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plurality of micro-chambers arranged in the form of an
array. With this method and apparatus, a protein having
an enzymatic activity or a microorganism producing such

Using the screening method and screening appara-
tus in accordance with the present invention, a target
protein having an enzymatic activity or a microorganism
producing such a protein is screened from a sample serv-
ing as a screening object by using a base plate having a

a protein that is present in a micro-chamber is detected
by detecting a fluorescence produced by an enzyme re-
action of the protein having an enzymatic activity and a
fluorescence substrate.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
screening a protein having an enzymatic activity or a mi-
croorganism producing a protein having an enzymatic
activity and to an apparatus for screening such a micro-
organism by using a micro-chamber array. Further, the
present invention relates to a method and apparatus for
verifying whether a microorganism expresses a protein
having an enzymatic activity in the surface layer of a cell
membrane or verifying secretion of the protein having an
enzymatic activity.

BACKGROUND ART

[0002] Inthe conventional screening technology of mi-
croorganisms having useful functions (for example, mi-
croorganisms producing useful proteins), a standard
method comprises scattering the microorganisms on an
agar-agar plate and checking whether they are multiplied
by applying a certain selected condition, or adding a sub-
strate and checking whether, for example, a halo is
formed. With such a method, the target microorganism
is screened. However, the problems associated with
such a method are that a large number of agar-agar
plates are required and producing agar-agar plates and
scattering the microorganisms are troublesome, time-
consuming, and costly operations.

[0003] Further, micro-samples will have to be used and
high-speed analysis will have to be performed in the fu-
ture for analyzing the functions of a larger number of
genes or proteins in genomics or proteomics. DNA chips
and proteochips for high-speed analysis of micro-sam-
ples have been developed to meet such a need. Further-
more, the progress in micro-machining technology has
made it possible to fabricate ultra small chambers (wells).
In addition, quantitative and semi-qualitative analysis
was made possible by using CCD cameras and comput-
ers.

[0004] Non-patent document 1 reports a technology
by which a PCR was carried out in one cell, or cell-free
protein synthesis was performed, or cells were intro-
duced and fluorescing chromogenic cells were detected
by actually using such a micro chamber array technology.
Further, Non-patent document 1 reports that comprehen-
sively transformed genes were introduced in E. coli or
yeast and the functions of the expressed protein could
be analyzed.

[0005] As such a technology has been advanced, a
high-throughput screening that enables simultaneous
and fast functional analysis of a large number of genes
or proteins has attracted attention. The presently em-
ployed high-throughput screening is implemented by a
method by which a large number of compounds are
screened by using 96 wells or 386 wells and employing
an automated device. Further, Non-patent document 2
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describes a technology for high-throughput screening of
proteins synthesized by using a cell-free protein synthe-
sis system.

[0006] Non-patent document 1:

"Special Issue: Combinatorial Bioengineering", Bio-
industry, 2001, Vol.18, No.6, 7 to 17, 56 to 72 Non-
patent document 2: Nippon Nogeikagaku Kaishi,
Vol.78, No.5, 27 to 30 (published on May 1, 2004).

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] However, the volume of each chamber present
in the plate with 96 wells or 386 wells is about 300 pL in
the case of 96 wells and about 100 p.L in the case of 384
wells. When screening is conducted by using such plates,
a solution filling at least one third of the volume of each
chamber is required and a matching quantity of a reagent
is required. If the number of screening cycles is large,
the cost increases accordingly.

[0008] Further, in recent years, it has become neces-
sary to perform fast and inexpensive micro-screening of
proteins or microorganisms having an enzymatic activity
such as lipase activity from even larger libraries. If
screening is performed with the above-described agar-
agar plate, then the work volume and cost increase; and
satisfying such a need is difficult. Further, high-through-
put screening is actually conducted by using a 96 well or
384 well plate and performing an enzyme reaction, but
processing larger quantities creates many problems,
high cost including.

[0009] On the other hand, with a micro-chamber with
an inner diameter of about 100 wm and a depth of about
10 pm, the volume thereof becomes about 80 pL and
constitutes 1/100,000 that of the chamber provided in the
aforementioned 96-well or 386-well plate. Further, with
the micro-chamber having the aforementioned volume,
about 5000 to 100,000 micro-chambers can be arranged
on a plate with a surface area of 1 cm2. Therefore, it can
be expected that if a screening of microorganisms or pro-
teins is performed by using a plate in which micro- cham-
bers are arranged in the form of an array, then high-speed
low-cost functional analysis can be realized.

[0010] However, although a variety of reactions can
be induced inside a micro-chamber, enzyme reactions
and high-throughput screening have not yet been con-
duced therein.

[0011] Inotherwords, the conventional 96-well or 384-
well plates were aimed at screening the enzyme inhibi-
tors for medial applications. Because enzyme inhibitors
are low-molecular compounds, the chemical library,
though being large, is limited to about 1,000,000 units
and the demand for micro-chamber arrays therefore has
not been that strong. However, in recent years, the ne-
cessity of screening from samples containing larger vol-
ume libraries and a need for performing the screening
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using micro-chamber arrays were created.

[0012] Accordingly, the present invention provides a
method and apparatus for screening a microorganism
and a protein having a useful function by employing the
above-described micro-chamber array. Further, the
present invention provides a method and apparatus ca-
pable of verifying whether the protein having an enzy-
matic activity is expressed in the surface layer of a cell
membrane or by secretion in a cell of a microorganism
such as yeast by gene recombination.

MEANS FOR SOLVING THE PROBLEM

[0013] In order to resolve the above-described prob-
lems, the screening method in accordance with the
present invention comprises the steps of adding a fluo-
rescent substrate that produces fluorescence by hydrol-
ysis onto a base plate having a plurality of micro-cham-
bers arranged in the form of an array, dripping a sample
comprising a protein or a microorganism onto the base
plate, and detecting a protein having an enzymatic ac-
tivity or a microorganism producing such a protein that
is present inside the micro-chamber by detecting fluores-
cence emitted by an enzyme reaction of the protein or
the microorganism and the fluorescent substrate.
[0014] With the method for screening a protein or a
microorganism in accordance with the present invention,
a protein having an enzymatic activity or a microorganism
producing such a protein is screened by using a base
plate having a plurality of micro-chambers arranged in
the form of an array.

