MD 95/ 33197 Process for detecting evanescently excited | um nescence The
present i nyanédior el ates to a process for detecting evanesgeritpssSigakt ed
lsuminescence with a planar dielectric optical sensor platformbased on a
wavegui de. The invention also relates to the use of said process in
qualitative affinity sensing and to the use thereof for the selective
quantitative determ nation of | uninescent-conponents in optically turbid
solutions. Wien a lightwave is coupled into a planar wavegui de which is
surrounded by optically thinner nedia it is conducted by total reflectance
to the interfaces of the maveQU|d|ng | ayer. A planar wavegui de consists in
t he si npl ¢9Pcass ter detecy 30ES sxcited lumingsoeneant e, * a wave- conduct i ng

| ayer, and a superstrate (e.qg. the sanple for assaying), the wave-conduc-
ting |ayer haV|egFthe hi ghest refractive index. Additional interlayers can
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itsel f as thehdlecive quantitativeadeterminatioh of tvhinescenteanipadente in epticallg tusbidegui di ng
|l ayer and giuols surrounding nedia. In the case of thin waveguides, i.e.

| ayer thi cknesses of the same or |esser thickness than of the wavelength to
be guided, it is possible to distinguish discrete nodes of the conducted
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excited | mdméﬁmom htghmwaegvmmd@ntﬁi@mmal miwlablaﬂcunemhdnumheescent

dyes are kpawy affle in@%nde%ﬁrfu&ﬁ a, in US-A-4.582 809. The
arrangenent cl-ai rred%t ereln-uses an opétlcal fibre for the evanescent

| um nescence excitation. Such optical fibres typically have a di aneter of

up to 1 mA fractidresf the Ughrendipyipenetines the bpidally thinhenédis eThid fridoniis coupl ed
mmnner onirg Y SREREER Qfa?@%ké%ﬂetﬁ%ﬁgﬁ#ﬁﬁe ARl Ry [l o go
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case of thin waveguides, i.e. layer thicknesses of the same ordésser thickness than of the

wavelength to be guided, it is possible to distinguish discrete modes of the conducted

light. With an evanescent field it is possibie, for example, to éxcite luminescence in

optically thinner media, but only directly adjacent to the gmded lightwave. This principle
is called evanescent luminescence excitation.

Evanescent luminescence excitation is of great interest in the analytical field, as the
excitation is limited to the direct environment of the waveguiding layer.

Methods and apparatus for detecting the evanescently excited faminescence of antibodies
or antigens labelled with luminescent dyes are known and deseéribed, inter alia, in

US-A-4 582 809. The arrangement claimed therein uses an optical fibre for the evanescent
luminescence excitation. Such optical fibres typically have a'@ameter of up to 1
millimeter and conduct a host of modes when laser light is cBiipled thereinto. The
evanescently excited luminescence can be measured in simple manner only by the fraction
tunnelled back into the fibre. The quite large dimensions of the apparatus and the fact that
comparatively large sampling volumes are required are further drawbacks. The apparatus



-2 - cannot be substantially reduced in size or even miniaturised to

i nt egr at edwopsBsHnar sensors. An enhancenent of the sensitivi tperiEposoisal!| vy
associated with an increase in the size of the apparatus. Photonetric
instrunents for detecting the |um nescence of biosensors under the
conditions of evanescent excitation w t_li_pl anar optical wavegui des are

|l i kewi se known and disclosed, inter alia, in W 90/06503. The wavegui di ng
| ayers used therein have a thickness of 160-1000 ngp and the coupling of
light into the excitation wave is effected wi thout coupling gratings.
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exchange process and in which the coupling of light into the excitation
wave is effected with prisns. The affinity systemused is human
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in a relatively low sensitivity.

