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Sept enber 30, 2005, and is incorporated by reference
herein as if set forth in itls entirety. ) FIELD OF THE
I NVENTI ON [ 0001] The present invention rel ates

generally to cellular detection, and nore particularly
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I magi ng sensor, and to optical detection of cellular
activity of nDtiIe cell types. BACKGROUND [ 0002]
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nedi cal prof essionals examne cells to, for exanple,
détset ferthdn tthentfrgiet i oni ng of the cells or nake nedical
di agnoses of a patient's condition. [0003] Cbservation
of 'ni nute bi ol ogi cal sanples, such as cultured cells,

is typically perfEED OF TRIBUNY ENTH)NE. Wien a

mcrosc I C II’TB.%}I?il is.rec rded camera, or, a vid
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Pﬁ?&ul@ﬂ&' {PIEREsBRY AR bR BFhéRchal ARIVHySGitIEAE Bfdging sensor,
oxlmate to or on the m croscope station, especially
i ﬁnd toeoptiealpletestion of eallilarantidivtof nadtile pell tyaem| e must be
kept constant. Such an arrangenent can be costly and
conpl ex. [0004] Various neuroel ectronic devices have
been devel oped for mMONBAGK@EROUND el ectrical activity
of a small nunber of cells sinmultaneousl General I y,
t H092] h Q\y@lm/dea brracl pf igtagy dedingurigh the éé@y A fermation,
a tion S Iy
Pt hofurortlis A rbRed i 4 HpBaudkl Shlk Fithbeg and
Of)thefltrﬁédlcal professionals examine cells to, for example, determine the

functioning of the cells or make medical diagnoses of a patient’s condition.

[0003] Observation of minute biological samples, such as cultured cells, is
typically performed by a microscope. When a microscopic image is recorded, a
camera or a video camera mounted on the microscope is used. In addition, other
equipment may be required, mounted either proximate to or on the microscope
station, especially if the temperature and humidity of the sample must be kept

constant. Such an arrangement can be costly and complex.

[0004] Various neuroelectronic devices have been developed for monitoring the
electrical activity of a small number of cells simultaneously. Generally,~ these have
made use of extra-cellular recording of the action potentials with extra-cellular
microcircuit electrode arrays; however, many have involved the use of inter-
cellular microelectrodes. The neurons are impaled by micron-size electrodes that
penetrate the cell wall. Cell death results from trauma usually within a few hours
of electrode insertion. These methods are further limited in that they cannot be

extended to very large arrays.
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cellular mcroel ectrodes. The neurons are inpal ed by
m cron-size el ectrodes that penetrate the cell wall.

hours of electrode insertion. These nethods are

further limted in that they cannot be extended to

very |l arge arrays.[0005] The neuroel ectroni c device

di sclosed in U S. Patent Publication No. 2004/0219184;

t joe0snt i Tie whuselceronie deficetdisclosed ith & Batdm dubficatminddo.

herein by reference, relies on an electrostatic
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U S. Patent Nos. 4,401, 755; 4,985, 353; 5,462, 856;

5,919, 646; 6,631, 331; 6,770,449; 6,778,724; and
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OF THE | NVENTI ON [0008] Cenerally, the invention

relates to appar atus, systens, and nethods to sense
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to an T magi'ng sens Socert's fave
seystehial dnfieyhetiods fok ueifRsioelyotetestidg celylir iaptivieys pwitheut
to a_stinulus. In one enbodinent, the cells used are
reuRdisated RBhENRENSIVE PPiESal ERNPRNCAIS. at eri al s are
contenpl ated and wthin the scope of the invention.
One advantage of the present invention over the prior
art is that theSEMMARY OHTHEANVIENIEEON bet ween t he
There are n

ohser medi um and the detector. mrrors
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an area sensed by the array.
sensor. The cells are treated so that they will fluoresce or emit light in response to
a stimulus. In one embodiment, the cells used are neurons; however, other cellular
materials are contemplated and within the scope of the invention. One advantage
of the present invention over the prior art is that there are no optical lenses
between the observed medium and the detector. There are no mirrors used to
modulate the light path, either. There is a one-to-one correspondence between a

detector array and an area sensed by the array.

