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7) ABSTRACT

This invention uses a receptor molecule such as an antibody
etc immobilized to a chip for a solid phase, and a sensor such
as a pH electrode or an oxygen electrode or a glucose
electrode for a search device. After immobilizing specific
living cells by a bio-specific recognition reaction (a special
immunity bond reaction) and washing the solid phase chip,
one can measure the change of pH or oxygen consumption
or glucose consumption from the metabolism of the specific
living cells in substrate solution. This makes it possible to
measure the activity and quantity of living cells specifically,
accurately and quickly.
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MEASUREMENT OF THE CELL ACTIVITY AND
CELL QUANTITY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The measurement of cell activity and cell quantity
is important in all fields of biotechnology and life sciences.

[0003] In the early stages of a disease, such as inflamma-
tion, cell activity has already changed before the change in
cell quantity. Instead of current diagnosis methods that
measure cell quantity, the present invention can directly
measure cell activity, and provides a better method for early
clinical diagnosis. Because it is highly sensitive, the present
invention also can be used for in vitro diagnostics for cancer,
autoimmune, metabolic and genetic diseases. In addition,
the present invention provides an easy and inexpensive
method for detecting the fixed-quantity of CD 4+cell in
whole blood to help the diagnosis of AIDS and HIV infected
patients. This invention not only has implications in clinical
diagnosis, but also in drug development, pharmacy research,
new chemical compounds research, toxicological and envi-
ronmental testing. This invention has immediate commercial
applications for testing cellular health as a quality control
tool for cellular medicine.

[0004] 2. The Prior Art

[0005] In order to measure cell activity, the products of
cell metabolism can be measured in various ways. Acids can
be detected by the change in color of a pH indicator inserted
in the culture solution, and gas can be detected by the
Wallbulek’s gas measure. The quantity of the oxygen in a
cell culture medium will decrease with the cell metabolism,
and putting an oxygen electrode into the cell culture medium
is a way to measure cell activity in real-time [I. Karube, T.
Matsunaga, S. Mitsuda, S. Suzuki : Biotechnol. Bioeng., 19,
1537 (1977)].

[0006] Additionally, methods such as enzyme assays,
electrochemistry assays, and chemistry fluorescence emis-
sion assays are used for testing cell activity. For example, the
impedance method detects electric change directly as cell
metabolism activity [P. Cady, S. Dofour, P. Lawless, B.
Nunke, and S. Kraeger, J. Clin. Microbiol., 7, 273, (1978)].
The conductance method depends on the same principle of
impedance method [J. Richard, A, Jason, G. Hobbs, D.
Gibson, and R. Christie, J. Phys. E. Sci. Instrum., 11, 560,
(1978)]. The composition enzyme substrate solution method
detects the quantity of the color emission or the fluorescence
emission of the isolated chemical compound as enzymatic
activity [M. Manafi, and W. Kneifel, Acta Microbial. Hun-
garica 38, 293, (1991)]. The bioluminescence method
detects the quantity of the ATP that is a product of cell
metabolism [W. McElroy, H. Seliger, and E. H. White,
Photochem. Photobiol., 10, 153, (1969)]. The LAPS method
provides a method wherein the rate of production of living
cells acidic metabolites could be measured continually by a
light-addressable potentiometric sensor. [J. Parce, John C.
Owicki, M. Kercso, Science., 5, 243, (1989)]

[0007] Evaluation of the activity of living cells using
cytotoxicity measurements is important for assessing the
effect of drugs, environmental pollutants, temperature and
ionic extremes, radiation and irradiation, other cells and
biological modifiers and other potentially adverse factors on
cells and tissues.
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[0008] One such cytotoxicity measurement is a DNA
assay which depends on a fluorescent dye. Growing living
cells are dyed by 2-diamidino-phenylindole (DAPI) or
Hoechst 33342, which is a fluorescent dye. The fluorescence
intensity of the resulting dyed cells is measured by a
fluorescence photometer. Cells are placed in the holes of a
96-hole microtiter plate together with culture fluid and
cultured for 2 days in a 37.degree. C. carbon dioxide
incubator. After the culture fluid has been replaced with a
new culture fluid containing a chemical substance to be
tested, the chemical substance acts on the cells for 3 days.
Subsequently, the culture fluid is discharged, and then the
cells are fixed by a glutaraldehyde solution. Thereafter, the
cells are dyed by DAPI or Hoechst 33342 solution. The
fluorescence intensity of the resulting dyed cells is measured
by a photometer. Finally, the cell density is determined on
the assumption that control fluorescence intensity is 100%

[0009] Another cytotoxicity testing method uses MTT
([3-(4, 5-dimethylthiazol-2-y1)-2, 5-diphenyl tetrozorlium
bromide]). MTT produces formazan due to an enzyme
present in intracellular mitochondria. After formazan has
been dissolved in hydrochloric acid-isopropanol, calorimet-
ric quantization is effected. The amount of formazan is
dependent on the number of live cells and therefore repre-
sentative of the same. Cells, a culture fluid and a chemical
substance solution to be tested are introduced into the holes
of a 96 hole microplate and cultured for 24 hours in
acid-isopropanol solution; and black crystals of formaazan
are dissolved by stirring. The degrees of absorption of 570
nm light and 630 nm light are determined by a microplate
reader in order to quantize the toxicity of the chemical
substance.

