;e3eD, 4° Z6TD9 DESCRI PTI ON Bl QASSAY SUBSTRATE, Bl OASSAY SYSTEM4 ARy, & v 747
READOUT SYSTEM Technical Field The present invention relates to a disk form

i nformation recordi ng nedium which constitutes a bioassay tool useful in

the bioinformatics field and the like. Mre particularly, the present
invention relates to a bioassay substrate so designed that hybridizat] or
other intermolecular reaction is effected with high precisiommmwﬂmwﬂmmmmk a
sol ution containing | abel ed target substance to substrate su

where detection substances are solidified, a bioassay nethod usi ngothe

substrate, a bioassay systemutilizing the substrate, and a r
i nformati on readout system Backgr@@ﬁ REBTIAe conventi onal tgﬂﬁ» ﬂ@@ﬂﬁwm#o

whi ch the present invention pertains will be described bel ow
integrated substrates for bioassay, which are called DNA chi ps or OB

m croarrays (hereinafter generically referred to as "DNA chips"% and on
whi ch pr edetBEIQASSAY RUBSERATE cBERASBHEISEFTEMy| ANBREADOHE STEREM ogy,
have 1 been utilized for gene nutation anal ysis, SNPs (nonobasic

pol ynor phi sm) anal ysis, gene expression frequency analysis, etc., and have
come to be used in a wide range of fields including novel nedicanent

devel opment Teghhhtcaal rdeagnosi s, pharmacogenoni cs, forensic nedicine, etc.
The DNA chip is said to have the characteristic feature that it enables

conpr ehensi ve analyigé Sppdsdit el AP LELbRI réBatEs0BS sudhsRsEbymri di zation
since a plurality of Kinds of and a nultiplicity of DNA oligochains, cDNAs

(conpl ement ap ¥ PNAS } onOkebBedh hkemdb u)t @@idhedonr ta tglkass asubstrate or
silicon substrate. _
biocassay tool useful in the biocinformatics field and the
like. More particularly, the present invention relates to
a bioassay substrate so designed that hybridization or
other intermolecular reaction is effected with high
precision by spotting a solution containing labeled
target substance to substrate surface sites where
detection substances are solidified, a biocassay method

using the substrate, a bioassay system utilizing the

substrate, and a record information readout system.

Background Art

The conventional technologies to which the present
invention pertains will be described below. At present,
integrated substrates for biocassay, which are called DNA
chips or DNA microarrays (hereinafter generically
referred to as "DNA chips") and on which predetermined

DNAs are microarrayed by a microarraying technology, have



An exanpl e of the analytical technique using a DNA chip will be described.
In the anal ytical technique, using DNA probes solidified on a glass
substrate or silicon substrate, an nmRNA extracted froma cell, a tissue, or
the like is subjected to PCR anplification while incorporating a

fl uorescent probe dNTP by a reverse transcription PCR reaction or the |ike:
hybri di zation is conducted on the substrate; and fluoronetry is carried out
by use of a predeterm ned detector. Here, the DNA chips are classified into
two types. Afirst type is the type in which oligonucleotide is synthesized
directly on a predeterm ned substrate by use 2 | of ngh?toliégggraphic

t echni que a&gﬁ@ﬁW@llhée@eﬁ?%d%@%%t%?t%§¥8§u?%a%gﬁﬁﬁrqﬁ =S A \PRBPRE &Rt at i ve
chip of this type is the chip produced by Affymetrix. This type of DNA
chi ps are hpghymorphismbgaealvsisnt egRrat PERTCBELONsEIFRAPEBAYas to the DNA
synthesis on the substrate the I ength of DNA obtainable is on the order of
several tensnalybhsgsetd. sezndchaypecomneDk BRi Bsedsiphd vype &P8GScal |l ed
"Stanford system', in which the DNA chip is prepared by spotting
prelimnariby piepasetinbhNAding aosabsmedtieabgnisdevelophmentyi p pins and
solidifying the DNAs. This type of DNA chips are |lower than the first type
in the degreginfchnt 89aahbens, bphabaacbhennmiics,t iatreDRACt megiheine on t he
order of 1 kb can be solidified. According to the above-nentioned
conventionaLDNA chi p technol ogi es, however, the number of pieces of
integration and the integration density of the DNA chip itself have been
smal |. Therefore, the sERubtiQfi anshysi Soanarbabhe bhaoaeteyhselicassay has
not been sufficient. Besides,” it has been difficult for the user to freely

set the kingggggggaQgﬁguggeépgglggtFﬁhgg%h%ﬂgqg@pg%%yyyis1aﬂther, t he

grouping th Substrate. ddition, in thé conventional DNA

CUbSt ot o hAPER TR LGB mERE BT R o on A g o A ol ng
(pot st o) 1T CIPLLENG, LMl O e ananiond here has been
washi g coneiiionsiaiaeer GUsar SEELPTETURaT (DA al (2h g 1 Sbe
integrated on a glass substrate or silicon substrate.
An example of the analytical technique 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 amplification
while incorporating a fluorescent probe dNTP by 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 oligonucleotide is

synthesized directly on a predetermined substrate by use

2



det ectfion substances such as DNA probes on the surface of a substrate and
fér spotting a sanple solution containing a target substance and an

anal yzer also called "reader"” or "scanner" for reading the results of the
reacti ons between the detection substances and the | abel ed target substance
have conventionally been fabricated separately and independently.

Therefore, it has been inpossible to carry out the bioassay process and the
subsequent readi ng and anal yzi ng process in a continuous-form node. Thus,

t he conventional system has been very inconvenient to use. Further, because

the amount and %?%tﬁ%ﬁ%t{%ﬁwéa@&@§%§y§ht@§ DNA probes and the

sanpl e sol ti oh S een nonuni form there has been the techni cal

R/tr)(r)tejlo\ejrenrf h?%%}ljglcgc?{s L?(Eu{&_pyefgoé Qﬁ’%cl%i LAIOT @5 GG d dH NSy difip OW.

ntionhal *sysiens have been high'in cost per chip and,
further, cos er integration a t n re S been
very expensqéle&hs ty&\%cloﬁ" d@h%léﬁ?i']?tplr%&gc%@%gi %Jg?%@%}:gg?o?ﬁ%{h% present
invention to provide_a bipassay substrate_iha 1 3@S. . Lpt egrati on
amount of d%Y%%t?%nD%%b%W%R%e§¥§o??%?ff%dtgﬁd&gagggzggr5ﬁgkﬁégg%b?he
substances and that is inexpensive, a preferable nmethod of ufacturing
t he substrapwet S bl Haksey %?s?%n??ﬁapNgaﬁﬁgtﬁ?sbﬁsgpbggetBugggfgiﬁfbioassay
efficiently and securely, and a substrate record infqrmation readout system
that nakes the pbesgbheof oDPRr poEALBALASSAT BPOEE§soéaﬁra°ﬁe§8Vﬁ§a nd
anal yzi ng process in a continuous-form node. Disclosure of Invention In
order to soteestbf hbses. nentsered pryRe e, DA rakirs his pbeeehYP®nventi on
provi des a "bi oassay substrate” as follows. The term "bi oassay" herein
means bi ochemkecatabbatiytssahésed emsthm"seaot WbashbehfeONAsGh3PaREes. The
present invention firstly provides a bioassay substrate includes detection
surfaces onpwBpgebedebgcspontinhsparnténicanibey pokpdirede ®NABhONdEt ect i on
surfaces is provided on a surface of a disk form substrate capabl e of
readi ng out g{;ggerdtbNbor GBI 6 eplitakhiy. pihe dedesbilddifydingcddeare

provi ded in groove structures provided in 5

DNAs. This type of DNA chips are lower than the first
type in the degree of integration, but has the merit that
DNA fragments on the order of 1 kb can be solidified.