The sensitivity is said to be 20 nm in fluorescein isothiocyanate bonded to protein A, This

is still unsatisfactory for being able to detect microtraces, and a further enhancement of

sensitivity is necessary. Moreover, the reproducibility and practical viability of coupling

light into the excitation wave by prisms seems difficult on account of the considerable

dependence of the coupling efficiency on the quality and size of the contact area between

prism and waveguide.

Another principle is proposed in US-A-5 081 012. The planar waveguiding layer has a
thickness of 200 nm to 1000 nm and contains two grating structures, one of which is
designed as a reflection grating, so that the lightwave coupled into the waveguide must
traverse the sensor region between the grating structures at least twice. Enhanced
sensitivity is said to be achieved by this means. One drawback is that the reflected
radiation can lead to an unwanted increase of the background radiation intensity.

The fabrication of planar waveguides is a procedure in which the planar structure of the



WO 95/ 33197 - 3- substrate, the constant thickness and hormpgeneity of the
wavegui di ngvbayssieand the refractive index of the material userEpdspISEOr e
are.very essential. This is described, inter alia, in EP-A-0 533 074, where
the proposal is nmade to apply inorganic wavegui des to plastic substrates.
Thi s procedure has the advantage that e. % an econom cal |y usef ul
structuring of the coupling grating can be carried out by etching the
structure into the plastics material. On the other hand, however, high
dermands are nade of the optical quality of the plastic substrates. Planar
wavegui des afford consi derable advantages in |arge-scal e production over
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coupl i ng otasebbe Wispérised withi thiereby meakivip/legpe+sdalo produgten moresécohoinks a Mmai n
problem The requirenents made of gratings for coupling light into tapered

wavegui des for integrated optical sensors are di scussed, inter alia, in
Chemi cal , Bunhe¢radivaciagesof planer wavegoidesivitiricheplingegratings akg thesimple sslitiFatiomn|
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t hi ckness of t he mav gul de_are escr isre ren
features. $PRAngy gﬁgnglpdg immgbilise an analyte. For this purpose it is possible to use

standard methods of coating technology with which reproducible constant layer
thicknesses can be prepared. Typical examples of such methods are spraying,
knife-coating, spin-coating or dip-coating. The quality control can likewise be carried out
by known and very exact methods. Suitable methods include microscopic or interfero-
metric methods, ellipsometry or contact angle measurements. For the curved surfaces that
occcur in waveguides based on optical fibres, these methods are inapplicable or applicable
only with difficulty.

Besides the actual waveguiding layer, the nature of the coupling of the lightWave into the
waveguiding layer constitutes a main problem. The requiremgnts made of gratings for
coupling light into tapered waveguides for integrated optical sensors are discussed, inter
alia, in Chemical, Biochemical and Environmental Fiber Semsbrs V, Proc. SPIE, Vol
2068, 1-13, 1994. The depth modulation of the grating and tlie layer thickness of the
waveguide are described in this reference as crucial features. The systems proposed
therein can be typically used as iritegrated optical light pointers, but no reference is made
to a luminescence to be detected.

If it is desired to use such planar waveguides with integrated goupling gratings for



therein can be typically used as integrated optical light pointers,™but no
referen(‘vgoi9§,3ﬁ§pe to a lum nescence to be detected. |f itpdIEMedigasd t'o use _
such pl anar 'wavegui des with integrated coupling gratings for WO 95/ 33197 «
-4- lum nescence neasurenents, then the essential features for their
useful ness and for achieving a high sensitivity are a sufficiently great
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These planar waveguides, in which only one mode:or a few'modes are 'guided; are
distinguished by a particularly -high sensitivity and a miniaturised construction: Normally
this sensitivity is not achieved by multimode waveguides of pianar-- or fibrous construction
or, if it is achieved, then this is only possible with 'substantialiyf-greater geometric -
dimensions. - : - SRR

The input-coupling efﬁciency of the coupling grating is high, so that the intensity of the
lightwave coupled into the waveguide is likewise high, resulting in conjunction with the -
low attenuation in an already good'sensitivi_ty.' '- o '

