; €3eC(CT: &6T({> Technical Field This invention relates to a bi oassay
systemuseful in the field of bioinformatics. Mre specifically, the
present invention is concerned with a bioassay system devi sed such that
fluorescence enmtted froma fluorescence-|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 fl uorescence.
Background Art Nowadays, nol ecul e-integrated bioassay substrates with

predeterm ned DNAs finely arrayed thereon by m croarray technmmm i

are generally called DNA chips or DNA mcroarrays (hereinaft ﬁWWMMWWWMﬁy
call ed "DNA chips"), are used in npEs¢RIPTTONR| yses of genes, SNPS, 9500

(si ngl e-base pol ynor phi sns) anal yses, gene expression frequency anal yses,

and the like, and have begun to find utility in a w de varietﬁm mlﬂ' um
such as drug devel opnents, clinical diagnoses, pharnmacogenom ﬂ "‘mm mmn
forensic mygigisaay WysrelNAN st dascaliansaginer 1260 in that it permiysys
conprehensive analysis of internolecular reactions such as hybridi zati ons,
because a wi de variety of nunmerous DNA ol i gosaccharide chains, cDNAs

(conpl enentary DNAs) or the like are integrated on a glass substrate or

silicon su %% %ﬁ%arm}féf&wtratlve anal yti cal procedure by a DNA chip

This invention relates to a biocassay system useful
in the field of bioinformatics. More specifically, the
present invention is concerned with a biocassay system
devised such that fluorescence emitted from a
fluorescence-labeled substance existing 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 biocassay 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, pharmacogencmics



w |l be described briefly. To a DNA probe imobilized on a glass substrate
or silicon substrate, hybridization is perfornmed on the substrate by

- subj ecting nRNA, which has been extracted fromcells, a tissue or the |ike,
to PCR anplification in the presence of a fluorescence-|abel ed dNTP by
reverse transcriptase PCR reaction or the like while integrating the

fl uorescence-| abel ed dNTP as a fl uorescent probe. Fluoronetry is then
performed with a prescribed detector. Wth a view to achi eving an increase
in the nunber of target substances to be handl ed and i nprovenents in
detection accuracy and detection speed in a bioassay nmethod maki ng use of

t he above- dgsrridiecthIINA it izirsdibstrate techni ques and servo control

techni ques fostered in connection with optical disks can be proposed.
Descri bed specifigakkypna &0l 1@N cWallcd cd@tzeet 1N that SUDYAGEE scant ai ned
therein is dropped to a predeterm ned position on a substrate while

rotating t %meﬁ% S TR d | 22 A IS SUBBL F f act bils t Sigcigubstrat e

kept rotating, a solution wth a fluorescence-| abel ed target substance

cont i ned 1etgiikidh Sl ONABSh UL & Lhead WRBILLgoge debcEion pSt ance

to cause the giectlon sgﬁstbnce an ?%e tar get tance to Interact with

h ot her, , i : . .

Ségheﬁt of iO%sta{’%eﬁ%%% NG IR LR dtats, DRs| R B o '
tly irradiated onto the i d b 2

ari tted {1 oA (o ReUmthed aeid | ELAER cRUeR 508 BEL BB and an

intensity of the fluorescence so detected is determned to anal yze the
bi ndi ng str Y33 ween the detection substance and the target substance

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 biocassay
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



(see, for exanmple, JP 2001-238674 A). The above-descri bed bi oassay net hod
maki ng use of a substrate (hereinafter called "di sk assay" for the sake of
- conveni ence in description) has a nerit in that conpared with the
conventional one called "DNA chip", a huge nunber of detection substances
and target substances can be very econom cally arrayed on a substrate by
maki ng use of injection nolding techniques, which are enployed in the
preparation of substrates for optical disks, and 3 surface

m croprocessi ng techniques. Further, it is possible to achieve an

| nprovenent in detection speed by rotating a substrate at a high speed and

per for m ng BT réentkeimed i israid e dughsedstd i &ipyediet @xhdied Ther e
is a further nerit in that, if sanples of a target substance carried at a

hi gh degr egfi e Iatd Ofudt PatSaIDFR T Bd er sSa IBSE It e ds AROV earad €1 § epeat edl y
anal yzed by a hi gh-speed assay system the results can be statistically

ot Sece PRRP P Ao AR SEVASH WSS e
rotating, a solution with a fluorescence-labeled target
substance contained therein 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 fluorescent 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 A).

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 molding techniques, which are employed

in the preparation of substrates for optical disks, and



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

- (spot regions). Accordingly, a dropper (for exanple, 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 emtted fromeach fluorescence

| abel ed target substance, a problemtherefore arises in the allocation of
spaces for the dropper group and the detection unit, leading to a technical
probl em that the arrangenment of the dropper group becones conplex. Under

t he currentsuyfanestidrepidudsdigy raashriionsysd nore 4  conpl ex droppers
equi pped with a greater nunber of nozzles is expected to advance further,

it is crucial to sakvBetrheigbewepdessbibedot aehieval apr abipeidveent di sk
assay, it is inportant to assure failfree operations of a focusing servo

control  sysitree sdtitatbrs &ty sy TRITH@iNY GONSIIrdte £k S afcgn bet ween the

substrate and a condenser |ens, and a tracking servo control system which

Serves (0 GRUsey &d Y BRHENGRs GOl t:.lied‘sdétféséo‘{% %?ﬁété‘%‘i bst ances

and target substances arrayed on the substrate, cts of dynamc

di st ur bancesserfﬂﬁ‘%ﬂi%{ %ﬁ%ﬁ | tr)‘l{e%d 14215029 e Al &%%"Ebi\tﬂ:]?%uﬁatﬁgn be

reduced. Servo contr ion (a sérvo error signa

UL o0, £ UL D50 SEYAE AR el A S 0L EE Boroe
s 2nd, 00k ol A 51 6ot cRlL Y Procese s el gostapea et ected
detection Sruebpsetaqcneccglyanadnélhfzégrbgyeta Shuibgsl:&—asnpceeed 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 complex. Under

the current circumstance that the move toward more



are unevenly present fromthe optical viewpoint. Therefore, the reflected
| aser beamreturned as a result of upward reflection of the | aser beam
-irradiated froma side above the substrate has been subjected to
scattering. As a consequence, the servo error signal includes a large 5
noi se, devel oping a technical problemthat the operations of the servo
control systens are rendered unstable. A primary object of the present
invention is, therefore, to solve the problemin allocating spaces above
the detection unit and specifically, to provide a bioassay system which can
stabilize servo-controlled operations with respect to a substrate.