According to the above-mentioned conventional DNA
chip technologies, however, the number of pieces of
integration and the integration density of the DNA chip
itself have been small. Therefore, the amount of analysis
available by one run of assay has not been sufficient.
Besides, it has been difficult 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



¥
the substrate so as to extend in radial directions as viewed on the upper
side. Here, the term "detection substances” in the present invention w dely
i ncl ude | ow nol ecul ar substances, hi gh-nol ecul ar 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 | abeled with a fluorescent material or
the like, and the termshould not be construed narrowly. The "groove
structures” provided in the substrate is, for exanple, mcrochannel

structures 9 C | 4} epding iMestifgkttApaBathpel he
gr oove strd%‘ﬁgégqygﬁfgﬁgpgﬁé?t?%%§§%ay;be fornédeof p?ts, Eellular

structures, or_the like T 0 cityke 18BAVenhatSthdebuie khat is
conposed of°% %étc%?é%?Fs ggegélﬁ%gaﬁééﬁrﬁg%u?g§¥ The portion where the

its or cellular structures are_art subs kally like a
g;reak as v?gﬁ%dp%ﬁsgﬁé ﬁgEeP s?ﬁg}gaggg%ggﬁ?agggg&g g?rﬁ%?%%e" ghoLId not

be construed narrowy. One field to i t i : ate including
the groove %?9®E%E?eéu?st8 aﬁgﬁsFE?n¥ﬁigg%cggﬁgeﬁ§§?§§§§gPﬁgﬁhe bi oassay
substrate, for exanple, a disk forms b%trate having a di aneter of about 10
cmis adopteendstsons gRd §GB§EP§t€°PaF $8FPdi fyi ng the detection
substances thereon therefore, the bioassay substrate.is,advantageous in
that a nultiplici t@esﬁd@l@zea;ltli@ﬁswrw@é@mf%?rs%?fag%?}’hagt ©det ecti on
substances thereon or pits, grooves, or the like including the dete%tion
surfaces cadebecthbegsabettancesoskeh asr 8¥A PEEDEISo&Es dpes fivdEase °fan
provide a DNA chip, a biosensor chip, or the like, which is large in

i nt egr at i onaasubet rater endr doirnkeotdtiingna Isaredd Sidmt i9mEentRd idd%ect i on
surfaces are provided in the groove structures, which are provided in the
substrate radiakkytasupisesedeonnchanpmal yiede adsd @a lgestdtraanardy
intervals so as to obviate nutual contam nation, the kinds of the detection
substances gan vl gneuved N rdarlibas itheofresanit syrodovEhes trapsttuirans For
exanple, it is possible to performgrouping of di sease outbreak marker

genes on thg hasis ohLdt HHAVHE siljstEndes #1d tthedrdmadramgety of
nucl eoti des F etection substances) to be solidified on the basis of each

groove Strughylie hasedan Uddiencaminy BB Ep.coiei -sefisatsles |

possi ble to“vary reaction conditions such as hybridization conditions such

as buffer conppsitjon trati C. 4 t\Washi RG gommﬁaggques&@ple
solution co tﬁ%ﬁ%gﬁﬂééﬁﬁiy%o?hgg%Fggkﬁgloptinun1f%act|ons of the
detection substances, .7 .and to e r§ﬁ%? L& passabhdity of
obt ai ni ng f A2&FhE&&HT iThe &t sq‘B}alrbseLreo%élesg%ﬁA\}%qjh%%n t e@%nal yzi ng :
operation. In additjion, since the groove I es | ya@ direction
as viewed oftthEMpEring d%’fo‘?ﬁ‘aﬁﬁalj& aexcfoelﬁ%]i ng&ﬁ g%o%xﬁel%}g%t er I.f;,Hlsde to the
outer circunference side of_ the disk formsubstrat [ . t
substrate, tihsERRYERELPRYLI BY BNt PFszﬁSncé{&rM g‘rr% 031 Jae%{&rgtq’l?caggsbpolgfe of
liquid by utilizing a centrifugal force generated gﬁlrotaéi the disk form
substrate by a predatdhfhe PRIt then FOURY 13 FRERST Q gc%}ﬁ e, at the
time of renpbving an excess of the target substance, which has noi actively
been coupl edetfectiomesuoatanons suhsh® ngi R BEPacEafn e PFafidhBtted
smoot hly and securely into and through the groove structures (particularly,
the detecti osobutfamedsophats heawe npeen onerhel Eerty akheEgi BASoPEERe
substrate. The present invention subsequently provides a

the technical problem 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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" bi oassay substrate including a nmeans for providing positional information
and rotational synchronisminformation on the above-nenti oned detection
surface sites. The neans nay be included of wobblings or address pits
provi ded on the substrate. The term "wobbling” herein neans a slight
| eft-right nmeandering, relative to 8 the center of track, of a groove
(gui de groove) for recording of data by the user, for prelimnarily
recording on the disk the information on physical addresses on the disk.
Generally, FM nodulation with a slight frequency deviation relative to a
frequency hi gher b f?iitr{gal‘i}(i G S_L%r\éop%qg::ﬂﬁalccmﬁ}ga@d;.f aKk t he anpl i tude
of a sine wave nodulation Si"dnal i's cut in the substrate as a radi al
di spl acenent_of gropve. The bj . subst a utilized
%ﬁs%%%t}?YEF%%E% %?2@?@%%§% StERbEs S8 BepREBhEEaRhYL

in the casé C ance-contali ning solutions and a
target substance-contajning soJjution,in th nper curately foll ow ng
up to prede®ET Y ?i(aai%’é‘?go né%?’f%ﬁéogi ?nég?rq’gaggddgéeggg%i onal
infornmati on and rotation feriod infgrnagion. The ﬁresegttknvention further
provi des a HHoakEaRGeSuBRLFALELPA AP A AFCPeBEPUBAY%0Re S€Fected from the
group conposed of nucl eoti de chai ns, gegtides, r ot ei.ns hipid%

| ow- nol ecul sbebapeardandr Fhakoie, LARRPBRALY Cvi RaPTEABEPRAGTSFEC 0l i difi ed
on the detection surface sites forned on the substrate. This substrate can
be wi dely utflhnardfastarbngsthsopubptpatey éfPé@??ﬁ@YasV§§€Wi5ﬁa et ween

si ngl echai n nucl eotide chains, nanely, a reaction between a DNA chip

doubl e- chaimakes| #bot pdesablieatpeperdernpbbpasapyf 6EL9CieRiRYi @PFati on, an
anti gen-anti body reaction, or other internolecular reactions. Here, the
term "nucl egétdeethai ahdwadelipsitnektedescolkidgdndorastigas raadout

pol ynucl eoti des contai ni ng DNA probes fornmed by pol ynerization of

nucl eoti de, s[AAsm( thatwhakes! eBgpbsetbiieagrepes folrer eof pskaympd degss
pol ymeri zati on of purine nucleotide and pyrim dine, cDNAs (cDNA probes)

obt ai ned by pgver $eaHAARS ahtPhhalyzRNAS prare sishenl isk@onttr nidos sedfeermof
single chain, analysis i's conducted based on the hybridization reaction

with the mode .

Disclosure of Invention

In order to solve the above-mentioned problems,
first, the present invention provides a "bioassay
substrate"” as follows. The term "biocassay" herein means
biochemical analysis based on the reactions between

substances.

The present invention firstly provides a biocassay
substrate includes detection surfaces on which detection
substances can be solidified. The detection surfaces is
provided on a surface of a disk form substrate capable of
reading out record information optically. The detection

surfaces are provided in groove structures provided in
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"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 between a receptor nolecule such as a hornone
receptor, which is a transcription factor, and a response array DNA portion
or the like can be anal yzed. The term "pepti de" neans a substance obtai ned
by bonding of a plurality of am no acids through peptide bonds. The term
"protein" neans a vital high-nolecular substance including as an essenti al
conponent a polypeptide chain formed by linking of L- a-am no acids through

pepti de bonds #:&'ef o the e ankf@sq of n bpshi sl nak ee Bt ObRENasand

conj ugat ed protelns oregoing i ncl udes DNA fragnments connected with
biotin, which is féﬁ Ye ! % to streptoavidin, and various |igand
nDIecuIes rhe” ?%r " |p| |nc d%es phosphol i pid menbrane. In this case,
the detection surface c ut i ld gs aNedode, e term

"l ow nol ecul ar co ds h% ﬁccei ude s?cldeane coupling agent S. 1'lThe

si l ane-coupling agent i-s,_a kind of cr.gs Ki d to a
silicon surPEesent AnYPRELIORFAEELY: d‘r\‘cﬁﬁlc{% ofncg"éggi qu‘é‘ﬂ ?ubﬁgggtelg
protein, and the like._ The term"vital ng iCU|§ « ncludg hg % V|rus
particles. Aighzapheruldr sweSHRREEPr oNltarf SEREAHYBe Béroprla

sel ected according to the detection substances to b SO|IdIf ed thereon In
sone cases, thab déee@@léﬂl§E¢¢a@@stBPed?FéﬁFéSanPﬁ Sﬁﬁlﬁélh which is an
adsorption-preventive agent. Next, the present invention prOV|des "a

bi oassay nedhodttay bol voasa Thakpresast thavediserayr sPEFEL1S bi oassay

met hod wherein detection substance-containing solutions are spotted onto
det ecti on sybhplénsi reacandnef wathi eassagesubsybsieacendpbgdsddatiddy ifon
surfaces on which detection substances can be solidified. The detection
surfaces isfpnevedednenmatenibicerotha dike,f ang $hissteaire sbyalsl & off
readi ng out record information optically, and the detection surfaces is

provi ded i npgr eeyetsedchureswpiyovi Trd I'grbbeesabstchteesddpabivydad vi ewed
on the upper 11 side and at predetermned intervals, by an ink jet

Printing progesse0ls,dswirakameeharioral Sppilld, Ngiprectenneind e tiatet | on
substances spotted are solidified. This method is preferable as a net hod
for 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 the upper side.
The term "groove structure" should not be construed
narrowly. One field to which the bicassay substrate
including the groove structures is a disk form
microchannel array.

