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 opnent s BTORSBAYakYSTEENARESBIPABKARCPORNEM cs 1 and forensic nedicine.
This DNA chip is characterized in that it permts a
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




conpr ehensi ve anal ysis of internol ecul ar reactions such as hybridizations,
because a wi de variety of nunmerous DNA oligosaccharide chains, cDNAs
(conpl enentary DNAs) or the |ike are integrated on a glass substrate or
silicon substrate. An illustrative analytical procedure by a DNA chip

wi Il be described briefly. To a DNA probe i nmobilized on a glass substrate
or silicon substrate, hybridization is performed on the substrate by

subj ecti ng MRNA, which has been extracted fromcells, a tissue or the
like, to PCR amplification in the presence of a fluorescence-|abeled dNTP
ase PCR reaction or the like while integrating the

by reverse traqig§igt )
f1 uor escence-% P BRAEC1Re yor escent probe. Fluoronetry is then
erformed with a prescribed detector. Wth a view to achieving an increase
p P mcés chal i i
in the nunber of ta&P@ét D¥dbshincds chabechandbed andthapr @¥epeRhstin,
detection accuracy and detection speed in a bioassay nethod nmaking use of
t he above- destIHREEhem¥A wshigna L ysuibs tafatie teenioiegua s ra Bé 238 Ve sC ARho!
techni ques fostered in connection with optical disks can be proposed.
Descri bed spéd fivialildizag ionlsyt iberravisteh aa wdeke ¢hireB + v2 c3URSHRPEE sCORRAI Ned
therein is dropped to a predeternined
Qllgosaccharide 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
of 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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posi-tion on a substrate while rotating the sane, and is immbilized on the

substrate. Wth the substrate kept rotating, a solution with a

f'l uorescence-1 abel ed target substance contained therein is then dropped

onto the inmmobilized 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. Wth the

substrate kept in rotation, excitation light is subsequently irradiated

onto the interacted target substance, fluorescence emtted fromthe

fluorescent |abel is detected by a detector, and an intensity of the

f1 uorescencessbstdetectedtasnddt ehairagd §8 apapysa theabppdhngeshigagth

bet ween the detection substance and the target substance (see, for

exanpl e, JP POE1t238634 A) suEB_Era’@@Vﬁhﬂ§§C£b{9§éiHiT;Oéﬁéa¥aﬁ§t hodynpki ng use

of a substrate (hereinafter called "disk assay” for the sake  of

conveni ence LAmOBSLEpHI 6A) thaSs@b8BFLtel N i} A e

conventional one called "DNA chip"?Egaﬁﬁugghﬁg%ggﬁggﬁﬂgﬁggﬁ%?gﬁighbstances

and target subsiepsgs aC : Nery.: £ O0N0R] . 0 substrate by
e R S e bR A

‘making use of injection nolding techniques,
preparation Qﬁb§€§§ééa&@ﬁtéfﬁegpﬁﬁgféiglfgsthé%mhg%pped 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




surface m croprocessing techniques. Further, it is possible to achieve an

i nprovenent in detection speed by rotating a substrate at a high speed
and performng fluoronetric detections with a high- sensitivity detector.
There is a further nmerit in that, if sanples of a target substance carried
at a high degree of integration on a substrate as descri bed above are
repeatedly anal yzed by a hi gh-speed assay system the results can be
statistically processed to achieve an inprovenent in detection accuracy.
In the above-descri bed di sk assay, however, a sanple solution is dropped
downwardly from a point above a substrate, which is held in a horizontal
posi tion, ontS&Tigcedaierviprededstiogt trghadaticens (spot regi ons). _
Accordingly, a dropper (for exanple, an inkjet printing apparatus) is
arranged above the Bubkhenteit!fsaposofisl¢ uesi &hisvadapt aghsiedndhat a
detection unit is arranged above the substrate for the detection of the

intensity of ifl detesténneseretit B¢ Foeateaghaf kupsessences %a@ggﬁd t ar get
substance, a problemtherefore arises in the allocation of spaces for the

the "ar rangement of Tho ar opperor ons- Bcome Lons sk iners FHECeirr ent.
circunstanceséhaititet poyetLo¥8rd MYfec is a further merit in that,
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




4 conpl-ex droppers equi pped with a greater nunber of nozzles is expected
to advance further, it is crucial to solve the above-described technical
problem In a disk assay, it is inportant to assure fail- free operations
of a focusing 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 warpage
of the substrate can be reduced. Servo control information (a servo error
signal), whiTHELER SHARRAFS SWSPsce wilds @ sereadecomimble rsyst ens,  are
obtained by irradiating a | aser beamonto a surface of the disk through

t he condensePAZH€Laid Gpriesdledy tane dvelnest rivcalHey, precessicrgcihe kaser
beam refl ected back to the condenser lens. On the surface of the
substrate, & Ferthet hbodet-detsicanbedbseante cand prbelbar get substance are

unevenly present fromthe optical viewpoint. Therefore, the reflected
| aser beam ret ur nedlmsaadigkuhssapf ﬂ@M@édim§$f§§ﬁ{O@bcﬁséﬁgb|f§fjubeaﬁl
irradiated froma side above the substrate has been subjected to
scattering. free operations of a focusing servo control system, which
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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As--a cansequence, the servo error signal includes a |large 5 noise,
devel opi ng a technical problemthat the operations of the servo control
systens .are rendered unstable. A prinmary object of the present invention
is, therefore, to solve the problemin allocating spaces above the

- detrection unit and specifically, to provide a bioassay system which can
stabilize servo-controlled operations with respect to a substrate.