[0009] In one aspect, the invention relates to a system for detecting cellular
activity. The system includes means for receiving a cellular material disposed on
or proximate an imaging detector. The means for receiving the cellular material
may include a protective layer and/or a diamond-like carbon layer for isolating the
cellular material from the imaging detector. In various embodiments, the imaging
detector is a sensor or an array of sensor areas, and can include a charge-coupled

device (CCD), a complementary metal-oxide semiconductor device (CMOS), a
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[0009] In one aspect, the invention relates to a
system for detecting cellular activity. The system

di sposed on or proxinmate an inaging detector. The
means for receiving the celldilar material may include
a protective |ayer and/or a dianond-Ilike carbon | ayer
for isolating the cellular material fromthe imaging
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focus or collimate the bean(s) of |ight supplied by
the light source. [0011] In various enbodi nents, the
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n%%ar‘i@gfat@? ré?litﬁ%axamﬁ Fgr gxampls, theesysiem canaincluge angans for
e Bl T BOhuh BT of Bloplt Bsgmpling the
t epklinks mafter G '3 lenyinorsment toetestafop exdmplefor toxwesnt | on

relates to a nmethod of detecting cellular activity.

The nmet hod includes the steps of providing |ight of a
vau e ]e iatahothet &s?@étethfa Q{veﬁﬁér{‘i‘éla@és' 89 rhdtd ﬁﬁfe?ei&m cellula.r

em ssion from exanpl e, doubl y-ionize m on
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ted f t
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dem$01™) tracing dyes in a neuron cell body; collecting at least a portion of the

emitted fluorescent light; locating the activated neurons with respect to the sensor

array; and characterizing the temporal and/or amplitude of a detected signal.

[0013] In one embodiment, the collection of the emitted light is accomplished with
an array of light-sensing sites (pixels) that are located directly below the cells, in

the near-field, without any optical transfer assembly, such as lenses or mirrors.

[0014] In various embodiments, any cellular process that can sit on top of the
detector, or on lop of a clear support plate in close proximity to the imaging
detector, can be detected. Additionally, the cellular material can be doped or
otherwise treated. For example, some neurons can be treated with a type of

fluorescing substance that traces calcium or potassium ions, or the material can be
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array; and characterizing the tenporal and/or
anplitude of a detected signal. [0013] In one

acconpllshed with an array of |ight-sensing sites

(pi xels) that are located di4ectly below the cells, in
the near-field, wthout any optical transfer asserrbl Y,
such as lenses or mrrors. [0014] In various
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foll owi ng description, various enbodi nents of the
present invention are described with reference to the
f ol PVFiRGredr AVY J&H&ﬂaﬂlé‘el\é‘tﬁtﬁﬂ Vl&VQ B4 ]del{:'cg b dlede]cec'tlﬁ Qellular
schematic el evati on view of devi ce %
cLIViY &y acgerdanee with nnacmbmdimmteaf\m& imvemtéone nbodi me nt of
the invention; [0018] Figure 2 is a schematic
representation of an overall systemfor detecting

[0018] Figure 2 is a schematic representation of an overall system for detecting

cellular activity in accordance with one embodiment of the invention;

[0019] Figure 3 is a schematic elevation view of a portion of a device for detecting

cellular activity in accordance with one embodiment of the invention; and

[0020] Figure 4 is a flow chart illustrating a method of detecting cellular activity

in accordance with one embodiment of the invention.

DETAILED DESCRIPTION

[0021] Embodiments of the present invention are described below. It is,

however, expressly noted that the present invention is not limited to these

embodiments, but rather the intention is that variations, modifications, and

the collection of the emtted |i gRCTiU$2006/038093
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cellular activity in accordance with one enbodi nent of
the invention; [0019] Figure 3 is a schematic

cellular activity in accordance wi th one enbodi ment of
the invention; and [0020] Fijure 4 is a flow chart
illustrating a nethod of detecting cellular activity
in accordance with one enbodi ment of the invention.
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i ncl uded. For t he apparatus, systens
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r gh@ceyce to neasuring neuronal activity of cellular
mat eri al usi ng certain dyes and fluorescent |ight;
however, IS expressl y noted that the present
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pl aced on top of an |rmg| ng detector
wPp el fibgisy ot #nyeathesriypryof eptivabrabay systemoThe 1m|ag11ngalensor is
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d amqﬂe tihert prtucting lak s Ql@) ahd 8 d&ﬂﬁfn@tlil&%arﬂaﬁrla}%l‘ @) Ban
prqtective layers (102) and a di anond-
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i RullicgtiorPhbe204R2P1%At i on No. 2004/ 0219184. [0023]