In the biocassay substrate, for example, a disk form

substrate having a diameter of about 10 cm is adopted as
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"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" nmeans a process applying
nozzles used in an ink jet printer, in which the detection substances are
electrically jetted froma printer head onto the substrate, as in an ink
jet printer, and are fixed. The process includes a piezoelectric type ink
jet process, a bubble jet process, and a supersonic jet process. The
pi ezoelectrjic type ink je r : £Ss AP e L hC ekg are each
caused to f?Qeb%g?ﬁtr%F%séﬂgegggga%g§éﬁgiEg§a§§ﬁgggmggngﬁg?gghby i npressi ng
a pul se of voltage on a piLezoelectric i ubbl e jet process is a
process in E%?Eﬁgﬂfoﬁh%fgkﬁF%'egﬁﬁ %éﬁgggg&ogpFﬁgggt?hggpressure of a
bubbl e generated by heating a heater _in_a,nozzle, i rat.e
constituti ng¥YABRLAGEPBF 11 EHﬁEdaeHu#ﬁlPﬁécﬁ§¥ng Qﬁgngg%g EHQEEF?%IIed at
about 300 C's to forma uniformbubble, by ﬁhich a drgglet is_pushed out.
However, sifhee aoligufHing ERBoSEESFEIQPhPYRSEERFEFatirES o nE bEDBIE | et
process is considered to be unsuitable for vital substance specinens. The
super soni ¢ geboprecess tbealpkécé§§lPﬁlﬂﬁiEﬁead§GS€F§BHiéuﬁggﬁqascgﬁplied
to a free surface of a liquid to locally exert a high pressure, thereby
di schar gi ngba dnophettedom Imeothent vondanectbet RéoafgAYpPEBSLFatPsCaRert ed.
Thi s process does not require a nozzle and can forma droplet with a
di amet er of pabetitiel aubNAt chiigh speddsensarhehipeseont theydrtkieon whigd
"piezoelectric type ink jet process” can be preferably used as the "ink jet
printing prggess’rgeSincentberaitaenofaminm etfs remodoe iodiotnmsitieh by varyi ng
the shape of the pulse to be inpressed, this process is suitable for
enhanci ng the precigi Q849f18A7l ¥$hee thei 8epessibhestefnedscerehe size of
the droplet where the radius of curvature of the droplet surface is
smal | er, a”g;ﬂo%i%%ldari%e thize gHoefreDfs it tdirep ,etwhaler eatehepradidesd afn
curvature of the droplet surface is larger. In addition, it is also
possi ble to,red radi f ; PwHd de sHploid sa f ace
to the insi&%&%$ﬁ§§$§%ﬁ§ gﬁgﬁﬁﬁfgg%ﬁﬁﬁﬁﬁ?ﬁ§p¥é t he Egg;tive side. 13 The
"m cronechani cal .spot.ting .pro o r i j oplets
%gﬁﬁ%%m%ﬁﬁéJfﬁté§$§is §beh§dﬂgQ§%1éEéwﬁﬁ%héﬁ

cont ai ni ng & stance are spotte nto detection surface sites on

the substrate b,arﬁr%eﬁqrg %Fh'.e?t i.n heé'ag Kol vggf%ﬁﬁég%@%%éggege@%

capillary t s are noun e present

i nvention provides "a_bioassay systeni constituted f . First, the
present invéf iGPUREAY YW ag%i%aa% 5T esﬁ?ru %%ﬁg\ﬁse@% bi oassay
substrate including detection surfaces for enabliqg%detec£iggsgg9§tances to
be solidifi eXame¥dontt THe RRITRIDNEL RFEEREN | F PRV e oA 2°5Urface of a
di sk form substrate capabl e of readi ng out recorﬂ infornmation optically,
the detecti ovturdale Bas ke HraRAAR PR ntF JoFRT 8t hictarRsIpPBYfded in the

substrate so as to extend radially as viewed on_the u ger side, and the
bi oassay substrw¢euy¢ov¢ﬁe®0p@%tf@bmagr@%Pb@%a?fo%u%%g F 888 onal
synchroni sminformation. The systemincludes at |east the follomﬁn% means
(1) to (4) andetéetiokesubstances) to be solidified on the basis o

each groove structure based on differences in Tm or GC.
content. This makes it possible to vary reaction
conditions such as hybridization conditions such as
buffer composition, concentration, etc., washing
conditions, sample solution concentration, etc. for

achieving optimum reactions of the detection substances,

7
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" A substrate rotating means for rotatably supporting the bioassay substrate;
(2) a spotting device for spotting detection substance-containing solutions
and a | abel ed target substance-containing solution onto the detection
surface sites while rotating the bioassay 14 substrate by the substrate
rotating neans; (3) a focus servo nechanismfor maintaining a fixed

di stance between the spotting device and the bioassay substrate; and (4) a
tracki ng servo nechani smfor making the spotting of the solutions follow up
to the detection surface sites based on the positional information and
rotational synchronisminformation._ | hi [ : e t he spotting
di st ance i NfhitR HHRFFERY @P#%%éi?\ﬁﬁ%ké%uf%gH?gﬁég%%§¥§%ygﬁy the focus
servo nmechani smwhile rotating, the disk, for i oassay, subs e sed on

t he positicﬂhﬂainﬁﬁﬁrﬁﬂlﬁﬁlEQEP¥¥¥9r%ﬁéf?%ng%fi§n%%9 E%§%1§é€%r%§§ion on
the substrate, whereby droplets with uniformshape can be spotted into

fi xed areasanalyzingledrera®hoRurface sites provided at predetern ned
positions, and fluorescence intensity can be detected with goo
reproducibility. IIm sddiitiiem, tHiaae 40l it &8s o5 HEHERT @ Fhsth®s that the
detection substance-containing solutions and the target

subst ance- ceqd 8 i digr sot Lbh oas cwhewed sesut ke yuBpett 8ddehi Ramgéduenti al |y
followng up to the detection surface sites in the predetermnm ned groove
structures.efﬁe@diﬁguffomthﬁereanténnsiﬁetmgehheheuﬂete§ﬂ¢§ﬁm§65§ﬂﬁﬁces and
t he | abel ed target substance can be effected with high precision, and

anal ytical gigRabs €RE8 Qeskuderft shberrdbe akeadbmpetioocantéehanced accuracy
of analysis. Here, the spotting device, which can be preferably adopted in
the bi Oassaguﬁgagge i $rghtpektansi Nkghhel Byi Otingzdew cepdilarity

m cromechani cal spotfing device. The ink jet printing device nmeans a device
capable of perforghogotheoabayendaseyl bed1iibakg ol ceritatimgar doaze’, whil e
the ni cromechanrca potting I ce means a devi ce capabl e of performng

t he above-descri bed ." pechani S ti pr LbshkRGdemald y, in the
case where gﬁBeFﬁgeﬁeg$p5?%5%%égdgg%cgqgg g%%gf%&Psgqgévicgacapable of
perform ng the piezoelectric.type_ink j QLI Nt Ng o] ha ppefeneed,

for the abopégﬁngFEﬁES%gPS%R . %gbe$egﬁké&#§%ﬁrcafpgngﬁ é?%éfhgeink j et

printing device is adopted as the spotti evi I S Sayhsyst em
ink jet noziiB& Sﬁerﬁwpgﬁpgtéﬁ'F&cfsfuﬁﬁgﬁﬁgb§€§%ﬁ¥2poseJQ%§%%S?¥g§¥§ t he

bi oassay substrate for containing an qbjective |l ens for jtting to the
substrat e abrgsapthaéshifGl%t %%ﬁaqu#é &ftre&dz %S evaOCtgirr?d{’t ré;cki ng servo.

This fabrication in which the ink jet nozzles are integral wth the support
body ensur evashanagt Bé ®p6t tGaty ks tﬁ?aébfé%oértrﬁdﬁeﬁfp%}&tx %HEA o%‘?cou]f%]«j
substrate can be perforned synchronously with the focus serﬁgﬁﬁnd1hﬁg

tracki ng serwdo pnohitdinepah ddfpARONBSIERMENHP (particu

detection surface sites therein) from the central region
of the substrate.

The present invention subsequently provides a
bioassay substrate including a means for providing
positional information and rotational synchronism
information on the above-mentioned detection surface
sites. The means may be included of wobblings or address
pits provided on the substrate. The term "wobbling"

herein means a slight left-right meandering, relative to
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- 16 Next, the present invention provides "a substrate re i i
readout systent constituted as follows. The substrate recgsgdihpgfgg?yggn
readout systemaccording to the present invention is characterized firstly
inthat it is unitized with the above-described bioassay system wherein
focus servo and tracking servo are applied to the bioassay substrate, the
fluorescencel abel ed target substance coupled with the detection subsiances
on the detection surfaces is irradiated with a |aser beam condensed by a
pi ckup lens or the like, and the fluorochrone intensities of the

fl uorescence induced u the irradiajo r C in i
_ ( to this
gg;ic\z,ent gﬁﬁeoé'seé‘&'fb%jgf%ﬁ;‘?ﬁﬂ CQflasaifaop%ﬁaeF%‘gﬁﬁeff%%Y@Cfﬁ%gr egcti onsI
stances by solidifying the detection such as DNA
probes on tﬂ?@%ﬁﬁ#%é’%fd%%_%ht}%ter éf%e%'ndf%{lb%]é%%}é)rﬁéﬁfg%{)t ting thereon
the target substance_contmlnigksanple ol utipn, and the.refdout system
whi ch readsramarding i on diMatd bk dm§ M TR T bR Dot RR¥A The det ecti on
substances and the target substance are integrallé Hgigsd wi t.h .each ot her.