Di scl osum@isk,| deeal dpind® deicheithd phovkemaderti bbd tepebmitets priobl ens,
exanpl e enbodi nents may provide the followi ng g bioassay system and

bi oassay téghserapeconhrat coysiace amict lreadkiredt unspsete of t he present
invention, there is provided a bioassay system conprising: mneans for

dr oppi ng a sol udimnimfra ddeget ofubke apcesent o.ravedetient ilsp subst ance
existing in a reaction region and causing said detection substance and
sai d t ar géerefbstante sobve rther gotobiietnh ieaehl otdietng sysaiad redaots on regi on
to prepare a reaction product; and neans for condensing fluorescence,

whi ch hasheeértenttbedunit cand |yerasterddsi, altel pdosadd & dacdamosuypr oduct by
irradiating excitation light of a specific wavel ength onto said reaction
6 system which can stabilize servo-controlled operations with

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




product, on a back side of said reaction region to determne an intensity
of said fluorescence. In accordance with a second aspect of the present
invention, there is provided a nethod for nmanufacturing a bioassay system
whi ch conprises arrangi ng: nmeans for dropping a solution of a target
substance onto a detection substance arranged in a reaction region and
causi ng 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 emtted from

fl uor escemodukabebrda Saa ck readd ih syicdueadiy onr radiahi g dekerhate on | i ght
of a specific wavelength onto said reaction product, on a back side of
sai d reaahi dntéregitgnoosapd eflvidiescafcéntensity of said fluorescence. In

accordance with a third aspect of the present invention, there is provided
a bioassay plate conprising: a detecting section provided with at |east a
reaction regi obnwicirdanew deshaapbacendfaspedtniodr abki ppebetveen a
detection substance and a target substance; a light transmtting |ayer
havi ng t riawshti¢engetitardaih pafoviea hahsomod i £y namth fdarareageace and
formed on a bottomwall of said reaction region in said detecting section;
and 6a biocassay system, which comprises arranging: :
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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wherein positioning and focusing information for said detecting section is
recorded optically detectable by laser |ight having a different wave

|l ength fromsaid excitation light, and said light transmtting |ayer has
sel ective transparency to transmt said excitation light nore than said

| aser light. In accordance with a fourth aspect of the present invention,
there is provided a process for producing a bioassay plate, which
conprises: arranging a detecting section provided with at |east a reaction
regi on which provides a place of an interaction between a detection

substance andygctalgeloshskang: and fLILag,a g{;gﬁmat&rig%%éi 18 laver,

whi ch has translucence to both of excitation’l t an [‘'uor éscence, a

bott om kel o0f: RAIALeagt L ondeglen bh sahd dabecling. sgehbon. [egording

in an optically "detectabl e manner posiiioning an ocusrng in ion for

sai d det | S kon using. 1; as | i ght_.havin di fferent ve .l ength
from sai ggg%gg?gtaat%%‘ﬁg eing tw,age a%]e&%e?ﬁ?r% SsaéL?de ?%}at%lfnrlai\ls% t't ?ﬁ% i3Hyer has
sel ectivg, t said excitation I|i re_than said

| aser I|gﬁ?ﬁEgg§$ﬁgé;g§§Pég%%&ggfg%sas? T S pect bR e £§p skhnsmit
said excitation light more than said laser light.

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 1light 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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invention, there is provided a bioassay system conprising: nmeans for
condensing a | aser beamthrough a Il ens arranged on a back side of a

bi oassay plate according to the above aspect, irradiating the

t hus- condensed | aser beamonto said reflecting |layer, and obtaining focus
information by using a reflected | aser beamrefl ected back fromsaid
reflecting | ayer, wherein using said focus information, a focusing servo
control systemmni soperddreck t ovindl nkkai Ai€ohst aspeatdi of andee peteweert sai d

| ens and sai d di sk-shaped plate. In accordance with a sixth aspect of the
present ihnegantban, theetke iisS gyomdel aabhbeasspys @tehefogEMyEing:ng:  means
for condensing a | aser beamthrough a | ens arranged on a back side of a

bi oassay pl atreadec@odi Bgndienéiiey fourdder aspecthrougadhaléng dheanged
- thus-condensed | aser beamonto said reflecting | ayer, and obtaining

t racki ngor nhoaRld o dyy U5i BY Wiodfhegirdd aé@éohﬁ%% rebl egkedhideask from
said reflecting | ayer, wherein using said tracking information, a tracking

servo Ccespddl, systemdsiperiad ednhe-abhawmsal diheds Laapr eeisel yaid ack an
array of said detecting sections. In accordance with a seventh aspect of

the present;cdtiugniia@Ry,t Rele dt aRhA%LAed R sbiieassa% s ¥at %? QTR § g a
hol di ng nmeans for hol'ding a bioassay plate according to the fourth aspect

so that ﬁgﬂféégéaaﬁégﬁrpﬁégﬁfEé?yé§t¥8r$ééfﬂﬂﬁ6mugﬁ@ﬁdreflecting 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




6¢c In accordance with a eighth aspect of the present invention, there is
provi ded a bi oassay system conprising: a nozzle for dropping a target
substance into a reaction region in which a detection substance is
arranged; a light source for irradiating excitation light onto a

fl uorescence-1| abel ed reacti on product obtained by causing said detection
subst ance and said target substance to interact with each other in said
reaction region; and a condenser |ens for condensing fluorescence, which is

em tted from sai dceactande priaducd digisah daexettabirotnki ghtseat a back
side of said reaction region. In accordance with a ninth aspect of the
present inreentiicon, HHwere is provided & hiRassyyspsosesoHreIPLhgi Ng:
dropping a solution of a target substance onto a detection substance

exi sting annazzeacti®n Hegpbphngnd Colshdg SRibdtadekectdn subsdancermnd
said target substance to interact with each other in said reaction region

to prepargegidd uar aEcence-ddtabel 66 S@antdre PLodusingaand condensing
fl uorescence, which has been enmtted fromsaid fluorescence-| abel ed

reaction productiibwel réadicrt i Ag- exsri@td©mg | Lebit Ofi & spagid i enpavel ength
onto said reaction product, on a back side of said reaction region to
det er m ner AL AJHRASELY 2881 e 3 Lh I iURN @3CRACE- obtained by causing said

