Office de la Propriété Canadian CA 2488233 A1 2003/10/09
Intellectuelle Intellectual Property
du Canada Office (21) 2 488 233
Un organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de dépbt PCT/PCT Filing Date: 2003/04/01 (51) CLInt.”/Int.CI.* C12N 15/09, C12N 5/10, C12Q 1/02,
(87) Date publication PCT/PCT Publication Date: 2003/10/09 GOTN 33/50
: : - _ (71) Demandeurs/Applicants:
(85) Entree phase nationale/National Entry: 2005/01/11 JAPAN SCIENCE AND TECHNOLOGY AGENCY. JP:
(86) N° demande PCT/PCT Application No.: JP 2003/004180 JAPAN AS REPRESENTED BY DIRECTOR GENERAL
(87) N° publication PCT/PCT Publication No.: 2003/083112 OF NATIONAL REHABILITATION CENTER FOR

(30) Priorntes/Priorities: 2002/04/01 (2002-099350) JP;

THE DISABLED, JP

2002/04/01 (2002-099339) JP; (72) Inventeurs/Inventors:
2002/04/01 (2002-099323) JP KATO, SEISHI, JP;

FUJIMORI, FUMIE, JP
(74) Agent: OGILVY RENAULT

(54) Titre : POPULATION DE CE

LLULES POURVUES DE CODES D'IDENTIFICATION ET PROCEDES POUR LE

CRIBLAGE DE POPULATION DE CELLULES
(54) Title: CELL POPULATION WITH IDENTIFICATION CODES AND METHOD OF SCREENING CELL POPULATION

(57) Abrégée/Abstract:

It Is Intended to provide a cell pop
luminous bodies wherein the diffe
characteristics, and (b) 2 or mo

Tamget prolein

expregion

vacor

—
Target protein A | Taget prowin 8
axpramsion vector | SXPrassion vector
+ . *

Looalization patem 3 Localization patiem e
expression vector \ Sxpreasion vetor

‘ Trangmction l

Ce) population with iderification codes

¢ Soreening of target call

Ulation distinguishable from each other based on a difference in luminous signals emitted from
‘ence In the luminous signals Is caused by either or both of (a) 2 or more different luminous
e different luminous sites. The cell population provided with identification codes can be

conveniently prepared without resort to any special apparatus and applied to both of a solid phase and a liquid phase In mass
screening. Moreover, this cell population is applicable to a screening concerning various properties of cells such as the expression

of a target protein.

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

OPIC - CIPO 191




10

CA 02488233 2005-01-11

Abstract

The invention bf this application provides a cell population with

identification codes, ‘which is a population of cells that| can be
distinguished from one another based on a difference in lut#ainesccnt

signals emitted by luminescent substances, wherein the differcnlcc in the

luminescent signals 11 caused by either or both (a) 2 or more| different

i
luminescent propertieg, and (b) 2 or more different luminescent sites.

This cell population with identification codes can be conveniently prepared
|
without a resort to a special apparatus and can be applied to cith'rr a solid

phase system or a liquid phase system in mass screening, and Tmreover,

can be used for a scteening for various properties of cells sucdh as the

expression of a target q'lrotein.

i
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Description

CELL POPULATION WITH IDENTIFICATION CODES
AND METHOD OF SCREENIRG CELL POPULATION

Technical Ficld

The invention of this application relates to a cell population with

identification codes and a method of screening this cell population. More
particularly, the invention of this application relates to a cell population in
which respective cells can be distinguished {from one another based on a
difference in luminescent signals as the identification code, and which is
useful for a gene search by expression cloning, detection of protein-protein

interaction, or the like, and an invention for using this cell population.

Background Art

In genome projects, a number of new genes have been discovered.

In order to investigate the functions of the proteins encoded by these new
genes or to develop a inew drug with the use of these proteins, a substance
binding to thcse proteins (target proteins) needs to be found. Therefore,
various assay methods for this purpose have been developed (E. M.
Phizicky and S. Fields, Microbiol. Rev. 59: 94-123, 1995: A. R. Mendelsohn
and R. Brent, Science 284: 1948-1950, 1999). The most common method
is a method of immol?ilizing plural target proteins on a support, allowing

labeled probes tgo act :pn them and investigating whether or not the probes

will bind to them. Conventionally, the Western blotting method and the
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ELISA method, in which immobilization of target proteins is easy, have
been widely used; however, there are the following problems.

(1) A large amount of target proteins needs to be prepared.
(2) It requires time and work to isolate and purify target proteins.

(3) Target proteins may be decomposed or denatured in the process of

isolation and purification or immobihization in some cases,

(4) A large amount of probes is needed for screening.

In order to solve the problems of (1) and (4) among them, the
protein microarray method was developed recently. More specifically, 1t is
a method of using a érotein chip in which target proteins are inﬁmobﬂized
in a minute area on a slide glass at a high density in a lattice pattern

(MacBeath & Schreiber, Science 289: 1760-1763, 2000).

However, even with this protein chip, the problems of (2) and (3) are

left unsolved. Therefore, in order to omut the isolation and purification

process of target proteins, a method of immobilizing expression vectors of

target proteins on spots in a lattice pattern on a slide glass, culturing the
cells on the slide glass, and introducing the expression vectors into the
cultured cells, thercby preparing a cell chip in which target
protein-expressing cells are disposed in a lattice pattern so that a probe
can act on the target protein expressed by each cell, has been also
developed (J. Ziauddin & D. M. Sabatini, Nature 411: 107-110, 2001). In
this method, the process of isolating and purifying proteins, or
immobilizing and disposing proteins on a support can be omitted.

However, for preparing such a cell chip, a special apparatus such as an

arrayer or a dot blotter is needed to immobilize expression vectors on the

spots one by one. d moreover, since expression vectors are h;nmobilized
on spots at regular intervals one by one, there are also problems in that

the type of a target protein-expressing cell that can be immobilized and

N EE  E T r.
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disposed on one suppiart is limited, and that a number of target proteins
cannot be examined with one cell chip. Furthermore, in the case of the
foregoing cell chip, respective cells are specified by the type and the
location of the expression vector itnmobilized on the spots on a slide glass,
therefore, there are also problems in that it is inevitably limited to a solid
phase screening, and that only the target protein expressed by a vector is a

target for screening, and the difference 1n properties of cells per se cannot

be a target for screening.

The invention of this application makes it an object to provide a
new cell population which can be conveniently prepared without resort to a
special apparatus and can be applied to both of a solid phase system and a
liquid phase system in mass screening, and moreover, which is applicable

to a screening for various properties of cells such as expression of a target

protein.

In addition, the invention of this application makes it an object to

provide a method of screening various properties of cells with the use of

the foregoing cell population.

Disclosure of Invention

The invention of this application provides a cell population with

identification codes, which is a population of cells that can be

distinguished from onhe another based on a difference in luminescent
signals emitted by luh.nescent substances, wherein the difference in the
luminescent signals isi caused by either or both:

(a) 2 or more different iluminesc::ent properties; and

(b) 2 or more different luminescent sites.
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|

In this cell poq)ulation, a preferred aspect is that the luminescent

substances of a part or all of the cells are fluorescent proteins, and/or that

a part or all of the cells express a fusion protein of a fluorescent protein

and a localization signal peptide.

Also in this cell population, preferred aspects are that each cell has

a property different from the others, and further that the different property

is expression of a diffetent target protein.