Therefore, dduressay gnockesdbwk t RenaRfddgient™ ¢n be
performed in a continuous-formnode. Thus, the present invention has the
techni cal 151iglst ghréquence déviprbidni rglathboe ot achRBABEHCHeR AP Rfng to
DNA chi ps and bi osensor chips. Brief Description of Drawings Fig. 1 shows
the appear agiggn 04 Brdtrosgayesubsbandeiaccondingede anpréherred enmbodi nent
of the present invention, as viewed on the upper side;

amplitude of a sine wave modulation signal is 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.

The present invention further provides 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
biosensor chip for effecting a reaction between single-
chain nucleotide chains, namely, a reaction between a DNA

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

9



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
showi ng one embodi ment of the part of a groove structure (3) disposed on
the substrate Fig. 3 shows the appearance of a nodified embodi ment of the
substrate, as viewed on the upper side; Fig. 4 is a block diagrambriefly
showi ng the constitution of a preferred enmbodi ment of a bi oassay system
according to the present invention Fig. 5(A) is a perspective view of the
surroundi ngs of nozzles, and Fig. 5(B) is an enlarged plan view of the

oo e P B Ayt bl ggen pocess
intermolecular reactions.

Here, the term "nucleotide chain" widely includes
oligonucleotides and polynucleotides containing DNA
probes 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. TIn the case of single chain, analysis is
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" means a substance obtained by bonding of a
plurality of amino acids through peptide bonds. The term
"protein" means 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 includes the meanings of both simple proteins

and conjugated proteins. The foregoing includes DNA

fragments connected with biotin, which is firmly bonded

10



" Best Mbde for Carrying out the Invention Now, preferred enbodi nents of the
present invention will be described below r referring to the acconpanying
drawi ngs. Fig. 1 shows the appearance of a bioassay substrate according to
a preferred enbodi nrent 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
showi ng the constitution of an enbodi ment of the part of a groove structure
di sposed on the substrate. First, nuneral 1 in Fig. 1 denotes the preferred
enbodi nment _of th [ S I riQ tb Tdru g esemthel meant i on.
The bioass&f E&E%%%§%§%%ﬂ%He%Q?%é?%?fﬁ%§?é§¥ggito sinply as "the substrate
1") is forned af a.base teni : | sk thormisuksigegt enedi sk
used for agﬁdﬁﬁ%gllqcﬁfué%a%rﬂﬁpﬁgﬁ%gﬁ%ﬁaﬁ TrORR vilhis )

1'on ‘recordi ng nedium such as CD, DVD, and MD.

The base material,  is formed in a.dis e, f ilicon, or
a synt het | GHEGTHARFHELS R %%@?ﬁ%t%gﬁ]gh%ﬁia%ggiéeguch as

pol ycar bonat e and pol ystyrene, preferabl synt het | i h_capabl e of

bei ng i nj ecthicort &t dePWIRRL &Y i?@%%%é‘%/e S’/%f‘h%%i%ﬁr?ée@?n substrate can
prom se a |l ower running cost, as 19 conpared with the case .of | ass

chi p, whi creduasl epragsiient iToealgil aRssEOURe "L IFATH: e‘-slalg‘ dof/‘?%ed at
its center with a hole 2 for fixing onto a spindle provided in substrate
rotating meanssswmnkingiddente, dekieh bby Perded & %n%lih?‘?’ac%u’é?af’ﬁe
substrate 1, a vapor deposited alum num |l ayer about 40 nmin thickness is
provi ded, vt ch §leed | omsface ate efhretior 28| i L¥RkSFefPECPPRELRPY m
provides a surface reflectance of not less than 4% fromthe substrate

i tsel f havipgoteif rasdivieei bilea. of Thottdms s Tital MGl ene 1RPEIAR| de of
the reflective filmis provided a light-transmtting |ayer formed of
transparent .g{ 8§Sandrf0ERAr pattiesen, & tiwntimdmt dhetketdetebeomateria
is a high reflectance material, the surface of the base material itself

functions a fhegtbyeagprbpeeatdgr sbdeeretihacrettéati ve them nay be
omtted. | nglé%lg:g(t:%%n, g,here gghi gh reflectance filmconposed of a netallic

filmor the Like, is,PLQY theof beoEBscangecintBBSielby.0f IA some
quorescencgé#§§EF§8 %ggsggﬁgﬁbstgnce can be detected with better

sensitivity, The |ight {ransmiddidg A% 4 PEpvided with googigsine,
structures §a8§$éngg%gd§e§%%§mo§jt(as viewed on the upper side) fromthe

central portion of the substrate loreventive agent.

Next, the present invention provides "a bioassay

method”™ as follows.

The present invention provides a biocassay method
wherein detection substance-containing solutions are
spotted onto detection surface sites and of a biocassay
substrate includes detection surfaces on which detection
substances can be solidified. The detection surfaces is
pfovided on a surface of a disk form substrate capable of
reading out record information optically, and the
detection surfaces is provided in groove structures

provided in the substrate radially as viewed on the upper
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20 at predetermined intervals. In each of the groove structures 3,
detection surface sites S (see Fig. 2) surface-treated so as to enable
solidification of detection substances are provided in the state of being
aligned at predetermned intervals in the radial direction. The detection
surface sites S may be fornmed at pit portions arranged in each of the
groove structures 3, and nay be forned over the whol e range of the inside
wal | surface of each of the groove structures 3. Besides, as shown in Fig.
3, which shows the appearance of a nodified enbodi nent of the substrate 1,

detection surface sites S . forned | I (gAe]! a plurality of
whi ch are agljid’&né‘dl$r‘?tt %r%d%eaﬁ%l&%%cﬁﬁoén&i%' ;%%I %I?aill?}% 3?%% rows each

conposed of the radially aligned pits 3a . p i i

ci rcunf er eRG3A LG é?ﬁ‘?%*h‘ss. ‘%ﬁean “ﬁrco’b?%%%@leg%oo%?%%gﬁg olglJf’%%@Sdse't ection
surfaces provided in the groove structures 3 or the pi .cellular pits
3ain thepgﬁﬁbﬂé“%tqﬁﬁﬁQﬁééﬂ SURBHERTT 2 TRO Y hed sahe g%%fdgfﬁégban be P

realized, so that detection of fluorescence intensi.t i&gh good
reproduci bility cdmise mesdiadde Prededenia 137 asﬂﬂﬁ?lo S Fig. 3 denotes

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

appr opri at g Bel ¥ vepgt simg edrerilebs .CPpRER ERARY 99T CCLERRf ace treat nent
for solidifying desired detection substances such as DNA probes. For
exanpl e, t heulsket &0t é oansudfepkess teenainenguanagsrayeafedaiftfdan amino
groupcontai ni ng silane coupling agent solution or a polylysine solution. In
the case oftar§ypt bebstanesi insthstmaneert bé sarhasselefedlorsngr BBt ed
with plasma or by irradiation with DUV (deep UV, far ultraviolet rays),
fol l owed byidheréaeet Riheti 8btébeiani sorfacapsibrsaiini hespran¥ecoupl i ng
agent solution. In addition, the detection surfaces my be plated with
copper, silygfycalpgsnum or gold by sputtering, and the surface of the
sputtered neta?fic filmmay be coated with a substance having a functi onal

group (aCtive_grClﬁgréycthSvfﬁ&rﬁbﬁﬂﬁ&&hti@éoﬁr@ééyﬁv weawexy! group,
etc., cysteam ne, storeptoavidin,” or the |like. Besides, a |linker or linkers

for solidificati e b t apc bordad tine
detection sBF?Sggg,ggg&pgagibgg%igﬁeﬁgggsﬁgaﬁg %%¥$%§Fe?ininggﬁli provi ded,

along its. rotatiopal directiaon i LtiePloh @ik 105 13¢dHess i ts 4, 4
fornmed by a” thcg edF§§e§§éP§rFH§%%?823g§é ﬁeFe,cpoéiﬁio%gF i nformation

and rotational synchroni s%g@;ggﬁ): ggleéh&)sk%q:a%%slgrgsb%. aweng the

substrate 1LIFSMcBnBrdEtEF isK, t roove structures 3 22

printer, and are fixed.

