino acid sequence of wild-type luciferase, but with
at least one mutation in which valine is replaced by isoleucine at the
amino acid number 233, valine by isoleucine at 239, serine by asparagine
at 286, glycine by serine at 326, histidine by tyrosine at 433 or proline
by serine at 452 are known [see, e.g., U.S. Patent Nos. 5,219,737, and
25 5,330,906]. The luciferases are pfoduced by expressing DNA-encoding
each mutant luciferase in E. coli and isolating the protein. These
luciferases produce light with colors that differ from wild-type. The
mutant luciferases catalyze luciferin to produce red {4 609 nm and 612

nm], orangelA5985 and 607 nm] or green [4 558 nm] light. The other



7. Fl uorescent Proteins a. G een and bl ue fl uorescent
proteins As described herein, blue light is produced u3|n8 t he
Renilla WOPB/26272r ase or the Aequorea photoprotein in the BrEY

Ca[err] and the 5 coelenterazine luciferin or anal og thereof. Th| S I [ ght

can be converted into a green light if a green fluorescent protein
(GFP) is added to the reaction. Geen fluorescent proteins, which have
been purified [see, e.g, Prasher et al. (1992) Gene 111:229-2331 and
al so cloned [see, e.g., | nt er nati onal-58CT Application No. WO 95/ 07463,
which is based on U S. 10 application Serial No. 08/ 119,678 and U.S.
application Serial No. 08/ 192, 274, which are herein incorporated by
reference], arghysied &xd chemiesl dﬁme&tﬂés @3 reoei)utifersskedreanirnhntisily GFPs
fluoresce in vivo upon rece|V|n? energy froma

| uci f er ase- oxyidgoiticet & pagivei wid-typat @cxéq@ﬁfBeIh@rmutant lncita[aser paaighe vat ed

Phc. pol ypopt i etk 8cBLepddnsss, 81 BREilh BBl MuBfikfee with S Eigtath .o g

Renilla [see, gelgctdd PORSet288 reflac@@Dy KeneGly B26 Affaced by 3&3 Hisar t
et al. (1979)Bi ochem stry 18: 2204- 2210& For example, a
f1 uor escent 5pr63§|fﬁp[@ﬁn{b‘7r Toth HReltfigoft 84 reptacsd by St aT*wnz%able ani no

Thi s protein 1 Weitstardrodt ARR SRBRICIEE se W d s Nl clinaieRs: Ste.

charged with cglgbanteinational an;or Apphcation dlb. @N9E/EETI8 S WHich providleei um
result in the Eroductlon of green light. Thus, it is contenplated that

GFPs may be i nehatisgs ﬁm\c'qu@sgna|vuhﬁchéb@ed@éar§étﬁeaappﬁgr%§éﬁ isreprtased

enpl oy the aeq Hé"aR& %%?Jg/‘aaluhﬂgﬂafs%r.ﬁ%ﬁﬁ.cw trﬂép %}?'ﬁéﬁcbé Lasg ' N
25 order to e ance or er -color o e resu um nesc nce
GFPs are atoi vadigdiyisindll ue light to emt green Ilght and t hus may be

used in the absence_of luciferase_and in conhunctl on n external

light source with nbDEse ytasluciierages @si well ascine wil dvmea*amfyrasasu%re _
[l uorescent bl GhRiistHdde Sretertt hetdin, ‘RiticdiBhy An'ih&fahelds wHeh'd Oaflety 8Y!

or WO 98
PCT/ US97/ 23089colors are desired or when stability at higher temperatureSGis desired.

Photobacteriu pho hor eum e ,used .in_conjunctio .t h .
external 11 ght MO8 @ RBEWEILHEL et U LR T vpenlspline B petimayha.5 -
(See for e%srmbes] KAdaktAOs, afd sditable 10r IsdanfdiHghESGERAESBYS E@rﬂa,rmefanata
yellowem tting I'um nous bact erium"” Photochem “Photobiol. 55(2):293- 5

299 (1992); LealkabnegH. "Purification of a blue-fluorescent protein from
t he bi ol um nescent bact egium ﬁhotfgbact eri um phosphoreunt Met hods
Enzynmol . (Bi ol um n. Fum H526- 234 (1978); and Gast, et al.

"Separation of a bl uerhf3I f@TRSIRFeAnAs &f BeémzdthidboRact eri al | uci f er ase”

20 /@N N COOH
\> </ j/
HO S S

25
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]:
30



Bi ochem Bi ophys. Res. Commun. 80(1):4-21 (1978), each, as all 10
references cited herein, incorporated inits entirety by reference herern.)
| n parti cul &P 98223, and/ or BFPs or other such fl uorescent pipgir@fsﬁ%’??&?/

be used in the nmethods provided herein for the detection of infectious
agents by binding an analyte to one or nore anti |igand-G-P conjugate(s)

at a plurality of locations and illumnating the chip with light of an 15
appropriate wavel ength to cause the fluorescent proteins to fluoresce
whereby the enmitted fluorescence is detect®F-by the photodi odoes in the

chi p. GFPs and/ or BFPs or other such fluorescent proteins may be
used in conjunction with any of the chips or devices described herein.
These 20 fluorescent proteins may al so (?e used al one or in conbination

W th bi ol um nescence generating sysfens to produce an array of colors.
They may be used j nQi nati gqns suck-that the . color, for exanple, of

t he emtted |igh

\ e\alt 0 maxi m; he amount of |ight
avai l abl e for d on H phot odi odes'ﬁglyﬁ{aﬁé chip. 25

b. Phycobsl i pg0tf £ s cobi | i prot ei ns Ririe twairekys ahtiabg
fluorescent proteins derived from cyanobact eria and eukar&gotl c al gae
[see, e.g, Apt et al. (1995) Bi ol .lingap oy drapehey Saek o AlGQXY.

A M Bt i BB b ot

PCT/ US97/ 23089 an oligopeptide radical with up to ten L-amino acid units $ifked via the a-
proteins have been used as fluroescent |abels in i mmnoassay [see,
Kroni ck (1986) amingfarppmmcinGgtervinal unis; 1- 131, the pr ot ei ns have been

(1584 “Prodd nar | - Koda P68, 8.R05SHRE, A ESAREA o Sherid St
Pl ant Physi ol I:ﬁéarZSBbEéHchahd mgrmk‘{d @t CalC,,alken ) aﬂyl Bﬁcﬁaﬁmhglﬁ to 18

170: 5512-5521; the proteins are corme@il ally available from for
exanpl e, Pr oZyﬁ"ér barhatomgar Rerio, 2 ] . I n these organisns,

the phycobiliprotei g8 ;are ghi@dftéd or phen'W%BE{ a4 lﬁtea\"%trqfrgﬁ F\@&”E‘d

phycobil i somes and function as accessory 10 pignents that participate in
phot osynt het | 001ﬁﬁtalbmborb¢2-él;§aikbnyg ariybcbhtaining 6ito gl carttbr mamsiserar i ng

transt er  miEnaAelRotde radical with, tar BbesPBAte Y 19 gt BOERREIEREY knwn

whi oh have T e el o L D e G hgerin

bet ween 610 aner D-luciBgb methylestect i vel y. Phycoeryt hrins and phycocyani ns

are c. Reaction

The reaction catalyzed by firefly luciferases and related insect

20 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 oxygen to form a cyclic

25 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.



het er ogenous conpl exes conposed of different ratios of al pha and beta
nononers to which one or nore class of |inear tetrapyrrole -
chr omophor 8¥0&8/262¢bval ent |y bound. Particul ar phycobi | i prot ePREVSEN239H

al so contain a third y-subunit which often associated with (a,[err])[err]

aggregat e pr ot ei ns. Al'l phycobiliproteins contain

phycot hrombilin or phycoerythobilin chronophores, and may al so contain
ot her bilins, such as phycourobilin, cryptoviolin or a 697 nmbilin.
The y-subunit is covalently bound wi th 25-588hycourobilin, which results in
t he 495-500 nm absor bance peak of [err]- and R-phycoerythrins. Thus,
the spectral characteristics of phycobi |l i proetins may be influenced by
the conbination of phiReintfspees of fireflibs @mipdfenttdiosubiini t conposi tion
of the apo-phycobiliproteins WO 98/ 26277

PCT/ US97/ 23089bioluminescence so that the color of the reaction will be dgpendent upon

and/or the locgl envi.ro t fect . I : n
structure of t eBR?%'SBFF%r‘HFgCﬁ’n@e R&Ef%rggbelg Sg{sé"géés{b%]%%@ggégg’ea{%r GFPs
& BFPs, phycobjdddiiont B dystimideatspH 7.8. activated by visible light.of the
appropri ate wavel ength and thus nmay be 5 used in the absence of |uciferase

and in conjBnction Ridditiem oéAE? gad Iupiafin to a reagtionothat is|exhausied t he

phycobi | i protein bound . 5 i .ocat0oNns r 'Elff]§| been
detected. In pBFcch‘t sa?‘?é)'f)'h %‘o%qo%ﬁ)stéélﬁ's fr;\aﬂ)},gge Sys‘%@o@éﬁ%ﬁ%%&%%ound to
one or nore anid rdlat@adly edefigirhaigitained! haHerefdeb et is highgnaliyitde o€ use
illumnated with |ight of an appropriate wavel ength to cause 10 the

f1 uorescent pr beeindn egbodiments in abichie spstpined elowdsidesiregdser eaussyof

t he phot odi ode i t ty i

signals are seﬁ?&EtSW%eg%%p 'Sﬁ%r ot@gg'o{rh%gﬁgﬁ’gtﬁg'ﬁggéeg?%&;g?\& %@m can
above, theso pbetmickagedywhh theethipn conbi nation with other fluoresent
prot ei ns and/ or biolum nescence generating systens to produce an array 15
of colors or to provrde SeFtUfASYSEINSrs over tine that can be detected by

Cor i B oumoort rarr i SAifidh® bacteria typicaliy\ehitf AT lou WARD JsuBiighabes Lo
4,767, 206; 4, 7gectBIWihen strongly 88Pr88), aTsibgle baeteriimy coky lenit d0&itos1 Gy
be coupled to 20 mcrocarriers couFiléEg.to Qne or nore conponents of the

bi ol um nescent Photons pereeepNd-HBaste {PlUMINESIGeRCE Y SEmSIgHHAS, ameng

wavel engt h18f Ligerki didse systed@NESHPth thOBdINMiINEQSHT SPRGENbT 188 GehPa
M crocarriers coupled to one or nore phycobiliproteins my be used

when |inked t oPthtokauteriimgaiério and Xenoshabgusi Thesedyistemssare wallt he
methods herein, 23n Shd walr 2hdfkictbARLd 188d, Wy, ABRWRR & 21°T 884)
Biochemistry 23:3663-3667; Nicoli et al. (1974} J. Biol. Chem.
;4_!-_9_32393-2396; Welches et al. {1981) Biochemistry 20:512-517;
20 Engebrecht et al. {1986} Methods in Enzymology 133:83-99; Frackman
et al. (1990) J. of Bacteriology 172:5767-5773; Miyamoto et al. (1986)

Methods in_Enzymology 133:70; U.S. Patent No. 4,581,335].
a. Luciferases
Bacterial luciferase, as exemplified by luciferase derived from Vibrio
25 harveyi [EC 1.14.14.3, alkanol reduced-FMN-oxygen oxidoreductase
1-hydroxylating, luminescingl, is a mixed function oxidase, formed by the
association of two different protein subunits a and 8. The a-subunit has
an apparent molecular weight of approximately 42,000 kD and the
B-subunit has an apparent molecular weight of approximately 37,000 kD



Chips for use as diagnostic devices are provided herein. The chips can
be nonsel f-addressabl e or self-addressable and are typically in the
formof an AYQ88/2623Uch as a 96- menber or higher density array 6?"53?2719?9

t hose descri bed herein. WD 98/ 26277

PCT/ US97/ 23089 - 69-

1. Nonsel f - addr essabl e chi ps Referring to FIG 1, a
nonsel f - addressabl e m croel ectroni c device 100 for detecting and
identifying analytes in a biological sanpl eb8sing bi ol um nescence

I ncl udes an address control circuit 102, a photodetector 5 array 104, an
anal og nultiplexer 106, a conparator 108, a reference circuit 1 10, a
f eedback contr ofseei ecgl, tCdhri 2t ahd{ 1B BUPL, Nt AGAdCBEEUWIS. A, 90:31D8-123].
Address control_circuit 102 recejves a clock input signal 116 from an
external oscil | hrese sHhunBsasseciasa te Jore a doshainieprgplex hiciierase gnzyme,

and 122 for 1 oSG Efed Hie oA shELE FpcRlAfof biQuntibPossry Sishipnn ©

external pover S@tH ae Widrid. har@ayA@d.ls: RateweNErd,58ThBSE; Baras et 100(1982)
requires only four electrical connections: cl ock I nput S|gnal 116; data

out put” si gna®s ScieaceBl@:7 9> 38 3hn¥ikyia tisahas dEngebrecht et a __A&ﬂj?@@)sgﬁﬂnt rol

U102 ecapupg e e a0, ohd AL, 1 SRBRAILEE e

address each pl8$J4'&$¢~mrﬁsmﬁd1bmarmymb%ctEﬁah pi xel el ement has a
row and a columm address that are used to address the pi xel . Address

control circuit 102 Begisa |ksﬁ'fe;raaacﬁe@§§ésa\@abﬁem Glprsgd [see, QJ.Qx'eU 2| Batentts
hi 10
T o2 104, o s Sl 5 STt e K B

each row, address coén I FCUi €s “ad

126 that arBOusKd. & 386631 ssugn!ajhswds donkrpravsidr pf @éetenal lucifefasea%dnch
al so generates address signals on bus 128 that are us

ack
control circuita3 Viore ’@éﬁ%Y’aﬂ@‘P@%d’cféEQoél(W%Bﬂﬁogﬂb @PQ@;EOM (NRRL
el enents as desg rlé@b)bgﬁegmﬁﬁiér(ﬁﬁﬁw N 8881 5r‘éulhjiovg 8,“8{(5‘{.—, Te %I?e
na ecode

bi nary address si Into |n I VI dua row an res
enabl e signal s mqum'&:eoof thee entitlfies segldondeomi Vibuiat ﬁshmatascbeéh addr ess

cont ol oo LS S Mo 1 | BLE P R0R 20cl o Spdhnskeconl gl

known to thpse &f 3019083) BiSdhdrh. 20: I82-&M7; Baldwin et al. (1984) Biochem.
233663-3667; 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. 81:4154-4158], the fuxC, luxD, and

20 /uxE genes, which encode enzymes that provide the luciferase with an

aldehyde substrate, and the /uxA 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;
25 U.S. Patent No. 5,196,524, which provides a fusion of the /ux4 and /uxB

genes from Vibrio harveyil. 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 B [984 bp] subunits, DNA encoding a

luciferase gene of 2124 bp, encoding the alpha and beta subunits, a
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- 70- Array 104 receives row address signals 124 frl%mﬂ%d%% ess
cont rol WOSBRET7t 102 and feedback signals 130 from f eedbRERUEE .
circuit 1 12. Each element in array 104 includes a photodetector that
recei ves photons of |ight froma chem cal reaction optically coupled

to the 5 photodetector. Based on these inputs, array 104 generates anal og
colum out put signals 132 that are applied to anal og multipl exer 106.
Array 104 uses row address signals 124 to -8®dress each row of pi xel
el enents, uses feedback signals 130 when performng a delta-sigm
anal og-to-digital (A/D) conversion on each pixel elenent as described 10
bel ow, and genes@drabirepitwattottpntaisingnBNA éd2odingtbathesuthstdtsiand @ n t he
delta-sigma A/ D conversion. Anal og mul tj pl exer 106 uses address
signal s 126 t otramsfersnes E. coli ang emprohecﬁ@f'aghaﬁfﬁ torexpressisn@nd i pl exed
anal og out put sji SUTRBIES L ut
signals 134 toig%tgor%g’géthifncgi gﬁgﬁf:f}_‘%%s é&}%- , a fgie 'ermenr%?g'i@utﬁ)rqg%ctf)%H%P
gener ated by r afsferases ardé eohimaddially avaitabile. based upon the results of the
conpari son, generates quantized _ _ output signals 138. Quantized out put
si gnal's 1385and address $i-gnalldiciferins128 are used by feedback control
circuit 112 to 0 . Ssignals 130 that are applied to array
104 as descri be%g%@évﬁu@gﬂﬁ?g@u%' out put signals 138, that are
i ndi cative of the photons of |ight detected at each elenent in array
104, are also UW{‘}{%\CLBCU” 114 to generate data
out put signals 17T8. n Bne %pbodi ment, output control circuit
114 format ggquant i zed “out put signal's 138 into an RS-232 serial data
streamindicative of the 2&; Iilﬁght detected at each pixel elenent in array
104. To allow an external _~_ n~instrument or conputer to correlate the
recei ved RS-232 seria @ a | \l/streamvvith specific pixel elenents in

9

array 104, output co PNH 114 transmts the serial data stream
in frames separated by a oynchroni zation signal (sync). Each frane
cont ai ns afBout put dat a si dhal WO '5o8/ 26277

PCT/ US97/ 23089 T ' or sxampie. ‘<H=—<‘**°H>r‘°”="°‘z;°“ -71 -

20 in which the tetradecanal with reduced flavin mononucleotide are
considered luciferin since both are oxidized during the light emitting
reaction.

c. Reactions
The bacterial systems require, in addition to reduced flavin, five

25 polypeptides to complete the bioluminescent reaction: two subunits, a
and B, of bacterial luciferin and three units of a fatty acid reductase
system complex, which supplies the tetradecanal aldehyde. Examples of
bacterial bioluminescence generating systems useful in the apparatus and
methods provided herein include those derived from Vibrio fisheri and

30 Vibrio harveyi. One advantage to this system is its ability to operate at
cold temperatures. It will thus be particularly amenable to methods of
using the chip for the detection and monitoring of antibiotic sensitivity of

psychrophilic organisms. All components of a bacterial system can be



for each pixel elenment in array 104, and the sync signal is an arbitrary
value (e.g., a byte having a val ue of deciml 255) used as a control -
signal to | WP¥F671 he start of each data frame. The externaII’%H?"Fﬁ%f'tne"fl89
waits for the sync signal before correlating the received frane data to the
5 appropriate pixel elenents in array 104. Alternatively, output control
circuit 1 14 could include labels in the serial data streamthat identify

t he pi xel elenents. A parallel data interface can al so be used.

As will become apparent fromthe descriptioflbel ow, array 104 i ncl udes
pi xel elenents |ocated at an array of mcro-locations on the 10 surface of
t he sem conduct or substrate used for device 100. Each el enment incl udes
a phot odet ect orfrbgen iretecicei orgplabet tnsohitibng btoredi bdleds O °C. Wfter inkebiatiah
reaction optically coupled at the respective mcro-location and for
converting the ﬁ'fe{eé?n%’@tﬁé'fﬂ?t@?ﬁ ?rfo tgﬁ chie @an; ke dransjrrregienvarmer g| enent

I i nel ud . i . . » . . . _
nt eqr ati ng t haoirea s e the Pt ol oo BgEBRACI AN ER\IUERS sysflingd
del ta-si gma Al pleenversi on techni ques, and the digitized signal is.

mul tiplexed into a serial data output streaminterfaced to an external
comput er. TH® conput Bectexiat liciterase gatalyres thy favin-pediateg Aydraxysation of a

Seconds Vo nourEVBLo AT fSs 7 Y5 SibPLRABRI SRR LOATIAR dim 20

embodi ment, t heflasdhtdecdygn®d gvdancostaee sivith the cdrateidahpemission Kfabide
interface to achieve_ 12-bit resglution in an integration period of about 10

seconds, and 169%eD g¥diusi Gn4PA M iSRE. Belly d@9OCkhBbal: 319BRLEEac. Natl.
Referring to FlgGad, S%Pj"ﬂ@ﬂ ép:%gﬁléwﬁ.?. @‘E’E@.rﬁoﬂgpgpéﬁ,%@ﬁ”ate 25 or
Tned od a surface t .

di e 140 havi ng ereof ! Array 104
includes an array of MFF-JQCQH@QSQ 1hzifernse, an-codmpendant hy

phot odet ect or 144 optical I3 coupl ed to each micro-locatioh. (Only the
| eft-nmost micro-location 142 and photodetector 144 in each row are

labeled in MG _2 for clari ty.) Array 104 includes three sub-arrays 146,
WO 98/ 26277 The reaction can be initiated by contacting reduced flavin pPCT/ US97/ 23089

2 sub - pnapogiRt RUFANLEL Rl s PEYe oF 188 Rl AR Yo s

sub-array défgericantdlasongdtiimaldehyde, ihanyos-decyhaedyldiexel s, and
sub-array 150 i ncl udes a 1x4 array of 200 m cron 6Sﬂuare pi xel s.
Phot odet ect ors 144 BNA enredingdlyciigrasebiom dhe fluorpecenirbagterivm di e 140 at

Ie"r’]‘glhu?egr g;)ioéu)tca%%bofyanas YateddPR BSWRAEHIRIEH CPRPY s@104I88eLGRLREsd 44
application JP 7222590, published August 22, 1985]. The reduced
flavin mononucleotide [FMNH,; luciferin] reacts with oxygen in the
presence of bacterial luciferase to produce an intermediate peroxy flavin.
This intermediate reacts with a long-chain aldehyde [tetradecanal] to

20 form the acid and the luciferase-bound hydroxy flavin in its excited state.
The excited luciferase-bound hydroxy flavin then emits light and
dissociates from the luciferase as the oxidized flavin mononucleotide
[FMN] and water. In vivo FMN is reduced again and recycled, and the
aldehyde is regenerated from the acid.

25 Flavin reductases have been cloned [see, e.g., U.S. Patent No.
5,484,723; see, SEQ ID No. 14 for a representative sequence ffom 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



the surface area for larger pixel elenents and about 50% for smaller pixel
el ements. In one enbodi nent, photodetectors 144 are silicon

phot odi odesWOHS2628nvert photons of |ight inpinging on thei r PSTAYSIZRIOBP nt o
10 a photocurrent. The quantum efficiency of this conversion is about 40%
at a wavel ength of 500-800 nm (i.e., a photocurrent of 40 electrons is
generated for each 100 photons of received |ight). Photodi odes 144 can

t hus convert | ow photon |levels into nmeasurable signals. The surface of
substrate 140 has a slight depression (e.g62t mcron) at each mcro- 15

| ocation 142 to help contain the fluid sanple applied to device 100.

Array 104 is formed on a relatively snmall die 140 (e.g, 2.4x2.4 nm to
al l ow for | ow ¢agin Bldeteel OTheFladRY reductale Jaitaly248 tht y8adisn of FMADeE
electronic circuitry of device 100 fornmed thereon (not shown in FIG

2), and the ouweichdsithetlueifersdireagtioni mpmbll"boﬁhuwglf;iuaiemse arththe0
connect to the _electronic CI U|tr orne on the die.

1 52 are bonde&e%f/cﬁls?earﬁdﬂa 'Bt F.'Sr'%@%ﬁg |fI 'gx?%sfﬂglle Elfr’é'?‘&'“
conductors of the %l@lhﬂﬁé@@éﬁt%'aﬁtlﬁﬁcKmﬁelf/PEsurdieethb‘lﬂa@t%rﬁhﬁwifdrﬁsé:lt&ins

3. Pads 152 include pads for clock input signal 1 16, data output signal

1 18, el ect Bi cavepsmeny tipes, @@wmngaczen%ﬁ]aooaﬂu@wal@sg as gieng chgirps

desired. In one i ment Iectronl ce 100 is an integrated
circuit devi cea*‘gag:gf‘ﬂea'tse%feﬁgp SHdSY %pr ocess well known to

those of skill in thhetblor of hght produ&'@@ byabi@RimMesekht @aeteY alsoeredults200
um in array 104 have a hi gher sensitivity to detect |ower

concent r at i ons figfmhe|ardsipdtign ehe biue-florggsegy) protein [BFP] in the
PCT/ US97/ 23089
smal ler pixel SlQHENpEsGence ',ea§8°ﬂh)Th‘SrPrgteémgr"@tcgr'snwunlogr”"é‘f?h 1R -8

ant i bodi es10aniLbe draaindl 9v8} Mﬁthouar @Enzynidlage LA1R226-234E Xk 4166 be
herei n, such that nor e phot.ons. of ght will be em.tted when a chenical

reacti on occur @ Qﬁdtqqebfr"‘é@ﬂébPW‘@!“PH%DFSJ%FBH“SVhé"@%?q epuse Reshyfician 5
be used to forug, &E) Jer matrix on a given die size to allow a greater
nunber of assays to e perfornmed sinmultaneously. The optimum pi xel

size for detecting ®.par tOttlekzslysmmsyte may be determ ned errpi rically.
The use of different-sized pi gglfﬂnts op device 100 has
advantages. First, |argepix '"8 ageliate higluminescence @easf%tang gretemes 10

requiring harger Senﬁ'oﬁhaﬂé a1l BiB1uRIcLEEnee belcuPd FTBRISHAIRS fefmdacd to
i ncrease the nunber of pixel elements in the matrix for anhal ytes having

| ower sensiti vistirddlonSecbinese drga‘r’aﬂeatarsmﬁpochntnbgs meuetowthplaprrdeﬂertrhene
t he optinum si ze, for a,pacticul.ar. anal mpi. 1 1 cal e
opt i mum oi 76 bEFNYARBIET IhectaiBnI DR ey g fageilads 11iferads 'and "
luciferin [with its binding protein], other cytoplasmic components being
somehow excluded. The dinofiagellate luciferin is a tetrapyrrole related
20 to chiorophyli:

30 or an analog thereof.
The luciferase is a 135 kD single chain protein that is active at pH

6.5, but inactive at pH 8 [see, g.g., Hastings (1981) Bioluminescence



15 Alternative arrangenents of array 104 wll|l be apparent to a

person of ordinary skill in the art. For exanple, array 104 can ]

i ncl ude subyengass7 of pixel elenents having different sPCFEISOHZI0BN
FIG 2), or an array having only a single pixel size (e.g., a 12x16
array of 50 m cron pixels). The size of each pixel (e.g., 50, 100, 200
mcrons in FIG 2) can be nodified 20 (e.g., a 400 mcron pixel can be
used). Also, the nunber of pixels in the array or sub-array (e.g.,
4x16, 2x8 or 1x16 in FIG 2) can be changegsto i nclude an nxm array or
sub-array having n rows and m colums, n and m bei ng i ntegers.

Furt her, shapes other than squares can be used for each pi xel el enent

(e.g., rectang il s e s 0 ie,d40 3 yfied to
acconmodat e the—d%mngegﬁé' erﬁ“um'ﬁégcen_g%heDn%ngﬁgféia%’a?/&foﬁ?gaeg#c gl? ?%%38?;' use of a
| arger di e maypp843380]t heudirsdsceht devivitg ddiDbe Altained in exdiracfstthadeyat

i ncl ude nore or fewer bondi ng pads 152, provided there are separate
pads for clockPHnplay shighag t e Ph fragatdh to & pihisspgpidissinisalgble and
Iealc%cUs'ggflzSSSSEEHWaﬁnﬂag{iBHQ.d Wil BhSinthbt scintillon\,/%gqglaﬁ_gzgcent-ﬂash
Referring t® Fb&surs3fand 108 niliee, Whichsistaekdigadow dfhile Haskriamieo. in dual
in-l1ine package (DIP) 154 with 40 pins or |eads 156. Four pins 156 are
dedi cated to cheldikionaghe kingtics ane depaadentar sliutiongag e anyg enzymatic

el ectrical powgra R AILWEOUAL (heferi e LOLAR 107k Rotl MG Hiddig 5

test signals. er mcrdel eétronic packages y al'so be use

pl asti c packagpstemlithat preeents feaoeivncoithechueiferinngfitivditgludiferasalr At pH
requi red conducgtors. .. Package 154 has a top |l ayer 158 having an
upper surface $6boWever, the dugiterimirrelaasechand fepafe upper vath thr engwae. and

a lower |aygr 166 10 having a f ) are
made of a zgn- condulcl:)t'i ve%(#g%%t?% @?S;g%r%&nﬁ%}éﬁﬂsgﬁmg?ﬁyer 166
forms a conduct Mudlugcsutatigpherito/de9 aadespeaciesabf YPhodam Bezl bicdutriire gremind
pin 1 56 of package., 154. . Upper syrface 160 of top |ayer 158 has a first
squar e ape??ﬁ‘?@sﬂgheolr“ Sﬁﬁﬁﬁ%ﬂ?? SRUGHYEnd conductor trace 174 forned
on 15 upper surface 160 surroungds aperture 172 and is electrically coupled
to ground by a 176 al so fornmed on upper surface 160 that
passes thrdbigh a c 2 C%’HB‘“ er perimeter of package 1 54,

and attaches to gr | ane 170. erture 172 reveal s a square

portion of mddle | 62 having a second square aperture 182 forned 20
t herein. The di nensi second aperture 182 are snaller than the

di rensions of first aperture 172 such that a portion of upper surface 164

of niddle bgyerndad Sedth SRHRJIIRNLAS .8P ShinktliAPE: 14 dély visible
Biochemistry 7:1734-1738; Shimomura et al. (1972) Proc. Natl. Acad.
Sci. U.S.A. 69:2086-2089]. In addition to a luciferase and luciferin the

reaction has a third component, a "purple protein". The reaction, which

can be initiated by an exogenous reducing agent is represented by the

25 following scheme:

luciferase
purple protein
LUCIFERIN + 20, + H,0+ XH, ——————— OXYLUCIFERIN + HCOOH + X + H,O + LIGHT.

XH, is a reducing agent.
Thus for practice herein, the reaction will require the purple protein

as well as a reducing agent.



portion of upper surface 164 has conductive pads 184 forned thereon

that electrically connect to pins 156 of package 154 via tra&gﬁ,@%%agS
partially sWo#263Hssi ng between |layers 1 58 and 162. Apertu .
reveal s a square portion of ground plane 170 that has die 140 attached
thereto by a suitable adhesive 186. Each bonding pad 152 of die 140 is
electrically connected to one conductive pad 184 by a bond wire 188.

WD 98/ 26277 PCT/ US97/ 23089
- 75- Bond wires 188 are coate®Pdith a material (e.q., epoxy)
inpervious to the fluid sanple to be anal yzed. The ot her conductive
conponents of package 154, except for pins 156, may al so be coated

with the material to prevent dEarelivororst aad omheMamlmsiidsl uid sarrpl e. Pins 5

1 56 of package 1 54 are not coated by the rra}erl such t?’ ins 1 56
wi Il rmake el ectricalEarshwerm spadiessush af fp/acsraa/erdsr Chaet Rﬁ?éﬂf and

when package 1 d GSSAY. the
fluid sanple t?ﬁ)ﬁ%}g’a Zeg&%l?m’olummesci 3 thrggtéﬂ?%i@p%?ggaé}h and 182

to the surface of die !D40 (and 10 mcro | ocations 142 formed thereon)
housed wi t hi%h pm 54. The O fluid sanple may be applied by

pi petting the fl /\n{ﬁ hﬁ t est wel | formed by apertures 172
and 182, or sinply by di ppl ng package 154 into a container (now shown)
filled with the sanpl e. The el ectrical conponents of device 100 are
protected fromthe sanple by the 15 materials of package 154 itself, or by
t he epoxy cgting. After the fluid sanple is applied, the remaining
conponents needed t org@Yssetidquires hy8Riddn perdxede in angitii t& Rbdiserfiranbied
to mcro-locations 142 are al so applied to the surface of die 140

t hrough apert urlesifeseandhedeciferage is a phetopretein. | i ght-emitting reactions
are then detected by phot &ﬁectors 20 144 as described belowin relation
to FIG 4. Ref &r 91‘6 V8"BPG 4, the phot odet ect or 144 of each

pi xel elenment in Théllié¥erd84/lidifdrikl e§sterpificth thei dloeeWorfig thattard00
associated therew th. Each photodetector 144 is preferab

|
phot odi ode thatfoyedeinaew Zenlsed caves, Augitalia and ghoseyFyngt ip r%ﬁ?&?”itﬁ'”

response to photon f. ng 25 on its surface. Each pixel
unit cell circui’t %68' Jﬁét eqgr afcgeléjétehl s'%g'lénsed signal and quantizes the

i ntegrated signal using delta-Magine ﬁé@cheate:wmm systentsechni ques Crcuit
200 includes five MOSFET transistors T[err T5 desi gnhat ed »)/ nuner al s
204- 212, each havi ngMarig Rolyehaatgayvomn Q'°l”m‘r§i9PE§etW?.Té‘Pg§ BlEPA an

arrow pointing {p.d QWIw}&ﬁx%ddéhégyﬂt)eruﬁ are also contemplated for use
20 herein.

f. South American railway beetle
The bioluminescence generating system from the South American
railway beetle is also intended for use herein.
| g. Fish

25 Of interest herein, are luciferases and bioluminescence generating
systems that generate red light. These include luciferases found in
species of Aristostomias, such as A. scintillans [see, e.q.,0'Day et al.
(1974) Vision Res. 14:545-550], Pachystomias, Malacosteus, such as
M. niger.
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term nal D, Vh#/32Base terninal (unlabel ed). Transistor T[er rJCHLS9%33089
gate G connected to a row enable input signal R err] designated 214, its
source S connected to power supply voltage VDD and its drain D

connected to source S of T2. Transistor T2 has its gate G connected to a 5
f eedback enabl e signal F[err] designated 216, its source S connected to
drain D of T[err], and its drain D connect&ﬁto source S of T3 at Node 3.
Transistor T3 has its gate G connected to a next row enabl ed signal Rerr]
designated 218, its source S connected to Node 3, and its drain D
connected to gate GAf TAHlaorescent Proféiescat hode of photodi ode 144 is 10

al so connected to Node 1, and jts a @g%ﬂl s .connected to ground.

Transistor T4 has its gat® G %emeiceﬂtt%'%@%ce S connect ed
to VDD, and its drai 0

Transi stor T[err] he@s Pfgeggfcg%%g%hnﬁgﬁgétlg OJJ(]%HJQT ?thgt?gg%@ﬁrce S
connected to Nbukiférasermd tlhiesAelqm/rea[ph@mparotmd mahemrpséncteblfﬂwl“ 2729 théb
The base of each i%ﬁnmsto %errl} T[_.eqé) IS C ct;d to VDD. Transistor
T2 uses aCo8 G'qzé”y% ugerpppy @ Ia thergp |t ght eap PerrPBYErEE a
slightiy small r Tlerr]
and L err] - TLerry 2 SLoghghEsr QYR hldiposemt %#ﬁets\w*‘"’ b AP 16 e

The current fl oma:t@n hergh fﬁkaeedemdprdiéms dsblujmhae@l beerrgdrifistD[sde)cl| udes

e oo oo o Prishst f AR5 dhend 1TS2BT2 5 hed s plpriod 1hoE) evc.,
conponent is thecewaﬁ@ﬁén Fﬁd:wmmgnbmopmboggx(gﬁ 3 MRIHSH @ng% on U.S.

phot odi ode 144 due to the |ight-emtting chem ca reaction,
optically dOuplaedhcainmmnSafertfb@at(D&/é 18, 6F7(8 dod ad. SorapbnaatlmalSangﬂ iNd.0o 25

t th h ' ' tu f f Cu d h
Node 1 towar i DESURE 20 5o N 26k Berein ot oiRed BAEI DGl oRRe diee BV
the nunber of pRRIRRZRS é@bﬂﬁfsﬂgtr%ﬂsfé}oéc%ﬂﬁé?s ldpps m‘?eélcé"id Vivetupon

di scharged rel atively quickl ]y when a | arge anmount of |ight Ts recel ved,

and rel ati vel yre¢eiving emengy from a lucrfwmﬂer@hylucéew@%nﬁedatate cheplen or

\Igg-r/gglssglz;goagga Ca?*-activated photoprotein. The chromophore is modified amino acid
15 residues within the polypeptide. The best characterized GFPs are those

of Aequorea and Renilla [see, e.g., Prasher et al. (1992) Gene 111:229-

233; Hart, et al. (1979)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
20 this protein in a composition containing the aequorin photoprotein
charged with coelenterazine and oxygen, can, in the presence of calcium,
result in the production of green light. Thus, it is contemplated that
GFPs may be included in the bioluminescence generating reactions that
employ the aequorin or Renilla luciferases or other suitable luciferase in
25 order to enhance or alter color of the resulting bioluminescence.
GFPs are activated by blue light to emit green light and thus may
be used in the absence of luciferase and in conjunction with an external
light source with novelty items, as described herein. Similarly, blue

fluorescent proteins (BFPs), such as from Vibrio fischeri, Vibrio harveyi or



-77- light is present, Node 1 is still discharged due to the | eakage

conponent of I[err]. The photocurrent conponent of I[err] can be
separ at ed fWOPsRERT7 | eakage current conponent by taking ghﬂy ?E%P&#%gs
when the |ight- emtting reactions are not occurring, taking test
readi ngs when the 5 reactions are taking place, and correcting the test
readi ngs using the dark readings (e.g, by subtracting the dark

readi ngs fromthe test readi ngs). The dark readi ngs may be taken
either before, after, or both before and -66- after, the actual test takes
pl ace. Referring back to FIG 1 for a nDnent, t he out put

currents flowng 10 fromoutput term nal 220, designated I[err], are the
col utm out put FHrgnebacterium pAdsphatewsnermay bée pisexeit dynjanatiog withtarpl exer
106 to formnul tipl exed out put signals 134 input to co arator 108.
Conpar at or 108 exégrnealight source PEPPP’%‘{”%edﬁﬁ‘é? &ﬁﬂméptgﬁ’@r enblelfghtsensed

signal is a cursgnlor 8Rtmple KBRENRER%9UA blELAUBH QntSldRah S A%, based

upon conpari so A signal and erence curre
Feedback cont r gleliewv-emiitting lum:ihoihe tgeneriate'’s Pheedblaek. Fhaitabiv!.185(2)t H2B-

form enabl e signal s err] (21 . based._ upon antlzed out put_signal s
138 and addPes£% b}%é%) 128, elfé% PU”fF@F'OQa%fhaBﬁS{%ﬁ Harenesitt prot BnPaL ed

guring the ti M, 0gidiofhinbecerdtFadigtibm PrordBatibriEh? BRBSphordifh " Mdidessed:

When address con circurt 1 resses the hext row o
el ements, causigmayRicds (Biolutdih) CGherbidumin.) 555226%23!4f(09718maand<ﬁastt e ahext

row enabl ed si gnal err al so rte r .the previqQus row
of pixel el emenep gRa[tmy aaazéygf gagence Profeiy 'iq"gd%%cta%'m@ [ferassown i n
the art. B|ocherﬁehwqg¥$ Hed. Adipthin. Ba@): Bl PRYTSL ddeHl asZdP
operates as fo ot ons I TpI NGIrAg on phot odi 6de 144 generat e
current |[a0r] refemences citedibterhiay (jpetsornd@deteﬂ int its emnretydbpeal’hragcerlname )
nunber of photons of. hoto ode' s quantu

CfTici ency” and Pretieunl GRPs: aafEERES br plfetaitd diSsshrt Rk anaten
i s addressed b%e&%@ﬁﬁtﬁ@ﬂétﬁbd§'ﬁr6Uided here:ri@@r {He Betedtiih 8€idfeatisds.

transistors T[err] and T[err] are enabled (i.e., becone WO 98/ 26277
PCT/ US97/ 23089 agents by binding an analyte to one or more anti ligand- GFl?g:onjugate(s)

conduct V). ' BReshPbEapr AL bl AR DRy 1.
produces 15 apprspiite WaQBRNgt®alcdudetihe fiidiedtent profine ed fivoeésde -
and the volt ag%vhereby the emitted fluorescence is detected by the photodiodoes in the
chip.
GFPs and/or BFPs or other such fluorescent proteins may be used
in conjunction with any of the chips or devices described herein. These
20 fluorescent proteins may also be used alone or in combination with
bioluminescence generating systems to produce an array of colors. They
may be used in combinations such that the color, for example, of the
emitted light may be altered to maximize the amount of light available for
detection by the photodiodes of the chip.
25 b. Phycobiliproteins
Phycobiliproteins are water soluble fluorescent proteins derived
from cyanobacteria and eukaryotic algae [see, e.g., Apt et al. (1995)
J. Mol. Biol. 238:79-96; Glazer (1982} Ann. Rev. Microbiol. 36:173-198;
and Fairchild et al. (1994} J. of Biol. Chem. 269:8686-8694). These




at Node 1. VT is the transistor threshold voltage (e.g., about 1 V). This
5 current flows through transistor T[err] as I[err]. After passing through
nul ti pl exer M@88262f2rr] is conpared to reference current 136 BT iﬁ%ﬁ” or
108, which includes a differential current anplifier. Quantized out put
signal 138 is reset to O by conparator 108 when [err]QUT is | ess than
reference current 136 and is set to 1 when I[err] is greater than reference

10 current 136. When I[err] is less than reference current 136
(i.e., quantized out put si gnal 138 =0)67feedback control circuit 1 12
di sabl es feedback signal 130 (i.e., Fen=0O to keep transistor T2 in a
non- conducti ng state. Thus, the voltage at Node 3 is not affected and
I[err] continugsotéingilssizabgen Nedd dbfludoesdban laidll i Xeeatsinoaksspises,
current 136 (i.e., quantized output - signal_ 138 = , feedback control
circuit 1 12 eriénginiex {38Bhdkoéil nalgg. Meth. 92:d-13Fdhe aroteinst have bgen

Tlerr] while T[.ert], | t il : errl. i t .

capaci tance (i .'g&,ak?‘%%n?n?*gﬁeﬁﬁggé'ﬁgc@éﬁfgg% A %]!?%tl)%ﬁé%’a-%;c‘i FHHES%P— t he
MOSFET transi st(Qoa4)droboteatB Aead/ Seit JU.STAe s :80BB- 688 Mo Lappt et @g9s)20

vol tage drop across Tlerr] or T[err] since these transistors are turned on
into ~ tHeirdl siob Ji0Ri493nd9fhp andriewnard et jabni 1B 8MbeBactariolext row
is : address%_ i - r . set . the. ne t he
capaci tance *‘ci(sﬁltjblilts %i%él 'ttﬁér#srlp Eér'?'ggﬁ? Oceq\lrgé-%r%u)apg angallléég?e[ ﬂgn\?’oﬁrage at
Node 1. Thus, tdi@ample, FeaRasie, ARCE Sart Cubhdics CARet to an initial charge
whenever I[err] transitions 25 above reference current 136. This charge
transfer is standar dnithese orgapismehethecapyerkiipratpinsuaiesarrangeddnwel | known
to those of ski j | £ S I : c ' ce
for a period ofé"{qér?@utégfs cglraueéttu Bees tern%d&%@ghérﬁglgl:g@sl\%@f%ﬁ?g&é‘%sf ?((E:)(l?é:eérlsEOWo
trip conparid@ orpighfents that ppatidipatecih photosyintieetic veaotidoms Bgratsaabiricevisible

fl owi ng t hrough, phot odi ode_ 144. WD 98/ 26277 . .
PCT/ US97/ 23089 light and transferring the derived energy to chlorophyli_vig_a direct

After being re(safﬁ_;%%gg%ﬁée i?%'é,ée‘ﬁﬁz?“glfé*ememg“ acitance at Node 1 is

agai n discharg ot odi o 4"at a rate dependent on the _
magni t ude of |[err] Twbi tlab$es of phyabbiliprateins aomknabov based eretiosir cotarent

136, at which ti Nod i s .,agai n recharged., Thus, de 1 is kept at
25 vol tage nddVRIRVININE G, ANdPheRsvRRug sk WHick Bate ePerieRonce
current 13G5 ThihdiBREA rRbximdBetiveah £OHRALAS PO &Q%rﬁ?ﬁéﬁﬁeéﬁfﬁ@%ﬁﬁ

current 136 exceeded (i.e., "conparator positive transitions")
proportional tBéhamotetdpectizelye Phacobnghfineesd phycecyanihstasdi ode 144.
As stated previ

ly. IDis th f th t | eak t 10
e corpent. audatgrdusnil SelbirRe kS nobRRd SRR BRI SL l Bha Be
posi tive transihbABme?¥ab WhRE bRE RfmbidrBlasabithdtvadtidpydrdlaeni tting

chromophores are covalently bound. Particular phycobiliproteins may

20 also contain a third y-subunit which often associated with (aB)s aggregate
proteins.

