31 August 2006 DESCRI PTI ON Bl OASSAY SUBSTRATE, BI OASSAY SYSTEM AND
READOUT SYSTEM Technical Field The present invention re&ﬁ&%ﬁa&@d@ di sk
form information recording nedium which constitutes a ~bioassay tool
useful in the bioinformatics field and the |ike. Mre particularly, the
present invention relates to a bioassay substrate so designed that
hybri di zati on or other internolecular reaction-is effected with high
preci sion by spotting a solution containing | abeled target substance to
substrate surface sites where detection substances are solidified, a

bi oassay nethod wusing the substrate, a bioassay systemutilizing the
substrate, and a record infornat DEBCRERUDON system  Background Art The
conventional technologies to which the present invention pertains will be
descri bed bel ow. At present, integrated substrates for bioassay, which are
called DNA chips or DNA microarrays (hereinafter generically referred to

as "DNA chima9ssanupsnbite) HtaieyisweteNANA ReANco HYsayed by a
m croarraying technol ogy, have 1 31 August 2006
Technical Field
The present inﬁention relates to a disk form
information recording medium, whicﬁ constitutes a
bioassay tool useful in the biocinformatics field and the
like. More particularly, the present invention relates to
a biocassay substrate so designed that hybridization or
other intermolecular reaction.is effecfed with high
pfecision by sbotting a solution containing labeled
‘target substance to substiate surface sites where
detection substances are solidified, a bicassay method
using'the substrate, a biocassay system utilizing the

substrate, and a record information readout system.

Background Art
A'The cdnventional tebhnologies to which therpresent
invention pertainé will be described below. At present,
integrated substrates for bioassay, which are called DNA
éhips or DNA microarrays (hereinafter generically
. referred to aé "DNA chips™) and on which predeterﬁined

DNAs are microarrayed by a microarraying techhblogy, have
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been utilized for gene nutation analysis, SNPs (nonobasi.g @9 L YgHRr phi sm)
anal ysi s, gene expression frequency analysis, etc., and cone to be

used in a wide range of fields including novel nedicanent devel opnent,
clinical. di agnosis, pharnmacogenom cs, forensic nedicine, etc. The DNA chip
is said to have the characteristic feature that it enabl es conprehensive
anal ysis of internolecular reactions such as hybridization since a
plurality of kinds of and a multiplicity of DNA oligochains, cDNAs
(conplenentary DNAs), or the |like are integrated on a glass substrate or
silicon substrate. An exanple of the analytical technique using a DNA chip

wll be dﬁé@ﬁ'Q%ﬁll&@dtP@ra@éﬁ¥tmﬁ€£t38ﬁh9h99§51sUSS@QSE%Hbﬂ6EQ§§C
solidified on a glass substfate or silicon substrate, an mMRNA extracted

froma c %’rp Rorbh?SHF: 20814085 Qnése§f39b§§£&q tPefiEnapp! i fication

while inc ng a f Flior3ceht pr obe a reverse transcrlption

PR reactLom gLaLhec| Lke: oy DrL gL zathon: bsté%elgyg&cmd op; ybe sybst rate; and

fluoronetry | out by use 0 ermne detector re, the
ol { gonueT &bt ?a%iﬁési%éﬁd%%rié 2%%#%%&%%%‘% FotBehfea cubdirate by
use clinical diagnosis, pharmacogenomics, forensic medicine,
‘etc.

The DNA chip is said to have the characteristic
feature that it enables comprehensive analysis of
intermolecular reactions such as hybridization since a
plurality of kinds of and a multiplicity of DNA
oligochains, cDNAs (complementary‘DNAsji or the like are
integrated on a glass substrate or silicon substrate.

An example.of the analytical technigque using a DNA
chip will be described. In the analytical technique,
using DNA probes solidified on a glass substrate or
silicon substrate, an MRNA extracted from a cell, a
tissue, or the like is subjected to PCR amp;ification
while incorporating a fluorescent probe dNTfhby a reverse
transcription PCR reaction or the like; hybridization is
conducted on the substrate; and fluorometry is carried
out by use of a predetermined detector:

Here, the DNA chips are classified into two types.

A first type is the type in which oligonuclectide is

synthesized directly on a predetermined substrate by use




2 31 August 2006 of a photolithographic technique applghgg %Eﬁxm
sem conduct or exposure technique. A representative chip™ 0 Shi's type is
the chip produced by Affymetrix. This type of DNA chips are high in the
degree of integration, but is limted as to the DNA synthesis on the
substrate; the length of DNA obtainable is on the order of several tens
of bases. A second type of DNA chips is the type also called "Stanford
systent, in which the DNA chip is prepared by spotting prelimnarily
prepared DNAs on a substrate by use of split tip pins and solidifying the
DNAs. This type of DNA chips . are, lower than the first type in the degree
of integr8fi BnPhRGEPIALEOPIREPRAFI FeERRE IUBNAPP XéﬁEnFEeon the order of 1 kb
can be solidified. According to the above-mentioned conventional] DNA chip
t echnol ogPeBichRBABGEPr ERBORUABefeERpABEes Bf TEPRERYRERTBYE R he |
integration density of the DNA chip itself have been snmall. Therefore, the
anount of o&nahysi sypavas| bkechiponrscfurecdf bys 8df YREETAS: bERRS sufficient.
Besides, it has been difficult for the user to freely set the kinds and
t he nunbetypé dét BRI ohipabsranbéghand, theudeneee viieigteuphhgorher eof on
the substrate. In addition, in the conventional DNA chips

: but is limited as to the DNA synthesis on the substrate;

the length of DNA obtainable!is on the order of several
tens of bases. A second type of.DNA chips is the type
also called "Stanford system", in which the DNA chip is
prepared by spotting preliminarily prepared DNAs on a
substrate by use of split tip pins and solidifying the
DNAs . This type of DNA chips are lower than the first
:type in the deérée of integration, but has the merit that
DNA fragments on the order of 1 kb can be solidified.

| According to the above—mentioned conventicnal DNA
chip technologies, however, the number of pieces of
integration and the integration density of the DNA chip
itself have been small. Theréfore, the amount of analysis
available by one run of assay has not been éﬁfficient.
Besides, it has been difficu}t for the user to freely set
the kinds and the number of detection substances and,
further, the grouping thereof on the substrate.

In addition, in the conventional DNA chips

"including the detection substances arrayed on the surface

of a substrate having a two-dimensional extension of DNA
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i ncludi ng the detection substances arrayed on the surfa;g &ktgxﬁubstrate
havi ng a two-di nensi onal extension of DNA 3 31 August 6% probes varying
(not adjusted) in Tm (nelting tenperature) or GC content, there has been
"the problemthat there is a high possibility of giving fal se positive or
fal se negative due to exposure to the sanme hybridization conditions and
washi ng condi ti ons. Besides, an assay systemfor solidifying the detection
subst ances such as DNA probes on the surface of a substrate and for
spotting a sanple solution containing a target substance and an anal yzer
also called "reader” or "scanner" for reading the results of the.

react i onsprilet sweearyhegdétect aginsubdl ahce®n fmdlthegl hpopesatargkt

subst ance have conventionally been fabricated separately and

i ndependent | gc dhetefivy ethéte Hass eeen i thessirbbiemothahrtifevatis he bi oassay
process and the subsequent reading and analyzing process in a

cont i nuousi&ierpd 8Bei 1 Toysef t v DgVEAL senpbssystrenohasabsen very
i nconvenient to use. Further, because the amobunt and shape of the

det ect i on, S¢St fOCESe St Ne S0 SNV e PEODESEe a88méE heyBaDRl gat Soh Ut i on dropl ets
have been nonuniform there has been the technical problemthat the
aCCUfaCy,&Enéf%EEﬁ% £hd washing conditions.
Besides, an assay system for solidifying the
detection substances éuch as DNA probes on the surface of
a substrate and for spotting a sample solution containing
a target substance and an analyzer also called "reader"
or "scanner" for reading the results of the. reactions
between the deteqtion substances and the labeled target
éubstance have conventionally been fabricated separately
and independently. Therefore, it has been impossible to
carry out the bioassay process and the SUbéequent reading
and analyzing process in ‘a continuous-form mode. Thus,
the conventional system has been very inconvenient to use.
Further, because the amount and shape of the
detection substances such as DNA probes andlfhe sample
solution droplets have been nonuniform, there has been
lfhe technical probiem that the accuracy of readout of
fluorescence intensity is low.
Moreover, the conventional systems have been high
_in cost per chip and, further, cost per integration

amount, and the analyzer thereof has been very expensive.
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fluorescence intensity is | ow. Moreover, the convention%Hpﬁéﬁﬁga% have been

high 1in cost per chip and, further, cost per integration nount, and the

anal yzer thereof has been very expensive 4 31 August 2006 Accordingly, it

is a principal object of the present invention to provide a bioassay

substrate that promses a large integration anmount of detection

subst ances solidified and a free grouping of the substances and that is

i nexpensive, a preferable nmethod of nmanufacturing the substrate, a

bi oassay systemthat mnekes it possible to perform bioassay efficiently and

securely, and a substrate record_ informati on readout s¥s%§n1that makes it
a

possi bl e to per fRFFREHRIRESEy HF ot8s? PLARCAPRLaBPAGENT Fyzing process

in a continuous-form node. Disclosure of Invention In order to solve the
above- merPreaedtpinpeBidon £pr Brovagdens Pioassavmeibstiayepltbdtde a
"bi oassay substrate”. The term "bi oassay” herein may mean biocheni cal
anal ysi s paseiisesa ahdargacinbegraéingeanosnlsodndesechd®®rding to a first
aspect of the present

substances solidified and a free grouping of the

-substances and that is inexpensive, a preferable method

of manufacturing the substrate, a biocassay system that

makes it possible to perform bioassay efficiently and

securely, and a substrate record information readout

system that makes it possible to perform an assay process

and a reading and analyzing process in a continuous-form

mode.