Still furthermore, in this cell population, preferred aspects are that
the cell is a eukaryotic cell, and that the eukaryotic cell is a mammalian

cell. |

|
I
|

Furthermore, another preferred aspect is that this cell poﬁulation is

immobilized and disposed in a minute arca on a carrier.

This invention provides further a screening method for a cell
property, which comprises contacting a probe with each cell of the cell
population of any one¢ of claims 4 to 8, and identifying the property of the
cell binding to the prol‘bc with the use of the luminescent signal of the cell

as an indicator.

In this screening method, preferred aspects are that the probe is a
fusion protein of a probe protein and a fluorescent protein, and that the
fluorescent protein has a- luminescent property different from the

luminescent propcrtieé that the cell population with identification codes

has.

Further in this screening method, a preferred aspect is that the
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fusion protein probe isl an in vitro transcription and translation product of

a fusion gene of a probe protein gene and a fluorescent protein gene.

The foregoing aspects, terms or concept according to each invention

will be defined in detail by referring to the description in the embodiments

of the invention or Examples. In addition, various techniques to be used
for carrying out this invention can be easily and surely carried out by those
skilled in the art on the basis of known literatures and the like except for
the techniques whose references are particularly specified. For example,
the techniques of genetic engineering and molecular biology of this
invention are described in Sambrook and Maniatis, in Molecular Cloning-A
Laboratory Manual, Céld Spring Harbor Laboratory Press, New York, 1989:

Ausubel, F. M. et al., Current Protocols in Molecular Biology, John Wiley &
Sons, New York, N.Y, 1995, and the like.

Brief Description of Drawings

Fig. 1 1s a diaéram schematically showing a preparation -&aroccdure

for a cell population| with identification codes of this invention and a

screening procedure with the use of this cell population.

Fig. 2 is a view showing the structure of fusion proteins which are

introduced into the cell populations of this invention, respectively, as an

Example. Figs. (a),! (b), {¢) and (d) show GPCL-XFP, MHIBDH-XFP,

ACoABPL-XFP and ARH-XFP, respectively. Here, XFP represents any one

of EGFP, EYFP and DsRED2. In addition, in the figure, TMD, MtLS and

NLS represent a transmembrane domain, a mitochondria-localized signal

and a Nucleus-localize¢d signal, respectively.

-—P— —
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|
|

Fig. 3 shows tonfocal microscopic photographic images| of a cell

population with identiﬁcation codes of this invention. The images show
cells expressing the following combination: (a) GPCL-EGFP/ ARH-DsRed2,
(b) GPCL-DsRed2/ ARH-EYFP, (¢J] GPCL-EYFP/ ARH-DsRed2, (d)
GPCL-DsRed2/MHIBDH-EGFP, (e) GPCL-EYFP/ MHIBDH-DsRed2, (f}
ACoABPL-EGFP/ ARH-DsRed2, (g) ACoABPL-EYFP/ ARH-DsRed2, (h)
ACoABPL-DsRed2/ ARH-EGFP, (1) GPCL-DsRed2/ ACoABPL-EGFP, (j)
MHIBDH-DsRed2/ ACoABPL-EGFP, (k) GPCL-EGFP/ ARH-DsRed2, (1)
GPCL-DsRed2/ ARH-EYFP, (m) GPCL-EYFP/ ARH-DsRed2, (n)
GPCL-EGFP/ MHIBDH-DsRed2, and (o) MHIBDH-EGFP/ ARH-DsRed2. As

the cell, HT-1080 cells were used for (a) to (j), and COS7 cells were used for
(k} to (1),

Fig. 4 shows confocal microscopic photographic images of a protein

chip consisting of cells expressing five types of fusion proteins (GPCL-EGFP,

MHIBDH-EGFP, MHIBDH-DsRed2, ACoABFL-DsRed2, ARH-EYFP). Figs.
(a) and (b) show a différential interference image and a fluorescernce image,

respectively. The unit of the scale 15 um.

Fig. S is a diagram schematically showing a method of screening a
cell chip containing cells ¢xpressing target proteins with the use of a

fluorescent protein fusion probe prepared by in vitro transcription and

translation,

Fig. 6 is a viewi showing the structure of the fusion protehis used in

an Example. Figs. (ah, (b) and (¢) show NpwBP(P2)-EGFP, GPCL-Npw38
and GPCL-Npw38-DsRed2, respectively.

Fig. 7 shows the fluorescence spectra of the fluorescent protein

fusion probe prepared by in vitro transcription and translation.

. —— =y - - - - . - -—
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Fig. 8 shows c¢onfocal microscopic photographic images of
fluorescence emission when a fluorescent protein fusion probe was bound
to a target protein on a cell chip, and {(a) shows green fluorescence in the
case of using a cell chip containing a cell expressing GPCL-Npw38, (b)
shows the superimposition of (a) and a differential interference image, (c)
and (d) show green fluorescence and red fluorescence, respectively in the
case of using a cell chip containing a ¢ell expressing GPCL-Npw38-DsRed2,

and (e) shows the superimposition of both images and a differential

interference image.

Beat Mode for Carrying Out the Invention

A cell population with identification codes of this invention is a
population of cells thzlit can be distinguished from one another based on
the difference in lumili:lescent signals emitted by luminescent substances,
and is characterized in that the difference in the luminescent signals is

caused by either or both:

(¢) 2 or more different luminescent properties; and/or

(b) 2 or more different luminescent sites.

The term “different luminescent properties® means that one

propcrty can be distinguished from the other properties by odscrvation
with a microscope. Examples of such a property include color, the level of
brightness and darkness and the like. In addition, the form of
luminescence may be either fluorescence or phosphorescence.
|
With regard ho ‘luminescent substance”, a kIlOWIl; natural

luminescent substance or a chemically synthesized substance, for example,
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a fluorescent dye compound, a fluorescent protein, a fluorescent
semiconductor (quantum dot) or the like can be used. As the fluorescent
dye compound, fluorescein isothiocyanate (FITC), tetramethylrhodamine
isothiocyanate (TRITC) or the like, as the fluorescent protein, green
fluorescent protein (GFP) derived from luminescent jellyfish, its variant

EGFP, EYFP (yellow fluorescence), ECFP (blue fluorescence), DsRedl (red

fluorescence), DsRed2, the green fluorescent protein hrGFP derived from
Renilla, or the like, and as the fluorescent semiconductor, a variety of
guantum dots with a different luminescent color can be used. In this
invention, all the cells constituting one cell population may have the sainc¢
type of luminescent substance as an identification code (for example, all
the cells have fluorescent proteins with different colors as an identification
code), or a part of the cells may have a fluores¢cent dye compound as an
identification code, and other cells may have a fluorescent protein with a
color different from that of the fluorescent dye compound as an
identification code. 111 this invention, a preferred embodiment 1s that a

particular part or all of the cells have a fluorescent protein as an

identification code.

The term “different luminescent sites”™ means that the Juminescent
sites of cells are different. The sites of cell may be any as long as the
luminescent sites arc; the localized sites capable of being specified by a
microscopic observation. For example, organelles (mitochondrion,
peroxisome, endosome and the like), nucleus, nuclear structures
(nucleolus, spliceosome and the like), cytoplasmic structures (microtubule,
actinfilament, intermediate filament and the like), inner membranes

(endoplasmic reticulum, Golgi body and the like), cell membrane and the

like can be exemplifieﬁ_ |
|

With regard to combinations of “different luminescent properties”

R ———— SRR L R L
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with “different luminescent sites” as described above (hcreinaftc#' referred

t0 as “luminescent signal pattern” in some cases), the number of these
combinations is rcprcrented by the following formula in the case where
there are n (n is & natiiral number of 1 or more) types of luminescent sites

and m (m is a natural number of 1 or more) types of luminescent

properties for ecach luminescent site.