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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6d I n exanpl e enbodi nents, the bioassay systemis devised to arrange the
fluorescence-intensity determ ning neans on the back side of the reaction
region in a detecting section, so that a w der -space can be retained
above the detecting section. As a consequence, a nerit has been brought
about in that a device for dropping a sanple solution and a group of

devi ces associated with the dropping device can be arranged w th a higher
designing tol erance. In exanple enbodi nents, in the system
excitation-light irradiating neans for obtaining fluorescence my be
arranged either above (on a front side of) or below (on a back side of)

the detectingraectinm. |dulsy owaver, Suilable, 1o ALANE 4 18eq o

excitation-1ig I'rr I ng neans 't oget nNer Wi

fluoresc -int [ eterm ning,. neans_on .the .back side_of the detecting
section, gggga geggés{[t%cf evﬁ% gilrcgsﬁgtég %hﬁy 56 “F O a8 aBE0R° 1 A Wit ect i ng

a
ol

n
section. §BEC%£&§%£%%jK§Q%a%¥§%e”‘C n be.consé ucted such  .that a |ight

;
transnitplng ayer ‘having EransSTucEE8 Nt 5™t Re T T Tor AL e St £8d from t he

fluoresc -labeled target substance.is. forned at least in the detecting
seot! on SHATeRerTaT GG e et PAAT MY el TG 4 EneS TS HELERL i on
SUbStanC%eC ibgh ﬁgaéné%ﬂgéqhg%cg?a%thggi£egégnbegﬁcggought about in

that 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




a back side of the detecting section. By devising the system such that the
intensity of the fluorescence returning to the back side through the |ight
transmtting layer is determned, both of the excitation-light irradiating
means and the fluorescence-intensity determ ning neans can be arranged on

t he back side of the detecting section. In exanple enbodinents, there is
provi ded a bi oassay substrate of a construction that a detecting section
provided with at |east-a reaction region, which provides a place of an
interaction between a detection substance and a target substance, is

arranged and a.light, transmtting | ayer havin transl ucence to both of
oxCi t at | SR ECRHE™ SRt IATbi s MOHCE PELStoriTed B TR601 PBNT ST oft 1oFie

reaction _region in th etecting , section. Incidentally, fluorescence may
be obtaiﬁe%gﬁgiﬁégg O%Ig%?eé%tﬁék%QHEQ?ﬁﬂ%&Qn. BWﬂ@?“l55P8a§ESys¥§B§?rate"
makes it paossi bl o |rradiate excitation light froma back side of a
detectin&l%C eEBPgn£%?r%ﬁﬁﬁRF%) fﬁét%ﬁbéhP&F@Sgﬁﬁcﬁorﬁ5ﬁH§H§%1“¥I rescence,

whi ch has been, obt ai ned fromthe detecting section by the irradiation, on
t he back%? EesﬁaetﬁhFoQﬁﬁegﬁﬁ EQQQECFFﬁ%Sm%QF%Rﬁ(%%ﬁeﬁélﬁthFﬁF@ﬁg?@y of the

S Luor eggeqcss freordiioly, g W der space pan be obialfed, sbove (he
fluorescence-intensity 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




a sanple solution and a group of devices associated with the dropping

devi ce can be arranged with a higher designing tolerance. The
above-descri bed bi oassay substrate can be devised such that a substrate
constructed to optically furnish position information and focus
information on each detecting section arranged on a substrate is adopted
and the light transmtting |ayer arranged in the detecting section is
caused to function as a reflecting |layer provided with property of causing
reflection of a | aser beam Nanely, this |light transmtting |ayer has

L1 ans ucence, LaBoth o Eheqs gxed ool iz and. £ yor egcencey and al so, 2

function to r ect a laser he ‘above-describe substrate

i n exanpl [ n also_be devised such that a substirate of the
above-deggPF%ggggoggp%ﬁggggh %% %s%%n%%%u%%c%ss%yé?%QC?n§§§n4%§?3i§gng
detectin Lon rranged on the substrate. \Wen the substrate
construcgeggﬁ%hgp ?g% f%gf%ﬁrﬂ P e 9 OQFWFSﬁSiﬁPBPﬁﬁfF%g i fSus
-infornath%g Qn_ea h .detectiqg sectiggbis sed, it is necessary to assure 9
fail-freS SBBFaFi SREIoF &% RUATTGYEAN §1E8ner BLIRGEL 51 9M%h serves to

mai ntai n nstant the di stance between the substrate and a condenser |ens,

and a-trggiFﬁﬁng%rvo

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




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 warpage
of the substrate can be reduced. As described above, the light transmtting
| ayer formed in each detecting section arranged on the substrate has
transl ucence to both of the excitation Ilight and fluorescence, and al so

| aser-beamreflecting ability. It is, therefore, possible to condense a

| aser beam through a | ens arranged on the back side (on the side of the
surface opposite to the surface in which the detecting sections are

formed) of S r and to Lrradiate.the thus-condensed | aser beam
onto the r%??%c??%% S%gg??l?%so%%a?n9988§§n9nF8FﬁﬁtFBﬂtF?ﬁn?YﬁEemfaser

b flected back fromthe reflecting | d. by using the f
i or mati o ESTOREFETS. A beke L NoEPUSLaBhl FOF SJSEARTECRAVAERI N

i nf ormat i on,
constant the distance between the |lens and the substrate. Further,

tracki ng ihﬁ%?n%??%ﬁrﬁgﬁ R oDt SPRBEANBHST LBABendNAGR at FaskinGeadT¥ar ough
the lens arranged on the 10 side of the surface opposite to the front
surface of TPRECShLLIYFEem™, WhichliseTIveSthe ¢awse contbrseestemes bean onto

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.
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the reflecting |ayer and using the reflected | aser beam reflected back
fromthe reflecting layer. Use of this tracking infornmation nakes it
possible to operate the tracking servo control system such that the | ens
is allowed to accurately track the array of the detecting sections. The
above-descri bed servo control related neans equipped with the basic
construction, which irradiates a |aser beamfromthe side of the back
surface of the substrate and obtains a reflected | aser beam on the side
of the back surface, can elimnate scattering of the reflected |aser beam
whi ch woul d ot herwi se occur under the influence of detection substance and
target substance _considered to unevenly exist on the.surface of the
substrate fFoRFtPe B ivarfafevprpetite tte sthe nerenrbreurfperthlieng o

el imnate noises fromservo error signals and to stabilize the servo
control | ed Ppesiataton. Irraticabivasthy Bysterendensred abover deswr i e
construction, excitation light irradiated onto the substrate to induce

emi ssi on ofthe ueglebereigeg f¥ayet end fusiotesdences f det edl Taseetbsamst ance
can also be used as a | aser beamfor perform ng the above-described servo
11 control |sxf opered iank ahbwitdes vissSlectlioopriiygr i o Uslel ©f this

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
séctions.

