DESCRI PTI ON Bl OASSAY SYSTEM AND Bl OASSAY PLATE Technical Field This
invention relates to a bioassay systemuseful in the field of

bi oi nformatics. Mre specifically, the present invention is concerned with
a bi oassay system devised such that fluorescence emtted froma

fl uorescence-| abel ed substance existing in a detecting section of
prescribed construction is condensed on a back side of the detecting
section to determne an intensity of the fluorescence. Background Art
Nowadays, nol ecul e-i ntegrated bi oassay substrates w th predeterm ned DNAs
finely arrayed thereon by mcroarray techniques, which are generally
called DNA chips or DNA m croarrayPESGRIETEON er col |l ectively called "DNA
chips"), are used in nutation anal yses of genes, SNPs (single-base

pol ynor phi sns) anal yses, gene expression frequency anal yses, and the |ike,
and have begun to find utility in a wide variety of fields such as drug

devel opment s BICRESAtabYdTEgNANESRIPABKARCPHENANI cs 1 and forensic nmedi cine.
This DNA chip is characterized in that it permts a conprehensive anal ysis
of internolecul ar reactions such

Technical Field

This invention relates to a bicassay system useful
in the field of bioinformatics. More specifically, the
m) ' _ present invention is concerned with a bicassay system

devised such that fluorescence emitted from a

fluorescence-labeled substance éxisting in a detecting

section of prescribed construction is condensed on a back

side of the detecting section to determine an intensity

of the fluorescence,

Background Art

Nowadays, molecule-integrated bioassay substrates
with predetermined DNAs finely arrayed thereon by
microarray techniques, which are generally called DNA
chips or DNA microarrays (hereinafter collectively called
“DNA chips”), are used in mutation analyses of genes,
SNPs (single-base polymorphisms) analyses, gene
expression frequency analyses, and the like, and have
begun to find utility in a wide variety of fields such as

drug developments, clinical diagnoses, pharmacogenomics




as hybridi zations, because a wide variety of nunmerous DNA ol igosaccharide
chains, cDNAs (conplenentary DNAs) or the |ike are integrated on a gl ass
substrate or silicon substrate. An illustrative analytical procedure by a
DNA chip w1l be described briefly. To a DNA probe inmobilized on a glass
substrate or silicon substrate, hybridization is performed on the
substrate by subjecting nRNA, which has been extracted fromcells, a
tissue or the like, to PCR anplification in the presence of a

fl uorescence-| abel ed dNTP by reverse transcriptase PCR reaction or the

li ke while int ating, the f]uorescence-| abel ed dNTP as a fl uorescent
probe. FIuordWEfr T HeMtksHreed wWith a prescribed detector. Wth a
view to achieving an increase in the nunber of target substances to be
handl ed and i nprovedBAfs DNA chdpedsi chaaectratyedndndehaet tenpspredsia a

bi oassay nethod nmaki ng use of the above-described DNA chip, substrate

t echni ques arfPERerEIMe einalawting ques nitestreledulla rC GRREHIRR Wiytkh opti cal
di sks can be proposed. Described specifically, a solution with a detection
2 substance cohtaibnddlitdriens,i bedropred Wade RLedeker @fﬂ%@meﬁ}%};t bR on a

substrate while rotating the sanme, and is immobilizéd on the substrate.
Wth t he subsﬂﬁgpsabephride chains, cDNAs (complementary DNAs) or the

like are integrated on a glass substrate or silicon
substrate.

u} An illustrative analytical procedure by a DNA chip
will be described briefly. To a DNA probe immobilized on
a glass substrate or silicon substrate, hybridization is
performed on the substrate by subjecting mRNA, which has
been extracted from cells, a tissue or the like, to PCR
amplification in the presence of a fluorescence-labeled
dNTP by reverse transcriptase PCR reaction or the like
while integrating the fluorescence-labeled dNTP as a
fluorescent probe. Fluorometry is then performed with a
prescribed detector.

With a view to achieving an increase in the number

Qf target-substances to be handled and improvements in
detection accuracy and detection speed in a bioassay
method making use of the above-described DNA chip,
substrate techniques and servo control techniques
fostered in connection with optical disks can be proposed.

Described specifically, a solution with a detection
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rotating, a solution with a fluorescence-|abel ed target substance
contained therein is then dropped onto the imopbilized detection substance
t'o cause the detection substance and the target substance to interact with
each other, and the target substance not contributed to the interaction is
washed off. Wth the substrate kept in rotation, excitation light is
subsequently irradiated onto the interacted target substance, fluorescence
emtted fromthe fluorescent |label is detected by a detector, and an
intensity of the fluorescence so detected is determ ned to analyze the

bi ndi ng strength between the detection substance and the target substance
(see, for exampseandB 200ta288674hAYeifhesalevppeasesi hegrbhoassaynagt hod
maki ng use of a substrate (hereinafter called "di sk assay" for the sake

of conveni enpesiihidaseni pt saBythascawABLEt rbBaLRAL tGONPALED M4 Lhe
conventional one called "DNA chip", a huge numbef of detection substances

and target SihabBRTESedCan PBeVEhEN¥sEELPON GAld ay ek trate by
maki ng use of injection nolding tgchniques, d%ﬁ%ﬁgare éﬁ%ﬁ%@e lf:ﬁzin t he

preparation ebtstbsyl abhesoiQfioptLsa), 4i uf f.ace m croprocessing

‘t echni ques. Further? it is possible to a%t?%@%gg%g?%p¥%@%ﬁ%%tta{ékﬁetection

speed by rotaibsgaRcSUOSHE M @t B LA is then dropped onto the
immobilized detection substance to cause the detection

substance and the target substance to interact with each

other, and the target substance not contributed to the

interaction is washed off. With the substrate kept in
rotation, excitation light is subsequently irradiated
onto the interacted target substance, fluorescence
emitted from the fluoresceht label is detected by a
detector, and an intensity of the fluorescence so
detected is determined to analyze the binding strength
between the detection substance and the target substance
(see, for example, JP 2001-238674 Ay,

The above-described biocassay method making use of a
substrate (hereinafter called “disk assay” for the sake
of convenience in description} has a merit in that
compared with the conventional one called “DNA chip”, a
huge number of detection substances and target substances

- can be very economically arrayed on a substrate by making
use of injection meolding techniques, which are employed

in the preparation of substrates for optical disks, and




speed and performng fluoronetric detections with a high- sensitivity
detector. There is a further nerit in that, if sanples of a target
substance carried at a high degree of integration on a substrate as
descri bed above are repeatedly analyzed by a high-speed assay system the
results can be statistically processed to achieve an inprovenent in
det.ecti on accuracy. In the above-described di sk assay, however, a sanple

solution is dropped downwardly from a point above a substrate, which is
held in a horizontal position, onto predeterm ned detecting sections (spot

regi ons). Accordlngly, a dropper (for exanple, an inkjet printing

appar at us) |§Uérﬁ&ﬁgé@cd@®¢@CBhelsgb$9cahéqubb a construction is adopted
such that a detection unit is arranged above the substrate for the
detection of the iHeehsery Ot fsussestieneerenhdhpshd rom Bashfdhescence-
| abel ed target substance, a problemtherefore arises in the aIIocation of

spaces for tha debpp@iogreppeanﬁytb@tadgh?cglgﬁbg@kgtelggdéng %
techni cal problemthat the arrangenent of the dropper group % Comes

conpl ex. Undspeedhendupé@ﬂbrﬁhﬁgug}ugggﬁegggg Lbe HP¥8n§QM?EQ fore
conpl ex droppers equi pped with a greater nunber o? nozzles’is exp%cted to

advance furthensitiviyCasgedtord mBUME I¢ aqAMgAeserhed f e¢hni cal

pr obl em
if samples of a target substance carried at a high degree

of integration on a substrate as described above are
‘”) repeatedly analyzed by a high-speed assay system, the
results can be statistically processed to achieve an
improvement in detection accuracy.

In the above-described disk assay, however, a
sample solution is dropped downwardly from a point above
a substrate, which is held in a horizontal position, onto
predetermined detecting sections (spot regions).
Accordingly, a dropper (for example, an inkjet printing
apparatus) is arranged above the substrate. If a
construction is adopted such that a detection unit is
arranged above the substrate for the detection of the
intensity of fluorescence emitted from each fluorescence-
labeled target substance, a problem therefore arises in
the allocation of spaces for the dropper group and the
detection unit, leading to a technical problem that the
arrangement of the dropper group becomes comélex. Under

the current circumstance that the move toward more




In a disk assay, it is inportant to assure fail- free operations of a
focusi ng servo control system which serves to maintain constant the

di stance between the substrate and a condenser |ens, and a tracking servo
control system which serves to cause a fluorescence condenser lens to
track detection substances and target substances arrayed on the substrate,
so that effects of dynam c disturbances caused by eccentricity and war page
of the substrate can be reduced. Servo control information (a servo error
signal), which is required to operate these servo control systens, are
obt ai ned by irraﬁiating a |laser beamonto a surface of the disk through

t he condenser“9 XritF Gptarsalagpipned eliddt @ gridatepr anebeirng £t he | aser
beam refl ected back to the condenser |ens. On the surface of the
substrate, HOAALS ishextecded to sulvsiaec Euatthetrhe itaigetraghstianee are
unevenly present fromthe optical viewpoint. Therefore, the reflected

| aser beam r éQdiifedhas adpovesdetcrabedpwectiniesiegtopnenf the | aser beam
irradiated froma side above the substrate has been subjected to

scattering. As a cbnseqdéﬂkeas$@¢,sﬁtvpseim§5r§ég@a¢oiggggggsfgiiﬁrge 5
noi se, devel oping a technical problemthat the operations of the servo

control systémseapperandenedotingt 8bbesiAgPserBbY c8REEST 9f<LOE PLESENt
I nvention is,
serves to maintain constant the distance between the
substrate and a condenser lens, and a tracking servo
;) control system, which serves to cause a fluorescence
condenser lens to track detection substances and target
substances arrayed on the substrate, so that effects of

| dynamic disturbances caused by eccentricity and warpage
of the substrate can be reduced.