N
ZnC] X mi
1=1

For example, in the case of using 3 types of luminescent
substances with a different luminescent property (for example, color) and
setting luminescent sites to be 1 to 4 sites, total of 255 types of

luminescent signal patterns are theorctically obtained in the following

combinations.
In the case of 1 site: i"'Cl X3 =12 types |
In the case of 2 sitesl 4C2 x 32 = 54 types
In the case of 3 sites: 4C3 x 33 = 108 types
In the case of 4 sites: <C4 X 34 = 81 types

Furthermore, i1 the case of the combination of 4 colors and 4 sites,
it brings to total of the Juminescent signal patterns to 624 types.
In the case of 1 site: 4C; x 4 = 16 types

In the case of 2 sites: 4C2 X 42 = 96 types
In the case of 3 sites: 4C3.x 43 = 256 types
In the case of 4 sites: 4C4 x 44 = 256 types

In order to loczll.ize a luminescent substance in a speciﬁcisite of a
cell and to allow it to ;emit light, a luminescent substance is bound to a

specific site of a cell through an “intracellular localization inducer”. As

P LN
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10

the intracellular localization inducer, a localization signal peﬁtide, an
antibody, a peptide containing a protein binding motif, a natural substance,
a synthetic substance or the like can be used. The bond between a
luminescent substance and an intracellular localization inducer may be
any bond form such as a covalent bond, an 1onic bond or a hydrophobic
bond; however, a covalent bond, which is hard to break, is preferred. The
bond between them may be mediated by a carrier (a protein, a synthetic

polymer, an organic compound, an inorganic substance or the like).

Incorporation of a luminescent substance and/or an intracellular
localization inducer into a cell can be carried out by appropriately
combining methods such as incorporation through endocytos:s,
incorporation with the use of a transport carrier such as a transfection
reagent, binding to the cell surface, intracellular production by gene
expression. For cxan+:>lc, if a gene encoding an intraceliular loi:a]ization
inducer (for example,' an antibody specifically binding to a ﬂﬁorescent i
protein) is expressed in a specific site of a cell, and the fluorescent protein
is introduced into this cell through endocytosis or the like, a luminescent
protein can be localized in a specific site in a cell, Incidentally, in this
invention, & cell population in which a luminescent substance is localized |

by a method of gene ex‘pression (intracellular expression of a fusion protein

fusing a fluorescent protein with a localization signal peptide) is considered
to be a preferred embodiment. In addition, a cell expressing a fusion
protein fusing a fluorescent protein with a localization signal peptide may
be all the cells constituting a cell population or may be a part of the cells.
In other words, in this invention, as long as ¢ach cell constituting a cell

population can be distinguished from other cells, cells having various

luminescent substances as the identification code may be mixed. Such a
mixture of cells can be carried out by selecting appropriate cells according

to the type of cell or the type of cell characteristic or target protein, or the



10

15

20

25

30

CA 02488233 2005-01-11

11

like. i |

Fig. 1 shows a method of preparing a cell population expressing a
fusion protein fusing a fluorescent protein with a localization signal
peptide. That is, by fusing a localization signal peptide to the N-terminus
or C-terminus of plural types of fluorescent proteins, a fluorescent protein
expression vector with a localization signal is prepared. By introducing
such expression vectors into cells in various combinations, and by

coexpressing them, respectively, a desired luminescent localization pattern

can be obtained. Examples of thc fluorescent protein include a green
fluorescent protein, a red fluorescent protein, a yellow ﬂuorescenit protein,

a blue fluorescent pro{lein and the like. As the localization signal peptide,

a localization signa.l; peptide causing localization in an |organelle

(mitochondrion, peroxisome, endosome or the like), the nucleus, ;aa nuclcar
structure (nucleolus, spliceosome or the like), a cytoplasmic structure
(microtubule, actinfilament, intermediate filament or the like), an inner
membrane (endoplasmic reticulum, Golgi body or the like), cell membrane
or the like is used. Incidentaily, “localization signal peptide” may be a
full-length protein with a localization signal, or a part of a protein
containing a localizatign signal, or further, a peptide composed of an amino

acid sequence constituting a localization signal.

As the expression vector, for example, in the case of using a
eukaryotic cell as the subject, as long as it is an expression vector for a
eukaryotic cell having a promoter, a splicing region, a poly (A) addition site
and the like, it can be any vector, whether it be for example a plasmd
vector or a virus vector, and pKAl, pCDMS8, pSVK3, pMSG, pSVL,
pBK-CMV, pBK-RSV, an EBV vector, pRS, pYES2 arc examp‘lcs. An

expression vector is prepared by cloning a cDNA encoding a ﬂt!:lorcscent

|
protein and a DNA fragment encoding a localization signal in such a vector,

- — ¢ — — i - — s aw,




10

15

20

25

30

CA 02488233 2005-01-11

12
In order to introduce &n expression vector inlo a eukaryotic ccll.! a known
method such as electroporation, the calcium phosphate method, the
liposome method, the DEAE dextran method can be used. [n addition, a
fluorescent protein with a localization signal can be also expressed in a
eukaryotic cell by a method according to a gene therapy method (e¢ex vivo
method) with the use of, for example, a hollow nanoparticle exhibiting a

biological recognition tnolecule, a retrovirus, a lentivirus, an adenovirus,

an adeno-associated virus or the like.

Incidentally, luminescent proteins showing different localhization
patterns have been fréequently expressed in a cell by fusing a localization
signal to a fluorescent protein (for example, CLONTECHniques April, 2000),
however, so far, there has been no idea that by providing individual cells

with different luminescent localization patterns, individual cells of a cell

population are distinguished.

“Cells” constiu.iting a cell population of this invention may|be either
prokaryotic cells or eukaryotic cells; however, eukaryotic cells are preferred

because plural localization sites can be utilized, whereby more types of

luminescent localization patterns can be obtained. As the eukaryotic celis,

for example, cultured mammalian cells such as monkey kidney cells
(COS7), Chinese hamster ovary cells (CHO) and various human tumor cell
lines, budding yeast, fission yeast, silkworm cells, Xenopus lacvis egg cells
arc cxamples. Alternatively, they may be primary cultured cells isolated
from an animal. In addition, if mixed culture is possible, two or more
types of eukaryotic cells derived from different species or different tissues
may be used. Furthermore, they may be either floating cells or adherent

cells; however, in the case where a ccll population is uqed after

immobilizing it on a sulkaport, adherent cells are preferred.

— . - - .- - - - .
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A first embodiment in a cell population of this invention is a
population of cells whose luminescent signal patterns are different and

other properties are the same. Such a cell population can be used for

various screenings or assay methods by providing individual cells with a

“different property” with the subsegquent treatment.

A second embodiment in a cell population of this invention is a
population of cells whose luminescent signal patterns are different, and
which in addition have different properties. The term “different
properties” in this case means to provide cells with a new genotype by
intreducing a foreign gene, to change the property by subjecting to a
physical or a chemical treatment, or the like. Or it also means that, for
example, because the species, organs or tissues from which cells are

derived are different, the genotypes or phenotypes are individually different.