[0010] Sup 51 Cr take-in method is also used in cytotox-
icity testing . While the 51Cr isolation method is effective
with chemical substances of the kind inducing cytolytic-
death in a short period of time, it is insensitive to substances
of the kind that do not not fully destroy cell walls. The.
sup.51 Cr take-in method is an improved version of the.
sup.51 Cr isolation method as to its ability to decide whether
cells are live or dead. Specifically, after a cell solution has
been introduced in the holes of a 96-hole microplate, a
chemical substance solution to be tested is added. The plate
is held at 37.degree. C. for 1 hour to 8 hours, and then the
top of the solution is removed by a centrifugal force. A
culture fluid containing 1. Ci of Na.sub.2.sup.51 CrO.sub.4
is introduced into the holes of the plate-and held at
37.degree. C. for 30 minutes. After .sup.51 Cr not taken into
the cells has been fully discharged, 50. 1 of acetic acid is
added to each hole and fully stirred. All the contents of the
holes are transferred to gamma counter tubes in order to
measure their radioactivity.

[0011] In all of these above-mentioned methods, it takes a
long time to culture living cells. Usually, cultured cells form
irregular colonies in which cells high in activity and growth
ability and cells low in-the same exist together. Only cell
concentrations above 10°cells/M1 can be detected using
these methods. In addition, all of these methods require skill
and complicated operations as well as expensive apparatus
for determination. Furthermore, as they are sometimes inac-
curate and insensitive, these methods are not suitable for
clinical diagnosis.

[0012] The most uscful method for detecting the activity
and the quantity of living cells is flow cytometry. Flowcy-
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tometers generally are characterized as having one or more
sources of excitation (typically lasers tuned to a specific
frequency), means which allow the passage of cells substan-
tially one at a time through a measurement region and means
for detection of light scatter and fluorescence from cells as
they pass through the measurement region. Means to record
the data for each of the cells also may be coupled to the
device. For example, a Trypan Blue solution is added to a
cell solution, and only dead cells take it up. Trypan Blue
absorbs red helium-neon laser light having a wavelength of
632.8 nm and issuing from a flowcytometer. Therefore, a
sample consisting of a number of cells is instantaneously
divided into t groups of spots, i.e., living cells, dead cells,
and cell fractions. The three groups of spots are drawn on an
oscilloscope and allow a ratio between living cells and dead
cells to be easily determined. When Hoechst 33342 and
propidium iodide are used to dye DNA of unfixed cells,
activity unchanged living cells and activity injured cells
fluoresce in blue and red, respectively and can therefore be
easily distinguished by a flowcytometer. With fluorescence-
coated monoclonal antibody, the quantity of cells also can be
measured by flowcytometry. The fixed-quantity measure-
ment of CD 4+ cell in whole blood is a test that is necessary
for AIDS and HIV infected patients. However FCM is an
expensive and complex measurement. 90% of AIDS and
HIV infected patients in the world can’t have the fixed-
quantity measurement of CD 4+ cell currently. In addition it
is difficult to fix specific cells and a sufficient amount of
sample is necessary for this test.

SUMMARY OF THE INVENTION

[0013] This invention provides an improved method for
assessing the activity and quantity of living cells which is
accurate and easy and occurs in real-time. Using charged
polyion binding or chemical reaction bonding or covalent
bonding, an antibody reacting with various proteins exposed
on the surface of cells, a ligand molecule reacting with
various receptors exposed on the surface of cells or partial
peptide thereof, or a receptor reacting with various cell
adhesion factors exposed on the surface of cells or partial
peptide thereof is immobilized on the inner surface of the
capillary chip as a solid phase. After a bio-specific recog-
nition reaction (a special immunity bond reaction) and
washing the solid phase chip with substrate solution, specific
living cells can be immobilized on the inner surface of the
solid phase chip. As living cells are dipped in the substrate
solution including some culture ingredients like glucose, it
is possible to measure the change of pH or oxygen con-
sumption or glucose consumption from the metabolism of
the specific living cells by a sensor such as a pH electrode
or an oxygen electrode or a glucose electrode. This also
means it is easily possible to measure the activity and
quantity of living cells specifically, accurately and quickly
with the present invention.

[0014] This invention also provides a method for immo-
bilizing specific living cells on a solid phase chip. Further,
this invention provides a method for determining the quality
of a receptor-molecule solid phase chip.

[0015] Additionally, this invention provides a chip for
measuring the activity or quantity of living cells.