The neurons are grown in a cell growh medium (104) in
a liquid cellular incubation nutrient bath (105),

WoobBP Pheilutonh e gro\Gh BAL L brWIRRIGN R1 04) 10D quid Reiutar
incubation nutrient bath (105), within a cellular incubation atmo sphere (106). The
nutrient bath and atmosphere are encapsulated (103) and supplied by an external
source of gas through a port (107) and an external source of liquid through a port
(108). The external sources of gas and liquid can be delivered to the appropriate
ports via any necessary tubing or similar means of conveyance. The system also
includes a cellular liquid drain (109), a cellular atmosphere tap (110), and means

for introducing a signal (120) to the cellular material.

[0024]  As the action potentials propagate through the cell bodies, fluorescent
light is generated. Some of the light will be detected by the imaging sensor,
indicating the presence of neuronal activity. It should be noted that the technique
described herein uses optical detection of fluorescently emitted light and in no

way relies upon electrostatic coupling.
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nutrient bath and atnosphere are encapsul ated (103)
and supplied by an external source of gas through a

port (108). The external sources of gas and |iquid can
be delivered to the approprit@te ports via any
necessary tubing or sim/lar neans of conveyance. The
system al so includes a cellular liquid drain (109), a
cd0025] ar Tae mosgihg detettapcdnsistOdf am agtayropSBsing sites, or pixels,
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shoul.d be notted t hat the techn}ir,1 e described herein
u&Baeipg S7nset Mpyprenagy(s iy thedieaheldcent 1y enmitted I ght
and in no way relies upon electrostatic

coupling.[0025] The inmagi ng detector consists of an

al0R$] ofimiens denicts thewyerallsygiemdayout ofinetprefamesemiseliment,

devi l.d b CCD CMOS . act i .
A0S R35he e 5 So B o Bnfmi R e
setiel pghes (1163 aRP YGRS (2209 withthe insiibdtBn AfmEPREre 208 hafriet
i magi ng. Since TShotons are emtted in close proximty

t Suidsen thayiay Wedsvies camby usedisatsat fritexinher the effects of
_fi . . Fij. icts t | 1
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| betgv gnlgj of elié cellsathelt &Hﬁiekéoﬁdb)?e B?ﬂ%g?ﬁblszmll}{ Wbﬁlg inc(iié:%tg)a
possi.ble to m X i.n _other gases and |iquids
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t PdIPes iR pldring VL Ght ! RS r R
the_eesffegt S o?gdi fferageﬁ?egﬁrg%ﬁgané&r@g’%a%‘?%& gdﬂzi%o()f?he
gearious gaseh end &iphids usedem thewdystame. Changes in the

behavi or of the cells that are detectable by the
sensor array would indicate a reaction to the

cloepvic atte hiaking H@scgiﬂﬁ?ﬁ)ﬂ ld_“g%ﬂeraﬂdé@c% h%mﬂe%?hﬂéﬂgﬁ of8ife

necessary val ves and plunbing to fa Itate
i gbostimient oha sysiemvial accerdanagowith dhe myeofion. He operatious the

gi?rrc'a%ﬁlgqggicle LR a%%%af rﬂar}n%re (i.SéY, %ﬁeenrplager is cleared of a residual
image, if necessary, and the imager is set in an exposure mode, in which it collects
photons); the cells are stimulated in some fashion so as to emit light, or they self-

stimulate; and the collected photons are converted into a digital form.

