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(54) Biochip

(57)  Abiochip that is extremely safe and can reduce
the cost of testing is provided. The biochip comprises,
in sequence from the opening of a blood collecting tube
thereof: a collection block for retaining collected blood,

a preprocessing block for deriving a target from the col-
lected blood, and a substrate on which probes are de-
posited in arrays and the opening is closed airtight with
a rubber plug.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a biochip for
testing such substances as DNA, RNA or protein and,
in particular, to a biochip that is extremely safe and can
reduce the cost of testing.

Description of the Prior Art

[0002] A biochip, such as a DNA chip, comprises sev-
eral thousand to several hundred thousand types of
known DNA segments, also referred to as DNA probes,
deposited in arrays on a substrate. If a solution contain-
ing an unknown DNA segment, also referred to as a
DNA target, is flowed onto such a DNA chip, DNA seg-
ments of the same type combine with each other. This
property is utilized so that such a DNA probe wherein
such combination has taken place is examined using a
biochip reader and thus the sequence of the DNA target,
for example, is determined.

[0003] FIG. 1 is a schematic view illustrating an ex-
ample of hybridization seen in such a biochip as dis-
cussed above. In FIG. 1, six DNA probes indicated by
DNO1, DN02, DNO3, DNO4, DN05 and DNO6 are depos-
ited in arrays on a substrate SB01, thus composing a
DNA chip.

[0004] The symbol UNO1 in FIG. 1 indicates a DNA
target, which is previously marked with a fluorescent
marker as indicated by LMO1. When hybridized to the
DNA chip, this DNA target combines with a DNA probe
whose sequence is complementary.

[0005] For example, the DNA target UNO1 combines
with the DNA probe DNO1, as indicated by CB01 in FIG.
1.

[0006] Using a biochip reader, excitation light is irra-
diated at the DNA chip thus hybridized, in order to detect
fluorescent light produced at the fluorescent marker.
Consequently, it is possible to know which of the DNA
probes the DNA target has combined with.

[0007] For example, in an image resulting from scan-
ning a DNA chip indicated by S101in FIG. 1, fluorescent
light is observed only at a spot where the DNA combi-
nation CB01 has been produced. This means fluores-
cent light is detected only from the spot indicated by
LDO1 in FIG. 1.

[0008] FIG. 2shows the schematic top and cross-sec-
tional views of such a prior art biochip as described
above. In the following explanation, a DNA chip is cited
as the biochip. The biochip comprises a substrate 1 on
which known DNA segments are deposited in arrays
(hereinafter simply referred to as "substrate 1") as DNA
probes, a cartridge 2 wherein the substrate 1 is housed
and to which a solution containing a DNA target previ-
ously marked with a fluorescent marker is introduced,
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and an inlet opening 3 formed on the cartridge 2 through
which to introduce the solution.

[0009] The cartridge 2 is made of a material permea-
ble to both excitation light and fluorescent light produced
thereby at the marker. Cells CL11, CL12, CL13, CL14,
CL15 and CL16, in each of which a plurality of DNA
probes of the same type are placed, are deposited in
arrays on the substrate 1.

[0010] Now the method of testing DNA or other sub-
stances using the biochip shown in FIG. 2 is explained
with reference to FIGS. 3 and 4. FIG. 3 is a schematic
view illustrating an example of introducing the solution
into the cartridge 2, whereas FIG. 4 is a schematic view
illustrating an example of scanning a hybridized DNA
chip using a biochip reader to determine the sequence
of target DNA, for example.

[0011] Inafirststep, blood is collected using a syringe
from a person to be tested, such as a patient. A solution
that has undergone preprocessing is then introduced
through an inlet opening 3 into the cartridge 2.

[0012] InFIG. 3, components indicated by the numer-
als 1 to 3 are the same as those shown in FIG. 2, and
solution infusion means 4, such as a pipette, is loaded
with a preprocessed solution 5. As shown in FIG. 3, the
tip of the solution infusion means 4 is inserted in the inlet
opening 3 and the solution 5 inside the solution infusion
means 4 is injected into the cartridge 2.

[0013] Note that the above-described preprocessing
refers to a series of processes wherein lymphocytes are
separated from the collected blood, then DNA is extract-
ed from the separated lymphocytes, and finally the ex-
tracted DNA is marked with a fluorescent marker.
[0014] Inasecond step, the substrate 1 is soaked with
the solution introduced into the cartridge 2 to allow a
DNA target in the solution to hybridize with DNA probes
placed in each cell on the substrate 1.