All phycobiliproteins contain phycothrombilin or phycoerythobilin
chromophores, and may also contain other bilins, such as phycourobilin,
cryptoviolin or a 697 nm bilin. The y-subunit is covalently bound with

25 phycourobilin, which results in the 495-500 nm absorbance peak of B-
and R-phycoerythrins. Thus, the spectral characteristics of
phycobiliproetins may be influenced by the combination of the different

chromophores, the subunit composition of the apo-phycobiliproteins



reaction, after the nunber is adjusted for the | eakage current flow ng
t hrough phot odi ode 144 by subtracting the dark readings. Qu j -
out put si g¥P 826387 55 stated above, are formatted into an %y@gﬁj@g%gal 15
data streamtransmitted to an external conputer as data output signals

118. Referring to FIG 5, the voltages at Nodes 1, 2 and 3
during - operation of device 100 are shown. The voltages at Nodes 1, 2
and 3 are designated by curves 222, 224 and 226, respectively. The
x-axis 20 represents time (nmsec), and theb§-axis represents voltage (V).
Vol t ages at nodes 1 and 3 are essentially equal during nost of the
downwar d sl opi ng portions of curves 222 and 226, differing as shown in
FIG 5. At and/be teé dotalodnvdachentythat {ffects, thet tegtisty sodppuadeovarposi ti ve
transition occurrin% at each |l arge spike in voltage at Node 3), the
vol tage at Nodryctuse gfdhe PTOLENEs initial val ue when Node 3 is set

to VDD. Then, Node Aaecjtescribgddébiﬁ}éﬁ{/&gﬁFbé’ |B‘F'P§]1£Z1\/c%bfsli?F@teﬂ?§)§FQia% on

t he amount of i ght ecte ot odi ode eep decreasing

sl ope on curveadRZateddy sisibierdight of thlecapptopdetd Avavealergtheand thes avay dey

I t of |ight, whil . dualy d i .
pﬁgf’gd?ggg”qélzuseé{% tha ablser(?céagbhggfe%rggq%%d |¥1 cr:er%[:ﬁgabrr\]%zstko nethCeCrHrthgﬁten

PCT/ US97/ 23089, : : o ; <20 :
; ; te the ph biliprotein bound to the chip'dt lpcations
relatively Ii t??uercgrton'(l)lum"é%te. &‘r’r\é%? ITerr cause& by t%eé% f?er ence

bet ween veerd axpbte]hasnbedarhdetedtedgenaparticatarl phycobilipaoteins onay be
ref erence current

13 wh th i [ i ddr, d i t el
very 005 reesovaiatly bound TepRg aranpie Bfitlaant Sesic don s Snioeted
circuit 200 irﬁﬁgﬂéaﬁﬁdtil sedtegdvith @rﬁrﬁlarﬁ egﬁmtedhadaeﬁ%ﬂh kY cause

continuing to rge Node 1, and tHhe age at Node I decreases as
shown by cl@®vethz2fluoidiseent peoteinsete fadsesce anddherfbrrescenceis measured by
causes the capacitance,at No 3tob eset .. VDD. Then, when the
next row is ad%ﬂgegl_g%ﬁ’d_(’?é%*? Pg?a%é‘% ag{fé?ffé’,caF'(?nb%ft the argéy) | ?Hé’_t%_har ge on
this capacit anggngis' &rél $ertStd fiNséMpueer proddeder ndldhalyART.es hétedd Ng the
vol tage at Node 1. The cycle repeats throughout the integration tinme

peri od. The exakavelthesamroteingsuay et weechimpembipation with gplaenflepresestt i ve

transitions that .occur rin he intearati i erio Sj a
out put si gnal R/PESINRFRG/Of H@gﬁ‘gﬁ?%%e'}%% g%h%@éé“@f?\fﬁingms t% E’%:Oodﬂrjpcut‘!‘:t éﬁ%rpﬂ;
corrects fp5 toEchRAKJYaoGHHoladY diffdreat corréasverrradithgs canftse dbtecredrinet ed

nunber of counts is proportional to the concentration of the anal yte
in the fluid stepplotodiodes of thepbiRrring to FIG 6, a system 300 for

et et 1) AeShans of BAPLISITGrO S L Ak SOBRLR H3AG fp ko
conput er 304, @gl, ed UdsvPatentWNos.ahd 130 682; 4,767,206; 4,774,189 and
4,867,908). Therefore, phycobiliproteins may be coupled to
20 microcarriers coupled to one or more components of the bioluminescent
reaction, preferably a luciferase, to convert the wavelength of the light
generated from the bioluminescent reaction. Microcarriers coupled to
one or more phycobiliproteins may be used when linked to the anti-ligand
or to any of the chips used in the methods herein.
25 C. Design, fabrication, and use of chips
Chips for use as diagnostic devices are provided herein. The chips
can be nonself-addressable or self-addressable and are typically in the

form of an array, such as a 96-member or higher density array or any of

those described herein.



20 output device 308. System 300 fornms a test instrument. Board incl udes
a zero-insertion force (ZIF) socket (not shown) for receiving device
housed i n pRXQA§R62I%4, after it has been dipped into the flui | E%SBI'”%M?%
be anal yzed and then exposed to the renai ni ng conponents of the |ight-
emtting chemcal reactions. Board 302 also includes an oscillator circuit
25 310 for generating clock input signal 116, and an AC-DC power supply
312 for receiving AC power froman external AC power supply 314 and

for generating DC el ectrical power signal 88-therefrom An RS-232

serial data cable 31 6 carries serial data output signals 1 1 8 from board

302 to conputer 304. WO 98/ 26277
PCT/ US97/ 23089 1. Nonself-addressable chips -81 -
Comput er 304 i ncl udes pr OCESSI ng circuit 318, a nenory circuit 320,

and a serial int erfaB@f%r”anuiot Fi§221, prrwwéf-agdwﬁemet"@qrgelmrqmesdea"ce
|
cont ol P occssiBh Wl sl ShodB FHRLPASTIA B TSRO AR 0L

recel ves 1 nput tra smts

signal s 326 to pidlgminsirience inbRidesaar AGdredsecbatrel curcamuu&(m@hosbom)ctor
Menory circuit 320 includes three nenory areas 328-332 |n§ éd
vol ati [ e andBnoAtrayl K44 an @@iﬂ@m%ﬁ{ﬁx}? Q% 3LeMRHALY 14 @d'quar(gnce

program execut eggw.tp{meﬁéé&&aw &y ro%ﬁca&% ’ff'%)nfd' e A5G xaﬁtra%ﬁcmt

data (e.g., calrbration’and e tes dat nee duri

execution. Optiqnal. addesss ameaoBalacemor@z radﬂelaealayuechﬁppuse@rhy 116 from
processing circuit 318 to identify the particul ar anal_ﬁyte bein te ted for
at each mcro-| éBaﬂ’itBFPai@ECilﬁt%'rW QGEPUW%ﬂ"PhE"%'ﬁ 4 geps ata

processing ci T cllipAIgoHRE PPaP OBNRETRID dhd ﬂ?&aéé’e%ﬁdér%rﬁ?&fwr@mo

in the fluid sanpl’e by~corre atlngt celved data output signals 118 to
15 the analigt eanddiE22 ifbr egteivingheeorjral rodvénage ngpoand, mﬂqmmwsi;gnfabm ag6

to identify the detected analytes on ut devic 8. m)r ea
332 storeseét%a?bpawcfu.sgumﬁg&ray et By DIBE s S i dqe to

accumul ate the geim%@aﬁr %'éuéaﬁ.ctalf %aahgbaaﬁsferocﬁaﬁauwsaﬁaueﬂmre@éta

during the integration tinme period he nunber of conparator positive 20
transitions receutmat signalsgl 1 8i pOpafl ‘bZiOJ snirgtouadi 'l/%ZOf t he anmount of

l'i ght recei ved et ect o at eaq

| nput devi ce- 3061 noPHRESs BERYEkairgRy. | Q2itEsBlvasrosk iR SoRaT 118 apgl,
screen, or ggot B@hefdi@é‘tad@‘?é!éé?@l fn@ls aﬁrms%tésngzmpzs irf reiptrse3itfereto WISiIGH
to control operation of system 300. Input signals 324 from device 25 306

al | ow t he user seque@malmgdgte@s gachy pfm@l@ngpt ypthiatareay d04syEeempixel
300, input anal %Eemgalphggtaarov{/nnd a%o t?nsxhraeéjdresg%gs?gl' ﬂséd%“ é)aecfregg’thgnd

pixel. Address control circuit 102 sequentially addresses each row of
pixel elements within array 104 using row address signals asserted on
20 bus 124. For each row, address control circuit 102 generates address
signals on bus 126 that are used as select signals by analog multiplexer
106, and also generates address signals on bus 128 that are used by
feedback control circuit 112 to generate feedback signals for the pixel
elements as described below. Address control circuit 102 generates
25 binary address signals decoded into individual row and column address
enable signals by one or more address decode circuits located in address
control circuit 102, array 104, multiplexer 106 and/or feedback control
circuit 112. The addressing of an array in electronic circuits is well

known to those of ordinary skill in the art.



| nput any ot her data or conmmands needed by processing circuit 318 to
detect and identify analytes in the fluid sanple being analyzed }3
si gnal s 324W@88262%0 be used to configure computer 304 to reé’&T§JS9723°89VD

98/ 26277 PCT/ US97/ 23089

- 82- particul ar device 100 having a predeterm ned arrangenent of
array 104. Qut put device 308 may include an el ectronic display for

di spl ayi ng t he presence and/ or concentration of analytes in the fluid
sanpl e bei ng anal yzed in response to-@0tput signals 326. Qutput device
308 may also 5 include a printer for displaying such data. In
one enbodi nent, the user enters a desired integration tine period into

conputer 304 using iapadt 108veeeiva6roveizeldeesd Bighlag 124t 6 addresshsdntrol
exanpl e, the user may input a Berl od of 10 seconds for 12-bit

resol ution, or cGCWn‘lﬂ%QDddﬁed agk signale|13Q Fem Terdhack CPh’@_ﬁ' gispuitek! 2.he
"nto a cont al NERCHGIEITRDY ThENEY 174 filbEs Wihofdbieciet MEEIREREEC S 1

the |ight-en t bhatbrsLBEliGRN froa@ ¢heraldas reacticry e plibdlly woupldw tdlthe socket
on board 302. vice 100 will then start to transmt franes of data over

cabl e 316 tb cphptadategtyr. Bagad pnatﬁ@senew.@e@rtav&e&mnq@ae%enal@g 15

Pr ocesai ng. i 1 B Puthg) tenefy ToRaneS mcE TSk o bRmaRibier 10 or

data frame. Ongeray f 0aNEses! v sa,ddpé@s:emammwwaad&hs&aw felvadfesixehe
data received in each frane with mcro- Iocatlons 142 in arrg’y 104 (based

upon t he knownelgremngesas foedbaciagignals 139nwhentrejferraing: adefarsiamazo
data si 9“?" S 1é§al§§r{oeh t%g (Mé)h?SR\?&sEBr%R éé?:?\aﬁxgpeﬂe%emas descnbed

accunul ating t rrpar positive transitions respecti

| ocations 10 dBévacand gehle%teardcﬂurrﬁﬁautp'ﬂtemgmasﬂ 32 qhst areaam:cmd i €tk
for the duration of .the desired integration tinme period. After the
i ntegration peflplda-sigmadivi} 6PBVeH@Ressing circuit 318 corrects the 25

[ hiegrated data to ANIE indfblexP 100030 sBHFSLiGhRIOYEE RSBt O S

144 based upon dark rea revi ous tak y Insertin
package 1 54 i oblunwoatdp3Dignefsof 82sindw muigptened amdibgesutpuit signasdiddons) .

At this point, the correcited data in each location of a 332 is,rel ated
to the presenc§°8?p"i’ﬁé°’aﬁé§ﬁ°é§p?rﬁst'F\"é'?tl'é]ﬁ §é‘ﬁ'b‘1’%s'l9é‘aiﬁﬁ¥‘g'sﬁ°eﬂ refprence

15 signal 136 (e.g., a reference current) generated by reference circuit 110
and, based upon the results of the comparison, generates quantized
output signals 138. Quantized output signais 138 and address signals
128 are used by feedback control circuit 112 to generate feedback
signals 130 that are applied to array 104 as described below. Quantized

20 output signals 138, that are indicative of the photons of light detected at
each element in array 104, are also used by output control circuit 114 to
generate data output signals 118.

In one embodiment, output control circuit 114 formats quantized
output signals 138 into an RS-232 serial data stream indicative of the

25 light detected at each pixel element in array 104. To allow an external
instrument or computer to correlate the received RS-232 serial data
stream with specific pixel elements in array 104, output control circuit
114 transmits the serial data stream in frames separated by a

synchronization signal (sync). Each frame contains an output data signal
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- 83- Processing circuit 318 then generates output signals 326 that,
when AP837T 0 out put devi ce 308, causes output devi cePSHEYERMSpl ay
t he corrected data. This corrected data is related to the presence
and/ or concentration of each anal yte being tested for by relationships

5 determned enpirically using known concentrati ons of anal ytes.

I n anot her enbodi nent, the optional anal yte map has been pre-

programmed in menory area 330 with the idekitsities of the anal ytes being
tested for at each mcro-location 142 in array 104 before the test is
started (possibly by using input device 306). Then, instead of sinply 10

out putting thfocentieqiirel elairmentin atiaph O, @hdothepsyndleigrit iSQB, arbitrary
processing circuit 318 perfornms the additional step of correlating the
| ocations in ¥alue B §ui sibvitehayingp woegfideaimal 285) wsedap a eontdehtify
t he anal ytes, : i I 2 i ti at_an tes
the corrected® AQ?Q%%@E%{@&E%& of ém:%l %a%eﬁaé‘%(jt ﬁgg ée{r%(r)ﬁ%\n%?{?pg% e data

stored i n nemyaitafeatiB8ync sigriglUeldes coirekfing thelpdceivedifearhe Wiataftot the

presence of each analyte in the . fluid sanmpl e being anal yzed. The

t hreshol d &at aPpEepiaienPixghelpmenigyn array &k AdeinadyelyriotdBUbgoBti®l ri cal
testing using u4 ] : . Qi ' of
the anal yte, _sreuls,! L4 BABHLTEaAs in e RN B4 oRAB HEE A e

readi ngs. Propésdisigments.uiX paidie! lkana ¢omgpfcescan aldohibe Gedect ed data to
the threshold data (or the uncorrected data to the,  dark readi ngs when
of fsets are used) tAs Mdl despme appParerdfap e descriptionybela: armavt K841 | ui d

T ot g BRalLYee ixdh 8iotbnts Bad 1A% ORI imicro-SRARLALSH 7R, | !

t he anal ytes present 'in l'e ar I'spl aye o] rinted. This
enbodi nentlOnagusdiase ofntteusemidondustoonbubsratenabyd dor devicsrpODO Badlow

processing circuit 318t ider};tifﬁ t he anal yt es whose Oqé)r_esence in the
sanpl e fluid Eerpeptincydes a photodeteqtgr dof fecelyjparhotomnsset light emitied dat a

o ven DT 8 BnEcl achil SRR ARG iMBIbERGon
PCT/ US97/ 2308@nd for converting the received photons into an electric 8#4arge. Each
element also includes a pixel unit cell circuit with a capacitance circuit for
15 integrating the electric charge. The integrated charge is quantized using
delta-sigma A/D conversion techniques, and the digitized signal is
multiplexed into a serial data output stream interfaced to an external
computer. The computer executes a control program to integrate the
delta-sigma digital signal for a desired integration period ranging from
20 seconds to hours depending on the desired resolution. In one
embodiment, the delta-sigma A/D conversion is clocked for a 56 Kbaud
interface to achieve 12-bit resolution in an integration period of about 10
seconds, and 16-bit resolution in a time period of about 3 minutes.
Referring to FIG. 2, device 100 includes a semiconductor substrate
25 or die 140 having array 104 defined on a surface thereof. Array 104
includes an array of micro-locations 142, and an independent
photodetector 144 optically coupled to each micro-location. (Only the

left-most micro-location 142 and photodetector 144 in each row are

labeled in FIG. 2 for clarity.) Array 104 includes three sub-arrays 146,



rel ati onshi ps between the corrected data and the concentrations of the

anal ytes being tested for. Methods for determ ning such equations, :
curves or twblosgszife wel |l known in the art, and can include EGRPE?08?
curve-fitting techni ques. Processing circuit 318 uses the corrected data 5
as input data for the equations, curves or tables to determ ne the
concentration of each analyte in the sanple. Qutput signals 326 are
generated so that the concentration of anal ytes present in the sanple are
di spl ayed or printed. This enbodi ment nay-2Z8ai n i nclude the anal yte

map to allow processing circuit 318 to identify the anal ytes whose 10

concentration in the sanple fluid was determ ned. System 300
provi des a kit14gefnd 150 h&ViRhURtdd different &iZdd0of Mk®-locatioR¥ STEZN ISkl r es
the user to directly handl e package 154, which may result in

mechani cal damagaytit®imdudese 4x1&lastay of B& inicransssivarg ixels, sghrargey t o

circuit 100. Tg,gvoi he need for di t .handling by. the user,, 15 devyice
100 nay be _rmuﬁf‘gdnﬁﬂ"dg?s(ﬁ?ﬁ s%(ﬁ?%#eé@@'%?ﬁ Pqﬂglfré‘xﬁgtﬁ SUb'arEE%%bl n
FIG 7. DevicejnbQtidey BIRbfaheP206 3aRAoh BqeRréBixe!s) Photodefttbaga 4454,
or may alternatively be packaged in another style of m croel ectronic

package 4025( earg locatédadl @ porivn of dhersurfcaplidieed40rat each pyaratiogzdion

Vari et f t ' Kk I i he 2 t

402 i s adner cd! 8 oTE SSFHEN RRS SREBWANOIOeRRIR 1A% Meldies abSiRgp T B e°
needs to handl g,eagfrdcd Hea 356144666 pR@ eltfEntPaldRBbet 50% fRREAIRerdiPiZel
directly. Package 402 includes | eads or pins 156 that are

electrically elemagsplladon® embasiment, phetodeteetasd et Braasticen0 for the

0k L"B0L 2034k AL r A1 o BV Bl RIS L

hi gh-vol umgo  a praRBLUGBKt.OMhe dlidaeesn biiSehcd difathis ebeeérsicrald wbeau@iosd to
a cabl e 404 that attaches to a connector 406, which attaches to a

mati ng connect &t agMavelength@f50Q-80Rshmulient agthateryireat of A elesitans ifrs of

package 402, tr . . .
PCT/ U897123089938§'$ated for eYA\Qn gl%(?QEZZOns of received light). Pho'g%cggdes 144 cap

6- 122 and t he sud aceverlt IbaaphotiDienvets pitotraeasutrableosignhes. f Mhiedsurface sdnpl e
to be analyzed with an egoxy coat | n% 408. Coating_ 408 is, not .applied
over apert ur esSulystrated1480as a §ight Agrression deSend Miqip@ ahgprh micro- 5ng

h o ¢ . Nl : lied
the remi n8g RRUBBASTAS BlndRedrtahl pRITIL BAmpRAGHARPHS Belite S0BRP I ©

to device Al 't ernat are conposed of
three |l ayers [see, Array 804¢.is fBrmademn &-reldtivelfisendlodieo0dgay., fhARR.4 he
over section Prim)e%:gllow for low-cost production of device 100. Die 140 also has
the electronic circuitry of device 100 formed thereon (not shown in FIG.
2), and the outer perimeter of die 140 includes bonding pads 152 that
20 connect to the electronic circuitry via traces formed on the die. Pads
152 are bonded by wire bonds or other conductors to external leads or
conductors of the microelectronic package for die 140 as shown in FIG.
3. Pads 152 include pads for clock input signal 116, data output signal
118, electrical power 120, ground 122, and various test signals as
25 desired. In one embodiment, microelectronic device 100 is an integrated
circuit device fabricated using a standard CMOS process well known to
those of skill in the art.
The larger pixels elements (e.g., 200 um) in array 104 have a

higher sensitivity to detect lower concentrations of analytes than the



wel | and incorporates a sem conductor |ayer, a photodi ode at the bottom
of each well and an anode el ectrode, i.e., netal wire surrou Cin?ggﬁﬁﬁg&lo
wel | . The nW@cﬁsgﬁ?"dyer fits into grooves in the bottom | ayer Z '
conposed of a reflective netal layer, an insulating |ayer, preferably
derivatized plastic or silicon, such as MYLAR (oriented pol yethyl ene
terephthalate is coomercially available fromthe E.|. du Pont de Nenours
& Co., Inc.) to which the specific antibody_or ligand for each well is 15
attached [e. g, antibodies attached to MYLA 3-see Fi gure 10]. The top

cap layer fornms the renaining upper portion of each well and al so
contains the cathode el ectrode. Analytes or reactants may be

transported w smaHeopixghetgmertd £.0y $0 e sisice 2Igeeateo phunkeei ef byceptor

| ying direct.current b i.ng th ity of th t, 20
S o Phe LB dan Bh SRt et rar soPtateibag, pe Skpjained
Wien used, thenghiip, i‘»@cl:l'?@ﬁ'étaﬁ{cﬁ?é pMdtBng O?Q@tgnlﬂﬂge%ﬂ&%@ when é%ﬂ&ﬂue?ﬂ y.

Buffer or other suitable conpositions is added to each well, until the
| evel is aboveradutionaoteure giotiet tespectie rolorp-losatitren Thensealled pixels cant h a

conposi ti onscopt ai _ni luciferin o referably.a luciferase, 25

conj ugat ed l'B.r Qﬁé’é&doq% &r%ﬁﬁ%erlrpﬁf{gag @ gh"%ﬁl%ﬁ‘&? t8r§£ﬂWi%g%ﬁ?t?r

bi ndi ng porti oRuiibRl ¥Ffasdhyd tBl b peiformel SHtdieduRNE. THaCoBLRY Bies or
portions thereof are each specific for the antigens of interest. The
remai ni ng conp¥ieries detecting bipArticllssanaivte yayebadetesrsipstesmairizally.
%dgg/ gg%;he ‘Hn‘é %s'esofaéllffaecrgﬁgs}z%dapi I"&lementson tdg(n%légli]OB hvgsr{awgar ness

PCT/ US97/ 23089dvantages. First, larger pixel elements can be used to déibet analytes
[see, e.g., see Figure 11, bottonj. Light produced is contained wthin

each wel | Hd fegauirngdareer spnshivifierondilieosrmallec pixel elements ban benussd to

each well. The r Cid.V f Wi C he signal . The, detected
ranal 15 el serts el BuBiter¥iohiel LIRS el Bt om el EebBrId
above and the loovgruserisitiviciesi fSecorid)edifierent Sidevlan BodiskHaD 1KeIpRIc¥Fmine
the specific infectious agent detected on an acconpanyi ng nonitor or

printout [see,the %Pt,i"ﬁ”_@@l”@ fay)a particular analyte by empiriealdestisabméti fhes
The sel f-addr egsall 6, %Eepéeibg"@sfeoef& ?iﬂe‘?%‘?ﬁo&@ﬁéﬁ% A5 ?el gy, 10 matrix,
a netdl layer an a n

an insulating a layer, 0 whiC achrme |"ayer and

a perneatith | ayer Ahterredtivexatrangbmerhs pfadrsay 1102 wdlebedppB2eh0teS person
that will detect epitted Matrix material s

li.ght . ) I
Any matrix or hPiigy B‘é’l':éﬁﬁ}@ﬁ& dOT £XAMRIEy zi’_t”@yfa?)94f%ﬂl’19&‘#‘i’?1ﬁuﬁl‘sa"@‘i‘%
devi ces provi dgdpR@l 8ldmerdtithaHR diffefe Mz (RS M RE5C2), or an array having

only a single pixel size (e.g., a 12x16 array of 50 micron pixels). The

size of each pixel (e.g., 50, 100, 200 microns in FIG. 2) can be modified
20 (e.g., a 400 micron pixel can be used). Also, the number of pixels in the
array or sub-array (e.g., 4x16, 2x8 or 1x16 in FIG. 2) can be changed to
include an nxm array or sub-array having n rows and m columns, n and
m being integers. Further, shapes other than squares can be used for
each pixel element (e.g., rectangles or circles). The size of die 140 can
25 be modified to accommodate the different arrangements of array 104,
although use of a larger die may increase the cost of device 100. Also,
die 140 may include more or fewer bonding pads 152, provided there are
separate pads for clock input signal 116, data output signals 118,

electrical power 120 and ground 122 (FIG. 1).



nonbi ol ogi cal, organic, inorganic, or a conbination of any of these,
existing as particles, strands, precipitates, gels, sheets, tubin 87 -
spheres, WO 982627di ners, capillaries, pads, slices, filns, 5F3‘("§ 23087 des,

etc. The substrate may have any conveni ent shape such as a disc,
square, 20 sphere, and a circle. The substrate and its surface preferably
formarigid support on which to carry out the reactions described
herein. The substrate and its surface should al so be chosen to provide
appropriate | i ght - absor bi ng charact er-i74ti cs. For instance, the
substrate may be a pol ymeri zed Langnuir Bl odgett film functionalized

glass, Si, G, GAs, 25 GaP, Sigerr], SiNerr], nodified silicon, or any
one of a wide vari etﬁéfeifnng to FRSS YERInY SAG Mie9 400kl padieigedf Wininel seteenie,
(poly)vinylidenedifluoride, or conbi nations thereof. OQther substrate
materials wil| doel relideipackppar®t) 154 with 4Gipirs of leads 156n Fowr pins 156

Light of the di SCldse(alca eQ E)eélgck li:)rl’l’pe esnltghgi 116, da@o%%gpg@%glf 118,

PCT/ US97/ 23089 @€

preferred are giddtfidaPpéwer A2 atﬁiegrddhd he 2, atrhecahieo pind 166caRelised forc
chip devi ces. : Fabri cati on Procedures

i "M cr obi t megragnyls 50ther mncroelﬂc@mfamm&agpatr@ﬁv al§spbe imEdepuch as

Publ i cati on Nos 12808 9 79 ri

microlithogr apl?k??tﬁ:r pﬁﬁ%?%ﬁfﬁ P?\‘()‘B?&fﬂﬂf% or fe“/e?ecé)h? %gé'gsé t %ﬁfoqﬁg%%efoﬂged f or
the fabricati Olﬂe@u,ré@%oﬁg%{&g "chi p" type device that has a | arge
nunber of small mcro-locations. Wile the fabrication of devices does
not require conpl ex Wﬁ@ﬁll%@lﬂaﬁwp layer 1158 §@N§tﬁ ABrHrfer uregagen ! §0afd

t he requirenent t L.ONI C [ t ueous
sol utions does ™ p Ea/&rellbefkawﬁ ar‘ij%%p%? surfaé:e ?& ERH @Fot\b&eia\(le'rnl_ﬁ@

re%speli 3

m cro-| ocayigon h@%ﬁ?@nﬁm durfddeg U68. 1lé]ay1§rsV¢5®5hﬂi2862 are matdléatf ecannbe
fabricated using r npl e mask deS|gn and standard, 15

t |
m crol ithogr apW@W@glNlﬁYdiﬂéﬁ”fG@ﬂa &Erymiq) RNG, lowiex [aysr (LR forpea o
woul d be a 1 t%' éd‘&%‘ﬁb‘ :@%ﬁﬁdsﬁgﬁél Cknkle‘&?ﬂﬁ%@ lredatocﬂié)grou in 156

approxi matel y m i ess con chip |s
overcoated W t vfpakkage?] B4 |Upddri sulefacd n6®rloﬁtmp<lai,er(ﬁ$1m|srq fxrsnmumi on

coat, which is applied b | asna enhanced chenical va osition 20
(PEGYD) aperturg i foigesc Rhoains A B9 dCOngNEion HACR 74 TOTRPa T,
el ements, upper st}?fEc%d'l 9535?11' duids %@fthﬂﬁ@'?@oér?d %dele‘&rtﬁcélmcoupled to
sem condutor | ayer coup ed through optical paths, such as by

wavegui des or cgrbendrte,aasgrou:)d trace IA6 dshéprmpdlwahpp&r hgrf@r:et‘rﬁodhap. I n
preferred enbo%largggé throuhg% a cut 180 formed in the outer perimeter of package 154,
and attaches to ground plane 170. Aperture 172 reveals a square
portion of middle layer 162 having a second square aperture 182 formed
20 therein. The dimensions of second aperture 182 are smaller than the
dimensions of first aperture 172 such that a portion of upper surface 164
of middle layer 162 is visible from the top of package 154. The visible
portion of upper surface 164 has conductive pads 184 formed thereon
that electrically connect to pins 156 of package 154 via traces (only
25 partially shown) passing between layers 1568 and 162. Aperture 182
reveals a square portion of ground plane 170 that has die 140 attached
thereto by a suitable adhesive 186. Each bonding pad 152 of die 140 is

electrically connected to one conductive pad 184 by a bond wire 188.



25 detector elenent is conprised of a linear array of photodi odes with an
approxi mate resolution of 1-5 mcrons, preferably 1-2 mcrons. Using a -
det ector | S¥@®8A62A7th the chip, identification of a target iﬁca"qség’?“g%npl.e
may be achieved at the site of the attachnment of the biological nolecule

or anti-ligand. WO 98/ 26277

PCT/ US97/ 23089 - 88-

In the next step, a 0.2 to 0.5 [err]mnetal layer (e.g., alumnum is
deposited by vacuum evaporation. In additi-g®-to al um num suitable

metals for circuitry include gold, silver, tin, copper, platinum

pal I adi um carbon, and various netal combinations. Special techniques
for ensuring 5 propehdadies PBS tafe IddRtéd Wititd ﬁﬁtéﬁ@%t@l,%#ﬂ%ﬁr! al's
(Sigerr]) are used with different netals. he chip i s next

over coat ed wi t lmpepasus itoghpbiidrsasmple toShe @nelyzed. Thetathepesndustive3s0
J), masked (light fiel ith,the cipcuitr at t.ern, exposed an

devel oped. ThegBmﬁod?&q%tﬂ\%Rafﬁgfeﬁé‘t efcgeﬁft.e v@gsnlaﬁ_% R %ﬁgo%ﬁ%g&d’
alum num i s et ghad teeaNatefiaeté ppéwdnt Sir@ddcbSta2@ Wit TRY §flid sample€apinag t he
alumnumcircuitry pattern on the chip. This includes an out si de

peri neter ob b8l otpackage Jhdsare het eoatrst by thegnatarial spchwihagpins 156 and

the center array,of mcro-electrodes t.hatserve as the underlying bas

for the adaresidbfaaft Bl fRECEIBRET Witk ShebHRRR IR HRLERRE | <
overcoated fir giheM pAcRade 3 540isCrehdMHer &by . | ayer of SidJerr], and then
wth a 0.1to 0.2 mcron layer of silicon nitride (Si[err]Nerr]). The

chip is then cover edVhenpestayming @mnpassar, dbiesiiuidrgasrele foobe analyzeaebiscont act

Phot osol ubi || £8P JE KBtoydt” BRORE: 1 ZRATE oty s YSLRRE L e, fpderg

| ayers are180 nftehRstatdnst P42XpaRedithersd MNhOuBd WHIAE lpaekdgeaBld. The
m cr o- el ectrodes, The surrounding island resist is then renoved, the
connective wirfiHi sampleEgebs arplieddhy Rirethagsthentividneample inte|thettesties

remai ns insula t | | ] | £ S The
SiJerr] and SIB\%Q\L 2§/eedr gypérb%\@cfg)giﬁfp%raﬁgnfé%r %S["f’%"gﬁ/?ﬁa‘?‘ﬁ@ %%ckage
functi oni ng of 16keinde\d centdimersinow BaosatiofiledSindtietiid shmpde. Netse BRidtdcal

contact and inproved sealing with the alumnumcircuitry. It is also
possi bl e to usBorRanantgafefevire 100 prsspraiestathiroseihe spmrje et s

D open 5 6 bhbtodt TS B AL SR R 8 1l
is used sample is applied, the remaining components needed to cause light-
emitting reactions optically coupled to micro-locations 142 are also
applied to the surface of die 140 through apertures 172 and 182. The
resuiting light-emitting reactions are then detected by photodetectors
20 144 as described below in relation to FIG. 4.
Referring to FIG. 4, the photodetector 144 of each pixel element in
array 104 includes a pixel unit cell circuit 200 associated therewith.
Each photodetector 144 is preferably a photodiode that generates sensed
signals (i.e., photocurrents) in response to photons of light 202 impinging
25 on its surface. Each pixel unit cell circuit 200 integrates this sensed
signal and quantizes the integrated signal using delta-sigma A/D
conversion techniques. Circuit 200 includes five MOSFET transistors T,-
T designated by numerals 204-212, each having a gate terminal G, a

source terminal S (with an arrow pointing in toward the oxide layer), a
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because it WAIBROEN | ess reactivity with the subsequent reagg?ffréusay&m?o .
nodi fy the micro-electrode surfaces for the attachnment of specific

bi nding entities. At this point the mcro-electrode |ocations on
the device are 5 nodified with a specialized perneation and attachnent

| ayer, which is a crucial element required for the active functioning

of the device. The objective is to cré-e on the micro-el ectrode an

I nt ermedi ate perneation | ayer with selective diffusion properties and

an attachnent surface |ayer with optinmal binding properties. The

attachment | ayefrapheithiingr Bf arald ¥add tetmainal {unlabaRider rraheisté Thrias its
functionalized | ocations per square mcron ([err]nferr]) for

t he
opti mal attachrgate Giospected to bireay egable inpUd signalRatdesignatad ¥4, its

i fic bindi tidi t, ,not ' t t
percent ¢ he undBHFS sueRiasEt Booo L SERBly PhireBs e dd B8 el BOna °
devi ce requiregonpigRtéd 86 iso@fcd S 5%1’%.0 T25fgisedr ThhasdtsighteTBt@dnmictetire-a 15

el ectrode surface to remain accessible to solvent (Herr]Q nolecules, and
to " al | dw tfredbiack epble ggnabbatdasignated(216, its|gauses © apanestedrto ) and

| ectrolysi . . Th
i or ol at o paVAISED: GhT o 4R B P GO tiE pe] s S ¥ o ot Node 3. TN

Addi tional ly, thanpigtsed] has itsayete Shesnrkdiadeosa pexe rownenalied sigroaleRy,y
thatinhibits or inpedes the |arger binding entities, reactants, and

anal ytes from tesignatedcdhBaids saHee Sheonnagteddeiede fe ang F‘ﬁég?'nTPe
permeation | ayef lﬁ%?;g%ﬁl %gegé'ﬁ%f‘% ?‘? Tm&rﬁbglaelc.t HRdC AHOERCS PRy RIdRGLd Y44 is

di stinct from t17&' | '&yer of thHe mcro-location
In terns of{g helgs coRhEctRYte dlddent] and its Shsdeléscgnnatteah grourkh
el ectrolysis reactions required for electrogaoreti transport tg occur .o

n
i cr o- el ect r odeITa0FELR% T+ BaE it/ 8P Caeresded  tociPaR He tit aPUISE B GANNEGed
the bi ndi ng entijty/es, .dLREIAASD %ﬂ%XBes%urce S of T, at NeiaPpef erred

procedure for the Wirivatization o nmetal mcro- el ectrode surface
uses am nopr opyTransisttoXy haslitngateA@)onmiR3eddacks (214), it9\Gou8ee§277
PCT/ US97/ 23089 connected to Node 2, and its drain D connected to output terminal 220.

15 The base of each transistor T,-T; is connected to V5. Transistor T, uses
a second layer of polysilicon for its gate G to allow for a slightly smaller
spacing between transistors, while transistors T, and T;-T; use only a
first layer of polysilicon.

| The current flowing through photodiode 144, designated |,

20 includes two components. The first component is a leakage current
flowing through photodiode 144, that has a constant value. The second
component is the current flow caused by photons 202 impinging on
photodiode 144 due to the light-emitting chemical reaction, if any,
optically coupled to the respective micro-location 142, taking into

25 account the photodiode’s quantum efficiency. Current |, dischérges
Node 1 toward ground at a rate depending on the leakage current and
the number of photons impinging on photodiode 144. Node 1 will be
discharged relatively quickly when a large amount of light is received,

and relatively slowly when little or no light is present. Even when no



- 90- readily with the oxide and/or hydroxyl groups on netal and
silicon surfaces. APS provides a conbined perneation layer a :
attachment WO963Ver  with prinary anine groups for the subs%ﬁ:[(gﬁ?mm”
coval ent coupling of binding entities. In ternms of surface binding
sites, APS produces a 5 relatively high |level of functionalization (i.e.,
a | arge nunber of primry am ne groups) on slightly oxidized al um num
surfaces, an internedi ate | evel of functionalization on SiJerr]
surfaces, and very linited functional rZ4tion of Si[err]Nerr]
surfaces, and very limted functionalization of Si[err]Nerr]
surfaces. 10 The APS reaction is carried out by treating the whole

device (e.g., lightis present, sNodedeisfstill didchiargddduel tohtte Lakage!ddrhponeht
APS in toluene at 50[err]C. The chip is then washed in toluene,

et hanol , and t h@hlodr B8 pﬂ\gtocurrenbﬁgmﬂgnergtofg@[c@q be sepaeatedciromethet r ode
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be coval ently bamitingaretbtioderary atatzeturring, taking-tekeeéddidgs suhéaehe
il M cr on%ghl ni ng I nternational patent application
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produced by m croli tgogra h These devi ces coul d be used for
anal ytical ~ appl3itelk ithRactya Wéftltaﬁ%s PHCer epar ati ve type appl i cations,

as wel| as for preparafdrif'Deik RPPIA.CRLP Ao, e DRutplt BBRERIE fowing

synt hesis. Large addressab cations ricate
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PCT/ US97/ 23089 loyr at a constant voltage since the sensed signal is a cu@fent, and case

f hi ned. d d | | ectrod
St ructur oe. oan SRHISR SR AU apeslrs) A Eiendd epriAtsaar

printing texdnispidfedNSigRals01BACHR Pdfelérfdk tlricRe 136, Feedback contldl difd&iit

instant application, the chips are preferably designed-to 5 contain
det ect or el ements2 gengratgsdeedbaele signaiat! 30, ethiah form srabel sigrats F,, (216),

based upon quantized output signals 138 and address signals 128. F,,
for each pixel element is generated during the time period when the next
pixél element is being addressed. When address control circuit 102
20 addresses the next row of pixel elements, causing R,, (214) to be
asserted for that row, the next row enabled signal R,,, (218) is also
asserted for the previous row of pixel elements using address decode
circuits as are well known in the art.
Returning to FIG. 4, pixel unit cell circuit 200 operates as follows.
25 Photons 202 impinging on photodiode 144 generate current |, that
discharges Node 1 at a rate depending on the number of photons of light
received, the photodiode’s quantum efficiency, and the constant leakage
current. When this pixel element is addressed by address control circuit

102 (i.e., R,, activated), transistors T, and T; are enabled {(i.e., become



the sem condutor | ayer and coupl ed through optical paths, such as by
wavegui des neans, to the other optical paths of the )
preferred e%o%?zggﬂt the detector element is conpri sed of aq}: neg#%m
array of photodi odes vvlth an approxi mate resolution of 1-5 mcrons, 10
preferably 1-2 mcrons. Using a detector |ocated with the chip,
identification of a target in a test sanple may be achieved at the site of
the attachnent of the biol ogical nolecule 9r anti-|igand.

Addr essabl e mi cro-1ocation devices can be ¥&ricated rel ativel y easily
using mcro-machining techniques. Figure 15 of WD 95/12808 15 shows a
schematic of a representative 96 mcro-location device. This

m cro-1ocation Caédil@éwﬁb M;(Bhf&a@@tﬂlfqtm a@nsiputmitetenaieali 220 redd et @ cm x

4 1 L t t el
di ;?e;(er)ctrr)hr oﬁéﬁ‘ I I Eﬁ%sqﬁ%ke%g{:] Yeé%“%%)rrag PBgoi'E%i‘(ﬁ'%mf jﬂrfgad&fﬁeﬁ
thin sheet of gl é\ﬁreﬁt HPé;ﬁfrlnéhaEid)% dW%r@th'BetWé%!H VgL ¥ \OVEhd ithe \Io%g@f

the 20 mcro-location conponent. The underside of the Circuit board
cont ai ns ahdNadriilvi Muds the tr@@s@ar thresheld voitage fe.ceaghout 1 V). This

desi gned +oSex BRI By PO BIFTREIST R 36daem  AFIeYFERslia Rydtalhmor <

The printed ci thf)léue!rlm 118,y is cordpatfltiréferenseliclinieng 188 e-ddraphrator
insulating material. The print ed circuit 25 wWiri ng_converges to a socket,

which all ows cd@Fecvhinh mhedqﬁﬁ differeptial currenit aenplifiste r@uaamzaﬂdnmmxpomer
supply. The de!lg%eal REH Hs%lt\;\% q c{]osrﬁgarator 1 %r Iatgfs {eﬁgathggmmn

buffer reservoir Fimary tunc

mi cr o- | ocat i ongefefeneyicatent 136 habiis cat e TOWHECI, 9 wgk&atbﬂghmeleference
mcrolit hogr aphy technl gues | s the VO 98/ 26277
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their designs are d'v(l{vgﬁqnt is I sgﬂﬂr??éfetgpéé EgFrgqt qé’.ﬁ fi.e. )(;ﬁlréﬂjt k%ée‘%%éﬂpy’

the permeation and attach®n ayers are

under | yi ng net slgnal Ar38 eloee,cfefaiﬂdmckldbrdeodl cieuit A2 disbblésbieedbackisigimal
machi ni ng techglﬁgfgé_ &: atl on and attachnent |ayers are 5
physical [y sep -f eFH&f@/’?%ﬁ‘éﬂr el ”QF‘e‘E:Q’PQ}&'é"'Q stateur BWSy a

buf fer sol utiognd Roifage 'Maag@Lmntaﬁeetéyaﬁ&%e ﬁﬂ;phueggolrpglgégaﬂg%CNbasd

devi ces the perneati o and attac ayers can’ or e
functional i15ed ThyWhgrhid i exgebds referbnceesrreot a3t @ce.s ujuanttized partpus
materials. 10

reterials, 10 o 1SSk AT SIS 7 Sraor e b
modi fied hydrophe) irc 99l t8ftud®¥nt P, avterp) séaarlvbaab% lSWRt h Grhis/%ets the
pol ylysi ne), can be“lsed to parti 3Iy fill (- 5 m) each
i ndi vi dual capacitance (i.e., the inherent source and drain to bulk capacntance of the
MOSFET transistors) at Node 3 to V,. There will be no appreciable
20 voltage drop across T, or T, since these transistors are turned on into
their linear regions and no current is flowing. When the next row is
addressed (causing R,,, to be set to 1), the charge on the capacitance
circuit is transferred to Node 1 to raise the voltage at Node 1. Thus, the
capacitance circuit is reset to an initial charge whenever l,,; transitions
25 above reference current 136. This charge transfer is standard in
switched capacitor circuits, and is well known to those of skill in the art.
Since |, discharges the capacitance for a period of time before the
discharge of Node 1 is sufficient to trip comparator 108, the capacitance

effectively integrates |, flowing through photodiode 144.



m cro-|l ocation chanbers in the device. This concentration of gel forns 15
an ideal perneation layer with a pore limt of from2 nmto ?bf{ﬁ& ];g“ "
pol yl ysi ne WOBZ6PGr ated into the gel provides prinary anine ¥ Eaﬁ9
groups for the subsequent attachnent of specific binding entities. This
type of gel perneation layer allows the electrodes to function actively in
the DC node. When the electrode is activated, the gel perneation |ayer 20
allows small counter-ions to pass through it, but the | arger specific

bi nding entity nol ecul es are concentrated ofthe outer surface. Here

t hey becone covalently bonded to the outer |ayer of primry am nes,

whi ch effectively becones the attachnent | ayer. An alternative
t echni que for the fokxfrat beingofesehaopty irdaali miuanthéZEapabittand:mathdxdaqéris is
to incorporate into the base of each_mcro-|ocati anber a porous

menbr ane mat er iggain dichanged byyphetadiege (fst at a raﬁ%ﬁ*ﬁpgﬁgepg opnide
derivatized w trn?éﬁ?ﬂa%%lf f RGH Il onaé ag'{ ?fjﬁ? t?c?ng 268V h@ferenge%?&{?@é

| ayer. Appropriate techni oues arftf or carrying ou

approach are kr@wiahich t;i‘mmoam isedgam teletasgéd. Thus, Nmalegaluaaagm at a
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basi ¢ devi ce. variations o device wth l'ar
nunbers of addroeseeerhl t3diexceetod di. e g oanpamatur posmmé fransidiohis&y ent
anal yti cal and preparative tZ\ppl ications. Vari athons t he, devi ce ¥ q44

| ar ger addr ess&5PBROTHRNANTEN egiodalechargesthad hasr %W@HaW?FQE p6i
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or ot her

addr essabl e an ontrol able r€adent |spensers use wt
devi ces, ind udheg:drkmsnedm mdlseedeb)phntonsm@mog’ﬂmshltbetmnhbéquésnrﬁ;ﬁ)arator

cC. Sel f-addressin chi an evi ces descri bed
Lt ornat | onBOSNE HEnSTRaY SR Period pf BrrL et & NERS L0 P TIRES and

WO 96/ 07917 ar ‘?eé@h@nt Gfter the %'u‘?l%éroi@' LSt SRl thaddaRage RAFFent flowing
m cro-|location wth a specific binding entity. The device itself

directly affecttbraugh photediode t44bypsubtracting she gark chagimgsof Qspatizedc
binding entities to,s

ifi ' - | [ T devi . :
sel f - assenbl es QYBHf qur%’ll? héénear%;%aﬁﬁitaa%:‘?g'ggﬁﬁ?gré"ﬁv%ég\%g & RS-Z232 8&HRS m
or equi pnents i Yatse’fshrh QralbmittR] o/ afli aetnal BThpURR asPlata outmhaslgnals
specific binding entity at a specific mcro-location. This sel

addr essi ng prockdd is rapid and specific, and can be carried out in either

20 ~a serial or par iaé‘?@lrrﬁﬁg{;?méntﬂtpﬁe oIBayge’% geNbGEs B %%dsgrduﬂ'Hél

addressed with spec
operation of device 100 are shown. The voltages at Nodes 1, 2 and 3

are designated by curves 222, 224 and 226, respectively. The x-axis

20 represents time (msec), and the y-axis represents voltage (V). Voltages
at nodes 1 and 3 are essentially equal during most of the downward
sloping portions of curves 222 and 226, differing as shown in FIG. 5. At
the start of each cycle (i.e., at each comparator positive transition
occurring at each large spike in voltage at Node 3), the voltage at Node 1

25 is recharged to its initial value when Node 3 is set to V. Then, Node 1
is discharged by I, at a rate depending on the amount of light detected
by photodiode 144. A steep decreasing slope on curve 222 occurs when
photodiode 144 receives a relatively large amount of light, while a

gradually decreasing slope occurs when photodiode 144 receives



mai ntai ning the selected mcro-location in a DC node and at the opposite

char ge (potentlal to that of a specific binding entity. All L.CIO-

| ocati ons ar¥O ¥ ‘%’r? Hined at the sane charge as the specific bﬁ%@ﬁ#&%gg :
entity. In cases where the binding entity is not in excess of the
attachnent sites on the mcro-location, it is necessary to activate only
one other mcro-electrode to affect the el ectrophoretic transport to the
specific mcro-location. The specific bindi ng entity is rapidly transported
(in a few seconds, or preferably |ess t han-& second) through the sol ution,
WD 98/ 26277
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5 mcro-locations remain unaffected by th speci Ing entity.
unreact ed bi ndilggr isniess ghas refareneel coyrendviig,i cigcuih@0foindegtatesfthe kehsed

ifi Locat | d t h £t di ||
el tyer o By ittt oRPladiodg ot B aritining taidiethaspNade T eh Ay ¢
their specific \l%lftﬂjé‘gt mfdleu@ﬁecr&&srss 8helvrt be &ﬁ&@@z?hW’ﬁe{nh S&ldedlds10

process for addressing specific mcro-locations (81, 85) w t ' 'specific
ol i gonucl eot i doefiénedicacurrent 136, (:8,2¢al£s4as m)capacrcance at Note P& blel mset

process for addressi ng-m cro-locations, sinmply jnvolve Si t aneoqusly
activating a I%pegbmu R, phen; 'é?be%Nﬁsﬁrdldlrﬁ‘F@)d @fe causm%em o be
mcro-electr 0d9§et§0th%h@ﬁarb9%r$@ﬁ'§ csdaﬁaanfa«n%etalfwm& ﬁshsfe\‘réosté NHePer ted,
15 concentrated, and reacted with nore than one specific mcro-|ocations.