[0028] In a particular embodiment, the imager is a CCD, which is first cleared
of any accumulated charge. Its clock waveforms would be set to an integrating
mode, in which photons are converted to photo-electrons in the pixel wells. A
cellular stimulation would be applied, fluorescence-stimulating radiation would
illuminate the device, and the exposure would occur. After a period of time, the
exposure would end, and the CCD would be read-out in a normal fashion. The

resultant image would show bright regions where the fluorescence had occurred.
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[0027] The follow ng description is a general
description of the operation of one enbodi nent of a

the i magi ng device is used in a normal manner (i.e.,
the imager is cleared of a r&sidual image, if
necessary, and the inmager is set in an exposure node,
in which it collects photons); the cells are
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wavelength, nominally about 490 nm, light of a wavelength from about 505 to
about 535 nm, peaking at about 515 nm, will be emitted by the Ca++ ions. That
is, the 515 nm light will indicate the location of neurons that have fired. This 515
nm light can be distinguished from the 490 nm light by the placement of an optical
filter that blocks light below 500 nm but transmits light above 500 nm. This filter,
in this embodiment, would be placed between the imaging detector (101) (in this
case, a CCD) and the protective layers (102). The total distance from the bottom
of the neural cells to the top of the imaging sensor would be less than about 1 mm

(see Figure 3). Figure 4 illustrates the above described process in a flowchart.

[0031] In an alternative embodiment similar to that just described, no optical

filter would be used. Instead, the slightly elevated light signal from the stimulated

| N opeTAIS2MN/038093



that other ion, pH or voltage indicating dyes which
function in the sane general nmanner can al so be used
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potential stimulating signal (112) can be applied to a
neuron. As a neuron transm t& an action potenti al
along its cell body to a synapse, the Ca+ ions pool in
the region of the cell body where the action potenti al
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1mm (see Figure 3). Figure 4 illustrates the above

10 descri bed process in a fI ovvchart [0031] In an
a ar t t ha ust .descri bed,
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detected in the pixels inmediately below the cells
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CRplcludtivel defig.oduced via the bath of nutrient fluid. As
the action potential propagates across the individual

neur on under exam nati on, Ilght will be emtted by the
be em.tte

@%34 h:qll‘e%?h%(}émmlp%]t tl}ﬁ,lg\él Nyl wiilize 1’1’10'[112%611 types, such

20  as muscle cells. Dynamic motion of the cell or cells will be used as an indicator
of metabolic activity. Detection of cell motion can be through bright field,

fluorescent, or other means of illumination of the cells.

[0035] Inthe foregoing embodiment, a CCD can be used to sense the contraction
25  rate and amplitude of cardiac myocytes lying directly on top of the pixels (chip
sensors). Toxic agents could be sensed by a change in the contraction rate and
amplitude (increase or decrease). The stimulus for inducing cardiac cell
contraction could be, but is not limited to, electric field stimulation, chemical
stimulation, or increasing extra-cellular potassium, either alone or in combination
30  with other stimuli. Sensing of the contraction could be achieved by shining a light
(bright field illumination) over the cardiac cell laced CCD. The CCD would act

as a camera to record the stimulus-induced contraction of the cells. In addition to



[0033] In yet another enbodi nment of the invention,

cell types other than neurons can be used. These cells
weizhbd7/besosr eat ed so that they will fluoresce oPCEMiS2006/038093

ot her signals in response to a stinmulus or a |ack of

stimulus. The device will al?ow a user of the system

(for exanple, a scientist) to quickly establish and

quantify the nmetabolic effect of a conmpound on the

cel CEDIsensog hendérsdrs thatl das bt pRiced onlk dhibardisherhplaled dfich

for exanple, cardiac nuscle cells, endothelial cells,

e[S ARPYLps %fe?tﬁ%r, volizge sensitiigudaviops which ean megpryg thy action

f [ [ hon will utilize

no%?i%élﬁgﬁlggﬁg%tqy es, mgéccs{tw&}sf o%ezg%lgsqcel |'s. Dynamc

notion of the cell or cells will be used as an

T HNT  E—
?Eh%reﬂﬁﬁﬁﬂ_ﬁinﬁfor.i Ol Ak ST 19k tetcﬁﬁ‘%lsg‘}i dvr oi{hgloééﬂnoll&tiﬁ eis

e foregoi ng enbodi ment, aCCD canbe™used to sense
c &t neidher Bnonesaeaceanm ckentpbstatintietestion mettiods nergda e employed

lyin irectl t of the pixels (chip,sensors). .
i PRty Pl o€ aac BBBnt B By Rbfaa R v ivention
CdBés st réqive TRbRsedde, ARt i MIBeddi B4 BAGBsCRAt HARSEASE hnd
The stinmulus for inducing cardiac cell contraction