The process includes a piezoelectric type ink jet
process, a bubble jet process, and a supersonic jet
process. The piezoelectric type ink jet process is 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 1is 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 heater is embedded in the nozzle and is
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" constituting the spotting and detecting positions are considered as user
data areas, while the other areas are provided with arrays of synchroni zing
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 i medi ately on the rear side thereof, to provide the positional
informati on. The address portion begins with a sector mark constituting a

| eadi ng pattern. The address is forned of a conbination of a Variable
Frequency Gscillator (VFO for giving a rotational phase of the disk being

actually rotated, an_address fo@r, gi Vi h oSl b o] he
address(ﬁnqgnﬁﬁP%%ﬁQHQ?iégo%{ﬁg&goﬁ{giﬁpnggfbagkEé%g%ggb?gkb%%ﬁbgpi, etc.
| nstead of usjng t

he address pit bblin e f. tyack,
and the medideit iy %rfoﬂdlf?et vﬂo%tﬂlf%b%g\or%@t beq{zo(gj%lgstsgg{éa%%t gﬁp O\G/E:i1 dlesacl ock
information according to position, in which cas dressi | erfornmed by
pi cki ng Lm)QXRP%Q%i?Qcﬁuﬂfabﬁ?ﬁmﬁﬁ¥%ﬁpﬁﬁ'tﬂ%eg?g?gf%i%%?téﬁ%%%g y?gtracking
servo can be performed by utilizing the freggen y C onent of%%£§ ns
wobbl i ngs. dansidened etobhepupsrdtaglend °d pit $ neP TThys in
conbination, it is possible to realize addressing and tracging servo with
hi gher accurlaeysu@Srsonkxtijet Pre¢ess etsSeAbBaPRRAE oF WbFBafsay system
according to the present invention, which uses the abovedescribed, substrate
1, will be sesersbeicbasad be &pglidd bhi ehfrgeaspréeredPhgham-BHief |y
illustrating the constitution of the bioassay system First, the bioassay
system 10 shewnotalEygexdrtsaahbybapsagssyst etrhaskhy dhechabstnaté 1
constituted as descri bed above. The bi oassay system 10 includes: a

substrate rgigbing Feamsthefl Docadishabhgrsupper hiigh phessubstiste 1; a
spotting device 6 for spotting detection substance-containing solutions D

and a | abel gd.t-acget BHPStENCE£ONEGE S RGL Sobytioa d wozpléhandeceantion
surface sites In a predeterm ned order and with predeterm ned tim ngs,

while rotating the_.s a y 4t bieatla®oii@t at iy aeamsgl®d;, a focus
serve nechaﬁPgW1? Fggggéﬁn%gfﬁi%gd%gﬁfzggsdistaﬁke bet ween thegspotting

device 6 and th%tsubstrate 1; and a tracking servo nechanism 8 for making
t he spottinang "he solutions Dand T follow up to the detection surface

sites S on the sub trﬁﬁ?n%g?%%ﬁgdiRGEEQEOHQSthon?kekeéQEGEEE@ntgpd t he

rotational synchro s ron obtarned fromthe substrate 1. Here, the

bi tem,10 i ncl ud bl ' axcitati
i ght - sour CANKTREY Lo S oot B BT A Rtriee B od e conieror | aser 2

0 1'nc sem conduct’or | aser 21

for Lhe functions of L2 LOGHS S91¥Q TREM9LAMoF A0otbES! LaskLRO servo

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 curvature of the
droplet surface is smaller, and to enlarge the size of
the droplet where the radius 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 pulse abruptly to

the negative side.
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The bl ue semiconductor |aser 11 functions as the excitation |ight source
for reading out the reaction information fromthe substrate 1. First, a

| aser beam B emitted fromthe blue sem conductor laser 11 is reflected at a
right angle by a reflective mrror 12. Next, the |aser beam B is converted
into a parallel beam by lenses 13 and 14 aligned in the propagating
direction of the reflected beam The parallel beamis reflected at a right
angle by a reflective mrror 15 and is converted into circularly polarized
| i ght beam whil e passing through a (err)/4 plate 16. The circularly

pol ari zed |ight bgam wS. I e I t by sarcarcaverdoerssl?7 and
a convex | ens 18,633 t éggégégggFggagyggbgFgﬁﬁoggonirror 19, ghd IS

i nci dent on an.abjective |l.ens IS {RPOS] ubsdrate 1.

| nci dent al 14 "ihr?éghoﬂ‘reoﬁ Aty Iceoﬁ%%dﬁlq?g%nt ai necﬁ ?sn&kgls%{kg%%rt body G The
dichroic mrror 19 is so, desi.gned as_to refl I SOPPOL in a
wavel engt h et At ed citﬁﬁorbva%ﬁéean% hé o"fecgf h%pﬁta}lééer k(Daam Bemtted from
t he blue sem conductor, l aser 11 and tq ftransmt the other_ljight 25
conponent s.Usk He el petd f}?eca}é‘t% Mo d?%cﬁ??%i%@ﬁg&i%é}%%’ desi gned as
to reflect the aser beam B and to transmt the fluorescent .Iight com ng
fromthe fleapislary RS 2T PRIFE QELIFRFE Y 5Qi PR b5t he | aser beam
B, which will be described later. In this manner, the substrate 1 held on
the substrate rot adleixtg ribenPresenta FFEREieH FITHATOWE BIFRSEIHAY t he
objective lens 20 is irradiated with the blue | aser beam B through the

obj ective |epstan! dbestiucredcantidlybwsenitted fromthe fluorescent
material (which is bonded, as a |abel, to the target substance) excited by
the blue | aser beanRipatdes grwsmmgh ireerdbjactiiestlanP DoV iqdeg ther passes
through the dichroic mrrors 19 and 26, is reflected at a right angle by a
reflective giss95a¢’syabemj swietrcuedsby hipassayusubpkireteand Aval anche
phot odi ode detector (detector) 28. Incidentally, the dichroic mrror 26 is

SO deSigned'ﬁélﬁﬁiﬁngQQécﬁbSn|Eﬁbfaééﬁpﬁagnénhblangametengﬁbnband centered
on the mavefengt of the red | aser beam R, which will be described |ater,

and to trangm therpki gt 1 §9FPRACRhErbBaL USINE @étédpibhuor escent
| i ght. hbxt?g%ﬁgggggglgge?ébgg%%R emtted fron1the red sem conductor | aser

denoted by %XE?QLe%1iESpEBbhhé8doB05 ¢8rface of a disk form
substrate capable of reading out record information
optically, the detection surfaces is provided in groove
structures provided in the substrate so as to extend
radially as viewed on the upper side, and the biocassay
substrate provides positional information and rotational
synchronism information. The system includes at least the
following means (1) to (4) and the like:

A substrate rotating means for rotatably supporting
the bioassay substrate; (2) a spotting device for
spotting detection substance-containing solutions and a
labeled target substance-containing solution onto the

detection surface sites while rotating the biocassay
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" focusing, nanely, for the function of maintaining a fixed distance between
the substrate 1 and the objective lens 20. In addition, the red | aser beam
Ris utilized for tracking servo, nanely, for naking the objective |lens 20
follow up to the detection surface sites Sin the groove structures 3

di sposed in the substrate 1, based on the positional information and
rotational synchronisminformation provided by the address pits 4 or/and

t he wobbl ed groove of the substrate 1. Incidentally, synbol 29 denotes a
Position Sensor Detector (PSD) for adjusting the irradiation position of

the red | asgr, Beam R 000403 Lacd ok d6ho RAIE, o1B) L adzbtas he red

seniconduct%ﬁbﬁaser I's converted Iinto a parallel beam
whi | e passing through two | e ; | § j r gathng
direct | on CTYR TEAF Hal ik or ‘%ég’%%?’g’r%‘% gbgggngigsagﬁggtﬁfgl PoeSor™t by a
pol arized |ight beamsplitter 24 di S e Lde pgctr al
conponent tHeh %%%E%%nsh?%ﬂbﬁeaa gr§§§4gg?§€%£25?EFge%g éc?ggh§#§agright
angle by the dichroic mrror 26,,and_.is ingiden n [.eqti | ens 20,
wher eas thet%@%%%n%p%%¥V%Im%%ﬁ%ﬂﬁ@ﬂtf?§ Pagtt's %ﬂg 5EE£ESBbVéFIgﬁ8erforning
the focusing servo and the tracking servo bg,use of the red lager heam R
emitted 27 sotwkbopd £Adlewj BBt EethendebaChioNeSEFIREE SB5T8, PPSFher eby
read accurately the positions of the predeterm ned detection surface sites
S of the substtheepdsithenddt éofpsnasipst anderObALACRRAG SYBCHECHAS™ or t he
| abel ed target substance-containing solution T is sequentially and
accurately spobrmdtboho the detection surface sites S with predeterm ned
timngs through ink jet nozzles 30 (hereinafter referred to sinply as
"nozzl es 30") provigethisn bheasspposysbeny thenseorbing dishanfe 68j ective
| ens 20. Next, the constitution of the nozzles 30 integrated with the

obj ective | gasn2@ihadt he augpaed kadyeGwiithl highdesouirsey, byagde on Figs.
5(A) and 5(B). Fig. 5(A) is a perspective view of the surroundings of the
nozzl es 30. £fkgs 3EByol hedRagikar g8d ¢ ewtal itkhe thez 2liek FwvrnThe objective
|l ens 20 is provided in the center of a rectangul ar actuator holder H for