Wien used, the r@m@\r saigimgt tst voltoge tataN@dmﬁL eThe whliassmaafwdyroughodtl tinied

D LY o e e B e BB g T A 6 Smbor o L1 2

conj ugated or |dgnsparaddr pusiiet wansitionti thadyceur dotingoghe pitéghatidnP@iiel on 20
thereof or a plurality of such fusions. The antibodies or portions thereof

are each speci fREFIGDHHSINGed 2l PEEms s9naint B8 e AfteDintegratian isscemplateethey

{hat gener at es (HaPguich Brrbcte S R SEAERAFITRA LOMS R BEhc spacingg. T

of bi ol ogi cHB mﬂre&mbdsnumbéhef suuhas& pfopdrtipRalfo the conceAtradibeofvind ety
of nethods are kn wn for ét chln bi ol ogi cal nol ecul es, including
proteins, nucl eﬁ’ta 1'é"l'(‘;?s"hz% % Lﬁ nucl eic acids, to solid supports

A e 1 o s o
(1974) and | mundlytesdnBi dahksample uamg wgm-mmng reactions includes an
adaptor circuit board 302, a computer 304, an input device 306, and an
20 output device 308. System 300 forms a test instrument. Board includes
a zero-insertion force (ZIF) socket (not shown) for receiving device 100,
housed in package 154, after it has been dipped into the fluid sample to
be analyzed and then exposed to the remaining components of the light-
emitting chemical reactions. Board 302 also includes an oscillator circuit
25 310 for generéting clock input signal 116, and an AC-DC power supply
312 for receiving AC power from an external AC power supply 314 and
for generating DC electrical power signal 120 therefrom. An RS-232
serial data cable 316 carries serial data output signals 118 from board
302 to computer 304.



WD 98/ 26277 PCT/ US97/ 23089

- 95- Chr omat ogr aphy, Advances in Experinental Medicine and Biol ogy,
vol . MO O¥E2TR.  Dunl ap, Plenum Press, N. Y. (1974); U. S PEMUSRI23E
5,451, 683, see, also U S. Patent Nos. 5,624,711, 5,412,087, 5,679, 773,
5,143,854], particularly silicon chips are knowmn. 5 These net hods
typically involve derivatization of the solid support to forma uniform
| ayer of reactive groups on the support surface and subsequent
attachnent of the biological nolecule to t-B&-derivatized surface via a
coval ent bond between the reactive group and a reactive noi ety present

on the biological nolecule. Presently preferred nethods 10 are those

applicable for the gempiakr 304 ithadeb atgraebssing difcudt BN8gieCalemory circuit
mol ecul es to silica substrates, particul arlé met hods for derivatizing the
silica surface3df. andraosedakintenfece kirpuiic§?2ded rocessing circuit 318 ingludes a

Derivatizati On?é)ritté%li él{??: séﬁﬁgs%éi% %?;h as Finabcrggré%%@?ﬁpﬁ rﬂﬂ’ﬂggrﬁr{)@ér Bhna&

derivitizing s ace or coa surfaces wt

then derivati zide@ivdiCinput fsifreal 21324 HdM input déviedrdBs apfd fraaseiMsSodutbe
used to derivatize the surface of a silica Substrate. For exanple, U S
Pat. No. 4,%81signelsd326rtpprtpat devirrl 30& via I/Ojinterfere cliguits dBohshaYr

am no ar oups. oPR NSyl 2 BRNdEY thrss el eEE Y28 AP ZRudhg. "

car boxynet hyl ghlla@ineaf@romtvoNetite nsetabryas Memory area 328 stores the contro!
am nopropyl tri et hoxysil ane, 3-am nopropyltrimethoxysilane, 4-am no-,
butyl tri et hoxyRIGGEAR exXesHtEEch Press Sfone i)t b8 ans the fixedand variable,

2- b h e - OS T ' hyl -
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Hul I s Cat ali®g)execution. OptioHa nsédnioey aseia I3BE stoa¥s alrsanblgtelenayy akeddsy t 0
i ntroduce a | ayer of. ) hy.drox%l groups using al kyl- and al koxyal kyl
hal ogenat ed siPHessing gy A8, i iderpiyathecRsrtiguRipanalyte peimacissied fanes
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PCT/ US97/ 23089processing circuit 318 may be programmed to identify analytes detected
in the fluid sample by correlating the received data output signals 118 to
15 the analytes identified in the map, and to generate output signals 326 to
identify the detected analytes on output device 308. Memory area 332
stores a data acquisition array used by processing circuit 318 to
accumulate the comparator positive transitions for each pixel element
during the integration time period. The number of comparator positive
20 transitions received during this period is indicative of the amount of light
received by the photodetector 144 at each pixel element.
Input device 306 includes, for example, a keyboard, a mouse, a
touch screen, or another input device for generating input signals 324
used to control operation of system 300. Input signals 324 from device
25 306 allow the user to, for example, start and stop operation of system
300, input analyte map data, input a desired integration time period, and
input any other data or commands needed by processing circuit 318 to
detect and identify analytes in the fluid sample being analyzed. Input

signals 324 may also be used to configure computer 304 to read a



- 96- preparation of aqueous solutions or the reaction of the silane

with the absorbed noi sture on the silica substrate. The gj ;
usual ly con 6277 \ith thensel ves or with al koxysi | anes t§c%ﬂgﬁkémm9

si | oxanes. The sil anol - cont ai ni ng species are highly reactive

i nternmedi ates that react with the 5 hydroxyl groups on the surface of the
silica [e.g, see Mbhsen et al. (1995) J. Oral Rehabil. 22:213-220].
Furthernore, a silica matrix may al so be activated by treatnment with a
cyanogen hal i de under al kaline conditi-®¥s. The anti-ligand is
covalently attached to the surface upon addition to the activated
surface. 10 The sel ection and use of an appropriate derivati zi ng

reagent is particular degiceki 00 havinda ;sdeidleltminiaedia;eangd?nen‘enalaprla/, 108e

sel ection of t ate silane der tive may be acconpl.ished by

enpirical eval &‘&FPHE delic 86§|maﬁé%°|ﬂﬂﬁfﬁme{qq§'%V%G’| %F{%\ﬂ?e Yigg. t?‘

preparing t hes?réé(f , ﬂnd/or%bt?'«?kﬁﬁra?i%n éihgnﬁgh% ﬁﬁ)esgﬁgtl@%e st rat e
zed wth 15 ane

may be derivat t he appropriate erivative or t
surface can beadelyizedtinzedpansend putput signaisaB26y Outpuicdevices308 rhay miso

discrete arpay, The reagents, a ol.ution cont ai ni ng bi ol ogi cal
mol ecul es yBlé:T‘éﬁﬁ ﬁBtet'IfBrglﬁpﬁ%l\ﬁ'Bgcﬁ“@hga@ lica manual |y or by
using a tarrpl ng tooln erneaé'r}‘abgﬁﬁﬁéntt Ak d@%‘?"!ﬁté% Ebﬁ%ﬁeeﬂfntebqratl%h' T!HIne' n the

art for this purpose. . Attachnent o ol ogi cal
nol ecul es period mu'meommaehaﬁﬁt us:hgbnph’ogevazle 306 dmfbes startmlgea sest ace
of silica substr at,es

be_ef f ect ed d .
known in fﬂéeéﬁf“%{ﬁdﬂlfeéﬁ eﬁ‘%éf '(fa?gf’gl ngesr%'?fg gf‘t SReRAdS ﬂh Gpni ques

bi ol ogi cal ol pgddiBtion, or MMhiritee fBE 18- EﬁCrE§QILﬂti'?ant h?hétiﬁ;‘e'ﬂctﬁeﬁra;fﬁlr%%%%e of
a linker noiety (e.g., 25 see Section D1 below). Any linker known to those

of skill i MOt h8ud sarrm}e to be #nalyzed thaleyice 100 (e.g., by dcnakmgapaczieatesn bidca
substrates containin free _am X oups .or

ot her suitabl e'ﬁ?o%ﬁgﬂg?/ ﬁﬁg@ﬁnu%ﬁwfagéolg)g\&ddesnmeyremanm élr‘ng'bo 'ger&sf?
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bi ol ogi cal ol eBreards3eR. dievice i will thepsiedite mae$r@itcframec$ o d@téh@ver
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15 sigma A/D conversion data for each pixel element in array 104.
Processing circuit 318 waits for the sync byte to determine the start of a
data frame. Once a frame starts, processing circuit 318 correlates the
data received in each frame with micro-locations 142 in array 104 (based
upon the known arrangement of array 104}, and integrates the output
20 data signals 118 correlated with each micro-location 142 by
acéumulating the comparator positive transitions in the respective
locations in data acquisition array 332. The transitions are accumulated
for the duration of the desired integration time period. After the
integration period is complete, processing circuit 318 corrects the
25 integrated data to correct for the leakage current through photodetectors
144 based upon dark readings previously taken (e.g., by inserting
package 154 into board 302 before starting the light-emitting reactions).
At this point, the corrected data in each location of array 332 is related

to the presence of the analytes in the fluid sample being tested for.



[e.g., N-ethyl-N -(y-dinethyl am nopropyl carbodiimdel, as coupling agents
is well known to those of skill in the art [see, e.g., Bodansky et al. in
5 "The Pracwiogs/26177Pepti de Synt hesis," Springer-Verlag, Berl iBETUSIZZ$Q89
Anot her net hod for attaching biological nolecules involves

nodi fication of a silica surface through the successive application of
multiple layers of biotin, avidin and extenders [see, e.g, U S. Patent No.
4,282,287]; other methods involve photoactivation in which a 10

pol ypeptide chain is attached to a solid s@gtrate by incorporating a

| ight-sensitive unnatural am no acid group into the polypeptide chain and
exposi ng the product to | owenergy ultraviolet I|i ght [ see, e. g uU. S
Patent No. 4,762, 881} ' t '

a phot ochem caFF?/ actq%grkgggr@e%g%hﬁeg?%%‘é al e clgr?p%étjg gﬁ eg 15
coupl i ng agent applhédtInoaiurautldevtdaeB@Botausagemmedehees?umSttoaixspl[asveme
e.g., US Patent No. 4,542,102 and ‘i? tent. No, 4,562, 157]

Sinilar met hodSOHEEtedhFrtEaliMs 1‘38"6%? Hiét?luﬁzf%,‘?'&eda@ﬂ Hae PERRRNRR BNGART on
of the photore aug [ 8 | ei.c acid
nol ecule to thggg% {?I‘ragtgé c?fo gl vghglygﬁrb '{c%l-t%%u ?09 gp'%%']l%ﬁ%rgpgai n 20
enbodi nment s5 t Hetgrhdhedampiniciatip usiryg &oown bnnsémUabynseifmrtalmsan

approprl ate biolum nescence generatin ystemw th an appropriate
em ssi on wavel engt h'@nethercgmboeg 'BﬁB? tiw@t?%%a*aﬁw'vmﬂ 3% b@ﬁe pre-

nucl ei c acid. ramme IE%E rEa %é?w:ﬁ@ he Wentiddt @ﬁg’ f\&%kl}?e?ngy

techni que for 5509 attac |oc em ca igands to surfaces o natrices
attachnment of tested fophmtecm(ht mvapalocatibnot4 2 inariayal 04 dmfoRh theityst is
activation of theb derivatives for higtip anal ogs ng _strong
bi ndi ng af fi ni FEFff%fi Bossibly by Using "bqurté%t"é% 1. ThReth; '6‘???84] af simpl Ygands
ar (raelp mmgzeeu%hﬁ@g 557 Eerected HEEH PSISiBpRY 6’H%|u¥plt.|f gabRe bgh avidin or
PCT/ US97/ 23089processing cxrcunt 318 performs the additional step of oo@fhlatmg the

The attachnent, of anti - ands to. a matri

t
achi eved el ect [5GRHOQS | '9 d I?C%a'ft'é’?s%%?\é)é:g?"g{'h&%ﬁﬁ¥|yﬁ§ rﬂi’ErtBéijEf Poni ¢

systems and deyh& @RalytbshREidepiera@ls! cyumrﬂtsr@{éts r@ét@.dérﬁmpmatt dHilytes
bi ndi ng of specific binding entities to specific mcrolocations on a-matrix

5 [e.g, see |thecnmectedidaratreptesapts.i cati on Publication Nos. WO

5. 605, 662] 1961 act ol YCLGREFDFY SPERAIMENE TieCHAE ol in memBrated 308 oy

be effected Mhﬁfcﬁ@d’eéiﬁhﬂe%ﬂﬁl@ﬁa@trkﬁﬁétNéo@Qﬁéﬁ:ﬁéé@rﬁbe of eaceinlpreirmgiect
is set, the other may be nonitored. For exanple, 10 when voltage is set,

the current maflusksadwie being anplvedat hethreshold data for each analyte may
have been determined by empirical testing using a fluid sample having a

known minimum concentration of the analyte, or may simply be stored as
20 an offset from the dark readings. Processing circuit 318 then compares
the corrected data to the threshold data (or the uncorrected data to the
dark readings when offsets are used) to determine which analytes are
present in the fluid sample being analyzed. Output signals 326 are then
generated so that the analytes present in the fluid sample are displayed
25 or printed. This emb‘odiment may also include the use of the analyte
map to allow processing circuit 318 to identify the analytes whose
presence in the sample fluid is detected.
In still another embodiment, the data within memory area 328

includes empirically-determined equations, curves or tables representing



when voltage is set, the current may be nonitored. The vol tage and/ or
current may be applied in a direct current node, or may vary with tine. -
The spati al wadsres3abi ity afforded by these nethods allows PREUSI7/23089
formati on of patterned surfaces having preselected reactivities. For 15
exanpl e, by using |ithographic techniques known in the sem conductor

i ndustry, light can be directed to relatively small and precisely known

| ocations on the surface. It is, therefore, possible to activate discrete,
predeterm ned | ocations on the surface forgattachnent of anti-|igands.
The resulting surface will have a variety of uses. For exanple, direct 20
bi ndi ng assays can be perforned in which |Iigands can be sinultaneously
tested for aff Lé?éttlané'ﬁl Q'bfeweﬁntth@r&srrééﬁ@n@&aaéﬁ@@m@féoheehh%n%%fcﬁ%e
For exanpl e, attac ment of biological nolecules to a silica

surface of t heanaimenabém@dwsma@i el\d:éﬂhpaas‘iongie&érlmmm seobequations | y

i nvol ves pre-h dronS| f the surface. of the,follo eratlons 25
shoul d be perfg‘l"ﬁ’\?& Pt ‘Fsaﬁ{enwe *Wﬁdﬂoﬁh& ¥inaBd\AanHiR \r%‘ff?efzg

contami nation wihf 4y tEUHIMNEs. PREEELIHSg RNEURIDES L{&%%t‘dh%%&‘*rééted data

Typically, the appropri ate al koxysilane 1's dissolved 1n a 3:1 ethanol -wat er
sol uti on at5r oasninmrpdatat for ¢he arguERidmnsu csirvadher ¢chblpsite deteanite tiye

flooding a sel ected ares, of L Ship. EPAA S5 =R LE Sihall LS, ©f the
PCT/ US97/ 23089 ﬁnerated so that 'thé‘%n%teﬁ?r'%@ﬂonsé’# Hﬁbl?'ibs pEdintli H'tﬁetsra‘?ﬁélg'eé}b

the chip is V\ﬁg usi ng | arge anmounts of absol ute ethanol, followed
by washes in Tdisptayed or pdnmdané"hmeamhed(mdamramraﬁanandchdnaﬂﬁeyarpnjmeine,

whi ch i s evaporated r .a stream.qf, dry, nitrqgen. .5 The
o {1 i ency. of FID Gerio HIBGEFBRICTTSUIE 20 fohlenaty e Aalgiesayhose | be
determ ned1fy eoyEdAtRaicH i B QBRI SIdid woaeaedtmiagyne (car boxyl

derivatized) or fluorescent carboxylic acid (am no derivatized) to the

surface of the chi pSpstesx@QQ nepvides fa kisrssédrios ecvalqa’cmgodamerrwecuTms
using a |l aser of .l atg wavel ria W%\?f’ or this 10
pur pose may beSYHP ﬁgre %o ol gq ﬁi{ﬁﬁ'@ﬁ%ﬁ paég?é%t e EfCh ma\/

fluorescein, rhgdanhN@ethadRsh8afeibe WpRs ase dengleBtrbstdthoarchbrgki | | in
the art and are al so conmercial ly avail abl e see Mol ecul ar Probes,
| nc. ) damagRdo; gitryit d@Pandpeavaid thalmaét@.mreqtﬁwmﬂnge by she tsgss

Red, for 196 eaaURLe06 SRR pbnlinkdd BHCY BidHR B SOHIEN naBANEDGNL N 2y

free am no~ groups € Si |ca sur Gtion Ive
concentration showhuarfiee el.n Desesi i OIDrrrﬁWagantHH payleawdd ir( oepadic DIP
SOMErS) I A e 159 O ey altePnativaly B packaged  anbiher etyiaof | & ©f
microelectronic package 402 (e.g., a leadless chip carrier) mounted on
board 400. Varieties of microelectronic packages are well known in the
20 art. Package 402 is adhered (e.g., soldered) to board 400 such that the
user only needs to handle board 400, and does not need to handle
package 402 directly.
Package 402 includes leads or pins 156 that are electrically
coupled to traces 116-122 formed on board 400 for the clock input
25 signal, data output signal, power and ground, respectively. Package 402
may have only these four pins to reduce cost in high-volume
applications. Traces 116-122 are electrically coupled to a cable 404 that
attaches to a connector 406, which attaches to a mating connector on

the test instrument or computer. The conductors of package 402, traces



the chip for sufficient tine, typically about 30 m nutes at anbient 20
tenperatures. To renove all unreacted material, the chip is washed with-
hot (i.e., WO[%81637) sol utions of acetone, hexane and pent andCHUS73089
suitabl e solvent. A region on the sane chip that has not been chemcally
derivatized is simlarly treated with the fluorescein isothiocyanate as a
control. A small anount of direct covalent reaction with the glass is 25
possi bl e and thus the control should be performed to indicate background
| evel s. The fluorescence of the bound fluo8&scein can be excited using a
sui tabl e sources, such as an argon ion |aser (e.g, 488 nn), preferably
using a 45-degree angle geonetry. The argon laser can further contain a

phot onul ti pl i eq 1@ayppRat whe BuFadl ofrbhradpessarkigrosctedrfrert & Finw t he
WO 98/ 26277 PCT/ US97/ 23089

- 100- ensaimgde to ber agalyrned weitlhyaal epexwvisoating2408m aniengaﬂams apt

fluorescence detegted is a functi of .t ext fIC

derivati zati onappFeg over aperWrgﬁJﬁ}eF gn{ﬁ% ﬁéﬁ 1‘%?%‘?“ h gmhc?sample
reflective sur Eﬁﬁetheeregnalmnrg B’Mﬂﬁ%neﬁ?é/ olPQhQQfgh\ffEmi%ﬁﬁ?Qéagﬁ§ﬁ§ kbask above
such that an anti-Iigand may be immobilized directly to the protective,

activat ed obt empplied do0adevice 38| ayi ng the reflective netal |ayer, such as

derivatized sil " ot nbodi t d.b h
bi of u nescence gendttariAbvely. rayBrBRIETPS ate tpaeestt ot s At iey by
the anti-|i ganﬂ_é)_e@ﬂéﬁr%st@ﬂ 110 'ﬁk@b@@!d?ﬁﬂéy{é\* RorikY tRC W edss¥tie® witkach

anti-1ligand. D. Formation of |uciferase conjugates
1. Li nkers well and mcqnmr@‘m@ugamtw@lﬂct@rlla\ﬁm@rabetqdioaﬁ agrthe-hotgamd,

e.g an antibod cl [ y

achieved in th8¥§8§5n‘888ﬁ’%05¢] 3 eréggenggﬁ 98 —?ir g?aseg’lﬁesn@g&&g?'ﬁg e%qhod
known to thosewali.skhklmidile Iayérhﬁtsaihﬁo ghoyves vk ehe lbdawmtiayéhase iof skill
in the art nmay be used herein. Met hods for linking a luciferase to an

anti body are desomased phauelective npgtablayeagoan msgmmasl@vea rgderably and

hernatt onal GaheRipARBAASH bPBicon, SHBH SAMWIAAGor AP LB KRy 1R

O her linkers g incorporation | emc 'I'n

protei ns. Suchtérepkehslate1ed bomméndialpy evmdﬁblélffﬂrﬁdthE jdila Lndntcuae blemdsurs
t hi oet her bonds, hlndered di sul fi de bonds, and coval ent gonds bet ween

free reactive & &9psincslith veRichingeRatifie RnGibogy Ripiganth freeaeh yéelb fs
produced u3gndaBEkREAYS w&{'%tm.eg SRABALE LOMVLONCE:d FRRe VDL NTAL 8P

groups on one or ol ypepti des and then reacting e thiol

groups on one pap)ipget fcdfmswthch remaiting egpEr gorgioaupiseach avalhan@ramps to
contains the cathode electrode. Analytes or reactants may be
transported within or among wells by free field electrophoresis by
supplying direct current, or by reversing the polarity of the current,

20 through the upper cathode and lower anode [e.q., see Figure 11].

' When used, the chip is contacted with a sample and washed
thoroughly. Buffer or other suitable compositions is added to each well,
until the level is above the cathode position. The chip is then contacted
with a composition containing a luciferin or, preferably a luciferase,

25 conjugated or fused or otherwise linked to an antibody or antibody
binding portion thereof or a plurality of such fusions. The antibodies or
portions thereof are each specific for the antigens of interest. The
remaining components of the bioluminescence generating system are

added and the chip is attached to a power source through a wire harness



whi ch reactive nmal ei mdo groups or thiol groups can be attached on the
other. Ot her linkers include, acid cleavable |linkers, such as -

bi smal ei m deobsesey7 propane; cross linkers that are cleaved URfeHUSS72308\\p
98/ 26277 PCT/ US97/ 23089
-101- exposure to UV or visible light. In sone enbodi nents, severa

| i nkers may be included in order to take advantage of desired
properties of each i nker. Chem cal |inkers and peptide

| inkers may be inserted by covalently 5 @8ipling the linker to the anti
ligand and to the surface of the chip. The het er obi functi onal agents,
descri bed bel ow, nmay be used to effect such coval ent coupling. Peptide

| i nkers may allsge’lé%i_i, gggq:@y eSXPr 68&bRY. DNAht prod8PEPH Bgn{ehﬁiéloi\ﬂﬁﬁfn and

the anti |igan ., an an |rbody,, as a fusSion pr ot ei n.

Numer ous het erezlehf wetitanchil detescsad biyrthienphoteaiede foaaiad adrtbedsetdom of to
form coval ent bonds between am no grqups and thiol groups _and,to

i ntroduce thi (ﬁacé‘rWﬁBs ?68@7'%"{‘6? g‘é’%ag? é"”ﬂrﬁﬂﬂ?r‘cc@ '?Wo? “8? gﬁeﬂetleﬁtqqﬂ s
art (seesigndl i eﬁlgf% WePBrot s38iRg TR BSiIAIIGH 2L ¥bed
Handbook, 19929}%%3':5 r\%ﬁﬁ’ch escroigl:ﬁ)%-s ?h%éoprepagation of angaéiJse of 15 such
reagent s ard pmboviedasd ahe momeputealidertifieetieo detanthd el endsthesedisplays

TG T e e
Nat | Acad Scip:ididudQeciiga Velden o0y al . (1986) J. Mol Cell |mmunol

2:191-197; Carlsson et &l =19 8) Biochem J. 173: 723-737; Mahan et 20
al . (1987) Anal. BichenSelf @adtasabkOchip@dwr yznaczak et al. (1992) Br.

J. Cancer 66:361-36H; Fajtomet al. (199 | nf ectd.on & -
60: 584- 5809) . These%%ﬁshf%‘{afrﬁ?%ée l‘f&'&&? F%?ef' (%‘%'c%gﬁfeén# bofidfelude ay o yeen
the anti l4anda@id ddthdubstid$aaagerd RRAHI Riyef RESPhIcRAG® Btachment RykHde,

but are not limted to: N-sucCi ni m dyl -3-(2-pyridyidithio)- 25 propionate
(SPDP; di sul fiatel ipstereatiosulalyes ace affixgdly [The- ¢hp(also includes photodiodes

bixycar bonyl - & et MY BRSO PTIHEOdaI Fat o ( SNET. hi nder ed di sul fat e 11 nker):
succi ni m dyl 6-[3-(2-pyradyl dviatie m#ategigaisonam do] hexanoat e (LC- SPDP) ;
Sul T osuee Ay matrix or chip maY B Srployad B a substraid for fabricating

15 the devices provided herein. The substrate may be biological,
nonbiological, organic, inorganic, or a combination of any of these,
existing as particles, strands, precipitates, gels, sheets, tubing, spheres,
containers, capillaries, pads, slices, films, plates, slides, etc. The
substrate may have any convenient shape, such as a disc, square,

20 sphere, and a circle. The substrate and its surface preferably form a rigid
support on which to carry out the reactions described herein. The
substrate and its surface should also be chosen to provide appropriate
light-absorbing characteristics. For instance, the substrate may be a
polymerized Langmuir Blodgett film, functionalized glass, Si, Ge, GaAs,

25 GaP, Si0O,, SiN,, modified silicon, or any one of a wide variety of
polymers such as (poly)tetrafluoroethylene, {poly)vinylidenedifluoride, or

combinations thereof. Other substrate materials will be readily apparent

to those of skill in the art in light of the disclsoure herein. Presently



WD 98/ 26277 PCT/ US97/ 23089

-102- (sul fo- SMCC) ; succini mdyl 3-(2-pyridyldithio) but rate (O%PDB
hi ndered WO9%R&UTfi de bond |inker); sul fosuccinim dyl CY/URS 7723

2- (7-azi do- 4- et hyl coumari n- 3- acetam de) ethyl-1,3" -dithiopropionate
(SAED); sul fo-succinimdyl 7- azi do- 4- net hyl coumari n- 3-acet ate

(SAMCA) ; sul fosucci nimdyl 6-[al pha- 5

met hyl - al pha- (2- pyri dyi di t hi o) t ol uam do] hexanoate (sul fo-LC SMPT); 1, 4-
i-[3"-(2"-pyridyldithio)propi onam do] but a8é- ( DPDPB) ; 4-succi ni m dyl oxy-

car bonyl - a- met hyl - a- (2- pyri dyl thi o)tol uene (SMPT, hindered disulfate

| i nker); sul fosucci ni m dyl 6] a- met hyl - a- (2-pyri dyi dithio)tol uam do] hexanoat e

(sul f o- LG SMPTpretetranl stbrsilibenBoyhtdy hyet ox ytseléathicaticte oé shierodibBEIc chp

m el ei m dobenzoyl - N- hydr oxysul f osucci ni m de ester (sulfo-MBS); N

succi ni m dyl (4d¢\dG@%.-cetyI ) am nobenzoate (SIAB; thioether |inker);

sul fosucci ni m dyl (4-i odogcety sul f o- SI AB) ;

succi ni m dyl 4(p-mal ei m d%phenb%?%é@?gﬁagwﬁ(s; sul f osucci ni m dyl 4- ( p-

mal ei m dophenyl ) butyrate (sul f.o- SVREEtrolthbgedptyw oyl hydrazi de (ABH) 15
Acid cl eavabl e |inkers, photocl eavabl e and heat sensitive |inke

al so be use?, parti EGPEIGtPNG GaEent apRicasomBrblsatign NPSCIWQ/@W}%SOS and

het o ol cavabl NG SEDZEN et gBRE R HBFhoBFaRTE Y SeUPEAGRRE: oy
propane; and atélcphcmﬁéd thatl dyribaziseel fdrrﬁherﬁbmeeioneofgtheE@fﬁpwnebhm" 20

(1992) Infection & Immun, 60:584-589). uci ferase fusion
prot ei ns type devyigedhat figsra {%gamqrﬂeawf §E’ﬁ“e'?“éf§@ !esﬁ}'egat éé/h”& the

r econbi nant e t

anti body or F(f&abb}rilfléwat1 6@?\?"'}%9 C@Ie% |¢11€1+ ”terrc\:i\ﬁvt?1 (ﬁ%& Phb &ﬁﬂgg?jp

cont enpl at g0l fsaiectien hffrraiamna?é anEOlrheeveamiﬂemeriﬁTE’na&)% elecodinig devioenocl onal
anti body may be ligated to a luciferase or the luciferase

may be 1inked \‘ttwcawnaﬁ'ﬁ'\bfauyn aqueq@e%o'ueoa dges ngi tesvirengredaly7g, 817,
whi ch descri be ody/l uci ferase conjugates and the use ther eof]
WO 98/ 26277 SonsideraArs?

PCT/ US97/ 23089 The 64 micro-location device shown in Figure 14X3W0 95/12808

that can be fabricated using relatively simple mask design and standard

15 microlithographic techniques. Generally, the base substrate material
would be a 1 to 2 centimeter square silicon wafer or a chip
approximately 0.5 millimeter in thickness. The silicon chip is first
overcoated with a 1 to 2 ym thick silicon dioxide (SiO,) insulation coat,
whiéh is applied by plasma enhanced chemical vapor deposition

20 (PECVD).

The chips are preferably designed to contain detector elements,

e.g., photodiodes, that are incorporated into the semicondutor layer and
coupled through optical paths, such as by waveguides or other means, to
the other optical paths of the chip. _In preferred embodiments, the

25 detector element is comprised of a linear array of photodiodes with an
approximate resolution of 1-5 microns, preferably 1-2 microns. Using a
detector located with the chip, identification of a target in a test sample
may be achieved at the site of the attachment of the biological molecule

or anti-ligand.



3. Nucl ei ¢ acid and peptide nucleic acid conjugates The

| uci ferase nol ecul es descri bed herein may al so be conjugated to gcleic
aci ds or peyobsizs2ilcl ei ¢ acids. The coupling nay al so be P%’V?@P@@i n

t he absence or presence of a |inker. Methods for conjugating 5 nucleic
acids, at the 5 ends, 3' ends and el sewhere, to the am no and car boxyl
termnii and other sites in proteins are known to those of skill in

the art (for a review see e.g, Goodchild, (1993) |In:Persoectives in

Bi oconi ugate Chemi stry, Mears, Ed., AnerieB8 Chemni cal Society,

Washi ngton, D.C. pp.77-99. For exanple, proteins have been |linked to 10
nucl eic acids using ultraviolaet irradiation (Sperling et al (1978) Nucleic
Acids Res. 5:2755- {73e fhdested! 200.2 ¢d 976 )urrirRStal fyer (229 2&lumdiIm) is

bi functional chem cals (Baumert et al. (1978) Eur. J. Biochem 89353-

359; and Oste ddpadited( 1P TaruNDl evaparat@metn addiionste skymiphot.ostitahleal

cross-linking (Vanin et al. (1981) FE Lett..124;89-92:. R nke e L. 15
(1980) J.NbI.Big"SF"’TSrIJQW.CS‘ﬁE'-tEI)%H‘,é? ¢ 185 dgfe?'ﬁ’aﬁ'c t'%iﬁﬁgseﬁﬁ?'?ﬁ“%' 13 i hem
110: 485-454) . carbon, and varibiddfietalofembitfatitish 08pbeiap teainigues far bosurieg ase
may be conj ugaf ed to one of the free am no groups of 8epti de nucleic

acids [eg, 5 propee ahesimentetherinsulatng substratr Bvateralss$iO1) asousedMfith et
al. (1 993) 20 .g;%oc. N:%\tl . Acad. Sci. U S A 90:10648-10652) using

st andar d difteper MAES: pepti de chemistry. Addi tional sites
for conjugation cantgé eRidss hekt 8dbeRAbtbatoith REpositive IPHItBrsisc{Shipklyecul e
by chem cal nodification of one or nore position or by the

i ntroduction oMicxognaitlAéritQEddecmékéﬁrfﬁ@fahfle@(b\mliﬂéﬁhPWWﬁW&?W*B“ZS t he

5 or 3'-end of the molecule A variety gf spgl Lgeni
det ormnants (Pobed pud fyBlord ThEishlesSWByleeVebfiT Ik Gemaved, and the

l'i ke) 10" Co XY LIRmMIRQRLIsOétchied Awiap. t Tige assiswistaral & Absoremovedci al |y
avai l abl e [e.g., Boehringer Mannheim Indianapolis. IN Novagen, Inc.,
Madi son Viepvingother alninuel sireUREY @atigr opethte iPnuthisi ipclydes amal ogs

may al so be : i ircuit ires
PCT/ US97/ 230890utsu¥¥)p8ﬁ(-r?e§gr73f metal contact pads, the connectwfal%rélc_u: ry (wires),

prepared by di 64 thé enterhrray nifiraiire-elstingdes dnataedsephs thbaraeriying base
chem stry and commercially avai] abl e npdi fi ed nucl eosi de tri phosphate
anal ogs (e.g., o5 therddraseabla picEedPeRt®R$-phosphat es and ol i gonucl eot i des) .

5' and 3 i ol at edy,@ [ ; Rk Gliah lavoay 86 lall idreng.
5 Operon Technol nggisr{,gggpgﬁ/'efgghedcﬁfp%eo@r%?at‘é‘a%{tOl aria and di at _o;ng ?or
deposi ting sil jagar ofi Si@},rarebshen with a 0.1 o Pe2 moidray laysirmaf silicon nitride

Dy ot et ol 220 EPORY e o b i, chasBleor
the contact pads and micro-electrode locations, exposed, and developed.
Photosolubilized resist is removed, and the Si0O, and Si;N, layers are

20 etched way to expose the aluminum contact pads and micro-electrodes.
The surrounding island resist is then removed, the connective wiring
between the contact pads and the micro-electrodes remains insulated by
the SiO, and SizN, layers.

The SiO, and Si;N, layers provide important properties for the

25 functioning of the device. First, the second SiO, layer has better
contact and improved sealing with the aluminum circuitry. It is also
possible to use resist materials to insulate and seal. This prevents
undermining of the circuitry due to electrolysis effects when the micro-

electrodes are operating. The final surface layer coating of Si;N, is used



enzymes and cell wall proteins to effect the polynerization of sili con 10
di oxide along the interface region of the matrix to forma mrﬁi‘lﬁé 57 bgate
mesost r uct UV@.9862% net hod nmay be used in the seni conductor §9 3089
for the preparation of silicate chips that have a variety of end use

appl i cations. Organi sns such as diatons and radiolaria

synt hesi ze el aborate 15 biomneral silica-based cell walls, also terned
frustulunffrustles or exoskel et ons, whi ch di spl ay hi er ar chi chal
structures patterned on scal es fron1|é§k that a mcronmeter to
mllinmeters [e.g., see in general, Anderson (1983) in Radiolaria,
Spriner-Verlag, N Y.; Sullivan (1986) G ba Found. Synp. 121:59-89].

The two mai n pbieBaupe @shas nilich wsshichedivityewith tﬂieaﬂ;wneZﬂJemefbbgeatd ased ¢o

cell walls with radial symetry (centric di Ilngrotheca
crypta) and thosedify the picee-eleatradamftf @98%3%#&% éﬁa"hm%f“a‘?f)ﬁ%ec’ Cg,

Navi cul a peli CB%r?(ﬁﬂ aé],q fu3| forms). The diatomcell wall

i ncl udes of two parfts, { e “epi theca and the hypot heca. Each theca is
conposed of a valve Aw*rﬂu§(p‘0ﬂitaﬂhesnrimmaelebtnom,loEEt:ogk fotl thebdadice aviei ch are
conposed of anorphous, hydrated silica and ot her or ganl c conponents
[e.g., see %ol @é@ﬁlfléﬂ%ﬁ‘ 3 gresiplizesh PgRRreation ang attashaneft lgyeqwhighis a

0l 0L U, a5 e e oo e, The

or gani c pr ot ei Bbjedtld isuenNteané dhteentdetd-elsaiticid an anfeameldyatrefpermeatIMD

98/ 26277 PCT/ US97/ 23089
- 105- pnlfb\feél WithiGRIaRt v dfff%PDIRrHQQ[%%%ang ij‘ aﬁRFBﬁE’r’“eﬁ”” ce ?‘W@@G)
Eur. J. re
produced after CE}F%’B&%@%S? @g%ﬁ @pemﬁlsneg?es ré'?i;a'cﬂﬁ'é ﬁ%g@ﬁ sB?%Wo%‘I%%%l?

The resul t10g thaveghrem ﬂ)OBtmﬁIQisfnmpltlodlaheesd focmivnsapeesquare speonalumédors

i ntracel | ul ar organelle the silic eposl vesi cl e. lica is
t ransport ed hejaptynelartashmest 8 é "Hﬁ%g ERLES- aﬁ e gttachnent gf owt h

of 'Si MONQREEFicOh ‘&rﬁq BRtidiek Qﬂﬁé@h@t BVefdy 4t &rol'ﬁEhf‘éfe RHEYéIFFéc?@% on ‘i’f

silica occurs wt he vesicles [see, e.g, Pickett-Heaps et al
979) Bi o. p@ed:dmtﬂﬁa msse::meg lﬁtdrbrelantrpgjsa‘ﬁc)mdhbanmm Aisfupctlonal

121:59-89: 10 Pickett- Hea 90
I'n radiolaria, dle:‘(&%é‘?ﬂ}ﬂfeﬁp T fa??{‘é‘g%? )'éj %s %E"Qy‘%?péhe %65“%‘1‘%8@°U°'
with a cytqgl a%m&réa@ghharceatb r%ﬂ%lﬁ%’oesgmlé%adm&ﬂpm'd)&nbth%tﬁé@' &hdho

termed "cytokal ymma". The thickness of the skeleton may e i nfluenced
by the physi ol efjovathediffesion quomtgm@m(emeN@thW&nmdnﬂycu_rslvsw
function in an _anal qgous nn ilicalenma in the silica
deposition in R 1 83@ dmanueh }?O %U?'

The intermediate permeation layer must also allow diffusion to
occur. Additionally, the permeation layer should have a pore limit
20 property thatinhibits or impedes the larger binding entities, reactants, and
analytes from physical contact with the micro-electrode surface. The
permeation !ayer keeps the active micro-electrode surface physically
distinct from the binding entity layer of the micro-location.
In terms of the primary device function, this design allows the
25 electrolysis reactions required for electrophoretic transport to occur on
micro-electrode surface, but avoids adverse electrochemical effects to
the binding entities, reactants, and analytes.
One preferred procedure for the derivatization of the metal micro-

electrode surface uses aminopropyitriethoxy silane (APS). APS reacts



Artifical inorganic assenblies that mmc diatomand radiolaria
exoskel etons have been described [e.g, see AQiver et aL. (1995) Nature -
378: 47-50; wh &ne@zt . Nos. 5,057,296, 5,108,725 and 5, 364, 79ACTOW7288Fer g

nor phol ogi es of nesophases may be formed, e.g, lanellar, hexagonal and
cubi ¢ nmesostructures, depending on the selected starting materi al s and
condi tions used. These crystalline nesostructures, however, may only
be formed at hi gher tenperatures, which nay be unsui table for use with
certain matrix materials. 25 Mbdelg®-have been proposed to explain

t he biom neralization process and al so the formati on and nor phol ogy of
t hese surfactant- silicate nesostructures [see, e.g., Sullivan

(Monnier et al éiﬁ} %ﬂﬂ?the oxud'%ﬁ&ncjr/%f?g?ryjd?@ﬁ]/! %mrpsemmé@t ahtd difcewst ul at ed
that the contro? [icate wall ickness is related to the

doubl e | ayer putiambsal AP§| wnowaias a combiped g@rogatipn layer and attachment

PCT/ US97/ 23089 . . . . -106- .

speci es only i@fﬁfmﬁ"é‘f’ Frigpany aming grauPs farShesubssptienh C\%@fed‘]tt?‘ﬁlﬁlm of
the wall or ppaieg enmsaous tdKoPsGHaEEIbingRESsifsY, APSProBaeayse of the
strong el ectrostatic replusion produced by the high negative charge on

the silicate seletively high leyehpffumstioralizatiooti.ehes dargeendrobgedf REIgarpH 5

12 and ab Il 979 The t f .Sil W ey,
Ao Ve e atoui btk et GRS SrsPhoa h pRespe’ '
material cont g Juing funct.ol%ﬂtza'i.chaéntae% gmﬁéd&e%rﬂdnv@enmheaew ces,

i ncl udi ng bi osensors [ see, . 5,364,797]. In
bi osensors, eifuhetiobaliasigpircef SaNalsytrféaqets. _aod \e%t'afH”’pEW fugctippalizatiarpof he

ultra-1arge pg e}lér%jt alline substrate by coval ent binding to silanols
in the crystal '3 g&P¥-al [e.g, Harlow et al. Anti bodies. A

Labor at or ygvanual , 15 A FSPfddgionas Rrribautaipeneatihgo®lel whole deﬂb% @ﬂ?l yte,
e.g, an antibody, is attached and the interaction between the affixed

anal yte and t Paech@étsusﬁaﬁﬁlf@rl@ minutesr with a9 0% solutiorrgd AP&tinteluene at
silica-based (Ewaltljte cﬁ p lsaﬁgkqgggﬁeé %%lruléf\hu{e%ﬁé It Qﬁd(}hen 4 for

above-descri b icral” assenbl I'es ese lca e 05|t

have simlar mﬁkph@prVS@Wd:opheoﬂkxcnﬂ@ﬂfbdesn@ﬁﬂbhﬁaﬁebeﬁunpﬂonamansors
to the MA1S artjficial assenblies useful in biosensors and. other nolecul ar
bi ol ogi cal appithrautargedsimiergef pumary papineNgyoupsJdR° 19710° per square | 5

met hod of ;55' ’?ﬂ;cpbl‘?fncgfﬁ%ze?ﬁf %or i ﬁQV\; BE eRAYEHRY Badna%' the ?ern‘/‘@ﬂlied

proteins of the sill I ca deposition vesicles

di atons to depnierd-ededtrode gorfiabe. surface of a matrix material of a chipis
provi ded herein, silica may he depgsited ?1 a matrix material that has
been |inked with a uniform cdhti ndaromaghipiBgy| ate using a silical enmm

International patent application Publication Nos. WO 95/12808 and

WO 96/07917 describe micro-machining techniques (e.g., drilling,

20 milling, etc.) and non-lithographic techniques to fabricate devices. In
general, the resulting devices have relatively larger micro-locations (>
100 microns) than those produced by microlithography. These devices
could be used for analytical applications, as well as for preparative type
applications, as well as for preparative type applications, such as

25 biopolymer synthesis. Large addressable locations could be fabricated in
three dimensional formats {e.g., tubes or cylinders) in order to carry a
large amount of binding entities. Such devices could be fabricated using
a variety of materials including, but not limited to, plastic, rubber, silicon,

glass (e.g., microchannelled, microcapillary, etc.}), or ceramics. In the



25 isolated froma diatom The deposited silica nay be attached to the
matrix through another suitable |inker, such as sugars or other diol- -
cont ai ni ng WOrssB6ads. Al ternatively, the components of the siBGIAEIOBRME9

may be further purified using nmethods known to those of skill in the art

In protein chemstry. WO 98/ 26277

PCT/ US97/ 23089 -107- F.