Di scl osur e ceimgleseRidapbels sjuipddie vaindy e daseatidre chumedmi el probl ens,
the present invention provides the follow ng bioassay system and bi oassay

substrate. fddAltdsy.id hkg@asaDtt ApdvaRié ofuiiad desc a Hi OascHy] syst em
devised to include neans for dropping a solution 'of a fluorescence-| abel ed

target subs{fRee Y %b%v‘@tcfé?édﬂrbéd'bééé’f&%‘ca(lf Yroxedmw! e, a nucl eotide
chain, a peptide, a protein, a lipid, a |ow nolecular-weight conmpound, a

i posone, or any qghsr dRis@ gg'swd 4P ANGR P ahfte td k@supd Hding- in a

reaction region and causing the“detection Substance and the target

onot ton® AN AL WD SO ANELLAR JORE SAGLe QL TEM Ol ARIERATS @

reaction proau maans rra I a |ng exclitation i of speC|f|c

wavel ength qg%&égrko 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 required 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 consequence, the servo error signal includes a large



reacti on product and condensi ng fluorescence, which has 6 been emtted
fromthe fluorescence-|abel ed substance, on a back side of the reaction
-region to determne an intensity of the fluorescence. The bi oassay system
is devised to arrange the fluorescence-intensity determ ning nmeans on the
back side of the reaction region in a detecting section, so that a w der
space can be retai ned above the detecting section. As a consequence, a
merit has been brought about in that a device for dropping a sanple
solution and a group of devices associated with the droppi ng device can be
arranged with a higher designing tolerance. In the system excitation-Ilight
i rradi ati ngomRS debfe 0P A di G ddHoI Sl b Tay fieatartleeagese ea t hetis above
(on a front side of) or below (on a back side of) the detecting section. It

i's, howevelof siHd U Brd LA P e G it tdrd tgitun st Asiar i ng nmeans
together with the fluorescence-intensity determ ning neans on the back side

of the detecting seqtiigRryPeEadse dSihd pMcdentSpasRmabMe dormed above
the detecting section. Spécifically, the System can be constructed such

that a 1l OhndIanad | L% Ayere AL 1ERNS] WoPIGEat P NepdLaer escence

emtted fromt vorescence- | abe arget substance is fornmed at | east
in the detegtin ect | d | fati i | S.{{radiat rd the 7
det ect i on. sUbst antéqee,' %l% e%?s Ilélt?nér?%eéée’g%{cﬁ%%i%éb%ﬁ,ﬁgcr){f)r%&\% ack side
of the detecting section. By devising the systemsuch th intensity of
the fluor egi:]e‘??c%sar%t?ﬁﬁ% '%llbl(f ec%%c?t%hgy%%r%%ﬁﬁgtﬁénﬁl %#ﬁ?g?r ansnitting

| ayer is determ ned, both of the excitatiagn-light irradiating neans and the
f 1 uor escenc® A BT YR T HTRT Ty 1h‘éa?'lss';‘,)-l?ﬁf“f)%:‘I:'alrranged on the back side
of the detecting section. Secondly, the present application also provides a
bi oassay substrate of a construction that a detecting section provided with
at |least a reaction region, which provides a place of an interaction

bet ween a deteeteohreudst BmteneheRa target substance, is arranged and a
light transmtting |ayer having translucence to both of excitation |ight
and fluorescence T fsorliad tdie abfvrerdeigridgied HeGhanked brP ¥R FRSi n t he

detecting section. Incidentally, fluorescence may be obtained using a
f | uor escentthetpresént oinvaht son bpoarsdgs sthst fat dowinlebipasgagsible to
irradiate excitation light froma back side of a detecting section arranged
on the subssysatenamddtloicassenssubstoatsecence, which has been obtai ned from
the detecting section by the irradiation, on the back side of the detecting
section to deternmmedtig, frenytesait tdpBication provides a

biocassay system devised to include means for dropping a

solution of a fluorescence-labeled target substance onto

a detection substance (for example, a nucleotide chain, a

peptide, a protein, a lipid, a low molecular-weight

compound, a liposome, or any other biological substance

or the like) existing in a reaction region and causing

the detection substance and the target substance to

interact with each other in the reaction region to

prepare a reaction product; and means for irradiating

excitation light of a specific wavelength onto the

reaction product and condensing fluorescence, which has



fluorescence. Accordingly, a w der space can be obtai ned above the
substrate. As a consequence, a device for dropping a sanple solution and a
- group of devices associated with the dropping device can be arranged with a
hi gher designing tol erance. The above-descri bed bi oassay substrate can be
devi sed such that a substrate constructed to optically furnish position
informati on and focus informati on on each detecting section arranged on a
substrate is adopted and the light transmtting |layer arranged in the
detecting section is caused to function as a reflecting |ayer provided with
property of causing reflection of a | aser beam Nanely, this |ight

transmtti pgdrAWeli has tHahs [ Uee i dre Rt Of 1 dhel @ cd it id | ght and
fl uorescence, and also, a function to reflect a | aser beam The

above. descid hed: bl NaRs QY SRS IS AGF UL 1Kh G, L di@SRitag nventi on can
al so be devised such that a substrate of The above-descri bed construction

is used an : i for i detecting sections arranged on the
substrate.qﬁﬁ%ﬁﬂﬁﬁgyéﬁiégﬁgfglcons rdg%%U to optically furnish the position
information and fgQgus.i.nfqQrmati C t i secty hs used, it is
necessary to assu §e9b10P§FFLfP %tgﬁbﬁgtﬁgﬁééﬁgéﬂgébusﬁ%§p§g§§o contro
system whigch serves to maintain constant the distance bet t he
substrate %Fec'?ﬁﬁfé‘??s_e]rn%eeqﬁl,t%n %e‘?rPJa%W%dn%%?%oo%o%?o §£1§/s % which
serves to cause a fluorescence, condenser | ens,to track detect%on subst ances
and t ar get FUHRRKRACHIREREHN tHe 2 BREFAEERI sBet hae  ef Fecti@ b3 dynani ¢
di sturbances, caused by eccentricity and warpage of the substrate can be
reduced. ANIASTrIRRRE FFvde tHRE3IReR FPAR TR AYEPELERIF 8 TRHOR N each

detecting section arranged on the ,
As a consequence, a merit has been brought 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 the system, excitation-light irradiating means
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 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



substrate has translucence to both of the excitation |ight and
fluorescence, and also | aser-beamreflecting ability. It is, therefore,