[0016] This invention also provides an apparatus for mea-
suring the activity and quantity of cells.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 is a schematic diagram of the present
method for measuring the activity and quantity of living
cells.;

[0018] FIG. 2 is a schematic diagram of the method for
making the solid phase chip using charged polyion binding
and chemical reaction binding;

[0019] FIG. 3 is a schematic diagram of one preferred
embodiment of the apparatus of the present invention for
measuring the activity and quantity of living cells;

[0020] FIG. 4 show the relative fluorescence intensity
versus wavelength for the measurement of the solid phase
chip binding with FITC-labelled anti-Mouse 1gG via fluo-
rescence (right picture) versus a blank control (left picture)
using UV ftransilluminator and a charge coupled device
(CCD) camera as indicator.; (FITC is fluorescein isothiocy-
anate, stav+ is streptavidin, PEI is polyehtyleneimine, and
BNHS is biotin N hydroxysuccinimide)

[0021] FIG. 5§ is an image of a microscope photograph
showing CD4+ lymphocyte that has been immobilized on
the inner surface of the solid phase chip using whole blood
of a health volunteer as sample;

[0022] FIG. 6 is a graph showing the change of CD4+
lymphocyte activity from a health volunteer’s whole blood
using super enterotoxin antigen (SEA) as a irritant agent;

[0023] FIG. 7 is an image of a microscope photograph
showing neutrophils from the same volunteer’s whole blood
that has been immobilized on the inner surface of the solid
phase chip when the health condition was good (upper
picture) and the health condition was not good (lower
picture), however, the quantity of neutrophils was similar
when measured by hemacytometer; and

[0024] FIG. 8 is a graph showing the change of neutrophil
activity according to FIG. 7.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Referring to FIGS. 1-8 of the drawings, the present
invention provides for a receptor molecule solid phase chip
for immobilizing specific living cells, an apparatus for a
bio-specific recognition reaction between specific living
cells and a receptor molecule solid phase chip, an apparatus
for the determination of the activity and quantity of specific
living cells and an apparatus for the evaluation (observation)
of specific living cells morphology and quantity.

[0026] The receptor molecule solid phase chip may be
made of a polyolein polymer such as polystyrene, polyeth-
ylene, polypropylene and the like, a polyester polymer such
as polyethylene terephthalate, polybutylene terephthalate
and the like, a polyamide polymer such as nylon 6, nylon 6.6
and the like, and a polycarbonate, cellulose polymer such as
cellulose acetate, nitrocellulose and the like.

[0027] Since the receptor molecule solid phase chip is
used to measure the change of pH or oxygen be made of
materials that do not absorb carbon dioxide, oxygen and
other materials that may disturb the accuracy of the deter-
mination of the activity and quantity of specific living cells.
It is desirable that the receptor molecule solid phase chip
used is composed of glass, quartz glass, other glasses such
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as Li niobate, zinc selenide, porcelain, semiconductor mate-
rials such as germanium, GaAs or silicon, and metals such
as aluminium, or steel.

[0028] In order to provide the chip wherein a small
quantity of the sample may be used, and one that is inex-
pensive and easy to use to carry out the measurement, it is
desirable that the solid phase chip be composed of one with
a short capillary with narrow diameter. The inner surface of
the short capillary with narrow diameter is used as the solid
phase.

[0029] After a bio-specific recognition reaction (a special
immunity bond reaction), specific living cells can be immo-
bilized on the inner surface of the receptor molecule solid
phase chip. The bio-specific recognition reaction (special
immunity bond reaction) is generally based on the ability of
a receptor molecule recognizing specifically the structure
and molecular organization of a ligand molecule on the
surface of specific living cells, for example of an antibody
reacting with various proteins exposed on the surface of
cells, a ligand molecule reacting with various receptors
exposed on the surface of cells, or a receptor reacting with
various cell adhesion actors exposed on the surface of cells,
and to bind this molecule on the surface of cells very
specifically in such a manner (see FIG. 1).

[0030] To immobilize a receptor molecule on the inner
surface of the chip, several binding methods based on ionic
linkages, covalent bonds, hydrogen bonds and van der Waals
forces may be used. For example the physical adsorbing
method, ionic binding method, chemical binding method
and so on. Furthermore, in the present invention, biotiny-
lated compounds adsorbing method, aminosilane coupling
method and polyions charged method may be suitable and
effective.

[0031] According to the biotinylated compound adsorbing
method, biotinylated compounds with a large molecular
weight such as biotinylated bovine serum albumin (BSA)
may be used. After washing the chip with water in an
ultrasound bath, the chip is treated with 0.01 and 1 mg/ml
biotinylated-BSA over night. Due to van der Waals forces,
biotin-BSA is strongly immobilized on the inner surface of
the chip. Then, as pair biotin/avidin is a very effective and
strong covalent bonder, using a sandwich binding method
with streptavidin and biotinylated antibody and the like, a
receptor molecule recognizing specifically the structure and
molecular organization of a ligand molecule on the surface
of specific living cells can be immobilized on the inner
surface of the chip.