The sensitivity is further enhanced by the evanescent field being surprisingly strong and

by the high electromagnetic ﬁeld-strehgth‘s thereby produced contributing to a further
- enhancement of sensitivity. The possibility is thereby. afforded of detecting even minimal

amounts of luminescent material at the surface of the waveguiding layer. '

Accordingly, in one of its aspects the invention relates to a process for detecting
luminescence with a planar dielectric optical sensor platform consisting of a transparent '



by the high electromagnetic field strengths thereby produced contributing
to a furt hMO¥WMMicenent of sensitivity. The possibility isPOT&PS§H1845

af forded of detecting even mnimal anobunts of |um nescent naterial at the
surface of the waveguiding |ayer. Accordingly, in one of its aspects the
I nvention relates to a process for detepging | um nescence with a planar
dielectric optical sensor platformconsisting of a transparent WO

95/ 33197 -5 - substrate (a) to which a thin transpagent wavegui di ng | ayer
(b)is applied, which sensor platformis provided with a grating for the
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into which the sensor platform is built. It may, however, also be used as an independent

element, spatially separated from the source of excitation light and from the optoelectronic

detection system. Preferred arrangements are those that permit substantial miniaturisation.

A suitable substrate is typically any kind of glass or quartz. It is preferred to use a glass
that has as low an optical refractive index as possible and as l&w an intrinsic luminescence
as possible, and which can be optically treated in as simple a #ianner as possible, for
example etching, cutting and polishing. The substrate must be&transparent at least at the
excitation and emission wavelength.

n:
b

The substrate may also be a plastics material as described e.g+én EP-A-0 533 074.

The substrate may also be provided with a thin layer that has 4 refractive index lower than,
or identical to, that of the substrate, and which has a thickness of, or less than 10 pm. This
layer can serve to reduce the surface roughness of the substrdts and may consist of a
thermoplastic, thermosetting or structurally crosslinked plastie, or also of an inorganic
material such as SiO.



excitation and eni ssion wavel ength. The substrate nay al so be a plastics
mat eri al vagosienAge7T i bed e.g in EP-A-0 533 074. The substr at egrmposbmas be'
"provided with a thin layer that has a refractive index |ower than, or .
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than 10 [err]. This layer can serve to.reduce the surface roughness of the
substrate and may consist of a thernoptastic, thernosetting or structurally
crosslinked plastic, or also of an inorganic material such as [err]. W -
95/ 33197 ' PCT/ EP95/ 01845 -

6- Onl y ssenti al ht is sujtable for |um nescence excitation.
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Within the scope of this invention the term "Sample“ shall be taken to mean the entire . f
solution to be assayed which niay contain a substance to be detected - the analyte. The
detection can be made in a single-step or multiktep assay in the course of which the
surface of the sensor platform is contacted with one or more solutions. At least one of the
solutions employed can contain a substance having luminescence properties which can be
detected in the practice of this invention. -

If a substance having luminescence properties is already adsorbed on the waveguiding

layer (b), then the sample may also be free from Iuminiscent components, The sample can
contain further constituents, typically pH buffers, salts, acids, bases, surface-active
substances, viscosity-influencing modifiers or dyes. In particular, a physiological saline
solution can be used as solvent. If the luminescent constituent itself is liquid, then the
addition of a solvent can be dispensed with. In this case the sample can contam up to

100 % of component having lummescence properties.