Disclosure of Invention
In order to solve the above-mentioned problems,

first, example embodiments may provide a “bioassay

substrate”. The term.“bioassay” herein may mean
biochemicél analysis based on the reactions between
substances. | |
According to a first aspect of the present
invention, there ié provided a biocassay substrate
comprising detection surfaces on which detection
substances can be sclidified, said detection surfaces
being provided on a surface of a disk form substrate

- capable of reading out record information optically:
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invention, there is provided a bioassay substrate coangagngn%ﬁ]ection
surfaces on which detection substances can be solidified,ug i etection
surfaces being provided on a surface of a disk formsubstrate capable of
readi ng out record information optically; 5 31 August 2006 neans for
provi di ng positional information and rotational synchronisminformtion on
said detection surface sites; and wherein said detection surfaces are
provided in groove structures provided in said surface of said substrate
so as to extend in radial directions as viewed on the upper side. b5a -
------------ 31 August 2006 the substrate so as to extend in radial
directigns _as . viewed .on the upper side. The term "detection substances" in
the exaf5?&s éﬁﬁb&qﬂ¥ﬁ4}43(ﬁﬂ iPAdd e NTRERdIETUIRDE subst ances,  hi gh-

mol ecul ar__suhst ances, vital, substances, and the |ike that are solidified
on the JELEELCHR s FNAELEiThdm fgredtiion on sl dqtiqiddonand that di spl ay

specific coupling reactions with a target substance | abeled with a
surface sites; and wherein said detection surfaces are

provided in groove structures provided in said surface of
said substrate so as to extend in radial directions as

viewed on the upper side.
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fluorescent material or the like, and the term shoul d ngi be ﬁﬁgstrued
narrow y. The "groove structures"” provided inthe subst f@gsé, or
exanpl e, microchannel structures or groove structure sites extending in
streak forns. In the groove structure, radial partitions nmay be fornmed of
pits, cellular structures, or the like. The groove structure nmay have a
structure that is conposed of a set of pits or cellular structures. The
portion where the pits or cellular structures are arranged nmay appear,
substantially |like a streak as viewed on the upper side. The term "groove
structure”. should not be construed narrowy. One field to which the

bi oassay $blestsudisd ratec Iswdiasg tbhexgreoay elst radiaik ebiresctaialiskas or m

m crochannel array. In the bioassay substrate, for exanple, a disk form

subst r at eviiawery e dihamepeerokidequt 10 cmis adopted as 6 31 August 2006
the substrate for solidifying the detection substances thereon; therefore,

the bioassay subsheatérfiByddeeadantageaindds 1 hal themikbpléci ty of
detection surfaces for solidifying the detection substances thereon or

Pits, orogNesindits Neidd Ke imahidi NgwLhe14eleati 9Nnstai eSS 1hgh- be

“i'ntegrated. In other words, the bioassay substrate can
-molecular substances, vital substances, and the like that
are solidified on the detection surfaces either directly or
via a linker and that display specific
coupling reactions with a target substance labeled with a
fluorescent material or the like, and the term should ndt
be construed narrowly. The "“groove structures" provided
_infthe substrate is, for example, microchannel structures
or groove structure sites extending in streak forms. In
the groove structure, radial partitions may be formed of
pits, cellular structures, or the like. The groove
structure may have a structure that is composed of a set
of pits or cellular structures. The portion where the.
pits or cellular structures are arranged may appear.
substantially like a streak as viewed on thé\upper side.
The term "groove structure" should not be construed
narrowly. One fieid to which the biocassay substrate
including the groove structures is a disk form

: microchannel array.

In the bicassay substrate, for example, a disk form

substrate having a diameter of about 10 cm is adopted as
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provi de a DNA chi p, a biosensor chip, or the like, whicg1du(1h%&ge in

I ntegration anount of record information. In addition, sinc Y fie det ecti on
surfaces may be provided in the groove structures, which nay be provided
in the substrate radially as viewed on the upper side and at
predeterm ned intervals so as to obviate nutual contam nation, the kinds
of the detection substances can be grouped on the basis of each groove
structure. For exanple, it is possible to perform grouping of disease

out break marker genes on the basis of each groove structure, or to .perform
groupi ng of nucleotides (detection substances) to be solidified on the
basi s of ‘daghsybabyatatfertsedidifwingn thief Hetestdoni gulpstances content.
This makes it possible to vary reaction conditions such as hybridization
condi t i onstisemdoras thHeufedfonregofrpes btivessayonskstralte omy €., washi ng
conditions, sanple solution concentration, etc. for achieving optinmm
reacti ons addvanbegeetecin orhsubstmatesplicityAodudet2tlbonasdrifacelser eby
mar kedly reduce the possibility of obtaining false positive and/or false

negative ufen $bPidbfgingitige oderatt 08n kibadgdhte8Ntheraef biRepgtegve
structures in the

grooves, or the like including the detection surfaces can
be integrated. In other words, the bioassay substrate can
provide a DNA chip, a biosensor chip, or the like, which
is large in integration amount of record information.

In addition, since the detection surfaces may be
provided in the groove structures, which may be provided in
‘the substrate radially as viewed on the upper side and at
predetermined intervals. so as to obviate mutual
contamination, the kinds of the detection substances can
be grouped on the basis of each groove structure. For
example, it is possible te perform grouping of disease
outbreak ﬁarker genes on the basis of each groove
structure, or to perform grouping of nucleotides
(detection substances) to be solidified on ;he basis of
each groove structure based on differences in Tm or GC.
cqhteht. This makés it possible to vary reaétion
conditions such és hybridization conditions such as
buffer composition, concentration, etc., washing
conditions, sample solution concentration, etc. for

achieving optimum reactions of the detection substances,
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radial direction as viewed on the upper side, nanely, qﬁyﬁgghg o romthe
center side to the outer circunference side of the disk formsubstrate may
be formed on the  substrate, transport of liquid by utilizing capillarity
and transport of liquid by utilizing a centrifugal force generated by
rotating the disk formsubstrate by a predeterm ned nethod can be
utilized. For exanple, at the tinme of renoving an excess of the target
substance, which has not actively been coupled after the reaction, a
washing liquid can be transported snoothly and securely into and through
the groove structures (particularly, the detection surface sites therein)
from t he &whttraalthaxgloy marketdysubducat eheTheswddnid itgy olie i ncl uded of
wobbl i ngs or address pits provided on the substrate.. The term "wobbling"
herein mbtaipama F4lght pbeitiveé ghindfeandanisegneyaltavevapba 6hdl August
2006 the center of track, of a groove (guide groove) for recording of

data by tdmlysdmg fopepaeibninarily recording on the disk the information
on physical addresses on the disk. Generally, FM nodulation with a slight

frequency devi athoBdultald,e dihce RIS DI ghphctbhed f teaeki ng servo
band may be conducted, and the
radial direction as viewed on the upper side, namely,
éxtending from the cénter side to the outer circumference
side of the disk form substrate may be formed on the
substrate, transport of liguid by utilizing capillarity
and transport of liquid by utilizing a centrifugal force
generated by rotating the disk form substrate by a
- predetermined method can be utilized. For example, at the
time of removiﬁg an excess of the target substance, which
has not actively been coupled after the reaction, a
Vwashing liquid can be transported smoothly and securely
“into and through the groove structures (particularly, the
detection surface sites therein) from the central region
of the substrate.
The means may be included of wobblings or address

pits provided on the substrate. The term “wobbling” herein

may mean a slight left-right meandering, relative to




anplitude of a sine wave nodul ation signal may be cut i%1A&Qst%ﬂE§trate as
a radi al displacenent of groove. The bi oassay substrate can~be preferably
utilized in.the case of spotting detection substance-containing solutions
and a target substance-containing solution in the manner of accurately
following up to predeterm ned detection surface sites, based on positional
I nformation  and rotation period information. Exanple enbodi nents nay
provi de a bi oassay substrate in which at |east any one selected fromthe
group conposed of nucleotide chains, peptides, proteins, lipids, |ow

nol ecul ar conpounds, ribosone, apd other vital ,substance Is solidified on

the det ectilh GRNERECSi £E&CKor Rk d? oA PREE éEH§PFa9§9°Tﬁ$sf§5bstrate can be
widely utilized as a _biosensor chip for effecting a reaction between
si ngl e- clrgradit@orf ddakpabyisthaaneey, AoreReeldivetdddn a DNA chip
doubl e-chai n nucl eotide and a peptide (protein) for 9 31 August 2006
hybri di zatiesprdimeanen gehe adi sbodye rivateroation ephehysigeédr nol ecul ar
reactions. Here, the term "nucleotide chain" wdely includes
ol i gonucl emtdmtesseamdopotyaudi ebt i Geneamitlal ni g WMAnlation with a
slight frequency deviation relative to a frequency higher
than a tracking servo band may be conducted, and the
amplitude of a sine wave modulation signal may be cut in
the substrate as a radial displacement of groove.
The bioassay substrate can be preferably utilized
in the case of spotting detection substance-containing
© solutions and a target substance—containing solution in
the manner of accurately following up to predetermined

detection surface sites, based on positional information .

and rotation period information.

Example embodiments méy provide a bioassay substrate
in which at least any one selected from the group composed
of nucleotide chains, peptides, proteins, lipids, low-
molecular compounds, ribosome, and other vital substances
is solidified on the detection surface sites formed on the
substrate.

This substrate can be widely utilized as a

T bicosensor chip for effécting a reaction between single-
chain nucleotide chains, namely, a reaction between a DNA

chip double-chain nucleotide and a peptide (protein} for

9




probes formed by polynerizatioh‘of nucl eotide, DNAs (theg, wggﬁﬁ%%ength or
fragnents thereof) formed by polynerization of purine nu@l otrde and
pyrim dine, cDNAs (cDNA probes) obtained by reverse transcription, RNAs,
and the like. In the case of single chain, analysis my be conducted based
on the hybridization reaction with the target nucleotide nolecule. In the
case of double chain, analysis can be applied to.the reaction between
protein and DNA (a specified array site); for exanple, the coupling
bet ween a receptor nol ecul e such as a hornone receptor, which-is a
transcription factor, and a response array DNA Eortion or the Iike can be
anal yzed. DYt 453 L0y it (2R T meahikodybEERGEAOBLt RFNEEPEF bondi ng of a
plurality of am no acids through peptide bonds. The term "protein" may
nmean a vitHICHYRGHIAE TeackifR®ance including as an essential conponent
a polypeptide chain formed by linking of L- a -am no acids through peptide
bonds and may i Helrgde thige tewami mys lefotiislieh diaigl'e wide by nknchnde g onj ugat ed
proteins. The foregoing may include DNA fragnents connected with biotin,
whi ch i s dliirgdnudierndeidield) B Anglugiu@Dest ides stoepsdavngi BNAand vari ous
ligand nol ecul es. The term "lipid" may include phospholipids nenbrane. In
this cas@robes formed by polymerization of nucleotide, DNAs (the

whole length or fragments thereof) formed by

polymerization of purine nucleotide and pyrimidine, cDNAs

(cDNA probes)} obtained by reverse transcription, RNAs,

and the like. In the case of single chain, analysis may be

conducted based on the hybridization reaction with the

target nucleotide molecule. In the case of double chain,

analysis can be applied to the reaction between protein

and DNA (a specified array site}; for example, the

coupling between a receptor molecule such as a hormone

receptor, which. is a transcription factor, and a response

array DNA portion or the like can be analyzed. The term

“peptide” may mean a substrate obtained by bonding of a

plurality of amino acids through peptide bonds. The term

“protein” may mean a vital high-molecular substance

including as an essential component a polypeptide chain

formed by linking of L~a-amino acids through peptide

bonds and may include the meanings of both simple proteins

and conjugated proteins. The foregoing may include DNA

fragments connected With biotin, which is firmly bonded
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the detection surface can be utilized as a nmenbrane nodej;.,, £Q§¥ﬁerm
"I ow nol ecul ar conpounds” may include silane coupling agen?s.r e
silane-coupling agent is a kind of crosslinking agent, which is bonded to
a silicon surface or a glass surface to function as a linker for peptide,
protein, and the like. The term"vital nolecules" may include cells and
virus particles. Atreatnent of the detection surfaces nay be
appropriately selected according to the detection substances to be
solidified thereon. In sone cases, the detection surfaces are treated with