[0032] According to the aminosilane coupling method, a
capillary that is made of glass or quartz is treated with alkali
liquor or acid and washed with water in an ultrasound bath
and carefully dried with nitrogen gas, which cleans the
surfaces and makes them dust-free.

[0033] After reacting with the aminosilane such as 3-ami-
nopropyltriethoxysilane, 3-aminopropyldimethylethoxysi-
lane and so on, and treating with a glutaraldehyde aqueous
solution, amino group is loaded onto the surface of the
capiliary via the silane reaction. Finally reacting with the
receptor molecule such as an antibody, or peptide directly,
the receptor molecule recognizing specifically the structure
and molecular organization of a ligand molecule on the
surface of specific living cells can be immobilized on the
inner surface of the chip with a peptide bond.
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[0034] Furthermore, as pair biotin/avidin provides a very
effective and strong covalent bond, using a sandwich bind-
ing method, such as biotinylated bovine serum albumin
(BSA)/streptavidin/biotinylated antibody, a receptor mol-
ecule recognizing specifically the structure and molecular
organization of a ligand molecule on the surface of specific
living cells can be immobilized on the inner surface of the
chip too.

[0035] According to the polyion charged method, which is
the preferred embodiment of the invention, polyanions and
polycations are required as adsorbing polyions. Suitable and
preferred polycations are compounds with amino groups,
such as polylysine, polyallylamine, polyvinylpyridine, dex-
trans modified with amino groups (for example DEAE-
dextran), and chitosan. Suitable and preferred polyanions are
polycarboxylic acids and polysulphonic acids. Examples of
these are polyglutamate, polystyrenesulphonic acid, or dex-
tran sulphate (see FIG. 2).

[0036] Furthermore, on glass or quartz, it is possible to
adsorb polycations, such as polyethyleneimine, after briefly
dipping it into water or sodium hydroxide solution. The
construction of the inner surface of the solid phase chip can
take place by successively alternating immersion of the
support in aqueous solutions which contain polyions, for
example polycations, polyanion, polycation, and so on, with
rinsing processes carried out in between. Due to the opposite
charge binding, the polyanion layers and poly cation layers
alternate with respect to each other.

[0037] When polyions are applied, they bind horizontally
and thus prevent a loss of potential binding sites in the layer
below. This is additionally favoured by the fact that no
discrete covalent bonds are formed, but, as a result of the
electrostatic forces, a spatially fixed assignment of the ions
on the various layers is not required.

[0038] The polyions are preferably dissolved in concen-
trations between 1 and 100 mg/ml in the solvent, the
optimum concentration depending on the molecular weight
and the nature of the coating technique used and needing to
be optimized in the individual case.

[0039] After the toplayer is coated using polylysine as a
polycation, the chip reacts with the activated biotin active
ester (biotin N-hydroxysuccinimide=BNHS) using triethy-
lamine as a pH adjuster for at least more than 4 hours. A
suitable solvent of the activated biotin active ester contains
cyclic amides, such as dimethylformamide, dimethylaceta-
mide, N-methylpyrrolidone and others. Since peptide bonds
are formed the, biotin molecule is strongly immobilized onto
the polylysine that is the toplayer of the chip.

[0040] Finally, as pair biotin/avidin provides a very effec-
tive and strong covalent bond, using a sandwich binding
method, such as biotin/streptavidin/biotinylated antibody, a
receptor molecule recognizing specifically the structure and
molecular organization of a ligand molecule on the surface
of specific living cells is immobilized on the inner surface of
the chip.

[0041] The process of polyion charged binding for pro-
ducing the receptor molecule solid phase chip can easily be
converted into a continuous procedure by passing the modi-
fied support to be coated in succession through various
immersions. This reduces the amount of work considerably,
compared with the other binding methods.
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[0042] The quality control of the production of the recep-
tor molecule solid phase chip, for-example testing whether
the receptor molecule is immobilized on the inner surface of
chip or whether the homogeneity of the each different layer
of the solid phase is good, is very important in the process
of producing the receptor molecule solid phase chip.

[0043] Such testing may be done by the convenient fluo-
rescence emission method. After reacting with varieties of
fluorescence-labelled chemical agents such as fluorescence-
labelled polyanions, fluorescence-labelled polycations, fluo-
rescence-labelled streptavidin, fluorescence-labelled biotin,
fluorescence-labelled antibody and so on, fluorescence-la-
belled chemical agents can be adsorbed with each different
layer of the solid phase, and the quantity of the fluorescence
emission can be detected with a UV transilluminator and
charge coupled device (CCD) camera.

[0044] Furthermore, suitable conditions for producing the
receptor molecule solid phase chip such as concentration of
the reaction agents, reaction temperature, reaction time and
so on, can be confirmed by the convenient fluorescence
emission method. It is convenient, specific, effective and low
cost, compared with the other testing methods.