supporting {h LeCkh ke traRe 2Rsedndn Reenpeslie i3Rals iprfotmdad dm a region
of the holdgggﬁg§ﬁ§f g regr side of the objgffive |l ens 20. Incidentally, a

plurality of the,nozzles ;3R ey Remiaidednddimddidd ¥h tafe the nozzles

30, plezoelgctrlc type i nk jét nozzles are preferably adopted since they

have the merif that Jt e 883 dRFARUY Qlithl Gt ffinPfsHdie Zhn be
spotted into fixed areas 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 and the target
substance-containing solution can be securely spotted
while sequentially following up to the detection surface
sites in the predetermined groove structures. As a result,
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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" droplets jetted, by varying the shape of the pul se inpressed on the

pi ezoel ectric material. Incidentally, the arrow X in Figs. 5(A) and 5(B)

i ndi cates the noving direction (rotational direction) of the substrate 1.
Here, the nozzles 30 are conposed 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 sinmultaneously spotting
t he sane detection substance-containing solution D. Fromthe nozzle groups
31, 31" " ., different Kinds } sddmo@s LHNt ai ni ng sol utions D
are sequentJie 433}’%pt0(¥taerg ont Orﬁ{ %%ﬁ%ﬁ%&ﬁng detection surface sites S

in the groove str cture§§% %fP%Q§n%H%%%3§ks LA ke een s fdssably

si mul't aneously on €& basi®s each Kind; <ubsequently, after a

predeterm ned | apse, of tinme, differen | nds_ of . hg,sane kkpd of | abel ed
target subsIREELOHR aii %1%?%&5( O%Y%I%“sl’ s%%t%%a %%t%nt he dﬁét ection

surface sites S sinultaneously. 1ncidentall h i j Trd ter
the detect iphirhbg ARELEHNTA] %i%%%%?ﬁ%‘ﬁyf)auissgg‘gﬁgg g%?%btgﬁe Tdhgét ection

surface site S until the |abeled target substance-containi solution is
spotted theimbniearpbintbnpuiedl 6§ m%%n?o?|§ﬁYhaef8?ﬁﬁ$%e § T =[Lo +
(n-1) L1 + 0. 5 (err) ] V1 - WV2 where Lqg represents,the distanggsnrom
the center pérfbembbgethevabbgssdescrReesoz 2N gtupPB A 1R t RECFFTEt ' row,
L1 represents the interval between the nozzle groups 31, éerr) represents
the di anet efholiet bredmbptenschanihelpsppstbigsdevicrePpratents N Fi near
velocity of the substrate 1, Wrepresents the distance fromthe _nozzles 30
to the SUbSéé?hBlé, ofingeY2ormpngsehesabhwevaeseripest "MrENArdFPét s j et t ed
fromthe nozzles 30. According to the above formula, the target
substance-cggggkmhagpggb@ggon cafcbéespatlied inghheonasettibedpophet of the
detection substancé-containing solution. Finally, a bioassay process, which
can be carrigg quk By 14sengfl deleceubst malopted,wal el der icefdlajpléesdt i bed
based on Figs. %A) to 6(E), which illustrate the flow of the bioassay

process tha ied ;U dSichd ilche yplehstnkatje tl priintsiing t he hole 2 of
t he substra%gg%gfggpgiggetﬁltheespindle 51 (see Fig. 4) of the substrate

rotating neans 5 (s i.q. ng e relhgigval-enehtdioned ajretindhhi | e
detecting tﬁéoﬁgg%tﬁgnEF%Fﬁ#nggtion by the focus servo nechanism 7 or/and

ol Uti ons DI, D2 aPBTEpatiel FRBF ERSERer I ee 30 Cnorsl & or bape 3%y 30
device is adopted as 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 fabrication 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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~ di sposed opposite to the substrate 1 onto the predeterm ned detection
surface sites S (see Fig. 2) provided on the substrate 1, based on the ink
jet printing process (see Fig. 6(A)). Subsequently, while detecting the
positional information by the focus servo nechanism 7 or/and the tracking
servo nechanism8 (see Fig. 4), the fluorescence-| abel ed target
subst ance-containing solution T is spotted fromthe nozzles 30 (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
optinmal ly effecti %%x%ouglﬂeﬂ%rre%%ﬁtti 3@&&&@@:@%@@ 7¢f i Qb etaeen the

t | 'abe

det ecti on substances &an ed target substance in the detection
surface sites S on,the su a h tl sk it £y nedl 91168y Era
hours in a YHErdNYY %ETﬁfféﬁ(gggéEP%.%g%ggﬁl %ubsedhently, while again
rotating the substrate t he spind r | c%yggg%ng l'iquid
Uis dripped fromtTé"ewzf‘é’rlﬁs%adt@zzq ec%édﬁsnﬁdsrg%%pogggﬁd’gt%@t e substrate 1,
to renmove fromthe detectjon surface,sites.S the | t substance

t hat hasluﬂcQﬁﬁﬁ%@%n%otF%eaE??%%n%ohBV?ﬂél?%aﬁ?iSﬁggégg?%gEggshing i qui d,
for exanple, a Saline-Sodium Citrate (SSC) buffeé SO utigg 31 . cgntaining
a surfact anfisesly sinsehat skt 5 qunepbF§d whehshBet PRPESTIFECF PSS at ed
with the blue |aser beam B to excite each of the detection surface sites S,
the magnit udica$séyusyssemncehenednsfegupssaevactBd byackandefEEVEr 28, and
the results of the coupling reactions between the detection substances and
the | abel edatargeplsetstantbeabéopadgydsubshabrty, the flLueresSEence-
intensities for the individual detection surface sites S are subjected to
Al D conver sigpeladdthheetonpbshgnceacbiiphegr wpoht tbasdateckional i zed by

di splaying the distribution thereof on the screen of a conputer C (see Fig.

6(E)). ExanphBsPafudkt angtResdsubstiahest?2fenesnidi ameedianes wish aln the
surface area of the substrate ranging froma radius of 20 nmto a radius of

40 mMm a QFQQXQrWEEHmacbﬁaéhsBHtBE af p3ekup landuby ahe7Q@keandna groove
depth of 500 nmwas forned by etching. The substrate surface was spin

coated with,g.0 ¢ AR0k n$ahut k9B s0b ra thiel #NQvERURlnRE dgeiticedr oduct
code: AllooFﬁg SggggéFﬁge NipBon Unitika K. K.), followed by drying in a

bake furnacgpgk 189C; 195 32 09UkSare detected.

According to this means, the bioassay 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 thereon 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. Therefore, the assay process and the
subsequent readout process can be performed in a
continuous-form mode.

Thus, the present invention has the technical
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" Further, the silane-treated substrate surface was spin-coated with a

sol ution prepared by dissolving 32 phot obi otin
(N-(4-azido-2-nitrophenyl)-N -(3biotinylam nopropyl)-N -nethyl -1, 3- propanyd
iam ne (acetate); a product by Sigma-Aldrich) in distilled water in a
concentration of 10 ug/m . By using a red sem conductor |aser for emtting
a red |laser beamw th a wavel ength of 680 nm and condensing 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 blue | aser

beam from a bl ye ,sem conduct.or .l t h i i ©en ing an NA
of 0.45 wi HIFFHEISh ﬁ&e‘rm{%‘lgﬁ“i&onad?{"%%s %’tﬂa}ﬁwﬁ* \éxﬁegfth of 405 nm a
power of 1 mW and_a frequency of 10 kHz, ile maintaining a fixed

di stance bdnwed® t%p&@g}fg?%oiﬁ{ﬁ?%ecql n%\{nand in the manner of follow ng
up to the groove at a linear velocity of 1 ms. Thereafter, the substrate
thus treated was washed with distilled water, whereby photobiotin patterns
were formed only in the irradiated areas, to obtain a negative type