pol yl ysin which i s .apn adsorption: preventive agent. Acconggn to a second
aspect of%thtﬁﬁg &t 9 Rre R nYafﬁg?% %9%?§v?§$8°818Foas ‘@qﬁﬁﬁhod
conprising . the steps of: spotting detection substance-containing
sol uti ons dniFd-dfeMayt inalydef abesphebipiis ananhyaisay Insibdisr geeeconpri si ng
sai d detection surfaces for enabling solidification of detection
subst anceghes sleg egétiont Bunfasar anese bet higl 7rd\dsded rembacasier fradelof a di sk
form substrate capable of reading out record information optically, and
sai d det edhicort esur fMdees-rodierg: JEro\dotgeb unl s “g oy 6 red Irudkd uigsary ovi ded i n
said substrate so as to 11 31 August 2006 extend in radial directions as
vi ewed oncohplipgengends,. The silane-coupling agent is a kind of
crosslinking agent, which is bonded to a silicon surface
or a glass surface to function as a linker for peptide,
protein, and the like. The term “vital molecules” may include
cells and virus particles. A treatment of the detection
surfaces may be appropriately selected according to the
detection substances to be solidified thereon. In some

cases, the detection surfaces are treated with polylysine,

which is an adsorption-preventive agent.

According to a second aspect of the present
invention, there is profided'a bioassay method comprising
the steps of: spotting detection substance-containing
solutions onto detection surface sites of a bioassay
‘substrate comprising salid detection surfaces for enabling
solidification of detection substances, said detection
surfaces being prdvided on a surface of a disk form

' substrate capable of reading out record information
optically, and said detection surfaces being provided in

groove structures provided in said substrate so as to
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by an ink jet printing process or a m cronechani cal sp%t%uggstgéd%cess; and
solidifying said detection substances; and providi ng positrona
information and rotational synchronisminformation on said detection
surface sites. 1la 31 August 2006 This nethod is preferable as a method
for accurately spotting droplets containing detection substance and
droplets containing an array of |abeled target substance in the manner of
accurately following up to predeterm ned detection surface sites in the
groove structures. Here, the "ink jet printing process: nmay nean a
process applying nozzles used in an ink jet printer, in which the
detection substances,.are electrically jetted froma printer, head onto the
subst rateé‘,teggsilrl[l gl jcg]trecﬁjiorﬂ% 'S AFEEE 97 XtP R HrYHys may
include a piezoelectric type ink jet process, a bubble jet process, and a
super sofi¥e et Nk Jsde REIHHA D IRFASE TSI @ WA Rgchaiiigtlocess may be a
process in which droplets are each caused to fly by the pressure due to a
di spl ac SR 1 G ETAGERE By aVhrasddidif vanpuasied gfetastttiafe on a pi ezoel ectric
material. The bubble

substances; and providing positional information and

rotational synchronism information on said detection

surface sites.
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jet process may be a process in which droplets are eaCh:m9@§&§9m%° fIy by
the pressure of a bubble generated by heating a heater No0zZZ

silicon substrate constituting the heater may be enbedded in the nozzle
and may be 12 31 August 2006 controlled at about 300 C/s to forma

uni form bubbl e, by which a droplet is pushed out. However, since a liquid
is exposed to a high tenperature, the bubble jet process nay be
considered to be unsuitable for vital substance specinens. The supersonic
jet process may be a process in which a supersonic beamis applied to a
free surface of a liquid to locally exert a high pressure, thereby

di scharging a droplet fromthe |ocation where the high pressure is

exerted. This p cess not reguire nozzl e a forma droplet with .
a dianeter of ﬁ? Tegﬁ¥gtlﬁlﬁﬁ ?53836 ?ﬁea'ﬂfggﬁﬁfggyflc type ink jet
process” can b ref erabl used s .the "'nk rlntln process". Since

t he size GFuéﬁgﬁ t $PE: 4&9 Q(QPQRP ré% pe of the pul se
to be inpressed, thls process |s suitable for enhanC|n t he precision of
anaIyS|ssupﬁtﬁ§cﬁo§§ﬁbpéOPéeFédGQ@ﬁﬂ%E%ﬂQH?“ array of labeled

target substance in the manner of accurately following up
to predetermined detection surface sites in the groove
structures.

Here, the “ink jet printing process: may mean a
process applying nozzles used in an ink Jjet printer, in
which the detection substances are electrically jetted
from a printer head onto the substrate, as in anrink jet
printer, and are fixed.

The process may include a piezoelectric type ink
jet process, a bubble jet process, and a supersonic jet
process. The piezoelectric type ink jet process may be a
process in which droplets are each caused to fly by the
pressure due to a displacement generated by impressing a
pulse of voltage on a piezoelectric material. The bubble
jet process may be a process in which droplets are each
caused to fly by the pressure of a bubble generated by
heating a heater in a nozzle. A silicon substrate
constituting the heéter may be embedded in the nozzle and

may be
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of the droplet where the radius of curvature of the dr Uﬁ%w%%&kace i's
smaller, and to enlarge the size of the droplet where the Tadrus of
curvature of the droplet surface is larger. In addition, it is also
possible to reduce the radius of curvature by pulling the droplet surface
to the inside by varying the pul se abruptly to the negative side. 13 31
August 2006 The "m cronechani cal spotting process" nmay be a process in

whi ch dropl ets containing detection substance are spotted onto detection
surface sites on the substrate by wuse of a printing head on which

m crospotting pens, capillary tubes, or pairs of tweezers are nounted.
Accor di ng coatgyaldied ads pdautof3Gthet-gise $entforimae mniidiorm fpabdblies pyovi ded a
bi oassay systemusing a bioassay substrate conprising detection surfaces
on whi ch wadchcE ewropliedt dric arshied eutsol iHivieived,, sdintedet ddtdudl isur f aces
bei ng provided on a surface of a disk form substrate capable of reading
out recordxposednet i orhigptieogpelrptusal dtidetmdiblon jeir acessbemnay pr ovi ded
in groove structures provided in said surface of said substrate so as to

extend i nconsi@ral nechiconpsastabbyetbr aithhesuppesinss Epedin@nsai d bi oassay
substrate providing
The supersonic jet process may be a process in which a

supersonic beam is applied to a free surface of a liquid
to locally exert a hiéh pressure, thereby discharging a
droplet from the location where the high .pressure is
eéerted. This process may not require a nozzle and can
form a droplet with a diameter of about 1 pm at high
speed.

The “piezoelectric type
ink jet process" can be preferably used as the "ink jet
printing process". Since the size of droélets can be
controlled by varying the shape of the pulse to be
impressed, this process is suitable for enhancing the
precision of analysis. It is possible to reduce the size
of the droplet where the radius of curvatur;iof the
droplet surface is smaller, and to enlarge the size of
the droplet where fhe radius of curvature of the droplet
surface is larger. In addition, it is also éossible to
reduce the radius of curvature by pulling the droplet
surface to the inside by varying the pulse abruptly to

the negative side.
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posi tional information and rotational synchroni sm infoqgg&h&me%herein
sai d bi oassay system conprises, at |least: substrate rotating neans for
rotatably supporting said bioassay substrate; a spotting device for
spotting detection substance-containing solutions and a | abeled target
subst ance-contai ning solution onto said detection surface sites, while
rotating said bioassay substrate by said substrate rotating neans; a focus
servo nmechanismfor maintaining a fixed di stance between said spotting 14
31 August 2006 device and said bioassay substrate; and a tracking servo
mechani sm for maki ng said sgottin of said,solutions,,traciito said

det ecti on surfackPSi t BECTHASERMEh PO W iIRRFCTSH S8¥ati®R and said

rotational synchronism information. 14a 31 August 2006 _In the bioassay
syst em i rPEGEFH drerddihnmereplet feceperining ¢ nj SUREFRREE %P at a
fixed value with high accuracy by the focus servo mechanismwhile rotating
t he di sk SPOEkedi oRkR fetedisiont subbaed shteheopothei snkstiraterhuti on and
the rotational synchronisminformation on the substrate, whereby droplets
with uni fusenshapepcmtiey head on which microspotting pens,

.capillary tubes, or pairs of tweezers are mounted.

According to a third aspect of the present

invention; there is provided a biocassay system using a

bioassay substrate comprising detection surfaces on which

detection substances can be solidified, said detection

surfaces being provided on a surface of a disk form

substrate capable of reading out record information

optically, said detection surfaces being provided in

groove structures provided in said surface of said

substrate so as to extend in radial directions as viewed

on the upper side, and said bioassay substraﬁe providing

positional information and rotational synchronism

information, wherein said biocassay system comprises, at

least: substrate rotating means for rotatably supporting

sald bioassay substrate; a spotting device for spotting

detection substance?containing sclutions and a labeled

target substance-containing solution onto said detection

surface sites, while rotating said bioassay substrate by

said substrate rotating means; a focus servo mechanism

for maintaining a fixed distance between said spotting

14




spotted into fixed areas in the detection surface sites rOVI?&% at
predeterm ned positions, and fluorescence intensity can begﬁ% ected with
good reproducibility. In addition, the tracking servo mechani sm ensures
that the detection substance-containing solutions and the target

subst ance-contai ning solution can be securely spotted while sequentially
followng up to the detection surface sites in the predeterm ned groove
structures. As a result, the reactions between the detection substances
and the |abeled target substance can be effected with high preci sion, and
anal ytical signals can be made stable, 15 --- ------ ---- 31 August

2006 |%%4;'1%taqlc§r‘s£.®%ﬁ%%%§? fgt@n%rﬁi'iltfﬁ]&néhﬁe SRetting

devi ce, which can be preferabl opted I1nt oassay system may be

ei ther apdil el ¢ evpg;edseav'&gsﬁt@ngae%@@acm ol SRAL Ling device.