[0045] A normal bio-specific recognition reaction requires
only immersing the receptor molecule solid phase chip in a
sample including specific living cells such as cell soliquoid.
However, when the sample involved contains whole blood,
an apparatus for a bio-specific recognition reaction between
specific living cells and a receptor molecule solid phase chip
is necessary to be used to prevent corpuscle subsidence.

[0046] The apparatus for a bio-specific recognition reac-
tion consists of a micropump that supplies the sample
including specific living cells to throw chips, and narrow
diameter pipes that connect with the micropump and chips.

[0047] A suction method may be used to supply the
sample throwing chips with a perista pump, a syringe pump
or a suction pump. In addition, a supplying rate of 1 to 100
I/min is suitable and enough for doing a bio-specific recog-
nition reaction fully, and the pipes may be made of silicon
tubes, rubber tubes and so-on.

[0048] The apparatus for the determination of the activity
and quantity of specific living cells consists of a cell having
an inlet and outlet for the substrate solution, a sensor
accommodated in the cell which can measure the change of
pH or oxygen consumption or glucose consumption from the
metabolism of the specific living cells, a pump for supplying
the substrate solution and antiseptic washing solution in the
cell, a liquid reservoir for pooling a substrate solution, a
reference electrode of the sensor in the liquid reservoir, a
circuit for activating the sensor, and a means for controlling
the action of the pump and reading and displaying the signal
from the sensor (see FIG. 3).

[0049] To measure the change of pH or oxygen consump-
tion or glucose consumption from the metabolism of the
specific living cells, the above-mentioned sensor applies to
a pH electrode, an oxygen electrode and a glucose electrode.

[0050] According to the pH electrode, a pH sensitive
field-effect transistor (pH-FET) has excellent characteristics
such as: (1) it may easily be reduced in diameter; (2) it has
a low amount of induced noises when reduced in diameter;
(3) since it is prepared by IC techniques, the scatter of
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properties between electrodes can be made small and its pH
sensitive plane (gate part) can be made very small; (4) it has
an extremely rapid response to a pH change and has no
remnant hysterisis in the response curve; (5) it has a wide
linear region responsive to a pH change; and (6) it has a
semipermanent life when stored in water and small change
in properties such as the pH sensitivity over a period of time.
Therefore, the pH-FET is most suitable for a pH electrode
employed in the present invention.

[0051] Tt is desirable that the pH-FET employed in the
present invention have a pH sensitivity of 40 to 60 mV/pH,
preferably 50 to 60 mV/pH at 25.degree. C.

[0052] 1In addition, it is desirable that the leakage current
is not higher than 10 nA when 1.5 V of the voltage is applied
between a source electrode of the pH-FET and an outer
electrode while soaking the tip part of the elemental device
of the pH-FET and an outer electrode in a physiological
sodium chloride solution.

[0053] In order to improve the measuring accuracy by
suppressing the influence of drift due to various factors, a
liquid holding part is provided to the tip end of the thin tube
to keep a substrate solution communicating with the pH-
ISFET, then another pH-ISFET for reference and pusedo
comparison electrode are fitted to the liquid holding part.

[0054] According to the position of the sensor, the detec-
tion part of the sensor is provided in the cell measurement
is adjacent to one end of the acceptor molecule solid phase
chip or inserted into the inner of the acceptor molecule solid
phase chip.

[0055] On the other hand, with thermostatical control such
as constant temperature water bath or constant temperature
atmosphere bath and like, the temperature of the above-
mentioned cell is thermostatically controlled to be
37.degree. C or other temperatures that are suitable tem-
peratures for cell metabolism. According to the materials of
the cell, it may be made of cellulose polymers such as
cellulose acetate, nitrocellulose and the like, or plastic, metal
as well as various inorganic glasses.

[0056] A pump for supplying the substrate solution and
antiseptic washing solution in the cell supplies the substrate
solution flowing through the interior of the receptor mol-
ecule solid phase chip to make the living cell metabolism
continue, and the interior of the receptor molecule solid
phase chip is automatically washed with the substrate solu-
tion and antiseptic washing solution. Thus, washing of the
interior of the receptor molecule solid phase chip and
measurement can be carried out in one cell and, therefore,
the apparatus for determination is simplified and measure-
ment operations are also simplified.

[0057] A pump with a supplying rate of 1 to 1000 ml/h
may be used, for example of a perista pump, a syringe pump
and the like can be employed without particular limitations.

[0058] For determining the change of pH or oxygen con-
sumption or glucose consumption from metabolism of spe-
cific living cells, a culture solution containing a substrate
that can induce a change of pH or oxygen consumption or
glucose consumption from metabolism of specific living
cells may be used as a substrate solution. As the substrate,
sugars such as glucose, fructose, sucrose and the like are
most generally used. In this ease, a culture solution having
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weak buffering ability is preferably used so as to sharply
change the pH via metabolism by the organism. In addition,
an enzyme that can specifically react with carbon dioxide or
oxygen or glucose, such as carbonic anhydrase or glucose
oxidase, is added in substrate solution so as to magnify the
signal of the change of pH or oxygen consumption or
glucose consumption from metabolism of specific living
cells.