Met hods of use 1. | Mmmunoassays The chi ps descri bed
herein may be used in diagnostic assays. FRon- exanpl e, the chips are
used in an i munosandw ch assay for the 5 detection of infectious agents
usi ng anti bodi es directed against infectious m cr oor gani sns, e. (.
bacteria, virusgss oPrAtPFARCAMEICEEAES O¥BRnective BHKARMHPBNA 18 Gél;ﬂele‘i;'i?oc[ee g,
see Figure 20]. A plurality of anti-Iigands, e.g. antib [

i nked to eachsﬂruc‘a.treercamrbmpa:medcmtodnamﬂalhelsm ptamdard circatit bohedl t 0 an
appropriate |ayer .of the reflective m dd a nulti- 10 well chip
creating a panéT‘”B‘f‘géﬁFﬁB%ﬁeé nawadg &5’ n%kta]){%f! }?? 8- ar

m croorgani sms. Theypfd MddnPagBcatiom, the eha%eé}ed;sr@e&tawy WBERyrRd to
sanpl e of body f|UId obtained froma patient, e.g., urine, sputum or

bl ood. 5 contaBufdetedtonteleineots,se.gl. | phetbdiodésrinadrare bnclqr-mﬁategiamto

| e d 15 th d d, th A | ut
conta g A the syRaT " Tay o Garp et Boan Al Bt SR A
panel of knomwaveguﬂﬁééﬂeﬂsmem%klgaw%éQnﬁeﬂ H?tné@lré‘éﬁsc’éf HE Chyy.ae

fusion protein is dded, which directed agai nst the sane
antigen or anopteferred emhndlrgermts;artbsedﬁtegtprteﬂemeartg@pgmpfpmd ef a linear

Alternatively, _a_ph or Jvl FUS may_ be enpl oyed, t hat sbe
qenet 1 cal 1y ongALAT Sl ptRA Borrox Rt RERgIIS of Pep dBiErons.

Pref erabl yjpot hBréfbfétﬂY qr—z%ﬂggnbawﬁngr@%tector l@éﬁ@UfWRhtﬂ‘\e chip, The
chip or individual we i s washed t he renai ni ng conponents of the

bi ol uni nescenc@ie@élﬁ@aapnr@f @;teltga,ahmee gestasarupﬁefr@avm@achm@da@thﬁewsﬁry
activators, | f an l.gen .h en e d, light is
emtted fromt %%ﬁgnﬁ?él %%?%Fgﬁn\%ie?%eturaﬁq 1ga ‘g‘et ected by the
phot odi odes | ocat edAWd&@sghm@enu&%ﬂlmmﬁemdeayﬁn be fabncatemereflétna@lbed
chip. Inthe nulti-well chip system the output signal

bi ol uni nescent eagilcksipg MicronEashdag Bgcaeiaeesi fgavigyhp @rf V‘é@tﬁ@/ 14848 ed

15 shows a schematic of a representative 96 micro-location device. This
micro-location device is fabricated from a suitable material stock (2 cm x
4 cm x 1 cm), by drilling 96 proportionately spaced holes (1 mm in
diameter) through the material. An electrode circuit board is formed on a
thin sheet of plastic material stock, which fit precisely over the top of the

20 micro-location component. The underside of the circuit board contains
the individual wires {printed circuit) to each micro-location. Short
platinum electrode structures (~ 3-34 mm) are designed to extend down
into the individual micro-location chambers. The printed circuit wiring is
coated with a suitable water-proof insulating material. The printed circuit

25 wiring converges to a socket, which allows connection to a multiplex
switch controller and DC power supply. The device is partially immersed
and operates in a common buffer reservoir. '

While the primary function of the micro-locations in devices

fabricated by micro-machining and microlithography techniques is the
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the reacti apoasewet! as light reflected off of the middle Ia&%ﬁ“?%m@m”

see Figures 10 & 11]. The output signal nmay optionally be anplified

and/or multiplexed prior to be sent to a conputer processing unit for data
analysis. 5 The assay may be used quantitatively by adding a known
anount of luciferin to the well and by neasuring the rate of the
utilization of the luciferin (i.e., ageduction in |ight production
over time is proportional to the anmount present in the sanple as
conpared to controls). . Nucl ei ¢ acid hybridi zati on assays 10

The chips descrlRed gy &g gj%yaf%' &i?fe?%nysﬁﬂjdb(hd%(’ﬂaﬁhﬁa?é‘dg

hybri di zati on assays sired nucleic acid or peptide
nucl ei c acid pridrelietiograptg] ehe:pacmdamhradd anadhpmmlalyeenssareoﬁmmqtly

coupled to the derivatized silica surface, of the Chlp di r. Vi

li nker gr éiipctives thecyederhdppdee r{ngéo&tg det dn t"{? Ceer%ﬁ%é ?‘f‘g)é'e
or the chip 15 n Qgydraearghi p
"n an array  micie FRghRing tEEhniGeS ﬁ“é’i’efﬁ*%?f'gh?'?gé’ﬁ?éhﬁ‘%@w P the
bi ol ogi cal sanphgsigtky lsgpefhted frorasthedr inkévidoal meeaize;lamrodecsrtn.m'tysa bala
means .and t he nucl eic_acids pr.efer F‘t ed from

sanpl e usi ng sbdﬁééﬁé'%%tﬁ'dﬁ"ezwd’WHH%CSB"%%% rSFe'@’I?"'I | ' e r[“’ed g,
see Sanbrook epal. s(tﬂ]e%eatton ork AmMEAORYBEL cdR GelfbrmddPLisingPr i Ng

Har bor Laboratory ress . Alternatively, the sanple can be
anal yzed wi t hoftingtioridlizedthyainophilic gelst memmbrainesc oa@lthlersw(ca!ds porous

The nucleic acid is resuspended in hybridization buffer and the 25 sanple
is added to t hB'a&gfiglgee of the chip and incubated at the desired

hybri di zat ygn tenpe i®h and

hybri di zat i gn t he hﬁ?%ﬁ?rsalﬁaif{mé%ﬁ%goggﬁlﬁgfcgwltsﬁ&ergé\f\g%ﬁféd under the
appropriate st attagbmqntdamhstnan.ssefsorne]s@rurbéd Herainn, For. examipigh aredi um

8r8/ Izg\évahe COgPodnggd %%WOSE%:L%% o?cig% {mg%')o po ygaérg)/latrrrxli%e %6@5./7 23089

polylysine), can be used to partially fill {(~ 0.5 mmy} each of the individual
micro-location chambers in the device. This concentration of gel forms
15 an ideal permeation layer with a pore limit of from 2 nm to 3 nm. The
polylysine incoroporated into the gel provides primary amine functional
groups for the subsequent attachment of specific binding entities. This
type of gel permeation layer allows the electrodes to function actively in
the DC mode. When the electrode is activated, the gel permeation layer
20 allows small counter-ions to pass through it, but the larger specific
binding entity molecules are concentrated on the outer surface. Here
they become covalently bonded to the outer layer of primary amines,
which effectively becomes the attachment layer.
An alternative technique for the formation of the permeation and
25 attachment layers is to incorporate into the base of each micro-location
chamber a porous membrane material. The outer surface of the
membrane is then derivatized with chemical functional groups to form the
attachment layer. Appropriate techniques and materials for carrying out

this approach are known to those skilled in the art.



-109- detected by the addition of an anti |igand conjugated to a
conponent of a bi ol um nescence generating system preferably a -

| uci f er ase. WrBR6217 vy preferred anti |ligands are anti bo&@8%423%89
F(Ab) 2 fragnents thereof, that preferentially recognize doubl e
stranded nucleic acids or the associated 5 small antigenic determ nant.
Ant i bodi es that recogni ze doubl e stranded DNA are associated with a
nunber of autoi nmune di seases [e.g., see Tsuzaka et al. (1996) din
Exp. I munol. 106:504-508; Kanda et al. -931997) Arthritis Rhem
40:1703-1711 The chip or individual well is washed to renove
unbound anti body 10 - luciferase conjugate, and the renai ni ng conponents
of the bi ol um NMErEC 8D69e GRIBEFIBtIDAF OB Rt &IBsigh andafabriekationi oF aribvady
necessary activators, are added. If a conplenentary nucleic acid or
peptide nucl ei hould natibg eersidewd aradiniddo pihgitvariations eetprmoaf the
bound lucifera : WR IS, L J . by . 1.0odes | ocated
wthin the semiEsiasrise: 1Maryafadofi aEThE Eeiuavab frbBrbPemmalRs o2
assay may al so fgniberedotisaatdsisabievliorobipcatidhB®re dfesiBned for diderdntof
luciferin to the well and by measuring the rate of the utilization of
the | uciferith @nabytical andipianasative applisetignedariasionsyef the gevics with
proporti onal { Qa3 HBHNatiE F5EHorld ol S RERIsR: A5 SUTAPEGTS boddlymer

controls). ection of I C sen

Among ot her usegntivésis RppliBatlohs. N\egtdtithd . sRBSidnteniplatid as @lddtréaically
isolate to known antibiotics or as a device to screen for antibacteri al

agents. For exa@vgressabie andyeaniceliabie reagentdispensars fainise wityetker wel | |
25 an isolate e . i i I r r i by the
addition of a s‘%? ca%' é'q%lg'mgﬂl&ﬁé% hpr/ﬁcid&eté{]s\ﬁﬁ#rcé?lﬁlﬁgrg?%éﬁgr{eﬁﬁﬁgl?%éd

medi unj follictowed by i nculmati onSelfrddaresyin® @fioHips envi r onent al

conditions, such as _tenperatures of 20[err]C to 42[err] C under aerobic_or
anaer obi ¢ at nospher dde chips anghdguices cribed in International patent application

PCT/ US97/ 23089 pyblication N WO 95/128 -afH.'g)-
The grow ng bactuerlf:g 'gPe Ct’?ien ?nf e{ct egsvx,?rt)?] Vgob%g{cg?%%ﬁéae, s(ﬁ%h as

| anbda or P22 fetecteoniealbyp setfeaddress leathhaicrbdenatienatitha syedfigibiadired
to encode firefl | ferase, '\Ahilggig;ag uires avail able ATP as a co-factor

Clugf
[see e.g., Secﬁ”%‘ﬁyB?tf]? deKicecish y&f f?‘i?ﬁr%c"e'*lﬁﬁ?lsa*rhel UEPF%‘P'EE?%“‘? n
these 5 bagf erithchrierdt'sr BPESIERMInAIng titi £t sheciflt MierRirddohsonThiaht .

device self-assembles itself in the sense that no outside process,

mechanism, or equipment is needed to physically direct, position, or

place a specific binding entity at a specific micro-location. This self-

addressing process is rapid and specific, and can be carried out in either
20 a serial or parallel manner. _

A device can be serially addressed with specific binding entities by
maintaining the selected micro-location in a DC mode and at the opposite
charge (potential) to that of a specific binding entity. All other micro-
locations are maintained at the same charge as the specific binding

25 entity. In cases where the binding entity is not in excess of the
attachment sites on the micro-location, it is necessary to activate only
one other micro-electrode to affect the electrophoretic transport to the
specific micro-location. The specific binding entity is rapidly transported

(in a few seconds, or preferably less than a second) through the solution,



The effectiveness of antibiotic therapy can be nonitored directly in

this systemby incubating the bacteria with an effective concentration-of
an anti bi ow@9szsd7f ol | owi ng subsequent |ight emission. |f tHRCHEWVEISPi c
results in cell death, intracellular ATP pools will be depleted thereby 10
i nhibiting the biolum nescent reaction. The decrease in light is suggestive
that the particular antibiotic or conmpound is effective. In other

enbodi ments, the bacterial are incubated with test conmpounds and the

anti bacterial activity of the test conpouSd-is assessed. 4,

Synt hetic synapse 15 Versions of the chips provided herein may al so
be used to generate a synthetic neuronal synapse [e.g., see Figures
17-19]. A ana%cs rﬁrﬁ@&yJTF‘ectR/aéf bl BEbific ARIbYSRAlibARyRSIeERase | S
fused to a erase, such ‘as by reconbi nant expression. The

| uciferase is uamdfcbatalyn becomesncovalently domdedcta the spegiet surface. s t abl e

t at th t ted. t t | f
can_ under go aBBlBRriea BCToNICaly AEIARAtTBR PR AN 4C AEBSbER fer of n-
The resultingg Béifﬂ:”rrh% nlglcgtréﬁt(?@g'n?? sh8wh WF@uréWCBf A%e patethtd) ANWhded

herein. The ne ron or neurons is kept in close proximty to
t he fusi onBpr maerm}!dmatkm:k temnaihamaffectctlﬂp/ ldyaqosmmlﬁc rbgnmlrmfaﬂy gfAbVit h

factors, e.g., neayr.. the 25 on of. t a

M croport to b%%?t@dalﬂ‘&df%ﬂ RRUPA'S 'c?é'%‘l"’e By rﬁé(ﬁﬁ"f‘gqﬁﬁt‘b‘%'gﬂi fg@% Fi gure
I%)ZJII'/ US97/ 23085%§€ﬁ@2ﬂcr0 -location, and electro-phoresing it to a dlspOfflllocatlon

The silicon- syliepsyecleliscepeates wntil ajbdpsiret mintd-lodatisinsraredaddressed weiith

'n the. api hal BB PHBSRPIIRR e BNFor POBE BRI STO At &ie Bhe
el ectrodegg mp%e@&l St aa@reéginlgl %dnﬂé%'&w@ﬁtr&ﬂs mrdssussag vidtis gpbalfice 5
| aser, such as a err aser, and the electrode is placed into proximty

of a knomhgnewlﬁcft]dﬁeblndrngaantltles (8Be8f &Bnent of the silicon-synapse

Ty v P TTOM SRSl LLhl ol deep Al SR BaLo et d BhaRa R

neur onal pat h ppropri e hearoni's

preferable, t E‘i}%ghaneouswoéctﬁﬁa&ﬁigta@ér,gehﬁi@r@uée {pdreichluragrdupabnling) bf
reprogramitself to send the 10 i gnal al ong_those neurons that transm t

the proper si gnigro-electrodes so th'ﬁ‘éthff §ﬁ§1ﬁ specfic Mindiegreily isipanspated,
i nvol ves vl% %Ewcentratgg UL Q4 rélgét%'d . ?é"flqa %C%fé@lﬁggmc'?@-’! Mgty are
it o THE sée | EE R nh and to

rel eased i synap e enzynmne,
such as the bindi ngNhen usdd ahetqﬂlph@lcbn@adtedtdvethecsban%e, sudie abiankedy
luciferase is, if previqQusly 15 inactive, is |v ted t he bi ndi,ng, or
i f previously Bt 9@”'9%3”%&6'&’%&?8&’"‘ or b'B?dt hei %’é@ofift%‘f}?g 18]

I'n the pr esenqﬁ*tgf Egﬁﬂoes%rpbaﬂtammg a luciferin or, preferably a luciferase,

conjugated or linked or fused to an antibody or antibody binding portion
20 thereof or a plurality of such fusions. The antibodies or portions thereof
are each specific for the antigens of interest. Detection is effected by
reacting the chip with a bioluminescence generating system
thatgenerates light detected by the photodiodes.
3. Attachment of biological molecules to the surface of chips
25 A large variety of methods are known for attaching biological
molecules, including proteins, nucleic acids and peptide nucleic acids, to
solid supports [see. e.g., Affinity Techniques. Enzyme Purification: Part
B. Methods in Enzymol., Vol. 34, ed. W. B. Jakoby, M. Wilchek, Acad.
Press, N.Y. (1974) and immobilized Biochemicals and Affinity



conponents of a biolum nescence generating system |ight is produced

(or is quenched), which change is detected by the photodi odes :
associ at ed W@ ¥8262Fk chip. This detection generates one or noterBFEE ¥ %al.
20 or data signals that is/are sent through one or nore wires leading to a
conputer, such a mniature conputer that is attached to a belt, which
processes the information. The processed information is transmtted by
appropriate neans, such as a fiber, to one or nore el ectrodes, which are
attached to any desired device or effector®5particularly a nuscle. Upon 25
recei pt of the signal, work, such as a nuscle twitch, occurs and body

novenments may be initiated. The devices will be inserted in a manner
that bypasses @hicishtiftphy £AdYantES is Exprincaitdl Maticing. shd Sieiobivg wio.
17]. WD 98/ 26277

PCT/ US97/ 2308%¥2, ed. R. Dunlap, Plenum Press, N.Y. (1974}; U.S. PatenpNo.

65t or nae mmy’ 4RI BES $e8 Pl Potn ot NEH SR AT P D28 s i
conj unction wiglg70,7a8er5, 148,854 warbiediarBNbilicBANINPS ardikinewn ght of a

known wavel ength is_generated by a | aser to excite the fluorophore and 5
the enittedfl uor estaers mefhadp dypicdilydnvalyepderivalizadionsof the solig supparhi p

R O A T R

detected and e oye or 't um nes

Si nce nodi fi cadubyeguent latthapasr éhthd Bidlbgral eiolekilkl to thd Hedvatited i t
Is intended that this invention be [imted only by the scope of the 10
appended cl ai mayrface via gyoygjergyond between the reactive group and a reactive

Sommary of  SeqUIRYPIaFeRLARabe bislogiee) malscs Bresan piefelli mathods,

10 are those applicable for the derivatization and attachment of biological
molecules to silica substrates, particularly methods for derivatizing the
silica surface of microelectronic chip devices.

a. Derivatization of silica substrates
Numerous methods for derivitizing silica surfaces or for coating

15 surfaces with silica and then derivatizing the surface are known.
A number of reagents may be used to derivatize the surface of a silica
substrate. For example, U.S. Pat. No. 4,681,870 describes a method for
introducing free amino or carboxyl groups onto a silica matrix.
Alternatively, a layer of free amino groups or carboxyl groups may be

20 introduced using amino- and carboxymethyl! silane derivatives, such as 3-
aminopropyltriethoxysilane, 3-aminopropyltrimethoxysilane, 4-amino-
butyltriethoxysilane, (aminoethylaminomethyl)phenethyltrimethoxysilane,
2-(carbomethoxy)ethyltrichlorosilane, (10-carbomethoxydecyl})dimethyl-
chlorosilane and 2-{carbomethoxy)ethyimethyldichlorosilane (e.g., see

25 Hulls Catalog).

The silica surface may also be derivatized to introduce a layer of

hydroxyl groups using alkyl- and alkoxyalkyl halogenated silane
derivatives. The alkoxy groups of trialkoxysilanes are hydrolyzed to their

corresponding silanol species, which may occur during the formal



forth in the Sequence Listing 1. SEQID NO. 1 Renilla reinforms

Luciferase [U. S. Patent No. 5,418, 155] 2. SEQ ID NO. 2 ri di na

hi | gendor f iwoloseézrer ase [EP 0 387 3551 5 3. SEQ I D NO ECF/%&’?&%P
Luciola cruciata Luciferase [firefly; U S. Patent

4,968, 613] 4. SEQ ID NO. 4 Vargula (Cypridina) |uci ferase [ Thonpson
et al. (1989) Proc. Natl. Acad. Sci. U S. A 86:6567-6571 and
fromJP 3-30678 OCsaka 10 5. SEQ ID NO 5

Apoaequori n-encodi ng gene [U S. Patent No.9§, 093, 240, pAQ44]

6. SEQ ID NO. 6 Reconbi nant Aequorin AEQL [ Prasher et al. (1987)

" Seqﬁence Conparisons of cDNAs Encoding for Aequorin Isotypes,'

Bi ochem stry 2§: - ] . -§E§I ARGHOfHeN AE

[ Prasher et al _gre% %Sgt}ﬁﬁ% aq][gE?.Ué soég& I thqeaéggﬁnbcﬁ@ﬁ@ %gquorl n ,A%I:ZIQ3 &
[Prasher et al abédrd@@)hoisture 8n theSiHzd Bubfirate. Adtpecsilamoph usopltycendense

[ Char bonneau et al. (1985) no I d Sequence t he
Cal ci um Dependwth ﬂ?ﬁfﬂé@‘h’éﬁé’%m’\”m a|k°XYS'éneﬁéaA}(p9(Fh5"?8ﬁ eﬂ*gt&‘mgnfﬂ-

24:6762-6771
bi ol uni nesce]nc‘égré(t Pti?’%% i ahbhi g]l-ﬁ\{ ﬁsﬂé’ﬁ\' %ﬂweﬁ%%gfatgé %ﬁat %&%g the,

ghalnged to §er hydrq[xyl LroupSHR tHa didfadd ohehadmilica [m_gg,mea/\Mdhsemlcetaaéed

I ol um nescence activit No. 5,

changed to Ser{1995) .ﬁ@i@e@&b%zﬁzg&@g tr“lr']';f'herFm%ﬁt ?é\?ﬁoyglg?‘?ﬁt?é‘g@égfj
bi ol um nescenc?ls%Sbe afgvateéggﬁl'%éﬁéngﬂf?’\ﬁhhpﬁ QEO%@n halidB Lr/de® Sk olirde?9

changed to Al a econDl naht apoaequorin [sold by
Seal ite, Sciengeaditions. The antBigmrd js GvalsnAQaitachedeta the sheface upon
reconstituted tao formaequorl nh?d surf%g'é SEQ ID NO. 14 Vibrio fisheri

Fl avi n reduct ag8gditignsto g aRtv 5, 484, 723] WO
98/ 26277 49 The selection and use of an aé)éaroEnate denvaﬁ’ﬁﬁéU@%@éﬂ@@9
-114- NCE LI STI NG

GENERAL | NFORMNItHIN the skill of the skilied artisan. For example, the selection of t e
appropriate silane derivative may be accomplished by empirical evaluatlon
of silanes within the predicted categories. In preparing these silica
substrates, the entire surface of the substrate may be derivatized with

15 the appropriate silane derivative or the surface can be derivatized at only
plurality of locations to form a discrete array. The reagents and solutions
containing biological molecules may be added to the surface of the silica
manually or by using a tamping tool or any other tool known to those of
skill in the art for this purpose.

20 b. Attachment of biological molecules

The attachment of biological molecules to the surface of silica
substrates may be effected using procedures and techniques known in
the art and described herein. The attachment of the biological molecule
may also be effected in the absence or presence of a linker moiety (e.g.,

25 see Section D1 below). Any linker known to those of skill in the art may
be used herein.

Derivatized silica substrates containing a layer of free amino or
carboxyl groups or other suitable group may subsequently be covalently

linked to a free carboxyl or amino group on a heterobifunctional linker or
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FORM (A) MEDI UM TYPE: (-877-COVPUTER: | BM Conpati bl e

(C) OPERATI NG SYSTEM DOS (D) SOFTWARE: Fast SEQ Version 1.5

(vi) CURRENT APPLI CATI ON DATA: (A) APPLI CATI ON NUVMBER:

(B) FILING DATgiblé%E_ﬁrlEﬁ rh8REule, such as @EDrdtbinoS P& Bcleic acid or Othéd
PRI OR APPLI CATI ON D APPL| CATI ON NUVMBER: 60/ 037, 675,

(B) FILI NG DATEntidganeR-indbe presence of ai ¢3 rbpmimdﬁpihmem mrpadiimides

A) APPLI CATI 33 74 TE: 12- DEC- 199
(i) ATTORNE BN BEioH hv'ammopméﬁ%af e, 1%, f ORI Aente
(B) REG STRATI (NANUNBERVN 32 ﬁﬁ)%e of skill in th&)arRESRENGE BeEKRdNVBERN
6680- 112 (1 x) TELECOMMUNI CATI ON | NFORMATI ON:

TELEPHONE: 819-786-Ryggtice of Peptidg SynMﬂ:Aﬁpmrzvsrlegsﬁerlnn$ 3984)] (O

GHARACTERI STI Cs: + AnothST ththod (afrtarniad biladical rpotecuds ivalved" =

modification of a silica surface through the successive application of
multiple layers of biotin, avidin and extenders [see, e.g., U.S. Patent No.
4,282,287]; other methods involve photoactivation in which a

10 polypeptide chain is attached to a solid substrate by incorporating a
light-sensitive unnatural amino acid group into the polypeptide chain and
exposing the product to low-energy uitraviolet light [see, e.g., U.S.
Patent No. 4,762,881]. Oligonucleotides have also been attached using
a photochemically active reagents, such as a psoralen compound, and a

15 coupling agent, which attaches the photoreagent to the substrate [see,
e.q., U.S, Patent No. 4,542,102 and U.S. Patent No. 4,562,157].
Similar methods are applicable to peptide nucleic acids. Photoactivation
of the photoreagent binds a nucleic acid molecule or peptide nucleic acid
molecule to the substrate to give a surface-bound probe. In certain

20 embodiments, the photoactivation may occur /n situ by selecting an
appropriate bioluminescence generating system with an appropriate
emission wavelength sufficient to photoactivate and immobilize the
nucleic acid.

Furthermore, U.S. Pat. No. 5,451,683 describes a technique for

25 attaching biochemical ligands to surfaces of matrices by attachment of a
photoactivatable biotin derivatives. Photolytic activation of the biotin
derivatives for biotin analogs having strong binding affinity for avidin or
streptavidin. The biotinylated ligands are immobilized on activated

regions previously treated with avidin or streptavidin.



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: |i near (ii) MOLECULE TYPE: cDNA WO 98/ 26277 -
PCT/ US97/ 2389898/26277 - 11BCT/US97/23089
(vi) ORI G NAL SOURCE: (i x) FEATURE: (A) NAME/ KEY: Codi ng
Sequence (B) LOCATION: 1...942 (D) OTHER | NFORMATI ON:
Renilla Reinform s Luciferase (x) PUBLI CATI ON | NFORMATI ON:

PATENT NO.: 5, 418, 155 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 1: AGC
TTA AAG ATG ACT TCG AAA GIT TAT GAT CCA GABBCAA AGG AAA CGG 48 Ser
Leu Lys Met Thr Ser Lys Val Tyr Asp Pro Qu d@n Arg Lys Arg 1

5 10 15 ATG ATA ACT GGI' CCG CAG TGG TGG

GCC AGA TGT AAA CAATAE%’(%FHH} of anti- l%d&ttd & endthix ﬁa&teﬁ?élorr\@ynal% felr p
Ala Arg Cys Lys G n Met Asn

30 CIT GAT T@cﬁ“WeATeTemammﬂyT/ﬁeltawdmsam sehresRMiding wrmwctromc

%34 Leu Asp Segygc%%wglland%sew é’s for ele&ren%ﬁlyﬁtﬁﬁn%fﬁe%%jt% CCT AAC

GCG GCC TCT TGhinkg -BT'%p-E@ﬁléB?\dmg eni@@s%asﬁéaimd hsicRlechktionbion Sriatisn
Ala Ala Ser Ser Tyr Leu Trp A 55
60 5 [e.g., see Internattona! Patent Application Publication Nos. WO

95/12808; WO 96/01836 and WO 86/07917, U.S. Patent No.

5,632,957, 5,605,662]. Electronic control of the individual micro-
locations may be effected whereby voltage or current is controlled.
When one aspect is set, the other may be monitored. For example,

10 when voltage is set, the current may be monitored. Alternativelyh,
when voltage is set, the current may be monitored. The voltage and/or
current may be applied in a direct current mode, or may vary with time.

The spatial addressability afforded by these methods allows the
formation of patterned surfaces having preselected reactivities. For

15 example, by using lithographic techniques known in the semiconductor
industry, light can be directed to relatively small and precisely known
locations on the surface. It is, therefore, possible to activate discrete,
predetermined locations on the surface for attachment of anti-ligands.
The resulting surface will have a variety of uses. For example, direct

20 binding assays can be performed in which ligands can be simultaneously
tested for affinity at different anti-ligands attached to the surface.

For example, the attachment of biological molecules to a silica
surface of the non-self addressable chip using alkoxysilanes typically
involves pre-hydrolysis of the surface. All of the following operations

25 should be performed in a laminar flow hood/clean environment to avoid
contamination with dust, organic particles and other particulates.
Typically, the appropriate alkoxysilane is dissolved in a 3:1 ethanol-water
solution at room temperature for 12 hours. The chip is treated by

flooding a selected area of the chip repeatedly using fresh aliquots of the



CAT GIT GIG CCA CAT ATT GAG CCA GITA GCG CGG TGI ATT ATA CCA GAT 240
Hs Val Val Pro Hs Ile Qu Pro Val Ala Arg Cys Ile Ile Pro Asp 65

70 WO 98/26277 75 80 CTT ATT GGT ATG PRRIGA
GGC AAA TCT GGT AAT GGT TCT TAT AGG 288 Leu Ile Ay Met Ay Lys Ser
Gy Lys Ser Ay Asn Ay Ser Tyr Arg 85 90

95 TTA CTT GAT CAT TAC AAA TAT CTT ACT GCA TGG TTG AAC TTC TTA ATT
336 Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Leu Asn Phe Leu lle

100 105 11689TAC CAA AGA AGA TCA TTT TTT
GIC GGC CAT GAT TGG GGI' GCT TGT TTG 384 Tyr A n Arg Arg Ser Phe Phe
Val Gy Hs Asp Trp Ay Ala Cys Leu 115 120

125 GCA TTT CAflaiéklfekdITeblutiét @ﬁeﬂMsG@é’a%fﬁ'ﬁﬁeWpAI@/&vﬁkTﬁdil]ﬁng 130
432 Ala Phe H's Tyr Ser Tyr GQu His ys Ile Lys alle Va

135 large am@@ntmta@e?lwth@rotm“ew@w verebesTin EHE 9CA TGG

GAT GAA TGG Crc-ﬁuﬁegwe,%&éﬂes(u%rgpﬁé’légd fiatly YHntaRe, w:ti!g?e evhorkted ' P

Asp Gu Trp Pro

160 GAT ATT Gihdepa Sidakldf Goonitfégedd.C AAA TCT GAA GAA GGA GAA AAA

528 Asp Ile Qu Qu_Asp |Ile Ala Leu Ile Lys Ser u Qu A u Lys

165 5 Tlh;q)efflmency of the den@gatwp@fghp qqr@@gf Abhe c;zmp;nparc

TTC CTG GAA ACG TG eFTih roygrgoﬁjpﬁ@@ an apptéPribtd {fesclH GineY2afiidy n®

Phe Val G u Thr Leu

190 WOdedivati2éd) or fluorescent carboxylic acid (amino derivatized) to the

PCT/US97/ 238895w1‘ace of the chip by exciting the fluorescence of the i)oana molecules

using a laser of appropriate wavelength. Appropriate compounds for this

10 purpose may be amino, carboxyl or other reactive derivatives of
fluorescein, rhodamine or Texas Red, which are known to those of skill in
the art and are also commercially available (e.g., see Molecular Probes,
Inc.). |

The isothiocyanates of fluorescein, rhodamine, or Texas Red, for

15 example, react in an irreversible and covalent manner with any free
amino groups on the silica surface. A solution of an effective
concentration of fluorescein {about 10 mM) isothiocyanate (mixed
isomers) in acetone or dioxane is placed on the amine-derivatized silica of
the chip for sufficient time, typically about 30 minutes at ambient

20 temperatures. To remove all unreacted material, the chip is washed with
hot (i.e., 60 °C) solutions of acetone, hexane and pentane or other
suitable solvent. A region on the same chip that has not been chemically
derivatized is similarly treated with the fluorescein isothiocyanate as a
control. A small amount of direct covalent reaction with the glass is

25 possible and thus the control should be performed to indicate background
levels. The fluorescence of the bound fluorescein can be excited using a
suitable sources, such as an argon ion laser (e.g., 488 nm), preferably

using a 45-degree angle geometry. The argon laser can further contain a

photomultiplier equipped with a 10 nm bandpass filter for detecting the



ATC ATG AGA AAG TTA GAA CCA GAA GAA TTT GCA GCA TAT CIT GAA CCA 624
Ile Met Arg Lys Leu Gu Pro Qu GQu Phe Ala Ala Tyr Leu Qu Pro 195
200 wo 9826277 205 TTC AAA GAG AAA GGT GAA GIT CGrT CG‘IPW%@#PS?TA
TCA TGG CCT CGT 672 Phe Lys Gu Lys Ay GQu Val Arg Arg Pro Thr Leu
Ser Trp Pro Arg 210 215 220 GAA ATC
CCG TTA GTA AAA GGT GGT AAA CCT GAC GIT GTA CAA ATT GIT 720 Au lle
Pro Leu Val Lys Ay Ay Lys Pro Asp Val vVal @n Ile Val 225

230 235 -2080- AGG AAT TAT AAT GCT TAT CTA
CGI GCA AGT GAT GAT TTA CCA AAA ATG 768 Arg Asn Tyr Asn Ala Tyr Leu
Arg Ala Ser Asp Asp Leu Pro Lys Met 245 250
255 TTT ATT GcC

816 Phe 1 1¢ GUMGER He8 Bro ey W Bl oadha o et ¢l

260 fluoresce%&e detected is a functioR76f thHECEXTeNG alCefficie ST oAAT ACT
GAA TTT GIC AAA GTA AAA GGT CTT CAT 864 Ala Lys Lys Phe Pro Asn Thr

G u Phe Val Lyderivatizediengy Leu Hi s 275 280

285 TTT TCG CAA Epgggala Hefe MMadLG

912 Phe Ser A n GGGH & ro A@F&G@%N@% y L@?%T%-Eldﬁggws Ser’ — 290
295 5 MYLAR, Sﬁéy ﬁTd)ev@Té‘nﬁ%Gaﬁ:@és&?l‘ e C O oAk ASURAT tigra rcantifligand

TTACTTTGGT TTTTTATTTA 965 va| du VaI Leu n du @.n 305
310 CATTTTchaaG@@TmmR’PA'ZMA% lMsﬁe Wﬁ?ﬁ?“%ﬁ&&m

1025 TTTCACA T LIT, 3 C
1085 ATTTTCOAMY RETAGCREH e deAR A %’F-XTWAAACESGTW‘ A
1145 ATATTATAAR thisCAnbbdirh eATGTg#tT@GMe r@TQZGGV'ITﬁ'EAb iCRATMRSALACA generating

CHARACTER! STI GyStem Wil nof R A4kl oTBaiaed y,the antiligand The\sp e
nucl ei aaﬁfE plh\?PEdloo(e@ r%TWE§SbH EbﬁﬁHeantr ligand. (D) TOPOLOGY: i near

(ii) MOLE (1 x) (A) NANME/ KEY:
Codi ng Sequence D. Fognﬁ)at[mﬂh@ifer_ase cm%gates
1. Linkers

The conjugation of a luciferase to an anti-ligand, g.q., an antibody,
oligonucleotide or peptide nucleic acid, may be achieved in the absence

15 or presence of a linker sequence using methods known to those of skill in
the art. Any linker known to those of skill in the art may be used herein.
Methods for linking a luciferase to an antibody are described in U.S.
Patent Nos. 4,657,853; 5,486,455 and International Patent Application
Publication No. WO 96/07100.

20 Other linkers are suitable for incorporation into chemically linked
proteins. Such linkers include, but are not limted to: disulfide bonds,
thioether bonds, hindered disulfide bonds, and covalent bonds between
free reactive groups, such as amine and thiol groups. These bonds are
produced using heterobifunctional reagents to produce reactive thiol

25 groups on one or both of the polypeptides and then reacting the thiol
groups on one polypeptide with reactive thiol groups or amine groups to
which reactive maleimido groups or thiol groups can be attached on the
other. Other linkers include, acid cleavable linkers, such as

bismaleimideothoxy propane; cross linkers that are cleaved upon



(D) OTHER | NFORVATI ON: Cypridina hilgendorfii |uciferase X)
PUBLI CATI ON | NFORVATI ON: PATENT NO.: EP 0 387 355 TORAY :
(xi) SEQUEN®O 93621 PTION: SEQ ID NO 2: ATG AAG CTA ATA ATT RE¥UFTR3MSPT

ATA TTG GCC TAC TGT GIC ACA GIC 48 Met Lys Leu Ile Ile Leu Ser Ile
Ile Leu Ala Tyr Cys Val Thr Val WO 98/ 26277

PCT/ US97/ 23089 -117- 1

5 10 15 AAC TGC CAG GAT GCA TGI CCT GTA
GAA GCT GAA GCA CCG TCA AGT ACA 96 -A9l-Cys A n Asp Ala Cys Pro Val
Gu Ala Qu Ala Pro Ser Ser Thr 20 25

30 CCA ACA GIC CCA ACA TCT TGI GAA GCT AAA GAA GGA GAA TGT ATC GAT

144 Pro Thr Va|exBrb@ui|'é1lto$N oPydsiBleuligha WSOGweGQoMnWSsé\}aaMpkers
35 45 ACC AGA TGC GCA ACA

CGA GAC ATA CTN'MGGRG“&QQ oreydesito take advantege of desised mperﬁpscgfsew‘s
Arg Asp Ile Le in Asp Gy Leu Cys 50

60 GAA AAT GGG AAG ACA TGC TG AGA ATG TGC CAG TAT GTA ATT

230 G u Asn Lys Pro @\cymk;& lihRersCynd @@tﬂeghﬁlﬁrs@yl@(c(ﬂdggﬁwte\dahy Ido&zaféi\tly
7 GAA T A

GGA TAT TTT 5AGA2°A«9@nWheﬂmeex§e thgsanti ligand@natq, thp supiage\al the ehm aThlea

dy Tyr Phe Ar 90
o5 AGA TTT AA %% gg&"@&? s deseribed belaw.malibe used taeffect such
336 Arg Phe AsrcoMaterd coupling?r Peftisie liinkelly mayabisoehe AhRedrtyy Ekprelsing DNA

encoding the linker and the anti ligand, e.q., an antibody,, as a fusion

protein.

10 Numerous heterobifunctional cross-linking reagents that are used
to form 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, 1292-1993, which describes the preparation of and use of

15 such reagents and provides a commercial source for such reagents; see,
also, e.g., Cumber gt al. (1992) Bioconjugate 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

20 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). These reagents may be used to form covalent bonds

between the anti ligand and the luciferase molcecule. These reagents
include, but are not limited to: N-succinimidyl-3-(2-pyridyldithio)-

25 propionate (SPDP; disulfide linker); sulfosuccinimidyl 6-[3-(2-
pyridyldithio}propionamido}lhexanoate (sulfo-LC-SPDP); succinimidyi-
oxycarbonyl-a-methyl benzy! thiosulfate (SMBT, hindered disulfate linker);
succinimidyl 6-[3-(2-pyridyldithio) propionamido)hexanoate (LC-SPDP);

sulfosuccinimidyl 4-{N-maleimidomethyl)cyclohexane-1-carboxylate



100 105 110 AAG GGT GEC GAC TGG TCT GTA
ACC CTC ACC ATG GAG AAT CTA GAT GGA 384 Lys Ay Ay Asp Trp Ser Val
Thr Leu Thrwdves2&2ru Asn Leu Asp Gy 115 PCT/USPN(F3089
125 CAG AAG GGA GCT GTA CTG ACT AAG ACA ACA CTG GAG GTA GTA GGA GAC

432 A n Lys Gy Ala Val Leu Thr Lys Thr Thr Leu Au Val Val Ay Asp 130
135 140 GTA ATA GAC ATT ACT CAA GCT ACT GCA GAT CCT ATC
ACA GIT AAC GGA 480 Val Ile Asp Ile Thr A n Ala Thr Ala Asp Pro Ile
Thr Val Asn Gy 145 150 -102- 155

160 GGA GCT GAC CCA GIT ATC GCT AAC CCG TTC ACA ATT GGI GAG GTG ACC

528 Gy Ala Asp Pro val Ile Ala Asn Pro Phe Thr Ile Ay Qu Val Thr

165 Li CcC
aac T7C par AFPIRSRRE A FuodRmid, 32 pYREOICIETR R (STTB I o
Ay Phe Asn | |disdifide\iadnd liekel) us@tfiesuccinimidy! 2-(7t80do-4-methylcoumarind3s

190 TTT AAA CTA ATC A IT CIG GA TCT GIG.AGA T
624 Phe Lys LéiPeItF‘é“d)?ST ﬁhl\’g A?A g‘(‘@ PL%B"’G%A@QEA W&F'W’&d\’ﬁg
195 gic&%—%\%@hxj&%u%mﬁ?cetate ?@&M@T s@@%s@é@m{ﬁ%% pRahAA

GGA CTG ATA T 2AIaProAsPThrAIaAsnLys
Ay Leu || & Senethy- alpiea@fpyﬁdyldiﬁﬁo)tolum&do}hexanoate {(sulfo-LQ-BMPT); 1,4~

720 Leu G u MA-TAGHZ ABHTAY EIiAle) Ao opRETHA{BurAe DS DAL Aehed Iy 296
A GAG TTC 2RIty (2-pyridylthioléfidencloMRT Kifdeled dbiHaly ) aen
Lys G u Phe AdimkerysdjssirraniphidylBia-methyl-a-(2-pyridyldithig)toluamido]hexanoate250
Izgg-Sl-/ Us97/ ZBOX\gsgﬁ{)—%.G(?-g\/lPT); m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS);

10 m-maleimidobenzoyl-N-hydroexysulfosuccinimide ester (sulfo-MBS); N-
succinimidy!{4-iodoacetyl)aminobenzoate (SIAB; thioether linker);
sulfosuccinimidyl(4-iodoacetyl)amino benzoate (sulfo-SIAB);
succinimidyl4(p-maleimidophenyl)butyrate {(SMPB); sulfosuccinimidyl4-({p-
maleimidophenyl)butyrate (sulfo-SMPB); azidobenzoyl hydrazide (ABH).

15 Acid cleavable linkers, photocleavable and heat sensitive linkers
may also be used, particularly where it may be necessary to cleave the
targeted agent to 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.

20 (1992) Infection & Immun. 60:584-588).

2. Luciferase fusion proteins

In addition to antibody-luciferase conjugates, a recombinant
luciferase protein fusion to an anti ligand, e.g., an antibody or F{Ab),
antigen-binding fragment thereof, is also contemplated for use herein.

25 For example, the DNA encoding a monoclonal antibody may be ligated to
DNA encoding a luciferase or the luciferase may be linked to an antibody
[see, e.g., U.S. Patent No. 4,478,817, which describes

antibody/luciferase conjugates and the use thereof].



-1 18- GGG AAT CCT TCT GAT ATC GAA TAC TGC AAA GGT CTC ATG GAG CCA TAC
816 Gy Asn Pro Ser Asp Ile GQu Tyr Cys Lys Ay Leu Met Qu Pro

260 WO 98/26277 265 270 AGA GCT GTA TGT Wéﬂ@%ﬁ
ATC AAC TTC TAC TAT TAC ACT CTG TCC 864 Arg Ala Val Cys Arg Asn Asn
Ile Asn Phe Tyr Tyr Tyr Thr Leu Ser 275 280

285 TGC GCC TTC GCT TAC TGI ATG GGA GGA GAA GAA AGA CGCT AAA CAC GIC

912 Cys Ala Phe Ala Tyr Cys Met Ay Ay GQu Gu Arg Ala Lys H s Val 290
295 300 CITIT TTC GAC TAT GTD36AG ACA TGC GCT GCA CCG GAA
ACG AGA GGA ACG 960 Leu Phe Asp Tyr Val Gu Thr Cys Ala Ala Pro Gu
Thr Arg Ay Thr 305 310 315

320 TGT GIT TTA TCA CGA MudieitCdcid Hndl péptiae rifeleit lHeidhe 1esC AGA

1008 Cys Val Leu Ser Ay H's Thr Phe Tyr Asp Thr Phe Asp Lys Ala Arg

325 Taoluciferase molecules desgribgatherain m alsc @gog@gaﬁm

AAA GAG CTT CTG ATG, GCC 1056 n Phe n Gy Cys Lys
du Leu Leu NEFON%I%ch%AonSep-{% nucleic ac%%o %e couplmg may ‘al g)e

350 TAC TGG AQGrettéd 1i9eh&¥absombe MMpreténdafGATInkés ﬂ‘&hﬁﬁ foPeohidyating
1104 Tyr Trp Asn Thr Trp Asp Val Lys Val Ser H's Arg Asp Val G u_Ser

355 5 nucleic3@dds, at the 5ends 3’ MaM@lmh%tmmnmngTA
N e 1S A e e Ga oTer gisgd IR Drd¥dind e FnbwiPho Fhsbt o in ™

380 CGAT TTG Affle GH(fer R %%&é Sl dhild] [1968) We@ defVie<GHA
1200 Asp Leu Ile Val Asp Ay Lys- al LysVaI Ay Ay p Val 385

390 Bioconjggate Chemistry, Mears Eq00A mmcw@lmam&mgw.TCT GAG

AAC ACA TCC ATQVTA%} %Gn 2@% GA% %9 F%?%§a§1eﬂlenb§otg{n% fTXve g%en%ﬁ{ke%g) Asn

Thr Ser Ile Tyr

415 GAC ARG ChHachie pids @Ggﬂ@ra@%a@ﬁﬁr%ﬂ@ﬂﬁﬁu 6t &l T( 1A8) TNGcleic
1296 Asp Ile Leu Thr Thr Ala lle Leu Pro Gu Ala Leu Val Val I(_gﬁs: Phe
FEBAARtCAB2 R GTA

420 Acids Reps 5:2755-2773; Fiser gfzl. (pAB)T
GTT CAT ATC AGHGAE G08 THG. G- GRurmert 3 PO HEY S, Qi |go¥al Vel

Hs Ile Arg Asp
359; and Oste et al. (1972) Mol. Gen. Genet. 168::81-86) photochemical

cross-linking (Vanin et al. (1981) FEBS Lett. 124:89-92; Rinke et al.
15 (1980) J.Mol.Biol. 137:301-314; Millon et al. (1280) Eur.
J. Biochem. 110:485-454).