The sample may further céntain a biological medium, for example egg yolk, a body fluid



detected in the practice of this invention. If a substance having

| umi nescena@ @dparties is already adsorbed on the wavegui dipgg/Epeseisss b)
then the sanple may al so be free from !l um ni scent conponents. The sanpl e
can contain further constituents, typically pH buffers, salts, acids,
bases, surface-active substances, viscqsijy-influeﬁéing nodi fiers or dyes.
In particular, a physiological saline solution can be used as solvent. If
the | um nescent constituent itself is liquid, then4he addition of a

sol vent can be dispensed with. In this case the sanple can contain up to
100 % of congfnﬁnt qivin lum_nescence properties. The sanple may further

cont ai n aObFeRsyenty therent, inparicylarblgoed, serugh glasme or uging, Sypthermprg, the _ 7 _ of
Ic: ons L | t ueshmplelayecdnsist Of yupfaté waled solutionsiof exeratiglof ﬂ&tamlr quthkfticﬁﬁ?dia

urt her nor, . - sol utions of extracts
of naturafg%t}gs}?%tsq??gil"‘go |t§%;§ér§£%sgf°§°§¢g&gs&g%‘§g%§ s‘pl ants, bioprocess

broths or synthesis broths. The sanple can either be undiluted or used

ddi ti i t \ agueous buffer
addi ti onaliny gifhy {eicgﬁgﬁg%@%&ngmea %th‘cd%‘ﬂhiéﬁﬂ%&{ fif Ia‘&@ﬁféﬁt. q

and protein sol ani ¢ sol vent e organi c solvents are
al cohol s, ketones, esters, and aliphatic hydrocarbons. It is preferred to

use wat er Suiable solvelty bfecwster) aqeeoll bifférandprowinablutiels nd\Grgakic beal) €

organi c sqlyent. The s e c 0 er | so_cont ai onstituents that
o 0 heor SHitEE prae SfeRrs aPopoIg AR Sefnan{ Bl ERERadpilIfs ancs.
nat ural apdfeyed toatse svatdrj gqueoussbufferpaor a/mixtare of watdriafid e aaterthisciblepriganics i n
the form vt opt ically turbid dispersion or emnulsion. Suitable

| um nescent cofpounds are | um nescent dyes having a | um nescence in the
wavel ength range from 330 nmto 1000 nm typically tncluding rhodan nes,

1; | uor etsg:e'rnhe%ﬁpﬁah,mevefz ISR chAtabhed htd#&:ﬁzhéﬁt@maz ﬁiieiﬁsﬂhitﬁle b d_ag @}9&5&% fort | | bene
erivatives nal ocya-. ni nes, na al ocyani nes, po ridyl-ruthenium
conpl exes EXYB ezPég‘P‘F‘}@@?‘,"g’& %‘FW?’I“E% Pﬂ'm’aﬁ) ﬁ&ﬁ@ﬂ’i&ﬁ#@ﬁ%&‘%@r polymers.r}n
tris(1, 10hibeasenhdsamhple ¢s)inrthe foemiof zn opticailyderbid dispeesion oflempbRivg. - 1, 10-
phenant hrol i ne) ruthenium chloride and pol ypyridyl - phenazi ne-rut heni um

conpl exes, {)I a- tinum porphyrin conpl exes such as
oct aet hy| Spitable lumingseeptgompountiearg luminesagar dyss havingd lumingseence imthe exes or

havi ng. abacieRehlraty S a3b it 8 10R naf, oY iandils PR, ARKERSHY Dy
Par ti cul adpsivatiyes.oopmarip #ﬂ%@ﬁt‘ilﬁﬂﬁbg‘@mlﬁi sélbemesderivgtivesaphthpigeyeescei n
deri vati v@gnes, naphthalocyanines, polypyridyl-rathenium complexes such as tris(2,2’-bipyridyl)-
ruthenium chloride, tris(1,10-phenanthroline) ruthenium chloride, tris(4,7-diphenyl-1,10-
phenanthroline) ruthenium chloride and polypyridyl-phenazine-ruthenium complexes, pla-
tinum-porphyrin complexes such as octaethyl-platinum-porphiytin, long-life europium and
terbium complexes or cyanine dyes. Particularly suitable for analyses in blood or serum
are dyes having absorption and emission wavelengths in the range from 600-900 nm.