[0059] In order to prevent pollution of the sensor and cell
by samples such as whole blood and culture substrate, an
antiseptic washing solution is supplied after measurement.
Antiseptic agents such as 2-phenoxyethanol, sodium azide
and the like are most generally used.

[0060] The apparatus for the evaluation (observation) of
specific living cells morphology and quantity consists of a
light microscope and a microscope camera. After the above-
mentioned measurement, the acceptor molecule solid phase
chip is dyed by a cell stain such as Giemsa stain or
Sternheimer-Malbin stain and the like. Under a light micro-
scope, morphology and quantity of specific cells immobi-
lized on the inner surface of acceptor molecule solid phase
chip is observed carefully and a digital microscope photo-
graphs are also taken using a microscope camera in real
time.

[0061] In addition, after dyeing the solid phase chip, color
areas and quantity of color (stain) emission of all specific
cells and one specific cell may be measured by a charge
coupled device. Therefore, quantity of the specific cells can
be calculated easily.

[0062] Further, all of the above-mentioned apparatuses
including an apparatus for a bio-specific recognition reaction
between specific living cells and a receptor molecule solid
phase chip, an apparatus for the determination of activity
and quantity of specific living cells and an apparatus for
evaluation (observation) of specific living cells morphology
may be unified to an automatic apparatus so as to further
simplify all measurement operations

[0063] In addition to specific living eukaryotic cells, bac-
terium, microorganism, and organelles such as mitochondria
and the like may also be measured by this method. In this
case, a substrate solution to be supplied in the cell is selected
depending upon the subject to be determined.

[0064] A method for determination employing the present
apparatus is described as follows:

[0065] A normal sample solution such as a cell soliquoid
is first challenged with the receptor molecule solid phase
chip and allowed to stand for a constant period of time.
However, when the sample contains whole blood, a sample
solution is supplied throwing the receptor molecule solid
phase chip with a low speed so as to prevent corpuscle
subsidence.

[0066] Then, after the bio-specific recognition reaction is
completed, the receptor molecule solid phase chip is inserted
into the cell. Alternatively, an operation of insertion of the
receptor molecule solid phase chip in the cell may be
automated by separately disposing a means for accommo-
dating the receptor molecule solid phase chip.

[0067] With the receptor molecule solid phase chip
accommodated in the cell as described above, a substrate
solution is supplied in the cell from a liquid reservoir by the
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supplying pump. The substrate solution supplied in the cell
flows from the lower to the upper part in the receptor
molecule solid phase chip and is discharged through the
outlet of the cell.

[0068] When the substrate solution is sufficiently supplied
and washing of the interior of the receptor molecule solid
phase chip is completed, supplying solution is completed.
The measurement cell and the receptor molecule solid phase
chip are filled with a substrate solution and the the metabo-
lism reaction of living cells is generated. Thereafter, the
solution in the receptor molecule solid phase chip is moved
to the sensitive part of a sensor by a pump for feeding
solution, and a change of pH or oxygen consumption or
glucose consumption from the metabolism of the specific
living cells is measured.

[0069] Analyzing these changes from the metabolism of
the specific living cells with a special soft (least square
method, peak area method and etc), the activity and quantity
of living cells to be determined accurately and quickly.

[0070] After measurement is completed, the receptor mol-
ecule solid phase chip is removed from the cell and an
antiseptic washing solution is supplied in the cell from the
liquid reservoir by the supplying pump. Thus, the interior of
the cell is automatically washed.

[0071] Finally, after dyeing the receptor molecule solid
phase chip, the morphology and quantity of specific cells
immobilized on the inner surface of acceptor molecule solid
phase chip is observed carefully with a light microscope and
a microscope camera or another apparatus.

[0072] The following experiments are provided for pur-

poses of illustration and not for limitation
EXPERIMENTS

[0073] Experiment 1

[0074] Measurement of human CD4+ lymphocyte activity

[0075] 1. Manufacture of a receptor solid phase chip

[0076] A glass capillary (33 mm long, 0.65 diameter

purchased from Hirschmann Laborgerate Company in Ger-
many) was soaked in 5% nitric acid aqueous solution and
treated therein at 85. degree. C. for 90 minutes. Then, it was
washed with pure water in an ultrasonic bath for 10 minutes
so as to clean the inner surface of dust. Finally, it was soaked
in pure water, in order to be made into a receptor solid phase
chip.