[0015] With such a screening method, using a base
plate having very small micro-chambers with a volume
on the order of picoliters makes it possible to perform
fast and inexpensive screening from samples containing
a large-volume library. Furthermore, because each mi-
cro-chamber is extremely small, a micro-amount of so-
lution comprising the target protein or the microorganism
can be extracted from the sample. As aresult, in the case
of microorganisms, one or several microorganisms can
be taken out and they can also be caused to multiply.
Therefore, microorganisms can be used in their existing
state orin a multiplied state, for example, in the functional
analysis performed at a stage following the screening.
The library as referred to herein means all the proteins
or all the microorganisms (including proteins and micro-
organisms other than the target proteins and microor-
ganisms) that are contained in the sample.

[0016] Further, "the sample comprising a protein or a
microorganism" also includes samples that can contain
proteins or microorganisms having a certain specific en-
zymatic activity. In other words, the sample means a
screening object of the target protein or the microorgan-
ism. Specific examples of such samples include samples
taken from natural environment such as sea soiland sam-
ples containing mutant proteins or variants of microor-
ganisms that are produced by a genetic transformation
method based on the conventional well-known genetic

10

15

20

25

30

35

40

45

50

55

engineering technique.

[0017] When screening is conducted in accordance
with the present invention by using a sample taken from
the natural environment such as sea soil, useful micro-
organisms having a specific enzymatic activity can be
screened from the natural world. Furthermore, using a
sample containing mutant proteins or variants of micro-
organisms makes it possible to isolate easily the mutant
proteins or variants produced from vast libraries.
[0018] Inthe screening method in accordance with the
present invention, the protein is a protein expressed in
the surface layer of a cell membrane of a microorganism,
and in the above-described step of detecting, the micro-
organism that expresses a protein having an enzymatic
activity in the surface layer of a cell membrane is prefer-
ably detected by detecting a fluorescing micro-chamber
from among a plurality of micro-chambers.

[0019] In other words, with the above-described
screening method, the protein that is the object of screen-
ing is a protein expressed in the surface layer of a cell
membrane of a microorganism such as yeast. Further,
in this case, a microorganism in which a protein having
an enzymatic activity being expressed in the surface lay-
er of a cell membrane is also included in the objects of
screening.

[0020] Ifasample containing a microorganisminwhich
a protein is expressed in the surface layer of a cell mem-
brane is dripped onto a base plate, the microorganism is
distributed between a plurality of micro-chambers formed
on the base plate. For this reason, with the above-de-
scribed screening method, the micro-chamber in which
the target protein is contained can be verified by detecting
the fluorescing micro-chamber.

[0021] If an enzyme reaction is implemented by intro-
ducing a substrate into a cell in the screening method in
accordance with the present invention, then not only the
protein expressed by secretion outside the cell or the
protein expressed in the surface layer of a cell mem-
brane, but also the protein expressed inside the cell can
be screened.

[0022] The inner diameter of the micro-chamber in the
screening method in accordance with the present inven-
tion is preferably 5 to 500 pm.

[0023] If the inner diameter of the micro-chamber is
within the aforementioned range of 5 to 500 pm, an ex-
tremely small volume on the order of picoliters can be
obtained for the micro-chamber.

[0024] The screening method in accordance with the
present invention preferably further comprises a step of
taking out the contents of micro-chambers where the pro-
tein is contained after the aforementioned step of detect-
ing.

[0025] With the aforementioned take-out step, a micro
amount of solution containing the target protein or a mi-
croorganism can be obtained. Despite an extremely
small quantity thereof, the solution reliably contains the
target protein or the microorganism. Therefore, a solution
can be used upon direct multiplication, for e.g., in the
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functional analysis performed after the screening.
[0026] In order to resolve the above-described prob-
lems, the present invention provides a screening appa-
ratus for screening a protein having an enzymatic activity
and a microorganism producing the protein from the sam-
ple; the screening apparatus comprising a base plate
having a plurality of micro-chambers arranged in the form
of an array, and a fluorescence detector that detects the
fluorescence produced on the base plate, wherein the
fluorescence detector detects a protein having an enzy-
matic activity or a microorganism producing the protein
that is present inside a micro-chamber by detecting the
fluorescence produced by an enzyme reaction of the pro-
tein having an enzymatic activity with the fluorescent sub-
strate.

[0027] In the apparatus for screening a protein or a
microorganism, a protein having any enzymatic activity
or a microorganism producing the protein is screened by
using a base plate (micro-chamber array) having a plu-
rality of micro-chambers arranged in the form of an array.
[0028] In other words, in the screening apparatus in
accordance with the presentinvention, a sample that can
contain a protein having an enzymatic activity or a mi-
croorganism producing the protein and a fluorescent sub-
strate producing fluorescence by hydrolysis are added
onto a base plate having a plurality of micro-chambers
arranged in the form of an array, and an enzyme reaction
is induced between the protein having an enzymatic ac-
tivity and the fluorescent substrate inside the micro-
chamber. The fluorescence detector detects whether or
not fluorescence is produced in a micro-chamber provid-
ed on the base plate, thereby determining the presence
or absence of the enzyme reaction inside the micro-
chamber and the presence or absence of the protein hav-
ing an enzymatic activity or the microorganism producing
the protein.

