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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an automatic microinjection apparatus and a cell trapping plate used to inject
an injectant into a cell, and more particularly, to a cell trapping plate with improved resistance to pressure break and an
automatic microinjection apparatus using the cell trapping plate.

2. Description of the Related Art

[0002] In the field of life science and the like, it is quite common to use an automatic microinjection apparatus when
a biological molecule such as a gene, an antibody, and a protein, and a compound (hereinafter, these are generically
called "injectant") are injected into a cell.
[0003] The automatic microinjection apparatus automates an operation of retaining a cell and an operation of sticking
a fine hollow glass needle called a "capillary needle" into the cell and injecting the injectant filled in the capillary needle
into the cell, so that the injectant can be injected into a large number of cells at high speed.
[0004] Techniques for sucking cells in trapping holes by negative pressure suction using a cell trapping plate provided
with micro through holes from the back thereof, and trapping the cells are disclosed, for example, in Japanese Patent
No. 2662215 in which a cell trapping plate having a structure such that concave portions in which individual cells are
completely accommodated are formed therein and through holes are made in each bottom of the concave portions is
disclosed, in Japanese Patent No. 2624719 in which a cell trapping plate having only simple through holes is disclosed,
and in US Patent No. 5262128 and Japanese Patent No. 3035608 in which cell trapping plates each having trapping
holes of which opening edge is funnel-shaped are disclosed.
[0005] However, the cell trapping plate used in the automatic microinjection apparatus may be broken by pressure.
The trapping holes used for cell retention are extremely fine, and in order to make such fine through holes, the periphery
of the trapping hole is in thin film form with a thickness of about 10 Pm.
[0006] In the automatic microinjection apparatus, prior to sucking cells to the cell trapping plate and trapping the cells
therein, the periphery of the cell trapping plate needs to be filled with a buffer solution such as phosphate-buffered saline.
However, during this process, a large amount of pressure is applied to the cell trapping plate, and the thin film form may
be broken by the pressure.
[0007] If the pressure to be applied is reduced in order to avoid pressure break, then the periphery of the cell trapping
plate is not fully filled with the buffer solution, which does not allow a capillary needle to be precisely guided to the cell
and to stick the capillary needle into it.