[0077] The cleaned glass capillary was soaked in a poly-
ethyleneimine solution (220 mg in10 ml H.sub.2 O) for 30
minutes at room temperature. Then, it was washed with
water 10 times by wicking action and carefully dried with
nitrogen gas. It was subsequently soaked in polystyrene
sulfonate sodium salt solution (200 mg in10 ml 2M NaCl
aqueous solution) for 20 minutes and washed with water 10
times and carefully dried with nitrogen gas. Likewise, it was
subsequently soaked in poly-L-lysine solution (200 mg in10
ml 2M NaCl aqueous solution) for 20 minutes and washed
with water 10 times and carefully dried with nitrogen gas. It
was subsequently soaked in biotin N-hydroxysuccinimide
(BNHS) solution (200 mg in 10 ml dimethylformamide add
50 1 triethylamine as a pH adjuster) over night at room
temperature. After being washed with water 10 times and
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carefully dried with nitrogen gas, the capillary was soaked
in a PBS solution (pH 7.2) containing 100 g/ml of strepta-
vidin for 30 minutes and washed with PBS solution (pH 7.2)
10 times. Finally, it was soaked in a PBS solution (pH 7.2)
containing 50 g/ml biotinylated anti-human CD4 antibody
(manufactured by IMMUNOTECH, clone 13B8.2) for 40
minutes and washed with PBS solution (pH 7.2) 10 times.

[0078] For testing whether the anti-human CD4 antibody
was immobilized on the inner surface of the present chip, the
present antibody solid phase chip and a blank control chip
that had only uncoated anti-human CD4 antibody were
soaked in a PBS solution (pH 7.2) containing 50 g/ml
FITC-labelled anti-Mouse IgG antibody (manufactured by
SIGMA) for 40 minutes and washed with PBS solution (pH
7.2) 10 times. Thereafter, the present two chips were placed
on a UV transilluminator (UV detection 480 nm) and the
relative fluorescence intensity was detected by a charge
coupled device (CCD) camera. The above-mentioned pic-
ture is shown in FIG. 4.

[0079] 2. Measurement of human CD4+ lymphocyte
activity
[0080] This present antibody solid phase chip was con-

nected with a perista pump by a rubber pipe (0.5 mm
diameter, manufactured by NORTON) and 500 1 venous
blood from a healthy volunteer was sucked through chal-
lenging this chip with 15 /min at room temperature. After all
of the blood had being sucked through, this present chip was
inserted into the cell of the measurement apparatus and a
substrate solution was supplied in the cell using a perista
pump to wash the interior of this present chip for 10 seconds.
As a substrate solution, a (-)Hanks solution containing 10
mM ammonium chloride, 1 mM potassium bicarbonate,
0.5% glucose, 0.5 mM Na.C.0.sub.3 and 0.1 mM carbonic
anhydrase were prepared. Thereafter, the perista pump was
stopped and 270 seconds later, 11 substrate solution in this
chip was moved to the detection part of a pH sensitive
field-effect transistor(pH-FET), wherein the detection part of
the sensor was adjacent to the end of the present chip, and
a change in the source potential was measured for 30
seconds at 37. degree. The present chip was subsequently
removed from the cell, the perista pump was driven for 30
seconds to supply an antiseptic washing solution in the cell
to wash the cell for the next measurement. For the antiseptic
washing solution, an aqueous solution containing 0.1%
sodium azide was prepared.

[0081] After the measurement was completed, the present
chip was soaked in Sternheimer-Malbin stain solution for 10
minutes at room temperature. Under a light microscope, the
morphology and quantity of human CD4+ lymphocyte cells
immobilized on the inner surface of the present chip was
observed carefully and digital microscope photographs were
also taken using a microscope camera in real time.

[0082]

[0083] The same blood sample was continually measured
two times by the present antibody solid phase chip under the
same conditions. The results are described in the following
table.

3. Results
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Blank chip ~ The 1st time Of the The 2st time of the
(n=3) antibody chip (n = 3)  antibody chip (n = 3)
Mean 0.02 mV 2371 mV 22.98 mV
activity
SD +0.013 +0.035 +0.028
CV % 0.126% 0.204% 0.169%
[0084] As is apparent from the above table, the activity of

human CD4+ lymphocyte cells can be selectively, quickly
and continually measured with an excellent repeat using the
present invention. Furthermore, as is shown in FIG. 3,
morphology and quantity of human CD4+ lymphocyte cells
can be clearly observed.

[0085] Experiment 2

[0086] The measurement of a change of human CD4+
lymphocyte activity after cells are subjected to SEA

[0087] 1. Manufacture of a receptor solid phase chip was
as same as experiment 1.

[0088] 2. Measurement of a change of human CD4+
lymphocyte activity after cells were subjected to the SEA

[0089] The process of the measurement was almost as
same as experiment 1, however, in addition to the substrate
solution used in experiment 1, a substrate solution contain-
ing 10 g/ml super enterotoxins antigen (SEA) was used

[0090] 3. Results

[0091] The measurement results are shown in FIG. 6. As
is apparent from FIG. 6, a change of human CD4+ lym-
phocyte activity after cells are exposed to SEA can be
measured easily and accurately using the present invention.