[0029] With such a screening apparatus, using a base
plate having very small micro-chambers with a volume
on the order of picoliters makes it possible to perform
fast and inexpensive screening from a large-volume li-
brary. Furthermore, because each micro-chamber is ex-
tremely small, a solution comprising the target protein or
a microorganism can be extracted from the sample in
micro-amounts. As a result, in the case of microorgan-
isms, one or several microorganisms can be taken out
and they can also be caused to multiply. Therefore, mi-
croorganisms can be used in their existing state or in a
multiplied state, for example, in the functional analysis
performed at a stage following the screening. The library
as referred to herein means all the proteins or all the
microorganisms (including proteins and microorganisms
other than the target proteins and microorganisms) that
are contained in a sample.

[0030] The sampleis thus a screening object. Specific
examples of such samples include samples taken from
the natural environment such as sea soil and samples
containing mutant proteins or variants of microorganisms
that are produced by a genetic transformation method
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based on conventional well-known genetic engineering
technique.

[0031] When screening is conducted in accordance
with the present invention using a sample taken from the
natural environment such as sea soil, useful microorgan-
isms having specific enzymatic activity can be screened
from the natural world. Furthermore, using a sample con-
taining mutant proteins or variants of microorganisms
makes it possible to isolate easily the mutant proteins or
variants produced from vast libraries.

[0032] In the screening apparatus in accordance with
the present invention, the protein is a protein expressed
in the surface layer of a cell membrane of a microorgan-
ism, and the fluorescent detector preferably detects the
microorganism that expresses a protein having an enzy-
matic activity in the surface layer of a cell membrane by
detecting a fluorescing micro-chamber from among a plu-
rality of micro-chambers.

[0033] In other words, with the above-described
screening method, the protein that is the object of screen-
ing is a protein expressed in the surface layer of a cell
membrane of a microorganism such as yeast. Further,
in this case the microorganism in which a protein having
an enzymatic activity is expressed in the surface layer of
a cell membrane is itself also included in the objects of
screening.

[0034] Ifasample containing a microorganismin which
a protein is expressed in the surface layer of a cell mem-
brane is dripped onto a base plate, the microorganism is
distributed between a plurality of micro-chambers formed
on the base plate. For this reason, the micro-chamber in
which the target protein is contained can be verified by
detecting a fluorescing micro-chamber from amonga plu-
rality of micro-chambers provided on the base plate, with
the fluorescence detector.

[0035] The screening apparatus in accordance with
the present invention preferably further comprises a mi-
cro-manipulator for taking out the contents of the micro-
chamber where fluorescence is produced.

[0036] With such a configuration, a micro-amount of
solution containing the target protein or microorganisms
can be obtained. Despite an extremely small quantity
thereof, the solution reliably contains the target protein
or the microorganism and can be used as is, for e.g., in
the functional analysis performed after the screening.
[0037] The inner diameter of the micro-chamber in the
screening apparatus in accordance with the present in-
vention is preferably 5 to 500 pm.

[0038] If the inner diameter of the micro-chamber is
within the aforementioned range of 5 to 500 pm, an ex-
tremely small volume on the order of picoliters can be
obtained for the micro-chamber. As a result, a solution
containing a protein or a micro-organism contained in
one micro-chamber can be used asis inthe subsequently
performed functional analysis.

[0039] Further, the method and apparatus in accord-
ance with the present invention make it possible to check
in an easy manner as to whether a protein having an
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enzymatic activity is expressed in the surface layer of a
cell membrane or via secretion in a microorganism such
as yeast or a cell. In order to examine whether or not a
gene expressing the target protein in a microorganism
or cell has been introduced, a technique is usually used
by which an antibiotic-resistant gene is introduced into a
vector and the possibility of growth in an antibiotic-added
medium is verified. In this case an excess gene has to
be bonded to a vector and this gene sometimes has to
be removed.

[0040] On the other hand, when verification is per-
formed using the method in accordance with the present
invention, a large amount of variants introduced from a
small sample can be selected simultaneously. Further-
more, it is not necessary to introduce an excess gene
into a vector. A method of introducing a gene of a light-
emitting protein such as GFP and verifying the expres-
sion is performed as the usual method, but in this case,
the excess gene also has to be bonded, whereby the
vector length increases. The problem arising when the
vector is long is that the gene is difficult to introduce or
that the introduced gene does not express itself.

EFFECTS OF THE INVENTION

[0041] Asdescribed hereinabove, the screening meth-
od and screening apparatus in accordance with the
present invention use a base plate having extremely
small micro-chambers with a volume on the order of pi-
coliters, whereby fast and inexpensive screening can be
performed from samples comprising a large-volume li-
brary. Furthermore, because each micro-chamber is ex-
tremely small, a micro-amount of solution containing the
target protein or the microorganism can be extracted from
the sample. As a result, the solution can be used as is,
for example, in the functional analysis performed at a
stage following the screening.

[0042] Thus, because the screening method and
screening apparatus in accordance with the present in-
vention enable the implementation of a high-speed low-
cost screening and also make it possible to obtain the
target protein or the microorganism in a state facilitating
the use thereof at the subsequent stage, these methods
and apparatuses can be said to be highly convenient. In
addition, the method and apparatus in accordance with
the present invention make it possible to verify whether
a microorganism expresses a protein having an enzy-
matic activity in the surface layer of a cell membrane or
expresses a protein having an enzymatic activity by se-
cretion.

BRIEF DESCRIPTION OF THE DRAWINGS
[0043]
[Fig. 1] Fig. 1 is a schematic drawing illustrating an

example of the configuration of the screening appa-
ratus in accordance with the present invention.
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[Fig. 2] Fig. 2(a) is a schematic drawing illustrating
an example of a base plate having micro chambers;
Fig. 2(b) and Fig. 2(c) are schematic drawings illus-
trating a pattern of micro-chambers arranged on the
base plate shown in Fig. 2(a).

[Fig. 3] Fig. 3(a) is a schematic drawing illustrating
the results obtained in Example 1; Fig. 3 (b) is a
schematic drawing illustrating the results obtained
in Example 2; Fig. 3(c) is a schematic drawing illus-
trating the results obtained in Example 3.