For example, by intrgducing different protein expression vectors into a

population of cells of the same type but whose respective lumhinescent

signal patterms are different, a library of cells having different ¢xpressed
target proteins can be constructed. Thus, the type of the target protein
expressed by the cell reacting with a specific probe or the lilée can be
immediately specified by the luminescent localization pattern of the cell
(see Fig. 1). Or, for example, by a physical treatment with radiation or the
like, or a chemical treatment with a carcinogenetic substance or t;he like, a

cell population containmg malignantly transformed cells den{'ed from
various tissues and the like can be obtained. Further, the type of the cell
reacting with a specific probe (for example, a tumor cell-specific antibody

or the like) can be immediately specified by the luminescent signal of the

cell.
! ,
With regard to such a cell population having different properties,

first, a cell population having different properties is prepared, and then



10

15

20

29

30

CA 02488233 2005-01-11

14

different luminescent signal pattermns are provided to the rcspccti: e cells of
this cell population, In addition, in the case where different pro;l:rtics are

provided by introducing foreign gene expression vectors, and| different

luminescent signal paﬂtems are provided by introducing expressign vectors

of fluorescent proteins with localization signals, introduction of two vectors

is carried out at the same time, and the introduced genes may be

coexpressed.

Incidentally, with regard to a “target protein” to be expressed by
introduction of a foreign gene expression vector, any proteins derjved from
any biological species including human can be targeted. Its function may
be either known or unknown. The amino acid sequence of the target
protein or the DNA sequence encoding it may be unknown; howéver, it 1s
preferred that they be known. The amino acid sequence may bé either a
sequence derived fro a naturally occurring protein or an ?ruﬁmally

designed sequence. Furthermore, this target protein may be| either a

polypeptide or an oligopeptide composed of a part of consecutive sequence

of the amino acid sequence of a natural protein.

With regard to:the cell population with identification codes of this
invention, as describéd above, one cell can be distinguished from other
cells because the lurLlinescent signal pattern of each cell is idifferent.
Therefore, for example, if a property (for example, a target protein) of a cell
is correlated with a luminescent signal pattern, it can be immediately

determined what property or target protein the cell reacting with a specific

probe expresses.

Also, the cell population with identification codes of this invention

|
can be used by immobilizing respective cells on a support or in a floating

state, according to the desired screening method or assay method. For

¢ S T — —
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example, these cells are suspended, and vanous reactions are c

ied out

in a floating state, and the ones in which a reaction occurs can be selected
from these. For cxamblc, by suspending 1,000 types of cells in 3 solution
of volume in the order of ul or nl, an assay on an extremely small scale is
possible. When a cell having a specific property is thus screened, that
property of the cell can be immediately determined from the luminescent

localization pattern found by observing the cell under a fluorescence

microscope.

On the other hand, in the case where the one binding to a probe is
screened from among the cells expressing target proteins, it is also
favorable that a cell population be used while immobilized on a support
(hereinafter, a cell population 1mmobilized on a support is referred to as
“cell chip” in some cases). This cell chip can be preparcd by immobilizing
and disposing a mixe: culture of a cell population whose ludlinescent

dJ.iZlJ:rent and which has different properties in !a minute

area on a support at a high density. It is preferred that a population of

signal patterns arc di

cukaryotic cells expressing different target proteins, respectively, be used
as a cell population. In this case, with regard to the “mixed q:ulture of
cukaryotic cells” imm%bilized and disposed on a support, ph.u'alf types of
cukaryotic cells each of which expresses a different target protein may be
mixed in equal amounts (for example, one cell for each) and cultured, or
the cells cultured and used of one or more specific types may be more or
less numerous than other types., With regard to preparation of a mixed
culture of cukaryotic cells, either a method of mixing cells after respective

cells are cultured separately, or a method of culturing cells which have

been mixed in advance|can be employed. However, the former is preferred
because the mixing ratio can be accurately controlled. In this chse, cells
cultured separately are detached from the incubator by a protease

treatment or the like, each suspension containing a predetermined number
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of cells is prepared, and respective cell suspensions are fully mixed so as to

suspend each cell uniformly. Thereafter, the cells are momlat¢d onn the
support of a cell chip, and culture is further continued. At this time, by
controlling the number of inoculated cells, or by selecting the type of cells,

a chip with a high cell density of a maximum number of 5,000 cells per 1

mm-=2 can be obtained.

With regard to zL support for culturing and immeobilizing mllxed cells,
its material may be a.ﬁy as long as it can adhere to cultured ceils and 1is
transparent so as to enable microscope vbservation. For example, a slide
glass or a culture container made of plastic can be used. In addition, a
support whose cell adhesive ability at the surface is heightened by a

coating treatment with a protein such as collagen or laminin, or by a

chemical treatinent, 1s ialso used. "

In the cell chip prepared by the above method, plural’ types of
eukaryotic cells in which the target proteins expressed by the respective
cells can be specified based on the difference in the expression patterns are
immobilized and disposed randomly in a minute area on a support at a
high density. The target protein expressed by each cell disposed randomly
can be identified basled on the difference in the respective e;cpression
patterns as described above. Such a cell chip can be used for a screening
by reacting it with a probe immediately after immobilizing eukaryotic cells
on a support, or the cells may be immobilized with paraformaldehyde or

the like. Furthermore} a cell chip can be stored in a freezer until Tase.

A screening method of this invention is characterized by bringing a
probe in contact with each cell of a cell population with identification codes
and identifying the property of the cell binding to the probe with the use of

the luminescent signal of the cell as an indicator. The method can be

- SuEe Adr v wyYasw = === -
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carried out in a liquid phase system with a floating cell populatiion as the
subject or in a solid phase system with the foregoing cell chip. However,
in the case where the subject is the binding between a target protein and a
probe, it is preferred that the method be carried out in a solid phase
system with a cell chip. In this screening method, since a cell chip on
which cells are immobilized and disposed at a high density is used, the
area for a screening becomes smaller, whereby the necessary amount of a

probe can be a very small amount, on the order of ul’s. For example, In

the case of using a culture slide with a well of 0.4 cm?2 area, a screening of

maximum 200,000 cells can be carried out by using 20 ul of a probe.

With regard to the binding between a target protein and a probe, in
the case where the prbbc is a known substance or a known pr%otein, an
unknown target protein is identified as the protein binding to this. On the
other hand, in the cai!se where the target protein is known but it is not
known whether some new substance (for example, a lead compound for

developing a medicinah agent or the like) or proteins bind to the target

protein, these substances may be used as probes.

In the casc where the probe is a protein, this “probe protein” is a
protein or a peptide for screening a desired protein from plural target
candidate proteins according to specific binding ability to a target protein.
With regard to the probe protein, any proteins derived from any biological
species including hurﬁan can be targeted. Its function may be cither
known or unknown, The amino acid sequence of a probe proteiri and the
DNA sequence encoding it may be unknown, however, it is preferred that
they be known. The. amino acid sequence may be either a sequence
derived from a naturaelly occurring protein or an artificially designed
sequence., Furthermore, this probe protein may be a polypeptide or an

oligopeptide consecutive portion of the amine acid sequence of a natural
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protein.