[0015] In a final step, the hybridized substrate 1 is
scanned using such a biochip reader as a biochip reader
50 shown in FIG. 4 so that, for example, the sequence
of the DNA target is determined.

[0016] In FIG. 4, the components 1 to 3 and the cells
CL11, CL12 and CL13 are referenced in the same way
as those of FIG. 3.

[0017] Light emitted from a light source 6, such as a
laser light source, is reflected by a dichroic mirror 7 as
excitation light and focused through an objective lens 8
onto cells on the substrate 1. For example, the excitation
light is focused onto the cell CL12 in FIG. 4.

[0018] Fluorescent light produced at the cell CL12 on
the substrate 1 becomes parallel light as it travels
through the objective lens 8, and is projected onto the
dichroic mirror 7. The fluorescent light thus projected
transmits through the dichroic mirror 7. The fluorescent
light thus transmitted travels through a filter 9 and is con-
densed onto an optical detector 11 by a lens 10.
[0019] The spots whereupon the excitation light is fo-
cused are scanned by a drive means which is not shown
in FIG. 4. For example, the cartridge 2 or biochip reader
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50 itself is scanned so that the excitation light is irradi-
ated at the remaining cells CL11 and CL13 on the sub-
strate 1.

[0020] Consequently, it is possible to determine the
sequence of an introduced DNA target by identifying the
position of a cell on the substrate 1 where fluorescence
has taken place.

[0021] Recently, however, such test samples as blood
are often found to be contaminated with a virus such as
HIV. Therefore, there is a growing tendency that for
safety reasons, such medical appliances as syringes
are not recycled by cleaning or sterilization; rather, dis-
posable medical equipment is used instead. In contrast,
the method of introducing a solution shown in FIG. 3 in-
volves the risk of the operator being infected with a virus,
such as HIV, as a result of accidental contact with the
solution due to mishandling. This risk exists because the
method always involves transferring the solution from
the solution infusion means 4 or the like to the cartridge
2.

[0022] Another problem with the prior art method is
that the cost of testing increases since more than one
kind of medical equipment must be disposed of, includ-
ing syringes, appliances used for preprocessing purpos-
es, solution infusion means, DNA chips, and so on.

SUMMARY OF THE INVENTION

[0023] An object of the present invention is to provide
a biochip that is extremely safe and can reduce the cost
of testing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a schematic view illustrating an ex-
ample of hybridization seen in a biochip.

[0025] FIG. 2 shows the schematic top and cross-sec-
tional views of a prior art biochip.

[0026] FIG. 3 is a schematic view illustrating an ex-
ample of introducing a solution into a cartridge.

[0027] FIG. 4 is a schematic view illustrating an ex-
ample of scanning a hybridized DNA chip using a bio-
chip reader to determine the sequence of target DNA,
for example.

[0028] FIG. 5is a cross-sectional view of one embod-
iment of a biochip according to the present invention.
[0029] FIG. 6 is a schematic view illustrating a way
the embodiment according to the present invention is
applied.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0030] The presentinvention will now be described in
detail with reference to the accompanying drawings.
FIG. 5 is a cross-sectional view of one embodiment of
a biochip according to the present invention.

[0031] A DNA chip (biochip) 51 comprises a blood col-
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lecting tube 12, instead of a conventional spit tube,
which is inserted in a syringe cylinder in order to collect
blood and is permeable to excitation light and fluores-
cent light produced thereby at a fluorescent marker. A
substrate 16 on which DNA probes are deposited in ar-
rays as samples (hereinafter simply referred to as the
substrate 16) is located in the innermost section of the
blood collecting tube 12. Additionally, a preprocessing
block 15, wherein the preprocessing described earlier
is carried out, is located in the intermediate section of
the blood collecting tube 12. Space in the outermost
section of the blood collecting tube 12 serves as a col-
lection block 14 for temporarily storing collected blood.
The innermost section of the blood collecting tube 12 is
kept under negative pressure against the collection
block 14, or is kept under vacuum for example, and a
rubber plug 13 whose middle area has a thin wall
through which a needle can pierce, is placed onto the
opening of the blood collecting tube 12 in order to make
the tube airtight.

[0032] Cells CL21, CL22 and CL23, in each of which
a plurality of DNA probes of the same type are deposit-
ed, are deposited in arrays on the substrate 16.