- possi ble to condense a | aser beamthrough a | ens arranged on the back side
(on the side of the surface opposite to the surface in which the detecting
sections are forned) of the substrate and to irradiate 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 maintain constant
t he di stance between the I ens and the substrate. Further, tracking

i nf or mat i ondeedc o béath siesh by, oiiemsénlsas | Asethdeswadthi onghedhen) ens
arranged on the 10 side of the surface opposite to the front surface of

the substrateomid rsgertde the theisSacOOEENs@dsé@sEsn PearyOles ildigig
reflecting layer and using the reflected | aser beamreflected back fromthe

reflecting {yesystse Qhch hiSat ragki N9r &6 OF §BEF OPh&BKESoLEsPORSEDl € to
operate the tracking servo control system such that the lens is allowed to

accuratel y Jacknilg 80" ee Malkes L SChLOGaRCPAL OftPgnd Ner BROKE: dERgT | bed

servo contro ated neans equi ppe onstruction, ich
irradi ates

I b f he, si f h b
and. obt ai nsL 3 T8 FcTaFReRY et BT neh e eReE e PR BEERRE iy rce, can
elimnate scattgrigg of the reflected iaser bean&_mh{ch mguld ot herw se
occur under T FRIFAFFRGARRARTF FY ebPF oh WOPEPEREES AU TAPGEY subst ance
i dered I i St th f f t b f h
opt  cal Vi SHPET HL 119 B2eEhePah obe, ShBSGRER coR ot BF1 HFnat B 0Bi 865 thBom

servo error signals and to stabilize the servo controlled operation. In the
bi oassay sySEERTBENIhESEDOIR: descri bed construction, excitation |ight
irradiated onto the substrate to i nduce em ssion of fluorescence fromthe
fl uorescence- | abel ¥FRHet HiHREFRY e APRI SR POUSLF AL ECTHERF Beam for
perform ng the above-described servo 11 control |l ed operation, and vice
versa. Accopibagsay shbstsabedpfeat conpbruptieanl thgtst enfakeahgdd around the
substrate can be further sinplified in construction, thereby meking it
possi bl e t ospcbhoheprhwidedt witbusati daassi aereadutohonegndnt hwhiicke of the
system

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 fluorescence is formed on a side

wall of the reaction region in the detecting section.

Incidentally, fluorescence may be obtained using a

fluorescent intercalator.

This “biocassay 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



In the above-descri bed bi oassay system the substrate can be held with its
front surface facing vertically upward, in other words, can be held

. horizontally. This nakes it possible to accurately perform dropping of a
sanpl e solution to each of predeterm ned 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 fluoronmetric detection can be inproved. As has been descri bed
in the above, the bioassay systemaccording to the present invention has
the technical significance that it provides the rel evant business field

with a technige dQmel veatbsraiagh ¢ bnwakkecaphes sRACee boralihedsanpl e
sol ution dropper and the fluorescéncCe intensity determ nation unit and,

uhen the SubYAlhd SARIAL. ahs0aMbisolBARA, QWP deqitrduse noi ses in

servo error signa to permt stabilization of serve-controlled

oper ati ons I\ nt 1 r Iolal of tracking).
Bri ef Descrolflps)qt |pol%1qc)19a éaa\ﬁl%sgc%qglgl}gi%?da % g%%p analei ew ché)éa substrate (1)
suited for use on .a bioass Sy, cecording t i i on.
FIG 2 is aa}FseQﬁJaal'tgee “flft}g%n% aér%loep&]f %v@c o‘#eq}aln%etcg%ri :}ﬁeg p%]g%ﬁ‘%%é( arranged
on the substrate (1),and its surrounding area. FIG 3 is a schematic
iIIustraticﬁ1QﬁéEFEHQﬁ§§QMﬁﬂ9(ﬁﬁﬁqEﬁWQﬁTI ight (P) is irradiated onto the

detecting section (3) froma poin bove the substrate (1). EFIG 4 is a
schematic illustra oﬁbGVe§%§§§Fé 1eacsiSeat iS %QRﬁ%e(%%niQ§i rradi at ed
onto the(kgéﬁiééglsuch 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 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 according to
the present invention 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



section (3) froma point belowthe substrate (1). FIG 5 is a block diagram
schematically showi ng the construction of the bioassay system (U) according
-to the present invention. FIG 6A through FIG 6E are flow di agrans
schematically illustrating a bioassay procedure maki ng use of the system
(U . Best Mddes for Carrying Qut the Invention Wth reference to the
acconpanyi ng drawi ngs, a 13 description will hereinafter be made about
the construction of the bioassay 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 WAW-Gfred At itths et | DNERIUANGE axvd heomstsl ragetemd its
surroundi ng area. A substrate designated at nuneral 1 in FIG 1 is forned

of a mater i@l Widves adpmiLthdLin st atesci4li skstawe®| wyede@s opti cal

information recording nedia such as CDs, DVDs or MDs. The substrate is

formed of sild Gall@sse %JECL'AC&H}?de S0 G bonat ea PRAYRING e8Eres any

ot her synthetic resin nol | e or otherwise formable into a di sk shape,

preferabl y A e Adioldatle SIdEE Eaeid o Brugtegconopi cal

synthetic resin sub €s ‘can achi'eve | ow runni ng cost conpared with gl ass

B
DL S Mol Rk ST LD e pee FL G 1 e
SUbStanceI%;gg%f%té?é%ﬁré%%ﬁ%é”%ﬁh;éd ;rgggeﬁ giggg§e§§dp&égpg&g 14

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

irradiate 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

servo 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



used to specify positions on the substrate 1. The length, width and depth
of each detecting section 3 are each of fromseveral mcroneters to severa
- hundreds microneters, and their values are determ ned based on the spot

di aneter of excitation |ight P and the possible mnimumdrop vol une of
sanpl e solutions (a detection substance containing solution and a target
subst ance contai ning solution). Forned 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 nanonmeters or so. Wthin the
above-descri bed range, the thickness of the reflecting | ayer 2 can be

det erm ned s@3gded ek depERHNGIPLIite el etial £ ydntc hsumblese upt tite
reflecting | ayer 2. Wen the reflecting layer 2 is formed of a single |ayer

of a metal ld g dmtfid,ali \Hadh iy &HanaiuPfcoudiss@ari Lo rmaiedn antdts
reflectance to a | aser beam for servo-controll ed operations to be nmentioned