In addition, a probe is labeled with an enzyme, a radioi%sotc»pc, a
fluorescent dye or the like. The enzyme is not particularly limiteLi as long
as it meets the conditions that the metaboli¢c turnover rate 1is liigh, it 1s
stable even if it is bound to a probe candidate substance, it stains a
substrate specifically and the hke. And, for example, peroxidase,
B-galactosidase, alkaline phosphatase, glucose oxidase,
acetylcholinesterase, glucose-6-phasphate dehydrogenase, malate

dehydrogenase or the like can be also used. The binding between these

enzymes and probe candidate substances can be achieved by a known

method with the use of a crosslinking agent such as a rpaleinﬁde
compound. As the suibstratc, a known substance can be used according
to the type of an enzyme to be used. For example, in the case of using
peroxidase as the enzyme, 3,3°,5,5-tetramethylbenzidine, and in the case
of using alkaline phosphatase, paranitrophenol or the like can be used.
As the radioisotope, the one used for a common RIA or the like suti;h as 125],

3H can be used. As the fluorescent dye, other than the one ‘ised in a

common fluorescence hmethod including fluorescein isothiocyanate (FITC),

etramethylrhodamine ‘isothiocyanate (TRITC) and the like, a fluorescent

protein such as green fluorescent protein can be used. However, in the
case where a luminescent substance such as a fluorescent dye or a
fluorescent protein is labeled, it is preferred that a luminescent substance

having a luminescent property which i1s not contained in the cell

population with identification codes be used as a label.

Still furthermore, the probe can be labeled as a fusion protein

probe fusing a probe[ protein with a fluorescent protecin. Thie fusion
| i

protein probe can be prepared by expressing a fusion gene fusing a probe

protein gene (for example, cDNA or the like encoding the probe protein)

. A A —— — . 4 D Sh— S— -~ - - .
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|

with a fluorescent protein gene (cDNA) in an appropriate hest-vector

system. Or it can be also obtained as an in vitro transcriﬁtion and

translation product of a fusion gene.

In the case where a fluorescent protein fusion probe is priparcd as
an in vitro transcription and translation product, a fusion polynucleotide is
recombined with an expression vector having an RNA polymerase promoter,
and it was added to an in vitro transcription and translation system such
as a rabbit reticulocyte lysate, a wheat germ extract, an E. c¢oli lysate or
the like containing an RNA polymcerase corresponding to the promoter,
whereby a fluorescent protein fusion probe can be prepared in vitro. In
vitro transcription and in vitro translation may be carried out separately.
As the RNA polymerase promoter, T7, T3, SP6 and the like can be
exemplified. As a vector containing such an RNA polymerase promoter,

pKAl, pCDMS8, pT3/T7 18, pT7/3 19 pBluescript 1, a pIVEX system and
the hke can be exemplilﬁed.

In the case where a fluorescent protein fusion probe is prepared
with the use of a microorganism such as E. coli, an expression vector is
prepared by recombining a fusion polynucleotide with an expression vector
which has an origin, a promoter, a ribosome binding site, a DNA cloning
site, a terminator and the like and is replicable in the microorganism, a
host cell i1s transformed with this expression vector, and the obtained
transformant is cultured, whereby a fusion protein encoded by this fusion
polynucleotide can be produced in a microorganism in a large amount. As
the expression vector for E. coli, a pUC system, pBluescript II, a pET

expression system, a pGEX expression systern and the like are examples.

In the case thare a fluorescent protein fusion probe is Lrepa.red

with the use of a eukaryotic cell, a fusion polynucleotide is recombined

-— — g b — — S—ar——re— — = =
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with an expression vector for a eukaryotic cell having a prci;moter, a
splicing region, a poly .(A) addition site and the like, and it is iritroduced
into a eukaryotic cell, whereby a fluorescent protein fusion proﬁe can be

produced in a eukarydtic cell. As the expression vector, pKAl, pCDMS8,
pSVK3, pMSG, pSVL, pBK-CMV, pBK-RSV, an EBV vector, pRS, pYES2

and the like can be exemplified. As the eukaryotic cell, a cultured
mammalian cell such as monkey kidney cell (COS7) or Chinese hamster
ovary cell (CHO) , budding veast, fission yeast, a silkworm cell, a:Xenopus
laevis egg cell and the like are generally used, however, it may be any

eukaryotic cell as long as it can ¢xpress a fluorescent protein fusion probe.

After a fluorescent protein fusion probe is transcribed and
translated in vitro or expressed in a prokaryotic cell or a eukaryotic cell,
the obtained cell lysate can be used directly as a probe. In the case where
a desired fluorescent p?;otein fusion probe is isolated and purified from the
culture, known sepa.ra“on procedures can be carried out in combination.
For example, a treatment with a denaturant such as urea or a surfactant,
sonication, enzymatic digestion, a salt precipitation or a solvent
precipitation method, dialysis, centrifugation, ultrafiltration, gel filtration,
SDS-PAGE, isoelectric focusing, ion exchange chromatography,
hydrophobic chromatography, affinity chromatography, reverse phase
chromatography and thra like can be used.

In the screening method of this invention, after contacting labeled

probes with . cells, detection is carried out by a known method

corresponding to signals from the probes with the labels. In the case of
using an enzyme as a label, a substrate which can develop color due to

decomposition by an eéenzymatic action is added, and the an‘rount of
decompoused substrate is optically measured. In the case of :using a

radioisotope, the radidtion emitted from a radioisotope 18 detected by
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autoradiography or the like. In addition, in the case of using a flnorescent
dye or a fluorescent protein, the fluorescence amount may be i:neasured
with a measuring device connected to a fluorescence microscope. However,
in the case of a target protein localized in a cell, a method of using a

fluorescently labeled probe and detecting the binding by a microscopic

observation i1s preferred. If the binding is observed at the site where a
target protein is localized by an observation under a microscope, it is
highly possible that the binding is the binding of the probe to the target
protein. Incidentally, in the case of a target protein being an inti'acellular
protein or a cell in which a target protein is localized in a cell and using a
probe which cannot pehetrate cell membrane, after a cell is trecated with a

surfactant or an organic solvent to make the cell membrane permeable, it

1s reacted with the probe.

Examples

Hereunder. the invention of this application will be explained in

more detail and specifically by showing Examples; however, the invention
of this application is: not intended to be limited to these Examples.
Incidentally, basic procedures and enzymatic reactions related to DNA
recombination followed the literature (*Molecular Cloning. A laboratory
manual”, Cold Spring Harbor Laboratory, 1989). With régard to
restriction enzymes and various modification enzymes, ti'xe ones

manufactured by Takara, Shuzo Co. Ltd. were used unless Jatherwise

particularly stated, Composition of a buffer solution for ecach enzymatic

reaction and a reaction condition followed the attached instruction.

|

Example 1 ‘
Preparation of cell population with identification codes
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(1) Preparation of expression vector

|

(1-1) Fluorescent protein expression vector |

Fluorescent protein expression vectors, pKAl-EGFP-N1,
pKA1-EYFP-N1 and pKAl-DsRed2-N1, were prepared by inserting an
EcoRI-Notl fragment containing cDNA of a fluorescent protein (EGFP, EYFP
or DsRed2), which had been prepared from pEGFP-NI, pEYFl?-Nl and
pDsRed2-N1 respectively (all from Clontech), into the EcoRI-No;tI site of
pKA1l (Kato et al,, Gené 150: 243-250, 1994).