SUMMARY OF THE INVENTION

[0008] Accordingly, it is desirable to at least solve the problems in the previously-proposed technology.
[0009] An automatic microinjection apparatus according to an embodiment of one aspect of the present invention
includes a cell trapping plate that traps a cell by applying negative pressure suction through a trapping hole provided
therein, and a capillary needle that is stuck into the trapped cell to inject an injectant. The cell trapping plate includes
trapping holes arranged at irregular intervals in directions of two coordinate axes in a two-dimensional orthogonal coor-
dinate system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Fig. 1 is a schematic diagram for explaining an injection method using an automatic microinjection apparatus;
Fig. 2 is an example of an image observed by an inverted optical system;
Fig. 3 is an example of an arrangement of trapping holes according to an embodiment of the present invention;
Fig. 4 is a schematic diagram of a dish unit with a buffer solution fed;
Fig. 5 is a schematic diagram for explaining surface tension on the interfaces created at the trapping holes on the
cell trapping plate;
Fig. 6 is a schematic diagram for explaining a droplet produced in the trapping hole of the cell trapping plate;
Fig. 7 is a schematic diagram for explaining a flux produced in the trapping hole of the cell trapping plate;
Fig. 8 is a schematic diagram for explaining deflection of the membrane portion by negative pressure suction;
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Fig. 9 is an example of an average pitch of the trapping holes in the arrangement of the trapping holes according
to the present embodiment;
Fig. 10 is a flowchart of a processing procedure for setting the arrangement of the trapping holes according to the
present embodiment;
Fig. 11 is a schematic diagram of the automatic microinjection apparatus according to the present embodiment;
Fig. 12 is a perspective view of the automatic microinjection apparatus according to the present embodiment;
Fig. 13 is a schematic diagram for explaining a process procedure of the automatic microinjection apparatus according
to the present embodiment;
Fig. 14 is an example of a sequence of injection by the automatic microinjection apparatus according to the present
embodiment;
Fig. 15 is an example of an arrangement of the trapping holes in the shape of a fan;
Fig. 16 is an example of an arrangement of the trapping holes in the shape of a concentric circle; and
Fig. 17 is an example of an arrangement of trapping holes according to a previously-proposed technology.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Exemplary embodiments of the present invention are explained in detail below with reference to the accom-
panying drawings.
[0012] Fig. 1 is a schematic diagram for explaining an injection method using an automatic microinjection apparatus.
[0013] In a dish unit 100 used in the injection method, a cell trapping plate 120 is placed on a Petri dish 110 having
a suction channel, and the dish unit 100 is filled with a buffer solution such as phosphate-buffered saline.
[0014] The cell trapping plate 120 has trapping holes 121 to 127 which are micro through holes, and trap cells, fed to
the surface of the cell trapping plate 120, in the trapping holes 121 to 127, under negative pressure suction from below
through the suction channel. In Fig. 1, there are shown seven trapping holes on the cell trapping plate 120 for simplicity
of the drawing, but in actual cases, there is an extremely large number of trapping holes, as explained later.
[0015] In the automatic microinjection apparatus, a trapping hole is observed by an inverted optical system 18 from
the back of the dish unit 100, and a capillary needle 12 filled with the injectant is guided to the trapping hole under
observation. The capillary needle 12 is stuck into the cell trapped and the injectant is injected.
[0016] Fig. 2 is an example of an image observed by an inverted optical system. The image allows the automatic
microinjection apparatus to observe a 3-dimensional tip position of the capillary needle 12 and a 3-dimensional position
of the trapping hole at submicron accuracy, and to accurately adjust these positions.
[0017] Fig. 17 is an example of an arrangement of trapping holes according to a previously-proposed technology. In
this example, 1089 pieces of trapping holes are provided in an area of 1.6 mm2. These trapping holes are arranged in
a square lattice form. The reason that the trapping holes are arranged in the square lattice form is because the capillary
needle 12 is easily guided.
[0018] Fig. 3 is an example of an arrangement of trapping holes according to the present embodiment. In this example,
1043 pieces of trapping holes are provided in an area of 1.6 mm2. These trapping holes are randomly arranged. The
reason that the trapping holes are randomly arranged is because resistance to pressure break is improved while almost
the same number of trapping holes as that in the previously-proposed arrangement is arranged in the same area.
[0019] The cell trapping plate 120 undergoes the maximum pressure when a pre-sucking operation is performed in
such a manner that the buffer solution is fed onto the cell trapping plate 120 and the cells are started to be sucked by
the negative air pressure applied from the back of the cell trapping plate 120.
[0020] As shown in Fig. 1, it is necessary, for injecting the injectant, to observe the trapping holes by the inverted
optical system 18 from the back of the dish unit 100. However, the features of an objective lens of the inverted optical
system 18 are adjusted so as to accurately observe the cells trapped in the buffer solution. Therefore, the observation
with high resolution can be performed only by filling a space in the back of the cell trapping plate 120 with the buffer solution.
[0021] Fig. 4 is a schematic diagram of a dish unit with a buffer solution fed. As shown in the figure, only by feeding
the buffer solution onto the cell trapping plate 120, interfaces between air and the liquid are created at the respective
trapping holes, and strong surface tensions are acted to the interfaces, thereby the space is made. It is therefore
necessary to apply suction by negative air pressure from the back of the cell trapping plate 120 and to fill the space with
the buffer solution. This is the pre-sucking operation.
[0022] A target into which the injectant is injected by the automatic microinjection apparatus is in many cases somatic
cells of human beings, and a diameter of an ordinary somatic cell is about 10 to 20 Pm in suspension. The optimal
diameter of the trapping hole to suck and trap the cell of this size is 1/3 to 1/5 of the cell diameter, i.e. about 2 Pm to 4 Pm.
[0023] If the diameter of the trapping hole is too large, the cell is sucked into the trapping hole and cannot be retained.
If it is too small, sufficient trapping force is not provided, and hence, the cell moves while the capillary needle is being
inserted into the cell, and injection cannot successfully be carried out.
[0024] It is an optimal method at present that a silicon substrate is used for the cell trapping plate and is treated by a
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semiconductor manufacturing process when a large number of through holes with a diameter of several micrometers is
to be formed. Further, when the through holes are formed by using the semiconductor manufacturing process, the
thickness of a plate at the through hole portion is about 10 Pm at most from restriction by its aspect ratio.
[0025] Therefore, the back of the cell trapping plate 120 has to be largely scooped out, and the area where the trapping
holes are arranged has to be a membrane (thin film) structure. If high pressure is applied to the membrane portion during
the pre-sucking operation, the membrane portion is deflected as shown in Fig. 8 and may be broken in some cases.
[0026] Fig. 5 is a schematic diagram for explaining surface tension on the interfaces created at the trapping holes on
the cell trapping plate 120. If the buffer solution is fed from the upper side of the cell trapping plate 120, then the buffer
solution remains at the lower edge of the trapping hole by the surface tension.
[0027] An upward force at this time is obtained by