subsequent lt%%%ﬁl%é%&%%f&bl%@%ﬁ%% \gbrlg@ifbplé@gm esdraseBfoto 50%

(i nclusive), because I's range Is a sul e range capabl e of reconciling

a higher | I ' |

cervo- cont AT ARk TS R S AR e TR oS T 15
control |l ed  tragking). and tr.an ce i i Lon. | i uor escence,
said t ransItl.fcaecﬁ(clemgelinngorrmeaqtﬁjl‘ofljlegg%setJh% Ig‘ge('%e{rlﬁzliéna ?Oér)ﬁ%%at?%gt}%t ensity of
the fluorescence. The above-described refl ectance range 0; pakes it

possi bl e t F5aff %P%Hﬁ?ﬁ?ﬁu%?é%%éiu%%ﬁl%Pt%P%%egg%Fvg%%n%$%$l}%g | aser beam
reflected on the substrate 1 even when the refractive iqge es,.of the liquid
substancesQ§10W%9d§ﬂi?ﬁf%ﬁﬁ??ﬁyf?{ﬁﬁkéﬁp?aiﬁriﬁlotft?ﬂe §€%§Y+%9e are very
close to the refractive index of the substrate 1. The reflecting |ayer 2
may be replSREELPSa reflecting filmforned of plural inorganic materials
applied one over the other in |ayers. and havi ng wavel ength selectivity. In
this case, it becdhes apeyssiasarghes |~°ee@ftvcz)rﬁ%anarqla§eﬁ‘fl ReRNS
servo-control | ed operations, thereby obviating the concern about |osses of
exci tati on ¢quirpesdiitiyore cereicfepnsheugbienni airbnisradhaterht@nsity of
the fluorescence. Therefore, a reflecting |layer 2 the | aser beam

refl ectancelasemtbedni Sromghee shde 60%eobackaapréace09fokhpi gher) can be
formed w thout worrying about any effect on the determ nation of the
intensity ofubstipiescendecbtaihbeaabeftedesdrilbedr| bghin pnahbei sideg | ayer,
the detecting sections 3 of the bel owdescribed construction are recessedly
arranged. 16f tWs bhtkssnatedej nckhGel2minach deteceirtiggsectiche 3 is
provided with a reaction region 31 in the formof a well or groove, into
which a sanpielsetdli DAsSri BedhpppBdchf RbueyaspherwiBeoughuanundkjret
printing nozzle (not shown), and a detecting surface 32 fornmed on a wall

defining thengepgki @8nk8IbENd8LectiohSshBskanaet addt Ratgkhe sddseahicey
sections 3 are not limted to the illustrated shape and can be arranged as

many as neezé&gss’el&ei?ésd%eﬁﬁw@{éllgOék&Eengndea@n@h&&a@@ bife tper pose. The
detecting surfaces 32 (see FIG 2) have been subjected to surface treatnent

topernit i GyBOLELZE! QB OLLLNEAFLET! LoBBUBBANCE, Dy s SUEhEEErbEEAL TNt

suitable fo lzation o desir det ecti on substance such as

B B3aBERTpoEbC8) FBAYa MRl LEY (oS ket SuGranes A o
to stabilize the servo controlled operation.
In the biocassay 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
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treatnment, for exanple, with a solution of an am nocontaining sil ane
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

am no-contai ning silane coupling agent after plasnma treatnent and DUV (deep
W) irradiation. Further, copper, silver, alumnumor gold nmay be sputtered
onto the surfaces to formfilms, and on the 17 surfaces of the filns, a
substance having functional groups) (active group(s)) such as am no, thiol
or carboxyl group(s), cysteam ne, streptoavidin or the |like can be coated.
Further, a |inker may be bound beforehand to the detecting surfaces as
needed to p&ydfdolire®higdZaiic) aind wieieotd ¥ SubscarddngTact hdidet ecting
sections 3,3,.... arranged at predeternm ned positions on the front surface
101 of the opiipineite Lined Jptcl @t | Sips il Ay Ssitde sa vo A gHobe, a pepti de,
protein, a ltpid, a l'ow nol ecul ar-wei ght substance, a |iposone or any other

protein, : ol ecul ar- viet ght subst a e or _any
ol ogi cal SUASIANGE Of e fikends 1PN #ided At seberdion substance

D. Onto the ection 'substance D, the sanple solution S

with the fl oerrﬁegqc)gc aeléil 5%@&39519%%%@%@&&&&%@ éittr_h@cﬁl.?(i:@ici)ﬁ, dr opped

such that t 1'on sttance e target substance T are caused
to interact_wth each other to_.,pr [e r ti product R In FIG 2,
nuneral 4 ose]sﬁegn%‘?cg%cglcfrf u%l?‘cﬂi—:s%lgen?fl Ve gfpp |edé)gés]t€§ﬁharki ng to the end of
the target substance (a,nucleptide.chain in the illustrated enbodi nent).
I nst ead of this f&U%Fgfcgﬁovﬁgombﬁéfbéofalslf@ryessé’esr)lcteq’ntq"ehrecal ator may be
used to detect an interaction such, as h br%dization 18 A, descri ption
will next DEREERAYE (FAR SRR Yb€¢lEgsS.r?%ttﬂ%r%?%%sgﬁﬁlggsten1
according to the present invention, fluorescence F, wgiih has been emtted
fromthe fliR¥eberhbe-1RWRTed 1argeResulRTdhceCan by i Re4di ati on of the
excitation light (exciting | aser beanm) P of a specific wavelength onto the
reaction prieittzomally corfddrs@pked g PP AT HRISTBLAENY 5 arranged
on the side of a back surface 102 opposite to the front surface 101 of the
substrat e Ipesfdunfdorppingfafeacoarplai faglehéodeteceaply 8éctions 5
arranged therein, and the intensity of the fluorescence F is determ ned.
Desi gnat ed ptedetrerminédi deEeé & iRgi seattondehsetheéedsractangedfin front of
a detector 7. The irradiation of the excitation light Pis feasible from
the directignavite) taed fhetheopttesdrbpceflbhadl dhepbeatk sfrhace 102 of
the substrate 1 (in FIG 3, an enbodinent in which irradiation is effected
fromthe sig@gipbriheifeonhdssnbpeetdOthef ihbevidbsalrdeeecsinbown). To
effectively use the space above the front surface 101 of the substrate as a

space for thecefsaggemdrofotde SddEcsPdey i ©n Hreppstfetnicits associ at ed
devices, it is preferred to performthe irradiation of the excitation |ight

P fromthe gidg-piotheaRapk s$Hpkaceql02 (see FIG 4) . 19 In the
o

enbodi nent that the excitation light Pis irradiated onto the detecting

section 3 fromthegsi dsopipsdrfacend oapdvom the sigdes9hyt he back
surface 102) as sﬁ%ﬁﬁg?%qéﬁ%?aé, t he above-descri bed reflectinz I%yer 2 (at