In addition, the carboxyl terminus of a luciferase may be

conjugated to one of the free amino groups of peptide nucleic acids [g.q.,
see Nielsen et a/. {1990) Science 254:1497-1500; Peffer et a/. (1993)
20 Proc. Natl. Acad. Sci. U.S.A. 90:10648-10652) using standard

carbodiimide peptide chemistry.

Additional sites for conjugation can also be introduced into the
nucleic acid molecule by chemical modification of one or more position or
by the introduction of a small antigenic determinant covalently coupled to

25 the 5’ or 3’-end of the molecule. A variety of small antigenic
determinants {i.e., His Tags, flg antigens, S-Tags, dioxigenin and the like)
are known to those of skill in the art and are also commercially available
[e.a., Boehringer Mannheim, Indianapolis, IN; Novagen, Inc., Madison

WI]. Modified nucleic acids and peptide nucleic acid analogs may also be



435 440 445 AAG ACA TGC GGEC ATA TGI GGT
AAC TAT AAT CAA GAT TCA ACT GAT GAT 1392 Lys Thr Cys Ay Ile Cys Ay- Asn
Tyr Asn G nwosys2&m Thr Asp Asp 450 455 PCT/USI7/23089

460 TTC TTT GAC GCA GAA GGA GCA TGC GCT CTG ACC CCC AAT CCC CCA GAA

1440 Phe Phe Asp Ala Qu Gy Ala Cys Ala Leu Thr Pro Asn Pro Pro Ay 465

470 475 480 TGI ACA GAG GAG CAG AAA CCA
GAA GCT GAG CGA CTC TGC AAT AGT CTA 1488 Cys Thr Qu Gu A@n Lys Pro Qu
Ala Gu Arg Leu Cys Asn Ser Leu -104- 485 490

495 TTT GAT AGI TCT ATC GAC GAG AAA TGT AAT GIC TGC TAC AAG CCT GAC
1536 WD 98/ 26277

PCT/ US97/ 23089 e
Asp Ser Ser gr%gare& by dlrec&hemslcal\faynt esns_l_usm% standard p%osﬂﬁ'&oamxdﬁ@

500 chem&sﬁ?&nd commercnally availdbl® moﬂ@idkﬁjﬁ!@ﬁdéﬁ@&pfﬁﬁpm TAC
GAG TAT TGC CTG AGG GGA 1584 Arg Ile A

Gu Tyr Oys Le@nA ﬁ_e%ggﬁ @lﬂla@q,nucleosme trgrilgospheates%nérglsg%/nu:gggtd—gs)
525 TTC TGT ﬁbg ARAHA %@ VARG 'E

1632 Phe Cys %2% | S ﬁﬁg%@gjog%?n h(% Lys Lys u Tyr I éLys ﬁﬁs

530 - 5 OperonSBéchnoIogms Alameda, C0  GGA GAC ACT CTA GAA GTA CCA
CCT GAA TGC CAA TAA ATGAACAAAG 1678, . Ay Asp Thr Leu Qu Val Pro

Pro du Cys 4 k. 5gRadiolaria and diatomsgigy depositing silica on mafeiges AT ACAGAAGC

CATGTACTCA TTGTTTACH TERTAAR AT RAAT PR Ay Ae=t sfeq oHlaidta

AAAAAAAAAA Midi@rial is also provided herein. The method uses dlatomm radrolana
(2) 1 NFORVATI Ogng%e%EaQnd ce‘\l%aﬂ proteins to effect the polymerization of silicon
10 dioxide along the interface region of the matrix to form a matrix-silicate
mesostructure. This method may be used in the semiconductor industry
for the preparation of silicate chips that have a variety of end use
applications.
Organisms such as diatoms and radiolaria synthesize elaborate
15 biomineral silica-based cell walls, also termed frustulum/frustles or
exoskeletons, which display hierarchichal structures patterned on scales
from less that a micrometer to millimeters [e.g., see in general, Anderson
(1983) in Radiolaria, Spriner-Verlag, N.Y.; Sullivan (1986} Ciba Found.
Symp. 121:59-89]. The two main principles of the architecture in diatom
20 cell walls are cell walls with radial symmetry (centric diatoms; e.q.,
Cylindrotheca crypta) and those with bilateral symmetry (pennate
diatoms; e.g., Navicula peliculosa and C. fusiformis).
The diatom cell wall includes of two parts, the epitheca and the
hypotheca. Each theca is composed of a valve and several silica strips,
25 girdle bands, which are composed of amorphous, hydrated silica and
other organic components [e.g., see Volcani (1981) in Silicon and
Siliceous Structures in Biological Systems, Simpson and Volcani, eds, pp.
1567-200, Springer-Verlag; Kroger et a/. (1996) EMBO 13:4676-4683].

The major organic protein constituents of these cell walls is a family of




(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 1644 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single , g D‘ -
TOPOLOGY: |WO&8#26277 (ii) MOLECULE TYPE: cDNA (i BFT A

(A) NAME/ KEY: Codi ng Sequence (B) LOCATION: 1.. .1644

(D) OTHER | NFORVATI ON: Luciola Cruciata Luciferase (Firefly) (x)
PUBLI CATI ON | NFORMATI ON: PATENT NO.: 4,968, 613 (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 3: ATG GAA AAC ATG GAA AAC GAT GAA AAT ATT
GTA GIT GGA CCT AAA CCG 48 Met A u-A8B-Met G u Asn Asp Au Asn lle
Val Val Ay Pro Lys Pro 1 5 10

15 TTT TAC CCT ATC GAA GAG GGA TCT GCT GGA ACA CAA TTA CGC AAA TAC

96 Phe Tyr Prodrbﬁe& lknGWh GsyfrSetuliAb ds&d ye Thr KebgeretiaAr(d 9968 Bt J.
20 30 ATG GAG CGA TAT GCA AAA CTT

GGC GCA ATT Gcﬂggng_mcm%@t%@w In mpgingediatpmsAng Wiyalveisaaneys Leu
Gy Ala Ile Ala Phe Th -V, .35 . 4
5 act or arpreddesdpriEel@viin ang ovokitbinRl R meterRptaEipst.

192 Thr Qy Va|Th‘ésfés-ﬁw’n§@au§}’ﬂteﬂ%l®t@pl&sﬁﬁrob@ﬂeﬁaunéwsva%é iR sp¥Sialized 50
55 A GGA AAA GCCT TTG CAA AAT TAT GGI TTG GIT GIT

GAT GGC AGASATTntrace"ulamgrmle yhe\silicy depesitighrvesdeleTyPilicpyis (teEanspgrtagy|
g\gp Ay A g l @%g%sﬂlcalemma where Zn%cleatlon and epitaxial ngévth of Si
PCT/ US97/ 23089 monomers occurs on a template or more complex polymerization of silica
occurs within the vesicles [see, g.g., Pickett-Heaps et a/. (1979) Bio.
Cell. 35:199-203; Sullivan (1986) Ciba Found. Symp. 121:59-89;
10 Pickett-Heaps et a/. (1990) Prog. Phycol. Res. 7:1-186].

In radiolaria, the deposition of the silicate skeleton is associated

with a cytoplasmic sheath that encloses, molds and deposits the skeleton
termed "cytokalymma". The thickness of the skeleton may be influenced
by the physiological state of the organism. The cytokalymma may

15 function in an analogous manner to the silicalemma in the silica
deposition in diatoms.

Artifical inorganic assemblies that mimic diatom and radiolaria
exoskeletons have been described [e.g., see Oliver et a/. (1995) Nature
378:47-50; U.S. Pat. Nos. 5,057,296, 5,108,725 and 5,364,797].

20 Several morphologies of mesophases may be formed, e.qg., lamellar,
hexagonal and cubic mesostructures, depending on the selected starting
materials and conditions used. These crystalline mesostructures,
however, may only be formed at higher temperatures, which may be
unsuitable for use with certain matrix materials.

25 Models have been proposed to explain the biomineralization
process and also the formation and morphology of these surfactant-
silicate mesostructures [see, e.g., Sullivan (Monnier et al. Science
261:1299-1303]. For example, it is postulated that the control of the

silicate wall thickness is related to the double layer potential: silicate



-120- GCG TTA TGC AGTI GAA AAC TGT GAA GAA TTT TTT ATT CCT GIA ATA GCC

288
85

GCA
Al a
110
384
115
GAT
Asp
140
480
150
ACC
Thr
175
576
180
TCT
Ser
205
672
215
ACC
Thr
240
768
245
GIT

Ala Leu Cys Ser Qu Asn Cys Qu Qu Phe Phe Ile Pro Val Ile Ala

WO 98/26277 90 95 GGA CTG TTT ATA BCIUSTR3CRST GTT
CCC ACT AAT GAG ATT TAC ACT 336 Ay Leu Phe Ile Ay Val dy Val
Pro Thr Asn Qu Ile Tyr Thr 100 105

TTA CGT GAA CTG GIT CAC AGT TTA GGT ATC TCT AAA CCA ACA ATT GTA
Leu Arg Gu Leu Val H's Ser Leu Ay Ile Ser Lys Pro Thr Ile Val

120 12006-TTT AGI TCT AAA AAA GCEC TTA
AAA GTT ATA ACA GTA CAG AAA ACA 432 Phe Ser Ser Lys Lys vy Leu
Lys val Ile Thr Val @ n Lys Thr 130 135

GTA ACT Atdedidd oMV atClinfildte dtTtHel Sultdfe Gitbriide, Mﬁcﬁmo@ﬁ tHicken
Val Thr Thr Ile Lys Thr Ile Val Ile Leu Asp Ser Lys Val Asp Tyr 145

the walll66pro'duce amorphous bulle§i0 Lo TATCOAheTETSEDGEHIRAC
TTT ATA

Phe || e Ly§ rg\pg e’,jgﬁtr?ﬁ}atllgrr(gz %on prodgggd Arygth% X'@;s[érr\egatri]vg‘\é%alr‘g%uoﬁwlm
GGT TTT CiMe Sila Qggétﬁgs-ﬁ-f(fhé%%ﬁ%ﬂ@v@ﬁéh%&% @ﬁmé&AeQﬁA pH
Ay Phe Gn Ala Se Phe Lys Thr Val Au Val Asp Arg Lys QU

12 and aB&ve [e.q., llier (1979) inXhe Chandgry @ETSitica, pTASRTGVARYE
TCGGGTT ACQ TTG CCA AAA 624 A n Val Ala Leu Ile Met Asn
Ser Gy Se Leu Pro Lys 195 200

GCC GTA CAA Uirﬁﬁxa@é@s&ﬁﬁhéﬁﬁf%ﬂ@uﬁ 4 ine! hakefiaCodn{diding
Gy Val dn Leu Thr HHs Gu Asn Thr Val Thr Arg Phe Ser His Al a 210

M41S hagXieenninaluged Dosersor sevic@GInpG itk GENSPOA (S8 GGC

Ry | g Ty, d Ser_ Pro d
;ﬂ \C/E;’;I’ IZ_Q_QZZ%I s. Fal. ﬁr95p§84 f% f b%seners, thherg:gg%gl Ellranaly'ce 1

ACT GT@ Cﬂ?ci@%er-ECéfﬁ&Id%ﬁhGCﬂ'trﬁrﬁ ofd GrystalliNeTsilstribp
Thr VvVal Val Pro Phe His His Met Phe Thr Thr Leu y

covalenpbinding to s:lanoYs in thezga/stzrl,h\memp\tas\raf leqr, SETloWwpt&AT

GTA ATG TTARGHBHA A 1G5 o anual, ¢ Spring Harbor Laboratory (1988)].

The analyte, e.g., an antibody, is attached and the interaction between
the affixed analyte and the test sample is monitored.

15 The diatom silica-based cell walls are analogous in structure to the
the above-described artificial assemblies. Thus, these silica deposits may
have similar morphology and optical properties as the fiber optic sensors
to the M418S artificial assemblies useful in biosensors and other molecular
biological apparatus [see, e.g., U.S. Pat. No. 5,364,797].

20 In a method of using biomineralization using the enzymes and cell
wall proteins of the silicalemma and/or silica deposition vesicles of
diatoms to deposit silica on the surface of a matrix material of a chip is
provided herein, silica may be deposited on a matrix material that has
been linked with a uniform coating of a Si template using a silicalemma

25 isolated from a diatom. The deposited silica may be attached to the
matrix through another suitable linker, such as sugars or other diol-
containing compounds. Alternatively, the components of the silicalemma
may be further purified using methods known to those of skill in the art

in protein chemistry.



Tyr Leu Ile Cys Gy Phe Arg Val Val Met Leu Thr Lys Phe Asp Gu

260 265 270 GAA ACA TTT TTA AAA

CAA GAT TATWAXIS/ZEEN ACA AGT GIT ATT 864 G u Thr Phe Leu Y_%’UWK”E%‘?U
G@n Asp Tyr Lys Cys Thr Ser Val Ile 275 280

285 CIT GIA CCG ACC TTG TTT GCA ATT CTC AAC AAA AGT GAA TTA CTC AAT

912 Leu Val Pro Thr Leu Phe Ala Ile Leu Asn Lys Ser Qu Leu Leu Asn 290
295 300 AAA TAC GAT TTG TCA AAT TTA GIT GAG ATT GCA TCT
GGC GGA GCA CCT 960 Lys Tyr Asp Leu-38&7-Asn Leu Val Qu Ille Ala Ser
Gy Gy Ala Pro 305 310 315

320 TTA TCA AAA GAA GIT GGT GAA GCT GIT GCT AGA CGC TTT AAT CIT CCC

1008 We 98/ Zé1hods of use

PCT/ US97/ 23089 -121- Leu Ser
Lys Gu Val Ay Gu W a mmppaagsaysirg Phe Asn Leu Pro 325

0 et R e B LR A B

Ala lle Ile  example, th84bips are used in an im@dhosandwich assay for 85 ATT
ACA CCA GAA GGA GAC GAT AAA CCA GGA GCT TCT GGA AAA GIC GIG 1104 1le Thr

Pro Gu Ay s slesgptien STppieatiopsppgerds using anfbogdigs gipcted againsginfectious

ana aan TCT TTAMCToRHHE IS Rl bRt le SR ol AT LG, i 1y

Lys Ser Leu eukBPyotic organisms [__._g_ 39de Figure 20]. A plurald§bf 445-igeRdéAC
AGA CGT GGA GAA GIT TGT GIT AAA GGA CCT ATG CTT ATG . 1200 .
e.g., antibodies, is linked to each location or microlocation on the chip or
attached to an appropriate layer of the reflective middle layer of a multi-
10 well chip creating a panel of antibodies raised against a particular
microorganisms. The antibody-bound chip is placed directly into a
sample of body fluid obtained from a patient, e.g., urine, sputum or
blood.
Sufficient time is allowed to form antibody-antigen complexes and
15 the chip is removed and rinsed thoroughly. A solution containing a
plurality of secondary antibodies directed against a panel of known
pathogens conjugated to a luciferase or luciferase fusion protein is
added, which may be directed against the same antigen or another
antigen present on the targeted species. Alternatively, a phage or virus
20 may be employed that has been genetically engineered to contain DNA
encoding a luciferase. Preferably, the virus or phage has a broad
specificity.
The chip or individual well is washed, and the remainin.g
components of the bioluminescence generating system, e.g., a luciferin
25 and any necessary activators, are added. If an antigen has been
detected, light is emitted from the bound luciferase, which is in turn
detected by the photodiodes located within the semiconductor layer in
the attached chip. In the multi-well chip system, the output signal of the

bioluminescent reaction is increased by detecting light directly emitted



Gy Pro Asn Arg Arg Ay Gu Val Cys VvVal Lys Gy Pro Met Leu Met 385

390 395 400 AAA GGI TAT GTA AAT AAT CCA
GAA GCA ACAWOMVS/IBEY CTT ATT GAC GAA 1248 Lys Ay Tyr Val AGTUSH/2588 QG u
Ala Thr Lys Qu Leu Ile Asp Qu 405 410

415 GAA GGTI TGG CTG CAC ACC GGA GAT ATT GGA TAT TAT GAT GAA GAA AAA
1296 Qu Ay Trp Leu Hs Thr Ay Asp Ile Ay Tyr Tyr Asp Qu Qu Lys

420 425 430 CAT TTC TTT ATT GIC GAT CGT
TTG AAG TCT TTA ATC AAA TAC AAA GGA 134408k s Phe Phe Ile Val Asp Arg Leu
Lys Ser Leu Ile Lys Tyr Lys Gy 435 440

445 TAC CAA GTA CCA CCT GCC GAA TTA GAA TCC GIT CTIT TTG CAA CAT CCA

1392 Tyr G n ValoRr@eh 5y !
P yr dn ValoR 1‘?13 rre%cﬁbﬁ 43 Welieas fhit 'g’gre#écar djﬁ%f_'r__f?__ﬂi_ r@b\d_lat%%_r

GCC G&C GIT CC'Ee@AH‘gGE& GUARAAT. GOt outfiddlbigBal nideoptionAlly bal am@lifie¥al Al a
@y Vval Pro Asp Val 475
480 |GAG CTT RS PIeRPO BHO GPD B FENEIR HeRMBIIE MBI ORRFINGT A fer data
1488 G u Leu PrygRaisAla Val Vval Val Leu Gu Ser Ay Lys Asn Met Thr

485 490 495 GAA AAA GAA GTA ATG GAT TAT
GIT GCA AGT &AA GIT Th@ragedy @Y Bawsed quiBtita@tivelyylby @ddingla ieswAsgmadynt Val

Al S € Val Asn Al Lys 500 .. .n05
510 GOT TTA. OF TGRS0 dre Wall 2nsbYsresaskr MG eate R theatitsram 91 the

é?g‘l Arg Leu Angeifdrin ?O_ ., e N RioRR Mt Sﬁ%ﬂu&iﬁnvﬁerpﬁﬂehﬁ?@ﬁrml to

GCA ATT AGA GAAhARONGITIT preGeAddn CDA sampilé 3B ddmpéatsd ttyszohitmlsﬁlsp Ay Arg AI a
5

!5|48 A %T‘Iq %l 2Alc‘;ex ys I'l«uclelc acid hyﬁ:ndlzatmn assays

1644 Val Alm Lys Methe 84ips described héréln MEyORMOTE EVsESHN FRf2idiP NN 4:
hybridization assays. For example, a desired nucleic acid or peptide
nucleic acid probe or a nucleic acid with linked peptide is covalently
coupled to the derivatized silica surface of the chip directly or via a linker
group. The nucleic acids can be coupled to the entire surface or the chip

15 or may be added to one or more microlocations on the chip in an array
format.

The infectious agents present in the biological sample are lysed
using chemical, enzymatic or physical means and the nucleic acids,
preferably DNA, is isolated from the sample using standard methods

20 known to those of skill in the art [e.g., see Sambrook et a/., (1989)
Molecular Cloning, 2nd ed., Cold Spring Harbor Laboratory Press, New
York]. Alternatively, the sample can be analyzed without purification of
the nucleic acid species.

The nucleic acid is resuspended in hybridization buffer and the

25 sample is added to the surface of the chip and incubated at the desired
hybridization temperature. After allowing sufficient time for
hybridization, the chip is washed thoroughly and then washed under the
appropriate stringency conditions as described herein, i.e., high medium

or low. The complementary nucleic acid immobilized to the chip is



WD 98/ 26277 PCT/ US97/ 23089

-122- (i) SEQUENCE CHARACTERI STI CS: (A) LENGIH 18&80 -
base pairs WO9826277 (B) TYPE: nucleic acid (O STRA &30
single (D TOPOLOGY: |inear (i) MOLECULE TYPE: cDNA

(i x) FEATURE: (A) NAME/ KEY: Codi ng Sequence (B)
LOCATION: 1...1664 (D) OTHER | NFORMATI ON: Vargul a (cypridi na)

| uci f erase (x) PUBLI CATI ON | NFORVATI ON: JP 3-30678 Osaka
(Tsuji) (A) AUTHORS: Thonpson -809al . (C) JOURNAL:
Proc. Natl. Acad. Sci. U S A (D VOLUME: 86 (F) PACES:
1326- 1332 (G DATE: (1989) (xi) SEQUENCE DESCRI PTI ON: SEQ

I D NO 4: ATG Antedibd BY AhATBOdIETEN BERNGE At ADANT ¢ 0GaTetCtd GTc &P oAEBt GAC
48 Met Lys Ile Ile Ile Leu Ser Val Ile Leu Ala Tyr s Val Thr Asp 1

5 a biolumgnescence generating syﬁemARCef\é@qb lypiferaeg. sepitycra
GAA CGCG GAA : n I
Qu Aadu %r%{%ﬂ%n@gg#@% are antlb&ﬁeé‘,sgﬁg’fs(l@)z ffaésgqn@)l'»@s '@'e;ggf,oth\gi
30 CCA ACA GI'préfeheAfidlly cdcddflizé&AbuBld st ded/ mugdicGididS G thelassdliated:
144 Pro Thr Val Pro Thr Ser s Qu Ala L du dy d Il e As

35 ‘ 5 small aptjgenic d%rminaunt. Anti gdiqébq&cygw%p%ég slt?gnm
CGA GAT ATA CT ] : Thr Cys . Lys
Arg Asp |le Le?%&ﬁrﬁss@%&%&&@a num%%l&za;mfmﬂlgn%sé%sgg [Q.g., Ste
60 Tsuzaka et a/. (1896) Clin. Exp. Immunol. 106:504-508; Kanda et al.

(1997) Arthritis Rhem. 40:1703-1711].

The chip or individual well is washed to remove unbound antibody

10 - luciferase conjugate, and the remaining components of the
biocluminescence generating system, e.g., a luciferin and any necessary
activators, are added. If a complementary nucleic acid or peptide nucleic
acid has been detected, light is emitted from the bound luciferase, which
is in turn detected by the photodiodes located within the semiconductor

15 layer in the attached chip.

The assay may also be used quantitatively by adding a known
amount of luciferin to the well and by measuring the rate of the
utilization of the luciferin {i.e., a reduction in light production over time is
probortional to the amount present in the sample as compared to

20 controls).

3. Detection of antibiotic sensitivity

Among other uses for the chip is testing the sensitivity of a clinical
isolate to known antibiotics or as a device to screen for antibacterial
agents. For example, after detecting light emission from a targeted well,

25 an isolate may be grown directly in the well for a short period by the
addition of a suitable growth medium [e.g., L-broth or other undefined
medium] followed by incubation under appropriate enviromental
conditions, such as temperatures of 20°C to 42°C under aerobic or

anaerobic atmospheres.



GAA AAT AAA CCA GGG AAG ACA TGC TGI AGA ATG TGC CAG TAT GIG ATT 240
G u Asn Lys Pro Ay Lys Thr Cys Cys Arg Met Cys @ n Tyr Val Ile 65 -
70 W0 9826277 75 80 GAA TGC AGA GTARCTARITZNSELCT

GGT TAT TTT AGA ACG TTT TAC GGC AAA 288 Au Cys Arg Val u Ala Ala
Gy Tyr Phe Arg Thr Phe Tyr Ay Lys 85 90

95 AGA TTT AAT TTT CAG GAA CCT GGI' AAA TAT GIG CTG GCT AGG GGA ACC
336 Arg Phe Asn Phe G n GQu Pro Ay Lys Tyr Val Leu Ala Arg Ay Thr
100 105 1190- AAG GGT GGC GAT TGG TCT GTA
ACC CTC ACC ATG GAG AAT CTA GAT GA 384 Lys Ay Ay Asp Trp Ser Val
Thr Leu Thr Met G u Asn Leu Asp Ay 115 120

125 (A AG CGA GCT TG fTfighderhE AN oG T L AT such
432 G n Lys Ay Al a Val éi’Leu hr Lys Thr Thr Leu e d u Val ¢ a‘é‘é 130
135 as lambdb4fr PGIAEOA'EN‘CQMBE}&TQ’Ha@mm’erA@En@tTAaM'én@mbeﬁé@
ACA GIT AAC GGA |l e Asp | Thr . A n A.a Pro ||
Thr Val Asn Q@ y° encode f%@fk‘ygyglgg%se wh:Jc requires avallable f\'l’él gs a co- fzgr?tor ©
150 o 22050 see e.g Section BAL. The expa%35'°fagz\"a§é%°%k’é%¥?%'%%%ﬁi%%
AAC CCG TTCBACRaATerif;Gh tBaGresenacof ATP, réétsGnythal prodisictiendighal. |1 e Al a

Asn Pr-o Phe Thr 11 Val T
(95 TATT GoT BT OTF el gy Shes e AneioAR therep kAN BRemeritesd direstly in

576 Ile Ala Valthngaéysgehll ﬂ){l%fﬂ%tﬁ@’ﬂ%‘%aé%}né lAﬁthTEﬁ eYPéctNeecﬁwébrﬁiﬂgtlon of
180 ATC GIG ATT GA

ATT CTG GGA GG&nAﬁltlﬁ‘@‘ﬂ‘chtd P wWih g subsequem hehe enyssmau lrfltbe\antlblb’gcAsp

'le leu Gy @ ¥e Igs %e[:e!Y%leath Qn%racellular ATP pools will be depleted thereby

10 inhibiting the bioluminescent reaction. The decrease in light is suggestive
that the particular antibiotic or compound is effective. In other
embodiments, the bacterial are incubated with test compounds and the
antibacterial activity of the test compound is assessed.

4. Synthetic synapse

15 Versions of the chips provided herein may also be used to
generate a synthetic neuronal synapse [e.q., see Figures 17-18]. A
suitable enzyme, particularly, acetycholine esterase is fused to a
luciferase, such as by recombinant expression. The luciferase is either in
an inactive or active conformation. Suitable mutations in either protein

20 may be selected to insure that luciferase can undergo appropriate
conformational changes as described herein. The resulting fusion is
attached to a chip, such as a chip provided herein. The neuron or bundle
of neurons is kept in close proximity to the fusion protein linked to the
chip by providing neuronal growth factors, e.g., EGF or NGF, near the

25 location of the chip through a microport to promote and maintain local

neurite outgrowth [see Figure 171.



195 200 205 GCT CCA GAC ACA GCA AAC AAA
GGA CTG ATA TCT GGI' ATC TGT GGI'T AAT 672 Ala Pro Asp Thr ys
Ay Leu |1 eV8&B2637F |1 e Cys Ay Asn 210 f@ﬁsmgﬂé
220 CTG GAG ATG AAT GAC GCT GAT GAC TTT ACT ACA GAT GCA GAT CAG CTG

720 Leu u Met Asn Asp Ala Asp Asp Phe Thr Thr Asp Ala Asp A n Leu 225

230 235 240 GCG ATC CAA CCC AAC ATA AAC
AAA GAG TTC GAC GEC TGC CCA TTC TAT 768 Ala lle Gn Pro Asn Ile Asn
Lys G u Phe Asp Gy Cys Pro Phe Tyr -111- 245 250

255 GGC AAT CCT TCT GAT ATC GAA TAC TGC AAA GGT CTG ATG GAG CCA TAC

816 Gy Asn Pro Ser Asp Ile Qu Tyr Cs Lys Ay Leu Met Qu Pro Tyr

260 Rtbsilicon-synapse electrodéd m#ﬁhe@ﬁ?n@d&arﬁ&l’:rﬁﬁﬁrﬁéﬁliﬁAT
ATC AAC TTC TAC TAI TAC ACT CTA TCC 864 Arg Ala Val Cys Arg Asn, Asn
I1e Asn Phe TyranTsifiiqipd patienthy gasertion into tbq@ppropnate stereotaxxgéqpatlons

285 TGI GCC T
512 Oys Al a Pha AT Pt gdrd B tisToastEa N (1R Filiche 160, 6 iiafthe o)
295 electrod&)OmidccdholeEGreAdrilled uGBTtl’ﬁAébe%d’@uﬁﬁ'ﬁ &60itable GAA

ACG AGA GGA A 960 Leu Phe As Y hr s,Ala Ala Pro Qu
Thr Arg Gy 5rnlasgiy such as a éJO laser, gqg the ea}ectrode-ll-s placedgygo proximity of a

320 TGT GIT T T T C
1008 Cye Val Lo ugt YR e Froube r, TR &t S sfioon b aiss may
325 be fron88Qperficial to deep within3fe sgiAZl €évil ATbE gOGD WECHh &G NBEEC
1056 Tyr G n Phe G P L
éAS ﬁAeG f\-erI Sggaﬁwrg/a%ac %%ct@;gccngcggof the apprcg&g)ate nneurog is pr}e%rabgﬂagh(c%ls Y
350 TAC TGG i
Aot %e?&% @ekaghe heGhéhhn it n%@ér{égnﬁa?%@%ﬁ Qségrﬁn the

1104 Tyr Trp Asn ‘Asp Val Lys Val Ser His Ar

355 10 signal aﬂﬁﬂg those neurons that 1ra6SmifTAE AfOpdd/sighdlA GAG AAA GTA
ACA ATC AGG AAA CAG CA ACT GT. 115? Tyr, Thr, Gu Val @ u Lys Val Thr
Ile Arg Lys G n Ser r@gﬁn\éﬁlon of neyyona |m¥ulses involveg Marious

380 CGAT CTC AﬁEﬁﬁa%%@@% %@h%a@@@léﬁ@r@r Twideh S rdidSsdaliintethe
1200 Asp Leu Ile Val Asp Ay Lys A@n Val Lys Val Gy Ay Vval Asp Val 385

390 synapse3d8pon binding of the ligand to the enzyme, such as the binding
of acetyicholine to the esterase, the linked luciferase is, if previously
15 inactive, is activated by the binding, or if previously active, is inactivated
by the binding [see Figure 18]. In the presence of the remaining
components of a bioluminescence generating system, light is produced
{or is quenched), which change is detected by the photodiodes
associated with the chip. This detection generates one or more electrical
20 or data signals that is/are sent through one or more wires leading to a
computer, such a miniature computer that is attached to a belt, which
processes the information. The processed information is transmitted by
appropriate means, such as a fiber, to one or more electrodes, which are
attached to any desired device or effector, particularly a muscle. Upon
25 receipt of the signal, work, such as a muscle twitch, occurs and body
movements may be initiated. The devices will be inserted in a manner
" that bypasses a lesioned area of the spinal cord [see, e.g., see Figure
17]).
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-124- TCT ATC CCG TAC AGC TCT GAG AAC ACT TCC ATA TAC TGG CAG GAT GA
1248 Ser |Iwo®Bre27Myr Ser Ser A u Asn Thr Ser |le Tyr Trp G RCAAPITRIPSS
405 410 415 GAC ATC CTG ACG ACG GCC ATC
CTA CCT GAA GCT CIT GIC GIT AAG TTC 1296 Asp Ile Leu Thr Thr Ala lle
Leu Pro Qu Ala Leu Val Val Lys Phe 420 425
430 AAC TTT AAG CAG CTC CTT GTA GIT CAT ATC AGA GAT CCA TTC GAT GCA
1344 Asn Phe Lys G n Leu Leu Val Val His.-112 Arg Asp Pro Phe Asp Al a

435 440 445 = AAG ACA TGC GGC ATA TGT GGT
AAC TAT AAT CAA GAT TCA ACT GAT GAT 1392 Lys Thr Cys @y Ile Cys @y

Asn Tyr Asn @ n Asp :

280 ITC T e ceAEnd eV e sRatyiehoiilbinding reaipn of acefifcholine

1440 Phe Phe ésteré&;a nﬁiw bél fuséd ao Gy fludractremelbr pRycoBdiprétein lBind @ied in165
470

GI' ACA GAG GAA CCA
GAA GCT GAG CGQOGJ‘F‘ﬁCf'G@ With aJasesrdn th'ﬁ&sﬁmwn’mm@%h@wa@ﬁ%w

Goo & G U AT Enbh PeyefSiis deblirated by o lassr to gxcfiihe fuorephare and

TAC AAG CCT5GAthe endift2d fRitredsgn@eis Geectedetodte photddisd&ssirfame dMatheCghipTyr
Lys Pro Asp

ATT GCC CGA Te?vmeaﬂ%@'%'rwn{wmgwé%www emiticsgg!%&#gef l e
Al ’
520 ah Neheirégte% dT*#‘F?”‘%’?@%&%”S&?%?‘ ?'&gb&b& TRE AAAS%SiA TGC

TAC ATA AAA CAT Saxe RivalilQystiokspwiil befdpparept @& uhé&be of \skilLirsthib wrt))is Tyr

lle L Hi . .. . .. 4
€ Lys Hs is iSn%gnded that this mventloSnBEe limited only by the sSc:oOpe of the

10 appended claims.



GGA GAC ACT CTA GAA GTA CCA CCT GAA TGT CAA TAA ACGTACAAAG 1678
Ay Asp Thr Leu Qu Val Pro Pro Au Cys A@n 545

555 ATACAGKAGBI2628A0GGCTACT ACAGCAGAAG ATAAAAAGA AACTGTAGTT ééf’ﬁ‘@,&m9 1738
CCGTGTATTT TATGTACTCA TTGTTTAATT AGAGCAAAAT AAATTGTTAT TATCATAACT 1798

TAAACTAAAA AAAAAAAAA AA 1820
(2) I NFORMATI ON FOR SEQ I D NO 5: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 958 base pairs (B) TYPE. nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY1184 near (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI SENSE: NO

(v) FRAGVENT TYPE: (vi) ORI G NAL SOURCE: (i X) FEATURE:

(A) NANME/ KEY: Sofhintgyy ¢ Qegjaences of Represent®ivd [UCHSacRl ahd the rediittase set
(D OTHER | NFORWAInQRe samaaqelorsitmgencodi ng gene VO 98/ 26277

O 00 R R * Al o 5 e L5 5475159

(A) AUTHORS: | pouyeset i NO. 2 Cypridina higendbiRbbksrals (&R 0N 7 356Pad Sci .
U-S A 3. ( [S))EQVI%_HI\O/E :3 I\%gdified Luciola cru(cli?a)taﬁ)_ﬁg%eséasgl[?‘#éﬁ&ﬁg.s. Patent
No. 4,868,613]

4, SEQ ID NO. 4 Vargula (Cypridina) luciferase [Thompson et al. (1989)
Proc. Natl. Acad. Sci. U.S.A. 86:6567-6571 and from JP 3-30678
Osaka

10 5. SEQ ID NO. 5 Apoaequorin-encoding gene [U S. Patent No. 5,093,240,
pAQ440]

6. SEQ ID NO. 6 Recombinant Aequorin AEQ1 [Prasher gt al. (1987)
"Sequence Comparisons of cDNAs Encoding for Aequorin Isotypes,”
Biochemistry 26:1326-1332]

15 7. SEQ ID NO. 7 Recombinant Aequorin AEQ2 [Prasher et al. (1987}]
SEQ ID NO. 8 Recombinant Aequorin AEQ3 [Prasher et al. (1987)]
SEQ ID NO. 9 Aequorin photoprotein [Charbonneau et al. {1985)
"Amino Acid Sequence of the Calcium-Dependent Photoprotein
Aequorin,” Bigchemistry 24:6762-6771]

20 10. SEQ ID NO. 10 Aequorin mutant with increased biocluminescence activity
[U.S. Patent No. 5,360,728; Asp 124 changed to Ser]

11. SEQ ID NO. 11 Aequorin mutant with increased bioluminescence activity
fU.S. Patent No. 5,360,728; Glu 135 changed to Ser]

12. SEQ ID NO. 12 Aequorin mutant with increased bioluminescence

25 activity [U.S. Patent No. 5,360,728 Gly 129 changed to Ala]

13. SEQID NO. 13 Recombinant apoaequorin [sold by Sealite, Sciences,
Bogart, GA as AQUALITE®, when reconstituted to form aequorin]

14. SEQID NO. 14 Vibrio fisheri Flavin reductase [U.S. Patent No.
5,484,723}



(G DATE: (1985) (xi) SEQUENCE DESCRI PTION: SEQ ID NO 5: GGGGGGEGEG
ccccccccec)eccececeeee

GGGAATGCAA TTCATCTTTG CATCAAAGAA 60 TTACATCAAA
TCTCTAGT TG WD@32@TAAA TTGTCTCGAC AACAACAAGC AAAC ATG 1RGTUSITI23089 .
Met 1 ACA
AGC AAA CAA TAC TCA GIC AAG CTT ACA TCA GAC TTC GAC AAC CCA 165 Thr
Ser Lys A n Tyr Ser Val Lys Leu Thr Ser Asp Phe Asp Asn Pro 5
10 15 AGA TGG ATT GGA CGA CAC AAG CAT ATG TTC AAT TTC
CTT GAT GIC AAC 213 Arg Trp Ile Ay1Adg H s Lys H s Met Phe Asn Phe
Leu Asp Val Asn 20 25 30 CAC
AAT GGA AAA ATC TCT CTT GAC GAG ATG GIC TAC AAG GCA TCT GAT 261 His
Asn Ay Lys Ile Ser Leu Asp G u Mt \@oudyer bystica Ser Asp 35
40 ATT GIC ATC AAT AAC CTT GGA GCA ACA CCT GAG CAA
GCC AAA CGA CAC 1) GENF@@@ PFERYAAION| ¢ Asn Asn Leu Ay Ala Thr Pro Qu dn
Ala Lys Arg Hi S(;30apprrcant: Bruce J. B 60

65 AAA GAT GCT GTA GAA CCCstédfhehl€a aGGA GCT GGA ATG AAA TAT GGT

357 Lys Asp Ala Val G u Al aRRhéalRhB. Gwypr®y Ala Ay Met Lys Tyr Qy

70 _ 75 80 GIG GAA ACT GAT TGG CCT GCA
TAT ATT GAA GCA;EGGrAdMB OMAaE Tirvielron: App;ﬂﬁ%é/%n@ﬁkﬁbr?o% BE’Hd&'IBéOAn‘N a
Tyr lle Gm:n@tmﬂispmgmrtws Iaem'n&l a

95 ACT GAT GAA TTG GAG AAA T AACGAACCAACGCTCATCCGT

453 Thr Asp d u‘itdl EHERYEF W?UENFESL% Asn Au Pro Thr Leu lle Arg

100 tiv) cd@EsronpEnCE apprEss: 110 ATA TGG GGT GAT GCT TTG TTT
GAT ATC GIT GAC AAA ABAREE¥EE :ABdow@(Martin, Hllet|®eMEclmiGly Asp Ala Leu Phe
Asp Ile Vval Asp L EG 16A811ndpy Streetls 120

125 GCCATTACA%F% "I AAA GCA TAC ACC AAA GCT GCT GGT ATC

549 Ala Ile Thr L(gpd&ﬂ-rﬂuuﬁp Lys Ala Tyr Thr Lys Ala Ala Ay Ile 130
135 (F) 21P4092101-2926 145 ATC CAA TCA TCA GAA GAT TGC

GAGGAAACATTCA I 597 Ile A n Ser Ser Gu Asp Cys
Gu du Thr Phe'A %ﬁm ﬁA;%RM 150 155

160 GAT GAA AGT (%ﬁccﬁﬁﬂu‘ﬁﬂ' LCithtompdticAE GAG ATG ACA AGA CAA CAT TTA
645 (C) OPERATING SYSTEM: DOS
(D) SOFTWARE: FastSEQ Version 1.5

(vi) CURRENT APPLICATION DATA:
(2) APPLICATION NUMBER:
(B) FILING DATE: 12-DEC-1997
{C) CLASSIFICATION:

(vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: 60/037,675,
(B} FILING DATE: 02-FEB-1997

(vii) PRIOR APPLICATION DATA: )
(A) APPLICATION NUMBER: 60/033,745
(B) FILING DATE: 12-DEC-1996

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Seidman, Stephanie L
(B) REGISTRATION NUMBER: 33,779
(C) REFERENCE/DOCKET NUMBER: 6680-112

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: 619-238-0999
(B) TELEFAX: 619-238-0062
{C) TELEX:

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1196 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: cDNA



Asp Au Ser Gy G@n Leu Asp Val Asp Gu Met Thr Arg G n H's Leu

165 170 175 WD 98/ 26277

PCT/ US97/ 2808826277 - PSBIUSYIRNEN TTT
TGG TAC ACC ATG GAT CCT GCT TGC GAA AAG CTC TAC GGTI GGA 693 Gy Phe
Trp Tyr Thr Met Asp Pro Ala Cys Qu Lys Leu Tyr Ay Ay 180

185 190 GCT GIC CCC TAAGAAGCTC TACGGTGGTG ATGCACCCTA
GGAAGATGAT GTGATTTTGA 752 Ala Val Pro 195 ATAAAACACT GATGAATTCA
ATCAAAATTT TCCAAATTTT TGAACGATTT CAATCGIMS- 812 TGITGATTTT TGTAATTAGG
AACAGATTAA ATCGAATGAT TAGITGITTT TTTAATCAAC 872 AGAACTTACA AATCGAAAAA
GTAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAA 932 AAAAAAAAA AAAAAUUAAAA

AAAAAA {vi) ORIGINAL SOURCE: 958 (2)

| NFORMATI ON FO? g@l D NO 6: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 59t (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngj qu/xgy_ cédIng TERRlLY: | i near (i1) MOLECULE

TYPE: cDNA (B} iLOCARMPOTHETISGAL:  NO i v) ANTI SENSE: NO (v)
FRAGVENT TYPE: (D) OTHER)INBRRMATNAN: StpRdts Reinformip,Jupfanasee: :

(A) NAVE/ KEY: ((odbRidr creadeeformarron: (B) LOCATION 1.. .588

PATENT NO.: 5,418,155

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

AGC TTA AAG ATG ACT TCG AAA GTT TAT GAT CCA GAA CAA AGG AAR CGG 48
Ser Leu Lys Met Thr Ser Lys Val Tyr Asp Pro Glu Gln Arg Lys Arg
1 5 10 15
ATG ATA ACT GGT CCG CAG TGG TGG GCC AGA TGT AAA CAA ATG AAT GTT 96
Met Ile Thr Gly Pro Gln Trp Trp Ala Arg Cys Lys Gln Met Asn Val
20 25 30
CTT GAT TCA TTT ATT AAT TAT TAT GAT TCA GAA ARM CAT GCA GAA AAT 144
Leu Asp Ser Phe Ile Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn
35 40 45
GCT GTT ATT TTT TTA CAT GGT AAC GCG GCC TCT TCT TAT TTA TGG CGA 192
Ala Val Ile Phe Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg
50 55 60

CAT GTT GTG CCA CAT ATT GAG CCA GTA GCG CGG TGT ATT ATA CCA GAT 240
His Val Val Pro His Ile Glu Pro Val Ala Arg Cys Ile Ile Pro Asp

65 70 75 80

CTT ATT GGT ATG GGC AAA TCA GGC ARA TCT GGT AAT GGT TCT TAT AGG 288
Leu Ile Gly Met Gly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg

85 90 95
TTA CTT GAT CAT TAC AAR TAT CTT ACT GCA TGG TTG AAC TTC TTA ATT 336
Leu Leu Asp His Tyr Lys Tyr Leu Thr Ala Trp Leu Asn Phe Leu Ile
100 105 110
TAC CAA AGA AGA TCA TTT TTT GTC GGC CAT GAT TGG GGT GCT TGT TTG 384
Tyr Gln Arg Arg Ser Phe Phe Val Gly His Asp Trp Gly Ala Cys Leu
115 120 125
GCA TTT CAT TAT AGC TAT GAG CAT CAA GAT AAG ATC AAA GCA ATA GTT 432
Ala Phe His Tyr Ser Tyr Glu His Gln Asp Lys Ile Lys Ala Ile Val
130 135 140

CAC GCT GAA AGT GTA GTA GAT GTG ATT GAA TCA TGG GAT GAA TGG CCT 480
His Ala Glu Ser Val Val Asp Val Ile Glu Ser Trp Asp Glu Trp Pro

145 150 155 160

GAT ATT GAA GAA GAT ATT GCG TTG ATC AARA TCT GAA GAA GGA GAA AAMA 528
Asp Ile Glu Glu Asp Ile Ala Leu Ile Lys Ser Glu Glu Gly Glu Lys