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




enbodi ment, the optical system arranged around the substrate can be
further sinplified in construction, thereby naking it possible to pronote
the cost reduction, size reduction and the 1like of the system In the
above-descri bed bi oassay system the bioassay substrate can be held with
its front surface facing vertically upward, in other words, can be held
hori zontally. This makes it possible to accurately perform dropping of a

sanpl e Sgdﬂﬂf@ﬂlbg,%@%Qgﬁgopgg%ﬂgﬁ?&ggnggrggteﬁEEB?F%ﬁﬁg%ﬁgﬁgig the

direction of gravity, to drop of sna of a uniform

size and cahapenbAcl Nenknabil dUp! - g6l &6td g I}Qf?p%ta{r%gﬁfdéﬁ)’%;g% sErobies

accuracy of fluoronetric etection can rove een scri bed

e SBACeel 8P sEeS ey YPLEMAN AL SILOUHEALY fapihgey] echn o2

significance that it provides the uUsSi néss

to sol ve : b i i for the s | e sol uti dr opper
and th; p%%%%?%%c%ﬁ2%£@%$%%g§?§C%%Fe?%?ﬁgiﬁéﬁ’u%%?eaﬁ%ghﬁ%%ﬁlfﬁgps stfgte

is adoptqqkeab§ot@gtg §¥éﬁchnique to reduce noises in servo error signals
and to permt sta I TYatvon of serve-controlled operations (servo control

of focusing 12 ) )
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




and servo control of tracking). Brief Description of Drawings FIG 1 is a
top plan view of a substrate (1) suited for use on a bioassay system
according to the present invention. FIG 2 is an enlarged fragnentary view
of a 9 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) froma
poi nt above the substrate (1). FIG 4 is a schematic illustration of a

state when excitation light (P) is irradiated onto the detecting section
(3) froma point belowthe substrate (1). FIG 5 is a bl ock diagram
schemati cal | y 88Roweagot kentcoasbrfuctrihoriaf)the bi oassay system (U)
according to the present invention. FIG 6A through FIG 6E are flow
iagrans schenmatica illustrating a bi oassay procedure nmaking use o
di ag hemmtically illustrating a b y proced ki ng f
e system . Bes es for rrying e Invention W reference to
th t Best Mbod f Ca Qut the | t Wth f t
t he acconpanangeﬁraabng$ptaon1§fd§§gﬁigégon w Il hereinafter be nmade about
t he

FIG. 1 is a top plan view of a 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 biocassay system (U) according 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
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construction of the bioassay systemaccording to the present invention.
FIG 1 is atop plan view of a bioassay substrate according to the present
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
sufroundi ng area. A substrate designated at nuneral 1 in FIG 1 is forned
of a material which is adopted for substrates (disks) enployed as opti cal
information recording nedia such as CDs, DVDs or MDs. The substrate is
formed of silica glass, a silicone, a polycarbonate, polystyrene or any
ot her syntheti in, . ool d or otherwi se formable into a disk shape,
preferably an ?ﬁjég%%%[}%%&?m Jgﬁoﬁéejé‘?ﬂﬁ%‘%?% hegiatie Weowf tlecononi cal
synthetic resiQ, y€§éégtes can achieve low running cost conpared wth
gl ass chi ps which have b&erP ¥ cnatlen dQrardimanttswHace 101 of
t he substratez%f detecting sections 3,3,.... and address pits 103, 103

are spireﬁﬁﬁpqeﬁﬂy By alilépt ilcak di skpnpsharizagw bechni que (see
FIG 1) The d ng sections serve as places of an interaction between a

tecti
det ecti on subgPéﬁF?ﬁﬁ SHRS tr attar getcodlisiganee the pheseas RS eaddrLgss pits

are 14

i nventi on,

which is suited for use on the biocassay 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
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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 microneters, and their values are determ ned based on the
spot dianeter of excitation light P and the possible mninmum drop vol une
of sanple solutions (a detection substance containing solution and a
target substance containing solution). Fornmed 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 nanoneters to several tens nanoneters or so. Wthin
t he above-described range, the thickness of the reflecting |ayer 2 can be
det er m ned aslhﬁﬁiﬂ@dSP@éﬁé@d@m@i&ﬂohheoﬁatﬂéi@hbgﬂgg@enqkes¥yg 108th
reflecting layer 2. \Wen the reflecting layer 2 is formed of a S|ﬁb e

| ayer of a meteidthc amet eepah of @aghngkeckaygl ggfﬁﬂoni§059@ﬂé8cﬂaéﬁfial,

its reflectance to a | aser beamfor servo-controlled operations to be
ran of from

nenti oned subsegmestigrahemeponBycd8Sthablyabeys LLBLN &
5%to 50% (inclusive), because this range is alsﬁ%?é%%ggr%%aﬁom%§$5%1e of

CTable servo-contr ol ed. eperatone SETVACERTTN B +8lSHeE and servo
diameter of excitation light P and the possible minimum
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

required to perform more stable servo-controlled

operations (servo-controlled focusing and servo-
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15 controll ed tracking) and translucence to excitation |ight and
fluorescence, said translucence being required for the determ nation of
the intensity of the fluorescence. The above-described reflectance range
al so nmakes it possible to fully elimnate disturbance to the servo-
.controlling | aser beamreflected on the substrate 1 even when the
refractive i ndexes of the liquid substances D, T 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 |ayers
and having waeFEMht ¢ seraiting t yand rtrdnslwesee ito kegdres: ipessiijie to
reflect only a | aser beam for servo-controlled operations, thereby

obvi ating t héROnER#IT edsaNcd oswds! dfrarexiaideatdenbdiirghtreapd fdaugscence
for the determnation of the intensity of the fluorescence. Therefore, a
reflecting | & deteramirsgdroredmtief lientarnte yofo ineh f1%0-Risghela han 50%
(for exanple, 90% or higher) can be formed w thout worrying about any
effect on th@halettavri-nasanbeld thee livvensd Yok Luaressgaee i+l n the
above-described light transmtting |layer, the detecting sections 3 of the

bel owdescri pedsible 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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construction are recessedly arranged. 16 As illustrated in FIG 2, each
detecting section 3 is provided with a reaction region 31 in the formof a
wel | or groove, into which a sanple solution S is dropped, for exanple,
through an inkjet printing nozzle (not 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 limted to the 3 illustrated shape and can
be arranged as many as needed at predeterm ned positions depending.on the
purpose. The detecting surfaces 32 (see FIG 2) have been subjected to
surface treatnent to permt immobilization of the detection substance D.