I h i 2 b ; d i i
[oast Lo ELeck B0chRERo2on e LOmALL, B3 ob Baupbgel Ing sect ] on

i on transnmitting layer having translucence

[0, Lhe 11 UoLgsEatce) L and, i Rxa! LACkon.T Lot o Thks TGS oSl e Lo

irradiate t 0 etecting section romthe side
of the back, surface ite.to_the front surfac éo f bstrate and
also to det@PﬁFﬂ@S?hgggﬁSeﬁéF Y & Qlﬂpﬁoggsgggg éh%e %E%%%H}é he side
of the back surface 102 throu%h th Ii%ht-traninittin% | ayer.
allocating spaces for the sample solution droppér and the
fluorescence intensity determination unit and, when the
substrate is adopted, also with a technique to reduce

noises in servo error signals and to permit stabilization

of serve-controlled 6perations (servo control of focusing
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Incidentally, the wavel ength of the excitation light P may suitably be in a
range of from400 nmto 700 nmor so, which is coincident wwth a wavel ength
-range in which general fluorescent substances can be excited. Based on FIG
5, a description will hereinafter be nmade about the overall construction of
a suitabl e enbodi nent of the bioassay system U according to the present
invention. The substrate 1 of the above-described construction is secured
on a spindle 9 arranged extendi ng upwardly 20 froma di sk support 8 which
is equipped with rotating nmeans. The spindle 9 is fixedly inserted in a
center hole 104 (see FIG 1) of the substrate 1. The detection substance D
and the targei el R rbl WE adradieirdg be dropped onto the front surface
101 of the substrate 1, are in the formof solutions. For the avoi dance of
vari ous problens such as dripping, it is therefore extrenely desirous to
hori zontally hold the substrate 1 onto which the solutions are to be

dropped. Arg.a e 1. are nozzles 10 constructed such
ﬂﬁ%%%ﬁ’%ﬂé%&c %‘P%J%&rﬁu

that the sanple so an be opped into the detecting sections 3, 3,
at predeterm pgsi.tiqQn ile._a [ i t ; r ol
uni t designated a?&%ungréﬁ 1%8g2F}%PS%g%P?%§Iér%%%%ﬁﬁﬂgﬁéggg}gﬁg' y the
nozzl es 10 on the basis .of focus infornation(gnd tracki ng i égﬁnation to be
S Jutpu

nent i oned SRRt P A FPATHYY TR 13T TGt C P52 Yed froma

| aser di ode 12. Subsequent to conversion into parallel rays by a collinator
lens 6, thelHII¥: rays are refracted 90 by a dichroic mirror 13 and
then, refracted 90 by a mrror 14 arran as viewed in the advancing

I ed ahead
direction. The pafdG-el’ iddy&reidngesd %&ﬁ@éﬁé&aqyeﬁ’sl%" Qipforted on an

actuator 15, and are then irradiated onto 21 the detecting section 3 from
the side ofdetRchink skeiter (D2 FrapEed PRt ke eSUPStRRt@eht Al 83 nunera
16 indicates a signhal transmtted fromthe control unit 11 to control a

| aser di odellts i swrrayndirg earede excitation light Pis constricted to a
size of several mcroneters or so on the surface of the substrate by the
condenser |ens 5. FIG.nekd efdf esttiematise idflustirptionutaf spatatiamhar of the
excitation light, inkjet printing nozzles capable of dropping a solution of
pi coliter osglettatioovbigine &Pp Ssiirdadsatée ooizel esel@efectdngppi ng the
det ecti on substance containing solution and the target substance contai ning
sol uti on ongecthensubstrade 4.pdbeti akpeé phénstiubgtnazal ¢3)omy be provi ded
as many as the nunber of solutions to be used. As an alternative, each
nozzl e may be washeds once Subsatiiti® ropi gk dn 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 biocassay procedure making

use of the system (U).

Best Modes for Carrying Out the Invention

With reference to the accompanying drawings, a
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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 nunber of
- nozzl es. 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 beamV (which will be
menti oned subsequently herein). When the excitation light P is irradiated
onto the fluorescence-| abel ed target substance T still remaining in the

detecti ng sfddApE3icH el Masddditha it e mdde dsgettisaibst ance T which
has undergone an interaction such as hybridization, fluorescence designated

by nurmeral &l SELLGH oaNhd Hiodd4i0f espanas deddedid@tes nsnd 0 the side
of the baclé%sdur ace l102 Oof t he slubst%ga%{e 1 (see FIG 4%gai n). After this

fl uorescencg £ d.a T L1680, 90 st he 18 f Gogl 127 Aasd dzelow ¢ he

substrate avel s straight through the“dichroic mrror 13 arranged in

mrror 16 ARl i ver e oS e g Pre T IR | Cars

mrror 18 5} urther a
an upper lens, 19 and is condensed ther nd_J i into d ctor 7.
As is apprebtdied T r%‘?‘r’r‘feﬁg f%‘? eyor ngf; ﬁeeabl%%g%l %f%%ljra’ 1%1‘??sﬁe§iji pped
with property, of reflecting the fluorescence, F and also with property of
exhi bi ting 4 rihs? u%%lh%‘%a?bgt‘ﬁjee%e‘? P ?115?%1?1?%5%‘?0%6%% V%%n‘gggrrg{llti oned
subsequently herein. The fluorescence is expected to be very lowin
intensity tH@® RPSHERES2RF 1he ??REDW%9l@£n%¥%?'optical 23 disks. It

is, therefore, suitable to adopt as the fluorescence-detecting detector 7 a
photomul tiplier tdfbsuwhstaadia PradiasHi dd S Ymeers) L rﬂa\ﬂirth%-rgl htYh
sensitivity than general photodi odes. The fluorescence F detected by the
detector 7 formedveftadnahenial dvigichl isi gdaptod 6praspPEHERERRI ned bit
number by an AD converter 20. Such digital signals 28 are used, for
exanpl e, fotdaskanatyslsysdcasasppiepar anfonmatiannupcprdinbchedaah address
on the substrate 1 is correlated to the intensity of its correspondi ng
emtted fl ustielsceaceDsA DebsroptMba.wi || next be nade about the
construction of the servo control systens. Firstly, the condenser lens 5
arranged bel ow t herisaihsibst ©atle | s cHhostedicoEdssltbat bhasst samibécdneyen in
a focusing direction (vertical direction) and in a tracking direction
(circunferegtpalydheB6hhe8) Bylybeyaeheaber ahy. oBhetrhsynanetidtoresin a
two-axis voice coil type actuator of the sane type as that enployed in a

pi ckup for QpiksBhedbskstharaysbedorfspdesenitbed abekeshtpe,substrate 1 is
hel d horizontally, and the condenser lens 5 is arranged vertically bel ow as

viewed fro %Qge§99§§rQheiﬁjeEEQBELQBQdaBH% axpichatiien rkisaht, Pugadothe
servo contr 4
economical synthetic resin substrates 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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| 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. OnMng to the adoption of the construction that the servo
control laser beamV is irradiated fromthe side of the back surface 102.