EXPLANATION OF REFERENCE NUMERALS
[0044]

Base plate having a plurality of micro-chambers
Electric stage
CCD camera
PC
0  Screening apparatus

= R OWON =

BEST MODE FOR CARRYING OUT THE INVENTION

[0045] The present invention is explained below in
greater detail, but the present invention is not limited to
this description.

[0046] The screening of proteins or microorganisms in
accordance with the present invention uses a slide glass
(base plate) in which micro-chambers with an inner di-
ameter of 20 to 500 wm are arranged in the form of an
array. The screening uses a technique according to
which a sample comprising a yeast or a microorganism
and a fluorescent substrate is introduced into micro-
chambers, whereby an enzyme reaction is induced, and
the fluorescence produced is observed with a fluorescent
microscope or picked up with a CCD camera attached
to a microscope, thereby detecting a micro-chamber
where the enzyme reaction is initiated.

[0047] The screening method in accordance with the
presentinvention and the screening apparatus in accord-
ance with the present invention will be described below.

(1) Screening method in accordance with the present in-
vention

[0048] The screening method in accordance with the
present invention comprises the steps of adding a fluo-
rescent substrate onto a base plate having a plurality of
micro-chambers arranged in the form of an array, drip-
ping a sample comprising a protein or a microorganism
onto the base plate, and detecting a protein having an
enzymatic activity or a microorganism producing such a
protein that is present inside the micro-chambers by de-
tecting fluorescence emitted by an enzyme reaction of
the protein or a microorganism and the fluorescent sub-
strate.

[0049] The screening method uses abase plate having
a plurality of micro-chambers arranged in the form of an
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array. This plate is called a micro-chamber array and has
chambers in the form of extremely small recesses with
a volume of about 1 to 2000 pL (for example, when the
inner volume of a micro-chamber is 500 p.m, the volume
is 2 pL, and when the inner diameter is 100 um, the
volume is 80 pL) that are arranged in the form of an array
on a slide glass. Because this base plate is identical to
a base plate having a plurality of micro-chambers that is
provided in the screening apparatus in accordance with
the presentinvention, it will be explained in greater detail
in the description of the screening apparatus.

[0050] Then, a fluorescent substrate is added and a
sample comprising a protein or a microorganism is
dripped into the micro-chambers of the base plate. A step
of adding the fluorescent substrate and a step of dripping
the sample containing a protein or a microorganism is
performed in no particular order and any one of them
may be performed before the other. The "sample con-
taining a protein or a microorganism" means the sample
that is the object of screening. In the screening method
in accordance with the present invention, it means that
a protein having an enzymatic activity or a microorganism
producing the protein is screened.

[0051] "The step of detecting a protein having an en-
zymatic activity or a microorganism producing such a pro-
tein that is present inside the micro-chamber" is per-
formed after "the step of adding a fluorescent substrate"
and "the step of dripping the sample comprising a protein
or a microorganism". In the step of detecting, a micro-
chamber in which an enzyme reaction has occurred is
detected from among a plurality of micro-chambers ar-
ranged in the form of an array. The micro-chamber where
the enzyme reaction has occurred is assumed to contain
the target protein or a microorganism, and the micro-
chamber where the enzyme reaction has not occurred is
considered to contain no target protein or the microor-
ganism.

[0052] The screening method in accordance with the
present invention uses a fluorescent substrate as an en-
zyme reaction substrate for verifying the presence of an
enzyme reaction. Therefore, in the aforementioned step
of detecting, whether or not the enzyme reaction has oc-
curred can be easily verified by detecting whether the
fluorescence was produced for each micro-chamber. For
this reason, it can be easily determined as to whether
the target protein or the microorganism is contained in
the micro-chamber.

[0053] With the screening method in accordance with
the presentinvention, using a substrate having extremely
small micro-chambers with a volume on the order of pi-
coliters makes it possible to perform fast and inexpensive
screening from samples comprising a large-volume li-
brary. Furthermore, because each micro-chamber is ex-
tremely small, a micro-amount of solution comprising the
target protein or the microorganism can be extracted from
the sample. As a result, in the case of microorganisms,
one or several microorganisms can be taken out and they
can also be caused to multiply. Therefore, microorgan-
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isms can be used in their existing state or in a multiplied
state, for example, in the functional analysis performed
at a stage following the screening.

[0054] Further, with the screening method in accord-
ance with the present invention, a take-out step of taking
out the contents of a micro-chamber where the target
protein is contained may be further added after the step
of detecting. The take-out step can be implemented by
using a micro-manipulator. By including such a take-out
step, a micro-amount of solution containing the target
protein or the microorganisms can be obtained. Despite
an extremely small quantity thereof, the solution reliably
contains the target protein or the microorganism and can
be used as is, for e.g., in the functional analysis per-
formed at a stage following the screening.

(2) Screening apparatus in accordance with the present
invention

[0055] The screening apparatus in accordance with
the presentinvention is an apparatus for screening a pro-
tein having an enzymatic activity and a microorganism
producing the protein from the sample. This screening
apparatus comprises a base plate having a plurality of
micro-chambers arranged in the form of an array and a
fluorescence detector that detects the fluorescence pro-
duced on the base plate, wherein the fluorescence de-
tector detects a protein having an enzymatic activity or
a micro-organism producing the protein that is present
inside a micro-chamber by detecting fluorescence pro-
duced by an enzyme reaction of the protein having an
enzymatic activity with the fluorescent substrate.

[0056] Fig. 1 shows an example of the configuration
of the screening apparatus in accordance with the
present invention. A screening apparatus 10 shown in
Fig. 1 comprises a base plate 1 having micro-chambers,
an electric stage 2 for carrying and moving the base plate
1, and a fluorescent detector for detecting fluorescence
provided on the base plate 1. In the base plate 1, micro-
chambers with an inner diameter of about 5 to 500 um
are arranged in the form of an array. Fig. 1A shows a
chamber array disposed on the base plate 1. The fluo-
rescence detector comprises a CCD camera 3 and aPC4
for displaying an image picked up by the CCD camera.
The components constituting the screening apparatus
will be described below.