The ink jet pr|n vice capa e 0 performng the

b d b ' k t h I
Cpot i ng i a8 ns'aa&dn{e%nte?&%ﬁ RS pae At

above- descrlhed "mech n|c potf{i ng process InC|dentaII , in the case
Wher et R&S e HorArsh %aslcﬁordﬁaefdwraa SR ¢ of

information.
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perform ng the piezoelectric type ink jet printing proceﬁiuhit&&%ferred,

for the above-nentioned ground. Here, in a exanple fabrication Where the
ink jet. printing device is adopted as the spotting device in the bioassay
system ink jet nozzles are integrated to a support body di sposed opposite
to the bioassay substrate for containing an objective lens for emtting to
the substrate a | aser beamfor the functions of focus servo and tracking
servo. This fabrication in which the ink jet nozzles are integral with the
support body ensures that the spotting of predeterm ned solutions onto the
substrate can be perfornmed synchronously with the focus servo and the
tracki ng servo, prom sing a conpact system design. 16 31 August 2006
According to a fourth aspect of the present invention, there is provided
the readout systemunitized wth a bioassay systemas set forth in the
third aspect, for reading out record information on said bioassay
substrate, wherein focus servo and tracking servo are applied to said

bi oassay substrate, a fluorescence |abeled target substance coupled with
sai d detection substances on said detection surfaces is irradiated with

in the.bioassay system in exemple embodiments, the
spotting distance is maintained at a fixed value with high
accuracyrby the focus servo mechanism while rotating the disk
from bioassay substrate based on the positional information
and the rotational synchronism information on the
substrate, whereby droplets with uniform shape can be
spotted into fixed areae in the detection surface sites
provided at predetermined positions, and fluorescence
intensity can be detected with good reproducibility. In
addition, the tracking servo mechanism ensures that the
detection substance-containing solutions an&xthe target
substance-containing solution can be securely spotted
while sequentially‘f01lowing up to the detection surface
sites in the predetermined groove. structures. As a result,'
o  the reactions between the detection substances and the
labeled target substance can be effected with high

precision, and analytical signals can be made stable,
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a condensed | aser -beam and fluorochrone intensities of sﬂ&%gégaﬁpnce

I nduced by excitation upon said irradiation are deteCteJ. n exanpl e
enbodi ments, the bioassay system which is capable of effecting the
reacti ons between substances by solidifying the detection substances such
as DNA probes on the surface of the substrate and subsequently spotting
thereon the target substance containing sanple solution, and the readout
system which reads out the information on the reactions between the
detection substances and the target substance are integrally united wth
each other. Therefore, the assay process and the subsequent readout
process cagagéngeitiofme@nbangede gaaurasys offommadydds-Thus, the exanpl e
enbodi ments hHave the technical 17 31 August 2006 significance of
provi di ng a novelletechhbeogpopingi demgcet owbiishchapsbanprefesahs¥r chi ps.
Brief Description of Drawings Fig. 1 shows the appearance of a bi oassay
substrat ead@seoa dingthe BipaesLy regsmbodidenie ofidier prese jeitnvention,

as viewed on the upper side; Fig. 2(A) is a schematic view showing, in a
printing device or a micromechanical spotting device. The
ink jet printing device may mean a device capable ?f

-:performing the above-described "ink jet printing process”,
while the micromechanical spotting device may mean a device
capable of performing the above-described "mechanical
spotting process". Incidentally, in the case where the
ink jet printing device is adopted, a device capable of
performing.the piezoelectric type ink jet printing
process is preferred, for the above-mentioned ground.

Here, in a example fabrication where the ink jet
printing device is adoptedlas the spotting device in the
bioassay system, ink jet nozzles are integrated to a support
body disposed opposite to the bioassay substrate for
containing an objective lens for emitting to the
substrate a laser beam for the functions of focus servo
and tracking servo.

This fabricétion in which the ink jet nozzles are
integral with the support body ensures that the spotting
of predetermined solutions onto the substrate can be
performed synchronously with the focus servo and the

tracking servo, promising a compact system design.
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partially exaggerated nmanner, the constitution of the sybstrate,. and Fig.
2(B) is a partial enlarged view show ng one enbodi nent 0 Pﬁe‘part of a
groove structure (3) disposed on the substrate; Fig. 3 shows the
appearance of a nodified enbodinent of the substrate, as viewed on the
upper side; Fig. 4 is a block diagrambriefly show ng the constitution of
a preferred enbodi nent of a bioassay system according to the present
invention; Fig. 5(A) is a perspective view of the surroundings of nozzles,
and Fig. 5(B) is an enlarged plan view of the nozzles; and Figs. 6(A) to

6(E) illustrate the flow of a hioassay process, ich can_be carried out
by use of the b388§§§9n§u59t?a?89r§§ éfgﬁﬁ u?% EgQGPrgﬁgPthde for
Carrying out the Invention Now, preferred enbodi nents of the present

i nvent i oninXeptipg, déserendd BerEIAres &he rgadeUthsYSEeBnpRAIF§d dr awi ngs.

Fig. 1 shows the appearance of a bioassay substrate according to a
pr ef er r edwaigbodi kapeseR Yt k¥stgmegenseitnfostthodnaghei ERdddoRsPRETupper si de.

Fig. 2(A) is a schematic view, in a partially exaggerated manner,
for reading out record information on said bioassay

substrate, wherein focus servo and tracking servo are
applied to said bioassay substrate, a fluorescence~
labeled target substance coupled with said detection
substances on said detection surfaces is irradiated with
a condensed laser beam, and fluorochrome intensities of
fluorescence induced by excitation upon said irradiation
are detected.

In example embodiments, the biocassay system, which
is capable of effecting the reactions between substances
by solidifying the detection substances such as DNA
probes on the.surface of the substrate and subsequently
spotting thereén the target substance containing sample
solution, and the readout system, which reads out the
information on the reactions between the detection

_substances and the target substance are integrally united
with each other. Theréfore, the assay process and the
subsequent readout process can be performed in a
continuous-form mode.

Thus, the example embodiments have the technical
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of the constitution of the substrate. Fig. 2(B) is a p 1tAu8Lst%Uearged Vi ew
showi ng the constitution of an enbodi nent of the part of a groove -
structure disposed on the substrate. First, nuneral 1 in Fig. 1 denotes
the preferred enbodi nent of the bioassay substrate according to the
present invention. The bioassay substrate 1 (hereinafter referred to
sinply as "the substrate 1") is forned of a base material adopted for a

di sk form substrate (disk) wused for an optical information recording

medi um-such as CD, DVD, and MD. The base material is formed in a disk
shape from quartz glass, silicon, or a synthetic resin capable of being
mol ded i ngigrihel chirsde shaperosiding as poteic drdydmat o gwnee ipol yrsitng ene,
preferably a synthetic resin capable of being injection nolded. Use of an
I nexpensiwue myptdieipe andIbiosemsdr atleiwan prom se a | ower running cost, as
19 31 August 2006 conpared with the case of a glass chip, which has been
conventionally used. The substrate 1 is provided at its center with a hole
2 for fixing onto a spindle provided in-a substrate rotating neans, which

will be desgls bedc/@itefon of Drawings

' | Fig. 1 shows the appearance of a biocassay substrate
according to a preferred embodiment of the present
invention, as viewed on the upper sidef

Fig. 2{A) is a schematic view showing, in a
partially exaggerated manner, the constitution of the
substrate, and Fig. 2(B) is a partial enlarged view
showing one embodiment of the part of a groove structure
(3) disposed on the substrate;

Fig. 3 shows the appearance of a modified

~embodiment of the substrate, as viewed on the upper side;

Fig. 4 is a block diagram briefly showing the
constitution of a preferred embodiment of a biocassay -
system according to the present invention;

Fig. 5(A) is a perspective view of tﬂé;surroundings
of nozzles, and Fig. 5(B) is.an enlarged plan view of the
nozzles; and |

Figs. 6(4) to 6{E) illustrate the flow of a
bicassay process, which can be carried out by use of the

bioassay substrate.
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On one surface of the substrate 1, a vapor- deposited al#vﬂd1%gb&ﬁyer about
40 nmin thickness is provided, which functions as a re I‘ééti ve film The
reflective filmprovides a surface reflectance of not |ess than 4% from
the substrate itself having a refractive index of not less than 1.5. On
t he upper side of the reflective filmis provided a light-transmtting
| ayer forned of transparent glass, transparent resin, or the |like. Were
the base material is a high reflectance naterial, the surface of the base
material itself functions as the reflective surface. Therefore, the
reflective filmmay be onmtted. In addition, where a high reflectance film
conposed oBeatn¥edel ferf CRrryingheuti kbe TBvepb¥PHed, the fl uorescence
intensity of a fluorescence-|abeled target substance can be detected wth
better sensitivitNow Ther¢fegpned remzsmmingms |@f ethe pyrrsitddhwinthiongr oove
structures 3 extending radially (as viewed on the upper side) fromthe
central powilbnbefdéhershbdt balewlrefOr8indugasth2086compapyedet er m ned
intervals. In each of the groove structures 3, detection surface sites S
(see Fig. drawsngfacerided eshads ashd appahtanss|dflid iniadd ynof
substrate according to a preferred embodiment of the
present invention as viewed on the upper side. Fig. 2(A)
is a schematic view, in a partially exaggerated manner,
of the constitution of the substrate. Fig. 2(B) is a
partial enlarged view showing the constitution of an
embodiment of the part of a groove structure disposed on
the substrate.
First, numeral 1 in Fig. 1 denotes the preferred
embodiment of the bioassay substrate according to the
present invention. The biocassay substrate 1 (hereinafter
referred to simply as "the substrate 1") is formed of a
base material adopted for a disk form substrate (disk)
used for an optical information recording medium such as
CD, DVD, and MD.
The base material is formed in a disk shape from
quartz glass, silicon, or a synthetic resin capable of
being-molded into the disk shape, such as polycarbonate
4 and polystyrene, preferably a synthetic resin capable of

being injection molded. Use of an inexpensive synthetic_

resin substrate can promise a lower running cost, as
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detection substances are provided in the state of being 5.3l dneg At
predeterm ned intervals in the radial direction. The det'ection surface
sites S may be formed at pit portions arranged in each of the groove
structures 3, and nmay be forned over the whole range.of the inside wall
surface of each of the groove structures 3. Besides, as shown in Fig. 3,
whi ch shows the appearance of a nodified enbodi nent of the substrate 1,
detection surface sites S may be forned in cellular pits 3a, a plurality
of which are aligned in the radial direction, and a plurality of rows each
conposed of the radially aligned pits 3a may be provided in the

ci rcunf eredhpatedi&Eeh | 00S . cAe o HrHphBE Ss aggi spoti ch g bdde det ection
surfaces provided in the groove structures 3 or the pits or cellular pits

3a i N theo ORI UF LSS, TPRSIAUMIEIdte tihe Sy vSRerRld Sitzawan  be
realized, so that detection of fluorescence intensity wth good

reproduci Bidddy £Ah b Hoal iZethy | Aok dentahty. s SyMBle 4advidi@. 3 denotes

address pits or the like. The detection surface sites S have been

' | | vel j ect. t 2006
corr 0L SR AMEELVE S E R0, SRl Sobl e Rt

later.