Surface treatment spitablestfftedheni prEbidi Zééé}?”d@éeﬁfe’ﬁd&it%eeﬁg&% egtion

substance such as DNA probe has been sel ected and app

det ecti ng su&@a@Q%vaae@sw@%gdgdreggﬁﬁggtgg ing syrtaces MY, Re gubiected to

surface treatnment, for exanple, w ofution of "an am no- contai ni ng

Subctrate made ar o TykrRer retredmitn £ Uil Fouthal o Caflptec

substrate nmade of a “synthetic resin, its su
oLt on O AR AREIET AL 00,08 UPLL A A8 e 21 gL
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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Further, copper, silver, alum numor gold may be sputtered onto the
surfaces to. formfilns, and on the 17 surfaces of the filns, a substance
havi ng functional group(s) (active group(s)) such as am no, thiol or

car boxyl group(s), cysteam ne, streptoavidin or the |like can be coated.
Further, a linker may be bound beforehand to the detecting surfaces as
needed to permt immobilization of a detection substance. To the detecting

sections 3,3,.... arranged at predeterm ned positions on the front surface
101 of the substrate 1, a nucleotide chain such as a DNA probe, a
peptide, protein, a lipid, a |ow nol ecul ar-wei ght substance, a |iposone or

any ot her bi o¥¥giacss stbsttencli lny, thesubdkamrice inawbid ized@side detection
substance D. Onto the thus-inmobilized detection substance D, the sanple

sol ution S wig¥Purhes )f | (sortescenpeumtss|jedsucr el anSwest amGe 1CHH ai ned
therein is dropped such that the detection substance D and the target

subst ance T ararbaauisedcup (ist,ercBedt dsintif S aGh QR v Q1 Y ggart@lealr-%gcti on
product R In FIG 2, nunmeral 4 designates a fluorescent dye appﬁled as a

marking to tharent ebatke.t argethsubshanegidy £y WS! 59LLGeLcPaLniRt he
illustrated enbodi nent).
to the detecting surfaces 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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Instead of this fluorescent dye marking, a fluorescent intercalator may be
used to detect an interaction such as hybridization. 18 A description wll
next be made with reference to FIG 3. In the bioassay system according to
the present invention, fluorescence F, which has been emtted from the

fl uorescence-1| abel ed target substance T by irradiation of the excitation
light (exciting |aser beam) P of a specific wavelength onto the reaction
product R, is condensed using a |lens (condenser |lens) 5 arranged on the
side of a back surface 102 opposite to the front surface 101 of the
substrate 1, sai dAf Hescrdwtiiaeewitonhakni bg mhdedetiedt rageseateons 5
arranged thereln and the intensity of the fluorescence F is determ ned.

Desi gnat ed RitG .NBEr ah &hienbib@ssdyl syatefndersetihgnso anheapgedehn front of
a detector 7. The irradiation of the excitation light Pis feasible from

the direct iR ft @i heﬂ’ld&k%édé?f&e str hagen Hik Hedhehaskesuniace 102 of
the substrate 1 (in FIG 3, an enbodlnent |n mhlch |rrad|at|on Is effected

fromthe siyde afdhe dd- siHdace +4 is shown). To
effectively use the space above the fr nt surface 101 f t he substrate as
a space for; Liey ;A O YL Ol ation light (exciting laser beam)
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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sanpl e solution dropper and its associated devices, it is preferred to
-performthe irradiation of the excitation |ight 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 | ayer 2
on a bottomwall 33 of the detecting section 3) is allowed to function as
a light transmtting layer having translucence to the fluorescence F and

the excitation |igh dhe BhbSIBERS ihaP@en Bheikachbpad gh% phe sexci tation

light P onto the detecting section 3 fromthe side o back surface

opposi te t o Fheyfsan J%%%titﬁlf Substeate A (aleq 4 dad er i ne

the intensity of the f uor escence to the si ack

vevel engt h G Chete TR (71 gro T BT S B Tt trom
whi ch generale t (AbreReEn e i arbed 1 ”‘baﬂe%iﬂa%ﬁba g 5
descrlptIOQA%ég g“%g%rEgés éﬁe reflecting layer 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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made about the overall construction of a suitable enbodi ment of the

bi oassay system U according to the present invention. The substrate 1 of

t he above-described construction is secured on a spindle 9 arranged
extending upwardly 20 froma di sk support 8 which is equipped with rotating
means. 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 formof solutions. For the avoidance of various problens such as
dripping, ifrem atdeskefonppext remehjclless rogsipoedori@Zonteatdtyidgl d the
substrate 1 onto which the solutions are to be dropped. Arranged above the

substrate ImaamsnoZHeesplitidleonstisudiegayce i idat ddhg nsaneka tse! tdien S can
be dropped into the detecting sections 3, 3, ... at predeterm ned

posi tions whid e(sesuretely) toRCKiNGlibheMma¥: tontrol unit designated at
nunmeral 11 controls entire dropping operations by the nozzles 10 on the