of the substrate 1, the servo control |aser beamV is reflected back from
the back surface 102 of the substrate 1 without being affected at all by

t he detection substance D and target substance existing in the solutions
accomobdated in the detecting section 3 of the substrate 1. The refl ected
beamis, therefore, not disturbed in direction or intensity by these |liquid
subst ances @ teheipddie s sdirdlohsl drs 11 skt e ongheudtengith,s hence
very suitable. In other words, neither focusing errors nor tracking errors

are subj ectatP MHSHEIBNCEE adhate tidit S Ve @Ol B S¥Steadh Ceh oper ate
stably. Described specifically, nuneral 21 in FIG 5 designates a servo

control Iaf%r%nﬁiegz%i%raqemi%mawwié@e@&imﬁfm%éﬁMf@J t he

di ode 21. ser emtting direction of the servo control |aser diode

21, a coll i%\aclf ({rhéielnsv%lghdéslsnﬁé ol mj[%& fﬂésé&rb%n 2%??63 SEvo control

| aser beam s conver el rays and 1s owed to travel

straight. 2 For t occurrence of .f S] r ods may
be cont enpl aé%?ﬁ%l%i%bc#haet]aosm gln%kﬁogéjnée@clgloﬁgé %@Siﬁjlg¥§ ed%gﬁ‘%rmét hod and
t he skew nmetfhod. In the case of the construction of FIG h stigmatic
met hod makiHPRISE Bim&P sﬁ?%}%ﬁi%‘ﬁr‘b‘?b%%i ol ‘?%%%c%orilssg‘%%%?lgﬁg For the
occurrence of tracking errors, on the other hand, the differential

push- pul | rﬁﬁQﬁﬁPQﬂﬂﬁt?ﬂ;%ﬁ%ﬂﬁnaqﬂnquﬁFEQ%Fc%ﬁ%?%%?%% b2 ApPFopri at e.
Both of these methods require obtaining three Iight spots on the disk.
Therefore, Lo y practiced in optical disk pickups, a diffraction
grating 24 is inserted in the optical systemfor the servo contraol | aser,
and diffracted pt Fomed ond anoritde Surfircae sl Wi FUesliated ohfo the
substrate 1 through the condenser lens 5. Incidentally, nuneral 27 in FIG
5 desi gnat e wefleeting Iayer el | e cthiclgnessfof hehsehvdscodnt RoFaRd8er. The
driver 22 and the detector 27 are controlled by the control unit 11 (see
FIGD5). It o8 froheseawvteal t hahoméieenbove- deserabetengchanomehersght P,
fluorescence F and | aser beamV may be different in wavel ength from one
anot her. Wep. a Wwiansitn wHd abdwe-atlopteibed tiandeseche gttsckess anfl V bei ng
rendered different in wavelength, the reflecting |ayer 2 arranged on the
substrate lthé refuécethgolpye 26cansbehdpbysmtabdpaspdesiiesdt hat it has
transl ucence (transmttance) of a predeterm ned degree to the wavel ength of
the fluoresgeperdfn@nénsted mataseslbenichnehkrekagpeths peflietting servo
controll ed operations. In essence, the reflecting |ayer may have
mavelengthdggfgge@gy in reflectance and transmttance, and nay preferably
have sim | ar Trequency characteristics as |owpass filters. Wth a single
wavel ength, it is giffi t i fidhesthadsSHFt LageRqg0E the
fluorescence F ancyﬂﬁ]l{a %{%‘ I%é(:@aén%&;ilgqejfﬁgé#a%elré bg%m(%@ By provi %i ng such
wavel engt h depcy, s b b Al ossi bl e i of the
transnittangggg? ?ﬁegf?ggggggéngégﬁkgﬁg ?Eegrgﬁbgékggggggfggagnlaser beam
V. Anillustrative.big a ro u i se of t i ystem
accordi ng tﬁn?ﬁgaﬁ%gsgﬁﬁgfxag EEQ %FFEEE%QgC%e%g 8 1Q%e2' e

nvention nex escri be ased on FIG O6A
through Flcgeggb—controlled operations to be mentioned subsequently
herein may desirably be set within a range of from 5% to
. 50% (inclusive), because this range 1s 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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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.
Wi | e detecting address information, a solution St containing a

fl uorescence-1| abel ed target substance is dropped into the predeterm ned
detecting s@GdyNI dd kot hefd anerd1ddundll appidi ineazi@s ligHisee FI G
5) (FIG 6B). To pronpte an interaction such as hybridi zati on between the

detection sybstanch 3atd hesdAf d8tariNdEE deiddradibSiddtod is then

i ncubat ed for several hours in a constant- tenperature, constanthumdity.

chamber W ( eGCQrm %ﬁ‘cﬂy%% Jﬁeﬁt@ﬁe J AL thd Ssmasheshedy, exanpl e,

with an SS (s |ne SO mcitrate fer solution B contalnlng SDS as a
;Sgt];?gf:?lnz)nith\?\n Oet%e eilgegﬁt S&;EP ance rar%% % g“on the !sglbtst?gt/e 1,
the di sk S&L%S%tb“% %9"?#‘% R ar S At SRS et ect i on
Focus. cont RISk SRR B Thet £ L8 ree‘é el sg%ﬁ%'fi%,é’fi%e?ttﬂg e

substrate 1 is rotated and the excitation I| hL} 3 irradi ated onto the

f1 uor escendB@mpdle a3t epsaekes 0 t He Gatd o3ubstaRceSinte T whi ch
exhibited the interaction) (FIG 4E). The |ntenS|t of fluorescence F
emitted frodiHelng Wit drentronbefurfagrt £e1 et b*i/h‘? heuRiet e2E®ra¥® det erni ne
the state of interaction between the detection substance D and the target
subst ance Tvemn olegrittoftheecrefractbyei tndonvef t elaei pelosEretei §ital signal
28 of the specific bit nunber by the AD converter 20. In this nmanner, a map
in which each addMéss ref tewd ingstavare 21 raw kahedmiaged thy of its
correspondi ng fluorescence is prepared. It should be borne in mnd that the
bi oassay sysd £reainthdi bhlsafosnddt oftelacsdr inoggenichwapersahs i nvention
are not limted to the above-descri bed enbodi nents. |ndustrial