Particularly suitable luminescent compounds are dyes such as fluorescein derivatives
which contain functional groups with which they can be covalently bonded, for example
fluorescein isothiocyanate. '

Also very suitable are the functional fluorescent dyes available from Biological Detection
Systems Inc., for example the mono- and bifunctional Cy5.5™ dyes also described, inter
alia, in Clinical Chemistry 40 (9) : 1819-1822, 1994.

The preferred luminescence is fluorescence.

The luminescent dyes eligible for use may also be chemically-bonded to polymers or to



whi ch contain functional groups with which they can be covalently bonded

- for exar{p{,g ,?j yprescein isothiocyanate. Al so very suitablremEmsoisas.

functi ona ? uorescent dyes avail abl e from Biol ogi cal Detection Systens
Inc., for exanple the nono- and bifunctional Cy5.5[err] dyes also
described,. inter alia, in dinical Bm stry 40 (9): 1819-1822, 1994. The
preferred | um nescence is fluorescenc¢ The | um nescent dyes eligible for
use may al so be chemically bonded to polyners or to WD 95/ 33197
PCTI EP95/01845 - 8- one of the binding partners in biochemcal affinity
syst ens, g anti bodi es or anti body fragnments, antigens, proteins,
pept i de&ne phihehinging partnepsinb wqhgerﬁ;i affigBy Systems. 6:/2. puihadies or antibadyr s
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ronsar e dniceh Moot i ol Bl e st St O TP BRM b olifi a1
anal yt e breught inso pontaéthwith teir affinityrpartgers iremohiisegbon the|surfaceesfabesansatien t he
sanpl e '&ﬁa&{r@rﬂp tien éﬁn hﬁ’ﬁ% H&Qﬂﬁﬁé‘é%aﬁﬁfm@ 'ff&n‘?ﬂie%éé%ﬁreﬁ%@h%?{y of

[ um nes e quenc |ng oxygen or scence e ancenen
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interl aye ed. Prefera plLanar tr aren equi ayer
consi st gng}e @Hﬁfgi eﬂgﬁﬁq?acﬂ[ng gfekpz%ﬁveorloﬁglﬂ‘% \A%Pﬂ : H;gw tabl e
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oxi des such as lerr] ZnG, [err] -or [err].. [err] .and [err] are preferred.
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The refractive mdex of the wavegmdmg layer must be greater than that of the substrate .
and of any interlayers employed. Preferably the planar transparent waveguiding layer
consists of a material- having a refractive index greater than 2.

Suitable materials are typically inorganic mater-iais, preferably inorganic metal oxides
such as TiO,, ZnO, NbsOs, Ta,Os, HfO,, or ZrO,. -

Tay05 and TiO, are preferred.
The thickness.-of the tranéparent waveg.uiding layer is preferably 80 to 160 nm.

The depth modulation of the gratmg for coupling the excitation llght into the wavegmdmg
~ layer is preferably 5 to 30 nm.

The grating preferably has a line to space ratio of 0.5-2. By line to spacé ratio is meant
typically in a rectangular grating the ratiol of the width of the lines to the width of the

spaces.

The gréting for coupling the excitation light has the con.figuration of an optical diffraction



The thickness of the transparent wavegui ding |layer is preferably 80 to 160
nm The& depopsmatal ati on of the grating for coupling the ex®CTZ&PPN184S ght
iento the waveguiding layer is preferably 5 to 30 nm The grating preferably
has a line to space ratio of 0.5-2. By line to space ratio is neant
typically in a rectangular grating the_matio of the width of the lines to
the wdth of the spaces. The grating for coupling the excitation |ight has
the configuration of an optical diffraction 9- grating, preferably of a
relief grating. The relief structure can be of different form For exanple,
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wavegui di ChemioadrBiochenfitalant Bavigomhenmgl FiberuSdéndos V. Prbd SPIE,EIE6801-18he
grating i B{oduced in the wavegui ding layer itself. The grating period can
be from 2 8 ‘0 1000 nm and the grating conveniently exhibits only one
periodicity, i.e. is nonodiffractive. In the process of this invention the