On one surface of the substrate 1, a'vapor—
deposited aluminum layer about 40 nm in thickness is
provided, which functions as a reflective £film. The
reflective film provides a surface reflectance_qf nqt
less than 4%, fr@m the substrate itself having a
refractive index of not less than 1.5. On the.upper éide
of the reflective film is provided a light-transmitting
layer forﬁed of transParent glass, transparent resin, or
the like. Where the base material is a high reflectance
material, the surface of the base material itself
functions as the reflective surface. Therefore, the
reflective film may be omitted. In addition, where a high
reflectance‘film composed of a metallic-fil&aor the like
is provided, the fluorescence intensity of a
fluorescence—labeléd target substance can be detected
with better sensitivity.

The light-transmitting layer is provided with
groove structures 3 extending radially (as viewed on the.

upper side) from the central portionm of the substrate 1,
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substances such as DNA probes. For exanple, the detecti O:QIA@H&E e sites S
are surface treated with an am no group- containing silane coupling agent
solution or a polylysine solution. In the case of a synthetic resin
substrate, the surface thereof is treated with plasma or by irradiation
with DUV (deep UV, far ultraviolet rays), followed by the treatnment with
the am no group-containing silane coupling agent solution. In addition,
t he detection surfaces may be plated w th copper, silver, alum num or
gold by sputtering, and the surface of the sputtered netallic filmmay be
coated wth a substance having a functional group (active group) such as
ani no grou: BRFEFtFeiied darissalyr odp each of &gt &nfove
storeptoavidin, or the |like. Besides, a linker or linkers for
sol i di fi catiwicwirehed dedelrdiorrn stibstagr esittRy DelPemdey+ o2t he det ection
surfaces, as required. The substrate 1 is prelimnarily provided, along
its rotatismfackrioogdted 39 tds dongnalple csali dbiff iachdriews oits 4, 4 fornmed
by a optical disk nastering process. Here, positional infornmation and
- rot at i onaldssyarcthirmi ssrhstiarfarsraitorpyetidd idesdre becht aVNwef dodirey substrate
1l is considered as an optical disk, the groove structures 3 22

aligned at predetermined intervals in the radial

direction. The detection surface sites S may be  formed at
pit portions arranged in each of the groove struétures 3,
- and may be formed over the whole range of the inside wall
surface of each of the groove structures 3.

Besides, as shown in Fig. 3, which shows the
:appearance of a modified embodiment of the substrate 1,
.detection surface sites S may be formed in cellular pits
3a, a plurality of which are aligned in thg radial
direction, and a plurality of rows each composed of the
radially aligned pits 3a may be provided in the
- circumferential directions. When droplets are spotted

- onto the detection surfaces provided in the groove

structures 3 or the pits or cellular pits 3;\in the
groove structures, substantially the same spot size can
be realized, so that detection of fluorescence intensity‘
with good reproducibility can be realized. Incidentally,
- symbol 4a in Fig. 3 denotes address pits or the like.
The detection surface sites S have been

appropriately selectively subjected to a preferable
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e 31 August 2006 constituting ing and
detecting positions are considered as user data areas, :ﬁhﬁpi@?ﬁ% ot her

areas are provided with arrays of synchronizing pits by a sanple servo
systemor the |like and are utilized also as tracking servo. Further, an
address portion (geographic address on the disk) is inserted imrediately
on the rear side thereof, to provide the positional information. The
address portion begins with a sector mark constituting a | eading pattern.
The address is fornmed of. a conbination of a Variable Frequency Gscill ator
(VFO for giving a rotational phase of the disk being actually rotated,
an addr essunbsef oregimeny fbe séhidippshnti dastkedt Hetaddiess data, an
identifier (ID) containing track and sector nunbers, etc. 'Instead of

usi ng thesaslgt £88epi Eich AODONA NgSoway . berof asx@tb Iy, tile: tdearictiand t he
meandering of the wobblings nay be so adjusted as to provide clock

i nf or mat i 9y £286CH% HbB0st QrPOshif e tPedbbahwsaneandgdnessi <]f;1gom§— per f or med
by picking up the positional information on the disk. Si t aneousl vy,

ok SESERLRE PELPSRL LRty AL DRty sepen pmpgert. o
solution. In the case of a synthetic resin substrate, the
surface thereof is treated with plasma or by irradiation
with DUV (deep UV,_r far ultraviolet raysj, followed by. the
treatment with the amino group-containing silane coupling
.agent solution.

In addition, the detection surfaces may be plated
with copper, silver, aluminum, or gold by sputtering, and
the surface of the sputtered metallic film may be coated
with a substance having a functional group {active group)
such as amino group, thiol group, carboxyl group, etc.,
cysteamine, storeptoavidin, or the like. Besides, a
linker or linkers for solidification.of the detection
substances may be bonded to the detection surfaces, as
reQuired. |

The substrate 1 is preliminarily provided, along
its rotational direction, with a multiplicity of address
pits 4, 4 - * formed by a optical disk mastering process.
Here, positional information and rotational synchronism
information will be described. Where the substrate 1 is

considered as an optical disk, the groove structures 3
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- wobblings in conmbination, it is possible to realize q*gﬁ§b§gm%nd
tracking servo with hlgher accuracy. 23 31 August 2006 a preferred
enbodi ment of a bioassay system according to the present invention, which
uses the above- described substrate 1, will be described based on Fig. 4,
which is a block diagrambriefly illustrating the constitution of the
bi oassay system . First, the bioassay system 10 shown in Fig. 4 is a
bi oassay system using-the substrate 1 constituted as described above. The
bi oassay system 10 includes: a substrate rotating neans 5 for rotatably
supporting the substrate 1; a spotting device 6 for spotting detection
subst anceeonatainithggsthaet spnstbngnend Halielodd ngapgeti tisnlsearce- cont ai ni ng
solution T onto the detection surface sites Sin a predeterm ned order and
with predehergened tknmiBgs, dehbl ereatat whg leheheubsheat ertaby ariehe
substrate rotating neans 5; a focus serve nmechanism7?7 for nmaintaining a

fixed di spapeedeat ween bb@a§§obtlancﬂe%hQQi&ga@dt%hbySabshm@ﬂ@ 1; and a
tracking servo mechanism 8 for ing the spotting of the solutions D and

T follow Wpr{8 Eherdpt B¢t tAB iﬂk&aﬁﬁdSb&%Su§1qazbaea1§ub§brate 1, based on
the positional information and t |
tracking servo. Further, an address portion (geographic
address on the disk) is inserted immediately on the rear
side thereof, to provide the positional information.

The address portion begins with a sector mark
constituting a leading pattern. The address is formed of.
a combination of a Variable Frequency Oscillator (VFO)
for giving a rotational phase of the disk being actually
rotated, an address mark for giving the start position of
the address data, an identifier (ID) containing track and
sector numbers, etc.

‘Instead of using the address pits, wobblings may be
formed on the track, and the meandering of the wobblings
may be so adjusted as to provide clock infbrmatign.

- according to position, in which case address}ng is
performed by picking up the positional information on the
disk. Simultaneouély, tracking servo can be performed by
utilizing the frequency component of the wobblings.
Furthermore, by providing the address pits and the_
wobblings in combination, it is possible to realize

addressing and tracking servo with higher accuracy.
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rotational synchronisminformation obtained fromthe s%g§%r%%g(%. Her e,
. . . g 0 ,
t he bi oassay system 10 includes a blue sem conductor |aser as an
excitation light source. The 24 31 August 2006 system 10 also includes a
red sem conductor |aser 21 for the functions of the focus servo nechani sm
7 and the tracking servo mechanism 8. The bl ue sem conductor |aser 11
functions as the excitation |ight source for reading out the reaction
information fromthe substrate 1. First, a |laser beam B emtted fromthe
bl ue sem conductor laser 11 is reflected at a right angle by a reflective
mrror 12. Next, the laser beamB is converted into a parallel beam by
| enses. - 13 and Nex@l ignedefarrqd propagaenngefli ackitansay shistemef| ect ed
beam The parallel beamis reflected at a right angle by a reflective
m rror 15aepdridsngobvethedpiresenti iowkatlipn, pghdachzedelsi ghe bbamewhil e
passing through a 2./4 plate 16. The circularly polarized |light beamis
enl arged dasbeabeddsabstertbyla edddiabe HessribeadnbasedoowmeFibeng, 18, is
then reflected by a dichroic mirror 19, and is incident on an objective
| ens 20 dwkperedsopgpbibtk HeOahlRem briefly illustrating the

constitution of the biocassay system. .

First, the bicassay system 10 shown in Fig. 4 is a

bicassay system using the substrate 1 constituted as

described above. The bioassay system 10 includes: a

substrate rotating means 5 for rotatably supporting the

substrate 1; a spotting device 6 for spotting detection

substance-containing solutions D and a labeled target

substance-containing solution T onto the detection

surface sites S in a predetermined order and with

predetermined timings, while rotating the substrate 1 by

the substrate rotating means 5; a focus serve mechanism 7

for ﬁaintaining a fixed distance between the spotting

device 6 and the substrate 1; and a tracking servo

mechanism 8 for making the spotting of the solutions D

and T fellow up to the detection surface sites S on the

substrate 1, based.on the positional information and the

rotational synchronism information obtained from the

‘ . substrate 1.

Here, the bicassay system 10 includes a blue

semiconductor ‘laser 11 as an excitation light source.  The
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substrate 1. Incidentally, the objective lens 20 is co I i a support
body G The dichroic mrror 19 is so designed as to refpgg#gﬁgﬁg&ﬁight P
conponent in a wavel ength band centered on the wavelength of the |aser
beam B emtted fromthe blue sem conductor [aser 11 and to transmt the
other light 25 31 August 2006 conponents. To be nore specific, the
dichroic mrror 19 is so designed as to reflect the |aser beam B and to
transmt the fluorescent light comng fromthe fluorescent material on the
substrate 1 excited by the |aser beam B, which will be described later. In
this manner, the substrate 1 held on the substrate rotating neans 5 at a
position egstha howedscsiigelofdeshe olejdestemiedrehstay ilaseny %di &0&d with the
blue |aser beam B through the objective lens 20. The fluorescent |ight
emtted fram rheachlivasesdenhadoetisalse whiradrhanibondednd adea | abel, to
the target substance) excited by the blue | aser beam B passes through the
obj ectivetkgapgidd skwviheledpassen Bhrough the dichroic mirrors 19 and 26,

is reflected at a right angle by a reflective mrror 27, and is detected
by - a photomul tiphiepiaddslabanghecpbol gdeedeideiuget@bns as the
excitation light source for reading out the reaction
information from the substrate 1. First, a laser beam B
emitted from the blue semiconductor laser 11 is reflected
at a_right angle by a reflective mirror 12. Next, the
- laser beam B is converted into a parallel beam by lenses.
13 and 14 aligned in the propagating direction of the
reflected beam.
The parallel beam is reflected at a right angle by'
a reflective mirror 15 and is converted into circularly
polarized light beam while passing through a A /4 plate 16.
The circularly polarized light beam is enlarged in beam
diameter by a concave lens 17 and a convex lens 18, is
then reflected by a dichroic mirror 19, and is incident
on an objective lens 20 disposed opposite tbzthe
substrate 1. Incidentally, the objective lens 20 is
cqntained in a subport body G.
The dichroic mirror 19 is .so designed as to reflect
the light component in a wavelength band centered on the

wavelength of the laser beam B emitted from the blue

semiconductor laser 11 and to transmit the other light
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(detector) 28. Incidentally, the dichroic mrror 26 is Lged as to
reflect the |ight conponent in a wavel ength band cente?ﬁé“%ﬁﬁkﬁ%

wavel ength of the red |aser beam R, which will be described later, and to
transmt the other |ight conmponents inclusive of the fluorescent |ight.
Next, the red | aser beam R emtted fromthe red sem conductor | aser
denoted by synbol 21 is utilized for 26 31 August 2006 focusing, nanely,
for the function of maintaining a fixed distance between the substrate 1
and the objective lens 20. In addition, the red |aser beamR is utilized
for tracking servo, nanely, for making the objective lens 20 follow up

to: the deiRSLAORN:SUN RCYSHAT SPdbihie: Iy i Girdied Wigs ok digposed in
the substrate 1, based on the positional infornmation and rotational

synchr oni sm é@f@% AQD PE b dede Yot henadisess pids § Ahdapd the wobbl ed

groove of the substtate 1. Incidentally, synbol 29 denotes a Position

Senser PRSI oA o oclatad oS o of e e
sem condugef of L 858 : FatliON 1dh e SubScFOPYSI 18L-1PL8 by the
laser beam B, which will be described later.