[0057] First, the base plate having a plurality of micro-
chambers that is provided in the screening apparatus will
be described.

[0058] Glass or a polycarbonate can be used as the
base plate material. The micro-chambers may be formed
by directly processing the base plate, or a film, for e.g.,
of polydimethylsiloxane or polyimide with wells (orifices)
provided therein may be pasted on the base plate. When
such afilmis pasted, the wells opened in the film become
micro-chambers. Alternatively, a film is coated on a base
plate made from glass and micro-chambers are then
formed by processing the film surface.
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[0059] Insuchascreeningapparatus, inordertodetect
the enzyme reaction of the target protein and substrate,
itis preferred that the base plate and the film produce no
fluorescence. Such micro-chamber arrays are presently
available on the market.

[0060] For the micro-chambers formed on the sub-
strate to have an appropriate volume inside the cham-
bers, the inner diameter of the micro-chamber is prefer-
ably 5 to 500 wm, more preferably 10 to 100 um. The
depth of the micro-chamber is preferably 5 to 50 wm,
more preferably 7 to 20 pum. Thus, if the inner diameter
of a micro-chamber is within a range of 5 to 500 pum, the
volume thereof can be about 1 to 2000 pL. Such a micro-
amount of a solution is used in the functional analysis of
proteins performed at a stage following the screening.
Therefore, if the micro-chamber volume is set within the
above-described range, a solution comprising a protein
or amicro-organism thatis contained in one micro-cham-
ber can be used as is in the functional analysis performed
at a stage following the screening.

[0061] The micro-chambers are arranged on a base
plate with a width and length in a range of 5 to 20 mm,
preferably 5 to 10 mm. The number of micro-chambers
formed on one base plate is preferably 1000 to 100,000,
more preferably 5000 to 100,000.

[0062] No specific limitation is placed on the shape of
a micro-chamber, provided that it is concave. For exam-
ple, the chamber may be in the form of a quadrangular
pyramid, rectangular column, round column, hemi-
sphere, and cone, as described in Non-patent document
1. Further, when the micro-chamber is in the form of a
quadrangular pyramid or a rectangular column, "the inner
diameter" mentioned hereinabove means a length of one
side of the micro-chamber on the base plate surface.
Furthermore, when the micro-chamber is in the form of
a round column, a hemisphere, or a cone, "the inner di-
ameter" mentioned hereinabove means the diameter of
the micro-chamber at the base plate surface.

[0063] Fig. 2(a) is a schematic drawing illustrating an
example of the substrate having a plurality of micro-
chambers. The drawing in the upper section of Fig. 2(a)
shows the entire base plate, and the drawing in the lower
section is an enlarged view of the micro-chamber dis-
posed on the base plate. A total of 80 x 80 micro-cham-
bers are disposed in almost the central section of the
base plate shown in the figure in the form of an array with
a spacing of 80 pm. The micro-chamber has a hemi-
spherical shape, an inner diameter of 50 um and a depth
of 10 um.

[0064] Fig. 2(b) and Fig. 2 (c) show an example of an
array pattern of micro-chambers arranged on the base
plate. In a pattern 1 shown in Fig. 2(b), 80 x 80 micro-
chambers are arranged equidistantly within a range of
10.32 mm along one side. In a pattern 2 shown in Fig. 2
(c), sectional configurations of 40 x 40 micro-chambers
are arranged in twos along one side for a total of four
configurations within a range of 11.24 mm along one side.
[0065] A photo-detector provided in the screening ap-

10

15

20

25

30

35

40

45

50

55

paratus will be described below.

[0066] Any conventional well-known device capable of
detecting the fluorescence produced from a detection ob-
ject can be used as the fluorescence detector. Specific
examples of such devices include fluorescence micro-
scopes, and image display devices equipped with a light
source and a CCD camera. The fluorescence detector
in the screening apparatus shown in Fig. 2 is composed
of a CCD camera 3 and a PC 4.

[0067] The screening apparatus in accordance with
the present invention may comprise only the above-de-
scribed base plate having micro-chambers and a fluo-
rescence detector, but may be additionally equipped with
a micro-manipulator for taking out the contents of the
fluorescing micro-chamber.

[0068] If a micro-manipulator is provided, a micro-
amount of solution containing the target protein or the
microorganism can be obtained; and this micro-amount
of solutioncanbe used asiis, for e.g., for the subsequently
performed functional analysis of proteins.

[0069] A procedure of screening the target protein or
the microorganism by using the screening apparatus in
accordance with the present invention will be described
below.

[0070] When screening is performed by using the
above-described screening apparatus, first, a sample
that can contain a protein or a microorganism that is the
object of screening is dripped onto the base plate having
micro-chambers formed therein.

[0071] When the sample is dripped, it scatters so that
1 to 100, preferably 1 to 10 microorganisms are intro-
duced into one micro-chamber. Accordingly, it is pre-
ferred that a sample be prepared by suspending a library
comprising yeast variants or microorganisms in water or
a buffer to a turbidity of 0.01 to 1.0. A turbidity of about
0.5 is suitable for introducing one or several microorgan-
isms into the chamber, but the turbidity level increases
when a larger number of microorganisms is to be intro-
duced into the micro-chambers. The number of microor-
ganisms that enter a chamber correlates with the con-
centration of microorganisms contained in the sample
and is assumed to follow a Poisson distribution.

[0072] Then, a solution containing a fluorescent sub-
strate is added onto the base plate.