10 camoptipd, filkttojsge oty flieresasut tight ehisied thyca el Khrthermore,
St ' ' Ll at.ion r_.increasin .
R T
¢ tmbisisarisitive tahérie of hegclsddliMidcharg®ersion fotehtidl ) € he invention

contracti.gn QOL{| d be achieved by shining a |1 ght

( Boulg pse sifher single myReyias Qrchyete gEmyeqytes capniragton dath, such as

I : . t ecord the

R R S pe T e LR FR )
15 t beth@sirtsemsand podsbrere oféordng.s t hat can be placed on a

chip are contenpl ated, such as nanow res or ot her

vol tage sensitive devices which can neasure the action

Fgfggﬂ | aRvingeRb&shelYoetif 5%9%%13&5 Yr Be Wep{é&%gﬁ gvr%yl} be

6] The light source descr above cou
benrgrant o thps ofiordeary el irethe apidhwe ptiur embariineats drcorarating
?@fé%@ﬁ@e%?s (ﬁgclés@i %ertelencrlﬁg}(? {)8 Aed Wi rou?hgpea%iége an(%Lg gpllgts and
20 scope of the invention. The described embodiments are to be considered in all

respects as only illustrative and not restrictive.



that neither fluorescence nor electrostatic detection
nmet hods need to be enployed in order to resolve

wehbemus3osf t oxins on ion channel s. Because theCprss®nn3ss3
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i nvention does not require fluorescence, there is no
need for a fluorescent |ightl0source and an optica
filter to see only fluorescent light emtted by a dye.
Furthernore, elimnation of the need for electrostatic
dellgiaisi on el i m nates the need for a chip that is
sensitive to nerve or nuscle cell discharge (action
potential). The invention could use either single

mjocyt : %}g . Cont tion such
I e s e e L T R
stisolid stpport,hagimgt d be anal yzed in both the absence and
presence of toxins. [0037] I—iavi ng descri bed certain

enbodi ment s 2f CelhgromiyBsdiughlayes “wi 11 be apparent to

those of org)Bajr &k&h%qmﬁpe art that other
enbodi ments incorporating t'he concepts discl osed

herei n may bka ligdowice;ramdt departing fromthe spirit
and scope of,the invention. The descri bed enbodi nents
are to be cHh&FHEN®Y in all respects as only

i1l ustrative) aphcBQbr fof&dildehd % FrbBlsiRie Hat t
appar at us fo)r gg)t ecting acti Vglt y Igfo ISi Vgnaa?éﬁrg,edtbp{éhe
appar at us c8yspnsi ng a solid support having: a) a cell

grom h medi yum | aver: b). an inert protective |ayer; c)
a |ight soub@gya%ﬁ8b @¥%ﬁﬂ%%@8#%ﬂé¥%a processor. for
col l ecting gndisplaprras MOdidfbRAng @Redad,ed by the

system f) stqrage neans for storing the data, and Q)
di spl ayheisinsaid getivifysis| dejaciryl bhéhedanparatus without any optical

transfer assembly such as lenses or mirrors.

2. The apparatus of claim 1, wherein said support is enclosed and is capable

of containing liquid growth media.

3. The apparatus of claim 2, wherein the support has at least one inlet/outlet
port.

4, The apparatus of claim 1, further comprising a layer d) of diamond like
carbon interposed between the cell growth medium layer a) and the inert

protective layer b).

5. The apparatus of claim 1, wherein said detector is capable of detecting

light emission or transmission, changes in voltage, and cellular motion.