where T is surface tension of liquid (for water: 0.072 N/m), and θ is a contact angle between the surface of the plate and
liquid (for silicon and water: 30°).
[0028] On the other hand, a downward force by suction pressure P is expressed as 

Therefore, if the pressure P explained below satisfies a condition (FDOWN>FUP) such that the downward force becomes
greater than the upward force, then a droplet grows as shown in Fig. 6. 

[0029] The size of the droplet increases as time elapses, and the droplet drops when the weight of the droplet exceeds
the tension at the neck of the droplet. Alternatively, when the suction pressure P is sufficiently large, the lower-part
interface is immediately broken to become a flux of 2 crh (c<1) in diameter as shown in Fig. 7, where c is a constant
which is called a flow rate coefficient and is smaller than 1.
[0030] Here, it is understood that Equation (3) indicates the pressure required for the pre-sucking operation, and that
a larger pressure is required if the inner diameter is smaller. For example, when the trapping hole is 3 Pm in diameter,
48 kPa is required as a previous suction pressure.
[0031] Since the pressure is applied to the membrane portion with the thickness of 10 Pm, for example, the central
portion of a silicon membrane is deflected even by several 10 Pm, and the membrane portion may be broken in some
cases.
[0032] Strength against breakage of the membrane portion largely relates to not only mechanical properties of a
material but also to the presence of the large number of through holes provided in the membrane. Particularly, as shown
in the previously-proposed manner, in the cell trapping plate on which the trapping holes are regularly arranged and
evenly spaced therebetween in a square lattice form, through hole arrays are arranged on vertical and horizontal lines,
respectively. Therefore, stress concentration points at the respective trapping holes due to distortion of the membrane
are linearly aligned to become a band shape, and the membrane is prone to be broken along the band-shaped portion
as a starting point.
[0033] Since the silicon membrane in particular is a single crystal substrate, the array of the trapping holes perfectly
coincides with a crystal axis that is easy to cleave, and hence, the strength against breakage is largely reduced.
[0034] A deflection w of a rectangular plate undergoing a distributed load P satisfies a differential equation expressed
as (Reference: "Strength of Current Materials", Shibuya, et al., Asakura Shoten, p 211, 1986) 
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where D is the flexural rigidity of a plate with a thickness t, and it is obtained by 

where E is Young’s modulus and ν is Poisson’s ratio.
[0035] The membrane portion of the cell trapping plate can be regarded as a square plate of which four sides undergoing
a evenly-distributed load are fixed (a length of one side: L, thickness: t). In this case, if Equation (4) is solved, then it is
understood that the maximum deflection wmax is produced at a center position of the membrane portion, and that the
maximum stress σmax is produced at the top surface and back side of the center position. Both of these are approximately
given by Equations (6) and (7), respectively, where, when v=0.3, P1=0.00126 and P2=0.0513. 

[0036] In actual cases, since the stress is concentrated around the edge of the trapping hole, the maximum stress
applied to the plate is definitely larger than the value of Equation (7), but it cannot be calculated so easily. Therefore,
the maximum stress is evaluated by using Equation (8) in which the value of the Equation (7) is multiplied by a stress
concentration coefficient α in the deflection of a band plate having circular holes. 