[0073] For example, when lipase activity is detected,
a fatty acid ester of umbelliferone or a fatty acid ester of
fluorescein can be used as the fluorescent substrate.
Such substrates produce fluorescence when the esters
are hydrolyzed. When glucosidase is detected, a gluco-
side derivative of umbelliferone, a glucoside derivative
of fluorescein, or a glucoside derivative of resorfin can
be used. Further, galactosidase and glucuronidase can
be detected by using the same glucoside derivative or
glucuronide derivative.

[0074] Protease comprising peptidase can be detect-
ed by using a substrate in which a fluorescent probe hav-
ing an amino group such as an aminochroman derivative
is amino bonded to a C terminal of an oligopeptide having



13 EP 1790 733 A1 14

an amino acid sequence of the substrates. For example,
asparagyl chroman can be used at the C-terminal for
caspases, lysyl chroman or arginyl chroman can be used
at the C-terminal for proteases that recognize basic ami-
no acids such as trypsin, and oligopeptides having phenyl
alanyl chroman, leucyl chroman, and the like at the C-
terminal can be used for proteases that recognize li-
pophilic amino acids such as chymotrypsin.

[0075] These fluorescent substrates have a property
of producing fluorescence when they are hydrolyzed by
catalytic action of enzymes. By detecting this fluores-
cence, the fluorescence detector can determine whether
or nota protein having an enzymatic activity (for example,
lipase activity, glucosidase activity, and protease activity)
or a microorganism producing such a protein is present
in the sample and can also determine the micro-chamber
that contains the protein or the microorganism from
among the micro-chambers arranged in the form of an
array.

[0076] The substrate concentration in the solution con-
taining the fluorescent substrate is preferably 10 uM to
1 mM. With the concentration at such a level, the enzy-
matic activity of the protein contained in the sample can
be sufficiently detected.

[0077] As described herein above, if a sample and a
solution containing a fluorescent substrate are added on-
to a base plate, an enzyme reaction is induced between
the protein having an enzymatic activity that is contained
in the sample and the fluorescent substrate, and the flu-
orescent substrate is hydrolyzed. By observing the fluo-
rescence of a substance produced by the hydrolysis of
the fluorescent substrate with the fluorescence micro-
scope (fluorescence detector) provided for detecting the
fluorescence produced on the base plate, the micro-
chamber having the enzymatic activity can be detected.
As aresult, it is possible to detect the micro-chamber in
which the target protein or the micro-organism is con-
tained. Further, when the fluorescence detector is a PC
equipped with alight source and a CCD camera, the base
plate is irradiated with a light of an excitation wavelength
from the light source, the fluorescence produced from
the base plate is introduced into the PC with the CCD
camera, and the base substrate producing the fluores-
cence is shown at an image display device provided in
the PC. By observing the base plate on the image display
device, the user can recognize the fluorescing micro-
chamber.

[0078] When screening is performed by using the
above-described apparatus, the step of dripping the sam-
ple and the step of adding the fluorescent substrate are
performed in no particular order. In other words, instead
of first dripping the sample, as described hereinabove,
the fluorescent substrate solution can be added first and
then the sample can be dripped and the enzymatic ac-
tivity can be detected.

[0079] When the screening apparatus is provided with
a micro-manipulator, a micro-amount of the target micro-
organism or protein having an enzymatic activity can be
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obtained by taking out the contents from the micro-cham-
ber where the fluorescence is produced. As a result, in
the case of microorganisms, one or several microorgan-
isms can be taken out and they can also be caused to
multiply. Therefore, the target microorganisms can be
used in their existing state, for example, for the functional
analysis.

[0080] The present invention is not limited to the
above-described embodiment and various modifications
can be made with the range described by the claims.
Thus, the technical scope of the present invention also
includes the embodiments obtained by combining the
technical means that were appropriately changed within
the range described by the claims.

EXAMPLES

[0081] The present invention will be described below
in greater detail based on examples thereof. However,
the presentinventionis notlimited to the below-described
embodiments.

[Example 1] Detection of hydrolysis reaction using a flu-
orescent substrate in a micro-chamber array in yeast that
expresses lipase by secretion

[0082] In this example, yeast that expresses lipase by
secretion was prepared by the following procedures.

(1) Preparation of yeast that expresses lipase by secre-
tion

[0083] A polymerase chain reaction (PCR) was per-
formed by using EcoRlI at 5’ of a Geotrichum candidum
lipase lip1 gene and using a primer with a Sall site at 3’.
The PCR product obtained was cut at EcoRlI, Sall, and
then a plasmid pYEGCL1 that expresses Geotrichium
candidum lipase by secretion was constructed by bond-
ing with a secretive vector PYE22m for yeast that was
similarly treated with EcoRI, Sall. The base sequence of
the Geotrichum candidum lipase gene portion of the con-
structed pYEGCL1 was confirmed by the deoxytermina-
tor method to have no errors. The yeast that expresses
lipase by secretion was produced by genetic transforma-
tion of Saccharomyces cerevisiae EH1315 strain by
pYEGCL1. To verify the plasmid introduction, the gene
extracted fromthe genetically transformed strain was tak-
en as a template and the PCR was performed by using
primers at both ends of the Geotrichum candidum lipase
gene. The verification was made by the amplification of
a band close to a Geotrichum candidum lipase gene size
of 1.6 kb.

(2) Detection of hydrolysis reaction using a fluorescent
substrate in a micro-chamber array

[0084] The yeast that expresses Geotrichum candi-
dum lipase by secretion and was prepared by the above-
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described procedure was subjected to shaking incuba-
tion for 2 days at 30°C in 10 mL of a synthetic medium.
The cell was then centrifugally separated for 10 min at
3000 rpm and 4°C and harvested. The cell thus obtained
was suspended in 10 mL of PBS, then centrifugally sep-
arated under the same conditions, and harvested. The
cell was washed one more time and suspended in 1 mL
of PBS. The turbidity was measured at ODgj. A total of
40 pL of suspended cell (equivalent to ODg, = 0.6) was
then scattered over a micro-chamber array (inner diam-
eter 20 pm) maintained at4°C, and the array was allowed
to stay for 10 min at 4°C. A total of 360 p.L of a substrate
(0.1 mM 4-methylumbelliferyl oleate/|% dimethylforma-
mide/50 mM phosphoric acid buffer (pH 7.0)) was then
added so as to be unified with the liquid surface and the
system was allowed to stay for 10 min at 4°C. A cover
glass was placed in a sliding manner, water was
squeezed out, the plate was then set in an incubator
(room temperature) at a 100% humidity, and a reaction
was conducted for 1 h. The observations were then per-
formed with a fluorescent microscope (excitation wave-
length 320 nm, detection wavelength 450 nm).