sanpl e ca . ' | ilegk.'ﬂg rrdd ol

i rmobi | e ghggé%g%%rﬁu%%&g%%ﬁﬁ%%% ﬁ%g&ﬁ%’n@%@%&r{ I't, 3@ e‘f‘%]‘fc g can be
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| mobi |1 simgetWitegsidfigaif@ts¢lavi Ng | um nescent properties used for
detecting the analyte direct at the surface of the wavegui ding |ayer (b).
The substance having | um nescent properties can be, for exanple, a

| uni nophofe ghitinig pesiot oambe from&OOrt@llw(}mmmhd}mé %hﬁﬁgﬁoﬁd&ﬁgeﬁﬂy efbﬁbﬁxéh ?d to
| um nesce | NS : surface of the waveguiding | ayer. a
part ner hggfﬁg%é#&#ﬁf'@g%m%%&%ﬁ& ein is guided over this inmobilised

| ayer, then the |um nescence can be nodified and the anount of said partner

can be de | DEShsi P _ F;)@x&rl.‘t' . hot, ks of an
affinity E‘g%}‘gx C ﬁfglfyslgv%@%ggeeﬁ%l W t%q#%ﬁhﬁbdgﬁ%%tg&s%ﬂ%%o be able to
effect t hévagg&‘gﬁhﬂg F Shthe fmEghilesiale 26 MeHos gpiskd cortingesiy pvenibmad e bet ween

t he cycle can be open or closed.

A specific embodiment of the process consists in immobilising the substances having
luminescent properties used for detecting the analyte direct at the surface of the
~waveguiding layer (b). The substance having luminescent properties can be, for example,
a luminophore which is bound to a protein and which can thergby be excited to '
luminescence in this manner at the surface of the waveguiding layer. If a partner having
affinity for the protein is guided over this immobilised layer, then the luminescence can be
modified and the amount of said partner can be determined in this manner. In particular,
both partners of an affinity complex can also be labelied with luminophores 50 as to be
able to effect the determination of concentrations from the energy transfer between the
two, e,g, in the form of luminescence quenching.
Another preferred embodiment of the process for carrying out chemical or biochemical
affinity assays consists in immobilising on the surface of the sensor platform a specific
binding partner as chemical or biochemical detector substance for the analyte itself or for
one of the binding partners. The assay can be a single-step or multistep assay in the course
of which, in successive steps, one or more than one solution containing binding partners
for the detector substances immeobilised on the surface of the sensor platform is guided,
the analyte becoming bound in one of the partial steps. The defection of the analyte is



two, e,g, in the formof |um nescence quenching. Another preferred

enbodi meRp oRh3foe Process for carrying out chemcal or bigeRgpispagssaf fi nity
assays consr Sts'in immbilising on the surface of the sensor platforma

speci fic binding partner as chenical or biochemical detector substance for
the analyte itself or for one of the mcndi ng partners. The assay can be a
single-step or nultistep assay i.n the*ctourse of which, in successive steps,
one or nore than one solution containing binding partners for the detector
substances i mobilised on the surface of the sensor platformis guided, the
anal yte becom ng bound- in one of the partial steps. The detection of the
anal yt eeffected by bindingrlpmineseent-labpiledpardcipanis inctbe atfinityssayl The par ti ci pants in
the aff ldmﬁxysceﬁﬁﬁueueﬁmbétw&@eg‘eam d@?r@it df]ﬁﬂxef%ghﬁrr?&ﬁa%n%ﬁmlﬁﬁarﬁepsr fst of
one or an one art ner e affini so of an
anal o BF e AEHf. 5%, O b pHafaaldlorhe ehe Brryide Wb 3 Lidimoniore 2P0, ! <
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absorption or coval ent bondi ng drrect on the wavegui de | ayer or after
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appl yi ngua po diti.on, I'nterl ayer consisting e.g. of
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| ayer t @hérﬁiéhl mbdificatidhcofithesupface, Tor ¢xampdd by biﬁmcbah@n:b pwb bpoBmgerdi rect on