In this mannér, the éubstrate 1 held on the
substrate rotating means 5 at a position on the lower:
side of the objective lens 20 is irradiated with the blue
laser beam B through the objective lens 20. The
fluorescent light emitted from the fluorescent material
{which is bonded, as a label, to the target substance)
.éxcited by the blue laser beam B passes through the
objective lens 20, further passes through the dichroic
mirrors 19 and 26, is reflected at a right angle by a
reflective mirror 27, and is detected by a
photomultiplier and Avalanche photodiode detector
(detector) 28. Incidentally, the dichioic mirror 26 is S0
designed as to reflect the light component ig a
wavelength band centered on the wavelength of the red
laser beam R, which will be described later, and to
transmit the other light components inclusive of the
fluorescent light.

Next, the red laser beam R emitted from the red

‘lsemiconductor laser denoted by symbol 21 is utilized for
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a parallel beam while passing through two | enses 22 and %&I%Ib ed in the
) . . 31 {

propagating direction of the |laser beam R The parallel beamis spectrally
split by a polarized 1ight beamsplitter 24 disposed on the front side.
One spectral conponent then passes through a 1/4 plate 25, is reflected
at aright angle by the dichroic mrror 26, and 1is incident on the
objective lens 20, whereas the other spectral conponent is led to the PSD
29. Wiile perform ng the focusing servo and the tracking servo by use of
the red | aser beam R emitted 27 31 August 2006 through the objective |ens
20 as described above, to thereby read accurately the positions of the
pr edet er ni feeustt@ctiare byr f Bee &he eSumchion nel spbirtaieing athdxet ection
‘substance-containing solutions D or the |abeled target
subst ance-dbsitznes feetsoten | ore TsSulgstset@eht #ad | Yhanebireti vt el §nSpot t ed
onto the detection surface sites S wth predetermned timngs through ink.
jet nozzl es030 (hereinafter referred. to sinply as "nozzles 30") provided
in the support body Gintegrally wth the objective | ens 20. Next, the
constitution of tiwe adedd]ies:, 3@ Hentregl dieathr Wddm thhe sohyteidtiiasel |fBns 20 in
t he support body Gw il be

tracking servo, namely, for making the objective lens 20

follow up to: the detection surface sites S in the groove

structures 3 disposed in the substrate 1, based on the

positional information and rotational synchronism

information provided by the address pits 4 or/and the

wobbled groove of the substrate 1. Incidentally, symbol

129 denctes a Position Sensor Detector (PSD) for adjusting

the irradiation position of the red laser beam R.

Specifically, the laser beam R emitted from the red

semiconductor laser 21 shown in Fig. 4 is conﬁerted_into

a parallel beam while passing through two lenses 22 and

23 aligned in the propagating direction of the laser beam

R. The parallel beam is spectrally split by a polarized

light beam splitter 24 disposed on the front™side. One

spectral component then passes through a 1/4 plate 25, is
reflected at a right angle by the dichroic mirror 26, and
ié incident on the objectivé lens 20, whereas the other
spectral component is led to the PSD 29.

While performing the focusing servo and the

tracking servo by use of the red laser beam R emitted
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described, based on Figs. 5(A) and 5(B). Fig. 5(A) is ag %‘ipgg%ive Vi ew
of the surroundings of the nozzles 30. Fig. 5(B) is an en ed view of
t he nozzles 30. The objective lens 20 is provided in the center of a
rect angul ar actuator holder H for supporting the objective |ens 20, and
the nozzle 30 is provided in a region of the holder Hon the rear side of
the objective lens 20. Incidentally, a plurality of the nozzles 30 nay be
provided. In addition, as the nozzles 30, piezoelectric type ink jet
nozzl es are preferably adopted since they have the nerit that it is easy
~to control the size of the 28 31 August 2006 drop Ietsﬁ%etted by varying
the shape-RFoudle Bif sebiptEesetrdn %ﬂeaa g886réberi abryter FAI .
Incidentally, the arrow X in Figs. 5(A) and 5(B) indicates the noving
di recti orthiexrly i verd W eeratoky bretpesitiboppape theHere, the nozzles 30
are conposed of a plurality of nozzle groups 31 each of which constitutes
a rom/of‘ErﬁﬁEEQQmimﬁﬁfﬁBt&¢§#@m swrfpeer adtaks 8i pécthensybahdatpi ch are
arrayed in the direction of arrow X. The nozzle group 31 is a set of
nozzl e hal estid?, dSedoiosi suibs tamoastyntapoitgngol heigaseDderethéon
subst ance-cont ai ni ng sol ution
labeled target substance-containing solution T is
sequentially and accurately spotted onto the detection
surface sites S with predetermined timings through ink
jet nozzles 30 (hereinafter referred to simply as
"nozzles 30") provided in the support body G integrally
with the objective lens 20.
Next, the constitution of the nozzles 30 integrated
with the objective lens 20 in the support body G will be
described, based on Figs. 5{A) and 5(B). Fig. 5(A) is a
perspective view of the surroundings of the nozzles 30.
Fig. 5(B) is an enlarged view of the nozzles 30.
The objective lens 20 is provided in the center of
a rectangular actuator holder H for supporting the
. objective lens 20, and the nozzle 30 is provided in a
region of the holder H on the rear side of the objective
lens 20. Incidentélly, a plurality of the nozzles 30 may
be provided.
In addition, as the nozzles 30, piezoelectric type

ink jet nozzles are preferably adopted since they have

the merit that it is easy to control the size of the
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D. Fromthe noz;le groups 31, 31" different_kinds of 3q%& &ﬁ&&%

subst ance-containing solutions D are sequentially spotted onto the
correspondi ng detection surface sites Sin the groove structures 3 of the
substrate 1 on the |lower side, simultaneously on the basis of each kind;
subsequently, after a predeterm ned |apse of tinme, different kinds of or
the sanme kind of |abeled target substance-containing solution T is spotted
onto the detection surface sites S sinultaneously. Incidentally, the period
of time T after the detection substance-containing solution Dis spotted
onto the detection surface site S until the |abeled target

subst ancedcopletri ngttefut P¥nvasyipat the ehaP8oRichRAcHBY I E6nput ed by the
followng formula: 29 31 August 2006 T =[Lo + (n-1)L1 + 0.5 0] _ VI -

W V2 wher imppesepdesantbet heedpel antaifr omtendadent BrcHientdelvbj ecti ve

l ens to the nozzle group 3la in the first row, L1 represents the interval
bet ween tprenazzbe Hr anpBigs8l, 50A) epndsériBs tihdighraget EheomoVR&9dr opl et s of
the probe DNAs, V1 represents the linear velocity of the substrate 1, W
represent §i thetdbst apeeationnl hdirseribes oI0the shbstubterdte 1, and V2

represents the.velocity of

: Here, the nozzles 30 are.composed of a plurality of
nozzle groups 31 each of which constitutes a row of the
nozzles 30 aligned in the radial direction Y and which -
are arrayed in the direction of arrow X. The nozzle group
31 is a set of nozzle holes 32, 32+ * * for simultaneously
spotting the same detection substance~containing solution
D. From the nozzle groups 31, 31+ + +, different kinds-of
detection substance*confaining solutions D are
sequentially spotted onto the corresponding detection.
surface sites S in the groové structures 3 of the
substrate 1 on the iower side, simultaneously on the
basis of éach kind; subsequéntly, after a predetermined
lapse of time, different kinds of or the same kind of
labeled target substancefCQntaining solutiong is spotted
'onto the detection surface sites S simultanéously.

Incidentally, the period of time T after the

detection substance-containing solution D is spotted onto
the detection surface site S until the‘labgled target

substance-containing solution is spotted thereon can be

computed by the following formula:
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the droplets jetted fromthe nozzles 30. According to t AuBRQYsoef Oor mul a
the target substance-containing solution can be spotted right onto the
dropl et of the detection substance-containing solution. Finally, a

bi oassay process, which can be carried out by use of the substrate 1, wll
be briefly described based on Figs. 6(A) to 6(E), which illustrate the
flow of the bioassay process that can be carried out using the substrate
1. First, the hole 2 of the substrate 1 is fixed to the spindle 51 (see
Fig. 4) of the substrate rotating neans 5 (see Fig. 4), and the substrate
1 is rotated. Wile detecting the positional information by the focus

servo nmechani smg7 orprgng theil f.ackimgs sar ve vechanissm 8, the detection
subst ance-contai ning solutions D1, D2 are spotted fromthe nozzles 30

(nozzl e groups 3here39,3teprgushti00fe dispaned Fppasihe tenthe sdbstrate 1
onto the predeterm ned detection surface sites S (see Fig. 2) provided on

t he S“bsﬂ{rfé eolgl'wi]e , Phd e itk | 8822 PE T HEORS PLQCESStRSERiIFED. 6(A)).
, 11 e

Subsequen : detecting the positional 1nformation by the focus
Servo ne%ﬁ%ﬂ!%m.ééﬂf%%@%tgh%he interval between the nozzle groups

31, & represents the diameter of the drOplets of the
probe DNAs, Vi represents the linear velocity of the
substrate 1, W represents the distance from‘the.nozzles
30 to the substrate 1, and Vé represents the velocity of
the droplets jetted from the nozzles 30. According to the
above formula, the target substance—containing solution
can be spotted right onto the droplet of the detection
substance-containing solution.