23;LZ of focus Iﬂﬁﬁiﬁﬁkk@ml%ﬂdshb%%%hQ% Tﬂf%HU%E%OQaEQSQesugg@ghgged
guently herein. The excitation light P 1s outputt froma Taser
' T, which are to be dropped onto the front surface 101 of
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 coritrols 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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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

si ze of sevieraldaterohey essciorso ordmetiserd ade of the baubdumi=acdy the
condenser lens 5. To nmake effective use of this mnute spot dianeter of
the excitati®h ¢f ghte sukieiterint Tngidezzlaad y;apaileaaaf 1¢r oppi ng a
solution of picoliter order mcrovolunme are suited as the nozzles 10 for
droppi ng t hindieteiods on sidasd Bncea reomtai g8 Nor &9 tHd Wbn@dsh the  arget

subst ance containing solution onto the substrate 1. The inkjet printing

nozzl es mtdea@itvéded BssdmBiods ddumper of solutions to be used. As
an alternative, each nozzle my be washed once subsequent to dropping of a

sol ution, and may giehen RecUS&Eita+dbAP13GAENS 130U icted to a

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 dropped to
a desired address while reading address informatioﬁ,

‘which have been recorded beforehand on the substrate, by
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Thi s manner nmakes it possible to handl e many kinds of solutions by a
smal | er nunber of nozzles. Upon dropping the sanple solution S (the
detection substance containing solution or the target substance contai ning
solution) onto the substrate 1, each desired solution is dropped to a
desired address whil e reading 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-|abeled target substance T
still remai WFHEY #nSeRECdePREIPhglaeer leam Wf (whiglashihh,behat is, the
target substance T which has undergone an interaction such as
hybri di zat i BPRt1PRRM eSeopegueRt]l Yzt eetiby. numeral F is enitted, and this
fluorescence F then returns to the side of the back surface 102 of the
substrate 1 (see Mh@n thegaigitatAfdrerd itghits Hf liworieseelice cd iositiefthact ed 900
by the mrror 14 arranged below the substrate 1, it travels straight
t hrough t hef thateadenas + Tave 1&d araagge dsuls tdrece arlvancl Norddidacition of the
like, and is then refracted 90 by a dichroic mrror 18 arranged further
ahead. Subsedquentdeteditng | sFeisese s e ft SN LA $h By UPRAE 18NS H
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.

: ) ' 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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and is condensed there, and is guided into a detector 7. As is appreciated
fromthe foregoing, the dichroic mrror 18 is equipped with property of
reflecting the fluorescence F and al'so with property of exhibiting

transl ucence.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 like for general optical 23 disks. It is,
therefore, suitable to adopt as the fluorescence-detecting detector 7 a
photomul tiplier tube or aval anche photodi ode (APD) having very high

sensi tivitydislen. gdhedal phetedicadss sufhebileugbeagepteak dakected by the
detector 7 is converted into a digital signal 28 of a predeterm ned bit

nunber by afil Al eoraterd-ele t2: t iSue ek gt ﬁiag?aioﬂzo%&laii%)lilb%ﬁ%uﬁeor
exanple, for an analysis such as preparation o a map in which each

addr ess on dhexsubstdrt %hbﬂo’iii(‘cﬂié elzimd Her e viryensidry of its
corresponding emtted | uorescence. A description™w |l next be made about

t he constrggﬁgfﬂlﬁjtfIy%a§pgﬂghéggﬂrﬁﬂogaggdygg' Firstly, the condenser |ens
5 arranged bel ow t he

The fluorescence F detected by the detector 7 is
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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substrate 1 is constructed such that it can be driven in a focusing
direction (vertical direction) and in a tracking direction
(circunferential direction) by the actuator 15. As this actuator 15, a
two-axis voice coil type actuator of the sanme type as that enployed in a
pi ckup for optical disks is suited. As described above, the substrate 1 is
held horizontally, and the condenser lens 5 is arranged vertically bel ow
as viewed fromthe substrate 1. Therefore, the excitation light P and the
servo control 24 |aser beamV, which is used for the focus servo contro

and the trackdeng ksedv o7 COMMTEN i Angsdd ragh atipd fdQm theveida it he back
surface 102 of the substrate 1. OM ng to the adoption of the construction

that the @{d%}@rﬂféﬂklrﬁ%%eﬂ%ﬂeo\ﬁﬁr%ﬂ rradi aitﬁ%flram@& he i 4ge0f the

back surface 102 of the substrate 1, the servo control |aser beamV is

refl ected hade IJOMIS R0k w0021 U Pnd Mplisldate 1w thout being

affected at all by the detection su st anc arget subst ance

Sios o0 1. T PAHECER LIRSS Lo B, S b R CEM R ol 1,
or intensi tsyermé) c.lor}ieti'e | 'l%us'e(z'ic %uetésfnt P 1?:\4:%d1\m:%ra tfh:oms %%St rsa:’Ltd% ]c'>
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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rotated. This construction is hence very suitable. In other words, neither
focusing errors nor tracking errors are subjected to disturbance so that
the servo control systens can operate stably. Described specifically,
nuneral 21 in FIG 5 designates a servo control |aser diode, behind which
a driver 22 is arranged to control the diode 21. In the laser emtting
direction of the servo control l|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, skEvertte ogtthodsngmyoHef oo anpleatesrs ndawdimeg t he
astigmatic nethod, the knife edge nethod and the skew nethod. In the case
of the consmetbodenmel BeGoobienpbatsti gnaliudingt hhd agekimgtise of an
astigmati sm producing lens 26 is adopted. For the occurrence of tracking
errors, on mathotihethbhakdjféhedgtfheteodi ahdpuBs- putl nethed. and: tdye 3- spot
nmet hod are considered to be appropriate. Both of these nethods require

obt ai ni ng tbase bfgbhespohstLlict hén dbskric The) ef RE €5 s BSgRAM® Ny bact i ced
in optical disk pickups, a diffraction gratlng 24 |s |nserted in the
optical sysiRihOnskhersghvase98hael shapebdu@gdirfdsatleed Otdyopted.

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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order and 1st-order light beans are irradiated onto the substrate 1

t hrough the condenser lens 5. Incidentally, nuneral 27 in FIG 5
designates a detector for reflected } light of the servo control |aser. The
driver 22 and the detector 27 are controlled by the control unit 11 (see
FIG5). It is to be noted that the above-described excitation |light P,
fluorescence F and | aser beamV nay be different in wavel ength from one
anot her. Wien a construction is adopted with these lights P, F and V
being rendered different in wavel ength, the reflecting |ayer 2 arranged on

t he substratuch pleysieml pedper thisake 2Hats uich Hely sireals Ipiapeid i es that it has
translucence (transmttance) of a predeterm ned degree to the wavel ength

of the fl uortesoeieie tarity Y dlaiieheaBd fdBelanee @ask permtting servo
controll ed operations. In essence, the reflecting | ayer may have

vavel engt h-waenendaiic b f R HeL e @nce mnd 1 AR5 BuldARC 8.5 AW i,

preferably have simlar frequency characteristics as |low pass filters.