When a hole diameter/band width (pitch) is 12/50=0.24, the stress concentration coefficient α at this time becomes 1.44
(Reference: "Mechanical Engineering Handbook", A49-98, 2001)
[0037] Assume that the membrane portion is a square, L=1.7 mm on a side, and its thickness is 10 Pm. The distributed
load when the maximum stress σmax exceeds the breaking stress of silicon, i.e. a breaking pressure Pmax becomes -40
kPa, and this indicates that the pressure required for the previous suction slightly exceeds the breaking pressure.
[0038] The maximum amount of deflection under this pressure reaches even 36 Pm. The deflection produces a large
magnitude of stress near the trapping hole. In the previously-proposed membrane on which the trapping holes are
regularly arranged in the square lattice form, the stress concentration points are aligned in a row, and this causes the
strength against breakage of the membrane to be largely reduced.
[0039] In the calculation, the silicon surface of the plate is assumed to have values as follows: Young’s modulus=130.8
GPa, Poisson’s ratio v=0.28, and breaking stress σ=500 MPa.
[0040] Since the number of cells that can be treated at a time by a piece of cell trapping plate is decided by the number
of trapping holes on the cell trapping plate, at least 1,000, possibly 10,000 through holes are required. If there are 10,000
trapping holes, the membrane portion having a further larger area is required, and the risk of its breakage further increases.
[0041] Since the cell trapping plate 120 according to an embodiment of the present invention has the trapping holes
which are arranged at irregular intervals in respective coordinate axis directions in a two-dimensional orthogonal coor-
dinate system, the points where the stress is concentrated are not formed linearly in a band shape. Therefore, the
strength against breakage is largely improved. Particularly, when the cell trapping plate is the silicon substrate and the
trapping holes are arranged 2-dimensional randomly, the arrangement allows the array of the trapping holes formed
along the silicon crystal axis to be largely reduced, and hence, the strength against breakage is largely improved.
[0042] When the trapping holes are randomly arranged, an average pitch of the trapping holes aligned in a line becomes
much longer as compared with that in the lattice-shaped arrangement. The pitch of the trapping holes in the previously-
proposed example of the arrangement shown in Fig. 17 is 50 Pm. On the other hand, in the case of random arrangement
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as shown in Fig. 9, as a result of determining an average pitch of trapping holes on lines along some coordinate axes,
it is found that the average pitch ranges from 90 to 160 Pm, which is longer by 1.8 to 3.2 times than that of the previously-
proposed case.
[0043] Accordingly, in the random arrangement, the influence of presence of the through holes is significantly de-
creased. In the arrangement in the square lattice form, the suction pressure required for the pre-sucking operation is
almost the same level as the strength against breakage, while the random arrangement allows reinforcement of the
strength against breakage to such an extent that there is no need to worry about the strength against breakage during
the pre-sucking operation.
[0044] Fig. 10 is a flowchart of a processing procedure for setting the arrangement of the trapping holes according to
the present embodiment.
[0045] As shown in Fig. 10, settings are performed on dimensions Mx of the membrane portion in the X-axis direction,
dimensions My of the membrane portion in the Y-axis direction, an allowable minimum value L of a distance between
adjacent trapping holes, and a time limit (step S101). If the trapping holes are too close to each other, the capillary
needle may erroneously catch in a neighboring cell upon injection. Therefore, the allowable minimum value L is appro-
priately 2 to 3 times of the diameter of a target cell.
[0046] A first random number is generated, this number is multiplied by Mx to be converted to the dimensions of the
membrane portion, and a value converted is set as an x coordinate value of a temporary trapping hole (step S102).
Likewise, a second random number is generated, this number is multiplied by My to be converted to the dimensions of
the membrane portion, and a value converted is set as a y coordinate value of a temporary trapping hole (step S103).
[0047] Then, all the distances each between one of existing trapping holes and a temporary trapping hole are obtained,
and the minimum value of the distances is set as dmin (step S104). If dmin is greater than the allowable minimum value
L (step S105, Yes), then the temporary trapping hole is added as a proper trapping hole (step S106), and process returns
to step S102, where the coordinates of the next temporary trapping hole are obtained.
[0048] If dmin is smaller than the allowable minimum value L (step S105, No), then it is checked whether an elapsed
time from the start of processing exceeds the time limit. If the elapsed time does not exceed the time limit (step S107,
No), then process returns to step S102, where the coordinates of the next temporary trapping hole is obtained, while if