[0085] The results are shown in Fig. 3(a). This figure
shows a microphotograph obtained with a magnification
of 400. As shown in the figure, fluorescence was ob-
served in each micro-chamber on the base plate and the
yeast that expresses Geotrichum candidum lipase by se-
cretion was confirmed to be present in each micro-cham-
ber.

[Example 2] Detection of hydrolysis reaction using a flu-
orescent substrate in a micro-chamber array in yeast that
expresses lipase in the surface layer

[0086] In this example, first, yeast that expresses li-
pase in the surface layer was prepared by the following
procedure

(1) Preparation of yeast that expresses lipase (Geotri-
chum candidum lipase) in the surface layer

[0087] A polymerase chain reaction (PCR) was per-
formed by using EcoRlI at 5’ of a Geotrichum candidum
lipase lip1 gene and using a primer with a Xhol site at 3'.
The PCR product obtained was cut at EcoRI, Xhol, and
then a plasmid pCASS25GCL1 that expresses Geot-
richium candidum lipase in the surface layer was con-
structed by bonding with a secretive vector pCASS25 for
yeast that was similarly treated with EcoRI, Sall. The
base sequence of the Geotrichum candidum lipase gene
portion of the constructed pCASS25GCL1 was con-
firmed by the deoxyterminator method to have no errors.
The yeast that expresses lipase in the surface layer was
produced by genetic transformation of Saccharomyces
cerevisiae EH1315 strain by PCASS25GCL1. To verify
the plasmid introduction, the gene extracted from the ge-
netically transformed strain was taken as a template and
the PCR was performed by using primers at both ends

10

15

20

25

30

35

40

45

50

55

ofthe Geotrichum candidum lipase gene. The verification
was made by the amplification of a band close to a Ge-
otrichum candidum lipase gene size of 1.6 kb.

(2) Detection of hydrolysis reaction using a fluorescent
substrate in a micro-chamber array

[0088] The yeast that expresses Geotrichum candi-
dum lipase in the surface layer and was prepared by the
above-described procedure was subjected to shaking in-
cubation for 2 days at 30°C in 10 mL of a synthetic me-
dium. The cell was then centrifugally separated for 10
min at 3000 rpm and 4°C and harvested. The cell thus
obtained was suspended in 10 mL of PBS, then centrif-
ugally separated under the same conditions, and har-
vested. The cell was washed one more time and sus-
pended in 1 mL of PBS. The turbidity was measured at
ODggo- A total of 40 uL of suspended cell (equivalent to
ODgqg = 0.6) was then scattered over a micro-chamber
array (inner diameter 20 pm) maintained at 4°C, and the
array was allowed to stay for 10 min at 4°C. A total of
360 pL of a substrate (0.1 mM 4-methylumbelliferyl
oleate /1% dimethylformamide/50 mM phosphoric acid
buffer (pH 7.0)) was then added so as to be unified with
the liquid surface and the system was allowed to stay for
10 min at4°C. A cover glass was placed in a sliding man-
ner, water was squeezed out, the plate was then set in
an incubator (room temperature) at 100% humidity, and
areaction was conducted for 1 h. The observations were
then performed with a fluorescent microscope (excitation
wavelength 320 nm, detection wavelength 450 nm).
[0089] The results are shown in Fig. 3(b). This figure
shows a micro-photograph obtained with a magnification
of 400. As shown in the figure, fluorescence was ob-
served in each micro-chamber on the base plate and the
yeast that expresses Geotrichum candidum lipase in the
surface layer was confirmed to be present in each micro-
chamber.

[Example 3] Detection of hydrolysis reaction using a flu-
orescent substrate in a micro-chamber array in marine
microorganisms

[0090] A marine microorganism of Terrabacter sp.
sampled from the sea sediment (reference: a bacterium
with a 100% homology with 16SrRNA of Terrabacter sp.
described in J. Bacteriol 179, 53-62, 1997) was subjected
to shaking incubation for 5 days at 25°C in 10 mL of a
commercial marine broth (Difco, cat no. 279110). The
cell was then centrifugally separated for 5 min at 8000
rpm and 4°C and harvested. The cell thus obtained was
suspended in 10 mL of PBS, then centrifugally separated
under the same conditions, and harvested. The cell was
washed one more time and suspended in 1 mL of PBS.
The turbidity was measured at ODg. A total of 40 uL of
suspended cell (equivalentto ODgg( = 0.6) was then scat-
tered over a micro-chamber array (inner diameter 100
pm) maintained at4°C, and the array was allowed to stay
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for 10 min at 4°C. A total of 360 pL of a substrate (0.1
mM fluorescein dioleate/1% dimethylformamide/50 mM
phosphoric acid buffer (pH 7.0)) was then added so as
to be unified with the liquid surface and the system was
allowed to stay for 10 min at 4°C. A cover glass was
placed in a sliding manner, water was squeezed out, the
plate was then set in an incubator (room temperature) at
a 100% humidity, and a reaction was conducted for 1 h.
The observations were then performed (excitation wave-
length 473 nm, detection wavelength 532 nm) with a com-
mercial micro-array scanner (CRBIO™lle-FIPC).