(1-2) Membrane-localized fluorescent protein expression vector

A PCR product was prepared by using a T7 primer and a i)rimcr to
which a Smal site had been added at the downstream of the stpp codon

| |
with the use of pHP10524 (described in WO 00/00506 PCT, Gazette)

harboring cDNA encoding a human glycophorin C-like protein (GPCL) as a
template. After this PCR product was digested with EcoRl and Smal, it
was inserted into the EcoRI-Smal cleavage site of the respective fluorescent

protein expression vectors prepared in the foregoing (1-1), pKAl-EI}GFP-Nl,
pKA1-EYFP-N1 and . pKAl-DsRed2-Ni, whereby membrane+localized

fluorescent proteir1 expression vectors, PKA1-GPCL-EGFP,
pKA1-GPCL-EYFP and' pKA1-GPCL-DsRed2, were prepared. A schematic

view of the fusion proteins, GPCL-EGFP, GPCL-EYFP and GPCL—Dchd2, is

shown in Fig. 2(a).

(1-3) Mitochondria-localized fluorescent protein expression vector .

A PCR product was prepared by using a T7 primer and a #rimer to
which a BamHI site l;ld been added at the downstream of the st?p codon

with the use of pHPOD698 (described in JP-A-2001-037482) Harboring

cDNA encoding a ' human mitochondrial 3-hydroxyisobutyrate
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dehydrogenase (MHIBﬁ?H) as a template. After this PCR product was
digested with EcoRI J}Ad BamHI, it was inserted into the EcoRI-BamHI
!

cleavage site of the r'l'espectivc fluorescent protein expression; vectors,

|
pEGFP-N1, pEYFP-N1 and pDsRed2-N1, whereby mitochondria-localized
fluorescent protein expression vectors, pMHIBDH-EGFP, pMHIBDH-EYFP
and pMHIBDH-DsRed2, were prepared. A schematic view of the fusion

proteins, MHIBDH-EGFP, MHIBDH-EYFP and MHIBDH-DsRed?2, is shown
in Fig. 2(b).

|
!
i
|
|

(1-4)} Nucleus—localizcdi ﬂuorescent protein expression vector l

A PCR product was prepared by using a T7 primer and a primer to
which a Kpnl site had been added at the downstream of the stop codon
with the use of pHP01124 (described in JP-A-2001-333781) harboring
cDNA encoding a hum,'@ acyl-CoA binding protein-lhike protein (A'COABPL)
as a template. After Jmis PCR product was digested with EcoRl and Kpnl,

it was inserted into the EcoRI-Kpnl cleavage site of the r’cspective
fluorescent protein expression vectors prepared in the foregoing (1-1),
pKA1-EGFP-N1, pKAl-EYFP-N1 and pKAl-DsRed2-N1, whereby
nucleus-localized fiuorcscent protein exXpression vectors,
pKA1-ACOABPL-EGFP, !iaKAL-Ac;oABpuEYFP and pKA1- ACoABPLIDsRedz,

were prepared. A schiamatic view of the fusion proteins, ACoABPL-EGFP,

ACoABPL-EYFP and ACoABPL -DsRed2, is shown in Fig. 2{c).

(1-5) Nucleolus-localized {fluorescent protein expression vector

)

A PCR product was prepared by using a T7 primer and a Erimer to
which a Smal site haq'; been added at the dowmstream of the stop codon

with the use of pH P644 (described in JP-A-2001-218584) llarboring
cDNA encoding a hum

h ATP- dependent RNA helicase (ARH) as a template.

After this PCR product was digested with EcoRI and Smal, it was inserted

into the EcoRI-Smal éléavage site of the respective fluorescent protein
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expression vectors prepared in the foregoing (1-1), pKAl-ﬁGFP—NI,
PKA1-EYFP-N1 and - pKAl-DsRed2-N1, whereby nuclcolusdocalizcd
fluorescent protein exﬁnesslon vectors, pKA1-ARH-EGFP, pKAl AIRH-EYFP

and pKAl1-ARH- DsRed2, were prepared. A schematic view of t#xc fusion
proteins, ARH-EGFP, ARH-EYFP and ARH-DsRed?2, is shown in Flé 2(d).

(2) Provision of identification codes to culture cells

(2-1) Cultured cells

A human fibrogarcoma cell line, HT-1080 and monkey lddney cells,
COS7, were cultured. in Dulbecco’s modified Eagle’s mcdiumE (DMEM)
containing 10% fetal bbvine serum (FBS) at 37°C in the presence of 5% COa.
HT-1080 cells (2 x 105 cells) were inoculated into a 6-well multld1sh (Nunc)
and cultured at 37°C in the presence of 5% COz for 22 hours. After the
medium was 1em0ve1:l the surface of the cells was washc? with a

phosphate buffer solution (PBS), and further 1.5 ml of DMEM containing
10% FBS was added.

(2-2) Introduction of expression vector into cells

. |
DNA complexes were prepared by coupling the expressidn vectors

prepared in Example 1 (1-2) to (1-5), singly or in combination with 2 types,

with one type of cDNA ?expression vector selected from a human full-length
cDNA bank (Seishi Kato, BIO INDUSTRY 11: 760-770, 1994) which was
different with respect to each combination, adding 1 ul (corresponding to
1.5 ug) of the respective solutions to 100 pl of serum-free DMEM, mixing
the solution with 105:"1 of PolyFect™ transfection reagent (Qié.gen) and
incubating the solutioh at room temperature for 10 minutes. Thé cultured
HT-1080 cells or 004{7 cells prepared in the foregoing (2-1) Wclfc washed
once with PBS, and 1.-5 ml of DMEM containing 10% FBS was added. The

previously prepared Di\IA complexes, to which 600 ul of DMEM containing
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.
.

\1
10% FBS had becen added, were added to these cells, and cultured at 37°C
in the presence of 5% CQa2 for 22 hours.

(3) Observation of luminescent localization pattern

After the cultyred cells were washed with PBS, the célls were

immobilized with P containing 4% paraformaldehyde at room

temperature for 15 minutes. When this was observed with a:confocal
fluorescence microscope (Bio-Rad, MRC1024ES), a cell p0pulation! showing
various luminescent patterms according to the introduced fusion proteins
was obtained. In this Example, since localization was set to one site and
two sites and three fluorescent proteins were used, a cell population

showing 12 types and 54 types, respectively, and the total 66 types of

fluorescent patters was obtained. Fig. 3 shows a part of the luminescent
patterns in the case of localization in two sites, The photographs show the
cxamples of HT-1080 cell population expressing fluorescent proteins of
different colors in the following sites: cell membrane and nucleoli ((a) to
(c}); cell membrane and%mitochondria ({(d) and (e)); nucleus and nucleoli ((f)
to (h)); cell membrane génd nucleus (i); and mitochondria and nu:clcus ().
Thoughi the types of ce:ils are different, a basic Juminescent pattern does
not change; however, ::thcre is a case where the localization is slightly
different. For example, in the case where cells are localize ' in cell

membrane by using COS7 cells, the whole cell membrane is luminescent

and accumulation also ifn the endoplasmic reticulum around the nucleus is

cbserved (see (k) to (n)).{ Even if there is such a difference, by confirming
the pattern when a protein has been expressed: singly in advance, it does
not hinder identification of the localized site. The respective cells express
different target proteins; therefore, by performing a variety of sbrcening
with the use of this cell population, and observing the lumi.nescentE pattern

of cells sorted out as a result of the screening, it can be immediately
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identified which targeJ' protein the cell expresses since the targdt protein

expression vector introduced with the luminescent pattern expression

vector has been known.