Finally, a bioassay process, ﬁhich can be carried
out by use of the substrate 1, will be briefly described
based on Figs. 6(A) to 6(E}, which illustrate the flow of
the biocassay process that can be carried out using the
substrate 1.

First, the hole 2 of the substrate 1'E§ fixed to
the spindle 51 (see Fig. 4) of the substrate rotating
means 5 (see Fig. 4), and the substrate 1 is rotated.
While detecting the positional information bylthe focus
servo mechanism 7 or/and the tracking sérvo~mechanism 8,
the detection substance;containing solutions Dy, Dp° * °

are spotted from the nozzles 30 (nozzle groups 31)
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tracki ng servo nechanism8 (see Fig. 4), the fluoresce - | d target
subst ance-containing solution T is spotted fromthe nogﬁﬁggﬁggk%nozzle
groups 31) disposed. opposite to the substrate 1 onto the detection
surface sites S by the ink jet printing process (see Fig. 6(B)). Next, for
optimally effecting coupling reactions such as hybridization between the
detecti on substances and the |abeled target substance in the detection
surface sites S on the substrate 1, the substrate 1 is warnmed for several
hours in a thernohygrostat 9 (see Fig. 6(C)). Subsequently, while again
rotating the substrate 1 by the spindle 51, a predeterm ned washing |iquid
Uis drigpsdofednmprapaaihengonbhel suRs@irsiesdd oBpodte to the substrate
1, to renove fromthe detection surface sites S the | abel ed target

subst anceptbdéthaminetl detectone thefaget isidesodplliseg Fdget Pon. As the
washing liquid,. for exanple, a Saline-SodiumCitrate (SSC) buffer

sol uti on giodidddgusat tR@0Gubstmtaknilpgbassylr fomcttanet i8BSies used (see Fig.
6(D)). The substrate 1 is irradiated with the blue | aser beam B to excite
each of theideinet bebcewsl deeesktigs &,(A)hhe magni tude of fluorescence

intensity is detected by
Subsequently, while detecting the positional

iﬁformation by the focus servo mechanism 7 or/and the
traéking servo mechanism 8:(see Fig. 4), the
fluorescénce—iabeled taiget substance-containing solutiqn
T is spotted from the nozzles 30 (nozzle groups 31)
disposed opposite to the substrate 1 onto the detection
;ﬁrface sites S by the_ink jet printing process (see Fig.
6(B)).

| Next, for optimally effecting coupling reactions
such as hybridization between the detectionlsubstances.
aﬁ& the labeled target substance in the detection surface
sites S on the substrate 1, the substrate 1 is warmed for

‘several hours in a thermohygrostat 9 (see Fig. 6(C)).

Subsequently, while again rotating the substrate 1

by the spindle 51, a predetermined washing liquid U is

dripped from a waéhing nozzle N disposed opposite to the

sﬁbstrate 1, to reméve from the detection surface sites S
= . the labeled target substance that has not undergone the

active Coupling reaction. As the washing liquid, for

example, a Saline-Sodium Citrate (SSC} buffer solution.
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the detector 28, and the results of the coupling reactic‘;’q%\u &ﬁﬂﬁﬁn t he
detecti on substances and the |abeled target substance aré jfudged. Finally,
the fluorescence intensities for the individual detection surface sites S
are subjected to A/ID conversion, and the coupling reaction proportions are
visual i zed by displaying the distribution thereof on the screen of a
conputer C (see Fig. 6(E)). Exanple A quartz glass substrate 12 cmin
di aneter was used. |In the surface area of the substrate ranging froma
radius of 20 mmto a radius of 40 nm. a groove with a track pitch of 50
um a duty of 70% and a groove depth of 500 nmwas formed by etching. The
subst r at ecentd doing wassgpfactant eS0H i @sod 3 (9890 BiGand(Dkbl uti on of a
si | ane-coupl i ng agent (product code: A1100, a product by Ni ppon Unitika
K K. ), followed The druhstydtre d biake rfadimdeel atitio0Qd drlu@ Horey, .
Further, the silane-treated substrate surface was spin-coated with a
sol uti on Ppeapab eto byxdl ssodatngo B2t B3d deigeist i @H0Sur fhot obibesns,
(N-(4-azido-2-nitrophenyl)-N -(3 o '
bi oti nyl aph&ops@RYtuddN ofet hybrésSeiedpomysh it yeis detected by

the detector 28, and the results of the coupling

‘reactions between the detection substances and the

labeled target substance are judged. Finally, the

fluorescence intensities for the individual detection

surface sites S are subjected to A/D conversion, and the

coupling reaction proportions are visualized by

displaying the distribution thereof on the screen of a

computer C (see Fig. 6(E}).

Example

A guartz glass substrate 12 cm in diameter was used.

In the surface area of the substrate ranging from a .

radius of 20 mm to a radius of 40 mm, a groove with a

track pitch of 50 pm, a duty of 70%, and a groove depth

of 500 nm was formed by etching. The substr;fe surface

was spin coated with a 0.3 wt% ethanol solution of a

silane-coupling agént {product code: Al1100, a product by

Nippon Unitika K.K.), followed by drying in a bake

furnace at 100°C for 2 hours.

Further, the silane-treated substrate surface was

'spin—coated with a solution prepared by dissolving
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(acetate); a product by Sigma-Aldrich) in distilled wate‘,,r1AUI
concentration of 10 pig/m . By using a red sem conductor r emtting
a red laser beamw th a wavel ength of 680 nm and conden5|ng the | aser
beam by a pickup lens with an NA of 0.45, focus servo and tracking servo
were applied to the substrate. The photobiotin was irradiated with a bl ue
| aser beam from a blue sem conductor |aser through an objective |Iens
having an NA of 0.45 wi th nodul ati on under the conditions of a wavel ength
of 405 nm a power of 1 mW and a frequency of 10 kHz, while maintaining a
fixed distance between the substrate and the I ens and in the manner of

f ol | owi ng phwttabitcd ryr Gbved stz dd+ hreart naploenyy) of " 1{4rs. Thereafter, the
substrate thus treated was washed with distilled water, whereby

phot obi ot ibi qaairiydransi s so ol et —mﬂwl—rﬁ,t?ﬂepmpanlyél@!dlm eas, to obtain a
negative type |Ilithography. A 25 u g/m PBS solution of avidin (Avidin D, a

product byaeaisale);alky) pwesdyet tied $ignma-taldybthnoral ésstilbedevatpotted onto
t he photobiotin patterns while applying tracking servo and focus servo, in

the area ijf, IR HtrfatidP 30 133 §¥nmAugust 2006

By using a red semiconductor laser for emitting a

glPst

red laser beam with a-wavelength of 680 nm and condensing
the laser beam by a pickup lens with aﬁ NA of 0.45, focus
servo and tracking servo were applied to the substrate.
The photobiotin was irradiated with a blue laser beam
from a blue seﬁiconductor laser through an objective lens
having an NA of 0.45 with modulation under the conditions
of a wavelength of 405 nm, é power of_l mW, and a
ffequency of 10 kHz, while maintaining a fixed distance
between the substrate and the lens and in the manner of
following up to the gréove at a linear velocity of 1 m/s.
Thereafter, the substrate thus treated was washed with
distilled water, whereby photobioctin patterns were forﬁedr
"only in the irradiated areas, to obtain a nééative type
lithography.

A 25 Ltg/merBS solution of avidin (Avidin D; a
-product by Vector Lab) was jetted frbm ink jet nozzles,
to be spotted onto the photobiotin patterns while |
dpplying tracking servo and focus servé, in the area in

terms of r = 20-30.
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Next, a 250 u g/m PBS solution of Avidin D was spotted 3g%to I(Q@)Garea in
terms of r = 30-40. Thereafter, spin-coat washing was ¢ At & by use of
a phosphate buffer solution (product code: 1003; a product by Sugmm).
Whi | e agai n applying tracking servo and focus servo to the substrate by
use of a red | aser beamwith a wavel ength of 680 nmfromthe red

sem conductor laser, to followup to the groove, a blue |laser beamw th an
output of 100 g Wand a beam dianmeter of 2 mmwas emtted froma blue

- sem conductor |aser, the substrate was irradiated wth the | aser beam

t hrough the objective lens with an NA of 0.45 at a |inear velocity of 5
m's, and fluorediesticea i250ensiimesPRRreolebiomuel eidie Yef@Rtor, a
photonul ti plier (product code: H5784-01; a product by Hamamat su Phot onics
K K ) wassprstted offieo tibee amguiimeddmes rafadort It Gbolheseaided for r =

. 20-30, and about 8.8 sec for r = 20-40. It was thus found out that the
readi ng pE@oessoxtanwdshoey Mad autdiated vy wseshoff ta tphrsphasteonpared with
a conventional reading system The fluorescence intensity was 120 nV on
aver age Hffdhes@buthigl Mprsaiudt arodend G Y mrodiver dge Swgmalhe 250 u

g/m solution, with a fluorescence intensity ratio, of 1/5. The
scattering of flmaneseeass appeRshyy twasking servo and focus servo
to the substrate by use of a red laser beam with a
wavelength of 680 nm from the red semiconductor laser, to
follow up to the groove, a blue laser beam with an output
of 100 W and a beam diameter of 2 mm was emitted from a

blue semiconductor laser, the substrate was irradiated
with the laser beam through the objective lens with an NA
‘of 0.45 at a linear velocity of 5 m/s, and fluorescence
intensities were read out.

As the detectbr, a photomultiplier (product code:
H5784-01; a product by Hamamatsu Photonics K.K.) was used.
The time required for readout was about 6.3 sec for r =

- 20-30, and about 8.8 sec for r = 20-40. It was thus found
out that the reading process can be carriedzéut in a very
short time, as compared with a conventional reading
system. |

The fluoresceﬁce intensity was 120 mV on average
for the 25 pg/ml solution, and 600 mV on average for the

250 pg/mli solution, with a fluorescence intensity ratio

of 1/5. The scattering of fluorescence intensity was 0 =
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34 31 August 2006 1 nV for both the solutions; thus, a yer m@& accuracy
of analysis was obtained. (1) The bioassay substrate accord ng-1o the
present invention includes the detection surface sites arrayed in the
groove structures disposed radially as viewed on the upper side.
Therefore, a large anmount of and a |arge nunber of detection substances
can be integrated thereon. In addition, since assay can be carried out by
arranging a plurality of detection substances in a grouped pattern and
selecting the optimal reaction conditions and the |ike on the basis of
each groove structure, the rate of generation of fals positive and fal se
negative rleawl tfori boirhr kgl Foraddess s t?WéweﬁoP@FYééﬁéﬁhﬁ?ﬁf%ﬁ?qﬂua bi oassay
substrate, a conprehensive and efficient analysis can be performed with
hi gh accurfcypnaBysiidewascobttagaedbit of record information is also |ow
(2) The bioassay substrate according to the present invention is
particul arly usefll) @Ehea HiNGsdiyp subrkzmis cverooiindi e theaddition, it
can provide a disk formmcrochannel array having a novel structure. Were
the subst aledns UhiventédnadnaliNéschihe, dettecarnope surface sites

arrayed in the groove structures disposed radially as

viewed on the upper side. Therefore, a large amount of

and a large number of detection substances can be

integrated thereon. In addition, since assay can be

carried out by arranging a plurality of detection

substances in a grouped pattern and selecting the optimal
' reaction conditions and the like on the basis of each

groove structure, the rate of generation of false .

positive and false negative results ié markedly reduced.