[0033] Now the way the embodiment of FIG. 5 is ap-
plied and operated is described by referring to FIG. 6
which is a schematic view illustrating the application and
operation. In FIG. 6, components indicated by 13 and
51 are referenced in the same way as those of FIG. 5.
[0034] A blood collecting needle 18 is located on the
side opposite to the opening of a syringe 17 and has
pierceable ends on both sides thereof, as indicated by
ND11 and ND12in FIG. 6. Instead of a conventional spit
tube, a DNA chip 51 is inserted through the opening of
the syringe 17. At this point, one end of the blood col-
lecting needle 18 indicated by ND12 in FIG. 6 pierces
through the middle area of a rubber plug 13 on the DNA
chip 51 so that the end of the needle is connected to the
DNA chip 51.

[0035] Under the above-described condition, the arm
of the person to be tested, such as a patient, indicated
by AM11 in FIG. 6 is pricked with the other end of the
blood collecting needle 18 indicated by ND11. Conse-
quently, blood is collected through the blood collecting
needle 18 into the collection block 14 (not shown) of the
DNA chip 51, whereby blood collection is accomplished.
[0036] After the blood collection, the blood collecting
needle 18 is removed from the arm of the person to be
tested and the DNA chip 51 is removed from the syringe
17. At this point, a pinhole in the part of the rubber plug
13 where the needle was pierced automatically closes
due to the elasticity of the rubber plug 13, whereby the
blood collecting tube 12 is kept airtight.

[0037] The blood thus collected into the collection
block 14 then infiltrates toward the innermost section of
the blood collecting tube 12 under negative pressure
against the collection block 14. Thus, the blood is intro-
duced to the preprocessing block 15. In the preprocess-
ing block 15, a series of processes is carried out, i.e.,
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lymphocytes are separated from the collected blood,
DNA is extracted from the separated lymphocytes, and
the extracted DNA is marked with a fluorescent marker,
as described earlier.

[0038] The preprocessed DNA infiltrates into the in-
nermost section of the blood collecting tube 12 under
negative pressure against the collection block 14. The
collected blood is thus introduced into the section where
the substrate 16 is located. Then, as described earlier,
a DNA target marked with a fluorescent marker is hy-
bridized with DNA probes so that DNA segments whose
sequences are complementary combine with each oth-
er.

[0039] Under the above-described condition, excita-
tion light is irradiated at the substrate 16 thus hybridized,
using the biochip reader discussed earlier, and fluores-
cent light produced at the fluorescent marker is detect-
ed. Consequently, it is possible to know which of the
DNA probes the DNA target has combined with.
[0040] For example, the excitation light of a biochip
reader (not illustrated) indicated by LB11 in FIG. 5 is fo-
cused with an objective lens indicated by OL11 onto a
cell on the substrate 16 indicated by CL22. Then, by de-
tecting fluorescent light produced at the cell CL22 as in-
dicated by LM11, itis possible to identify the DNA target.
[0041] Then, upon completion of testing all that re-
mains to be done is simply to dispose of the syringe 17
and DNA chip 51 used for blood collection as medical
waste. This approach eliminates the need for disposing
of any additional medical equipment, including applianc-
es used for preprocessing purposes and solution infu-
sion means, as seen in the prior art method, whereby
the cost of testing is reduced.

[0042] The biochip of the present invention also elim-
inates the need for an examiner to transfer collected
blood to a DNA chip. Consequently, the examiner avoids
the risk of being infected with a virus such as HIV as a
result of accidental contact with the collected blood due
to mishandling, whereby safety is ensured.

[0043] Accordingly, the biochip of the present inven-
tion comprising the blood collecting tube 12, which in-
cludes the collection block 14, the preprocessing block
15, and the substrate 16 on which probes are deposited
in arrays, is extremely safe and can reduce the cost of
testing.

[0044] Although a DNA chip is cited as the biochip in
the explanation of FIG. 5 or other drawings, the present
invention is by no means limited to DNA chips. The bi-
ochip may be of such type that RNA, protein or sugar
chain samples are deposited in arrays on a substrate.
[0045] In this case, the RNA samples undergo hybrid-
ization as with DNA samples, whereas the protein sam-
ples are submitted to an antigen-antibody reaction. In
either case, a probe combines with a target.

[0046] Alsoin an earlier explanation, the block where-
in the substrate 16 is located is kept under negative
pressure against the collection block 14 as a method of
introducing such a test sample as blood from the collec-
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tion block 14 to the preprocessing block 15. The present
invention is not limited to this method, however.