the elapsed time exceeds the time limit (step S107, Yes), then the process is ended.
[0049] The arrangement of the trapping holes acquired in the above manner is used when the cell trapping plate 120
is manufactured and when the automatic injection is operated.
[0050] Since there is sometimes a case where the sufficient number of trapping holes is not ensured in the process
procedure, it is preferable to repeat the process some times and select an optimal arrangement as a result. The arrange-
ment of the trapping holes may be set in another process procedure.
[0051] The configuration of the automatic microinjection apparatus according to the present embodiment is explained
below. Fig. 11 is a schematic diagram of the automatic microinjection apparatus according to the present embodiment.
[0052] As shown in Fig. 11, the automatic microinjection apparatus according to the present embodiment includes an
XY stage 10, an XY-stage control unit 11, the capillary needle 12, a manipulator 13, a dispense mechanism 14, a
computer 15, a trapping-hole-coordinate storing unit 16, a illuminator 17, the inverted optical system 18, a camera 19,
and an air-pressure control unit 20.
[0053] The XY stage 10 is a base on which the dish unit 100 is mounted, and can move in the X-axis direction and
Y-axis direction under the control of the XY-stage control unit 11. The XY-stage control unit 11 is a control unit that
controls the movement of the XY stage 10 according to an instruction of the computer 15.
[0054] The capillary needle 12 is a fine hollow glass tube for injecting an injectant, and is held by the manipulator 13.
The manipulator 13 is a device that holds the capillary needle 12 and controls the operation of pushing it out/pushing it
back. The dispense mechanism 14 is a mechanism for dispensing the injectant filled in the capillary needle 12 from the
tip thereof.
[0055] The computer 15 is a controller that controls the whole of the automatic microinjection apparatus, and executes
various automatic processes. For example, in the injection process, the controller acquires coordinate information for
each trapping hole in the cell trapping plate 120 placed on the dish unit 100, from the trapping-hole-coordinate storing
unit 16, and moves the XY stage 10 based on the information. Then, the controller sequentially and automatically
executes the processes of observing an image to be captured by the inverted optical system 18, performing accurate
positioning of a trapping hole, and introducing the injectant into the capillary needle 12.
[0056] The trapping-hole-coordinate storing unit 16 is a unit that stores coordinate information for each trapping hole
of the cell trapping plate 120. In the previously-proposed arrangement of the trapping holes in the square lattice form,
by storing only the pitches of the trapping holes and the number of trapping holes in rows and columns, respective
positions of the trapping holes can be obtained by simple computations. However, in the automatic microinjection ap-
paratus according to the present embodiment, because the trapping holes are randomly arranged, the coordinate infor-
mation for the trapping holes needs to be stored.
[0057] The trapping-hole-coordinate storing unit 16 may previously store the coordinate information for the trapping
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holes of all types of cell trapping plates, or may read out the coordinate information stored in a storage medium such as
a memory card when the automatic microinjection operation is started, and hold it. Alternatively, the trapping-hole-
coordinate storing unit 16 may download the coordinate information through the network and hold it.
[0058] The illuminator 17 radiates light from the upper side of the dish unit 100 toward the periphery of the trapping
holes in order to make clear an image to be captured by the inverted optical system 18. The inverted optical system 18
is an optical unit that captures an image around the trapping hole from the lower side of the dish unit 100. The camera
19 is a device that converts the image captured by the inverted optical system 18 to electronic data so that the computer
15 can recognize it.
[0059] The air-pressure control unit 20 is a controller that controls generation of negative pressure required for the
pre-sucking operation and the cell trapping operation.
[0060] Fig. 12 is a perspective view of the periphery of the XY stage 10 of the automatic microinjection apparatus
according to the present embodiment. As shown in the figure, target cells to be injected are fed into the dish unit 100
as a cell suspension from the upper side thereof, and are trapped in trapping holes by the cell trapping operation.
[0061] Fig. 13 is a schematic diagram for explaining a process procedure of the automatic microinjection apparatus
according to the present embodiment.
[0062] A setup including processes as follows is performed, which includes adjustment of the positions of the cell
trapping plate 120 and the capillary needle 12, feed of the buffer solution, and a pre-sucking operation. Then, a cell
suspension is dropped by a syringe, an appropriate negative pressure (-several 100 Pa) is applied from the back of the
cell trapping plate, and cells floating in the suspension are trapped in the trapping holes to be retained so as not to move.