Example 2
Preparation of cell chip

(1) Cell chip A |

\
'

Five types of ﬁigion protein-expressing cells prepared in Example 1
(2-2) were reacted with"’ 1 ml of 0.05% Trypsin-EDTA solution at 37°C for 5
minutes, respectively, and detached from the culture substrate. After the
cells were recovered by adding 2 mil of DMEM containing 10% FBS, these

five types of fusion protein- expressing cells were prepared té) have a
density of 2 x 105 cells/ml, and mixed uniformly. A 1 ml portici»n of this
cell mixture suspension was plated on a collagen I culture slidc! (Falcon),
and further cultured at 37°C in the presence of 5% CO;z for 3_2 hours.
After the cells were wa:s;shed with PBS, the cells were immobilized with PBS
containing 4% parafo:nmaldehydc at room temperature for 15 minutes,

|
whereby a cell chip A was prepared.

This cell chip A was observed with a confocal ﬂUOrcscencc
microscope (Bio-Rad, lL/lR01024ES), and the fluorescence dcnved from the
GFP fusion protein expressed by each cell on the chip was mcasured. The
results are shown in Fig. 4. The cell expressing five types §qc;f fusion
protcins can be observed in the visual field of the microscope. The cell

density at this time wa,& about 1,300 cells/mm?2.

\

(2) Cell chip B

In the same manner as above, HT-1080 cells into which
PKAl-EGFP-N1 prepared in Example 1 (1-1) and pKA1l {control vector) had

been introduced, respectively, were prepared. Each cell was mixed at a
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ratio of 1:100, and IO'CP ul of this cell mixture suspension was inhoculated

into a 16-well chambeJ-!' slide (Nunc), and a cell chip B was prepared in the

same method as in Exé&nple q,

(3) Screening with the use of antibody

After the cell chip B prepared in the foregoing (2) was washed with
PBS, it was treated with 0.1% Triton X-100. This was reacted with 20 ul
of an anti-GFP antiboﬂy in 10% Block Ace (Dainihon Pharmaceutical) for
90 minutes, washed with PBS, and reacted with a rhodamine-c%mjugated
secondary antibody in 10% Block Ace for 40 minutes. As aresult of
observing the djstrib\.i;fion of red fluorescence derived from the antibody
with a confocal fluores¢ence microscope, the cells emitting red fluorescence

were observed at a ratio of 10 cells/rmm2. The cells emitting red

fluorescence also showed the original green fluorescence of EGFP.!

From the abové results, it was confirmed that by using the cell chip

of this invention, the presence or absence of a target protein at a ratio of

one every 100 cells can be investigated with the use of a trace amount of

probe {antibody).

Example 3 |
Screening for protein-protein interaction

An example is here described of a screening by selecting the
binding between Npw38 and NpwBP, which are nuclear proteix}'s, as the

model interaction, and using NpwBP as the probe protein and Npw38 as

the target protein. l\ﬁ.{mely, it 1s known that the WW domain of Npw38
binds to the PGR mo,'!

of NpwBP (A, Komuro et al., J. Biol. Chem. 274;

»

36513-36519, 1999). | Therefore, a peptide containing the PG# motif of
NpwBP was selected as the probe protein. The product of fusing this

peptide to a fluorescent protein was used as a fluorescent protéin fusion
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|

probe to screem a cell chip containing the cells expressing

(1) Preparation of expré;ssion vector

(1-1) Fluorescent protein expression vector

Fluorescent protein expression vectors, pKA1l-EGFPiN1 and
pPKAl-DsRed2-N1, weﬂ; prepared by inserting an EcoRI-Notl 5fragment
containing cDNA of al| flunorescent protein (EGFP or DsRed?2) hich had

been prepared from each of pEGFP-N1 and pDsRed2-N1 (both from

Clontech) into the EcoRI-Notl site of pKAl (Kato et al., Gene 150: 24 3-250,
1994). '

(1-2) Fluorescent protein fusion probe expression vector

A vector, pKA l-g'prBP (P2)-GFP (described in JP-A- 2001-327296)
expressing a fusion protein fusing PGR motif peptide of NpwBP with GFP
(sce Fig. 6(a)) was used as a fluorescent protein fusion probe e;:pression

vector. This vector has a T7 RNA polymerase promoter at the upstream of

the cDNA, therefore, if T7 RNA polymerase is made to act on it, in vitro

.
L4

|

(1-3) Preparation of GHCL fusion protein expression vector

transcription is initiaied and mRNA encoding the fusion protein can be

synthesized (see Fig. 5

A PCR product was prepared by using a T7 primer and a 'primer to
which a Smal site had been added at the downstream of the st<|>p codon,
with pHP10524 (described in WO 00/00506 PCT Gazette) ha.rbor;ﬁng cD‘NA
encoding a human gly:éophorin C-like protein (GPCL) as a template. After
this PCR product was!idigested with EcoRl and Smal, it was inserted into

the EcoRI-Smal cchiragc site of the respective fluorescent protein

expression vectors pKA1-EGFP-N1 and pKAl-DsRed2-Nl prepared in the
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foregoing (1-1), whereby membrane-localized fluorescent protein c#prcssion

vectors, pKA1-GPCL-EGFP and pKA1-GPCL-DsRed2, were prepared.

4
*

(1-4) Preparation of GPCL-Npw38 fusion protein expression vector

A PCR product|was prepared by using a T3 primer and a primer to

which a Smal site had been added at the upstream of the start codon with
PKA1-Npw38 (A. Komuro et al., Nucl. Acids Res. 27: 1957-1965, 1999) as a
template. After this PCR product was digested with Smal and Notl, it was
inserted into the Smial-NotI cleavage site of the membrane-localized
fluorescent protein expression vector, pKA1-GPCL-EGFP, prepared in the
foregoing (1-3), thréby GPCL-Npw38 fusion protein expression vector,

pKA1-GPCL-Npw38, was prepared. A schematic view of the fusion protein,
GPCL-Npw38, 18 shown in Fig. 6(b).

(1-5) Preparation of GRCL-Npw38-DsRed2 fusion protein expressidn vector
A PCR product was prepared by using a primer to WhiC]"l a Smal
site had been added at the upstream of the start codon and %a primer

containing a Smal site which is present in Npw38 with pKA1-Npw38 as a

template. After this PCR product was digested with Xmal, it was inserted
into the Xmal cleava

. site of the membrane-localized iluorcsccrrt protein

expression vector, p

whereby GPCL-Npw

\1-GPCL-DsRed?2, prepared in the foregoing (1-3),

!S-DsRed2 fusion protein expression| vector,

pKAl-GPCL-prSS-DsRedQ, was prepared. A schematic view of the
fusion protein, GPCL-Npw38-DsRed2, is shown in Fig. 6(c). |

(2) Preparation of cell chip

|
(2-1) Cultured cells

I
A human ﬁb;fosarcoma cell line, HT-1080 was cuﬁturcd 1n

Dulbecco’s modified Eagle’s medium (DMEM) containing 10% fetal bovine
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serum (FBS) at 37°C m the presence of 5% COz. HT-1080 ccllsi (2 x 105

cells) were inoculated into a 6-well multidish (Nunc) and cultured at 37°C

in the presence of 5% CO;z for 22 hours. After the medium was removed,
the surface of the cells was washed with a phosphate buffer soluuon (PBS),
and further 1.5 ml of DMEM containing 10% FBS was added.

|.
(2-2) Introduction of expression vector into cells

I

DNA complexes were prepared by adding 1 pl (corresponding to 1.5 ug) of
the solutions of expression vectors prepared in Example 3 (1-2) and (1-3)
(PKA1-GPCL-Npw38, pI:fAI—GPCL—NpWI?vS-DSRch or pHP10524 as a control
vector that expresses 'tl'bnly GPCL) to 100 ul of serum-free DMEM, mixing

the solution with 10 E‘l of PolyFect™ transfection reagent (Qiagen) and
incubating the solution for 10 minutes at room temperature. The cultured
HT-1080 cells prepa.reci in the foregoing (2-1) were washed once with PBS,

and 1.5 ml of DMEM| .containing 10% FBS was added. The previously

l

prepared DNA compleTes, to which 600 ul of DMEM containing 10% FBS
|

had been added, were:

added to these cells, and cultured at 37°C in the
presence of 5% CO; for 22 hours. .