th ‘he t hick f thi t erl d 50
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ant i genmotimgrialyen dirpetdo diengaveguide bayepwcfaelmtwhammmbilxsauwmuﬁmhegetamrr ns, -
recept %ébswrce4 asét@eﬁ meqkmgﬁrge'ﬁﬁtmggﬁesg rﬁyéisrhﬁﬁﬁsno?%x@é@ and DNA

for thelr conplenentary str avi otrn enzynes for enzyne
subst r ad8am, Preforeblycdk 8t ors or inhibitors, | ectr ns for carbohydrates.
Whi ch of the respectrve affinity partners is immobilised on the surface of

t he sensor,_platform depenpd. o t.chitecture,of..the assay., The assay
oot Saiable eeBiolytstaneds 3 Bkl i ut Gitephs bl o SRR AT 1 ve
assay, @roteins®and Giflot mttmmngkuhndms,secebtnrs for digphds, ahg{mudhnndlesemﬂamgld n the
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anal yte I'n unknown concen nmpound
t hat i s eBZYM¢ sybskRiednzyme cofactors or 1nh1b1tors, lectins for carbohydrates. Wthh of the

respective affinity partners is immobilised on the surface of the sensor platform will
depend on the architecture of the assay. ' '

The assay itself can be a smgle-step complexmg process, for example a competmve assay,
or also a muitistep process, for example a sandwich assay -

In tﬁe simplest case of the competi_tive assay, the sam'ple- which contains the analytein
unknown concentration as well as a knowr amount of a coir_rpOund that is similar except
for luminescent labelling is brought in to contact with-the surface of the sensor platform,
where the luminscent-labelled and unlabelled molecules compete for the binding sites at
their immobilised detector substances. A maximum luminescence S1gna] is achieved in
this assay configuration when the sample contains no analyte. With.increasing
concentration of the substance to be detected, the luminescence signals under observation
become lower. - ' : '

ln a competmve unmunoassay 1t ‘does not necessarily. have to be the antibody which is
immobilised: the antigen too can be immobilised on the surface of the sensor platform as
detector. substance. Usually it is immaterial which of the partners is immobilised in

R



for lum nescent labelling is brought in to contact wwth the surface of the
sensor” pl aflowsagenher e the | um nscent -1 abel |l ed and unl abel | pdTERYTTIB4SES
gonpete for the binding sites at their inmobilised detector substances. A
maxi mum | um nescence signal is achieved in this assay configuration when
the sanpl e contains no analyte. Wth |nffea5|ng concentration of the
substance to be detected, the | um nescence signals under observation becone
lower. In a conpetitive i munoassay it does not necessarily have to be the
anti body which is imobilised: the antigen too can be inmobilised on the

surface of, the sens rmas de or .suybst ance. ually it |s
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evanescent field of the waveguiding |ayer. Further, . -in the case of
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sites at the surface o ensor For exa nown anount of
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I s a sandw ch 1 nmmunoas mobi I'i'sed on the
surface omk@ma@%ﬁ%bmdmga@fftMnnubpﬁ@sm nding of the antigen to be detected
and of the lum niscent-|abelled secondary anti body used for carrying out