Unnecessary cells remaining without being trapped are washed out with the buffer solution, to be removed, and automatic
injection is sequentially performed into the cells trapped.
[0063] Fig. 14 is an example of a sequence of injection by the automatic microinjection apparatus according to the
present embodiment. As shown in the figure, coordinate data for trapping holes is sorted for each area obtained by
dividing positions of trapping holes into band-shaped areas in the X-axis direction, and movement of the XY stage 10
can be thereby suppressed to the minimum.
[0064] After the injection operation to all the cells trapped is complete, the whole dish unit 100 is sent to the next
treatment process such as culture and observation.
[0065] According to the present embodiment, since the trapping holes on the cell trapping plate are randomly arranged,
the average pitch of the holes aligned along the line is increased as compared with that of the lattice-shaped arrangement,
which allows improvement of the resistance to pressure break.
[0066] Accordingly, the pre-sucking operation is made easier, which leads to improved reliability of the cell trapping,
and hence, a larger membrane area can be used. Therefore, the number of trapping holes can be thereby increased,
and much more cells can be treated at a time. Particularly, when the cell trapping plate is made from a silicon substrate,
an average interval between trapping holes aligned along the crystal axis which is easy to cleave is made longer, and
hence, the effect in improvement of strength against breakage becomes large.
[0067] Since the random arrangement of the trapping holes is similar to how cells exist in nature, such an effect that
a favorable influence is given to existence of the cells can also be expected.
[0068] Although the example of randomly arranging the trapping holes to improve the strength against breakage of
the cell trapping plate is explained in the present embodiment, the same effect can also be obtained if the trapping holes
are arranged in the shape of a fan or a concentric circle.
[0069] Fig. 15 is an example of an arrangement of the trapping holes in the shape of a fan. This figure shows an
arrangement of the trapping holes in a fan shape on the cell trapping plate with a cell feeding point as a pivot. In the
arrangement also, the trapping holes can be avoided from being aligned at regular intervals in lines orthogonal to each
other. Therefore, this arrangement also has a certain effect in improvement of the strength against breakage of the cell
trapping plate. Furthermore, in the present embodiment, since the trapping holes are arranged along a flow along which
the cells having been fed are dispersing by themselves, this arrangement has an effect in improvement of a trapping
rate of cells (the number of cells actually trapped/the number of trapping holes).
[0070] Fig. 16 is an example of an arrangement of the trapping holes in the shape of a concentric circle. Even if the
trapping holes are arranged concentrically or spirally, the trapping holes are not aligned at regular intervals when viewed
from the 2-dimensional coordinate axes orthogonal to each other, and hence, this arrangement has an effect in improve-
ment of strength against breakage of the cell trapping plate. Moreover, the arrangement is provided along a natural flow
of cells when the cells are fed from the center of the cell trapping plate. Therefore, this arrangement has an effect also
in improvement of the trapping rate of cells.
[0071] Although the case where silicon is used as a material of the cell trapping plate is explained in the present
embodiment, the strength against breakage can be improved even if plastic is used by arranging the trapping holes in
the above manner. When the plate is made of plastic and the trapping holes are arranged at irregular intervals in the
directions of two coordinate axes in the 2-dimensional orthogonal coordinate system, the cell trapping plate with high
resistance to the pressure break can be obtained at low cost.
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[0072] As described above, according to an embodiment of the present invention, the average pitch of the holes
aligned in a line becomes much longer as compared with that in the lattice-shaped arrangement, which allows improve-
ment of the resistance to pressure break.
[0073] Furthermore, according to an embodiment of the present invention, even if the trapping holes are arranged at
irregular intervals in the directions of two coordinate axes in the 2-dimensional orthogonal coordinate system, the injection
operation can be automatically controlled.
[0074] Moreover, according to an embodiment of the present invention, the cell trapping plate with high resistance to
pressure break can be provided at low cost.
[0075] Furthermore, according to an embodiment of the present invention, the average pitch of the holes aligned in
a line becomes longer as compared with that in the lattice-shaped arrangement, which allows improvement of the
resistance to pressure break.
[0076] Although the invention has been described with respect to a specific embodiment, the scope of the present
invention is only limited by the appended claims.