Servo control information (a servo error signal),
which is reguired to operate these servo control systems,
are obtained by irradiating a laser beam onto a surface
of the disk through the condenser lens and optically and
electrically processing the laser beam reflected back to
the condenser lens. On the surface of the substrate,

- however, the detection substance and the target substance
are unevenly present from the optical viewpoint.
Therefore, the reflected laser beam returned as a result
of upward reflection of the laser beam irradiated from a

side above the substrate has been subjected to scattering.

As a conseqguence, the servo error signal includes a large
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therefare, to solve the problemin allocating spaces above the detection
unit and specifically, to provide a bioassay system which can stabilize
servo-control l ed operations with respect to a substrate. D sclosure of

I nvention To sol ve the above-described technical problens, exanple

- enbodi nents may provide the follow ng g bioassay system and bi oassay
substrate. In accordance with a first aspect of the present invention,

t her e i s Neieer dédval vk bss sayespsteal conprliei Mdat trhanspévatthppihg a
solution of a target substance onto a detection substance existing in a
react i on thegisemvoandntaeki syptsaisd adet eehidenedubssaricks and sai d t ar get
substance to interact with each other in said reaction region to prepare
a reaction prodicprimany midestf of tbadenssegt firumregseands, whi ch has been
emtted fromfluorescence-| abel ed said reaction product by irradiating
excit ati ghelrieghteof ta spkee file wavdllengtin ehiocsaimy rgsctdsombdde product ,
on a back side of said reaction region to determne an intensity of said
f | uor escémee dekrcaconr danceavd tdpeacisecaid vaspecbrofritibea poesesnday i nventi on,
there is provided a nethod for manufacturing a bioassay system which
conpri sesyateanghihgh oeanstdlorl idcoppimg-acttlvlied obesat bsgetwistbst ance
ont o
' ' respect to a substrate.

Disclosure of Invention
To sclve the above~described technical problems, example
embodiments may provide the following ¢ biocassay system and

bicassay substrate.

In accordance with a first aspect of the present

invention, there is provided a bicassay system comprising:

means for dropping a sclution of a target substance
onto a detection substance existing in a reaction region
and causing said detection substance and said target substance
:to interact with each other in said reaction region to prepare

a reaction product; and

means for condensing fluorescence, which has been emitted
from fluorescence-labeled said reaction product by irradiating

excitation light of a specific wavelength onto said reaction




a detection substance arranged in a reaction region and causing said
detecti on substance and said target substance to interact with each other
in said reaction region to prepare a reaction product; and neans for
condensi ng fluorescence, which has been emitted fromfluorescence-| abel ed
said reaction product by irradiating excitation |ight of a specific

wavel ength onto said reaction product, on a back side of said reaction
region to determine an intensity of said fluorescence. In accordance with
a third aspect of the present invention, there is provided a bi oassay

pl at e coppridschyg: oa &eétach | Ngpsect isai Pprevictednwrehiah teadétarmeaeti on
regi on which provides a place of an interaction between a detection

subst ancenabftendiayget sabstfinegesachéght transmitting | ayer having

transl ucence to both of excitation Iight and fluorescence and forned on a
bottomwall of said reaction region in said detecting section; and 6a
wher ei n positi oin nrandisheeusiing enfecomd | dpdoar ofaictle deteett ng section i s
recorded optically detectable by laser Iight having a different wave
| engt h f riewesaidnexchdmnat i ion dricghitdedandmnsaihsd 4d:ghdadufarsnirtinigng | ayer has
sel ective transparency to transmt said excitation light nore than said
| aser | i ¢libaskayasgste@ncehiti hcanphranes haaspechgof the present invention,
there is provided a process for producing a
means for dropping a solution of a target substance onto
a detection substance arranged in a reaction regicon and
causing said detection substance and said target substance to
interact with each other in said reaction region to prepare a
reaction product; and
means for condensing fluorescence, which has been emitted
from fluorescence-labeled said reaction product by irradiating
excitation light of a specific wavelength onto said reaction
product, on a back side of said reaction region to determine
an intensity of said fluorescence.
In accordance with a third aspect of the present
invention, there is provided a biocassay plate comprising:
a detecting section providéd with at least a reaction
region which provides a place of an interaction between a
detection substance and a target substance;
a light transmitting layer having translucence to both of
excitation light and fluorescence and formed on a bottom wall

of said reaction region in said detecting section; and
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bi oassay plate, which conprises: arranging a detecting section provided
with at least a reaction region which provides a place of an interaction
bet ween a detection substance and a target substance; and formng a |ight
transmtting |layer, which has translucence to both of excitation |light and
fluorescence, on a bottomwall of said reaction region in said detecting
section; recording in an optically detectable manner positioning and
focusing information for said detecting section using 1'aser |ight having
a different wave length fromsaid excitation light, and wherein said |ight
transmtting . ha I Is n . t it said excitation
[ ght more ThantEara Haaerortan: . hD TORETEY oA AT h TR ST o
Lhe Pr esBRcol MENL0R0r L 16T S soBROuEEd 5, DL gRssa, Y S eTLcomPr fshnd:

si de

means for condensing a | aser beam | ens arrange on a
of a bio | at. rdiin e_above. aspect, .irradi,ating,the
t hus- conggﬁg% %] ggg?%%%m%sxﬁ%oiesﬁttg chér? Is’é-’lcjff:1 i ﬁgc}taafé?) & aﬁ%%(jbf’ug(ii nﬁaﬁél focus

O TR 00 Y UL 8 L8 b SF L AR ek seL et ol oM AS
contr ol SSX:%(B ee@ch%agipo%r E.gtgt tm%rgati:l'p;naisgigOlrésste%n.][ig%tqi stance
In accordance with a fourth aspect of the present
invention, there is provided a process for producing a
bioassay plate, which comprises:
arranging a detecting section provided with at least a
reaction region which provides a place of an interaction
between a detection substance and a target substance; and
forming a light transmitting layer, which has
translucence to both of excitation light and fluorescence, on
a bottom wall of said reaction region in said detecting
section;
recording in an optically detectable manner poéitioning and
focusing information for said detecting section using 1l'aser
light having a different wave length from said excitation light,
and
wherein said 1light transmitting layer has selective

~transparency to transmit said excitation light more than said

lasexr light.
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bet ween said | ens and said di sk-shaped plate. In accordance with a sixth
aspect of the present invention, there is provided a bioassay system
conprising: neans for condensing a |aser beamthrough a | ens arranged on a
back side of a bioassay plate according to the fourth aspect, irradiating
t he thus-condensed | aser beamonto said reflecting |ayer, and obtaining
tracking information by using a reflected | aser beamrefl ected back from
said reflectifhyg layersdavhes eiwitlsi rg Safdht raskeng iof ortted | @resaritr acki ng
servo control systemis operated to allow said |lens to precisely track an
array of issedtdehectihegesdet ipps:iddd aceabdanse wdthmacseyedimgaspect of
the present invention, there is provided a bioassay systemconprising a

hol di ng neansmehbaes WokdcbgdendiapssayfatRaaceardugs holehdeafitiddy aspect
so that said bioassay plate faces vertically upward. 6c In accordance with

a ei ght hoaspestackf e PsESaNtbi da¥eRt iitd hgeot @i Ovbdedea dHpassay
system conprising: a nozzle for dropping a target substance into a reaction

region idspdutch ardedactih SHOSEANSCCHSIHIAN0e seR bt «3ur G for
irradiating excitation light onto a fluorescence-I|abel ed reaction product

obt ai ned-dp LAUSHNG 25300 P8t QAJHam s SUbFRNGE 3¢ Fakd ohakgetsiwhstance to
interact with each other in said reaction region; and

reflected laser beam reflected back from said reflecting layer,

wherein using said focus information, a focusing servo
contrel system is operated to maintain constant a distance
between said lens and said disk-shaped plate.

In accordance with a sixth aspect of the present
'invention, there is provided a bicassay system comprising:

means for condensing a laser beam through a lens arranged
on a back side of a bioassay plate according to the fourth
.aspect, irradiating the thus~condensed laser beam onto said
reflecting layer, and obtaining tracking information by using a

reflected laser beam reflected back from said reflecting layer,

wherein using said tracking information, a tracking servo
control system is operated to allow said lens to

precisely track an array of said detecting sections.

In accordance with a seventh aspect of the present

invention, there is provided a bicassay system comprising
a holding means for holding a bicassay plate according to
. the fourth aspect so that said biocassay plate faces

vertically upward.
' e




a condenser |ens for condensing fluorescence, whichis emtted fromsaid
reaction product by said excitation light, on a back side of said reaction
region. In accordance with a ninth aspect of the present invention, there
is provided a bioassay process conprising: dropping a solution of a target
substance onto a detection substance existing in a reaction region and
causing said detection substance and said target substance to interact
with each other in said reaction region to prepare a fluorescence- | abel ed
reaction produat acartdeerdensing J |dofescensgecwhbehthaspbeeanenm tted from
said fluorescence-|abeled reaction product by irradiating excitation

| i ght of iavepedidn,c et engt e &Nt e & 8d b i®atkyoBy Ptad uinproBiag: back side
of said reaction region to determne an intensity of said fluorescence. 6d

I n exanpl& embkedenefds, drBppbhgassayasyst emubstdavisethidd aarrangedme
fluorescence-intensity determ ning neans on the back side of the reaction

region i nrayidet eet WAgcectde@Retson dltamcd dararspafRy;can be retained
above the detecting section. As a consequence, a nerit has been brought

about in thah aid@vi cenfrle dFOPPEPPa@i SAIMY e80! thd 1 Qh andy 9haup @f
devi ces associated with the dropping device can be arranged wth a higher

desi gni ngr @ RIRRGG e -h BEXENPL & &MRRdIJFRIMLSt bBth DRSSy €Musing said
excitation-1ight
detection substance and said target substance to interact with

each other in said reaction region; and

a condenser lens for condensing fluorescence, which is
emitted from said reaction product by said excitation light, on

a back side of said reaction region.

In accordance with a ninth aspect of the present

invention, there is provided a bioassay process comprising:

dropping a solution of a target substance onto a detection
substance existing in a reaction region and causing said
detection substance and said target substance to interact with
each other in said reaction region to prepare a fluorescence-
labeled reaction product; and
condensing fluorescence, which has been emitted from said
- fluorescence-labeled reaction product by irradiating excitation
light of a specific wavelength onto said reaction product, on a
back side of said reaction region to determine an-intensity of

sald fluorescence.
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irradiating neans for obtaining fluorescence may be arranged either above
(on a front side of) or below (on a back side of) the detecting section.