Appl i cabi | i dppThed bboasseyr sylsé estheeoindi bgyeost hrdphaeseny i nvention i s
devi sed to include neans for dropping a solution of a fluorescence-| abel ed

target subsjanEEeqtl) SeTUetELyioy. substEice ¢ded, statisedomadbipsogeibln a
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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detecting surface in a reaction region to prepare a reaction product by an
interaction between the detection substance and the target substances and

- means for irradiating excitation light of a specific wavel ength onto the
reacti on product and condensi ng fluorescence, 29 which has been emtted
fromthe fluorescence-| 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 retained above detecting sections. As a result, it is possible
to bring about an advantageous effect that a device for dropping sanple
solutions into the detecting sections and a group of its associ ated devices
can be arranged wakhiaibisgkaredeshgFiIog Rl enahceetActdndi sgcttdonhd present
invention, it is also possible to stably and surely performa series of
steps, whi ghy igydwideed GHadH NO readtisdd aley Wt |3 aat ugid nbm foEus servo
control systemand a tracking servo control system dropping a detection

subst ance contiai L NGy SOFAIL | PRt 9NGR1 &n SHY basB1el sbhetsuhsty als dwopgampi | i ze
t he detection substance, dropping a fluorescence-| abel ed target substance

R e e i

to an inte f zation, irradiating excitation light onto
as 2 resul (RARH 1 IO SRS AR TSR of? (HEESd OPAct G hetwoen The
the focus SRS PRI SSATeRrameTiabd g &5 o contol St dire.
Teasur emontHeSHFFACTEY SeehiRRS 10 21 BRhsky iR off cBMBr i of ng: means. f or
dropping a solution of a fluorescencel abel ed target substance og%g a

detection stbsizhEatedi hapgy 2RI aCFRARE i DRFFRITINA ALY LRF ngcE.

detection substance and said target substance to interact with each other
in said reattipredeteohired ppepht tOBS r QAREPSHGr SRUERS BREPABSNs for
condensi ng fl uorescence, which has been emtted fromsaid

f1 uor escence- | abele slgfsctigw BuIfacal a4 nPesxdE@t ion M EhtPeIN a
specific wavel ength onto said reaction product, on a back side of said

reaction regibhetbedeter sunfaae tneabweny be pardit| Lomebééhgation A
bi oassay system according to claim1, further
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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conprising a detecting section provided wwth at |east a detection surface,
whi ch has been subjected to surface treatnent to permt inmobilization of
- said detection substance thereon, and a reaction regi on which provides a
pl ace of an interaction between said detection substance in a state

i mmobi li 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 irradiated onto said detection substance fromsaid back side of

sai d react gy f-R@0B  MHRUGH 193, d isiiHs s Mdwimy fayariomnd an
intensity of fluorescence returned to said back side through said Iight

transmtti Q)g_.ol‘_@y(%r) i(sd&eltv%r @%(4.) At hd dremdranidact Wi ng a bi oassay

system which Conprises arranging: nmeans for dropping a solution of a

fl uorescen ]Qggj e ]fg(est Slbﬁgtq,_niqﬁ t Q8 AL 861 Pih SSOSEIRNCE; 18k r anged
in a react?%HJre Hb%%gy cgdsi g sal éﬁ%euﬁi%#?substance and said target
substance tg interact wth ther 4i. I oL eae! HANE B LR dNEPare a
reaction prcc‘)‘:1 ucts %ﬁ&e\#ﬁangggg?egénge%éﬁr%% P{‘&Xreescencg, mﬁi ch has been
emtted fromsaid fluorescence-label ed subs C ] diating excitation
| i ght of atsopetg’lef i%%%gﬁ%%%ﬁeos say cfleree%e?:#]igon eFi(-)rﬁ uﬁ(?:lt, on a back side
of said reactign region to etﬁggine an intensitg of said fluorescence. 5.
A bi oassay ‘pragket IO RE & WHRTHHNY LRITP Provided with at |east a
reaction region which_ provides a place of an interaction 33 et ween a

det ection substand® &h@ ASLRCEHEN%HESHERES drd 'a 1 FREXEEEAT ti ng | ayer

havi ng translucence to both of excitation |light and_fluorescence and forned
on a side \eredeffemrined RIiBiPRBPRAES SEPQL depEERFRglSEcPfoll®6. A
bi oassay plate according to claim5, further conprising a detecting section
provi ded wisubstratest, a detekeobids uehate, SWAh cdS hasPRReATRB) eBted to
surface treatnent to permit immobilization of said detection substance
t hereon, arpeptidactpooteiyi on Wptd, prolddesobepndars-Beiahti nteraction
bet ween said detection substance in a state immobilized on said detection
surface andswesthiies ged klibhssameeor 7anh btbasshjyopbgieaicsvbdtagceto claim
5, which is a disk-shaped plate constructed such that position information
and focus i&f ormat i Dke ops shimfloldel eeédingssehéi dateahibe spbstahktg Purni shed,
wherein said light transmtting |ayer functions as a reflecting |ayer
provi ded wi gk dropertvudtitassi ngzeaf teebtononf sabkaaaeebbanthe

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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8. A process for producing a bioassay plate, which conprises: arranging a
detecting section provided with at |east a reaction region which provides a
- place of an 34 interaction between a detection substance and a target
substances and 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 conpri sing:
means for condensing a | aser beamthrough a | ens arranged on a back side of
a bioassay plate according to claim7, irradiating the thus-condensed | aser
beam onto said reflecting | ayer, and obtaining focus information by using a

reflected laser bpameseiipeied haak heem pai dadel kael nedexgeice weer ei n
using said focus information, a focusing servo control systemis operated

to maintai rrAfcﬁ.n%.antxnatﬂiesm%%sla@_t Wt efiad dodias nnd s aihd @rdsestaped

pl ate. 10. I oassay system conpfising: neans for condensing a | aser beam

through a |65 A0S ik s Datde St dopf R RALASSEY Sl Cedceptdll Ng T O

claim7, irradiating us- conden's aser beamonto saild reflecting

| ayer, and tglgﬁt(a}f]rqib&geééeg%r(%r%%ﬁ@é n?%%;g‘?t b%ﬁ‘é“‘ti_{&gcé‘ F efd ected | aser beam

reflected b m sai I hg ereirn u5|ngysaid tracki ng

nformation . A AKN%Fne SEEIPSONLE OL1 S PLLE B PRET PLECr ! Beh OW sald
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, 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
side of the front surface 101 of the substrate is shown).
To effectively use the space above the front surface 101
of the substrate as a space for the arrangement of the
sample solution dropper and its associated devices, it is
preferred to perform the irradiation of the excitation