6. The apparatus of claim 5, wherein the detector is selected from the group
consisting of: a charge-coupled device (CCD); a complementary metal-
oxide semiconductor device (CMOS); a charge injection device (CD); and

a diode array, or similar solid state photonic detection device.
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wherein said activity is detected by the apparatus
W t hout any optical transfer assenbly such as | enses

support is enclosed and is capabl e of containing

liquid growth nedia. 3. Theldpparatus of claim 2,
wherein the support has at |east one inlet/outlet

port. 4. The apparatus of claim1, further conprising

a 7. ay erArd ppjedratds dom tetedtingethe atctiony ioftIRAROSELs Bh¥eSH an
the cel,l growth nedi mlayer and the 1nert

pr ot ec UL F@IOr &}01 5an Tt Hﬁlﬁéﬁ‘é‘? lyen102) ainrantapsulating
wher ei ct .or c e

e sl ouprt (199} e b ARRRE(H) SOhRR ey fclbation
cel | ul antrient bath. (165), hellalap arcabationodtnokgheid 106 eﬂi@t ?ort
t he det is selected fromthe group consis

a char éﬁ&é &BBIW%@ ?J(Q%D)a ceflulag rliﬁllélr@ﬁtnaﬂW), a Cellular
nmetal o t %lﬂ

i nj ect légﬁ&gggilég?p@l aoﬁ%l% %‘éldreé‘glg e’arr allf‘/é:aang ?&rlggollucrmg a
solid slgaaleﬂ%‘h)dmhﬂcﬁl]dbiramtermh devi ce. 7. An appar at us
for detecting the activity of living cells conprising
an imagi ng sensor (101), an inert protective |ayer

(%802) aRe 8}2\%@&&%?&1&1&97 THHRRP EompEARS a dBnfstlal1ik8" 91%9 layer

medi um (1 a liquid cellular incubation nutr
bath ( fﬂdé) mtgp@@mbgnvmen tm@ubmhmﬁmxaym(eomﬁ&)heaneﬁ

fi rs_t gctlglgai%b@rég)aa second port (108), a cellular

I|qU|d rarn cel lul ar atnosphere tap (110), a
i ght source (130), and neans for introducing a signal

( 20) to the cellular material. 8. The apparatus of
ai m ¥he pOparaws Qfo‘?lﬁmil h rfgﬁléﬁfonommwdlg pik @ptical biplter (300)

:gz:: {nl{ll ée@lb e |ner Yﬂgresg{lslolf' %&ee W{lig)znl?dclieltlected

(100)

10.  The apparatus of claim 7, further comprising a first gas port (205) coupled
to a gas mixing valve (210) which is also connected to a secondary gas
port (200), the gas mixing valve outlet being connected to a gas inlet valve
(215) which is then connected to gas inlet port (107), the apparatus also
having a gas outlet port (110) connected to an outlet valve (220) which
communicates to the outside of the apparatus (103), additionally said
apparatus including a first liquid port (230) coupled to a liquid mixing
valve (235) which is also conmected to a secondary liquid port (225), the
liquid mixing valve outlet being connected to a liquid inlet valve (240)
which is then connected to liquid inlet port (108), the apparatus also
having a liquid outlet port (109) connected to a liquid outlet valve (245)

which communicates to the outside of the apparatus (103).

11.  The apparatus of claim 7, further comprising a first gas port which
communicates to the outside of the apparatus (103) connected through a

filter to a fluid inlet port (109), the apparatus also having a gas outlet port

2. The apparatus of claim1, whereCnuUsa06/038093
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9. The apparatus of claim?7, further conprising an
optical filter (300) interposed between the inmaging

The apparatus of claim?7, further conprising a first
gas port (205) coupled to algas m xing val ve (210)
which is also connected to a secondary gas port (200),
the gas m xing val ve outl et being connected to a gas
inl et 0N evkie Shmmlingdatdsstot the usainer theapparaias (109}, &he
port (107), the apparatus, al so having a gas outl et

port ( fRRAatESplsRBeERg o bigaid avtiel rart uagxe (220) which
comuni cates to the outside of the apparatus (103),
additionally said apparatus including a first liquid
palt ( 23@pthod frldetbction of dctivity th liviing cedls MlnyRis(B3A8 steps of:
which is al sp connec¥ﬁ%_to a secondary |iquid port
(225), the PlRIBFAS Aells ofdnigeestipiathie prnaraies pkclaishbect ed