It is, however, suitable to arrange the excitation-light irradiating neans
together with the fluorescence-intensity determ ning neans on the back
side of the detecting section, because a still w der space can be forned
above the detecting section. Specifically, the systemcan be constructed
such that a light transmtting | ayer having translucence to the
fluorescence emtted fromthe fluorescence-|abeled target substance is
formed at least in the detecting section and excitation light is

i rradi at ed towar ggg nsu a iC i.st.s i reaction
regi on, fron1%§ %a @8%% éaﬂﬁé% 5ét§§%|§§8%%¥$? %&gﬁ%ﬁ;(ﬂni% tlt%%fjhggsystern
such U L0 LnLAPSELY. Al L PLASERDCE s Rio, Ly e, ek i do
excitati i i iatin S and t he fI or escence-int.ensit
determ n?)r%h{ngggril% Clé:faﬁt e réara%tlon ﬁlop &7 hAcKS & et st%eqz ey eést%l ng

er

n.

(0]

t I mhodi th id bj o bstrat f

& constr GEREoR- PRAF” o BBty 'ef:?iﬁﬁg Seter OBl GUEd i TRCGeCT Bhst S react | on
a
Ao

regi on, mhl h _pr V|des a pl ace
subst ancé aﬁaog q%rgefxnﬁﬁgyﬁﬁgg

| ayer

act.ion hetwe a.detection
o hahed S ﬁkuggﬁ}”t o
ha%hgg a device for dropping a sample solution and a group of

devices associated with the dropping device can be arranged

with a higher designing tolerance.

In example embodiments, in the system, excitation-light
irradiating means for obtaining fluorescence may be arranged
either above {(on a front side of) cor below (on a back side of)
the detecting section. It is, however, suitable to arrange
the excitation-light irradiating means together with the
fluorescence-intensity determining means on the back side of
the detecting section, because a still wider space can be

- formed above the detecting section,.

Specifically, the system can be constructed such

that a light transmitting layer having translucence
"to the fluorescence emitted from the fluorescence-labeled
target substance is formed at least in the detecting

section and excitation light is irradiated toward the




transl ucence to both of excitation light and fluorescence is forned on a
bottomwall of the reaction region in the detecting section. Incidentally,
fluorescence may be obtained using a fluorescent intercalator. This

"' bi oassay substrate” nmakes it possible to irradiate excitation |ight from
a back side of a detecting section arranged on the substrate and to
condense fluorescence, which has been obtained fromthe detecting section
by the irradiation, on the back side of the detecting section 'to
determne the intensity of the 8 fluorescence. Accordingly, a w der space
can be o%f t he substrate. As a con uence, a device for

ined abqgve . se
dr oppi ng LSRR SSUT I HRACH GRLU o dB CEEChLShCF S RPWTR™ he
dr oppi ng _.device can b ranged with a hi.gher designin t ol erance. The
above-de?c%@ﬁ%dsbg8a8§a€£§u%gY?%ﬁ%PQmﬁ?qﬁi viéﬁﬁcggﬁé NPh&feaSEsbStrat e
constructed, to optjcally furnish sition information and focus
infornatFgﬁho%h@gchh%e%%E??§é}ﬁ’§géﬁ§5hngP§ﬁ§€8n8ﬁ EeRHRITA iteadopt ed
and the Light .transmtti | ayer .arranged inh the detecting section is
caused t%aggnﬁ%%i%ﬁt ough g%eeitlﬂhﬁ Fagerbl ViR KRt # S EPgBEF‘H}e@f causi ng
reflectign Bf g %aser bean1,hb§5k§§ithis Jdight transmtting |ayer has
transl ucBREE PO bR HEXFL t el Ol EH et ght ndncfrBored ceiRe, and al so, a

funCtiOnf&%orescence—intensit d ini
y determining means can be arranged on
the back side of the detecting section.

In example embodiments, there is provided a biocassay
substrate of a construction that a detecting section provided
with at least-a reaction region, which provides a place of an
interaction between a detection substance and a target
substance, is arranged and a light transmitting layer having
translucence to both of excitation light and fluoreséence is
formed on a bottom wall of the reaction region in the detecting
section. Incidentally, fluorescence may be obtained using a
.fluorescent intercalator.

This ""bicassay substrate" makes it possible to

irradiate excitation light from a back side .of a detecting
section arranged on the substrate and to condense
fluorescence, which has been obtained from the detecting
section by the irradiation, on the back side of the

detecting section 'to determine the intensity of the




reflect a | aser beam The above-descri bed bioassay substrate in exanple
enbodi nents can al so be devised such that a substrate of the
above-descri bed construction is used and an assay is performed using
detecting sections arranged on the substrate. When the substrate
constructed to optically furnish the position information and focus
informati on on each detecting section is used, it is necessary to assure 9
fail-free operations of a focusing servo control system which serves to
mai ntai n constant the di stance between the substrate and a condenser | ens,

and a 1 aking,nenne. SORLLGl,oYs! o, M serves | 9 caipe 8 bl uor escence

condenser lens to trac et ect SUBSt Ance? Hitd ﬁﬁg?gnces arrayed
on the s ra ffects of _dynam c disturbances caused b
eccentrigpﬁyeakgeméggégggtgf gﬁeasﬁ%%??%?%p%%h %éé?%&ﬁﬁ: T RS RESEF bed
above, the_Lj ransmitting layer farned.in each detecting .section
arrangedgoﬁatn%t(l;Eé éﬁg%ﬁ%lilea (gsa t‘*{ré’r!il?l ﬁgféﬁi@glFSSbSPﬁ‘)SfaFT‘u Xt 1S on

11 ght angrglu95e3§enceé and al so Iaser-beag}reLLectiqg ability. It is,

t her ef or 8¥°BB3RFbIEV E6° coHl s & I ANFEEr WBam PRPBEHNISSIBHS%r r anged on

t he back shde Son the side of the surface opposite to the surface in which
the det&CtFhg"S®Betions are forned) of the substrate and to

The above-described biocassay substrate can be devised
such that a substrate constructed to optically fﬁrnish
position information and focus information on each detecting
section arranged on a substrate is adopted and the light
transmitting layer arranged in the detecting section is
caused to function as a reflecting layer provided with
property of causing reflection of a laser beam. Namely, this
light transmitting layer has translucence to both of the
excitation light and fluorescence, and also, a function to
reflect a laser beam.

The above-described biocassay substrate in example
embodiments can also be devised such that a substrate of the
above-described construction is used and an assay is
performed using detecting sections arranged on the substrate.
| When the substrate constructed to optically furnish
the position information and focus information on each

detecting section is used, it is necessary to assure




irradi ate the thus-condensed | aser beamonto the reflecting layer, to
obtain focus information fromthe |aser beamreflected back fromthe
reflecting |ayer, and by using the focus information, to operate the focus
servo control systemto nmaintain constant the distance between the |ens
and the substrate. Further, tracking information can be obtai ned by
condensing a | aser beamthrough the I ens arranged on the 10 side of the
surface opposite to the front surface of the substrate, irradiating the

t hus- condensed | aser bean onto the reflecting |layer and using the
reflected | aser beam reflected back fromthe reflecting layer. Use of this

tracki ng i nkot na es, it 0S§ |b| operate the tracking servo

contr ol sys%§%$§%%%Q ﬁgér?ElO? FPB&EE PBEERCEPALEPY FYEERMthe array

of the detecttnﬁ sect The, above-descri bed servo control rel ated neans
e

i o
equi pped wi T THeSBRERR E%HE??%E??BnCORﬁFEHtlFP%dﬁéf%%n%? PakdeeBeam from
the side of the back surface of the substrate and obtains a reflected
| aser beam OREt FEPSTHHREE RNE MR GRRHECREPF ab8NS ca@n@| & Nt FaEkiRgaseEYPNg of
the reflected | aser beam which woul d ot herwi se occur under the influence
of detectldﬁo%ﬁﬁg%aﬁﬁﬁF%WmiW%&%@ts%ﬁﬁ%ﬁah@eca@%msﬁd@&@mﬁ¢$ﬂemmwenly exi st

on the.surface of the
condenser lens to track detection substances and target

substances arrayed on the substrate, so that effects of
dynamic disturbances caused by eccentricity and warpage
of the substrate can be reduced.

As described above, the light transmitting layer
formed in each detecting section arranged on the
.substrate has translucence to both of the excitation
light and fluorescence, and also laser-beam~reflecting
ability. It is, therefore, possible to condense a laser
beam through a lens arranged on the back side (on the
side of the surface opposite to the surface in which the
detecting sections are formed) of the substrate and to
irrédiate the thus-condensed laser beam onto the
reflecting layer, to obtain focus information from the
laser beam reflected back from the reflecting layer, and
by using the focus information, to operate the focus

' servd control system to maintain constant the distance
between the lens and the substrate.
' Further, tracking information can be obtained by

condensing a laser beam through the lens arranged on the.

10




substrate fromthe optical viewpoint. It is, therefore, possible to
elimnate noises fromservo error signals and to stabilize the servo
controlled operation. In the bioassay system of the above-descri bed
construction, excitation light irradiated onto the substrate to induce

em ssion of fluorescence fromthe fluorescence-I|abeled target substance
can al so be used as a |aser beamfor performng the above-described servo
11 control |l ed operation, and vice versa. According to this enbodi nent, the
optical system arranged around the substrate can be further sinplified in
construction, thereby nmaking it possible to pronote the cost reduction,

si ze reductlpn and the 1like of the system In the above-descri bed bloassay
system t heSHi@a3bayhe substaer eOE;%‘?ISJo%e hep dthe t frers subkace e f ddee f aci ng
vertically upward, in other words, can be held horizontally. This makes it
possi bl e t ocSeslFate ylrliﬂlf%i?m%lr@m psfcendempt@ basex iwen ortaeh of

predeterm ned detecting sections in the direction of gravity, and further/
to drop of Hhalrelkaoptines biver amd fwsingtZes arslf béwiped t basdme bewii vi dual
detecting sections. Therefore, the accuracy of fluoronetric detection can
be i nprovedreAsediasd heark diosou i tled darfidwe iabpVigydhe liseasgayhis

tracking information makes it possible to operate the

tracking servo control system such that the lens is

allowed to accurately track the array of the detecting

sections.