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

4).
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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

-l aser beam and vice versa. 12. A bioassay system according to claim§6,
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 which a detection substance is arranged; a |light source for

irradiating excitahi el bBBbdenkAtathadcthen epeadueti onblidighed Py scausi ng
sai d detection substance and said fl uorescence-| abel ed substance to

i nteract with each &f heftd &kﬁ@-'&ﬂ&ﬁ?ﬂd@@éﬂ&ﬂ 3 afbrd Gendenserof ens for
condensi ng fluorescence whi ch

the front surface (or from the 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 bottom wall
33 of the detecting section 3) is allowed to function as
a light transmitting layer having trénslucence 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 with a wavelength range in
which general fluorescent substances can be excited.

Based on FIG. 5, a description will hereinafter be
made about the 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 extending upwardly
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Is emtted fromsaid reaction product by said excitation I'ight, on a back
side of said reaction region. 15. A bioassay process conprising: 36

- dropping a solution of a fluorescence-| abel ed 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 condensi ng
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 intensi tpro saiibK |digieseerEenhioh . #5 . AlBipped .with Addtatidhg . AN3 . A(

.AF A3 . A(
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 form of solutions. For the
avoidance of various problems such as dripping, it is
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
predetermined positions while accurately tracking them. A
control unit designated at numeral 11 controls entire
dropping operations by the nozzles 10 on the basis of
focus information and tracking 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 parallel rays are refracted 90°
by a dichroic mirror 13 and then, refracted 90° by a
mirror 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
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the detecting section 3 from the side of the back surface
102 of the substrate 1. Incidentally, numeral 16
indicates a signal transmitted from the control unit 11
to control a laser diode driver 17.

Here, the excitation light P is constricted 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 containing 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 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 reading address information,

which have been recorded beforehand on the substrate, by
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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 is 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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fluorescence-detecting detector 7 a photomultiplier tube
or avalanche photodiode (APD) having very high
sensitivity than general photodiodes.

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 voice 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
horizontally, and the condenser lens 5 is arranged

vertically below as viewed from the substrate 1.

Therefore, the excitation light P and the servo control
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laser beam V, which is used for the focus servo control
‘and the tracking servo control, are irradiated from the
side of the back surface 102 of the substrate 1.

Owing to the adoption of the construction that the
servo control laser beam V is irradiated from the side of
the back surface 102 of the substrate 1, the servo
control laser beam V is reflected back from the back
surface 102 of the substrate 1 without being affected at
all by the detection substance D and target substance
existing in the solutions accommodated in the detecting
section 3 of the substrate 1. The reflected beam is,'
therefore, not disturbed in direction or intensity by
these liquid substances even when the substrate 1 is
rotated. This construction is hence very suitable. 1In
other words, neither focusing errors nor tracking errors
are subjected to disturbance so that the servo control
systems can operate stably.

Described specifically, numeral 21 in FIG. 5
designates a servo control laser diode, behind which a
driver 22 is arranged to control the diode 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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1094G& () -G 10%%&%({h§ occurrence of focusing errors, several
methods may be contemplated including the astigmatic
method, the knife edge method and the skew method. In the
case of the construction of FIG. 5, the astigmatic method
making use of an astigmatism producing 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 0f-
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 wavelength 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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|<|:|0KUJ—@%E%3physical properties that it has translucence
(transmittance) of a predetermined degree to the
wavelength of the fluorescence F and such a laser beam
reflectance as permitting servo controlled operations. 1In
essence, the reflecting layer may have wavelength-
dependency in reflectance and transmittance, and may
preferably have similar frequency characteristics as low-
pass 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 bicassay 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 8 (see FIG. 5). While operating the focus servo
éontrol 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

one of the dropping nozzles 10 (see FIG. 5) (FIG. 6A).

While operating the focus servo control system and
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the tracking servo control system, the substrate 1 is
then rotated. While detecting address information, a
solution St containing a fluorescence-labeled target
substance is dropped into the predetermined detecting
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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substance T which exhibited the interaction) (FIG. 4E).

The intensity of fluorescence F emitted from the
fluorescent label is detected by the detector to
determine the state of interaction between the detection
substance D and the target substance T. An output 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 corresponding fluorescence is
prepared.

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

are not limited to the above-described embodiments.

Industrial Applicability

The bioassay 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 prepare 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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which has been emitted from the fluorescence-labeled
substance, on a back side of the detecting section to
determine an intensity of the fluorescence. Therefore, a
wider space can be retained above detecting sections. As
a result, it is possible to bring about an advantageous
effect that a device for dropping sample solutions 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 ontc 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 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

system are stabilized, thereby making it possible to
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improve the reliability of measurement results.
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CLAIMS

1. A bioassay system comprising:

means for dropping a solution 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

means 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 to determine an intensity of said
fluorescence.

2. A bioassay system according to claim 1, further
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 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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said fluorescence and said excitation light is formed on
a bottom wall of said reaction region, said excitation
light is irradiated onto said detection substance from
said back side of said reaction region through said light
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 bioassay 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 reaction region to prepare a reaction
product; and

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 biocassay plate comprising:

a detecting section provided with at least a

reaction region which provides a place of an interaction
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between a detection substance and a target substance; and

a light transmitting layer having translucence to
both of excitation light and fluorescence and formed on a
side wall of said reaction region in said detecting
section.

6. A biocassay plate according to claim 5, further
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 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.

7. A bioassay plate according to claim 5, which is
a disk-shaped plate constructed such that position
information and focus information on said detecting
section can be optically furnished, wherein said light
transmitting 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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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.

9. 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 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 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 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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servo control system is operated to allow said lens to
precisely track an array of said detecting sections.

11. A bioassay system according to claim 5,
wherein said excitation 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 bioassay system wherein a bioassay plate
according to claim 7 is held facing vertically upward.

14. A bioassay system comprising:

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

a light source for irradiating excitation light
onto a reaction product 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 bioassay process comprising:
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dropping a solution of a fluorescence-labeled
farget 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 determinie an intensity of said fluorescence.
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