(2-3) Immobilization of ilfusion protein-expressing cells on support |

The fusion protein-expressing cells prepared in the foregéing (2-2)
were reacted with 1 ml of 0.05% Trypsin-EDTA solution at 3’*'°C for S
minutes, respectively, gand detached from the culture dish. After the cells

were recovercd by adding 2 ml of DMEM containing 10% FBS, these fusion
protein-expressing cells were prepared at a density of 2 x 105 cells/ml, and
uniformly mixed with the cells expressing only GPCL. A 1 ml portion of

this cell mixture suspension was plated on a c¢ollagen I culture slide

(Falcon), and further qﬁlmrcd at 37°C i1n the presence of 5% CQz for 40
hours. After the cells: were washed with PBS, the cells were i obilized

with PBS containing 4% paraformaldehyde at room temperature for 15
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minutes, whereby a cell chip was prepared.

(3) Preparation of ﬂuor*sscent protein fusion probe

By adding 1 ug of pKA1-NpwBP(P2)-GFP described in the foregoing
(1-2) to the total ammount of 50 ul of a solution containing 40 pul of TNTR

Quick Master Mix and 1 ul of 1 mM methionine included in an in vitro
transcription/ translation reaction kit (Promega Co.), the reacfétion was
carried out at 30°C for 12 hours. This reaction solution was dir%ctly used
as a probe for screenirig. A portian of the reaction solution was taken out

and diluted 200-fold with PBS, and the fluorescence spectra (excitation

light: 488 nm) were measured with a fluorescence spectrophotométer. The

results are shown in Fig. 7. The fluorescence emission with a maximum

at 510 nm was observed, and it was demonstrated that the fusion protein

of the translation product, NpwBP(P2)-GFP, functions as GFP.

(4) Screening with the use of fluorescent protein fusion probe

After the cell] chip containing cells expressing GPCL-Npw38

prepared in the foregding (2) was washed with PBS, it was treated with
0.1% Triton X-100 on the icc for 15 minutes. To the cells on this chip, 20

ul of the fluorescent protein fusion probe, NpwBP(P2)-GFP, prepared in the

foregoing (3), was added, enclosed, and reacted at 4°C for 20 houts. After
it was washed three times with PBS containing 0.05% Tweenn 20 and

enclosed, it was obsew§d with a confocal fluorescence microscope| (Bio-Rad,

MRC1024ES}. As a rgsult, the cells emitting green fluorescence in the

endoplasmic reticulum around the nucleus were observed (Fig. 8(a) and (b)).

In order to confirm that this site that emits fluorescence coincides with the
localization site of GPCL-Npw38, the same experiment was caniéd out by

using the cell chip containing the cells expressing GPCL-Npw38-DsRed2 in

which further a red fluorescent protein DsRed2 had been fused to

GPCL-Npw38. As a result, in the same manner as the| case of
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GPCL-Npw38, the cellla cmitting green fluorescence were obserde in the
endoplasmic reticulum around the nucleus {Fig. 8(c)). Furthermore, this
site emitting green iﬂu::n't:s«:f:nce agteed with the site emitting red
fluorescence that indiciated the localized site of GPCL-Npw38-DsRed2 (Fig.
8(d) and (e)), therefore, it was confirmed that the fluorescent prot¢in fusion
probe, NpwBP(P2)-GFP, is bound to GPCL-Npw38-DsRed?2. M;ea.nwhile,
the binding of the probe was not observed in the cells cxpres;king only

GPCL, therefore, it was demonstrated that this binding is mchiated by
Npw38. |

Industrial Applicability

|
As described in detail above, by this application, a t!,\ovel cell
population which can be conveniently prepared without a resort to a

special apparatus and can be applied to either a solid phasec sy#tem or a

liquid phase system in mass screening, and moreover, which ca.j be used

in a screening for var10us praperties of cells such as the expression of a

target protein is provided.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A cell population with 1dentification codes, which is a population of cells
that can be distinguished from one another based on a difference in

luminescent signals emitted by luminescent substances, wherein the difference

in the luminescent signals is caused by:

(a) 2 or more different luminescent properties; and

(b) 2 or more different luminescent sites.

2. The cell population with identification codes of claim 1, wherein the

luminescent substances of a part or all of the cells are fluorescent proteins.

3. The cell population with identification codes of claim 1 or 2, wherein a

part or all of the cells express a fusion protein of a fluorescent protein and a

localization signal peptide.

4, The cell population with identification codes of claim 1, wherein each

cell has a different property.

S. The cell population with identification codes of claim 4, wherein the

different property is expression of a different target protein.

6. The cell population with identification codes of claim 5, wherein the cell

1s a eukaryotic cell.

7. The cell population with identification codes of claim 6, wherein the

eukaryotic cell is a mammalian cell.

8. The cell population with identification codes of any one of claims 4 to 7,

which 1s arranged and immobilized in a minute area on a carrier.



CA 02488233 2005-01-11

34

0. A screening method for a cell property, which comprises contacting a
probe with each cell of the cell population of any one of claims 4 to 8, and
identifying the property of the cell binding to the probe with the use of the

luminescent signal of the cell as an indicator.

10. The screening method of claim 9, wherein the probe is a fusion protein

of a probe protein and a fluorescent protein.

11. The screening method of claim 10, wherein the fluorescent 15 protein
has a luminescent property different from the luminescent properties that a

cell population with identification codes has.

12. The screening method of claim 10 or 11, wherein the fusion protein
probe is an in vitro transcription and translation product 20 of a fusion gene of

a probe protein gene and a fluorescent protein gene.
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Fig. 6

(a) NpwBP(P2)-EGFP

PGR motlf

(b) GPCL-Npw38

GPCL

WW
| domain

(¢) GPCL-Npw38-DsRed2

GPCL

NpWGB DsRed?2

domain



Fluorescence (arbitrary units)

CA 02488233 2005-01-11

1/8

Filg. 7

1

o N e .
o8l . aVlE
ol N
o T . N
i R A
I .

0.4 -
oal | N
o2l |
ol |

N

450 460 470 480 490 500 510 520 530 540 550
Emission wavelength (nm)




Target protein A
AXPraasion vecIor ' SXPrassion vector
> . +
Looulizntlon patem 1 Localization patem
expression vector \Oxpreasion vector

'

Ce) population with iderification codes

¢ Soreening of target call




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - abstract drawing