The above-described servo control related means

equipped with the basic construction, which irradiates a

laser beam from the side of the back surface of the

substrate and obtains a reflected laser beam on the side

of the back surface, can eliminate scattering of the

reflected laser beam, which would otherwise occur under

the influence of detection substance and target substance

considered to unevenly exist on the.surface of the

substrate from the optical viewpoint. It is, therefore,

possible to eliminate noises from servo error signals and

to stabilize the servo controlled operation.

In the bioassay system of the'above—described
construction, excitation light irradiated onto the
‘substrate to induce emission of fluorescence from the
fluorescence-labeled target substance can also be used as

a laser beam for performing the above-described servo

i1




systemin exanple enbodi nents has the technical significance that it

provi des the relevant business field with a technique to solve the problem
in allocating spaces for the sanple solution dropper and the fluorescence
intensity determnation unit and, when the substrate is adopted, also with
a technique to reduce noises in servo error signals and to permt
stabilization of serve-controlled operations (servo control of focusing 12

and servegei19k bk atKbRg) andBti ek Gﬁﬁgéiphk88r8£n ram pgs FIG 1is a
(f?’ ted or e

top plan view of a substrate Sui USE On a bi oassay system
R R R s o L A i S
oxci cat ont Cene e R LIPS AR el s Pebd BB ol om
Clate wheh aert ot oroT ahi ot ferRaPibia Thes TR el ARl et on

(3) fromagpojpt I substrate (1). FIG 5 is a block diagram
schenaticaFPyb2h8§§n8¥%E§ﬁ'construction of the bioassay system (U)

according to the ) )
9 In the above-described biocassay system, the bicassay

substrate can be held with its front surface facing
vertically upward, in other words, can be held
horizontally. This makes it possible to accurately
perform dropping of a sample solution to each of
predetermined detecting sections in the direction of
gravity, and further/ to drop of small droplets of a
uniform size and shape to the individual detecting
sections. Therefore, the accuracy of fluorometric
detection can be improved.

As has been described in the above, the bioassay
system in example embodiments has the technical
significance that it provides the relevant business
field with a technique to solve the problem in allocating

spaces for the sample scolution dropper and the

fluorescence intensity determination unit and, when

the substrate is adopted, also with a technigue to reduce
noises in servo error signals and to permit stabilization of

serve-controlled operations (servo control of focusing

12




present invention. FIG 6A through FIG 6E are flow diagrans schematically
illustrating a bioassay procedure naking use of the system (U). Best Mddes
for Carrying Qut the Invention Wth reference to the acconpanyi ng draw ngs,
a 13 description will hereinafter be nmade about the -construction of the
bi oassay system according to the present invention. FIG 1 is a top plan
view of ‘a bioassay substrate according to the present invention, which is
suited for use on the bioassay system and FIG 2 is a schematic view of a
detecting section arranged on the substrate and its surrounding area. A
substrate designated at nuneral 1 in FIG 1 is formed of a material which

i s adopt ed fo@n§u§§¢W@tGQnt¢dﬂsb§)teapkmng¢,as optical information
recording media such as CDs, DVDs or MDs. The substrate is formed of
silica glass, a silicone, a polycarbonate, polystyrene or any other
synthetic resin noldable or otherwi se formable into a di sk shape,

preferably anBragécDesoriptdahl efsypiehys resin. Use of econonical
synthetic resin substrates can achieve |ow running cost conpared wth
gl ass chi ps whi ch hawes beeni s Usad s gventy;naldy 4 substrate (1) suited
for use on a biocassay system according to the present
invention.
| FIG. 2 is an enlarged fragmentary view of a
_) - . detecting section (3} arranged on the substrate (1) and
its surrounding area.

FIG. 3 is a schematic illustration of a state when
excitation light (P) is irradiated onto the detecting
section (3) from a point above the substrate (1).

FIG. 4 is a schematic illustration of a state when
excitation light (P) is irradiated onto the detecting
section (3) from a point below the substrate (1).

FIG. 5 is a block diagram schematically showing the
""" construction of the bicassay system (U) accerding to the

present invention.
FIG. 6A through FIG. 6E are flow diagrams

schematically illustrating a bicassay procedure making

use of the system (U).

Bgst Modes for Carrying Out the Invention

With reference to the accompanying drawings, a

13




Onh a front surface 101 of the substrate 1, detecting sections 3,3,.... and

address pits 103,103 ..... are spirally recorded by an optical disk
mastering technique (see FIG 1) The detecting sections serve as places
of an interaction between a detection substance D and a target substance

T, whereas the address pits are 14 used to specify positions on the
substrate 1. The length, wdth and depth of each detecting section 3 are
each of fromseveral mcroneters to several hundreds mcroneters, and
their values are determ ned based on the spot dianeter of excitation |ight

P and the possj 1 0) oum vol une of sanple solutions (a detection
subst ance contgléﬁf%ﬂs(glyuxﬁﬁﬁg%ﬁejan%%?%’étb%GMGArﬂimwbml'&i ni ng

sol ution). For n.one of the surfaces of the substrate 1 is a
reflecting | ay%]r;z%&f%%tlﬁﬁ c‘k%e%l'ée dHiea LAy isystem aangeiimnf g amesever al
tens nanoneters or so. Wthin the above-descri bed

nanonet er s toz%%ﬂgr@
range, the thi‘ckness offVaHe aref | E&6i-ng layer t8pcabaheveelepm ged as
desired depeggin on the material which nmakes up the reflecting |ayer 2.

Wien the ref | eCtIIRFAaystost Had-of Gomed difhga tei ngke proavelr Qhvanmghal |ic
material or a Ln%]e | ayer of an inorganic ngterlal, its reflectahce to a
| aser beam foMRich is suited for use on the bicassay system, and FIG.
2 is a schematic view of a detecting section arranged on
the substrate and its surrounding area.
s A substrate designated at numeral 1 in FIG. 1 is
Vformed of a material which is adopted for substrates
(disks) employed as optical information recording media
such as CDs, DVDs or MDs.
The substrate is formed of silica glass, a silicone,
a polycarbonate, polystyrene or any other synthetic resin
moldable or otherwise formable into a disk shape,
preferably an injection-moldable synthetic resin. Use of
) economical synthetic resin éubstrates can achieve low
running cost compared with glass chips which have been
used conventionally.
On a front surface 101 of the substrate 1,
detecting sections 3,3,.... and address pits 103,103,....
are spirally recorded by an optical disk mastering
technique (see FIG. 1). The detecting sections serve as

places of an interaction between a detection substance D

and a target substance T, whereas the address pits are

14




servo-controll ed operations to be nentioned subsequently herein may
desirably be set within a range of from5%to 50% (inclusive), because
this range is a suitable range capable of reconciling a higher |aser beam
reflectance required to performnore stable servo-controlled operations
(servo-controll ed focusing and servo 15 controlled tracking) and

transl ucence to excitation light and fluorescence, said translucence being
required for the determnation of the intensity of the fluorescence. The

above-described refl ectance range al so makes it possible to fully
elimnate disturbance to the servo- .controlling | aser beamreflected on

the substrate Usesl&w sueeifiyhposdfiianti va ithdexessehathBerl i apid sub jances
D, T existing on the front surface 101 of the substrate are very Ose to

the refractiveriididernd depehsuelistaaheddtelhengebbeetbnos! a¥er o2 qoYbe
replaced by a reflecting filmfornmed of plural inorganic matérrals

appl i ed one ovfeomnt bevetrh@r mi BrbaxeLssapd Qé¥€?91 g8 tﬁié?éﬁ&%éXéty' In
y a !

this case, it beconmes possible to reflect on aser beam

servo-control bed thperavh0nss é?@rﬁQﬂe?ﬁ¥ﬁ &iggsége?go G out Lossef of
e i on'<ofP¢he intensity

excitation light and fluorescence for det’er ni ha
of  {he {1 uor cacaneee: Ther ekot fat fon” BILFEth b WL 204051 2951, REAT

reflectance of which is
drop volume of sample solutions (a detection substance
| containing solution and a target substance containing
u) solution).
Formed on one of the surfaces of the substrate 1 is
a reflecting layer 2 the thickness of which is in a range
of from several nanometers to several tens nanometers or
S0. Within the above-described range, the thickness of
the reflecting layer 2 can be determined as desired
depending on the material which makes up the reflecting
layer 2.
| When the reflecting layer 2 is formed of a single
layer of a metallic material or a single layer of an
inorganic material, its reflectance to a laser beam for
servo-controlled operations to be mentioned subsequently
herein may desirably be set within a range of from 5% to
50% (inclusive), because this range is a suitable range
capable of reconciling a higher laser beam reflectance
4required to perform more stable servo-controlled

operations (servo-controlled focusing and servo-

15




hi.gher than 50% (for exanple, 90% or higher) can be formed w thout worrying
about any effect on the determnation of the intensity of fluorescence. In
t he above-described light transmtting |ayer, the detecting sections 3 of

t he bel ow descri bed construction are recessedly arranged. 16 As
illustrated in FI'G 2, each detecting section 3 is provided with a
reaction region 31 in the formof a well or groove, into which a sanple
solution S is dropped, for exanple, through an inkjet printing nozzle (not
shown), and a detecting surface 32 fornmed on a wall defining the reaction
region 31. It is to be noted that the detecting sections 3 are not limted
to the 3 ill uSEPereHl edhapes drnParnrist tararmigerbrase nanye:as teeaded 1 afht
predet ermi ned positions depending on the purpose. The detecting surfaces
32 (see FI G 39 hblorresenmhi ectiel tmrsinfaord MRATRE He dud QT Mdr

i mmobi i zation of the detection substance D. Surface treatnment suitable
for the i mobilte Aatiemisfatd clesift ethedairanirisan 6 WIS tMRCE 1 uvela a5 ANA probe
has been selected and applied to the detecting surfaces 32 as needed. The
det ecting surlifec g avey des cadbjeeic tred 1@ tSHdAc@ n de’ 8akERLKeEOR texanpl e,
with a solution of an am no- containing silane coupling agent or a solution

of possible to fully eliminate disturbance to the servo-
- controlling laser beam reflected on the substrate 1 even

when the refractive indexes of the liquid substances D, T

:\wm/'l

existing on the front surface 101 of the substrate are
very close to the refractive index of the substrate 1.