Claims

1. An automatic microinjection apparatus comprising:

a cell trapping plate (120) that traps a cell by applying a negative pressure suction through a trapping hole
provided therein; and
a capillary needle (12) that is stuck into the trapped cell to inject an injectant, wherein
the cell trapping plate includes trapping holes (121; 122) arranged at irregular intervals in directions of two
coordinate axes in a two-dimensional orthogonal coordinate system.

2. The automatic microinjection apparatus according to claim 1, further comprising:

a storing unit that stores arrangement information of the trapping holes provided on the cell trapping plate; and
a control unit that guides the capillary needle to the trapping hole where the cell, to which the injectant is injected,
is trapped, based on the arrangement information stored by the storing unit.

3. The automatic microinjection apparatus according to claim 1 or 2, wherein
the cell trapping plate is made of either one of silicon and plastic.

4. The automatic microinjection apparatus according to claim 1, 2 or 3, wherein
the trapping holes are randomly arranged while keeping a predetermined distance or more from adjacent trapping
holes.

5. The automatic microinjection apparatus according to claim 1, 2 or 3, wherein
the trapping holes are arranged in a shape of a fan.

6. The automatic microinjection apparatus according to claim 1, 2 or 3, wherein
the trapping holes are arranged in a concentric pattern.

7. The automatic microinjection apparatus according to claim 1, 2 or 3, wherein
the trapping holes are arranged in a spiral manner.

8. A cell trapping plate for trapping a cell in an automatic microinjection apparatus, the cell trapping plate comprising:

a plurality of trapping holes arranged at irregular intervals in directions of two coordinate axes in a two-dimensional
orthogonal coordinate system.

9. The cell trapping plate according to claim 8, wherein
the cell trapping plate is made of either one of silicon and plastic.

10. The cell trapping plate according to claim 8 or 9, wherein
the trapping holes are randomly arranged while keeping a predetermined distance or more from adjacent trapping
holes.
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11. The cell trapping plate according to claim 8 or 9, wherein
the trapping holes are arranged in a shape of a fan.

12. The cell trapping plate according to claim 8 or 9, wherein
the trapping holes are arranged in a concentric pattern.

13. The cell trapping plate according to claim 8 or 9, wherein
the trapping holes are arranged in a spiral manner.

Patentansprüche

1. Automatische Mikroinjektionsvorrichtung mit:

einer Zellenfangplatte (120), die eine Zelle durch Anwenden eines Unterdruck-Saugens durch ein in ihr vorge-
sehenes Fangloch fängt; und
einer Kapillarnadel (12), die in die gefangene Zelle gestochen wird, um ein Injektionsmittel zu injizieren, bei der
die Zellcnfangplatte Fanglöcher (121; 122) enthält, die in unregelmäßigen Intervallen in Richtungen von zwei
Koordinatenachsen in einem zweidimensionalen orthogonalen Koordinatensystem angeordnet sind.

2. Automatische Mikroinjektionsvorrichtung nach Anspruch 1, ferner mit:

einer Speichereinheit, die Anordnungsinformationen der auf der Zellenfangplatte vorgesehenen Fanglöcher
speichert; und
einer Steuereinheit, die die Kapillarnadel auf der Basis der durch die Speichereinheit gespeicherten Anord-
nungsinformationen zu dem Fangloch führt, wo die Zelle, in die das Injektionsmittel injiziert wird, gefangen ist.

3. Automatische Mikroinjektionsvorrichtung nach Anspruch 1 oder 2, bei der
die Zellenfangplatte entweder aus Silizium oder Plastik hergestellt ist.

4. Automatische Mikroinjektionsvorrichtung nach Anspruch 1, 2 oder 3, bei der
die Fanglöcher wahllos angeordnet sind, wobei eine vorbestimmte Distanz oder mehr von benachbarten Fanglöchern
eingehalten wird.

5. Automatische Mikroinjektionsvorrichtung nach Anspruch 1, 2 oder 3, bei der
die Fanglöcher fächerförmig angeordnet sind.

6. Automatische Mikroinjektionsvorrichtung nach Anspruch 1, 2 oder 3, bei der
die Fanglöcher in einem konzentrischen Muster angeordnet sind.