to a |liquidy) ; v, [ LSt ;
to liquidio] g%(’%%gg ?{e(%lgi%?ﬂ%tﬁﬂémég%g@ uagﬁ&rg%&ﬂgg@%m
a |liquid outlyefor penfficieb@tiineconnected to a liquid

tl et I 245 i i t t th tsid
o the nonuPbEshy i el 6 THHEN S5 4 ot Qutdrat & Wptreneth
further conphichiddfreshohtié & the@%ciPibh MEEH%%% i EAE RS

to the outside of the apparatus (103) con
through a féd¥s¢er to a fluid inlet port ( 109), the

appar at us ajsp,.havi a.gas tl et I 07 i C )
communi cat eé) ﬁgecﬁﬂ%&lgﬁpg%boé’ ogglu?ﬁécegg‘ﬁgééﬁ V%\f%ﬁg Wwhich
t he appar at ¢tfirespsifdls idtelbhissidd WaNelbn@iH beihe BRfibatérl®R) and
12. A nethod for detection of activity in living
cel I's, conp?idakigingiiee ametpy Oﬁflghtaﬁ}mﬁﬁgci ng cells of
interest into the apparatus of claim1; b) allow ng
the cells of interest to take up a fl uorescent
i i caTlrmetyied dfulaim K)ivhieriresiid indivetor 8ye i€ XR6 didhublPand
qglls Qf.inter st to a light source at a wavel ength

e excitation wavelength 1s betweén 490 nm and 510 nm and the emission

wavelength is between about 505 nm and 535 nm, preferably about 515 nm.

14. The method of claim 12, wherein the indicator dye is a calcium indicator

dye.

15.  The method of claim 14, wherein the calcium indicator dye is selected
from the group consisting of fluo derivative dyes, fura derivative dyes, indo
derivative dyes, rhod-2, calcium green and quin-2.

16.  Themethod of claim 12, wherein the indicator dye is an ion indicator dye.

17. The method of claim 12, wherein the indicator dye is a voltage or pH

indicator dye.

18. The method of claim 12, wherein the cells of interest are neuronal cells.



whi ch corresponds to the excitation wavel ength of said
i ndi cator dye; d) detecting the em ssion of fluoresced
woOigiTo4e8 a wavel engt h whi ch corresponds to thecT/us2006/038093
em ssion wavel ength of the indicator dye; and e)
anal yzi ng the amount of |ighB enmitted. 13. The met hod
of claim 12, wherein said indicator dye is fluo-3 or
fluo-4 and the excitation wavelength is between 490 nm
arl@. 51@hemethed bhelaimil 3 swhereinaie cellgdhintesesb afe&tneuronal
aboHt 505 nm and 535 nm preferably about 515 nm 14.
TK& et hod of claim 12, wherein the indicator dye is a
cal ciumindi cator dye. 15. The nethod of claim 14,
wherein the calciumindicator dye is selected fromthe
gR6up domsthed iforgletsttibn efncdeity ielivingcdlspsmprising the steps of:
derivative dyes,. in erivative dyes, rhod-2, calclum
> green and qﬂ?ﬁéﬁ?gf%%‘%H%wﬁﬁiW%Hmﬁﬁpﬁﬁﬂpﬁ?gﬁﬁnﬁhbrein
the indi cat gy eﬂ%%ng%@&nb BPidtﬁgéti‘%agg Iﬁight%ﬁr 17. The

met hod of claim 127 wherein t ator(ﬁye is a
vol t age or PHakingianamege afithe celB of iftierestmt $pedifioftined iatedvals

12, wherein_t cel]s.of ipterest are neurona

cel I's. 19. Tﬁ@gﬁg?ﬂ% e&Wa@?gFﬁﬁwaaGﬁ@%%Fh the cells of
i nterest arg) iaRzHRUOBfferdiRbd & thefnaghs.met hod for
detection of activity in living cells, conprising the
10 steps of: a) placing cells of interest into the
apparatus of claim1l1; c) exposing the cells of
interest to a light source; d) taking an inmage of the
cells of interest at specific tine intervals and
storing the image for later analysis; and e) anal yzing
the differences in the inages.