The reflecting layer 2 may be replaced by a
reflecting film formed of plural inorganic materials
applied one over the other in layers and having
wavelength selectivity. 1In this case, it becomes possible
to reflect only a laser beam for servo-controlled
operations, thereby obviating the concern about losses of
excitation light and fluorescence for the determination
of the intensity of the fluorescence. Therefore, a
reflecting layer 2 the laser beam reflectance of which is
higher than 50% (for example, 90% or higher) can be |
formed without worrying about any effect on the
determination of the intensity of fluorescence.

In the above-described light transmitting layer,
the detecting sections 3 of the below-described

construction are recessedly arranged.
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polylysine. In the case of a substrate nmade of a synthetic resin, its
surface can be treated with a solution of an am no-contai ning sil ane
coupling agent after plasma treatnent and DUV (deep WV) irradiation.
Furt her, copper, silver, aluminumor gold may be sputtered onto the
surfaces to. formfilms, and on the 17 surfaces of the filns, a substance
havi ng functional group(s) (active group(s)) such as amno, thiol or
car boxyl group(s), cysteanm ne, streptoavidin or the |like can be coated.
Further, a |inker may be bound beforehand to the detecting surfaces as
needed to permt immobilization of a detection substance. To the detecting
sections 3,3,.... ansangedsetatphedst 1 ngd |t urface
101 of the substrate 1, a nucIe%t?ﬁeﬁgﬁgi%'sﬁ%ﬁhagééFﬁﬁ$b%J%ﬁéff§§ 3
peptide, PrOUel Brodilell ditA hOWHRLIEH! 2LotBhOBL SHDPHANES,nao k! ROSOME OF
e li i

any ot her biol ogical substance or t 'S I mD I'’Zed"as e detection

substance D. y@t @t ts- i;pyobi li.zed detection substance D, the sanple
solution S with the %ﬁ?o%s’cé%— I"J(;}elb@léﬁ%e(:"f1 TR i Ssoajb% Ja?ﬂ:gclo%té\“f?%%eg'

th inis d t h detecti bst D and the t t
betance T APE CERISLd"t BrAPe ol WFHoBaBR BERGY FoZhBpkPEta reaction

substance T are

product R shown), and a detecting surface 32 formed on a wall
defining the reaction region 31. It is to be noted that
the detecting sections 3 are not limited to the
Q) illustrated shape and can bg arfaﬁged as mény as needed

at predetermined positions depending on the purpose.

The detecting surfaces 32 (see FIG. 2} have been
subjected to surface treatment to permit immobilization
of the detection substance D. Surface treatment suitable
for the immobilization of a desired detection substance
such as DNA probe has been selected and applied to the
detecting surfaces 32 as needed.

The detecting surfaces may be subjected to surface
treatment, for example, with a solution of an amino-
containing silane coupling agent or a solution of
polylysine. In the case of a substrate made of a
synthetic resin, its surface can be treated with a
solution of an amino-containing silane coupling agent
after plasma treatment and DUV (deep UV) irradiation.
Further, copper, silver, aluminum or gold may be

sputtered onto the surfaces to. form films, and on the
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In FIG 2, nuneral 4 designates a fluorescent dye applied as a marking to
the end of the target substance T (a nucleotide chain in the illustrated
enbodi ment). Instead of this fluorescent dye nmarking, a fluorescent
intercalator may be used to detect an interaction such as hybridization.
18 A description will next be made with reference to FIG 3. In the

bi oassay system according to the present invention, fluorescence F, which
has been emtted from the fluorescence-|abel ed target substance T by
irradiation of the excitation light (exciting |aser bean) P of a specific
wavel ength onto the reaction product R, is condensed using a | ens
(condenser | eHs)IEeF rafngde ditlnshe sisdbstfaracdack sy faceti@hqpposite to
the front surface 101 of the substrate 1, said front surface containing

t he detecti ngg®ut (ons{ & tareangedid fwrjeisuchang adriad,ntengiit wof the
fluorescence F is determned. Designated at nuneral 6 'in FIG 2 is a

condenser | ersaramydngedupn i, oty safe agnidRe, e Gt Qe pboalN @i roqditehhi g?kgf t he
excitation light Pis feasible fromthe direction of either the front

surface 101 cam the doacleasur fagend0? of 11Ag2URSY AL SodubliMoEEGrofang 2
enbodi ment in which irradiation is effected fromthe side o & 170Nt
surface 101 ab tthe sebettahg s5:-$RWR) as needed to permit '
immobilization of a detection substance.
To the detecting sections 3,3,.... arranged at

l;} - predetermined positions on the front surface 101 of the
substrate 1, a nucleotide-chain such as a DNA probe, a
peptide, protein, a lipid, a low molecular-weight
substance, a liposome or any other biological substance
or the like is immobilized as the detection substance D.
Onto the thus-immobilized detection substance D, the
sample solution S with the fluorescence-labeled target
substance contained therein is dropped such that the
detection substance D and the target substance T are

caused to interact with each other to prepare a reaction

" product R.

In FIG. 2, numeral 4 designates a fluorescent dye

applied as a marking to the end of the target substance T

(a nucleotide chain in the illustrated embodiment) .
Instead of this fluorescent dye marking, a fluorescent
intercalator may be used to detect an interaction such as

hybridization.
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To effectively use the space above the front surface 101 of the substrate
as a space for the arrangenent of the sanple solution dropper and its
associ ated devices, it is preferred to performthe irradiation of the
excitation light P fromthe side of the back surface 102 (see FIG 4). 19
In the enbodi nent that the excitation light Pis irradiated onto the
detecting section 3 fromthe side of the front surface (or fromthe side
of the back surface 102) as shown in FIG 3, the above-described
reflecting layer 2 (at least the reflecting layer 2 on a bottomwall 33
of the detecting Aedeisaridtiics alilowedxtobtumatieoniad rafkirghtettansmitting
| ayer having translucence to the fluorescence F and the excitation |ight

P. This makeEss. t3. pessithlee Hioasthgdisabeehhacesettiayi @8 khahbrBsento the
detecting section 3 fromthe side of the back surface opposite to the

front surfacscktldf, thRicraidite mNGhidlsS @ d0 HahedHiNg dd & ddpt ensity of

the fluorescence F returned to the side of the back surface 102 through

the |ight dHANSMdAd ] A Erand NG dentald %uﬁsft%fn%w th of the

excitation |light P may suitably be in“a range of from400 rimto 700 rim

s o B Gl Ui 10 400801 05081
P of a specific wavelength onto the reaction product R,

is condensed using a iens {(condenser lens) 5 arranged on
the side of é back surface 102 opposite to the front
surface 101 of the substrate 1, said front surface
containing the detecting sections 5 arranged therein, and
the intensity of the fluorescence F is determined.
Designated at numeral 6-in FIG. 2 is a condenser lens
arranged.in front of a detector 7.

The irradiation of the excitation light P is
feasible from the direction of either the front surface
101 or the back surface 102 of the substrate 1 (in FIG. 3,
an embodiment in which irradiation is.effected from the
8ide of the front surface 101 of the substrate is shown).
To effectively use the space above the front surface 101
of the substréte as a space for the arrangement of the
sample solution dropper and its associated devices, it is
prefefred to perform the i;radiation of the excitatiocn

light P from the side of the back surface 102 (see FIG.

4).
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Based on FIG 5, a description will hereinafter be nmade about the overal
-construction of a suitable enbodinent of the bioassay system U accordi ng
to the present invention. The substrate 1 of the above-descri bed
construction is secured on a spindle 9 arranged extending upwardly 20 from
a di sk support 8 which is equipped with rotating neans. The spindle 9 is
fixedly inserted in a center hole 104 (see FIG 1) of the substrate 1. The
detection substance D and the target substance T, which are to be dropped
onto the front surface 101 of the substrate 1, are in the form of

sol utions. For then avel damesintariQis t-0hbems 24l as ki BPiRg. it is

therefore extrenely desirous to horizontally hold the substrate 1 onto
whi ch the spliddons.Ar& 4P dy . o A ! sirate 1 are
nozzles 10 construct e(ﬁ] such that t e%@rr% e %?%xﬁon&h{gxaeﬁl%e&é %%pped

B R T T

accurately tracking . ont'rol " uni esi ghate .

o o ot RPN O B L R S s e s e e
The\exc[teﬂﬂégggiéﬂ?angé%§¥ﬂ lgtf%_féé¥ggzlf§§g¥ 2 on a bottom wall
33 of the detecting section 3) is allowed to function as

a light transmitting layer having translucence to the
fluorescence F and the excitation light P. This makes it
possible to irradiate the excitation light P onto the
detecting section 3 from the side of the back surface
opposite to the front surface 101 of the substrate and
also to determine the intensity of the fluorescence F
returned to the side of the back surface 102 through the
light-transmitting layer.
| Incidentally, the wavelength of the excitation
light P may suitably be in a range of from 400 nm to 700
nm or so, which is coincident Qith a wavelength.range in
which general fluorescent substances can be excited.
Based on FIG. 5, a deécription will hereinafter be
- made aboutAthe overall construction of a suitable
embodiment of the biocassay system U according to the
present invention.