I'i t hogr aphyBrieDPasgriptrE sof BFTPMRAS avidin (Avidin D a product by
Vector Lab) was jetted fromink jet nozzles, to be spotted onto thq:

phot obi ot i n pat t efis .WHi s cuspIEien @RACAAETRE & o RIRPSFRNSRIVE T h the
area in ternms of r = 20-30. 33 Next, a 250 ug/m PBS solution of Avidin D
was spottech@mbwdime s ea prefernsdofmpodimenioof ThReeBFEEENLspi n- coat
washi ng was conducted by use of a phosphate buffer solution (product code:
1003: a progeednByorSHOAR) vid¥edeongahe appeyi agderacki ng servo and focus
servo to the substrate by use of a red |aser beamw th a wavel ength of 680
nmfromthe red semgonduct ofs | @seheriat folt+iaw uphdwinge yrodve, a bl ue

| aser beamw th an output of 100 a Wand a beam di aneter of 2 mm was
emtted fro ftp#yfyssma gadyetarmhafer, the suhstiaueiwasoffr thdi ated with

the | aser beam through thé objective lens with an NA of 0.45 at a linear
vel ocity of & nls.rand flugrgscenss kBt anphttealvendarged wiew
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 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

bioassay process, which can be carried out by use of the

bioassay substrate.
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" As the detector, a photonultiplier (product code: H5784-01; a product by
Hamamat su Photonics K K ) was used. The tine 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 carried out in a very short time, as
conpared with a conventional reading system The fluorescence intensity was
120 nV on average for the 25 ug/m solution, and 600 nV on average for the
250 ug/m solution, with a fluorescence intensity ratio of 1/5. The
scattering of fluorescence intensity was Q 34 1 nV for both the

sol utions t o d§" Yobi 8li: A CH; A6): Ofhanghyshoisas obtained. (1) The
bi oassay substrate according to the present invention includes the

detecti f ' [ t t i iall
a5 vieved on the Uik R BRI R L e e
nurber of det ectj on Subst Anges. ca) PeeLpt egratedshiCLeaRroLA Ag 1 on,

si nce assay"t y arranging®a pluralrty o tion
substances i n a, grouped, pattern and .selecting the t] ion

condi ti ons %ﬁﬂw%ﬁ%sri kFel‘g'n I RO o %?%%VCEPS% PMGC?%E%& the rate of
generation of false positive and fal se negati,ve results,is kedl y
reduced. Th%ﬂ%?BFéFeaEEGPHﬁhﬂgtBOtﬁepﬁ?gﬁg§§9 ?ﬁb???ﬁf&? gfgghﬁrehensive
and efficient analysis can be perfornmed with hi%h accyracy. Besigfg cost
per bit of poesedti ANBEREAPBNaPsVAPYET| BT thS) UPRETHFGSEsayF L8bst fAt e
according to the present invention is particularly useful as a DNA chip and
a bi osensorishapschamaddit véaW,i LncanPpr&vPdd Ya efrgRerstriniiérdiannel
array having a novel structure. Wiere the substrate is utilized as a DNA
chip, it caafbehst cbhsedtitiogené hbeashbstzagleysi ELgGSNPSB| nbRoBasi c

pol ynor phi sm) anal ysi s, gene expression frequency 35 anal ysis, etc., and
can be usedph@tlibiDehlbrgedwivdewr ahgeiofy thel donistditudiieg wédvén medi canent
devel opnment, clinical diagnosis, pharmacogenom cs, and forensic nedicine.
Wier e the sdfpsbHamenits oift ithiez@d rés of hi gzenser sthiysturte cersposedt idn zed for
exam nation of antigenantibody reactions, calibration of incretion

di sturbing suRstapcesatat.c. (3) Next, the bioassay system according to the
present invention can snoothly performthe process of spotting and

sol i di fying detect pppsgUbSLAREES QHiEhPigUb§tHéh@te@ndhbhpréﬁbiequent
series of processes o? Spotting a | abel ed target substance, reaction,

WASTI 00, andybealaun ANt A0 Yalca ey RHRAGHON IRy do drRke 11

possi bl e to pertorm rocess fromassay to analysis efficiently,

fgggghly’ a%%e%%%@'%n%%@%%ﬂﬁﬁnt&Xe £4)2B¥%aYS8uBE AR SUPThEREE bR @RL i On
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
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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systemunitized with the assay system according to the present invention,
it is possible to performin a continuous-form node the conplicated
operations of periodically spotting detection substance-containing
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 predeterm ned detection surfaces, further
36 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 traceF&%%L%Q% Lhen gfrgo 4 59 &gé,edﬁﬁfém ned kweagtion

pronoting pf he substrate under edeterm ned conditions,

and finally exciting the fluoresgent teri y . | -#gﬁﬂggc&g@tect t he

fluor escentc‘%‘?ﬁ%‘%ﬁb%“%ﬂjoﬂn‘f%eqb r sgﬁseclrfrﬁ%oer %atllasoﬁ on the reaction

results. 37 CLAI MsS: 1. A bioas a% gubstrate conprishgg dg%gg&&gg surfaces
e APa"dete

on whi ch de2eRteBrivkilbs? e ¢ahChel $HF7RMi PRER, @5 ron surfaces

bei ng provided on a surface of a disk formsub tragﬁ gapable oé r.eadi ng out
record i nfokmed i swbsbtakal Fotathkey fA2Rer dWALER Y Gr FSREETRPE provi ded
in groove structures provided in said surface of said substrate so as to
extend in rhaltat.directions as viewed on the upper side. 2. The bi oassay
substrate as set forth in claiml, conprising nmeans for providing

posi ti onal i nformagn omearshrfdce i ohatheysiwgpsorsen I nfdri@RPBN on said
detection surface sites. 3. The bioassay substrate as set forth in claim2,
wher ei n sai depBansebisatomphimetiagbraanobbl Agnor iadthéskngisss 1§r ovi ded on
said substrate. 4. The bioassay substrate as set forth in claim1, wherein
sai d det ect ppvsHba} apEesharaneasbnangsone re¢llectadef fgdnt-heTyeoup conposed
of nucl eotide chains, peptides, proteins, lipids, |ow nolecular conmpounds,

ri bosone, apdsoLRek v¥i Fahmspbsidneasa surkakieoasfayctenioed ofomoti sing the

steps of: spotting detection substance-containing solutions 38
less than 4%, from the substrate itself having a
refractive index of not less than 1.5. On the upper side
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 film or the like
is provided, the fluorescence intensity of a
fluorescence-labeled 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 portion of the substrate 1,
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onto detection surface sites of a bioassay substrate conprising said
detection surfaces for enabling solidification of detection substances,
sai d detection surfaces being provided on a surface of a disk form
substrate capabl e of reading out record information 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 m cromechani cal spotting process; and
solidifying said detection substances. 6. A bioassay systemusing a

bi oassay 5“@@;;5%&19@%&@& Ngn deEe51 50N SUdA8eSo PN §hoshes ect i on
subst ances ca e solidified, said detection surfaces being provided on a

surface of 2 g skyLom substLat eofiapabkscal sieadi B9 (sub Eegord)information

optically, sal ectron surfaces being provided in groové structures

8{?;2??gngn%§%-g%%géigﬁg?ﬁfsgagg §8bgé%ﬁi8 §81§§i%9c3fﬁgﬂdokn radi al

e~ Upper Si and” sai i oassay substrate

ct i ons 35"V Eet”on Fre®tipper i de, “an y Sbstrate
hor ei n' 9ol ebroatan, U8t ARreanarrepeo apeiote, PN RERTEY D BERET 0.

for rotatably, supportin ai d bioassay, substrate: , 39 .Spotting device
f or spottin@yﬁgﬁggtFBnpgﬁagFﬁﬁ@éns n%éFﬁfxaagoFUthﬁsrgnégg Iabe?ed t ar get

subst ance contai ning solution ontp said detectjon sgrfaoe siﬁgs &h%%e
rotating saf#rerbagBay SiAsTFEREE 9N SIHHLRTHsTIEER ToraYi Rg AeEMEYa%Focus
servo nechanismfor maintaining a fixed distance between said %pot%ing
devi ce and Bétdpgrgégggyarranged in each of the groove structures 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 the 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 3a 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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substrate; and a tracking servo mechani smfor nmeking said spotting of said
solutions follow up to said detection surface sites, based on said
positional information and said rotational synchronisminformation. 7. The
bi oassay systemas set forth in claim6, wherein said spotting device is at
| east one selected fromthe group conposed of an ink jet printing device
and a m cromechani cal spotting device. 8. The bioassay systemas set forth
in claim6, wherein Said spotting device is an ink jet printing device, and
ink jet nozzles are integrated to a support body di sposed opposite to éaid
bi oassay S%Eaaééé a«&ﬁéﬁ@fﬂf\%@r&&ﬁfpﬁw@eéﬂﬂédf@ét@@tmmng to said
u

bi oassay s rate a laser beamfor the nctions of

substances such as DNA probes. For example, the detection
surface sites S are surface treated with an amino 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
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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40  focus servo and tracking servo. 9. The readout systemunitized with a

bi oassay systemas set forth in claim6, for reading out record information
on said bioassay substrate, wherein focus servo and tracking servo are
applied to said bioassay substrate, a fluorescence-|abeled target substance
coupled with said detection substances on said detection surfaces is
irradiated with a condensed | aser beam and fluorochrone intensities of

fl uorescence induced by excitation upon said irradiation are d
et ect ed.
.AS>, LA LATY. AF. AF. AFh. As. AR AsR A; L. AhL. A; 41

sy. Asy. AL. AL ALL.ALA Y. . A9 A A
s as A iy Ak AP g M ARAISPo S die Mrdd, A0 AL A

cal ca] cal caclo%aU]d/ca]]f;g] ca] ca%]%%uytcggj . [?Jagaggfgﬁégg&cggﬂﬂgﬂfg]
g]! §§]$C<(31]( z;@?a’ig]p@a\%ihﬁ al ca]:cia]%]s(r:]%I e;aagal_ ;ﬁ?!gggafca] calea) g;} ca) C;igﬂ C?]<§2]>g
Zi?g?gifsg]ca]ca]ca]carga]ca cal cal ca ;jg;?egiigiégég@icgi%:}%g}g:}é:}gg%sv
RS A el '
ca] ca] ca] cdjriki]T ajeaiea] @a]Jré%’}e(?a} @d% %@gﬂamﬁﬁwj}%:% ?g]lgg]n

9?7} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]calcalca
a] ca] ca] ca]axidoesd s admatea] ¢hdkh] ta] ialaﬁie.ﬁ%?‘é]%mllﬂgﬁ)%ﬁg%%]n?’al_‘iﬁ%af %af]cg? ]cg? ]cg
] ca] ca] ca] ca] Ica] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cedldé Oeré et p) Xaspravifeatha] pabihl e tal BAPERREAPRA] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal X9n2>?U YJ} } xs
n} xsni d_Z] ca] ca] cajrea]axi] med < gaoet] ica] ded o} & & T} on] 294 B3 €k ca] ca] ca] ca
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109%& ()-:.3109%& ()-,-109%& ()-y 109 ()-:3 10%&' ()- :BurS1/ Hiae

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 information
according to position, in which case addressing is
performed by picking up the positional information on the
disk. Simultaneously, 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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Next, a preferred embodiment 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 diagram briefly illustrating the
constitution of the biocassay system.