7. Automatische Mikroinjektionsvorrichtung nach Anspruch 1, 2 oder 3, bei der
die Fanglöcher spiralig angeordnet sind.

8. 2ellenfangplatte zum Fangen einer Zelle in einer automatischen Mikroinjektionsvorrichtung, welche Zellenfangplatte
umfasst:

eine Vielzahl von Fanglöchern, die in unregelmäßigen Intervallen in Richtungen von zwei Koordinatenachsen
in einem zweidimensionalen orthogonalen Koordinatensystem angeordnet sind.

9. Zellenfangplatte nach Anspruch 8, welche zellenfangplatte entweder aus Silizium oder Plastik hergestellt ist.

10. Zellenfangplatte nach Anspruch 8 oder 9, bei der
die Fanglöcher wahllos angeordnet sind, wobei eine vorbestimmte Distanz oder mehr von benachbarten Fanglöchern
eingehalten wird.

11. Zellenfangplattc nach Anspruch 8 oder 9, bei der
die Fanglöcher fächerförmig angeordnet sind.
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12. Zellenfangplatte nach Anspruch 8 oder 9, bei der
die Fanglöcher in einem konzentrischen Muster angeordnet sind.

13. Zellenfangplatte nach Anspruch 8 oder 9, bei der
die Fanglöcher spiralig angeordnet sind.

Revendications

1. Appareil automatique de micro-injection comprenant :

une plaque de piégeage de cellule (120) qui piège une cellule en appliquant une aspiration de pression négative
par un trou de piégeage situé dans celle-ci ; et
une aiguille capillaire (12) qui est plantée dans la cellule piégée pour injecter une substance d’injection, dans
lequel
la plaque de piégeage de cellule comprend des trous de piégeage (121 ; 122) agencés à intervalles irréguliers
dans des directions de deux axes de coordonnées dans un système de coordonnées orthogonales bidimen-
sionnel.

2. Appareil automatique de micro-injection selon la revendication 1, comprenant en outre :

une unité de stockage qui stocke des informations d’agencement des trous de piégeage disposés sur la plaque
de piégeage de cellule ; et
une unité de commande qui guide l’aiguille capillaire vers le trou de piégeage où la cellule, dans laquelle est
injectée la substance d’injection, est piégée, sur la base des informations d’agencement stockées par l’unité
de stockage.

3. Appareil automatique de micro-injection selon la revendication 1 ou 2, dans lequel
la plaque de piégeage de cellule se compose de silicium ou de plastique.

4. Appareil automatique de micro-injection selon la revendication 1, 2 ou 3, dans lequel
les trous de piégeage sont agencés de façon aléatoire tout en maintenant une distance prédéterminée ou plus vis-
à-vis des trous de piégeage adjacents.

5. Appareil automatique de micro-injection selon la revendication 1, 2 ou 3, dans lequel
les trous de piégeage sont agencés selon une forme d’éventail.

6. Appareil automatique de micro-injection selon la revendication 1, 2 ou 3, dans lequel
les trous de piégeage sont agencés selon un motif concentrique.

7. Appareil automatique de micro-injection selon la revendication 1, 2 ou 3, dans lequel
les trous de piégeage sont agencés en spirale.

8. Plaque de piégeage de cellule destinée à piéger une cellule dans un appareil automatique de micro-injection, la
plaque de piégeage de cellule comprenant :

une pluralité de trous de piégeage agencés à intervalles irréguliers dans des directions de deux axes de coor-
données dans un système de coordonnées orthogonales bidimensionnel.

9. Plaque de piégeage de cellule selon la revendication 8, dans laquelle
la plaque de piégeage de cellule se compose de silicium ou de plastique.

10. Plaque de piégeage de cellule selon la revendication 8 ou 9, dans laquelle
les trous de piégeage sont agencés de façon aléatoire tout en maintenant une distance prédéterminée ou plus vis-
à-vis des trous de piégeage adjacents.

11. Plaque de piégeage de cellule selon la revendication 8 ou 9, dans laquelle
les trous de piégeage sont agencés selon une forme d’éventail.
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12. Plaque de piégeage de cellule selon la revendication 8 ou 9, dans laquelle
les trous de piégeage sont agencés selon un motif concentrique.

13. Plaque de piégeage de cellule selon la revendication 8 ou 9, dans laquelle
les trous de piégeage sont agencés en spirale.
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