The substrate 1 of the above-described construction

is secured on a spindle 9 arranged éxtending upwardly
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di ode 12. Subsequent to conversion into parallel rays by a collimator |ens
6, the parallel rays are refracted 90 by a dichroic mrror 13 and then,
refracted 90 by a mrror 14 arranged ahead as viewed in the advancing
direction. The parallel rays enter the condenser lens 5 supported on an
actuator 15, and are then irradiated onto 21 the detecting section 3 from
the side of the back surface 102 of the substrate 1. Incidentally, nuneral
16 indicates a signal transmtted fromthe control unit 11 to control a

| aser diode driver 17. Here, the excitation light Pis constricted to a
size of sevErah &idisketepmsoor Bovlohch hes sexlibssedfwitie reubsingte by the
condenser lens 5. To nmake effective use of this mnute spot dianeter of
the excitatmemns$i gifthe spiltjdite O ids ifig A7 |iesGaRaDIQ af AnerRi nG1a
solution of picoliter order mcrovolunme are suited as the nozzles 10 for

droppi ng t heO4le{®s¢ | PIG SUDStEN Gth& OlSe #H4M9 SP| ution and the target
subst ance containing solution onto the substrate 1. The inkjet printing

nozzles may be praHedeRtaetTRRAY substhhSNWHRel ¢heSehibibens haagused. As
an alternative, each nozzle may be washed once subsequent to éropplng of a

“sol ution, and ymycH ek b w%ﬁﬁﬁf%mt% ﬁ%nq:t is%fac-léhil%ln%@qer makes

it possible to handl e many kin
the substrate 1, are in the form of solutions. For the

avoidance of various problems such as dripping, it is
p therefore extremely desirous to horizontally hold the
substrate 1 onto which the solutions are to be dropped.
Arranged above the substrate 1 .are nozzles 10
constructed such that the sample solution S can be
dropped into the detecting sections 3, 3, ... at
bPredetermined positions while accurately tracking them. A
control unit designated at numeral 11 controls entire
dropping operafions by the nozzles 10 on the basis of
focus information and trackiﬁg information to be
mentioned subsequently herein.
The excitation light P is outputted from a laser
'_diode 12. Subsequent to_conversion-into parallel rays by
‘a collimator lens 6, the parallél rays are refracted 90°
by a dichroic mirror 13 and then, refracted 90° by a
mirror 14 arranged ahead as viewed in the advanciﬁg
direction. The parallel rays enter the condénser lens 5

supported on an actuator 15, and are then irradiated onto
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solutions by a smaller nunber of nozzles. Upon dropping the sanple solution
S (the detection substance containing solution or the target substance
containing solution) onto the substrate 1, each desired solution is
dropped to a desired address while readi ng address information, which
have been recorded beforehand on the substrate, by 22 using a servo control
| aser beam V (which will be nentioned subsequently herein). Wen the
excitation light Pis irradiated onto the fluorescence-| abel ed target
substance T still remaining in the detecting section 3 after washing, that
is, the taretdetdstiamgesdcinhirh3 hasomndes goide anf | thernaedk aurswh as
hybri di zation, fluorescence designated by nuneral F is emtted, and this

fluorescencedF ¢hethe esubsisrdioe the Isicdeeoftalihg,baskesunf age 102 of the
substrate 1 (see FIG 4 again). After this fluorescence F is refracted 900

by the m rimodidaftes rangeshdelowmidie suhstfade the | dodtr@nelmistiai ght
through the dichroic mrror 13 arranged in the advancing direction of the

like, and ito tdwitref ractask 9Qide adivhy ol mrror 18 arranged further
ahead. Subsequently, the fluorescence F enters an upper lens 19 and is

condensed there, ®add,s gl dogitatood 9GR8 5% coASckIcaRA 8Gi gted from
the foregoing, the di chroic mirror

size of several micrometers or so on the surface of the

substrate by the condenser lens 5. To make effective use
() of this minute spot diameter of the excitation light,
inkjet printing nozzles capable of dropping a solution of
picoliter order microvolume are suited as the nozzles 10
for dropping the detection substance containing solution
and the target substance contéining solution onto the
substrate 1.

The inkjet printing nozzles may be provided as many
as the number of solutions to be used. As an alternative,
each nozzle may be washed once subsequent to dropping of
a solution, and may then be used to drop another solution.
This manner makes it possible to handle many kinds of
solutions by a smaller number of nozzles. Upon dropping
‘the sample solutibn S (the detection substance containing
solution or the target substance containing solution)
onto the_substrate 1, each desired solution is d#opped to
a desired address while reading address informatioﬁ,

‘which have been recorded beforehand on the substrate, by -

22




18 is equipped with property of reflecting the fluorescence F and al so
with property of exhibiting translucence to the servo control |aser beamV
to be nentioned subsequently herein. The fluorescence is expected to be
very lowin intensity than RF signals or the Iike for general optical 23
disks. It is, therefore, suitable to adopt as the fluorescence-detecting
detector 7 a photonultiplier tube or aval anche photodi ode (APD) havi ng
very high sensitivity than general photodi odes. The fluorescence F
detected by the detector 7 is converted into a digital signal 28 of a
predet er m n@ELBYt2 FEHEHer ceytapl ArgonveearrV 20vhBoewil hikal signals 28
are wused, for exanple, for an analysis such as preparation of a map in
whi ch each BeREe’Re@nsEheegueRtlntkenein) correl ated to the intensity of its
corresponding emtted fluorescence. A description will next be nmade about
the constructi on Wfent Hédies el tedritoroll isyst éne.s Bimrsidiytedhenceond@rser | ens
5 arranged below the substrate 1 is constructed such that it can be driven
in a focusfigpreseenconl {veldd codrghtt enibYn&ndr i gt 811 traskimithgli rection
(circunferential direction) by the
: in the detecting section 3 after washing, that is, the
target substance T which has undergone an interaction
such as hybridization, fluorescence designated by numeral
- F is emitted, and this fluorescence F then returns to the
side of the back surface 102 of the substrate 1 (see FIG.
4 again). |
After this fluorescence F is refracted 90° by the
mirror 14 arranged below the substrate 1, it travels
straight through the dichroic mirror 13 arranged in the
advancing direction of the like, and is then refracted 90°
by a dichroic mirror 18 arranged further ahead.
f ) ' Subsequently, the fluorescence F enters an upper lens 19
and is condensed there, and is guided into a detector 7.
-As 1is appreciated from the foregoing, the dichroic mirror
18 is equipped with property of reflecting the
fluorescence F and also with property of exhibiting
translucence to the servo control laser beam.V'to be
mentioned subsequently herein.

The fluorescence is expected to be very low in

intensity than RF signals or the like for general optical
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actuator 15. As this actuator 15, a two-axis voice coil type actuator of
the sanme type as that enployed in a pickup for optical disks is suited. As
descri bed above, the substrate 1 is held horizontally, and the condenser

|l ens 5 is .arranged - vertically below as viewed fromthe substrate 1.
Therefore, the excitation light P and the servo control 24 | aser beamV,
which is used for the focus servo control and the tracking servo control,
are irradiated fromthe side of the back surface 102 of the substrate 1.
OM ng to the adoption of the construction that the servo control |aser
beam V is idizkh at d¢ fispmthbeesiode ,ofsuitth®lkack adopbacasl@Reof the
substrate 1, the servo control laser beamV is reflected back fromthe back

surface 102fbiotdeceandistdeaierthvg tdendcthet Ny afdfestatiatipaldr Bugdhe
detecti on substance D and target substance existing in the solutions

accomodat esk idvd it diel eHJt@M I SRSt {209D)3 fvihe vwuRstiiafie 1. The reflected
beamis, therefore, not disturbed Iin direction or “intensity by these

l'iqui d subsdenoias weN e ddie SUPIHAIRI1bdey, rotated. This construction
is hence very suitable. In “other words, neither focusing errors nor

Lracking errors  ahg eybectedntd ¢ SLYLOROACHOLhDhet B 5" Yos 60N 1Ol

systens can operate sta
converted into a digital signal 28 of a predetermined bit

number by an AD converter 20. Such digital signals 28 are
used, for example, for an analysis such as preparation of
‘a map in which each address on the substrate 1 is
correlated to the intensity of its corresponding emitted
- fluorescence.
A description will next be made about the
construction of the servo control systems.

Firstly, the condenser lens 5 arranged below the
substrate 1 is constructed such that it can be driven in
a focusing direction (vertical direction) and in a
tracking direction (circumferential direction) by the
actuator 15. As this actuator‘15, a two-axis wvoice coil
type actuator of the same type as that employed in a
pickup for optical disks is suited.

As described above, the substrate 1 is held
hdrizontally, and the condenser lens 5 is arranged
vertically below aé viewed from the substrate 1.

Therefore, the excitation light P and the servo control
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Descri bed specifically, nuneral 21 in FIG 5 designates a servo contro

| aser diode, behind which a driver 22 is arranged to control the diode 21.
In the laser emtting direction of the servo control |aser diode 21, a
collimator lens 23 is arranged. By this lens 23, a servo control |aser
beamV is converted into parallel rays and is allowed to travel straight.
25 For the occurrence of focusing errors, several nethods may be

contenpl ated including the astigmatic nethod, the knife edge nethod and
the skew nethod. In the case of the construction of FIG 5, the astigmatic

nmet hod makiawerige0f BN wstdg e vadraucing fens 2w adephed.  For the
occurrence of tracking errors, on the other hand, the differential

push-pul | maidacthand-4dei ity sRatve MRINMAG 1A & 6oNSidesed &0 A8 ARMOPr i at e.

Both of these nethods require obtaining three Iight spots on the disk.