165 170 175
ATG GTT TTG GAG AAT AAC TTC TTC GTG GAA ACC ATG TTG CCA TCA AAA 576

Met Val Leu Glu Asn Asn Phe Phe Val Glu Thr Met Leu Pro Ser Lys
180 185 190



(D) OTHER | NFORVATI ON: Reconbi nant Aequorin AEQL (x) PUBLI CATI ON

| NFORMATI ON: (A) AUTHORS:. Prasher et al. (B) TITLE: .
Sequence Compass/mars of Conpl enent ary DNAs EncRABEP7A830r i n
| sot ypes (C) JOURNAL: Biochem stry (D VOLUME: 26
(F) PACES: 1326-1332 (G DATE: 1987 (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 6: ATG ACC AGC GAA CAA TAC TCA GIC AAG CTT ACA CCA
GAC TTC GAC AAC 48 Met Thr Ser GQu A n Tyr Ser Val Lys Leu Thr Pro
Asp Phe Asp Asn 1 5 -116- 10 15
CCA AAA TGG ATT GGA CGA CAC AAG CAC ATG TTT AAT TTT CTIT GAT GIC 96
Pro Lys Trp Ile Ay Arg Hs Lys H's Met Phe Asn Phe Leu Asp Val
20 ATC ATG AGA ARG TTA GAA CCA GAA GAn 381 MACcl\@AAdrOaAnAtda ATCeReT CTT
GAC GAG ATﬁGﬁ@tTZA@ BpES IEEEGETRCEBro Glu GMPAsmllah 8lAstyrQ.au ,Gng Moe Ser Leu
Asp A u Met Val TAA5 Lys Al a Ser 200 205
45 GAT AT SEeAbh BT ¢
192 op || Sk 10 Dt s %% 0Tl o M g <7 50
55 210 CAAAl TGCTGTAGAAzﬁ:CTTCTTCGGAGGAGCTGGA
ATG AM TAT TC CCGOTTA GTA AAAV\lG)G’Ig' 8G’G2T6§ZZ CCT GAC GTT GTA CAA ATT 12—’{ T3P
PCT/ US97/ 2 - - I"s Lys
1 ln I1

Asp Al a Va% f—"ﬁ% Vﬁﬁeﬁﬁ Slﬁ yyA?%s érfl Et Viysva'i'y(r; e 240

AGG AAT TAT AAT GCT TAT CTA CGT GCA AGT GAT GAT TTA CCA AAA ATG 768

Arg Asn Tyr Asn Ala Tyr Leu Arg Ala Ser Asp Asp Leu Pro Lys Met

245 250 2585
TTT ATT GAA TCG GAT CCA GGA TTC TTT TCC AAT GCT ATT GTT GAA GGC 816
Phe Ile Glu Ser Asp Pro Gly Phe Phe Ser Asn Ala Ile Val Glu Gly
260 265 270
GCC AAG AAG TTT CCT AAT ACT GAA TTT GTC AAA GTA ARA GGT CTT CAT 864
Ala Lys Lys Phe Pro Asn Thr Glu Phe Val Lys Val Lys Gly Leu His
275 280 285
TTT TCG CAA GAA GAT GCA CCT GAT GAA ATG GGA AAA TAT ATC ARA TCG 912
Phe Ser Gln Glu Asp Ala Pro Asp Glu Met Gly Lys Tyr Ile Lys Ser
290 295 300

TTC GTT GAG CGA GTT CTC ARA AAT GAA CAA TAA TTACTTTGGET TTTTTATITA 965
Phe Val Glu Arg Val Leu Lys Asn Glu Gln
305 310

CATTTTTCCC GGGTTTAATA ATATAAATGT CATTTTCAAC AATTTTATTT TAACTGAATA 1025
TTTCACAGGG AACATTCATA TATGTTGATT AATTTAGCTC GAACTTTACT CTGTCATATC 1085
ATTTTGGAAT ATTACCTCTT TCAATGAAAC TTTATARACA GTGGTTCAAT TAATTAATAT 1145
ATATTATAAT TACATTTGTT ATGTAATAAA CTCGGTTTTA TTATAAAAAA A 1196
(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1822 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
{ii)} MOLECULE TYPE: cDNA
(ix) FEATURE:
{A) NAME/KEY: Coding Sequence
{B) LOCATION: 1...1665
(D) OTHER INFORMATION: Cypridina hilgendorfii luciferase
{x) PUBLICATION INFORMATION:
PATENT NO.: EP 0 387 355 TORAY
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

ATG AAG CTA ATA ATT CTG TCT ATT ATA TTG GCC TAC TGT GTC ACA GTC 48
Met Lys Leu Ile Ile Leu Ser Ile Ile Leu Ala Tyr Cys Val Thr Val



65 70 75 80 GGI GTA
GAA ACT GAA TGG CCT GAA TAC ATC GAA CGGA TGG AAA AGA CTG SSG%VaI
Au Thr Quwe®2YE du Tyr Ile Au Ay Trp Lys Arg Leu PCT/USI7/23089 gg
90 95 GCT TCC GAG GAA TTG AAA AGG TAT TCA AAA AAC CAA
ATC ACA CIT ATT 336 Ala Ser Au GQu Leu Lys Arg Tyr Ser Lys Asn G n
Ile Thr Leu Ile 100 105 110
CGT TTA TGG GGTI GAT GCA TTG TTC GAT ATC ATT GAC AAA GAC CAA AAT 384
Arg Leu Trp Gy Asp Ala Leu Phe Asp Ile I+F®1Asp Lys Asp @ n Asn 115
120 125 GGA GCT ATT TCA CTG GAT GAA TGG AAA GCA TAC ACC
AAA TCT GAT G&C 432GyAIaIIeSer LeuAspGIuTrpLysAIaTyr Thr
Lys Ser Aspm Ay 130 s 15 140 ATC ATC
CAATCGTCAGAAGATTGCGAGGAAACATTCAGAGTGTGCGAT 480IIeIIe

G n Ser SefAXITHC '% eVl COBSACA 4$T ACA
150 hem e 8 gg e &1 Q%A ﬁigo %1";‘?25 RETREGA CAG CTC

GAT GIT GAT GAG ATG ACA AGA CAA CAT 528 Ile Asp u Ser Ay dn Leu
Asp Val As ANC TEk AAAQTCY (JGEj GRA GCT AAR GAA GGA GAPGBGT ATC GAT . 144 170
175 TTA PP YRAGPTACTACES AT (P B TeeToRGE el ARE e e GaT

576 Leu Ay Phe 13rp Tyr Thr Met Asp Pro Ala Cys Qu Lys Leu Tyr Ay

180 ACC AGA TGC &85 aca TeT AaA cea GAC ATAOcTASBan GEE 3L @GCrdAA 192
591 Gy Al Bht/akgEys Ala Thr Cys 195 Arg Asp Ile [9) SENFRERVATY ONUFOR SEQ | D
NO: 7: Gf) SEQUENCE CHARARETERI STI CS: €0 (A) LENGTH 591 base

pairs can 2hB)anhYBEA JUChRE GeAChdd TaT aca atreS TEXNPEINERSATSI NGl 840
(D) TOPOLQ&Y: akhnBar Pro Gly Lyd |T)1rl\d‘;]sE63dLE.r§Yﬁ>& cOPNAn Tyr vali rig
HYPOTHETI CAL: NO (1 v) 7ANTI SENSE: NO (v) FRAGMVENT SYPE:

(vi) ORI G NAL 8O REEera can cbt Bbr FEATHRF Trr aca ace Tl KEY: Coding

Sequence gilu Ser Arg Val Glu Ala Ala Gly Tyr Phe Arg Thr Phe Tyr Ala Lys

85 g0 85
AGA TTT AAT TTT CAG GAA CCT GGT AARA TAT GTG CTG GCT CGA GGA ACC 336
Arg Phe Asn Phe Gln Glu Pro Gly Lys Tyr Val Leu Ala Arg Gly Thr
100 105 110
AAG GGT GGC GAC TGG TCT GTA ACC CTC ACC ATG GAG AAT CTA GAT GGA 384
Lys Gly Gly Asp Trp Ser Val Thr Leu Thr Met Glu Asn Leu Asp Gly
115 120 125
CAG AAG GGA GCT GTA CTG ACT AAG ACA ACA CTG GAG GTA GTA GGA GAC 432
Gln Lys Gly Ala val Leu Thr Lys Thr Thr Leu Glu Val Val Gly Asp
130 135 140
GTA ATA GAC ATT ACT CAA GCT ACT GCA GAT CCT ATC ACA GTT AAC GGA 480
Val Ile Asp Ile Thr Gln Ala Thr Ala Asp Pro Ile Thr Val Asn Gly
145 150 155 160
GGA GCT GAC CCA GTT ATC GCT ARAC CCG TTC ACA ATT GGT GAG GTG ACC 528
Gly Ala Asp Pro Val Ile Ala Asn Pro Phe Thr Ile Gly Glu Val Thr
165 170 175
ATT GCT GTT GTC GAA ATA CCC GGC TTC AAT ATT ACA GTC ATC GAA TTC 576
Ile Ala Val Val Glu Ile Pro Gly Phe Asn Ile Thr Val Ile Glu Phe
180 185 190
TTT AAA CTA ATC GTG ATA GAT ATT CTG GGA GGA AGA TCT GTG AGA ATT 624
Phe Lys Leu Ile Val Ile Asp Ile Leu Gly Gly Arg Ser Val Arg Ile
195 200 205
GCT CCA GAC ACA GCA AAC AAA GGA CTG ATA TCT GGT ATC TGT GGT AAT 672
Ala Pro Asp Thr Ala Asn Lys Gly Leu Ile Ser Gly Ile Cys Gly Asn
210 215 220
CTG GAG ATG AAT GAC GCT GAT GAC TTT ACT ACA GAC GCA GAT CAG CTG 720
Leu Glu Met Asn Asp Ala Asp Asp Phe Thr Thr Asp Ala Asp Gln Leu
225 230 235 240

GCG ATC CAA CCC AAC ATA AAC AAARA GAG TTC GAC GGC TGC CCA TTC TAC 768
Ala Ile Gln Pro Asn Ile Asn Lys Glu Phe Asp Gly Cys Pro Phe Tyr
245 250 255



(B) LOCATION: 1.. .588 (D) OTHER | NFORVATI ON: Reconbi nant Aequorin

AEQ2 (x) PUBLI CATI ON | NFORVATI ON: (A) AUTHORS: Prasher_ et-al.
(B) TITLE: W&@S&6¥ Conpari sons of Conpl enentary PCT/USOTARHN89
Encodi ng Aequorin |sotypes (C© JOURNAL: Biochemstry WO

98/ 26277 PCT/ US97/ 23089
-128- (D) VOLUME: 26 (F) PAGES: 1326-1332 (G DATE:
1987 (xi) SEQUENCE DESCRI PTION: SEQ ID NO 7: ATG ACC AGC GAA CAA
TAC TCA GIC AAG CTT ACA TCA GAC TTC GAC AACS8- 48 Met Thr Ser Au Gn
Tyr Ser Val Lys Leu Thr Ser Asp Phe Asp Asn 1 5

10 15 CCA AGA TGG ATT GGA CGA CAC AAG CAT ATG TTC AAT TTC

CTT GAT GI€se aaT cemdfcPrearAxyy Erp dacerdd waArgpTHese layws diics chetralehe Asae Phe
Leu Asp Vafly Asn Pro Ser AP Ile Glu Tyr Cys Lys Gif Leu Met Glu Pro Tyr 30 AAC

CAC AAT GGA AAA ATC T CTT GAC GAG AT GTC TAC AAG G OTCT 144 Asn
H's Asn G ygd ¥er!d® §§f e Un S Rafd Ak oMk e Yab B TAY Sall &e1Seke Tec 835
40 Arg Ala Val C¥d arEAsrAkdn G ARCrAATTYAAG £Tilr Gth GEA A CCT GAG

CAA GOC AAA CGA 275 192 Asp |le2#al |le Asn Asn 1286 Gy Ala Thr Pro G u

o oot Tt RERIERAEEE S AGRIA 25 o

CTT TTC GAC TAT GTT GAG ACA TGC GCT GCA CCG GAA ACG AGA GGA ACG 960
Leu Phe Asp Tyr Val Glu Thr Cys Ala Ala Pro Glu Thr Arg Gly Thr
305 310 315 320

TGT GTT TTA TCA GGA CAT ACT TTC TAT GAC ACA TTC GAC AAA GCC AGA 1008
Cys Val Leu Ser Gly His Thr Phe Tyr Asp Thr Phe Asp Lys Ala Arg
325 330 335

TAT CAA TTC CAG GGC CCA TGC AAA GAG CTT CTG ATG GCC GCA GAC TGT 1056
Tyr Gln Phe Gln Gly Pro Cys Lys Glu Leu Leu Met Ala Ala Asp Cys
340 345 350

TAC TGG AAC ACA TGGE GAT GTA AAG GTT TCA CAT AGA GAT GTT GAG TCA 1104
Tyr Trp Asn Thr Trp Asp Val Lys Val Ser His Arg Asp Val Glu Ser
355 360 365

TAC ACT GAG GTA GAG AAA GTA ACA ATC AGG AAA CAG TCA ACT GTA GTA 1152
Tyr Thr Glu Val Glu Lys Val Thr Ile Arg Lys Gln Ser Thr Val Val
370 375 380

GAT TTG ATT GTG GAT GGC AAG CAG GTC AAG GTT GGA GGA GTG GAT GTA 1200
Asp Leu Ile Val Asp Gly Lys Gln Val Lys Val Gly Gly Vval Asp Val
385 390 385 400

TCT ATC CCG TAC AGT TCT GAG AAC ACA TCC ATA TAC TGG CAG GAT GGA 1248
Ser Ile Pro Tyr Ser Ser Glu Asn Thr Ser Ile Tyr Trp Gln Asp Gly

405 410 415
GAC ATC CTG ACG ACG GCC ATC CTA CCT GAA GCT CTT GTC GTT AAG TTC 1296
Asp Ile Leu Thr Thr Ala Ile Leu Pro Glu Ala Leu Val Val Lys Phe
420 425 430
AAC TTT AAG CAG CTC CTT GTA GTT CAT ATC AGA GAT CCA TTC GAT GGA 1344
Asn Phe Lys Gln Leu Leu Val Val His Ile Arg Asp Pro Phe Asp Gly
435 440 445

AAG ACA TGC GGC ATA TGT GGT AAC TAT AAT CAA GAT TCA ACT GAT GAT 1382
Lys Thr Cys Gly Ile Cys Gly Asn Tyr Asn Gln Asp Ser Thr Asp Asp
450 455 460

TTC TTT GAC GCA GAA GGAR GCA TGC GCT CTG ACC CCC AAT CCC CCA GGA 1440
Phe Phe Asp Ala Glu Gly Ala Cys Ala Leu Thr Pro Asn Pro Pro Gly
465 . 470 475 480

TGT ACA GAG GAG CAG AAAR CCA GAA GCT GAG CGA CTC TGC AAT AGT CTA 1488
Cys Thr Glu Glu Gln Lys Pro Glu Ala Glu Arg Leu Cys Asn Ser Leu
485 490 495

TTT GAT AGT TCT ATC GAC GAG AAA TGT AAT GTC TGC TAC AAG CCT GAC 1536



Hs Lys Asp Ala Val Gu Ala Phe Phe Ay Ay Ala Gy Mt Lys Tyr 65
70

75 80 GGT GTGGAAACTP%%JS;%‘;@
GCA TAT ATTVRMREN TGG AAA ALA TTG 288 Ay Val Qu Thr ro
Ala Tyr Ile Gu @y Trp Lys Lys Leu 85

95 GCT ACT GAT GAA TTG GAG AAA TAC GCC AAA AAC GAA CCA ACG CTC ATC

336 Ala Thr Asp Gu Leu Qu Lys Tyr Ala Lys Asn Qu Pro Thr Leu Ile

100 105 110 CGT ATA TGG GGI GAT GCT TTG
TTC GAT ATC GIT GAC AAA GAT CAA AAT FgW-Arg Ile Trp Ay Asp Ala Leu
Phe Asp Ile Val Asp Lys Asp A n Asn 115 120

125 GGA GCC ATT ACA CTG GAT GAA TGG AAA GCA TAC ACC AAA GCT GCT GGT

432 Ay Al @he| asTifer|8ar Asp ABPUSTy pyEyRysARSn YL Thy TysLyN &zAlZspd y 130
135 %0 ATC ATC CAA RCA TCA GAA GAT T&E GAG GAA ACA TTC

AGA GIG TCede™rr aea céBct el 14 Gh8 B8 ro€lcrd Mod'\$Ra Qi Ghi &l Thisgkhe

Arg Val Cysrfspid4fa arg Cys Met Tyr Gli58r Cys Leu Arg Gly Glnladn cly
160 ATT GAT GAA AZF GGA CAA CTC GAFOGIT GAT GAG ATG2ACA AGA CAA CAT

528 Ile Asp.d ’FG’LS%rAC%ﬁ GLP doBUehtS Rrd/aan Q g%i%gﬁl% %£ é‘H 3
165 Phe Cys Asp Ala Trp Glu Phe Lys A%T % C Adé ATG
GAT CCT GCT TGE3@GAA AAG CTC TAGLGT 76 Le5|4cGy Phe Trp Tyr Thr Met
AspProAIaQ/sGuLsL GTXCCAy 185

190 GGA P.(??%D CCT GAA TGC CAA TAA ATGARCABLAG 1678
1 1

501 Ay Al a_u,g%a o g val B Fro Glv YR 06077

PCT/ US97/ 23089 -129-

ATACAGAAGC TAAGACTACT ACAGCAGAAG ATARAAGAGA AGCTGTAGTT CTTCARAAAC 1738
AGTATATTTT GATGTACTCA TTGTTTACTT ACATAAAAAT AAATTGTTAT TATCATAACG 1798
TAAAGAAAAZ AAADAAARAAA AAAA 1822
(2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 1644 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{ix) FEATURE:
(A) NAME/KEY: Coding Sequence
(B} LOCATION: 1...1644
(D) OTHER INFORMATION: Luciola Cruciata Luciferase (Firefly)
{(x} PUBLICATION INFORMATION:
PATENT NO.: 4,968,613

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

ATG GAA AAC ATG GRA AAC GAT GAA AAT ATT GTA GTT GGA CCT AAA CCG 48
Met Glu Asn Met Glu Asn Asp Glu Asn Ile Val Val Gly Pro Lys Pro
1 5 10 15
TTT TAC CCT ATC GAA GAG GGA TCT GCT GGA ACA CAA TTA CGC AAA TAC 96
Phe Tyr Pro Ile Glu Glu Gly Ser Ala Gly Thr Gln Leu Arg Lys Tyr
20 25 : 30
ATG GAG CGA TAT GCA AAA CTT GGC GCA ATT GCT TTT ACA AAT GCA GTT 144
Met Glu Arg Tyr Ala Lys Leu Gly Ala Ile Ala Phe Thr Asn Ala Val
35 40 45
ACT GGT GTT GAT TAT TCT TAC GCC GAA TAC TTG GAG AAA TCA TGT TGT 192
Thr Gly Val Asp Tyr Ser Tyr Ala Glu Tyr Leu Glu Lys Ser Cys Cys
50 55 60
CTA GGA ARA GCT TTG CAA AAT TAT GGT TTG GTT GTT GAT GGC AGA ATT 240

Leu Gly Lys Ala Leu Gln Asn Tyr Gly Leu Val Val Asp Gly Arg Ile
65 70 75 80



(2) | NFORMATI ON FOR SEQ | D NO 8: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 591 base pairs (B) TYPE: nucleic acid ( -
STRANDEDNESY® 9826337 e (D) TOPOLOGY: |inear (i i‘ic“l"\éﬁf“é&gﬁ”é
TYPE: cDNA (iii) HYPOTHETI CAL: NO (i v) ANTISENSE: NO (v)
FRAGMVENT TYPE: (vi) ORI A NAL SOURCE: (1 x) FEATURE:

(A) NAME/ KEY: Codi ng Sequence (B) LOCATION. 1.. .588 (D)
OTHER | NFORMATI ON: Reconbi nant Aequori n AEQ3 (x) PUBLI CATI ON

| NFORVATI ON: (A) AUTHORS: PrashdZOet al. (B) TITLE:
Sequence Conparisons of Conpl enentary DNAs Encodi ng
Aequorin | sotypes (C© JOURNAL: Biochem stry (D) VOLUME:
26 GeG(T)n PACGEST ¢8R2GAL3BY GAA GAR TTY GFT DATECCIL$8X ATA GCC ( Xi 388
SEQUENCE BESCNLP?V@{F?-I‘SE-Q‘ 1AEn NeYsg Glu £1g ﬂec GGlGAN@RAlT%G FEA GTC AAG CTT
ACA TCA GAC TTC GAC AAC®® 48 Met Tht' Ser Gu A n Tyr’Ser Val Lys Leu
Thr Ser AsieaPhe: Asp ASNedr eta GeT 6TT Gca &C ACT AAT GAG ATT TAC AT 336

15 CCA AGAYTGHz Ahd BCEACHCANaCAQYARS GAT WRGTRT @saATG1ul TCCliyk GAF GIC

96 Pro Arg Trp Ile Q9% Arg His Lys H¥®3Met Phe Asn Phélfeu Asp Val-

20 TTA CGT GARA &% GTT CAC AGT TTA GGT A'l%) TC’P‘&QA% M %AGMA ATS"84T CT
CTT GAC GAeuAlig Gl& ACVAA@: S rTCdu aly IleléérA@ra bk TASTTNd yalys |1 e Ser
Leu Asp G u Met Wvab Tyr Lys Al a Saeo 125 40
A
‘1‘32 pep | IEETAGT LR AR weE ol e Aé\ﬁ\g g 50
p ? u ¥b Ol'h t"a G@n s g
130 GGA CGCT
GGAATGAAATAT 240H|sLsAspAIaVaI GyAspPhePheGyGa/AIa
g y Met L)ggA T ACT ATT AAA ACC ATT GTT ATA CTA GAT AGC AAA GTT GAT TAT 0
r Thr Ile Lys Thr Ile Val Ile Leu Asp Ser Lys Val Asp Tyr
145 150 155 160
CGA GGA TAT CAA TGT CTG GAC ACC TTT ATA AAA AGA AAC ACT CCA CCA 528
Arg Gly Tyr Gln Cys Leu Asp Thr Phe Ile Lys Arg Asn Thr Pro Pro
165 170 175
GGT TTT CAA GCA TCC AGT TTC ARA ACT GTG GAA GTT GAC CGT AAA GAA 576
Gly Phe Gln Ala Ser Ser Phe Lys Thr Val Glu Val Asp Arg Lys Glu
180 185 180
CAA GTT GCT CTT ATA ATG AAC TCT TCG GGT TCT ACC GGT TTG CCA AAA 624
Gln Val Ala Leu Ile Met Asn Ser Ser Gly Ser Thr Gly Leu Pro Lys
195 200 205
GGC GTA CAA CTT ACT CAC GAA AAT ACA GTC ACT AGA TTT TCT CAT GCT 672
Gly Val Gln Leu Thr His Glu Asn Thr Val Thr Arg Phe Ser His Ala
210 215 220
AGA GAT CCG ATT TAT GGT AAC CAA GTT TCA CCA GGC ACC GCT GTT TTA 720
Arg Asp Pro Ile Tyr Gly Asn Gln Val Ser Pro Gly Thr Ala Val Leu
225 230 235 240
ACT GTC GTT CCA TTC CAT CAT GGT TTT GGT ATG TTC ACT ACT CTA GGG 768
Thr Val Val Pro Phe His His Gly Phe Gly Met Phe Thr Thr Leu Gly
245 250 255
TAT TTA ATT TGT GGT TTT CGT GTT GTA ATG TTA ACA AAA TTC GAT GAA 816
Tyr Leu Ile Cys Gly Phe Arg Val Val Met Leu Thr Lys Phe Asp Glu
260 265 270
GAA ACA TTT TTA AAA ACT CTA CAA GAT TAT ARA TGT ACA AGT GTT ATT 864
Glu Thr Phe Leu Lys Thr Leu Gln Asp Tyr Lys Cys Thr Ser Vval Ile
275 280 285
CTT GTA CCG ACC TTG TTT GCA ATT CTC AAC AAA AGT GAA TTA CTC AAT 912
Leu Val Pro Thr Leu Phe Rla Ile Leu Asn Lys Ser Glu Leu Leu Asn
280 295 300
AAA TAC GAT TTG TCA AAT TTA GTT GAG ATT GCA TCT GGC GGA GCA CCT 960
Lys Tyr Asp Leu Ser Asn Leu Val Glu Ile Ala Ser Gly Gly Ala Pro
305 310 315 320

TTA TCA AAA GAA GTT GGT GAA GCT GTT GCT AGA CGC TTT AAT CTT CCC 1008



65

70

75

GAA ACT GAT TGG CCT GCA TAC ATT GAA GGA TGG AAA AAA TTG
A u Thr AspVO®826873 Ala Tyr Ile Gu Ay Trp Lys Lys Leu
95 GCT ACT GAT GAA TTG GAG AAA TAC GCC AAA AAC GAA

90

CCA ACG CTC ATC
Pro Thr Leu Ille
CGTI ATA TGG GGT GAT GCT TTG TTC GAT ATC GIT GAC AAA GAT CAA AAT
Arg lle Trp Ay Asp Ala Leu Phe Asp Ile Vall2Asp Lys Asp @ n Asn
PCT/ US97/ 23089

125 GGA GCC ATT
ACA CTG GATe'GAAr TIFs AMA GOAGTAGLAGOD.ANAL GOR GCH ABGTPhe Asndi3® Gy Ala lle
Thr Leu Asp Gu Trp Lys 3% Tyr Thr Lys A3 Ala Ay

98/ 26277
- 130-

135

AGA GTG TGES{ALL ne

115

80 GGI GIG

288

PCT/USY

G-X Val
7123089 g

336 Ala Thr Asp Gu Leu Qu Lys Tyr Ala Lys Asn Gu
100

Arg Val Cys Asp 145 340

160 ATT GAT

GAA

528 |l AsPTZASID
165

355

AAT GCGA

&y

170

360

GAT CCT GCT TGC GAA AAG CTC TAr%TGGTTT
Va le

155 "o b s W TR

591 Gy Ala Val Pro

GGT
Gly
385

AAAR
Lys

GAA
Glu

CAT
Eis

TAC
Tyr

TCT
Ser
465

GAG
Glu

GAA
Glu

CGT
Axrg

ACT
Thr

CCT AAC
Pro Asn

GGT TAT
Gly Tyr

GGT TGG
Gly Trp

TTC TTT
Phe Phe
435

CAA GTA
Gln Val
450

ATC TTT
Ile Phe

CTT CCA
Leu Pro

AAA GAA
Lys Glu

TTA CGT
Leu Arxg
515

GGA AaA
Gly Lys
530

*

AGA
Arg

GTA
val

CTG
Leu
420

ATT
Ile

cCca
Pro

GAT
Asp

GGA
GLy

GTA
val
500

GGT
Gly

ATT
Ile

CGT
Arg

AAT
Asn
405

CAC
His

GTC
Val

cCT
Pro

GCT
Ala

GCC
Ala
485

ATG
Met

GGT
Gly

GAC
Asp

GTT GCT ARG ATG
Val Ala Lys Met

545

GGA
Gly
380

AAT
Asn

ACC
Thr

GAT
Asp

GCC
Ala

GGT
Gly
470

GTT
val

GAT
Asp

GTT
vVal

GGC
Gly

375

GAA
Glu

cca
Pro

GGA
Gly

CGT
Axrg

GAA
Glu
455

GTT
Val

GTT
Val

TAT
Tyr

CGT
Arg

AGA
Arg
535

GTT
val

GAA
Glu

GAT
Asp

TTG
Leu
440

TTA
Leu

[elale
Ala

GTA
Val

GTT
Val

TTT
Phe
520

GCAa
Ala

120

105

0
;o B E S 1

dediEts

1

FP5

110
384
WO

N e

158@s 350155
T GG»GA\T G"rA‘ AT&S ACA AG% CAAG CA':IL'IM
A L T SR EN T
17 TTA GGesITT TGS TAC ACC ATG
576 Leu Ay Phe Trp Tyr Thr Met
GAT CTT GAT I;gg AAA TCT TTA 11%25
Asp Leu Asp ¥ Lys Lys Ser Leu
380
TGT GTT AAA GGA CCT ATG CTT ATG 1200
Cys Val Lys Gly Proc Met Leu Met
395 400
GCA ACA AAA GAA CTT ATT GAC GAA 1248
Ala Thr Lys Glu Leu Ile Asp Glu
410 415
ATT GGA TAT TAT GAT GAA GAA AAA 1296
Ile Gly Tyr Tyr Asp Glu Glu Lys
425 430
AAG TCT TTA ATC AARA TAC AAA GGA 1344
Lys Ser Leu Ile Lys Tyr Lys Gly
445
GAA TCC GTT CTT TTG CAA CAT CCA 1382
Glu Ser Val Leu Leu Gln His Pro
460
GGC GTT CCT GAT CCT GTA GCT GGEC 1440
Gly Val Pro Asp Pro Val Ala Gly
475 480
CTG GAA AGC GGA AAA AAT ATG ACC 1488
Leu Glu Ser Gly Lys Asn Met Thr
490 495
GCA AGT CAA GTT TCA AAT GCA AAA 1536
Als Ser Gln-Val Ser Asn Ala Lys
505 510
GTG GAT GAA GTA CCT AAA GGT CTIT 1584
Val Asp Glu Val Pro Lys Gly Leu
525
ATT AGA GAA ATC CTT ARG AAA CCA 1632
Ile Arg Glu Ile Leu Lys Lys Pro
540
1644
NO:4:

{(2) INFORMATION FOR SEQ ID



195 (2) | NFORMATI ON FOR SEQ I D NO 9 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 567 base pairs B) TYPE -
nucl ei c aci WO9826277 (C) STRANDEDNESS: single (D) T&@&W’ﬂoﬁ%ear
(ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO (iv) ANTI SENSE:
NO (v) FRAGVENT TYPE: (vi) ORI G NAL SOURCE: (i x) FEATURE:
(A) NAME/ KEY: Codi ng Sequence (B) LOCATION. 1 ...567 (D)
OTHER | NFORMATI ON:  Aequorin phot oprotein (x) PUBLI CATI ON

| NFORVATI ON: (A) AUTHORS: Charbostiz2u et al. (B) TITLE:
Am no aci d sequence of the cal ci um dependent phot oprotein
aequorin (G JOURNAL: Am Chem Soc. (D) VOLUME: 24

(E) ISSUE: 24 (i) sEQUENCE BHEBESTEMAG2e6:/71 (G DATE: 1985

(xi) SEQUENCE DES@PZI Pﬁlf@ﬂ %@ PpeNeRrDEs GTC AAG CTT ACA CCA GAC TTC GAC
AAC CCA AAA TGG gacid 48 val Lys Leu Thr Pro Asp Phe Asp
Asn Pro Lys Trp | AjDe; |l§eir s 5 10

15 AAG CAC ATG TTT AAT TTT CTT GAT GIC AAC CAC AAT GGA AGG ATC TCT

96 Lys His Met g HSREQURE T@E: SAVal Asn His Asn Ay Arg Ile Ser.
WO 9)é/_26277 o PR PCT/ US97/ 23089

(3) NAME/KEY: Coding Sequence
(B) LOCATION: 1...1664
(D) OTHER INFORMATION: Vargula (cypridina) luciferase

{x} PUBLICATION INFORMATION:
JP 3-30678 Osaka (Tsuji)
(R) AUTHORS: Thompson et al.
(C) JOURNAL: Proc. Natl. Acad. Sci. U.S.A.
(D) VOLUME: B6
(F) PAGES: 1326-1332
(G) DATE: (1989}

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

ATG AAG ATA ATA ATT CTG TCT GTT ATA TTG GCC TAC TGT GTC ACC GAC 48
Met Lys Ile Ile Ile Leu Ser Val Ile Leu Ala Tyr Cys Val Thr Asp
1 5 10 15

AAC TGT CAA GAT GCA TGT CCT GTA GAA GCG GAA CCG CCA TCA AGT ACA g6
Asn Cys Gln Asp Ala Cys Pro Val Glu Ala Glu Pro Pro Ser Ser Thr
20 25 30

CCA ACA GTT CCA ACT TCT TGT GAA GCT AAA GAA GGA GAA TGT ATA GAT 144
Pro Thr Val Pro Thr Ser Cys Glu Ala Lys Glu Gly Glu Cys Ile Asp
35 40 45

ACC AGA TGC GCA ACA TGT AAA CGA GAT ATA CTA TCA GAT GGA CTG TGT 192
Thr Arg Cys Ala Thr Cys Lys Arg Asp Ile Leu Ser Asp Gly Leu Cys
50 ' 55 60

GAA AAT AAA CCA GGG AAG ACA TGC TGT AGA ATG TGC CAG TAT GTG ATT 240
Glu Asn Lys Pro Gly Lys Thr Cys Cys Arg Met Cys Gln Tyr Val Ile
65 70 75 80

GAA TGC AGA GTA GAA GCA GCT GGT TAT TTT AGA ACG TTT TAC GGC AAA 288
Glu Cys Arg Val Glu Ala Ala Gly Tyr Phe Arg Thr Phe Tyr Gly Lys
85 90 85

AGA TTT AAT TTT CAG GAA CCT GGT AAA TAT GTG CTG GCT AGG GGA ACC 336
Arg Phe Asn Phe Gln Glu Pro Gly Lys Tyr Val Leu Ala Arg Gly Thr
100 105 110

AAG GGT GGC GAT TGG TCT GTA ACC CTC ACC ATG GAG AAT CTA GAT GGA 384
Lys Gly Gly Asp Trp Ser Val Thr Leu Thr Met Glu Asn Leu Asp Gly
115 120 125

CAG AAG GGA GCT GTG CTG ACT AAG ACA ACA CTG GAG GTT GCA GGA GAC 432
Gln Lys Gly Ala Val Leu Thr Lys Thr Thr Leu Glu Val Ala Gly Asp
130 135 140

GTA ATA GAC ATT ACT CAA GCT ACT GCA GAT CCT ATC ACA GTT AAC GGA 480
Val Ile Asp Ile Thr Gln Ala Thr Ala Asp Pro Ile Thr Val Asn Gly



-131- 20 25 30 CTT GAC

GAG ATG GIC TAC AAG GCG TCC GAT ATT GIT ATA AAC AAT CIT 144 230 Asp
A u Met ValWo\BsR263/id Ala Ser Asp Ile Val Ile Asn Asn Leu PCTmsc?@’ 89
40 45 GGA GCA ACA CCT GAA CAA GCC AAA CGT CAC AAA GAT
GCT GTA GAA GCC 192 dy Ala Thr Pro Qu G n Ala Lys Arg H s Lys Asp
Ala Val Qu Al a 50 55 60 TTC TTC
GGA GGA CGCT GCA ATG AAA TAT GGTI GTA GAA ACT GAA TGG CCT 240 Phe Phe
Ay Ay Ala Ala Met Lys Tyr Ay Val GQu Thi28 u Trp Pro 65
70 75 80 GAA TAC ATC GAA GGA TGG AAA
AGA CTG GCT TCC GAG GAA TTG AAA AGG 288 GIuTyrIIeGIuGIyTrpLys
Arg Leu AlaasSer G u G u Leu1si_o,/s Arg 155 160 90
o T G T O AT ST
336 Tyr g% | BTCT % ? %% % Leu
100 2 i 12% e'fia fo Tt QAT CAAAGAC
CAA AAT GGA GCT ATT TCA CTG GAT GAA 384 PheAspIIeIIeAspLysAsp
dn Asn GI ngmcp'xér GEF GRA AR GCEJGFC TTC AAT AMC BCA GTC ATC GAA TTC 120576
125 BALIARE TET CETTLBECRTE ATE" CRA FEH CRea™ A GAT
432 TrpLysAIaTer Lys Ser Al a y Ilelle @n Ser Ser Qu Asp
130 - TTT AAA CTA ABS GTG ATT GAT ATT CTG GBAOGCA RGL TGAGRAAGACKrT TC AGA GIG
TGC GAT AT%%&TSG@N AT VehAT EAss e Leu Glyg@ly &yg SGruVG #rPhilePhe Arg Val
Cys Asp lle Asp G717 Ser Gy Gn L 145 150
155 cer cca Gac AGA) coaGhk &lA dATcAGMATRAGET Aot €A oATadTA GRANTTT
TGG TAC ACCaAPEe Asp ThH28a HspLyealclispedd nlelVeér Ehy JAegewd Gl s3sdieu Gy Phe
Trp Tyr Thr ME#° 215165 220 170 _
175 GAT T AR MG GIE SACHIhAe 06Ty G G ans cre 7ac
567 Asp Pren Aha Matsabh hsbysid abp sy Shy THryT#Y Asp/1aPE& cln Leu 180
185 225 (2) | NFORVAT?ON FOR SEQ I D NCG3ID: 240

GCG ATC CAA CCC AAC ATA AAC ARA GAG TTC GAC GGC TGC CCA TTC TAT 768

Ala Ile Gln Pro Asn Ile Asn Lys Glu Phe Asp Gly Cys Pro Phe Tyr

245 250 255
GGC AAT CCT TCT GAT ATC GAA TAC TGC AAA GGT CTG ATG GAG CCA TAC 816
Gly Asn Pro Ser Asp Ile Glu Tyr Cys Lys Gly Leu Met Glu Pro Tyr
260 265 270
AGA GCT GTA TGT CGT AAC AAT ATC AAC TTC TAC TAT TAC ACT CTA TCC 864
Arg Ala Val Cys Axrg Asn Asn Ile Asn Phe Tyr Tyr Tyr Thr Leu Ser
275 280 285
TGT GCC TTC GCT TAC TGT ATG GGA GGA GAA GAA AGA GCT AAA CAC GTC 912
Cys Ala Phe Ala Tyr Cys Met Gly Gly Glu Glu Arg Ala Lys His Val
290 295 300

CTT TTC GAC TAT GTT GAG ACA TGC GCT GCG CCG GAA ACG AGA GGA ACG 960

Leu Phe Asp Tyr Val Glu Thr Cys Ala Ala Pro Glu Thr Arg Gly Thr

305 310 315 320

TGT GTT TTA TCA GGA CAT ACT TTC TAT GAC ACA TTC GAC AAA GCA AGA 1008

Cys Val Leu Ser Gly His Thr Phe Tyr Asp Thr Phe Asp Lys Ala Arg

325 330 335

TAT CAA TTC CAG GGC CCA TGC AAG GAG ATT CTG ATG GCC GCA GAC TET 1056
Tyr Gln Phe Gln Gly Pro Cys Lys Glu Ile Leu Met Ala Ala Asp Cys

340 345 350
TAC TGG AAC ACA TGG GAT GTA AAG GTT TCA CAT AGA GAC GTC GAA TCA 1104
Tyr Trp Asn Thr Trp Asp Val Lys Val Ser His Arg Asp Val Glu Ser
355 360 365
TAC ACT GAG GTA GAG AAA GTA ACA ATC AGG AAA CAG TCA ACT GTA GTA 1152
Tyr Thr Glu Val Glu Lys Val Thr Ile Arg Lys Gln Ser Thr Val val
370 375 380

GAT CTC ATT GTG GAT GGC AAG CAG GTC AAG GTT GGA GGA GTGE GAT GTA 1200
Asp Leu Ile Val Asp Gly Lys Gln Val Lys Val Gly Gly Vval Asp Val
385 390 395 400



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 588 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single §E2 -
TOPOLOGY: | i Weed8/26277 (ii) MOLECULE TYPE: cDNA (iii PCT/USI7/23089
HYPOTHETI CAL: NO (iv) ANTISENSE: NO (v) FRAGMVENT TYPE:

(vi) ORI A NAL SOURCE: (i x) FEATURE: (A) NAME/ KEY: Codi ng
Sequence (B) LOCATION: 1.. 588 (D) OTHER | NFORVATI ON:
Aequorin nmutant w increased bi ol um nescence activity WO 98/ 26277
PCT/ US97/ 23089 -124- -132-

(x) PUBLI CATI ON | NFORMATI ON: PATENT NO.: 5, 360, 728

(K) RELEVANT RESIDUES IN SEQ I D NO 10: Asp 124 changed to Ser

(xi) SEQUENEET RESERPTAOMNeeSI® bis Mok 1t Téd GrACEAATE: @ EAA cBAC TGA4&TC
AAG CTT ACASCCALEACOTTG GAE FeACG1u Asn THAS SAEtITEhTY:Sewp@lm &m Clyr Ser Val
Lys Leu Thr Pro Asp Phe A8p Asn 1 410 5 415 10

15 CCA Te GIC
12 S5l Ul S0 e P IR T T

420 425 430

AAC TTT AAG CAG CTC CTT GTA GTT CAT ATC AGA GAT CCA TTC GAT GCA 1344
Asn Phe Lys Gln Leu Leu Val Val His Ile Arg Asp Pro Phe Asp Ala
435 440 445

AAG ACA TGC GGC ATA TGT GGT AAC TAT AAT CAA GAT TCA ACT GAT GAT 1392
Lys Thr Cys Gly Ile Cys Gly Asn Tyr Asn Gln Asp Ser Thr Asp Asp

450 455 460
TTC TTT GAC GCA GAA GGA GCA TGC GCT CTA ACC CCC AAC CCC CCA GGA 1440
Phe Phe Asp Ala Glu Gly Ala Cys Ala Leu Thr Pro Asn Pro Pro Gly
465 470 475 480

TGT ACA GAG GAA CAG AAA CCA GAA GCT GAG CGA CTT TGC AAT AAT CTC 1488
Cys Thr Glu Glu Gln Lys Pro Glu Ala Glu Arg Leu Cys Asn Asn Leu
485 490 4585

TTT GAT TCT TCT ATC GAC GAG AAA TGT AAT GTC TGC TAC AAG CCT GAC 1536
Phe Asp Ser Ser Ile Asp Glu Lys Cys Asn Val Cys Tyr Lys Pro Asp
500 505 510

CGG ATT GCC CGA TGT ATG TAC GAG TAT TGC CTG AGG GGA CAA CAA GGA 1584
Arg Ile Ala Arg Cys Met Tyr Glu Tyr Cys Leu Arg Gly Gln Gln Gly
515 520 525

TTT TGT GAC CAT GCT TGG GAG TTC AAG AAA GAA TGC TAC ATA AAA CAT 1632
Phe Cys Asp His Ala Trp Glu Phe Lys Lys Glu Cys Tyr Ile Lys His
530 535 540

GGA GAC ACT CTA GAA GTA CCA CCT GRA TGT CAA TAA ACGTACAAAG 1678
Gly Asp Thr Leu Glu Val Pro Pro Glu Cys Gln
545 550 555

ATACAGARGC TAAGGCTACT ACAGCAGAAG ATAARAAAAGA AACTGTAGTT CCTTCAAAAA 1738
CCGTGTATTT TATGTACTCA TTGTTTAATT AGAGCAAAAT AAATTGTTAT TATCATAACT 1798
TAAACTARAA AAARAAAAMRAA AR 1820

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 958 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv) ANTISENSE: NO

{v) FRAGMENT TYPE:

{vi) ORIGINAL SOURCE:
{ix) FEATURE:

(A} NAME/KEY: Coding Sequence
(B) LOCATION: 115...702
(D) OTHER INFORMATION: apoaequorin-encoding gene



20 25 30 AAC CAC AAT GGA AGG ATC TCT

CTT GAC GAG ATG GIC TAC AAG GCG TCC 144 Asn H's Asn Ay Arg lle Ser
Leu Asp G uW@98263F7 Tyr Lys Al a Ser 35 PCT/}§97/23089
45 GAT ATT GIT ATA AAC AAT CTT GGA GCA ACA CCT GAA CAA GCC AAA cGT

192 Asp Ile Val Ile Asn Asn Leu Ay Ala Thr Pro Qu Gn Ala Lys Arg 50
55 60 CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT
GCA ATG AAA TAT 240 His Lys Asp Ala Val Gu Ala Phe Phe Ay Ay Al a
Ala Met Lys Tyr 65 70 -125- 75

80 GGI GTA GAA ACT GAA TGG CCT GAA TAC ATC GAk GGA TGG AAA AGA CTG
288 Ay Val Qu Thr Au Trp Pro Qu Tyr Ile Au @y Trp Lys Arg Leu

85 90 95 CGCT TCC GAG GAA TTG AAA AGG
TAT TCA AAA AAG*CARUBRECA RNFTION: 336 Ala Ser Qu Gu Leu Lys Arg
Tyr Ser Lys Asn dn & 'E@sﬁ'lﬁ% 240 100 105
110 CGT TTA TGG G&) \ 5 AR AT CoATT oTEG AAA GAC CAA AAT

384 Arg Leu Trp d ypAypL¥dE: Beu Phe Asp Ile Ile Ser Lys Asp @ n Asn

115 (F)] PHGES: 3154-3158 125 GGA CCT ATT TCA CTG GAT GAA
TGG AAA GCA TAC AC@ARATErCT codlcce 432 Gy Ala Ile Ser Leu Asp Qu
Trp Lys Ala Tyr Fhy depoefes pAbérioryon: sed3® wo: 135

140 ATC ATC CAA TCG TCA GAA GAT TGC GAG GAA ACA TTC AGA GIG TGC GAT
480 |l e || ECEFGFCEEF GGEFCEFAFCASFRCEFEcIT GOCIATCTRY TIRATIFTIC\GATARPACHS D 146D

150 B8 e cTC
GAT GTT GAT (ARG ATS ACK ACA CAA CAT™ TIeTLSEAT %8 &M ok
Asp Val Asp G u Mt Thr Arg G n His 165 170

576 Leu O PR TR HIF 1 Sho AL A B G@Eﬁfﬁgg%@i&’é% ) iss

180

588 Ay Ala Val Pro 195
AGA TGG ATT GGA CGA CAC AAG CAT ATG TTC AAT TTC CTT GAT GTC AAC 213
Arg Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val Asn
20 25 30
CAC AAT GGA AAA ATC TCT CTT GAC GAG ATG GTC TAC AAG GCA TCT GAT 261
His Asn Gly Lys Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser Asp
35 40 45

ATT GTC ATC AAT AAC CTT GGA GCA ACA CCT GAG CAA GCC AAA CGA CAC 308
Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg His

50 55 60 65

AAR GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GGA ATG AAA TAT GGT 357
Lys Asp Ala Val Glu Ala Phe Phe Gly Gly Ala Gly Met Lys Tyr Gly

70 75 80
GTG GAA ACT GAT TGG CCT GCA TAT ATT GAA GGA TGG AAA AAA TTG GCT 405
Val Glu Thr Asp Trp Pro Ala Tyr Ile Glu Gly Trp Lys Lys Leu Ala
85 90 95
ACT GAT GAA TTG GAG AAA TAC GCC AAA AAC GAA CCA ACG CTC ATC CGT 453
Thr Asp Glu Leu Glu Lys Tyr Ala Lys Asn Glu Pro Thr Leu Ile Arg
100 105 110
ATA TGG GGT GAT GCT TTG TTT GAT ATC GTT GAC AAA GAT CAA AAT GGA 501
Ile Trp Gly Asp Ala Leu Phe Asp Ile Val Asp Lys Asp Gln Asn Gly
115 120 125

GCC ATT ACA CTG GAT GAA TGG AAA GCA TAC ACC AAA GCT GCT GGT ATC 549
Ala Ile Thr Leu Asp Glu Trp Lys Ala Tyr Thr Lys Ala Ala Gly Ile

130 135 140 145

ATC CAA TCA TCA GAA GAT TGC GAG GAA ACA TTC AGA GTG TGC GAT ATT 597
Ile Gln Ser Ser Glu Asp Cys Glu Glu Thr Phe Arg Val Cys Asp Ile

150 155 160
GAT GAA AGT GGA CAA CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT TTA 645

Asp Glu Ser Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His Leu
165 170 175



WD 98/ 26277 PCT/ US97/ 23089

-133- (2) | NFORVATI ON FOR SEQ I D NO 11: él/g SEQUENCE
CHARACTER! 3VQ 08426277 (A) LENGTH. 588 base pairs PCYESITRORE.
nucl eic acid (C) STRANDEDNESS: single (D TOPOLOGY:

| i near (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO
(iv) ANTI SENSE: NO (v) FRAGMENT TYPE: (vi) ORI G NAL SOURCE:
(1 x) FEATURE: (A) NAME/ KEY: Codi ng Sequence (B)
LOCATI ON: 1...588 (D) OTHER | NFORRATI ON: Reconbi nant
site-directed Aequorin mutant w increased biolum activity (x)
PUBLI CATI ON | NFORMATI ON: PATENT NO.: 5, 360, 728 (K

RELEVANT RES|DUES:E NASERD BTHGATIICT Gl RS Gl AGedrd GASEGCT GGA €9@ )
SEQUENCE BESERePTIONYrSET Mpr NePLEzo AlaTRysABE: A@E %ATMWA@WCA GIC AAG
CTT ACA CCA GAC T¥T cAC AAC #8 Met Thr Ser u @n Tyr Ser Val Lys

Leu Thr PerAsie Pbe "A3pnAStc TACCETGETG ATGCACCOTA GGAAGATGAT GTGATTTTGAO752
15 CCA AAMA VEEGPAd T GGA CGA CAC AAG CAC ATG TTT AAT TTT CIT GAT GIC

96 Pro Lys % Ile Gly Arg Hs Lys Hs Met Phe Asn Phe Leu Asp Val

20 ARANTTCA ATCARAATTT TeARRITTT ARMALATTA A TG Ade TCT
CTT GAC GAGriCHorel GORARTIG AAEACARA ATCGARTSAT TASPTEITS TABITARIYANY O 812 Ser
Leu Asp GroAAGHTAUA|AATZGAAAMS. BTARASBEAA AAARAAAAAA AARAAAADAA ARAAAAARARA 932

AAARARRRAA AARAAAARAA AAARAR 958

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 591 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE ' TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTISENSE: NO

(v} FRAGMENT TYPE:

{(vi) ORIGINAL SOURCE:
(ix) FEATURE:

{A) NAME/KEY: Coding Sequence
(B) LOCATION: 1...588
(D) OTHER INFORMATION: Recombinant Aequorin AEQ1l

(x) PUBLICATION INFORMATION:

(A} AUTHORS: Prasher et al.