. Therefore, according to the bioassay substrate, a

comprehensive and efficient analysis can be performed

with hidh accuracy. Besides, cost per bit of record

information is also low.

{(2) The bioassay substrate accordind“to the

present invention is particularly useful as a DNA chip

and a biosensor chip. In addition, it can provide a disk

form microchannel array having a novel structure. Where

the substrate is utilized as a DNA chip, it can be

utilized for gene mutation analysis, SNPs (monobasic

polymorphism) analysis, gene expression freguency
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utilized for gene nutation analysis, SNPs (rnonobasic palyuipiphigam

anal ysi s, gene expression frequency 35 31 August 2006 angl SsIs, etc., and
can be used to utnost in a wide range of fields including novel nedicanent
devel opnment, clinical diagnosis, pharmacogenonics, and forensic nedicine.
Where the substrate is utilized as a biosensor <chip, it can be utilized
for exam nation of antigen- antibody reactions, calibration of incretion

di sturbing substances, etc. (3) Next, the bioassay system according to the
present invention can snoothly performthe process of spotting and
solidifying detection substances on the substrate, and the subsequent

seri es of apr0gEsSESeeE., santit tag Bel abeietot atgest sihse antde raagei on,
washi ng, and readout and analysis of the reaction results, to make it

possi bl e b pesigsmihheulifgessvELoneaseayeho asabyspmenefficiently,
speedily, and highly conveniently. (4) By use of the substrate information

readout  syshemnyniihgRds et Nohhienassaynsnstsn asaordagsio the present
invention, It 1s possible to performin a continuous-form node the

conpl i cat gd operati G Af rperd micaldy SPaldi N &etpetd Biosensor
subst ance-contal ni ng
- chip, it can be utilized for examination of antigen-
antibody reactions, calibration of incretion disturbing
‘'substances, etc.

(3} Next, the bioassay systen according to the
present invention can smoothly perform the process of
spotting and solidifying detection substances on the
substrate, and the subsequent series of processes of
spotting a labeled target substance, reaction, washing,
and readout and analysis of the reaction results, to make
it possible to perform the process from assay to analysis
efficiently, speedily, and highly conveniently.

(4) By use of the substrate information readout
system unitized with the assay systen according to the
present invention, it is possible to perforﬁiiﬁ a
continuous—form mode the complicated operations of
periodically spotting detection substanCe—contéining
solutions onto the substrate while applying focus servo

: and/or tracking servo to the substrate, then solidifying
-the detection substances such as DNA probes, antibodies,

etc. on predetermined detection surfaces, further
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solutions onto the substrate while applying focus serv031@@§@95m%racking
servo to the substrate, then solidifying the detection su ances such as
DNA probes, antibodies, etc. on predeterm ned detection surfaces, further
36 31 August 2006 spotting a fluorescence-| abel ed target substance such as
- cDNA, antigen,, etc. on the detection surface sites while again applying
the focus servo and/or tracking servo, then perform ng a predeterm ned
reaction pronoting process, washing the substrate under predeterm ned
conditions, and finally exciting the fluorescent material by a |aser beam
to detect the fluorescent em ssion anounts to read out information on the
reaction sesttting 37 fAnosggasnceodebediedl Merget AUbISGaSSEy SIS ta5at e
conprising detection surfaces on which detection substances can be
sol i di fi edDN@ai cdinddigent,i eficsuphatbe Weitmgt imrowuddadcen sd tegr fidd ®f a di sk
form substrate capable of reading out record information optically; means
for provi diged pegiptliving thef dooasi serawnd anditoat itoneadk isgn sleroni,sm '
i nformati on on said detection

then performing a predetermined reaction promoting

process, washing the substrate under predetermined
conditions, and finally exciting the fluorescent material
by a laser beam to detect the fluorescent emission

amounts to read out information on the reaction results.
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surface sites; and wherein said detection surfaces are QﬁQMéﬁfﬂﬂen groove
structures provided in said surface of said substrate so a5 to extend in

radial directions as viewed on the upper side. 2. The bi oassay substrate

as set forth in claim1, wherein said neans is conprised of a wobbling or
address pits provided on said substrate. 3. The bi oassay substrate as set
forth in claiml, wherein said detection substances are each any one

sel ected fromthe group conposed of nucleotide chains, peptides, proteins,
i pids, |ow nolecular conpounds, ribosone, and other vital substances. 4.

A bi oassay ngtheg.conprising the steps of: spotting detection _
subst ance-contai ning solutions onto detection surface sites of a bioassay

substrate 38 31 Augusgx%gggﬁgﬁgggﬁggkggtéaéghégggyﬁéon surfaces for

enabl i ng solidification of i on substances, sald detection surfaces

being provided on g.8ULfags Qxﬁﬁac?é'ss%éuf QT SHOSL L Al & %%%%%Sc@% readi ng

out record information optically, and said detection surfaces being

provided in .. graave, st aHELLN eSS AP WA L By S L rSURST FAI £5SO as to

Iprovided on a surface of a disk form substrate capable
of reading out record information optically:;

means for providing positional information and
rotaticnal syanchronism information on said detection
surface sites; and

wherein said detection surfaces are provided in
groove sﬁructures provided in said surface of said
1substrate so as to extend in radial directions as viewed

on the upper side.

2. The bicassay substrate as set forth in claim 1,
wherein said means is comprised of a wobbling or address
pits provided on said substrate.
| 3. The bicassay substrate as set forth in claim 1,
wherein said detection substances are each any one
'Selected from the group composed of nucleotide chains,
peptides, proteiﬁs, lipids, low-molecular compounds,
ribosome, and other vital substances.

4. A bicassay method éomprising the steps of:

spotting*detectioﬁ substance—containing solutions
bntq dete;tion-;urfacg siteé_of a_bioassay-substrate
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extend in radial directions as viewed on the upper sidee1A‘§m§ dsnk | et
printing process or a mcromechani cal spotting process, SO |d|fy|ng
sai d detection substances; and providing positional information and
rotational synchronisminformation on said detection surface sites. 5. A
bi oassay system using a bioassay substrate conprising detection surfaces
on which detection substances can be solidified, said detection surfaces
bei ng provided on a surface of a disk formsubstrate capable of reading
out record information optically, said detection surfaces being provided
in groove stddiglruf@%g BaQY dedetpishi shstidacerof said isybstrate so as to
extend in radial directions, as viewed on the upper side, and said

bi oassay subgfiriatieiRa@Vbdi BY REstit Rl subh MBS | o :aNdeftatat banal
synchroni sminformation, wherein said bioassay systen1conpr|ses at | east:

substrate rQialfaR@smBansqgfOfoviidf al ¥ SUPPQELI HE a Shid BiceAssay substrate;
39 31 August 2006 a spo?tlng device for spotting detection substance

cont ai ni ng SRl QRS %Bgaﬁlbagfl?Qa&ﬁﬁ@%u@%%%nﬁ%ta%hehng sol ution
onto said detection surface sit

optically, and said detection surfaces being provided in

groove structures provided in said substrate so as to
extend in radial directions as viewed on the upper side,
by an ink jet printing process or a micromechanical
spotting process; and

solidifying said detection substances; and

providing positional information and rotational
synchronism information on said detection surface sites.

5. A bicassay system using a biloassay substrate

comprising detection surfaces on which detection
substances can be sclidified, said detection surfaces
being provided on a surface of a disk form substrate
capable of reading out record information optically, said
detection surfaces being prbvided in groove structures

provided in said surface of said substrate so as to

extend in radial directions . as viewed on the upper side,
and said bioassay substrate providing positional
information and rotational-synchronism inforﬁation,
wherein said biocassay system comprises, at least:

substrate rotating means for rétatably supporting
said bipassay substrate;  B |

39




while rotating said bioassay substrate by said sybstratq% m@%gk&ﬁg_neans, a
focus servo nechanismfor nmaintaining a fixed distance é} en said
spotting device and said bioassay substrate; and a tracking servo

‘mechani smfor nmaking said spotting of said solutions track to said
detection surface sites, based on said positional information and said
rotational synchronisminformation. 6. The bi oassay systemas set forth in
claim5, wherein said spotting device is at |east one selected fromthe
group conposed of an ink jet printing device and a m cronmechanica

spotting device. 7a JhethiRpseaycsysbemesiSely Hetbhtlfn cd@dPadce-Wherein
Said spotting device is an ink jet printing device, and ink jet nozzles

are integrateftbndngURRoLt i HRdYandli SPQ3RA OPRASLLE LQpSehd-di oassay
substrate for containing an objective lens for emtting to said bioassay

substrate a d&&%&ngﬁg%épﬁt%}? JH 005 qQt o cf PGYSs SEF NG ANd ,acki ng
servo. 40 31 August 2006

while rotating said biocassay substrate by said substrate

rotating means;

a focus servo mechanism for maintaining a fixed
distance between said spotting device and said biocassay

substrate; and

a tracking servo mechanism for making said
spotting of said solutions track to said detection
surface sites, based on said positional information and
said reotational synchronism infofmation.

6. The bioassay system as set forth in claim 5,
wherein said spotting device ié at least one selected
from the group composed of an ink jet printing device and
a micromechanical spotting device.

7. The biocassay system as set forth in claim 5,

wherein

Said spotting device is an ink jet printing device,

and

ink jet nozzles are integrated to a support_body
disposed opposite to said bicassay substrate for
‘contazining an objective lens for emitting to said
bioassay'subStrate a laséf beam for the funcfiohs.Of

- focus servoe and tracking servo.
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8. The readout systemunitized wth a bioassay system asmsﬁgj8 Jioggsh in claim
5, for reading out record information on said bioassay su 74 e, wherein -
focus servo and tracking servo are applied to said bioassay substrate, a
fl uorescence-1| abel ed target substance coupled with said detection
-substances on said detection surfaces is irradiated with a condensed | aser
"beam and fluorochronme intensities of fluorescence induced by excitation
upon said irradiation are detected. 41

8. The readout system unitized with a biocassay
system as set forth in claim 5, for reading out record
information on said biocassay substrate, wherein

focus servo and tracking servo are applied to said

- biocassay substrate, a fluorescence-labeled target
substance coupled with said detection substances on said
detection surfaces is irradiated with a condensed laser
beam, and fluorochrcome intensities of fluorescence

induced by excitation upon said irradiation are detected.
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