Theref ore, AREQERNY PUACthGEADId 109 alefll ShyRliakups 1 - @ di fTraction
a

grating 24 is inserted in the optic system for the servo control |aser,

and diffracted Otgwiﬂ d@g @ﬁg éagbﬁgggrg%i?ﬁ%iggﬁggFﬁ%?igﬁr%gg@t@g%o?;oFTEf

substrate 1 through tHe condenser~lens _ nurrer al
e ot AR (LSSt e Ly o DR Bl o
(see the back surface 102 of the substrate 1, the servo
controi laser beam V is reflected back from the back
surface 102 of the substrate 1 without being affected at
all by the detectioﬁ substance D and target substance
existing in the solutions accommodated in the detecting
section 3 of the substrate 1. The reflected beam is,A
therefore, not disturbed in direction or intensity by
these liquid substances even when the substrate 1 is
rotated. This construction i1s hence very suitable. 1In
other words, neither focusing errors nor tracking errors
5-) ' are subjected to disturbance so that the servo control
sYstems can operate sfably.
Described specifically, numeral 21 in FIG. 5
designates a servo control laser diode, behind which a
driver 22 is arranged to contrecl the dicde 21. 1In the
laser emitting direction of the servo control laser diode
.21, a collimator lens 23 is arranged. By this lens 23, a

servo control laser beam V is converted into parallel

rays and is.allowed to travel straight.
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FIG5). It is to be noted that the above-described excitation |ight P,
fluorescence F and | aser beamV may be different in wavel ength from one
another. When a construction is adopted with these lights P, F and V
being rendered different in wavel ength, the reflecting |ayer 2 arranged on
the substrate 1 is required to have 26 such physical properties that it has
translucence (transmttance) of a predeterm ned degree to the wavel ength
of the fluorescence F and such a | aser beamreflectance as pernmitting servo
controll ed operations. In essence, the reflecting | ayer may have

wavel engt h- dependémeythe oeflmrtrare eo Anth ¢usiTsyri ¢ teoncs, sk mady

preferably have simlar frequency characteristics as |low pass filters.
Wth a singhethadel magthe contemdistéedulibhcltdihgpthyeaboidmatithe
transmttance of the fluorescence F and the reflectance of the | aser beam
V. By proviméehbodsuthenwanefengtife degendensyd besweyrew héthsd possi i to

i nprove both of the transmttance of the fluorescence F and the

reflectancecaset e thsecoheardidn of | BSt! ab] VEnDi HFESGNa P OGREK S Maki ng
use of the bioassay systemaccording to the present invention wll next
be descri beflakasgdusd BEGanbAsthuRHER skl Broficiny lens 26 is adopted.
For the occurrence of tracking errors, on the other
hand, the differential push-pull method and the 3-spot
method are considered to be.appropriate. Both of these
‘methods require obtaining threé light spots on the disk.
Therefore, as commonly practiced in optical disk pickups,
a diffraction grating 24 is inserted in the optical
system for the servo control laser, and diffracted 0-
order and #1°"-order light beams are irradiated onto the
substrate 1 through the condenser lens 5. Incidentally,
numeral 27 in FIG. 5 designates a detector for reflected
light of the servo control‘laser. The driver 22 and the
detector 27 are controlled by the control unit 11 (see
FIG.5). |
It is to be noted that the above-described
excitation light P, fluorescence F and laser beam V may
be different in wavelepgth from one another. When a
‘construction is adopted with these lights P, F and V

being rendered different in wavelength, the reflecting

layer 2 arranged on the substrate 1 is required to have
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A substrate 1 is horizontally fixed on the disk support 8 (see FIG 5).
Wil e operating the focus servo control systemand the tracking servo
control system the substrate 1 is rotated. Wile detecting address
information, a detection substance containing solution Sd is dropped into
predeterm ned detecting sections through one of the dropping nozzles 10
(see FIG 5) (FIG 6A). Wile operating the focus servo control system and
27 the tracking servo control system the substrate 1 is then rotated.
Whi | e detecting address information, a solution St containing a

f | uor escencazdialeiyed d=r gatopeatthistardent siwdnepped-dndinmddia-gr edet er ni ned
detecting sections through another one of the dropping nozzles 10 (see

FIG 5) (Fl @Gr#iBnitkanye)meie apidiaiaatinyy seefraas dyHdi zation  bet ween
the detection substance D and the target substance T, the substrate 1 is

then i nCUbaIaﬁﬁia_'ﬂcé)fvc\;/tl’ﬁ%\iert@Je NI d Jbeh OIS T RAPY Aldlesy st ant -
hum di ty chanber (FIG 6C). Subsequently, the substrate 1 is washed, for

SLaDL, WS st S Qb SR ot v
exhi bi t - and i RIACIHRN rotdl i 48RS LY $URS! HAGR1RJPIRb 11 zed on the
dependency in reflectance and transmittance, and may
preferably have similar frequency characteristics as low-
?ass filters. With a single wavelength, it is difficult
to improve both of the transmittance of the fluorescence
F and the reflectance of the laser beam V. By providing
such wavelength dependency, however, it is possible to
improve both of the transmittance of the fluorescence F
and the reflectance of the laser beam V.
An illustrative biocassay procedure making use of
the bioassay system according to the present invention
will next be described based on FIG. 6A through FIG. 6E.

A substrate 1 is horizontally fixed on the disk

support B8 (see FIG. 5). While operating the focus servo

control system and the tracking servo control system, the

substrate 1 is rotated. While detecting address
information, a detection substance containing solution Sd
is dropped into predetermined detecting sections through
oﬁe of the dropping nozzles 10 (see FIG. 5) (FIG. 6A).

While operating the focus servo control system and
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substrate 1, fromthe detecting sections 3 (FIG 4D). The substrate 1 is

fi xed again on the disk support 8 such that the front surface 101, on

whi ch the detection substance D has been imobilized, is directed upward.
Whi |l e operating the focus control servo systemand the tracking control
servo system the substrate 1 is rotated and the excitation light Pis
irradiated onto the fluorescence-|abeled target substance T (the target 28
substance T which exhibited the interaction) (FIG 4E). The intensity of
fluorescence F emtted fromthe fluorescent |abel is detected by the

det ect or t otidet eragining hee stat eowf roht €y sicdm ont et swedt tdree detect i on
substance D and the target substance T. An output of the detector is

converted ithen thetatigi ! awrsilgnalet2&tdingt RRidreReCiifife drialt idwyber by the AD
converter 20. In this nmanner, a map in which each address on the substrate

1 and the galensir Ysf cdita LRI H@SPONMide: S UUESLOHNCEd ScaRfapared. |t
shoul d be borne in mnd that the bioassay system and bi oassay substrate

accor di ng tSudde. REESANt AN | DMk o AN Nedd il A0hd® ddie abye- descr i bed
enbodi ments. Industrial Applicability The bioassay system according to the
present i nyeitd Mk | th ARYdS ethdGhd Nl b e means d 8 aPRidid Bs 10
{see FIG. 5) (FIG. 6B).
To promote an interaction such as hybridization
between the detection substance D and the target
substance T, the substrate 1 is then incubated for
several hours in a constant-temperature, constant-
humidity chamber W (FIG. 6C).
Subsequently, the substrate 1 is washed, for
example, with an SSC (saline-sodium citrate) buffer
solution B containing SDS as a surfactant to remove the
target substance T, which did not exhibit any interaction
;> _ with the detection substance D immobilized on the
substrate 1, from the detecting sections 3 (FIG. 4D).
The substrate 1 is fixed again on the disk support
8 such that the front surface 101, on which the detection
substance D has been immobilized, is directed upward.
While operating the focus control servo system and the
tracking control servo system, the substrate 1 is rotated

and the excitation light P is irradiated onto the

fluorescence—labeled target substance T (the target
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solution of a fluorescence-| abel ed target substance onto a detection
substance in a state imvobilized on a detecting surface in a reaction
region to prepare a reaction product by an interaction between the
detection substance and the target substance; and neans for irradiating
excitation light of a specific wavelength onto the reaction product and
condensi ng fl uorescence, 29 which has been emtted fromthe

fl uorescence-1 abel ed substance, on a back side of the detecting section to
determne an intensity of the fluorescence. Therefore, a w der space can
be retai nedswbmvencet Both hgh sextiloitsed Ashe ainestddtidd) | Fenssishl.e to bring
about an advantageous effect that a device for dropping sanple solutions

into the detecti Mfhesdeitedns tgndfa fgLEWHR selernides raggagitatiedrofleyhees can be
arranged with a higher designing tolerance. According to the present

invention, fludifesdstr RASSI ble da il bpndhswaldeRer iy m a series of
steps, which include rotating a substrate while actuating a focus servo

cont rol sySleuBithd AL S8 VOGNl on AIB, UIRDAIIA A et ecti on
of the

substance containing solution onto a surface substrate to

Lar gt SubSiAnRE R o (RS ot i A esh SubSranisbiF o2 e Ee

target substance onto t ance | éct both

of the 5Ub§£ﬁ§§§§bf(igﬂbdﬂvé¥€¥§ifH{&“%Hé digital signal 28 of the

specific bit number by the AD converter 20. In this
manner, a map in which each address on the substrate 1
and the intensity of its correspohding fluorescence is
prepared.

It should be borne in mind that the biocassay system
and biocassay substrate according to the present invention

are not limited to the above-described embodiments.

_ Industrial Applicability
The biocassay system according to the present
invention is devised to include means for dropping a
 solution of a fluorescence-labeled target substance onto
a detection substance in a state immobilized on a
detecting surface in a reaction region to prepére a
-reaction product by an interaction between the detection
substance and the target substance; and means for
irradiating excitation light of a specific wavelength

onto the reaction product and condensing fluorescence,
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as hybridization, irradiating excitation |light onto the substrate,
detecting by a detector an intensity of fluorescence emtted as a result,
and then analyzing the state of the interaction between the detection
substance and the target substance. Further, the operations of the focus
servo control system and tracking servo control systemare stabilized,

t hereby making it possible to 30 inprove the reliability of measurenent
results. 31 CLAIMS 1. A bioassay system conprising: nmeans for dropping a
solution of a fluorescence- |abeled target substance onto a detection
substance ekislhimgs iveen rasactted f£eghorhanfl watkss dgh st Thisketatt i on

subst ance and said target substance to interact with each other in said

reaction regilositdmcgy epare BacleasidOnof prioslutdte @ichgreansc @1 wondensi ng
fl uorescence, which has been emtted fromsaid fluorescence-| abel ed

subst ance byetérripth ald nchexcd i@y i O thahtl Riras e fi oneaeleagth onto
said reaction product, on a back side of said reaction region to determ ne

an } mteﬂzirtvyi@ér sipdte (dHPNRSCRIES ndd dbRIOIRFBESKR] HBASEHLI ngsto claim

| a result, it is possible to bring about an advantageous

effect that a device for dropping sample sclutions into

the detecting sections and a group of its associated

devices can be arranged with a higher designing tolerance.