(B) TITLE: Sequence Comparisons of Complementary
DNAs Encoding Aequorin Isotypes

(C) JOURNAL: Biochemistry

(D) VOLUME: 26

(F} PAGES: 1326-1332

(G} DATE: 1887

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

ATG ACC AGC GAA CAA TAC TCA GTC AAG CTT ACA CCA GAC TTC GAC AAC 48
Met Thr Ser Glu Gln Tyr Ser Val Lys Leu Thr Pro Asp Phe Asp Asn
1 5 10 15

CCA AAA TGG ATT GGA CGA CAC AAG CAC ATG TTT BAAT TTT CTT GAT GTC a6
~Pro Lys Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val
20 25 30

AAC CAC AAT GGA AGG ATC TCT CTT GAC GAG ATG GTC TAC ARG GCG TCC 144
Asn His Asn Gly Arg Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser
35 40 45

GAT ATT GTT ATA AAC AAT CTT GGA GCA ACA CCT GAA CAA GCC AAA CGT 182
Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60

CAC AARA GAT GCT GTA GARA GCC TTC TTC GGA GGA GCT GGA ATG AAA TAT 240



35 40 45 GAT ATT GIT ATA AAC AAT CITT
GGA GCA ACA CCT GAA CAA GCC AAA cGT 192 Asp Ile Val Ile Asn Asn Leu
Gy Ala Thr wisoesdé2er G n Ala Lys Arg 50 BET/USY7/23089
60 CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GCA ATG AAA TAT

240 His Lys Asp Ala Val Ju Ala Phe Phe Ay Ay Ala Ala Met Lys Tyr 65

70 75 80 GGT GTA GAA ACT GAA TGG CCT
GAA TAC ATC GAA GGA TGG AAA AGA CTG 288 Gy vVal Au Thr Qu Trp Pro
Gu Tyr Ile Au Ay Trp Lys Arg Leu -127- 85 90

95 GCT TCC GAG GAA TTG AAA AGG TAT TCA AAA AAC CAA ATC ACA CTT ATT
336 Ala Ser GQu GQu Leu Lys Arg Tyr Ser Lys Asn G@n Ile Thr Leu Ille

100 ' 199 va1 1y a1z phe ene 44001y QL FALGR,ACE,CAT GCA TTG
TTC GAT ATEsATT TCE ARA CACTEAA AAT - - 3845 Arg e Trp G weAsp Al a Leu
PheAspIIeIIeSerLsAspGlnAsn 115 120

125 W@’%B ?zs%g GAA TGG CCT GAA TAC ATC GAA GGA TGG ARA AGA CTG 288

PCT/ US97/ 2§6§9 G r Glu Trp Pro Glu Tyr Ile Glu Gly Trp Lys Argléﬁu GGA GCT
ATTTCACTGGATTCATGGAAAGCATACACCAAATCTGCTGGC 432 dy Al a
Il1e Ser LeGC CSEAG TAp THES ARR RGPy TATTICAL 88F GRPQATY \AWCA CTT] 3QT 336

135 er Glu G%HOLG%‘FES &F@ m YCASBARTGRY® TOE BAGTEAA ACA TTC
AGAGTGTGCGAT ﬁ80||eIIeGn ér Ser G u Asp S Gu du Thr Phe
Arg Val CyscAsfraldée cer car cca TT¢ TTATBT ATC ATT GAC AnA GAclEEnm AaT 384

160 ATT GAToGRA MG COEARPQAGLTTEuUCATe GFP UAT ICAGSKRTLYSAGAr B GAA CAT
528 Ile Asp Gu SB*5dy A n Leu Asp*Val Asp G u Met*%dhr Arg G n Hi s

165 GGA GCT ATT F68 CTG GAT GAA TGG AAA @CIP TAC ACC AAA TCT GAT GGC 432
Gly Ala Ile Ser Leu Asp Glu Trp Lys Ala Tyr Thr Lys Ser Asp Gly
130 135 140
ATC ATC CAA TCG TCA GAA GAT TGC GAG GAA ACA TTC AGA GTG TGC GAT 480
Ile Ile Gln Ser Ser Glu Asp Cys Glu Glu Thr Phe Arg Val Cys Asp
145 150 155 160
ATT GAT GAA AGT GGA CAG CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT 528
Ile Asp Glu Ser Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His
165 170 175
TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA AAG CTC TAC GGT 576
Leu Gly Phe Trp Tyr Thr Met Asp Pro RAla Cys Glu Lys Leu Tyxr Gly
180 185 190
GGA GCT GTC CCC TAA 591
Gly Ala Val Pro *
195

(2} INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 591 base pairs
{(B) TYPE: nucleic acid

" (C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv) ANTISENSE: NO

(v) FRAGMENT TYPE:

{vi) ORIGINAL SOURCE:
(ix) FEATURE:

(A} NAME/KEY: Coding Sequence
(B) LOCATION: 1...588
(D} OTHER INFORMATION: Recombinant Aequorin AEQ2

(x) PUBLICATION INFORMATION:

(A) AUTHORS: Prasher et al.

(B) TITLE: Segquence Comparisons of Complementary
DNAs Encoding Aequorin Isotypes

(C) JOURNAL: Biochemistry



TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA AAG CTC TAC GGT 576
Leu Ay Phe Trp Tyr Thr Met Asp Pro Ala Cys GQu Lys Leu Tyr Ay

180 WO 9826277 185 190 GGA GCT GIC COE,CT/US97’23089
588 Ay Ala Val Pro 195 (2) 1 NFORMATI ON FOR SEQ I D
NO: 12: (i) SEQUENCE CHARACTERI STI CS: " (A) LENGTH 588 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: |inear (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO (iv) ANTI SENSE: NQ128- (v) FRAGVENT TYPE:
(vi) ORI G NAL SOURCE: (i x) FEATURE: (A) NAMVE/ KEY: Codi ng
Sequence (B) LOCATION: 1.. .588 (D) OTHER | NFORVATI ON:
Reconbi nant sit epfivog6i®d2e Aequorin rmutant w increased biolum
activity (EX)PAREIRL h €AT116BE | NFORMATI ON: PATENT NO. :
5, 360, 728 (GY BAYE SEG@BENCE DESCRI PTION: SEQ I D NO. 12: ATG ACC AGC GAA
CAA TAC TCA GTC G &@%}%E%QQI%Q TTCGAC RAC, 48 Met Thr Ser Qu
S N
dn Tyr Ser VaI £ ro Asp Phe QAsp Asn’ 1 5
10 ATG ACC AGC GAS caACCACANA TBG ANGT CBLAWOAACICART A8 GAC MEG TTT4AAT
TTT CTT GATetGRBr Ser GluG8nPhe Bys VRApLYY ged 'ShrAF'gr Fss Rs PP st Phe Asn
Phe Lelu Asp*Val 20 30
AAC CAC AAdci3mbnAfde At ol Tedal taéhacGXe ATE 'ﬁECAﬂ_’IA@Te\A@’IG@&% 96144
Asn H s AsprddaygAng kle cSeradgeniAgysQiis Met Bfal Ady PheyrevAhap Serl 35
40 295 GAT ATT GIT YA AAC AAT CTT GBA GCA ACA CCT GAA
CA COC MBLEL: anr god R2a A0 hiF 4! ald GBSl LR £/ ofharcthr g, G v
A n Ala Lyssi\i@s asn By Lys Ile Ser Leu Asp 22u Met Val Tyr Lys Al
35 40
GAT ATT GTC ATC AAT AAC CTT GGA GCA ACA CCT GAG CAA GCC AaA CGA 192
Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60
CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GGA ATG AAA TAT 240
His Lys Asp Ala Val Glu Ala Phe Phe Gly Gly Ala Gly Met Lys Tyr
65 70 75 80
GGT GTG GAA ACT GAT TGG CCT GCA TAT ATT GAA GGA TGG AAA AAA TTG 288
Gly Val Glu Thr Asp Trp Pro Ala Tyr Ile Glu Gly Trp Lys Lys Leu
85 g0 85
GCT ACT GAT GAA TTG GAG AAA TAC GCC AAA AAC GAA CCA ACG CTC ATC 336
Ala Thr Asp Glu Leu Glu Lys Tyr Ala Lys Asn Glu Pro Thr Leu Ile
100 105 110
CGT ATA TGG GGT GAT GCT TTG TTC GAT ATC GTT GAC ARA GAT CAA AAT 384
Arg Ile Trp Gly Asp Ala Leu Phe Asp Ile Val Asp Lys Asp Gln Asn
115 120 125
GGA GCC ATT ACA CTG GAT GAA TGG AAA GCA TAC ACC AAA GCT GCT GGT 432
Gly Ala Ile Thr Leu Asp Glu Trp Lys Ala Tyr Thr Lys Ala Ala Gly
130 135 140
ATC ATC éAA TCA TCA GAA GAT TGC GAG GAA ACA TTC AGA GTG TGC GAT 480
Ile Ile Gln Ser Ser Glu Asp Cys Glu Glu Thr Phe Arg Val Cys Asp
145 150 155 160
ATT GAT GAR AGT GGA CAA CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT 528
Ile Asp Glu Ser Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His
165 170 175
TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA AAG CTC TAC GGT 576
Leu Gly Phe Trp Tyr Thr Met Asp Pro Ala Cys Glu Lys Leu Tyr Gly
180 185 120
GGA GCT GTC CCC TAA 581

Gly Ala Val Pro *
195



WD 98/ 26277 PCT/ US97/ 23089

- 135- CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GCA @éT
240 His LysW¥28%H Vval Gu Ala Phe Phe Ay Gy Ala Ala Mt L@’%%
70 75 80 GGI GTA GAA ACT GAA TGG CCT
GAA TAC ATC GAA GGA TGG AAA AGA CTG 288 Gy Val u Thr Qu Trp Pro
GQu Tyr Ile u Ay Trp Lys Arg Leu 85 90
95 CGCT TCC GAG GAA TTG AAA AGG TAT TCA AAA AAC CAA ATC ACA CTIT ATT
336 Ala Ser Au GQu Leu Lys Arg Tyr Ser Lys2%sn Gn Ile Thr Leu Ile
100 105 110 CGT TTA TGG GGI' GAT GCA TTG
TTC GAT ATC ATT TCC AAA GAC CAA AAT 384 Arg Leu Trp Gy Asp Ala Leu
Phe Asp Ile |le SeR)LIAFORYATIGNNFRAFEQ ID NO:8115 120
125 GCA GCT ATJ, Q§%§%¥Eﬂgit AN GCA TAC ACC AAA TCT GCT G&C
432 Ala Al a IIe %éfﬁﬁb Psdd Wadd %5 Ala Tyr Thr Lys Ser Ala Ay 130
135 (8) THEE) nAdYeiAT&:] TCG TCA GAA GAT TGC GAG GAA ACA TTC
AGA GIG TGC GAT (C) STRPAQEPFESS|:| ginglm Ser Ser A u Asp Cys Au QG u Thr Phe
Arg Val Cys Asp 1¥8 TOPOLOGY: limear )5, 155 :
160 ATT GAT GAA AGhoArGAG ST AT GIT GAT GAG ATG ACA AGA CAA CAT
528 Ile Asp d u(Sen &rzorBemidzeu ¥sp Val Asp Gu Met Thr Arg G n H s
165 EW) m%;%gg 175 TTA GAA TTT TGG TAC ACC ATG
GAT CCT GCT TGC; R‘é?g GGT 576 Leu Ay Phe Trp Tyr Thr Met
Asp Pro Al a q/s(g?fggymu TyrGEGI y 180 185
190 GGA GCT GIC CC)CNAME/KEY coding

: odalin e ence
588 Gy Ala val Pr@) LOCATION: 1...588

(D) OTHER INFORMATION: Recombinant Aeguorin AEQ3
(x) PUBLICATION INFORMATION:

(A} AUTHORS: Prasher et al.

(B} TITLE: Seguence Comparisons of Complementary
DNAs Encoding Aequorin Isotypes

(C} JOURNAL: Biochemistry

(D} VOLUME: 26

(F) PAGES: 1326-1332

(G) DATE: 1987

{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:

ATG ACC AGC GAA CAA TAC TCA GTC AAG CTT ACA TCA GAC TTC GAC AAC 48
Met Thr Ser Glu Gln Tyr Ser Val Lys Leu Thr Ser Asp Phe Asp Asn
1 5 10 15
CCA AGA TGG ATT GGA CGA CAC AAG CAT ATG TTC AAT TTC CTT GAT GTC 86
Pro Axg Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val
20 25 30
AAC CAC AAT GGA AAA ATC TCT CTT GAC GAG ATG GTC TAC AAG GCA TCT 144
Asn His Asn Gly Lys Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser.
35 40 45
GAT ATT GTC ATC AAT AAC CTT GGA GCA ACA CCT GAG CAA GCC aan CGA 192
Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60

CAC AAA GAT GCT GTA GGA GAC TTC TTC GGA GGA GCT GGA ATG AAA TAT 240
His Lys Asp Ala Val Gly Asp Phe Phe Gly Gly Ala Gly Met Lys Tyr

65 : 70 75 80

GGT GTG GAA ACT GAT TGG CCT GCA TAC ATT GAA GGA TGG AAA AAAL TTG 288
Gly Val Glu Thr Asp Trp Pro Ala Tyr Ile Glu Gly Trp Lys Lys Leu

85 90 95
GCT ACT GAT GAA TTG GAG AAA TAC GCC AAA AAC GAA CCA ACG CTC ATC 336
Ala Thr Asp Glu Leu Glu Lys Tyr Ala Lys Asn Glu Pro Thr Leu Ile
100 105 110
CGT ATA TGG GGT GAT GCT TTG TTC GAT ATC GTT GAC AAA GAT CAA AAT 384

Arg Ile Trp Gly Asp Ala Leu Phe Asp Ile Val Asp Lys Asp Gln Asn



195 (2) 1 NFORMATI ON FOR SEQ | D NO 13: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 567 base pairs B) TYPE -
nucl ei ¢ aci w0 9826277 (C) STRANDEDNESS: single (D) TOPEEX®SY72308%ear
(ii) MOLECULE TYPE: cDNA (i x) FEATURE: (A) NAME/ KEY:
Codi ng Sequence (B) LOCATION: 1.. .567 (D) OTHER
| NFORMATI ON:  Reconbi nant apoaequorin (AQUALI TE ) (xi) SEQUENCE
DESCRI PTION: SEQ I D NG 13: GIC AAG CTT ACA CCA GAC TTC GAC AAC CCA AAA TGG
ATT GGA CGA CAC 48 Val Lys Leu Thr-1B® Asp Phe Asp Asn Pro Lys Trp
Ile Gy Arg Hs 1 5 10 15
AAG CAC ATG TTT AAT TTT CTT GAT GIC AAC CAC AAT GGA AGG ATC TCT 96
Lys His Met Phe Aam Phe Leu Asp VakoAsn Hi s Asn ClyzArg Il e Ser
20 / / CC ATT .Z%CSA CTG GAT GAA TGG AAA ngg TAC ACC AAA GCT 8?14 20277 43T
PCT/ US97 - 6- T
GAC GAG A TAE RRG PR LA AFT BIF AT A Raly Aot o 144 Leu
Asp Gu Met Val Tyr Lys Ala Ser Asp Ile Val Ile Asn Asn Leu 35
10 SIS S 0 TCREOUT AR ST SRACKIOUE A BT C AMASEAT
GCT GTA G%EG&? 162" 150 Y 155 7 Y 160

ATT GAT GAA AAT GGA CAA CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT 528

Ile Asp Glu Asn Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His

165 170 175
TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA ARG CTC TAC GGT 576
Leu Gly Phe Trp Tyr Thr Met Asp Pro Ala Cys Glu Lys Leu Tyr Gly
180 185 190
GGA GCT GTC CCC TAA 591
Gly Ala Val Pro *
195

{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 567 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{iv) ANTISENSE: NO

{v) FRAGMENT TYPE:

{(vi) ORIGINAL SOURCE:
(ix) FEATURE:

(A) NAME/KEY: Coding Sequence
(B) LOCATION: 1...567
{D) OTHER INFORMATION: Aequorin photoprotein

(x) PUBLICATION INFORMATION:

(A) AUTHORS: Charbonneau et al.

(B) TITLE: Amino acid sequence of the calcium-dependent
photoprotein aequorin

(C) JOURNAL: Am. Chem. Soc.

(D) VOLUME: 24

(E) ISSUE: 24

(F) PAGES: 6762-6771

{(G) DATE: 1985

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:

GTC ARG CTT ACA CCA GAC TTC GAC AAC CCA ARA TGG ATT GGA CGA CAC 48

Val Lys Leu Thr Pro Asp Phe Asp Asn Pro Lys Trp Ile Gly Arg His
1 5 10 15
AAG CAC ATG TTT AAT TTT CTT GAT GTC AAC CAC AAT GGA AGG ATC TCT 26

Lys His Met Phe Asn Phe Leu Asp Val Asn His Asn Gly Arg Ile Ser



Ay
55
ACT
Thr
80
288
85
CIT
Leu
110
384
115
GAT
Asp @
140
480
150
CAA
Adn
170
CCC
Pro

Ala Thr Pro Gu G@n Ala Lys Arg H's Lys Asp Ala Val GQu Al a

60 TTC TTC GGA GGA GCT GGA ATG AAA TAT CGI %A
GAA TGAVOEB26277 240 Phe Phe Gy Gy Ala Ay Met Lys Tyr"%’?s%/&r""
Gu Trp Pro 65 70 75
GAA TAC ATC GAA GGA TGG AAA AAA CTG GCT TCC GAG GAA TTG AAA AGG
GQu Tyr Ile u Ay Trp Lys Lys Leu Ala Ser Au GQu Leu Lys Arg

90 95 TAT TCA AAA AAC CAA ATC ACA
ATT CGT TTA TGG GGI GAT GCA TTG -13%6 Tyr Ser Lys Asn A n lle Thr
Ile Arg Leu Trp Ay Asp Ala Leu 100 105
TTC GAT ATC ATT GAC AAA GAC CAA AAT GGA CCT ATT CTG TCA GAT GAA
PheAspIIeIIe.'ASp Lys Asp G n Ags Qy Ala lle LegoSer Asp G u

GTCCG%&% %A@AGCATACACCAAATCT

e mEpdtel Hnseawnges 1 dlag 1 MR b e s
e

TGC GAG GAA ACA TTC AchA Gr G TGC GAI"I' ATT GAT GAACgAGI-‘rpG%A C(%G CT Ci %

oys Liriis §AP s ?go Lfe;?e ;qg% Leu ¥%5
(Efj Aﬁh Eﬂ;_% 1u~Gln gla Lys T@ﬂa\ ATG ACA AGA

CAT TTA GGA TTT TGG TAC ACC ATG 528 ASp Val Asp Qu Met Thr Arg

H s LeTraaryc Rigd §ep CTPrGCRAATHENAA TAT GGT GTA GAA ACTI@#&A TGG CCT 240

Phe Phe Gly G&%ﬂa@%? By EETICE AR IARE! GRE FACTEBTEIGA GCT GTC

567 Asp Pro Ala Cys u Lys Leu Tyr C?yGIyAIaVaI
can Tac 3@ can Gea Tee AAA acal8Pe cor Toc cac da) TTANRERERMEH ON @R SEQ

ID NO 14: Glu Tyr Tle(F)u GEQUENCEYCHARAGTERISTSESE1Y Glu Leu Lys Arg (A)
LENGTH: 236 ani no aci ds &5 8) TYPE: amino aéfd

(D)

TOPOLG2% ThA NQAr aac can atd hia MabpESHE ol YRR +86 Qlc®l 8ar coa Trd X) 336

PUBLI CATI Gy BEORMATAEONGIn Ile Thr LeRATENBRrHQ.eu Thp 484, Askk3 Ala Leu (1 X)
FEATURE: 100 (D) OTHER | NFERVATI ON: Vi bri o34 sheri Flavin

reductase ppe gar Arél ArPERHNENGEREGR! Bl Q. 5P 7% df ear aan 384

Phe Asp Ile Ile Asp Lys Asp Gln Asn Gly Ala Ile Ser Leu Asp Glu
115 120 125

TGG AAA GCA TAC ACC AAA TCT GCT GGC ATC ATC CAA TCG TCA GAA GAT 432
Trp Lys Ala Tyr Thr Lys Ser Ala Gly Ile Ile Gln Ser Ser Glu Asp
130 135 140

TGC GAG GAA ACA TTC AGA GTG TGC GAT ATT GAT GAA AGT GGA CAG CTC 480
Cys Glu Glu Thr Phe Arg Val Cys Asp Ile Asp Glu Ser Gly Gln Leu
145 150 155 160

GAT GTT GAT GAG ATG ACA AGA CAA CAT TTA GGA TTT TGG TAC ACC ATG 528
Asp Val Asp Glu Met Thr Arg Gln His Leu Gly Phe Trp Tyr Thr Met
165 170 175

GAT CCT GCT TGC GAA AAG CTC TAC GGT GGA GCT GTC CCC 567
Asp Pro Ala Cys Glu Lys Leu Tyr Gly Gly Ala Val Pro
180 i85

(2) INFORMATION FOR SEQ ID NO:10:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTHE: 588 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv) ANTISENSE: NO

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE:
(ix) FEATURE:

(A) NAME/KEY: Coding Sequence

(B) LOCATION: 1...588

{D) OTHER INFORMATION: Aequorin mutant w/increased
biocluminescence activity



Met Pro Ile Asn Cys Lys Val Lys Ser Ile Au Pro Leu Ala Cys Asn 1

S 10 15 Thr Phe Arg Ile Leu Leu Hi s
Pro G u G nWeres/26a17 Ala Phe Lys Al a WD 98/ 26277  PCT/USIT23089
PCT/ US97/ 23089 -137-
20 25 30 dy dn Tyr Leu Thr Val Val
Mt Ay Gu Lys Asp Lys Arg Pro Phe 35 40
45 Ser Ile Ala Ser Ser Pro Cys Arg HHs Qu Ay Qu Ile Gu Leu His 50
55 60 Ille Ay Ala Ala d32H s Asn Ala Tyr Ala dy Gu
Val Val A u Ser 65 70 75
80 Met Lys Ser Ala Leu u Thr Ay Gy Asp Ile Leu lle Asp Ala Pro
85 {x) PURBMOCATION INFORMATION: 95 His Ay Qu Ala Trp Ile Arg
Gu Asp Ser Asp Ar% Ser Met Leu_Leu 100 105
110 lle Ala Qy Glfi‘ B Nery Pné®Bdr8Tyr val Arg Ser lle Leu Asp Hi s
115 X) RBLevaNT RESIDUES IN SEQ ¥8%wo0: &yS lle Ser Gn dnlle dn
Lys Pro lle Tyr Leu Tyép TP dHayigéd Yo ser 130 135
140 Arg Asp 4 q/sGInLeuT%r Ala Lys Ala Qu Leu Qu Ser Ile Ala 145
150 (i) SgQEENCE DescRIPTION: S50 780%:aPh Ala Hs Ser H s Ile Thr
Phe Val Prgrd/akbc\Vade GhAl daXStretcddte ang orr aca coa eadbPre cac anc ag 170
175 : Met Thr Ser Glu Gln Tyr Ser Val Lys Leu Thr Pro Asp Phe Asp Asn
1 5 10 1s
CCA AAA TGG ATT GGA CGA CAC AAG CAC ATG TTT AAT TTT CTT GAT GTC 96
Pro Lys Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val
20 25 30
AAC CAC AAT GGA AGG ATC TCT CTT GAC GAG ATG GTC TAC AAG GCG TCC 144
Asn His Asn Gly Arg Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser
35 40 45
GAT ATT GTT ATA AAC AAT CTT GGA GCA ACA CCT GAA CAA GCC AAA CGT 192
Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60
CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GCA ATG AAA TAT 240
His Lys Asp Ala Val Glu Ala Phe Phe Gly Gly Ala Ala Met Lys Tyr
65 70 75 80
GGT GTA GAA ACT GAA TGG CCT GAA TAC ATC GAA GGA TGG AAA AGA CTG 288
Gly Val Glu Thr Glu Trp Pro Glu Tyr Ile Glu Gly Trp Lys Arg Leu
85 90 95
GCT TCC GAG GAA TTG AAA AGG TAT TCA AARA AAC CAA ATC ACA CTT ATT 336
Ala Ser Glu Glu Leu Lys Arg Tyr Ser Lys Asn Gln Ile Thr Leu Ile
100 105 110
CGT TTA TGG GGT GAT GCA TTG TTC GAT ATC ATT TCC AAA GAC CAA AAT 384
Arg Leu Trp Gly Asp Ala Leu Phe Asp Ile Ile Ser Lys Asp Gln Asn
115 120 125
GGA GCT ATT TCA CTG GAT GAA TGG AAA GCA TAC ACC AAA TCT GCT GGC 432
Gly Ala Ile Ser Leu Asp Glu Trp Lys Ala Tyr Thr Lys Ser Ala Gly
130 135 140
ATC ATC CAA TCG TCA GAA GAT TGC GAG GAA ACA TTC AGA GTG TGC GAT 480
Ile Ile Gln Ser Ser Glu Asp Cys Glu Glu Thr Phe Arg Val Cys Asp
145 150 155 160
ATT GAT GAA AGT GGA CAG CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT 528
Ile Asp Glu Ser Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His
165 170 175
TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA BRAG CTC TAC GGT 576
Leu Gly Phe Trp Tyr Thr Met Asp Pro Ala Cys Glu Lys Leu Tyr Gly
180 185 190
GGA GCT GTC ccC 588

Gly Ala val Pro
1385



Gy Trp Thr Ay Lys Thr Gy Asn Val Leu Qu Ala Val Lys Ala Asp

180 185 190 Phe Asn Ser L Met
Asp |le TyWO9826A];a Gy Arg Phe du 195 e}klc-ﬁb%[}@ .
205 Met Ala Gy Ala Ala Arg Qu G@n Phe Thr Thr AQu Lys G n Ala Lys

210 215 220 Lys GQu G@n Leu Phe Ay Asp
Ala Phe Ala Phe Ile 225 230 235

138 CLAI Ms: 1. A m croel ectroni c devi ce,
conprising: 5 a subst r-d@s- a
plurality of mcro-locations defined on the substrate, wher ei n each
m cro-location is for linking a macronol ecul e; an

i ndependent phot odek @@FQM’H‘I@@ME@Q@P ¥®:1ddj acent to each

m cro-1|ocati on glé do each mcro-location, each

phot odet ect or %ﬂk‘gﬂc% é L ‘generate a sensed si gnal responsi ve
to the photons Of(a | e mucleiemdified at the correspondi ng nicro-location

when a | i ght-em t{€i NAFRANBEANESE: singlereacti on occurs at that
mcro-location, EREFPREPBetERIBT bei ng i ndependent fromthe

phot odet ect ors QpYigaldcyrgomBtedow® the other micro-locations; and

an el ectroni c cfifeyiayroosprmdrt asoeach phot odet ector and configured 15 to
read the sensed(igi ISgEpiyr ¥Ped by each photodetector and to generate

output data si g%’t’él) % ?’é@ﬁ}z hat are indicative of the light enitted at
L SO0RRE dri ce .

each m cr Qs I,o;g.-: . e light-emtting chem cal reactions, whereby

t he device detects photons of light emtted by light-emtting

chem cal reacti onéA) \Mi’é@é@if Coding Sequence each mcro-location is

defined by a pOI‘tI M gé E?e%o inant site- 81:.2em:ed glﬁ ??X'nﬁﬁa&t

claim1l, m%géggea cmu(‘;.r t@Gady ons are derivati ze or I nki ng

protelns nucl ei ¢ acids or organi c nol ecul es. 3. The

devi ce of cl ai )1 PBPLICATIRN tINEPRMAGEPN i sing |inked 25  macronol ecul es.
PATENT NO.: 5,360,728

(K) RELEVANT RESIDUES IN SEQ ID NO: 11:
Glu 135 changed to Ser

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

ATG ACC AGC GAR CAA TAC TCA GTC AAG CTT ACA CCA GAC TTC GAC AAC 48
Met Thr Ser Glu Gln Tyr Ser Val Lys Leu Thr Pro Asp Phe Asp Asn
1 5 10 15
CCA AAA TGG ATT GGA CGA CAC AAG CAC ATG TTT AAT TTT CTT GAT GTC 96
Pro Lys Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val
20 25 30
AAC CAC BAAT GGA AGG ATC TCT CTT GAC GAG ATG GTC TAC AAG GCG TCC 144
Asn His Asn Gly Arg Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser
35 40 45
GAT ATT GTT ATA AAC AAT CTT GGA GCA ACA CCT GAA CAA GCC AAA CGT 192
Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60
CAC AAA GAT GCT GTA GAA GCC TTC TTC GGA GGA GCT GCA ATG AAA TAT 240
His Lys Asp Ala Val Glu Ala Phe Phe Gly Gly Ala Ala Met Lys Tyr
65 70 75 80
GGT GTA GAA ACT GAA TGG CCT GAA TAC ATC GAA GGA TGG AAA AGA CTG 288
Gly Val Glu Thr Glu Trp Pro Glu Tyr Ile Glu Gly Trp Lys Arg Leu
85 20 95
GCT TCC GAG GAA TTG AAA AGG TAT TCA AAA AAC CAA ATC ACA CTT ATT 336
Ala Ser Glu Glu Leu Lys Arg Tyr Ser Lys Asn Gln Ile Thr Leu Ile -
100 105 110
CGT TTA TGG GGT GAT GCA TTG TTC GAT ATC ATT TCC AAR GAC CAA AAT 384

Arg Leu Trp Gly Asp Ala Leu Phe Asp Ile Ile Ser Lys Asp Gln Asn
115 120 125



4. The mcroel ectronic device of claim1, wherein the

* C L * -139- m cro-locations defined on the -
substrate e8ON8LRTBri se a cheni cal reactant that enits BREVSHE3EF

i ght when a reaction takes place at that m cro-1| ocation.

5. The device of claim4, wherein the chemcal reactant is a 5 conponent
of a biolum nescence generating system 6. The device of claim
5, wherein the reactant is a lucif erase or l uci ferin. 7.
The device of claim5, wherein the luciferlde is a phot oprotiein. 10

8. The device of claim5, wherein the biolumnescence generating

systemis selected from Aequorea, Vargula, Renilla, Qoelin,

Por i cht hy ssecaCdontaasytdd e Arrrstas treqi s, cBachygsianmras , rc@oaariaston agsz?
Gaussi a, Hali 3larmle, S%%Pr@bség are @yEphts TYIWEI@H ophises fia Sy,

Vi nci guerri a, 13pwel [ a, Florenct | a, Chaudi odus*9el anocostus, 15

Par acant hysne Ab®|dad, rdeiresi @a &t mbe RIS abaanid ek e, &k paenophass,
Peri phyl | agleCavearanul ¢t &er Rilul Bgaces S31uStkh ahetl Bhe Aeqntalopys |asm
Parazoantﬁu§ and Sea Pens (Pyl ata), Chirotéafhis, EucleoteutiPs,

Ohychot euty| AR Qon LT LAS Lab orPBAPId eamérg& P g%emea fis

firefly ﬁ@dA@@ c3¥Sdi18NBeu 48p val asp B ot ggkronic deVI ce
of claim 1, vvherel n theisebstrate | $7@ sem conduct orisubstrate

conpri sin 2 St surf ace t hat |scadrla c TGC GAA macr onmol ecul es 6each
710 ocdfodth %@gﬁéﬁ B g ; ofpEse S ol b Eib e e
adapted to aI ate 35I’ eact ant at 190t cro-| ocation
to be coupl ed thereto The device of claim9, wherein the
surface i sGGéoﬁ%&T ‘FF an i nert rrat erial that is derivatized foP88

li nki ng merohtt ¢gl 11, The nicroel ectronic device of claim
10, wherein the electronic circuit includes a pixel unit cell circuit

associ ated with edéh PIFORUAFIGNeFOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 588 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iv) ANTISENSE: NO

(v) FRAGMENT TYPE:

(vi) ORIGINAL SOURCE:
(ix) FEATURE:

{A) NAME/KEY: Coding Sequence

(B} LOCATION: 1...588

(D) OTHER INFORMATION: Recombinant site-directed
Aequorin mutant w/increased bioclum. activity

{x) PUBLICATION INFORMATION:
PATENT NO.: 5,360,728

(x1i) SEQUENCE DESCRIPTION: SEQ ID NO:12:

ATG ACC AGC GAA CAA TAC TCA GTC AAG CTT ACA CCA GAC TTC GAC AAC 48
Met Thr Ser Glu Gln Tyr Ser Val Lys Leu Thr Pro Asp Phe Asp Asn
1 5 10 15
CCA AAA TGG ATT GGA CGA CAC AAG CAC ATG TTT AAT TTT CTT GAT GTC 96
Pro Lys Trp Ile Gly Arg His Lys His Met Phe Asn Phe Leu Asp Val
20 25 30
AAC CAC AAT GGA AGG ATC TCT CTT GAC GAG ATG GTC TAC AAG GCG TCC 144
Asn His Asn Gly Arg Ile Ser Leu Asp Glu Met Val Tyr Lys Ala Ser
35 40
GAT ATT GTT ATA AAC AAT CTT GGA GCA ACA CCT GAA CAA GCC AAA CGT 182

Asp Ile Val Ile Asn Asn Leu Gly Ala Thr Pro Glu Gln Ala Lys Arg
50 55 60



[err] and a delta-sigma A/ D conversion circuit, each

pi xel unit cell circuit being configured to integrate the

sensed si gn&o $8/mart he respective phot odi ode PCHES9W23689A/ D
conversion circuit being configured to quantitate the

i ntegrated sensed signals. 5 12. The mcroel ectronic
device of claim1l 1, wherein each pixel unit cell circuit

i s addressable and the electronic circuit further includes

an address control circuit for sequential Ly3gddressi ng each pixel unit cell
circuit, and wherein the A/D conversion circuit quantitates the integrated
sensed signal of the pixel unit call circuit being addressed by the address
10 control o£d heMidar eccT eTa ean coc Tre TTC cea dadh eof NaATheE Q8hesd oni o devi ce
of claim 12is whermiphaeachl Glu Ala Phe Phe Glypdmt adk e menvsktsyphot ons of
light emté®ed by the chem c® reaction. 75 i nt o8&

POt oour eQky GAIGLSAA0 Al 48,0800 NG 00e PRI Sp e - 20

phot ons, ?«E@%Q"blﬁl% Ol P kb Akl W tr1kNEIHREY C %Qafg;@ circunt

15 conprising a chargesshat changes at @orate dependent @s the magnitude

of the photocurrent, whereby the sensed S}JAgnal is integrated by the
capaci tancgzcgi:l%tg‘“? GAR TTG AAR AGG TAT TCA FeXtT oni A¥evi ce

: ANCA CRRF I CpCh

of claim 13 ereliunf{e‘é(?ﬁupll'&selp‘rg tyr i‘;ﬁ Lys Asn Ghﬂﬁe glfl\g Iééci Fcui t
generates an output current that depends on the charge of 20

t he capaci $&EhEEA ACECEFT SMACPCA AEC iTceFRAUATE XH FCEIAPSUBAC I(CRAGRKI essetB4 t he
el ectroni & FEUIEPaf 56 APRATRY Bochbfparatbie éFF Gt AR FLBoMar i ng the
out put current of 'the addressed pixel unit cell circuit to a reference
current tosgperer HTE A erdberok GBA gresl Axes @dat TAO asetaahhecT @pactdcance 432
circuit todEnAiaiteabetharSanben TrRelvuPpat TEUFRRAYSt fedieiBs with

25 respect to'the reference cu nt . 140 15. The

m croel ectxmnhec dewi ee: atacdai onidrocnbss &R Ad2eTet @Gkl @8 @cc eaT 480
circuit fuklehétle |Giol SeSeansloukppiCysofliy GlucthrcBhe Arpaval egeidsgs t he

f eedback st4fal from each athfressed pixel umi cell circuit, ¥% generates
-141- ATT GAT GAA AGT GGA CAG CTC GAT GTT GAT GAG ATG ACA AGA CAA CAT 528

Ile Asp Glu Ser Gly Gln Leu Asp Val Asp Glu Met Thr Arg Gln His
165 170 175

TTA GGA TTT TGG TAC ACC ATG GAT CCT GCT TGC GAA AAG CTC TAC GGT 576
Leu Gly Phe Trp Tyr Thr Met Asp Pro Ala Cys Glu Lys Leu Tyr Gly
180 185 150

GGA GCT GTC CcCC 588
Gly Ala Val Pro
195

(2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:

(3) LENGTH: 567 base pairs

(B) TYPE: nucleic acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: linear
{(1ii) MOLECULE TYPE: cDNA
(ix) FEATURE:

(A) NAME/KEY: Coding Sequence

(B) LOCATION: 1...567

(D) OTHER INFORMATION: Recombinant apoaequorin (AQUALITE®)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

GTC AAG CTT ACA CCA GAC TTC GAC AAC CCA AAA TGGC ATT GGA CGA CAC 48
Val Lys Leu Thr Pro Asp Phe Asp Asn Pro Lys Trp Ile Gly Arg His

1 5 i0 15
ARG CAC ATG TTT AAT TTT CTT GAT GTC AARC CAC AAT GGA AGG ATC TCT 96

Lys His Met Phe Asn Phe Leu Asp Val Asn His Asn Gly Arg Ile Ser
20 25 30



the output data signals as a serial output data stream based upon the
f eedback signals, the rate of feedback signal transitions correlated with
each mi cro- PSE¥A68T bei ng i ndicative of the emitted |ight at ROTAISO#R2389-

| ocation. 5 16. The device of claim1, further conprising a | ayer
of reflective material on all or a portion on the surface of the

devi ce or above the surface of the device, whereby generated |ight is
reflected t hereby enhancing the light signal detected by the

phot odet ect or. 17.. The devi cel1@6-cl ai m 16, wherein the materia
is oriented 10 pol yet hyl ene terephthal ate. 18, A mcroelectronic
device of any of clainms 1-17, wherein: the mcro-Ilocations

defi ned orcutheas wastamt eT@armcabso ctorracecer wirngm ara aabl ane cganpl erfor

anal ysi s: ImtdAsp Glu Met Vabgoh hiscAda |Sscaksmoileomir Lsedsaniat taschment | ayer
to which 15 macrdnol ecul es are |ifRed. 49.  The device of claim
18, furthefoaCEEDRCA & caa caa cec ank dEBCEARARQHTCett Q040 cB-ONe 9g, nore
of the m ang-hAbcahron® wiw Gin Ald bes abrbagivrent Aspyeis vaheswri R1f he

macr onol ecul e5%el ectively binds to anal yte%resent in the flujd sanple
received byt g de)i &l c8P%et% s ann TarC8G e g%ﬁdﬁ'ﬁ%% cygnf' Q%IOEd to
generate @nsepige 1§l<ﬂl}aﬁ1a Gly MeRSBO&Sh¥Ea1y0 vRNQhAN$HOle1 ! ppgien the

sel ected a%al yte bound at t7hat m cro-|lgsation is exposedoto a second
nacronnleggle Qp t binds to the first macronol ecul e or anal yte |inked
to one or SR BSAHARNER: dESA: 222 CHCL AT GNGILATE % Ut e Pesence
of the remai ni'ng conponggit s of 55 the Ti -emtting rea&@§NLg

20. The device of claim 19, wherein each macronol ecule is an ant i body
and t he ar%gyg%"‘ QgA %J,\ca@zlﬁ ggﬁ_ACA CTT ATT CGT TTA TGG GGT GADIGCA THe deviite of
claim 18, ‘WheT€i 17t hgoak array 6f “®i &%?-Arg be | T58af 10 A5 U FBY on the
substrate for receiving the fluid sanple to be ana?yzed formwells in
t he surfad@CofrT RBC AGVTi @AC AAA GAC CAA AARJGGATRET dgvi cxs ofaciagi aa®l, wierein
one or a pParAH ﬁ%‘; of-ethP WP 1P 81n:BprFiyentn rérl ket Box Ammt €kt al di sposed
al ong the sides thereof or suspended across tHe wel I, whereby light is
refl ect ed 766 AAreGCca TACphmI aERtEIt @XT Gec ATC ATC caR3rcclheadwi egr of cisi m 18
or 19, furFReYScHPIIYSi Thy &vs Hear Az Gly Iler gi¢ §dni Se Sat lvaksmn all or a
portion of samil e receiving neans. 10 249  The device of claim 23,

wherein thecredd esd ineg TRt KA adrel Sec caT Of 68F REla P QERYRNErc 480
tereFﬁ“|1a§§§e§lu Glu Thr Phe Arg Val Cys Asp Ile Asp Glu Ser Gly Gln Leu

150 155 160
GAT GTT GAT GAG ATG ACA AGA CAA CAT TTA GGA TTT TGG TAC ACC ATG 528
Asp Val Asp Glu Met Thr Arg Gln His Leu Gly Phe Trp Tyr Thr Met
165 170 175
GAT CCT GCT TGC GAA AAG CTC TAC GGT GGA GCT GTC CCC 567
Asp Pro Ala Cys Glu Lys Leu Tyr Gly Gly Ala Val Pro
180 185

{2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 236 amino acids
(B} TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein

(x) PUBLICATION INFORMATION:
PATENT NO.: 5,484,723

{(ix) FEATURE:
(D} OTHER INFORMATION: Vibrio fisheri Flavin reductase

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

Me§ Pro Ile Asn Cys Lys Val Lys Ser Ile Glu Pro Leu Ala Cys Asn
5 10 15

Thr Phe Arg Ile Leu Leu His Pro Glu Gln Pro Val Ala Phe Lys Ala



25. The device of claim19, wherein the light-emtting reaction IS
| um nescence. 26. The device of claim25, wherein the

| um nescencwa /2627 bi ol um nescence. 27. The dewRﬁé‘f@SW@BWm 18
or 19, further conprising at |east one conponent of a bi ol um nescence
generating systemin each mcro- | ocation that conprises a

macr onol ecul e. 28.. The device of claim1, wherein the

phot odet ector optically 20 coupled to each mcro-location is configured to
generate a sensed signal responsi ve 1@7i ol um nescence emtted at the
correspondi ng m cro- | ocati on. 29. The device of claim18
or 19, wherein the photodetector optically coupled to each

m cro-location is confgi gured to generake a 25 sensed siygnhal responsive to
bi oI um nescence enmtted at the corresponding m cro-| ocati on.