Lo AR, i e AN QNS Dy
V. By proviglidig oe3U R VG185 AORGNICHEY, HAWCY S elldh dih POSSI bl e to
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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i nprove both of the transmttance of the fluorescence F and the

refl ectance of the laser beamV. An illustrative bioassay procedure mnmaking
use of the bioassay system according to the present invention wll next
be described based on FIG 6A through FIG 6E. 1 A substrate 1 is

hori zontally fixed on the disk support 8 (see FIG 5). Wile 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 predeterm ned detecting
sections t hteighrackingfséirec dcappral spzzdms dife (seesttdie 5) {§1 G 6A).
Wil e operating the focus servo control systemand 27 the tracking servo

control systlesn tdieatseddst natid el deteddiony beldateed Widraadalegt iang address
information, a solution St containing a fluorescence-|abel ed target

subst ance i soTioppedsi %&ﬁi@mﬁfd&tﬂmf@&&%@%%@leéﬁ%ﬁfﬁ t hrough
anot her one of the dropping nozzles 10 (see FIG 5) (FIG To pronote

an i nt er actd sk etk ass ek a9 tr@tmgmﬂ%@%%&%t ance D and

the target substance T, the substrate I's then i ncubated for
sections through another one of the dropping nozzles 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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several hours in a constant-tenperature, constant- humdity chanber W (FI G
6C). Subsequently, the substrate 1 is washed, for exanple, with an SSC
(saline-sodiumcitrate) buffer solution B containing SDS as a surfactant
to renove the target substance T, which did not exhibit any interaction
with the detection substance D immobilized on the substrate 1, fromthe
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

f ocus cont ralbsEanvoe Sy sttetaranski el tdd adks nghtcord ol orpler (RIEYy stEm t he
substrate 1 is rotated and the excitation light Pis irradiated onto the

fluorescence-| abelted tiargelsisybsirafiecteEidaa deargeni28cgubsbanegeT Which
exhibited the interaction) (FIG 4E). The intensity of fluorescence F

emtted fromidiesdduoressentid aRalediedelpotind M ddigdetgector to

determ ne the state of interaction between the detection substance D and

the target cuhsiance the Ao Bt ofcdifec 51 aRtolods gonieried o the

digital signal 28 of the specific bit nu onverter 20. In

this manne,La J/BR il i %eeq:(‘ar]:gae%drs?fbsst%éeher.suﬁﬁt E)%:ﬁua' of the

detector is converted into the 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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and the intensity of its corresponding fluorescence is prepared. It should
be borne in mnd that the bioassay system and bi oassay substrate according
to the present invention are not limted to the above-descri bed

enbodi ments. Industrial Applicability The bi oassay system according to the
present invention is devised to include neans for dropping a solution of
a fluorescence-| abel ed target substance onto a detection substance in a
state immobilized on a detecting surface in a reaction region to prepare a
reacti on product by an interaction between the detection substance and the
t arget subsvhick;handemaresnitredi fradi@tie nHl e dadn@n-lalgdtedf a specific
wavel ength onto the reaction product and condensing fl uorescence, 29 which

has been ensthbetaicomdhe flawk esTencer | ghel vk e Siilsg awes i o back side
of the detecting section to determine an intensity of the fluorescence.

Therefore, detsimiBic SPacE s DEy &t amed phova dal@ct | NYeseEbiransa As a
result, it is possible to bring about an advantageous effect that a device

for droppi ngs el ol ans D nddheinte dd g Serd | Qs Ak a ggoup of
its associ ated deV|ces can be arranged wth a hi gher” designing tol erance.

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
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According to the present invention, it is also possible to stably and
surely performa series of steps, which include rotating a substrate while
actuating a focus servo control systemand a tracking servo contro
system dropping a detection substance containing solution onto a surface
of the substrate to imobilize the detection substance, dropping a
fluorescence-| abel ed target substance onto the imobilized detection
substance to subject both of the substances to an interaction such as
hybri di zation, irradiating excitation light onto the substrate, detecting
by a det ectiafipidwe ntlensid )i adilifdwaseseenne-amEdd ekasms 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, thereby
making it possible to 30 inprove the reliability of nmeasurenment results.
31 CLAIM5S 1. A bioassay system conprising: neans for dropping a solution
of a fluorescence- | abeled target substance onto a detection substance
existing in a reaction region and causing said detection
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substance and said target substance to interact wwth each other in said
reaction region to prepare a reaction product; and neans 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 determ ne
an intensity of said fluorescence. 2. A bioassay systemaccording to claim
1, further conprising a detecting section provided with at |east a
detection surface, which has been subjected to surface treatnment to permt
i mmobi |i zation of said detection sulzgizzmese thereon, and a reaction region
whi ch provides a place of an interaction between said detection substance

in a state immmobili.zed 8fcsakedydeteetinoBompiisgagand said target
substance. 3. A bioassay system according to cla|n11 wherein a |ight

ransmi Ui ng | ayemduny M rpisRNse sohadh ofe JZ1saird stbuprescence and

said excitation light is for a bottomwall of said reactlon regi on,

sai d exci taié]%]leclilgﬁ s éﬁﬁg@@é@%m%s&ﬁeﬁ%%@f%% SHhst ance from

sai d back side of said reactlon region throu
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 bioassay system according to claim 1, wherein

a light transmitting layer having translucence to both of
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transmtting layer, and an intensity of fluorescence returned to said back
side through said light transmtting |layer is determned. 4. A nethod for
manuf acturi ng a bi oassay 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 neans for
condensi ng fluorescence, which has been emtted fromsaid

f1 uor escenceaiabel eshsdthst N dYsaid raeh Atd i reXci drat 1100 Adefdd @n a
specific wavel ength onto said reaction product, on a back side of said