[0047] One alternative method may be forming elec-
trodes on both ends of the preprocessing block 15 and
applying a voltage externally across them, so that blood
or the like is introduced by means of electrophoresis.
For example, DNA is introduced in the direction from the
preprocessing block 15 to the substrate 16 when the po-
larities of a voltage source indicated by VS11 in FIG. 5
are configured so that the substrate 16 side of the volt-
age source is positive and the collection block 14 side
thereof is negative. This is because the DNA is nega-
tively charged in a case where the biochip is a DNA chip.
[0048] Another alternative method may be simply us-
ing natural diffusion based on osmotic pressure to intro-
duce blood or the like. Yet another alternative method
may be to provide the innermost section of the blood
collecting tube 12 with an evacuation port, thereby evac-
uating the innermost section externally and thus intro-
ducing blood or the like by means of osmosis.

[0049] Although fluorescentlight detection using a flu-
orescent markers is applied in the embodiment of FIG.
5, such an alternative method as detecting electric cur-
rent changes corresponding with hybridization or con-
ducting mass analysis may be used instead.

[0050] Inthe method based on electric current chang-
es, for example, a molecule known as an intercurrenter
is slipped into a double chain after hybridization. Then,
an electric current is measured since it only flows
through those electrodes where hybridization has taken
place. In the case of mass analysis, ionized DNA mole-
cules picked from each cell are made to fly in a vacuum
and their molecular weight is determined from the dif-
ference in time each DNA molecule arrives at a given
electrode.

[0051] As is evident from the above description, the
present invention has the following advantageous ef-
fects:

According to aspects of the present invention as de-
scribed in claims 1 to 5, a collection block, a pre-
processing block, and a substrate on which probes
are deposited in arrays are included in a blood col-
lecting tube, thus eliminating the need for an exam-
iner to transfer collected blood to a biochip. Conse-
quently, the examiner avoids the risk of being infect-
ed with a virus such as HIV as a result of accidental
contact with the collected blood due to mishandling,
whereby safety is ensured.

Another advantage is that upon completion of test-
ing a biochip, all that remains to be done is simply
to dispose of the syringe used for blood collection
and the biochip as medical waste. This approach
eliminates the need for disposing of any additional
medical equipment, including appliances used for
preprocessing purposes and solution infusion
means, as seen in the prior art method, whereby
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the cost of testing is reduced.

According to an aspect of the present invention as
described in claim 6, a preprocessing block derives
DNA from blood collected into a collection block.
Then, since samples deposited in arrays on a sub-
strate are also samples of DNA, a DNA probe and
a DNA target whose sequences are complementary
combine with each other as a result of hybridization.
Consequently, it is possible to determine the se-
quence of the DNA target.

According to an aspect of the present invention as
described in claim 7, a preprocessing block derives
RNA from blood collected into a collection block.
Then, since samples deposited in arrays on a sub-
strate are also samples of RNA, an RNA probe and
an RNA target whose sequences are complemen-
tary combine with each other as a result of hybridi-
zation. Consequently, it is possible to determine the
sequence of the RNA target.

According to an aspect of the present invention as
described in claim 8, a preprocessing block derives
protein from blood collected into a collection block.
Then, since samples deposited in arrays on a sub-
strate are also samples of protein, a protein probe
and a protein target whose sequences are comple-
mentary combine with each other as a result of an-
tigen-antibody reaction. Consequently, itis possible
to determine the sequence of the protein target.

Claims

A biochip comprising, in sequence from the opening
of a blood collecting tube thereof: a collection block
for retaining collected blood, a preprocessing block
for deriving a target from said collected blood, and
a substrate on which probes are deposited in ar-
rays, wherein said opening is closed airtight with a
rubber plug.

The biochip of claim 1, wherein blood collected into
said collection block is introduced to said preproc-
essing block by means of natural diffusion.

The biochip of claim 1, wherein a section where said
substrate is located is kept under negative pressure
against said collection block so that blood collected
into said collection block is introduced to said pre-
processing block by means of osmosis based on
said negative pressure.

The biochip of claim 1, wherein said section where
said substrate is located is subjected to evacuation
and thereby depressurization so that blood collect-
ed into said collection block is introduced to said
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preprocessing block by means of osmosis based on
said evacuation.

The biochip of claim 1, wherein a voltage is applied
externally so that blood collected into said collection
block is introduced to said preprocessing block by
means of electrophoresis.

The biochip of claim 1, wherein said preprocessing
block derives DNA from blood collected into said
collection block and said samples are also DNA.

The biochip of claim 1, wherein said preprocessing
block derives RNA from blood collected into said
collection block and said samples are also RNA.

The biochip of claim 1, wherein said preprocessing
block derives protein from blood collected into said
collection block and said samples are also protein.
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FIG.6
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