30.: The &Vi€e® Byr &y Br YRrdi Ve ¥e8 BudCREL1Y9, Asghéyeifrst Beo Phe :

bi oI um nescence géﬁer ating system t nprises a lucifé&ase or luciferin.

* ser Ile Af3-ser Ser Pro Cys Arg Ha.i GluTI%QyC@L\U g€e GhuClal B30, wherein
the luciferassis a photsspr ot ei n. 32. The device of
cl ai m 30, erein th b| oI um nesceg gener at | P}ig systemis selected
fromthe é\égu% YoM OES tHE A ?qJé’Fe%l,a Gy Silu/dry i, Refefl a, Qpelin,
Pori cht hys, COdontosyl | | s Arst ostom as, Pachyst om as, &nadost oni as,
Gaussi a, Metilstsusen Al¥anpi c@usyui dly Gly Asp @hymums;rlé/;m;@tmmms (fish),

Vi nciguerria, Howella, Frenciella, 20  Chaudi odus, Mef%=nocost us,

Par acant h a1E€ i p. hoph

Si phonophgfs"z & eth A)%%) g&gég\e}a@r?ui;%?%%% %tsr ﬁo}s)az?r Sécqj% 09% ¥'|eat ul a

Acant hopti | um_ Parazoant hus_and Sea Pens (Styl ata), Chl r ot aut hi s,
Eucl eot euthf SH3diyE fd¥ethicsy Rht 8t V%‘ut”*F?e‘%eirslﬁle Leu Asp H&pi ol i na,
shrinp; deep-seaTish, firefly, and bacteri al systé 33.:
The m croel ectronic device of claim 18 or 19, wherei n the devi ce
conpri ses Cds plugr 8¢¥ (Ginoflndili¢ éflaniysrderohis &rulles: ®aciTrepelni Gle f or 15 a
different anat3fte, each differ'@it macronol ecul &49resent at a different

M cro-| ocati Okp Glu Cys 6ln Leu BA aAlNQyHI £108h §C1L0BI € devife 9L clai m 18,
wher ei n: 145 t heimabcro-l ocations asg in the form ofiean array;

the array cro-locatjons includes first_and a second array of 20
pi xel el eﬁgﬁtg 2Ot reEi TRE &E‘Flr‘q’ft Pahdea X8Rt véf"llz'@l“ r¥SpPad BVRly, the
first and second si zes being different.

Gly Trp Thr Gly Lys Thr Gly Asn Val Leu Glu Ala Val Lys Ala Asp
180 185 190

Phe Asn Ser Leu Ala Asp Met Asp Ile Tyr Ile Ala Gly Arg Phe Glu
185 200 205

Met Ala Gly Ala Ala Arg Glu Gln Phe Thr Thr Glu Lys Gln Ala Lys
210 215 220

Lys Glu Gln Leu Phe Gly Asp Ala Phe Ala Phe Ile
225 230 235



35. The microel ectronic device of claim18, wherein: t he

m cro-|locations are in the formof an array; the array of
mi cro- | ocaM@®R6RHc| udes a first and a second array of 25 RGTASI72$8Hent s
conprising a first and a second size, respectively, the first and

&1 €CEpP Yy

LQr ! fb{%d G
REPHALHD gl?] At ar rsay is

at  acnedl (TN BARLARERLE ™y 7 or e i

specific to bind & ffrst selected anal yte d Feseriviion § payed e WODRDEPEDE -
anti body attached to the attachnent Iaye‘r“f#1 the secohd pixel.q _!?_‘_i._meplagjmm%?..
array is specific to bind a second sel ected anp¥yt & di f f_eﬁ%;j@cdf‘_g_qmn prged the.
first selected anal yte. 36. The ni CEDEFELEFShi : dgvHceof. & ai.m

18 or 19, wheWE BLAIME 5 nmicro-location is | bER®H"SN a §ifface of a

sem conduct or subshr at e, Wi'trhee r Pt.hede%ucgé‘ ace ar,';.sied(_:n m cro-| ocation
defining the attachfent 'C\ EW%P 1‘6:11 FHGeVICe: GHPPUYS N Seat i on. 37.
The mi croel ectroni c devigcfuhafratéai m 36, wherein the surface of the

sem conductor substrate is derivatized to enhance the attachnent 10 of a
receptor anti body to the rluraisnednicreyesationedefined erothesubsisate,

38. The m groelectroni ¢ devic ._cl.ai;m . rei . phot odet ect or
i ncl udes agphwpgﬁ?'gd%a%E'Ef%odfoa?%tupﬁéggﬂ ?Q"é'é'é’\% rﬁ?‘%o‘?ﬁ&gcpl&;pecti ve .

m cro-location, and thegahaagépaidaHtoshisiesepdtropRptiehlly iciipled to exehvert ed
by the photodi ode into a photocurrent when the selected 1 analyte is

present in thaiggnsicationheaphdsihsdodetastonbeing corfigwiedstp gpnearate a

gener ated by e i : ] i ¢ device of
cl ai m 38, mé%sﬁ%@%@? g%:%epro e to the glhtog%ﬁ EP%@%%@%ae%E%{( unit cell
circuit assocteirespunhdifge@idtonbeswsh edsen a lightremittidgl dherficaleaitidn

conversion circuit, each pixel unit cell circuit being 20 configured to
i nt egr at e1@ heooesert thajmaicrerepation eacippbetadetpeirRiinadndependgrit t he A/ D

Censed si gnal £orh the BHARo SRRt Gy AP TR Tinkiher migh ST

wherein each gndel unit cell is addressable and the electronic circuit
further includes an 25 adqress contrql circuit for s %uenti al I'l}/ agdressi ng
| an

each pixel unit cell, afB SleCtroRifeHiEqt FRBPIRATLBAME PEOSPIRIECEY
R L
15 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.
2. The device of claim 1, wherein the micro-locations are
20 derivatized for linking proteins, nucleic acids or organic molecules.
3. The device of claim 1 or 2, further comprising linked
macromolecules.
4. The microelectronic device of claim 1, wherein the
micro-locations defined on the substrate each comprise a chemical
25 reactant that emits photons of light when a reaction takes place at that
micro-focation.
5. The device of claim 4, wherein the chemical reactant is a
component of a bioluminescence generating system.
6. The device of claim 5, wherein the reactant is a luciferase

30 or luciferin.
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41.. The mcroel ectronic device of claim38, wherein each phot odi ode
converts phat o _E light emtted by the |luciferase-luciferin t'i on
into a phot &%%ﬂ 7 conprising a magni tude that depends on th%CTlUngmgg .
concentration of the selected analyte in the sanple, and each pixel unit 5

cell circuit includes a capacitance circuit conprising a charge that
changg l”‘wﬂ ndent on the magni tude of the photocurrent, .
wher e ﬂmﬂﬁ rggﬁnal is integrated. 42. The m croel ectronic

devi ce of claim 4 erein each pixel 138nlt cell circuit generates an

out put current that depends on the charge of 10 the capacitance circuit

h i xel it Il _Gi t ddr electronic circuit
al's0 inelbding o rsz 8 EVieaiar SR REreIg theduciferasa st cur r ent

al so including a corfpar at

of the address ignit cell circuit to a reference current to
generate a fee? agi Si gna used to reset the capacitance circuit to an
initial charge when&he d'dtqodevicercrfea:iaimr&nwhei-mnsthw'mblulﬁmreeﬁéﬁéé to the
ref erence current The cro | ectroni c device of claim42,
wherei n the el GEPPEALNG systemyjis Eﬁliet"t?%:ﬂf PWH&&O%SWE@ Qutthéogtrol I
circuit thagr t ssed pi xe
unit cell cisrcglice?dbgﬁ% 82(1%‘1%’[ esﬁggb%%%e gﬂ?r]/cﬁt% a‘t g’%?lp’éﬁ sgas a seri al

out put’ dat a st AeamtodiasridsuPenhyswriast éleeiﬂb\p,ckndlb@mér‘sal dyiseerhgt € of feedback
signal transitions orrel_@_@gd.wit ch m -l ocati on bei ng

i ndi cative of the biol umi E‘é‘ﬁf@@peé‘rﬁ?'f'gdfea{’ce ° C?Qiﬁhﬂ_f yykersin Heati on.
44. The devi cgupétraftyisOh s%hﬂbﬂﬁd&cfb? ﬁ]ﬁé‘c?ﬁ&e%mﬁmﬁﬁggsgﬁ%c that i
) mthog o?

m cro-locations are provided as an array o
detecting and adepted WWgﬂlanglryawmuleaumsoIaaghcmicro—locaﬁamuemg eiefipleidsi ng

croel ectroni ¢ device of any of
E:Ihgl rsnt;epséﬁb by a portion o? tge surpa%e {Latq‘s a apteg to allow the separatg_z46¥

chemical reactant at that micro-location to be coupled thereto.

10.  The device of claim 9, wherein the surface is coated with
an inert material that is derivatized for linking macromolecules.

11.  The microelectronic device of claim 1, wherein the

15 substrate is a semiconductor substrate comprising a surface, each
micro-location being defined by a portion of the surface, and each
photodetector includes a photodiode located at the portion of the
surface at the respective micro-location, the photodiode converting
photons of light emitted by the chemical reaction at that micro-location

20 into a photocurrent thatdefines the sensed signal.

12. The microelectronic device of claim 11, wherein the
electronic circuit includes a pixel unit cell circuit associated with each
photodiode and a delta-sigma A/D conversion circuit, each pixel unit cell
circuit being configured to integrate the sensed signal from the

25 respective photodiode and the A/D conversion circuit being configured
to quantize the integrated sensed signals.

13. The microelectronic device of claim 12, wherein each pixel
unit cell circuit is addressable and the electronic circuit further includes
an address control circuit for sequentially addressing each pixel unit cell

30 circuit, and wherein the A/D conversion circuit quantizes the integrated
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attaching a macronol ecule or plurality of different macronol ecul es to
the surface at each mcro-|location on the device, wherein
macr onol ecul“éOP&Z@Wem fic for binding to selected analyte pré’s“é‘?ﬁvsﬁ"ﬁ?’qﬂﬁe

bi ol ogi cal sanpl e; contacting the sanple with the surface of
the m croel ectronic deV| ce, whereby any of the selected anal ytes that
are present int npl e bind to the macronol ecul e attached to the
surfacﬁmm\ﬁﬂ &l H!\ Iocatlon exposi ng the surface of
the m ice to a second 10-M®r ool ecul e or plurality

t her eof ‘bi nd to the sel ected anal yte already bound to the first

macr onol ecul e at each mcro-1location, wherein the second nacronol ecul e
conprises a comsgosedtsigialafthel nineneRiE @edecircuit bgingeaddiasgedrinathe eddress
initiating the blé@ Ogm nescence generating reaction by contacting the 15
surface of the® EN4% the remmini ng conponents of the

bi ol um nescence geneygil i Nhd fAGeMbtronic device of RlifF Y BNYvRENRIPBACRT |1 ght
emtted by the bio-lum nescent reaction usi ng a phot odet ect or

opti cal | y couplpddtodiogactonmiestsophotans ofijigbtiemitted byptie cbemicaloraction
generating sensed resent ative of thge d%pen%lum nescenc

i |
Joneration & SN £ EUSIRCHTRAT PR ISHIG A mRgnit] ing; N tENBPRE 8 of

claim45. furt helot6REPAhS eBBh ARSI it CBA circuit ﬁféﬂﬁféﬂs §Icgara,%lcngﬁaermwtc@ﬂ by
each phot odet ect or and generati ng out put data si gnal s therefromt hat

are indi cati ve comprigingiaothangecthcsehangss et edate depandeat hnrthermagodudeon
by the lucifera | ferin r

“147- S he o RELAebEReHbY. tr seased sianabin TRERSA BEEMRG and
exposi ng Stepscabﬁ&hbﬁée@QGDﬁISIng, washi ng the sanple fromthe surface

of the mcroelectronic device after waiting a sufficient period of tine for
the sel ect d® anal yt $- pﬂ’éﬁgermcrpﬁlepw@rnraﬁpwecet of plaim 14, whergceachpb@lle 5

il h%n?‘t”éél??ﬁg@l&ﬂgﬁé?m% UP&?‘E EQftent Bha}tdggangsdb% thd'En e hOd

of claim45, wherern

The met hod of @Ifahmcﬁh@acwbabemchhemm@haﬂm piges LAR ddictiveles is addréﬁstads:hl ng
a plurality of dlfferent receptor antjbodies to a plurality of 10

di fferent m cr80¢ GeaYTINS citcathalsp InglIdING RefRMPatFiPr FHELESTa5GaPaHRe fi ¢
to bind a diffenenf,i56t GHEH: 3PRhY HRIRESSED biXel uhitecdll ir88itGB! a S8R See

15 current to generate a feedback signal used to reset the capacitance
circuit to an initial charge when the output current transitions with
respect to the reference current.

16. The microelectronic device of claim 15, wherein the
electronic circuit further includes an output control circuit thatreceives

20 the feedback signal from each addressed pixel unit cell circuit, and
generates the output data signals as a serial output data stream based
upon ihe feedback signals, the rate of feedback signal transitions
correlated with each micro-location being indicative of the emitted light
at that micro-location.

25 17. The device of claim 1, further comprising a layer of
reflective material on all or a portion on the surface of the device or
above the surface of the device, whereby generated light is reflected
thereby enhancing the light signal detected by the photodetector.

18. The device of claim 17, wherein the material is oriented

30 polyethylene terephthalate.
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50. The nethod of claim45, wherein the attaching step includes

imersing the mcroelectronic device into a fluid vol une of b n}g%p,%&%éal
sanpl e. 15 WO 9812627759 A system for detecting and identifying analytes in-a
bi ol ogi cal sanpl e using luciferase-luciferin biolum nescence,

corrprlcjm a mcroel ectronic device of any of clains 1-44;
a pro WI#HL"HI‘[MML i ncl udi ng: an input interface circuit

coupl ed t6 t ctronic device for1aq recei ving the output data

signal s indicative of the biol unm nescence emtted at each

m cro-| ocation; a nenory circuit for storing a data acquisition
array conprising a ocation associ ated w 62 ach m cro-location;

an out put devi ce f0}9gé?‘lé‘?'&f‘?‘ﬂﬁcvpgicb‘ﬁ%‘”f:ﬁ(ﬂfcqlﬁ"? TEYPBHEES 0 an 25 out put

device signal; and ; gypstrate: @ Processing circuit coupled to the input
interface ci rcui t, ﬁ ‘menmory circuit, and the output device, the
processing circuit rb&jrngocationsdafihgdrcmjtht@subaﬂatmdﬂmamuford&mai\éhgml s
received by the .input in

- 148- 4id pample °6cﬂ“ra§f%§' 340 MBI |Ac A CAMBRSING ANiaFtagment

correspondighg nﬂwfb which rhé’&r%%cﬂ@éule%oar'erﬂrﬁ&rdate the output data signals
correlated with each mcro- | ocation for a desired tinme period by

accurmul ating the ow mﬂcrquietsmlgrltmll@d to a plmrahhye odaha ratm]gflecail@ms xia dye

and to generate the out ce. Si d to the
out put gevi ce, t@ﬁ?’a’@ t"é‘lﬁ' eifcty C@a[cg)omo C@Qﬁgx\%ﬁ%’e\ﬂ El”?ffset‘? ndi ci a
related to theMp Cﬁfé%eﬂft .ﬁ kﬂﬁe%shﬁﬁéeecaoahmﬁhé Bevice; the sanple.

52. The syst emo 'ai m 51, wherein the mcroelectroni ¢ device
conpri ses: aramdaapemjdeot piotedetestar pptisalfycouplssi o rgchheicro-

bi ol ogi cal a eahmcr | ocation conprisin
attachmenﬁff UE 561, Wherein o5 plEfHesS R B G AT RR o P TOR ocd eirent
layer of each sngnal ﬁ@ssbﬁsm%tp@@aorﬁa&hn@m bRE¥d stafiel ddrré Sortiing i Mitre-
sel ected anal yte present In the sanple received by the array; 15

a phot odet ect decatien ouhery tb@@pl@de@ @r@m bewnrd at dbat miero-aesation is
hot odet ect or RQei on n i esponsive to
p 5( eo%%fi o Ia eﬁ%%f)ﬁg rFugcn% g?e ﬁwasteﬁﬁgg o) tg{éa)llr p

bi ol unmi nescenc € corre po I'hg M Cro-1ocati on;

an el ectronic rﬁhémmbletwwbednhgrt@mheah@t@xd@toe%@fe aadmwn-fmgtmeadnght- to
read the sensed signal generate each phot odetector and generate 20
out put dat® s.Qjﬁﬁtt@gtrﬁaﬁapndmthﬁareaqz@cer réiteatrenainng: ¢RMBPHENH AEikence

emtted at ea%h@e‘iﬁ&t.@%&b%‘n%’n& he luciferase-luciferin reaction

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

20 emitted at each micro-location by the light-emitting reaction, wherein the
device detects or identifies analytes in a fluid sample using light-emitting
reactions.

20. The device of claim 19, wherein each macromolecule is an
antibody and the analyte is an antigen.

25 21. The device of claim 19, wherein the an array of micro-
locations defined on the substrate for receiving the fluid sample to be
analyzed form wells in the surface of the device.

22. The device of claim 21, wherein one or a plurality of the wells

comprise a reflective material disposed along the sides thereof or
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53. The system of cl aim52, wherein: each mcro-location is

| ocated on a surface of a sem conduct or substrate and each

phot odet ect WO 98262Tdes a phot odi ode | ocated at the 25 sur f ac @CIUSOHI08Y
respective mcro-1|location, t he bi ol um nescence generating
reacti on producing photons of |ight that are converted by the

gﬂgt odi T’mmm’mﬂ” ﬂﬂm@urrent when t he sel ected anal yte is pre_sizgi

he photdcufrent s sa sensed signal generat®® by the phot odi ode.
54 The system of claim 52, wherein the electronic circuit of the
m croel ectroni c device includes an output control circuit that generates a
serial data stsespendspaceissgtheheedumharebtlighgiignefisctedn thee i nput
5 interface ci F\C%’é of .t he processing instrunent includes a seri al
i nterface Otodetector. o; cyit configured to receive the serial data
stream fromthe 23. The dev r
55. The system of cl ai m 54, C\i/\%e“r:ﬁ:oﬁ ?ﬁﬂeﬁgg ?grﬁgg?ghgfrFSén%a layer of
i ncl udes nul ti mfmwedmaaemémres&mraa poctiorh olﬂsentplelrauewmmmsem tted

10 at each gicro-loggtio y. . the lyciferase-luciferinr
56. The sysg]em of c%gﬁ m %é?%l ‘i'wé"% #e@&/#a%'? %‘I"H‘b"e@"ate”a' is

an el ectronic ghgﬁ{@ypowhp;@ﬁe\,tbgégﬂtﬁamigl cia includes light emtted by
t he di spla 57. The systemof claim
52, wherein the nmemby mThQudleVmBSQf claim 18, whetéinsther lightaemittiaigyrtes ciap

i dent| fying th analyte at each mcro- | ocati on,
and the procesgl 'E'g‘l”gg%gﬂ’ ‘correlates the integrated output data

signals in the dat azecqurmetd@nc@w@raam bl WpRerdiintyd ﬁnﬁmsfcgnbéf?@“ fy the
sel ected analytes present in the sanple, t he out put devi ce signal being
gener at ed 1@chb Mﬂawrzq'ﬁ@ehpgn ble indicia identifi es the sel ected anal ytes

20 present in the tem of claim
52, wherein the pr oceSS| ﬁhe JR\¢% 98 Faim 19, further comprfsd'l)q ﬁirjeﬁ} %ses an

i nput devi ce cooppetieh® dffb?bmmmcﬁgcéldﬁérétnﬁ lsystem in each micro-

generating desjired |ntegrat|on time period si s used by the processing
circuit to det'@f“ﬁ*'ﬁ@"thhi COSIPTIESF P MPaYYraeleau |me period for the output
dat a 25 gna 9 m im
52. wherein the bio um ng’ggednee/éce of claim 1, wherein terﬁeePhgl ngescéggq ?r:?’?%éﬂya

sel ected f1®m d:dneplgdctumpeaninmlstta—m@amfbntlhaamﬂgwédttecbenerate a sensed signal
responsive to bioluminescence emitted at the corresponding micro-
location.
28. The device of claim 19, wherein the photodetector optically
coupled to each micro-location is configured to generate a sensed signal
20 responsive to bioluminescence emitted at the corresponding micro-
location.
30. The device of any of claims 1-30, wherein the
bioluminescence generating system comprises a luciferase or luciferin.
31. The device of claim 30, wherein the luciferase is a
25 photoprotein.
32. The device of claim 30, wherein the bioluminescence
generating system is selected from the group consisting of the
Aequorea, Vargula, Renilla, Obelin, Porichthys, Odontosyllis,

Aristostomias, Pachystomias, firefly, and bacterial systems.
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fromthe ant hozoans, ctenophores, coel enterases, nollusca, fish,

ostracods, insects, bacteria, a crustacea, annelids, and ear -

60. The syWVe@®df27¢l ai m 52, wherein the conponent of the bORIsTF 23080

bi ol um nescence generating systemlinked to the macronolecule is 5

sel ect e t he roup consi sting of Aequorea, Vargula, Renilla, Cbelin,
Pori cht )’rﬂm [" mw Aristostom es, Pachystom as, Gonedostom as,

Gaussi a, ire squid, Gyph S I\/ycotophl ds (fish),

Vi nci guerri a, Hovvel |2, Florenciella, Chaug Sdus, Mel anocost us,

Par acant hus, Atolla, Pelagia, Pitill ocarpus Acant hophyra, Si phonophore, 10
Peri phylla, Cavernul ari_a, Ptil osarcus | a,. Acent hoptilu

Par azoant hus and Se#3-Paie (”;‘]"ESFJIEJBFIG&)'O"‘‘ehci'ff‘ﬁF%lSPtlitl tlaim g (vibersin th device
Gnychot eut hi s, X%ér%%”a?lu o‘?fd;ﬁ@retﬁema@r%@%ie&méigﬁch%ﬁp xf?c??mf .laSh

firefly, and ba rising a
di agnostic SydeﬁmérﬁraMVm‘,taaw différeheatacromalgemepresenpat ai different

(a) the mcroelectroni¢c device of any of clains 1-44; (b)
an anti-|li gandT“Cl’o -location. (c) a first conposition conprising a

conj ugat e ri CPER t [ escence
generati ng syst em %‘b The fifchde I%'etg%ﬁgntl ?é‘%gncééﬁ%mﬁg? V%é%h'g anti |igand

speci fically binds the micro-locations aremhtthpefotm d¢fhen awrdyace of the

i nfectious agent; and (d) .a,second conposition,

conpri si ng anot her ®©8m&MeQf rpicro-locations '“Ct'%‘ée%?chfﬁFnaﬁés%éﬁ@@”éeﬂféﬁ\épfng
S e esdixeleBentdRorbieiRb £l hRT ISR 8oL RAAUBOARI Y the
25 Dbi ol um nescence gener at ém's A ldciterase or er|

-151- first anﬂ%ecoﬁnbmkei being dififenedt, , wher ei n: . the
conposi tions conprise a biolun nescence gener ting system t he
bi ol umi nesknce gent?-atlinfyMiGrORBREIMGFLESe @ ‘ﬁ%‘%’f gﬂ'aé’éh%ﬁ?ér‘ the reopeptor
luciferin. antibody attached to the attachment layer of the first pixel element array

is specific to bind a first selected analyte and the receptor antibody
attached to the attachment layer of the second pixel element array is
specific to bind a second selected analyte different than the first

15 selected analyte.

36. The microelectronic device of claim 19, wherein each micro-
location is located on a surface of a semiconductor substrate, with the
surface at each micro-iocation defining the attachment layer for that
micro-location.

20 37. The microelectronic device of claim 36, wherein the surface
of the semiconductor substrate is derivatized to enhance the attachment
of the receptor antibody to the attachment layer at each micro-iocation.

38. The microelectronic device of claim 37, wherein each
photodetector includes a photodiode located at the surface of the

25 respective micro-location, and the reaction produces photons of light
converted by the photodiode into a photocurrent when the selected
analyte is present in the sample, the photocurrent being the sensed
signal generated by the photodiode.

39. The microelectronic device of claim 38, wherein the

30 electronic circuit includes a pixel unit cell circuit associated with each
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5 64. The kit of claim61l, wherein the biolum nescence generating
systemis selected fromthe group consisting of those isolated fromthe

ct enophor eYO8¥2428ht er ases, nol | usca, fish, ostracods, inseckSI/UBHE™ 4, a
crustacea, annelids, and earthwormns. 65. The kit of claim 62,
wherein the Iuciferase Is selected from 10 the group consisting of
Aequorea, Vargu | |1a, Qobelin, Porichthys, Qdont osyl |i s,

Ari st :m‘ ﬂEﬁ% omi as, Gonadostom as, Gau55| a, Hal i sturi a,

Vanpi Mycot ophi ds (fi sh? i nci guerri a, Howel | a,

Fl or enci eI |l e audi odus Mel anocost us, Paracanthus, Atolla, Pel agi a,

Pitil ocarpus, Acantho Cghyra Si phonophore Peri phylla, 15 Cevarnuleria,
Ptil osarcus, $thdtadid am&m@ﬁ@sigmmA/@acelzmrmqmglrand, each pieel ymincell

(Stylata), Ch| r.oteut hi s eot,eut.hi t aseni a,
cuttlefish, SEHiH'S hﬁmgs?\?” reaetgpmgwaggﬁe SPPFQ ﬁ,gna!afﬁamv&e bact eri al
systens. respecti¥® phold@iolib tarkf tHd A/ c@nvérﬁnbhhﬁfcﬁﬂﬁﬂmgsbBQﬁ%ured _
conposi tion 20 conprising a fluorescent protein 67. he kit of

cl ai m 66, mhertelquantezefthﬁ)ms@med seosed sigrals. sel ected fromthe group

brotein (BEP) and &gy orie et HeVES bf claipyaT, WheraliPRERS S o m
45, wherein thﬁuﬁaéll yé a8diduahbR 8nd 2hd NSt 66icotird HERidthéefhciided Bhect i ous
agents. . The nmethod of claim45, wherein the biolum nescence

generati ng sygdéwemrcpnénol ccmpmf9e§eauenuaﬂ\egddmsm@teeph pixel unit cell,

70. The net hod al m rein the fl uor scen i ected
fromthe grouf cdo é'\egf"lnn%’ Mtg COEN T BB AL Fuﬁ?ﬁf% @r-_{g?rated Se“S?’H
fluorescent prepgairof(BiePpixel uaitdulicaibidit Beabdressed by the addfess omEbhod

of dep05|t| ng stlica on a matrix material, 5 conprising:

I sol ati ng 10 sigifcedt-enma from a di atomor a cytokal ymma from

radi ol ari a; a A S eOuRy, OF
cytokal ymma to eff 41 THg H’?fg@l ‘eéé:?%orﬁ&an&?& 5?%%‘%’{]%% (R)Nv&%@ Silicon

nononers; and phbtodiode comrfdres phogoridief mghymxttedtﬁa@mh@ﬂuaféraeenudlfmm de
al ong the I nterface region of the matrix to forma matrix-sjlicate
mesost r uct ur e.féaction into a pf'@toc%(@?ﬁ?ﬂ@'tﬂrtﬁ"ﬂﬂa@r'@ﬁ&f"@?ﬁéfﬁﬁdem'P@|tH§

5L oL AR GOTRL LR AT e BV B "
silicon sif acell ¢cilmuipiratlodes ectapacitencg aiomifiit gompdising gashargeahat sensed
changes at a rate dependent on the magnitude of the photocurrent,
whereby the sensed signal is integrated.
42. The microelectronic device of claim 41, wherein each pixel
unit cell circuit generates an output current thatdepends on the charge
20 of the capacitance circuit when the pixel unit cell circuit is addressed,
the electronic circuit also including a comparator circuit for comparing
the output current of the addressed pixel unit cell circuit to a reference
current to generate a feedback signal used to reset the capacitance
circuit to an initial charge when the output current transitions with
25 respect to the reference current.
43. The microelectronic device of claim 42, wherein the
electronic circuit further includes an output control circuit thatreceives
the feedback signal from each addressed pixel unit cell circuit, and
generates the output data signals as a serial output data stream based

0 upon the feedback signals, the rate of feedback signal transitions
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signal responsive to the photons of |light emtted, a fusion
protein bound to the surface of the derivatized silicon _s!hB r
wher ei n t WO &6 protein conprises a luciferase conjugat ed @7{2%6&2
pol ypepti de conprising one or nore binding domains for a 20
neurotransmtter, V\/nereby upon binding of the neurotransmtter to

pol ypepti on protein, the fusion protein undergoes a
conformat i ﬂﬂm” E . l, modul ates the Jpyeiferase activity of the fusion
protein; d di spensing neahs in association with the base

for deIiverlng 25 f|UId to the surface of the derivatized silicon
substrat e; el ectronj.c circuit cou e o t.h

phot odet ect orC@Rglated W’Ef(‘)r?laF JF‘&HOleCPBBBCEler\‘ég é'equéﬂ 'Ogﬁi.?ﬁ ﬂgﬁ@ét ed by
each phot odet;getolnce em@ﬂ%ﬁ 5&1‘%‘%%%‘56109%&5” data signals;

- 153- conput er processor operably associated with the
el ectronic 44. TheLdetvnée)loframeof/cfaynanﬁ-flﬁr oebsEimghe meicoat put dat a
si gnal s; econd el ectronic circuit in operable

associ ati on WOCALPRE are provaded a%@ﬁp?ft’@\’ processor for receiving electronic
signals fog |inkingstoagy, Bf detecting A iAGHfinG! il s 1A BUIBBcal
wherein the nuscle or nusc | ber cont tensor t
control; and sample, compnsmg the stepsdfel ect ronic circui t in operable
association with the cg.rrput Processar for recei V‘f electronic
signals for |inkingra\ddigonthemicraelerizenig device of any ¢f glaimgy ‘ani mal

wherein the nuscl eaﬁscﬁugcé%ém%m@enféea} BifrhBxob d,fferen%@nmb%oieemersol

73. A nmethod of bypassing spinal cord sions in an animal using a

synt heti ¢ neutcothe ssnyf-apsae eﬁclthaccm-lommpnm mlge device, wherein - drilling
m cr ohol e nto the ' ani ma det er m ned
st er eot aqu,l I%@&f‘?@ﬁ?“lﬂqﬁ&ﬁﬁﬁc‘g% ;H%”\Q’ {f’ pelertgf analyte t%?f

i mpl anti ng t hergZept AEhRE WiGBGfc A Vbhgsieof claim 72 into the spinal
cord at the predeterm ned stéereotaxic |ocation in operable association

with a neuron or boentastinlg treusample with the surface of ﬂwdmurrg:eia;ur@mal growt h

factors through.a th I d_di spen | ficial
synapse to pr%%?% H@lﬁ’SﬁXlarﬁ'u? ?% 9%"6‘*‘5?6‘8&“85 tnefﬁlarezgr%eg} 'Pctg' Surface
neuronal intesdrpRs bito the macromolecule atiatReY tdghé Rerfreomdead third

el ectronic circuits in a predeterm ned nuscle or muscle fiber in
a presel et® edmignebloghtioRe ani mal distal to the spinal cord

regi on, . r fon or
nerve iber of  exesipAdRgttateBP HE thRIoARSTLRE BByic R, 4 3pelRd

macromolecule or plurality thereof bind to the selected analyte already
bound to the first macromolecule at each micro-location, wherein the
second macromolecule comprises a component of a bioluminescence
20 generating reaction;
initiating the bioluminescence generating reaction by contacting
the surface of the device with the remaining components of the
bioluminescence generating reaction;
detecting photons of light emitted by the bio-luminescent reaction
25 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.
48. The method of claim 45, further comprising reading the

sensed signal generated by each photodetector and generating output
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74. The nmethod of claim 73, wherein the stereotaxic location is

proximal to the brain of the animal. I ‘{A)é.%k;
conpri si ngWR Wi288Host i ¢ system for detecting infectious *’CJg‘é‘ﬁ At
conpri si ng: (a) a mcroel ectronic device of any of
clainms 1-44; (b) one or a plurality of anti-Iligands

I rmobi |\ surface of the mcroel ectronic device, wherein
each amﬁ“ﬂ“mm\m“““ specifically hinds to a different infectious
agent; * ¢ t ® S " (¢) a first cdMposition conprising a conjugate
or plurality t hereof, wherein each conprises a conponent of a
bi ol um nescence generating systemlinked to a second anti-ligand 10

that specifi c@@teysiBnalistheseipnehatapr inshicatiee efithadiolyminpseence emitisd
agent at eact] Snicrd 6dtld B0 8k B BselHEIDR ELREH ST MY
(d) a second cofmposi {9 on, corer| sIng the remal ning conponent s

of a bi ol um nescengg, gepeahetrbdSybtRiin 45, between thé.cofeactiygtapa of claim
52, wherein the antibody attached to the attachnment |ayer at a first
i cro- | ocat i FXRGSIBGEIERS cTUrtieraraPrging, mashing the sasppletfsamythyg judagad

h i b . | . .
i cro- | ooat ) ot 1 Engkdtye il oy Rbter QHRlneEh sBrtcipat PERGAGY time for

di fferent frothe felettedbnaighes tiestnanabytmese@tt in the sampl td ivindred hbd of
cl ai m 45, wherein the conmponent of the bi ol um nescence ,generating
systemis a |MEcIameicwe atigehedrtonthe surface at eagh micrpdogatiore of claim

78, wherein the |ugkfer | Ok 8P L

device of claim 79,38\'/\he?§|8nrhﬁ@db?{)F{Ja?#nségbw&:egé%th&wgf 5?rinr<])éec§8%? -émgi s
sel ect ed fronartileogieeup consi sting of the Aequorea, Vargul a, Renilla,
Qoel in, Porichthys, Odontosyllis, Aristostom as, Pachyst om as,
Gonadost ol as, Gau@S: al heuastbodrefaclava i r wheggindhe attachipngsige includes

Mycotophi ds (£itsMingVh PRIGUES bF Qifr&IRWE!rbBepfor Yrtitodiid fo a plurality of
different micro-locations, each of the different antibodies being specific
to bind a different selected analyte thatmay be present in the biological
sample.

15 50. The method of claim 45, wherein the attaching step includes
immersing the micrdelectronic device into a fluid volume of the biological
sample.

51. A system for detecting and identifying analytes in a biological
sample using luciferase-luciferin bioluminescence, comprising:

20 a microelectronic device of any of claims 1-43;

a processing instrument including:

an input interface circuit coupled to the microelectronic device for
receiving the output data signals indicative of the bioluminescence
emitted at each micro-location;

25 a memory circuit for storing a data acquisition array comprising a
location associated with each micro-location;

an output device for generating visible indicia in response to an
output device signal; and
a processing circuit coupled to the input interface circuit, the

30 memory circuit, and the output device, the processing circuit being
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Chaudi odus, Mel anocostus, Paracanthus, Atolla, Pelagia, Pitilocarpus,
Acant hophyra Si honophore Peri phylla, Cavarnularia, Ptilosarcus
Styl at ul a, ﬁ t| | um Parazoant hus and Sea Pens (Styl at a)PCT/US97/23089
Chiroteut hi s, EucI eoteuthis, Onychoteuthis, Watasenia, cuttlefish, 5
Sepi ol i na, shri np; deep sea fish, firefly, and bacterial systens. _
The dev m‘ m 5, wherein the biolum nescence generati ng
s N

systenﬂ‘m s a fluorescent proiﬁjin. 82. The devi ce
of cla e fluorescent protéefn’l selected fromthe

gr oup consi Stl ng of green fluorescent protein (GFP), 10 blue fl uorescent
protein (BFP) and a prglcobl | i protein. 83. A synthetic neuronal
synapse, conpr Fanfigured to read the oytpyit data stanabhreceaiesd by dfe wipaitrinterface

'mert base and TR o copielfidihe AR 4 Bhakid s Gl dipandife” " "

derivatized si mlcmalowt‘o@@e to IStegrate the autpist @atabsighaisicHoeRted Qv’ftfh%ach
surface of the derivatized silicon substrate, wherein the fusion

protein corrpr | Bugroalocagioneios s desingd e period by @cgupvligiiep the @ upapdasang

bi ndi ng. of Phe b St Atd Bpaftsition aREY) BEERHEhRe RS RERYN B

t he fusion prot;@nlal uﬂdehg&ﬂ&rﬁaﬁ@h@&iQhé&idtpﬂﬁhe@lb%ngfé&éé‘-tthm:tbﬁfteS t he
| uci ferase activity of the fusign prote
di spensi ng meafi8Vvich t@saenrerate yisiblerindigia Tﬁlﬁédﬁ@rthéd?rﬁﬁemﬁ@f the Seﬂ%ﬁed to

t he surface of ]tlgllg éjsem g%%,%l | i con substrate; a first
mple. .

el ectronic circuit coupled e phot odetector and 25 configured to read

the sensed signal gBgeralTee dystercodi plnoSel eHerkin the nididelcteSmier déce
out put dat nal s; a conputer processor operably associ ated
with the e?@ct OMPEISES:  circuit for receivi ng and processing the out put

data signals; n array o{] micro- locatld%ssf&'or%%eﬁ}lﬁgE)tfng;ﬂgcglogéécag%i?i b8 to

oper abl e associ at i on W t uter proces :
el ectroni ¢ si ghalanafyzed, igdchnmidro- laca’uenlcfompnsmgrarirust(alcﬁniérheléy@f; an
ani mal , wherein the nuscle or %cfl e fi control s ext ensor notor

control; and 5 a sepagateantip |99 19 thaupttachmepé daygreohigashi at i on

with the conpugfére-location, each antibody specific for binding a selected analyte
15 present in the sample received by the array;

a photodetector optically coupled to each micro-location, each
photodetector being configured to generate a sensed signal responsive
to bioluminescence emitted at the corresponding micro-location; and

an electronic circuit coupled to each photodetector and configured

20 to read the sensed signal generated by each photodetector and generate
output data signals therefrom that are indicative of the bioluminescence
emitted at each micro-location by the luciferase-luciferin reaction

53. The system of claim 52, wherein:

each micro-location is located on a surface of a semiconductor

25 substrate and each photodetector includes a photodiode located at the
surface at the respective micro-location,

the bioluminescence generating reaction producing photons of
light that are converted by the photodiode into a photocurrent when the
selected analyte is present; and

30 the photocurrent is a sensed signal generated by the photodiode.
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20 58. The system of claim 52, wherein the processing instrument
further comprises an input device coupled to the processing circuit for
generating desired integration time period signals used by the processing
circuit to determine the desired integration time period for the output
data signals.

25 59. The system of claim 52, wherein the bioluminescence
generating system is selected from the group consisting of those
isolated from the ctenophores, coelenterases, mollusca, fish, ostracods,
insects, bacteria, a crustacea, annelids, and earthworms.

60. The system of claim 52, wherein the component of the

30 biocluminescence generating system linked to the macromolecule is
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35 15 bioluminescence generating system is a luciferase or luciferin.
63. The kit of claim 61,, wherein:
the compositions comprise a bioluminescence generating system;
the bioluminescence generating system comprises a luciferase and
a luciferin.

20 64. The kit of claim 61, wherein the bioluminescence
generating system is selected from the group consisting of those
isolated from the ctenophores, coelenterases, mollusca, fish, ostracods,
insects, bacteria, a crustacea, annelids, and earthworms.

65. The kit of claim 62, wherein the luciferase is selected from

25 the group consisting of Aeqguorea, Vargula, Renilla, Obelin, Porichthys,
Odontosyllis, Aristostomias, Pachystomias, firefly, and bacterial
systems.

66. The kit of claim 81, further comprising a composition

comprising a fluorescent protein.

A
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| uci ferases. 15 68. The method of claim 45, wherein the analytes that are
5 detected or identified are infectious agents.
69. The method of claim 45, wherein the bioluminescence
generating system further comprises a fluorescent protein.
70.. The method of claim 69, wherein the fluorescent protein is
selected from the group consisting of green fluorescent protein {GFP},

10 blue fluorescent protein (BFP) or a phycobiliprotein.

71. A method of depositing silica on a matrix material,
comprising:

isolating a silicalemma from a diatom or a cytokalymma from
radiolaria;

15 transporting silicon into the silicalemma or cytokalymma to effect
nucleation and epitaxial growth of silicon monomers; and

effecting the polymerization of silicon dioxide along the interface
region of the matrix to form a matrix-silicate mesostructure.
72. A synthetic neuronal synapse, comprising:

20 a microelectronic device comprising a derivatized silicon substrate
on an inert base and a photodetector optically coupled to the derivatized
silicon surface, the photodetector being configured to generate a sensed
signal responsive to the photons of light emitted;

a fusion protein bound to the surface of the derivatized silicon

25 substrate, whereéin the fusion protein comprises a luciferase conjugated
to a polypeptide comprising one or more binding domains for a
neurotransmitter, whereby upon binding of the neurotransmitter to
polypeptide in the fusion protein, the fusion protein undergoes a
conformational change that modulates the luciferase activity of the

30 fusion protein:
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a fluid dispensing means in association with the base for
delivering fluid to the surface of the derivatized silicon substrate;

a first electronic circuit coupled to the photodetector and
configured to read the sensed signal generated by each photodetector
and to generate output data signals;

a computer processor operably associated with the electronic
circuit for receiving and processing the output data signals;

a second electronic circuit in operable association with the
computer processor for receiving electronic signals for linking to a
muscle or muscle fiber of an animal, wherein the muscle or muscle fiber
controls extensor motor control; and

a third electronic circuit in operable association with the computer
processor for receiving electronic signals for linking to a muscie or
muscle fiber of an animal, wherein the muscle or muscle fiber controls
flexor motor control.

73. A method of bypassing spinal cord lesions in an animal using
a synthetic neuronal synapse of claim, comprising

drilling microholes into the spinal cord of an animal at
predetermined stereotaxic locations flanking a spinal cord lesion;

implanting the microelectronic device of claim 72 into the spinal
cord at the predetermined stereotaxic location in operable association
with a neuron or bundle of neurons;

adding neuronal growth factors through a the fluid dispensing
means of the artificial synapse to promote neuronal outgrowth to
produce a silica surface neuronal interface; and

implanting the second and third electronic circuits in a
predetermined muscle or muscle fiber in a preselected limb of the animal
distal to the spinal cord region,

whereby upon neurotransmission from the neuron or nerve fiber of

the spinal cord muscle movement is effected.
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74. The method of claim 73, wherein the stereotaxic location is
proximal to the brain of the animal.

75. A kit comprising a diagnostic system for detecting infectious
agents, comprising:

(a) a microelectronic device of any of claims 1-43;

(b) one or a plurality of anti-ligands immobilized on a
surface of the microelectronic device, wherein each anti-ligand
specifically binds to a different infectious agent;

{c) a first composition comprising a conjugate or plurality
thereof, wherein each comprises a component of a
bioluminescence generating system linked to a second anti-ligand
that specifically binds to an epitope on the surface of an
infectious agent.

76. The kit of claim 75, further comprising:

(d) a second composition, comprising the remaining
components of a bioluminescence generating system.

77. The system of claim 52, wherein the antibody attached to
the attachment layer at a first micro-location is specific for binding a first
selected analyte and the antibody attached to the attachment layer at a
second micro-location is specific for binding a second selected analyte
different from the first selected analyte.

78. The method of claim 45, wherein the component of the
bioluminescence generating system is a luciferase or luciferin.

79. The device of claim 78, wherein the luciferase is a
photoprotein.

80. The device of claim 79, wherein the bioluminescence
generating system is selected from the group consisting of the
Aequorea, Vargula, Renilla, Obelin, Porichthys, Odontosyllis,

Aristostomias, Pachystomias, firefly, and bacterial systems.
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