[0092]

[0093] The measurement of a change of human neutrophil
activity when health condition of the subject person was
different

[0094]

[0095] Except for the receptor being changed to 50 g/ml
biotinylated anti-mouse IgG antibody (manufactured by
SIGMA), the process was as same experiment 1. There are
Fc receptors on the surface of neutrophil, so anti-mouse IgG
antibody that has Fc parts was used as a receptor to be
immobilized on the surface of chip.

[0096] 2. Measurement of a change of human neutrophil
activity when health condition of the subject person was
different

[0097] As a sample, venous blood drawn from the same
person on different days was prepared. However, the health
condition of the subject person on different days was dif-
ferent. Furthermore, the quantity of neutrophils in whole
blood was measured by hemacytometer before the measure-
ment. The other processes were the same as experiment 1.

[0098] 3. Results

[0099] The measurement results are shown in FIG. 7 and
FIG. 8. When the health condition of the subject person is
not good, the quantity of neutrophils in whole blood is not

Experiment 3

1. Manufacture of a receptor solid phase chip
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changed at first but the activity of neutrophils is already
changed. Especially, Fe receptors are “irritated” so as to
recognize and bind much more anti-mouse IgG antibody
than when the health condition of the subject person is good.
As is shown in FIG. 7, the quantity of neutrophil immobi-
lized on the inner surface of the solid phase chip rose
sharply, however, the quantity of neutrophil in whole blood
was almost similar to each other. In addition, as is apparent
from FIG. 8, a change of human neutrophil activity when
the health condition of the subject person was changed can
be measured easily and sensitively using the present inven-
tion. This means the present invention may be a novel
method for early clinical diagnosis.

[0100] While presently preferred embodiments have been
described for the purposes of the disclosure, numerous
changes in the arrangement, methods, steps and apparatus
parts can be made by those skilled in the art. Such changes
are encompassed within the spirit of the invention by the
appended claims.

1-43 (cancelled)

44: A chip for immobilizing at least one specific living cell
or at least one specific living organelle in a sample, com-
prising:

(a) a surface comprising polyionic layers in an alternating
arrangement of at least one polyanion layer and at least
one polycation layer substantially parallel to the surface
of said chip; and

(b) at least one receptor molecule affixed to said surface
and capable of binding a specific molecule on a surface
of said at least one specific living cell or organelle.

45: The chip according to claim 44, wherein said poly-
ionic layers comprise at least one amphiphilic layer.

46: The chip according to claim 44, wherein said surface
comprises a material selected from the group consisting of
a polymer, a glass, a semiconductor material, a metal, and a
combination thereof.

47: The chip according to claim 44, wherein said surface
comprises a capillary.

48 The chip according to claim 47, wherein said at least
one receptor molecule is affixed to the inner surface of the
capillary.

49: The chip according to claim 44, wherein said at least
one receptor molecule is selected from the group consisting
of at least one antibody, at least one ligand molecule, and at
least one receptor.

50: The chip according to claim 44, wherein said at least
one receptor molecule is affixed to the top polyionic layer of
said surface by a binding method comprising covalent
binding.
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51: The chip according to claim 44, wherein said at least
one receptor molecule is affixed to the top polyionic layer of
said surface by a binding method comprising non-covalent
binding.

52: The chip according to claim 44, wherein said at least
one receptor molecule is affixed to the top polyionic layer of
said surface by a binding method comprising a combination
of covalent and non-covalent binding.

53: The chip according to claim 44, wherein said at least
one receptor molecule is affixed to the top polyionic layer of
said surface by a binding method comprising biotin-avidin
binding.

54: The chip according to claim 44, wherein said at least
one receptor molecule is affixed to the top polyionic layer of
said surface by a binding method comprising aminosilane
coupling.

55: The chip according to claim 44, wherein said sample
comprises whole blood.

56: The chip according to claim 44, wherein said at least
one specific living cell comprises a T-lymphocyte.

57: The chip according to claim 56, wherein said T-lym-
phocyte comprises a CD4+ T-lymphocyte.

58: The chip according to claim 44, wherein said specific
molecule on the surface of said at least one specific living
cell or organelle comprises a CD antigen.

59: The chip according to claim 58, wherein said CD
antigen comprises a CD4 antigen.

60: An apparatus for measuring at least one measurement
of at least one specific living cell or at least one specific
living organelle in a sample, comprising:

(a) the chip according to claim 44;
(b) at least one pumping means; and

(c) at least one detection device.

61: The apparatus according to claim 60, wherein said at
least one measurement of said at least one specific living cell
or organelle is selected from the group consisting of quan-
tity, morphology, physiological activity, and a combination
thereof.

62: The apparatus according to claim 60, wherein said
pumping means is capable of pumping at least one of the
group consisting of a sample solution, a wash solution, a
reagent solution, a substrate solution, a labelling solution,
and a combination thereof.

63: The apparatus according to claim 60, wherein said at
least one detection device is comprises at least one detector
selected from the group consisting of a pH sensor, a gas
sensor, a metabolite sensor, a microscope, a camera, a
charge-coupled device, and a combination thereof.

* #* * #* #®
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