According to the present invention, it is also

possible to stably and surely perform a series of steps,

which include rotating a substrate while actuating a

focus servo control system and a tracking servo control

system, dropping a detection substance containing

solution onto a surface of the substrate to immobilize

the detection substance, dropping a fluorescence-labeled

) target substance onto the immobilized detection substance
to subject both of the substances to an interaction such
as hybridization, irradiating excitation light onto the
substrate, detecting by a detector an intensity of
fluorescence emitted as a result, and then anélyzing the
state of the interaction between the detection substance
~and the target substance. Further, the operations of the
focus servo control system and tracking servo control:

system are stabilized, thereby making it possible to

30




conprising a detecting section provided with at |east a detection surface,
whi ch has been subjected to surface treatnent to permt imobilization of
sai d detection substance thereon, and a reaction region which provides a
pl ace of an interaction between said detection substance in a state

i mmobi i zed on said detection surface and said target substance. 3. A

bi oassay system according to claim1, wherein a light transmtting |ayer
havi ng transl ucence to both of 32 said fluorescence and said excitation
light is formed on a bottomwall of said reaction region, said excitation
light is irimstaiediontoesaish deteaf anesdibsdnnee fAdamesai d back side of
said reaction region through said light transmtting |ayer, and an
intensity of fluorescence returned to said back side through said |ight
transmtting layer is determned. 4. A nethod for manufacturing a bioassay
system which conprises arrangi ng: neans for dropping a solution of a
fluorescence- | abeled target substance onto a detection substance arranged
in a reaction region and causing said detection substance and said target
substance to interact with each other in said reaction region to prepare a
reaction product; and '
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means for condensing fluorescence, which has been emtted fromsaid
fluorescence-| abel ed substance by irradiating excitation light of a
-specific wavel ength onto said reaction product, on a back side of said
reaction region to determne an intensity of said fluorescence. 5. A

bi oassay plate conprising: a detecting section provided with at |east a
reaction region which provides a place of an interaction 33 between a
detection substance and a target substance; and a light transmtting |ayer
havi ng transl ucence to both of excitation |ight and fluorescence and forned
on a side wall of said reaction regigmpIMs said detecting section. 6. A

bi oassay plate according to claim5, further conprising a detecting

section provided wW.t haabibgashyasydetRCbbpprsgihase, Wwhich has been
subjected to surface treatnment to permt 1 nmobilization of said detection

substance t her eon meaith & J:LAHI P S o1 ROV 488 R e slledeR-Of an

interaction between said detection substance in a state immobilized on

oL CrheC L ! e o ntarale iR T s AR P

posi tion existing in a reaction region and causing said detection
substance and said target substance to interact with each
other in'éaid reaction region to prepare a reaction
product;land

meéns for condensing fluorescence, which has been

emitted from said fluorescence—labeled substance by
irradiating excitation light of a specific wavelength
onto said reaction pfoduct, on a back side of said
reaction region ﬁo determine an intensity of said
fluorescence.

2. A bioassay system according to claim 1, further

comprising a detecting section provided with at least a

e

detection surface, which has been subjected to surface
treatment to permit immobilization of said detection
substance thereon, and a reaction region which provides a
place of an interaction between said detection substance
- in a state immobilized on said detection surface and said
target substance.
3. A biocassay system according to claim 1, wherein

a light transmitting layer having translucence to both of
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information and focus information on said detecting section can be
optically furnished, wherein said light transmtting |layer functions as a
reflecting |ayer provided with property of causing reflection of a | aser
beam 8. A process for producing a bioassay plate, which conprises:
arranging a detecting section provided with at |east a reaction region
whi ch provides a place of an 34 interaction between a detection substance
and a target substance; and formng a light transmtting | ayer, which has
transl ucence to both of excitation light and fluorescence, on a bottom

wal | of saighi®aEli®fed@MH@N dril S 1 dstestd ik ectdian. i . fornidasgsay
system conpri sing: neans for condensing a | aser beamthrough a |l ens

arranged ony ayd@edn Skl s & DiPassay Rt AR Uit th ol Al By
irradiating the thus-condensed | aser beamonto said reflecting |ayer, and

oL D ESHR Y R &Y oo W Rl At e g ect e back
focusing - serve GO rala Sy €15 QNBHALGH QB MhAIL SO Bnte
transmitting layer, and an intensity of fluorescence
returned to said back side through said light
transmitting layer is determined.
4. A method for manufacturing a bicassay system,
which comprises arranging:
means for dropping a solution of a fluorescence-
labeled target substance onto a detection substance
arranged in a reaction region and causing said detection
substance and said target substance to interact with each
other in said reéction region to prepare a reaction
product; and

S ' ‘ means for condensing fluorescence, which has been

emitted from said fluorescence-labeled substance by

irradiating excitation light of a specific wavelength

onto said reaction product, on a back side of said

reaction region to determine an intensity of said
fluorescence.

5. A bioassay plate comprising:

a detecting section provided with at least a

reaction region which provides a place of an interaction
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di stance between said |l ens and said di sk-shaped plate. 10. A bioassay
system conpri sing: neans for condensing a | aser beamthrough a | ens
arranged on a back side of a bioassay plate according to claim?7,
irradiating the thus-condensed | aser beamonto said reflecting |ayer, and
obtaining tracking information by using a reflected | aser beamrefl ected
back fromsaid  reflecting |layer, wherein using said tracking infornmation,
a tracking 35 servo control systemis operated to allow said lens to
precisely track an array of said detecting sections. 11. A bioassay system

accordi ng tietteainmb, dettial Rl Sd st B30 tatd QN ddrgit s smdisednas said
| aser beam and vice versa. 12. A bioassay system according to claim®6,

wherein said exci gatigAt! k@Bhshd t2ksg qagéraﬁa%aha kas@k1ubeare apd vice
versa. 13. A bioassay system wherein-a bioassay plate according to claim?7

is held fagidyg, Vi td,Galt M ey i g;ht ]a‘}-bdepfelgi%%%@h SV SR AR Y @

nozzl e for dropping a fluorescerice-| subst ance, which has been

obt ai ned blefddiafasoRioes: Jabeldag & dAlastl an, SRS el @ reaction

reglon in arran

section.

6. A biocassay plate according to claim 5, furthex
comprising a detecting section provided with at least a
detection surface, which has been subjected to surface

.treatment to permit immobilization of said detection
substance thereon, and a reactioﬁ region which provides a
place of an interaction between said detection substance
'in a state immobilized on said detection surface and said
target substance.

7. A bicassay plate according to claim 5, which is
a disk~shaped plate'conétructed such that positioﬁ

_, ) information and focus information on said:detecting
section can be optically furnished, wherein said light
ﬁransmitting layer functions as a reflecting layer
provided with property of causing reflection of a laser
beam.

8. A process for producing a bioassay plate, which
comprises:

arranging a detecting section provided with at

least a reaction region which provides a place of an
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a light source for irradiating excitation light onto a reaction product
obt ai ned by causing said detection substance and said fl uorescence-| abel ed
substance to interact with each other in said reaction region; and a
condenser |ens for condensing fluorescence, which is emtted fromsaid
reaction product by said excitation Ilight, on a back side of said reaction
region. 15. A bioassay process conprising: 36 dropping a solution of a
fluorescence-1 abel ed target substance onto a detection substance existing
in a reaction region and causing said detection substance and said target.

substance tontstecagbnvibébtweashs oidesct losaktostLa6s 1 ONAT 80t HPgéO prepare a
reacti on product; and condensing fluorescence, which has been emtted from

sai d fluoresgesesentabeled substance by irradiating excitation light of a
speci fic wavel ength onto said reaction product, on a back side of said

-reaction region tg,deter il ng A it&ta%%aittwigfeg ﬁ%ﬁmﬂj}ﬁ%@- 37

ABSTRACT To provide a bl oassday systemor t can solve the

probiem of 2i4ecphlogeaPageso2RO¥e dgkathlti%n YO hA L AL Rdifte,

stabilize servo-contro
on a bottom wall of said reaction region in said

detecting section.

9. A biocassay system comprising:‘

means for condensing a laser beam through a lens
arranged on a back side of a biocassay plate according to
claim 7, irradiating the thus-condensed laser beam onto
'said reflecting layer, and obtaining focus information by
using a reflected laser beam reflected back from said
reflecting layer,

wherein using said focus information, a focusing
servo control system is operated to maintain constant a

”} : distance between said lens and said disk-shaped plate.

10. A bioassay system comprising: |

means for condensing a laser beam through a lens
arranged on a back side of a biocassay plate according to
claim 7, irradiating the thﬁs—con&ensed laser beam onto
sald reflecting layer, and obtaining tracking information
by using a reflected laser beam reflected back from said
reflecting layer,

wherein using said tracking information, a tracking
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operation of a disk-shaped plate. Provided is a bioassay system (U) or the
like, which is equipped with at |east neans for immopbilizing a nucleotide
chain, a peptide, a protein, a lipid, a low nolecular-weight- conpound, a

| i posome or any other biological substance as a detection substance (D) in
a detecting section (3), dropping a target-substance containing solution
(S) onto the immbilized detection substance (D), and causing the
detection substance (D) and the target substance (T) to interact with each
other to prepare a reaction product (R); and neans for condensing

fl uorescencee f¥3 , cot 681 hagsbaen eradd ede dd o 4 heod | 0T esicance-d abel ed
substance (D) by irradiating excitation light (P) of a specific wavel ength

o e 05 HE SRk S0ty o S MegpeemrLon e o 2 back

fluorescence (F)'lﬁﬁ A bicassay system according to claim 5,
wherein said excitation light is alsco used as said laser
beam, and vice versa.

12. A bioassay system according to claim 6,
wherein said excitation light is also used as said laser
beam, and vice versé.

13. A biocassay system wherein a biloassay plate
according to claim 7 is heid facing vertically upward.

14. A biocassay system comprising:

a nozzle for dropping a fluoreécencemlabeled
substance, which has been obtained by fluorescence-
labeling a detection substénce, into a reaction region in
which a detection substance is arranged;

R : a light source for irradiating excitation light
onto a reaction prdduct obtained by causing said
detection substance and said fluorescence-labeled
substance to .interact with‘each other in said reaction
region; and

a condenser lens for condensing fluorescence, which
is emitted from said reaction product by said excitation
light, on a back side of said reaction region.

15. A bicassay process comprising:

36




dropping a sclution of a fluorescence-labeled
target substance onto a detection substance existing in a
reaction region and causing said detection substance and
said target substance to interact with each other in said
reaction region to prepare a reaction product; and

condensing fluorescence, which has been emitted
from said fluorescence-labeled substance by irradiating
excitation light of a specific wavelength onto said
reaction product, on a back side of said reaction region

to determine an intensity of said fluorescence.
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