[0091] The results are shown in Fig. 3(c). As shown in
the figure, fluorescence was observed in each micro-
chamber on the base plate and the marine microorgan-
ism producing a protein having a lipase activity was con-
firmed to be present in each micro-chamber.

INDUSTRIAL APPLICABILITY

[0092] The present invention enables rapid and inex-
pensive screening in microscopic amounts. Therefore, it
can be effectively used for the functional analysis of a
large number of genes or proteins in genomics or pro-
teomics.

Claims

1. Amethod for screening a protein or amicroorganism,
comprising the steps of:

adding a fluorescent substrate that produces flu-
orescence by hydrolysis onto a base plate hav-
ing a plurality of micro-chambers arranged in the
form of an array;

dripping a sample comprising a protein or a mi-
croorganism on the base plate; and

detecting a protein having an enzymatic activity
or a microorganism producing this protein that
is present inside the micro-chambers by detect-
ing fluorescence emitted due to an enzyme re-
action of the protein or the microorganism and
the fluorescent substrate.

2. The method for screening according to claim 1,
wherein
the protein is a protein expressed in a surface layer
of a cell membrane of a microorganism; and
in the step of detecting, the microorganism that ex-
presses the protein having an enzymatic activity in
a surface layer of a cell membrane is detected by
detecting a fluorescing micro-chamber from among
the plurality of micro-chambers.

3. The method for screening according to claim 1 or
claim 2, wherein an inner diameter of the micro-
chamber is 5 to 500 pm.
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4.

The method for screening according to any one of
claims 1 to 3, further comprising a step of taking out
contents of the micro-chamber where the protein is
contained after the step of detecting.

A screening apparatus for screening a protein having
an enzymatic activity or microorganisms producing
the protein from a sample, the screening apparatus
comprising:

a base plate having a plurality of micro-cham-
bers arranged in the form of an array; and

a fluorescence detector that detects a fluores-
cence produced on the base plate, wherein
the fluorescence detector detects a protein hav-
ing an enzymatic activity or a microorganism
producing this protein that is present inside the
micro-chamber by detecting a fluorescence pro-
duced by an enzyme reaction of the protein hav-
ing an enzymatic activity with the fluorescent
substrate.

The screening apparatus according to claim 5,
wherein

the protein is a protein expressed in a surface layer
of a cell membrane of a microorganism; and

the fluorescent detector detects the microorganism
that expresses the protein having an enzymatic ac-
tivity in a surface layer of a cell membrane by detect-
ing a fluorescing micro-chamber from among the plu-
rality of micro-chambers.

The screening apparatus according to claim 5 or 6,
further comprising a micro-manipulator for taking out
contents of the fluorescing micro-chamber.

The screening apparatus according to any one of
claims 5 to 7, wherein an inner diameter of the micro-
chamber is 5 to 500 pm.



EP 1790 733 A1

10

A e
i ,

11



EP 1790 733 A1

Fig.2

0% OL 09 0% 1% OF OF 0% OL 1

Wl iy

< NHIL1vd

08 GL 09 06 0¥ 08 02 0}

£
tH
414
oe
Oy
0§
09
0L
08

Wil 26°01

L NEZLIVA

(23

H&m og

3
)
Bt
#

SHIAANYHD-OHOIN 08

(%)

12



EP 1790 733 A1

(b)

13



EP 1790 733 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2005/015342
A. CLASSIFICATION OF SUBJECT MATTER
Cc12Q1/02 (2006.01), €12Q1/34 (2006.01), ci2M1/34 (2006.01)
According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)
Cc12Q1/02 (2006.01), €12Q1/34 (2006.01), Cc12M1/34 (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

12 September, 1986
& US 5089395 Al

(12.09.886),
& EP 215066 A2

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 02-46280 A (Becton Dickinson and Co.), 1,5
15 February, 1990 (15.02.90),
Full text
& US 5236827 Al & EP 347771 A2
A WO 1986/05206 Al (UNIVERSITY OF CINCINNATI), 1,5

\:l Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

‘A”  document defining the general state of the art which is not considered
to be of particular relevance

“E”  earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

07 November, 2005 (07.11.05)

Date of mailing of the international search report

06 December, 2005 (06.12.05)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

14




EP 1790 733 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2005/015342
Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

L. D Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ‘:l Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. \:l Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

The inventions according to claimg 1 to 8 are divided into four groups,
i.e., a general inventive concept “a method of screening a protein having
an enzymatic activity or a microorganism capable of expressing the protein
which comprises decomposing a fluorescent substrate reactive with the enzyme
by the protein having the enzymatic activity or the microorganism expressing
the protein in a microchamber on a board having a plural number of arrayed
microchambers and detecting the thus emitted fluorescence” (claims 1 and 5) ;
a general inventive concept “a screening method of detecting a microorganism
expressing a protein having an enzymatic activity on the surface layer of
its cell membrane” (claims 2 and 6); a general (continued to extra sheet)

L. ‘:l As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. EI As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment of
any additional fee.

3. \:l As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1 and 5.

Remark on Protest [I The additional search fees were accompanied by the applicant’s protest and, where applicable, the

payment of a protest fee..

I:l The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)

15



EP 1790 733 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2005/015342

Continuation of Box No.III of continuation of first sheet (2)

inventive concept “a screening method characterized in that the inner
diameter of a microchamber igs from 5 to 500 pum” (claims 3 and 8); and
a general inventive concept “a screening method involving the step of
taking out the contents from a microchamber” (claims 4 and 7).

Form PCT/ISA/210 (extra sheet) (April 2005)

16



EP 1790 733 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Non-patent literature cited in the description
* Special Issue: Combinatorial Bioengineering. Bioin- *  Nippon Nogeikagaku Kaishi, 01 May 2004, vol. 78

dustry, 2001, vol. 18 (6), 7-1756-72 [0006] (5), 27-30 [0006]
* J. Bacteriol, 1997, vol. 179, 53-62 [0090]

17



	bibliography
	description
	claims
	drawings
	search report