First, the bioassay system 10 shown in Fig. 4 is a
bioassay system using the substrate 1 constituted as
described above. The biocassay 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 maintaining 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 follow 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 biocassay system 10 includes a blue

semiconductor laser 11 as an excitation light source. The
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system 10 also includes a red semiconductor laser 21 for
the functions of the focus servo mechanism 7 and the
tracking servo mechanism 8.

The blue semiconductor laser 11 functions 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 to the
substrate 1. Incidentally, the objective lens 20 is
contained in a support 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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components. To be more specific, the dichroic mirror 19
is so designed as to reflect the laser beam B and to
transmit the fluorescent light coming from the
fluorescent material on the substrate 1 excited by the
laser beam B, which will be described later.

In this manner, the substrate 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)
excited 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 dichroic mirror 26 is so
designed as to reflect the light component in 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

semiconductor laser denoted by symbol 21 is utilized for
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focusing, namely, for the function of maintaining a fixed
distance between the substrate 1 and the objective lens
20.
In addition, the red laser beam R is utilized for
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
29 denotes 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 converted 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 A/4 plate 25, is
reflected at a right angle by the dichroic mirror 26, and
is incident on the objective 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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through the objective lens 20 as described above, to
thereby read accurately the positions of the
predetermined detection surface sites S of the substrate
1, the detection substance-containing solutions D or the
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. Incidentally, 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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droplets jetted, by varying the shape of the pulse
impressed on the piezoelectric material. Incidentally,
the arrow X in Figs. 5(A) and 5(B) indicates the moving
direction (rotational direction) of the substrate 1.

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 groove structures 3 of the
substrate 1 on the lower side, simultaneously on the
pasis of each kind; subsequently, after a predetermined
lapse of time, different kinds of or the same kind of
labeled target substance-containing solution T is spotted
onto the detection surface sites S simultaneously.

Incidentally, the period of time T after the
detection substance-containing solution D is spotted onto
the detection surface site S until the labeled target
substance-containing solution is spotted thereon can be

computed by the following formula:
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T = [Lo + (n-1)L; + 0.5¢] + Vi - W/V;

where Lo represents the distance from the center of
the objective lens to the nozzle group 31a in the first
row, Li represents the interval between the nozzle groups
31, ¢ represents the diameter of the droplets of the
probe DNAs, V) represents the linear velocity of the
substrate 1, W represents the distance from the nozzles
30 to the substrate 1, and V, 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, which can be carried
out by use of the substrate I, will 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
means 5 (see Fig. 4), and the substrate 1 is rotated.
While detecting the positional information by the focus
servo mechanism 7 or/and the tracking servo mechanism 8,

the detection substance-containing solutions Dy, D2* * °

are spotted from the nozzles 30 (nozzle groups 31)
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disposed opposite to the substrate 1 onto the

predetermined detection surface sites S (see Fig. 2)

provided on the substrate 1, based on the ink jet

printing process (see Fig. 6(A)).

Subsequently, while detecting the positional

information by the focus servo mechanism 7 or/and the

tracking servo mechanism 8 (see Fig. 4), the

fluorescence-labeled target substance-containing solution

T is spotted from the nozzles 30 (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 detection substances

and 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 washing nozzle N disposed opposite to the

substrate 1, to remove 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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containing a surfactant SDS is used (see Fig. 6(D)).

The substrate 1 is irradiated with the blue laser
beam B to excite each of the detection surface sites S,
the magnitude of fluorescence intensity is 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 quartz 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 um, a duty of 70%, and a groove depth
of 500 nm was formed by etching. The substrate surface
was spin coated with a 0.3 wt% ethanol solution of a
silane-coupling agent (product code: Al100, a product by.
Nippon Unitika K.K.), followed by drying in a bake
furnace at 100C for 2 hours.

Further, the silane-treated substrate surface was

spin-coated with a solution prepared by dissolving
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photobiotin (N- (4-azido-2-nitrophenyl)-N'- (3~
biotinylaminopropyl)—N‘—methyl-l,3—propanydiamine
(acetate); a product by Sigma-Aldrich) in distilled water
in a concentration of 10 ug/ml.

By using a red semiconductor laser for emitting a
red laser beam with a wavelength of 680 nm and condensing
the laser 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 blue laser beam
from a blue semiconductor 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 1 mW, and a
frequency of 10 kHz, while maintaining a fixed distance
between the substrate and the lens and in the manner of
following up to the groove at a linear velocity of 1l m/s.
Thereafter, the substrate thus treated was washed with
distilled water, whereby photobiotin patterns were formed
only in the irradiated areas, to obtain a negative type
lithography.

A 25 pg/ml PBS solution of avidin (Avidin D; a
product by Vector Lab) was jetted from ink jet nozzles,
to be spotted onto the photobiotin patterns while
applying tracking servo and focus servo, in the area in

terms of r = 20-30.
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Next, a 250 ug/ml PBS solution of Avidin D was
spotted onto the area in terms of r = 30-40. Thereafter,
spin-coat washing was conducted by use of a phosphate
puffer solution (product code: 1003; a product by Sugma) .

While again applying tracking 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 detector, 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 carried out in a very
short time, as compared with a conventional reading
system.

The fluorescence intensity was 120 mV on average
for the 25 wg/ml solution, and 600 mV on average for the
250 pg/ml solution, with a fluorescence intensity ratio

of 1/5. The scattering of fluorescence intensity was o0 =
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1 mV for both the solutions; thus, a very high accuracy

of analysis was obtained.

(1) The biocassay substrate according to the
present invention includes the detection 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 is markedly reduced.
Therefore, according to the bioassay substrate, a
comprehensive and efficient analysis can be performed
with high accuracy. Besides, cost per bit of record
information is alsoc low.

(2) The bioassay substrate according 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 frequency
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analysis, etc., and can be used to utmost in a wide range
of fields including novel medicament development,
clinical diagnosis, pharmacogenomics, and forensic
medicine. Where the substrate is utilized as a biosensor
chip, it can be utilized for examination of antigen-
antibody reactions, calibration of incretion disturbing
substances, etc.

(3) Next, the bioassay system 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 system according to the
present invention, it is possible to perform in a
continuous-form mode the complicated operations of
periodically spotting detection substance-containing
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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spotting a fluorescence-labeled target substance such as
cDNA, antigen, etc. on the detection surface sites while
again applying the focus servo and/or tracking servo,
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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CLAIMS:

1. A biocassay 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, 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.

2. The bioassay substrate as set forth in claim 1,
comprising means for providing positional information and
rotational synchronism information on said detection
surface sites.

3. The bioassay substrate as set forth in claim 2,
wherein said means is comprised of a wobbling or address
pits provided on said substrate.

4. The bioassay substrate as set forth in claim I,
wherein said detection substances are each any one
selected from the group composed of nucleotide chains,
peptides, proteins, lipids, low-molecular compounds,
ribosome, and other vital substances.

5. A biocassay method comprising the steps of:

spotting detection substance-containing solutions
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onto detection surface sites of a bicassay substrate
comprising said detection surfaces for enabling
solidification of detection substances, said detection
surfaces being provided 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
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.

6. A bioassay 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

10%

10 h 10

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 substrate providing positional
information and rotational synchronism information,
wherein said bioassay system comprises, at least:
substrate rotating means for rotatably supporting

said bicassay substrate;
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containing solutions and a labeled target substance-
containing solution onto said detection surface sites,
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 bioassay
substrate; and

a tracking servo mechanism for making said spotting
of said solutions follow up to said detection surface
sites, based on said positional information and said
rotational synchronism information.

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

8. The biocassay system as set forth in claim 6,
wherein

Said spotting device is an ink jet printing device,
and

ink jet nozzles are integrated to a support body
disposed opposite to said bioassay substrate for
containing an objective lens for emitting to said

bioassay substrate a laser beam for the functions of
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focus servo and tracking servo.

9. The readout system unitized with a bioassay
system as set forth in claim 6, for reading out record
information on said bicassay 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.
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