reaction regigedds deler Mnean Lnsidy Qfged d sfideseencen 5. A
bi oassay plate conprising: a detecting section provided with at |[east a

reaction regi g WH Gl UM AES a&:?icf’fdeac,%ad'tgﬁcﬁg Hfhnc3 Agiyeen a

detecti on substance and a target substance; an Ight transmtting | ayer

havi ng. trans| upenas, LA ROtk o GXGId Al A0 Lo A 1A a35enag pd f ormed

on a
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 baék 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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side wall of said reaction region in said detecting section. 6. A bioassay
pl ate according to claim5b, further conprising a detecting section
provided with at |east a detection surface, which has been subjected to
surface treatnent to permt imobilization of said detection substance

t hereon, and a reaction region which provides a place of an interaction
bet ween sai d detection substance in a state imobilized on said detection
surface and said target substance. 7. A bioassay plate according to claim
5, which is a disk-shaped plate constructed such that position

i nf or mat i orpetkdroGUd fH T 18 | Abhrsad dirlpteald bt SAHIRMEaN He
optically furnished, wherein said light transmtting |layer functions as a

reflecting |ayer zproyhded rahkhiRtoper tuyel 6aYsShadthahkeakkaBeOtoa | aser
beam 8. A process for producing a biroasSay plate, which conprises:

arrangi ng g,4gf epd iéa&i%;%géi;og{l %?% degs Wt s cdrfasta Ry 'RAGId P @01 On

whi ch provides a pl ace I nteraction between a detection substance
and a targ%ﬁxk?%&ﬁh@%&eééﬁgjreaction region in said detecting

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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formng a light transmtting |ayer, which has translucence to both of
excitation light and fluorescence, on a bottomwall of said reaction
region in said detecting section. 9. A bioassay system conprising: nmeans
for condensing a | aser beamthrough a I ens arranged on a back side of a
bi oassay plate according to claim7, irradiating the thus-condensed | aser
beamonto said reflecting |ayer, and obtaining focus information by using
a reflected | aser beamreflected back fromsaid reflecting |ayer, wherein
using said focus information, a focusing servo control systemis operated

to maintai nigbaskadion betwéance bet¥eeiosaktbleasc@nghsal dy i gkt shaped
plate. 10. A bioassay system conprising: nmeans for condensing a | aser beam

through a | gasstancapggddon a back side of a bioassay plate according to
claim7, irradiating the thus-condensed | aser beamonto said reflecting

Vayer, and obl ai ningiyarkl NG il AT . B Uk A ieldieated | aser beam
i I erein’

refl ected back from sai reflecting layer, in‘using sald tracking

I nfor mati ong 20§ {ACkHOY +35p8LRYBCAUI A TUH ATt W ARG I Al QY sai d

lens to
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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precisely track an array of said detecting sections. 11. A bioassay system
according to claim5, wherein said excitation light is also used as said

| aser beam and vice versa. 12. A bioassay system according to claim®é,
wherein said excitation light is also used as said |aser beam and vice
versa. 13. A bioassay system wherein a bioassay plate according to claim?7
is held facing vertically upward. 14. A bioassay systemconprising: a
nozzl e for dropping a fluorescence-|abel ed substance, which has been

obtai ned by fluorescence- |abeling a detection substance, into a reaction

region in v £ho acEet £61 | HPs SARSE ANGSeF St & rehaetion dd apti spuree for
irradiating excitation light onto a reaction product obtained by causing

sai d deteqlion substapce and said, fduoresgencesdangl ed oSl ance to

interact with each other In said reaction region. and a condenser |ens for

condensi ng fIuoregggncg,bw@ggEgngggg%%gggcggggbggkg Leactign produc; by

said excitation Iight,” on a sai cfion region. 15.
bi cassay p&ﬂ%§§§i§0@§qéSé£@ﬁtaé¥%n light is also 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 biocassay 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:
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dropping a solution of a fluorescence-|abeled target substance onto a
detecti on 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 emtted fromsaid fluorescence-| abel ed
substance by irradiating excitation |ight of a specific wavel ength onto
said reaction product, on a back side of said reaction region to
determ ne an intensity of said fluorescence. 37 ABSTRACT To provide a

bi oassay system odrbbpinigke, sehiuth ccamisal Faublke speaklkemabklakl ocati ng
spaces above detecting sections and can also stabilize servo-controlled
operation dfamgel sustanet paie.a R dtetbr Sub 0888 akissitmmiil))a or the
li ke, which is equipped with at |east nmeans for immobilizing a nucleotide

chain, a pefdditiord fHPLA tind ddul thg a4 QW ddRl QG ATs i cLeymRpund, a
| i posone or any other biological substance as a detection substance (D) in

a detecting xeald:Qfed Jub AR NG & 1A GR1 SHRSE ANLs AoNUAIN r%i%pl ution

(S) onto the inmbilized detection substance (D), and causing the
detection substange dddion 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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and the target substance (T) to interact with each other

to prepare a

reaction product (R); and neans for condensing fluorescence (F), which has

been emtted from
excitation light (P) of a specific wavel ength onto the
by a lens (5) arranged on a side of

(R,

reaction section (3) to

ABSTRACT
To provide a bicassay system or the like, which can
solve the problem of allocating spaces above detecting
sections and can also stabilize servo-controlled
operation of a disk-shaped plate.
Provided is a biocassay system (U) or the like,

which is equipped with at least means for immobilizing a

‘nucleotide chain, a peptide, a protein, a lipid, a low

molecular-weight compound, a liposome or any other
biological substance as a detection substance (D) in a
detecting section (3), dropping a target-substance
containing solution (8) onto the immobilized 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 means for
condensing fluorescence (F), which has been emitted from
the fluorescence—labeled‘substance (D) by irradiating
excitation light (P) of a specific wavelength onto the
reaction product (R), by a lens (5) arranged on a side of
a back surface (102) of the reaction section (3) to

determine an intensity of the fluorescence (F}.

38

t he fl uorescence-| abel ed substance (D) by irradiating
reacti on product

a back surface (102) of the
determ ne an intensity of the fluorescence (F).
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