the detectjon to a se%gﬂa ﬁﬂl to e of the @%é&en can be effected either by
successi vee Yt 15 4 pmslaoqqng MUAGASSHLINRICR 8 POMALY 5 second
sgl ution amﬂsfoay i mnblbi?sddxm the surfave-of dircdechsnt ptanﬂonho'nhe bindinQ\of Mnigemg
t hese two, S0 efQr e
consi st nt Sbeféé;%cﬁhsaéﬁ oﬁ%e r W‘ﬁ‘é@gé ﬁ%da%eg{)rlx@ay g‘?ﬂb"ag&g&@’ §%f5ﬁ§§8wf’? nity
assays erte@tmm tcgarqu:qr@e:pitgpa bicthe aotigenican b effected cithes by puccessive eontasing, in
it ?n?m‘r:] gsleogrlijtfﬁlﬁé‘%t%h AOTRAAIAR BT gl P4 Sbcbnd Wihiidh ORBmhihp Rl | v DI nds
g luminiscent-labelled antibody, or by combining these two solutions beforehand, so that,
finally, the partial complex consisting of antigen and luminescent-labelled antibody is
bound.

Affinity assays may also comprise further additional binding steps. For example, in the
case of sandwich immunoassays protein A, which specifically binds immunoglobulins
which then act as primary antibodies in a subsequent sandwich assay, which is carried out
as déscribed above, at their so-called F, part, can be immobilised on the surface of the
sensor platform in a first step.

There is a whole host of further types of affinity assays, typically using the known
avidin-biotin affinity system.

Examples of types of affinity assays will be found in J. H. Rittenburg, Fundamentals of
Immunoassay; in Development and Application of Immunoassay for Food Analysis, J. H.
Rittenburg (Ed.), Elsevier, Essex 1990, or in P. Tijssen, Practice and Theory of Enzyme
Immunoassays, R. H. Burdon, P. H. van Knippenberg (Eds), Elsevier, Amsterdam 1985.

It is furthermore possible to use the surface of the sensor platform not only for single use



whi ch then act as primary antibodies in a subsequent sandw ch assay; which

i's carriyed ok g) s described above, at their so-called [ergdrymsiisssan be

i robi Ilsea he surface of the sensor platformin a.first step. There is.,

a whol e host of further types of affinity assays, typically using the known
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system Another essential enbodi rrent of the process ‘consists on the one
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Phot odi ggg&lamgogg@,tg%rﬂg@%wz{cbﬂ%ﬁ{s& sCCD caneras and detector arrays,
for exanple CCD cells, may sui tably ‘be used The I'um nescence can be inmaged

with optical elenents such as'mirrors, prisns, |enses, Fresnel |enses and
gr adi enThe ummdmmesbarmmmummm bsn benadd kaeineﬂ@ﬂh it is
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such as mirrors, prisms, lenses; Fresnel lenses and gradient index lenses thereon. To selec:t '

thé emission wavelength it is possible to use known elements such as filters, prisms,
monochromatic filters, dichromatic mirrors and diffrac’t_ion gratings.

One embodiment of the process of thls invention consists in detectmg 1sotrop1cally
emitted, evanescently excited luminescence.

Another embodiment of the process of this invention comprises detéctihg at the edges of
the sensor platform the evanescently excited luminescence coupled back into sai_d Sensor
platform . This back-coupled fluorescence intensity is surprisingly high, so that a very
good sensitivity can likewise be achieved by means of this procedure.

" Another embodiment of the process of this invention consists in detecting the isotropically
emitted, evanescently excited luminescence as well as the-lumineSccnce coupled back into
the waveguide, independently of each other, but simultaneously. Because of the different
selectivity of the two luminescence detection methods, which is dependent on the distance
of the luminophores from the Waveguide layer, additional information on the spatial
distribution of the luminophores can be obtained in this embodiment. Hence this gives rise



em tted, evanescently excited |um nescence. Another embodi nent of the

process’ ofyysssigavention conprises detecting at the edges PET/EPSs RS OF
pd atf ormt he evanescently excited | um nescence coupl ed back Into sal

sensor platform. This back-coupled fluorescence intensity is surprisingly
hi gh, so that a very good sensitivity can |ikew se be achi eved by neans of
this procedure. Another enbodi nent of tﬁ%“process of this invention
consists in detecting the isotropically emtted, evanescently excited

| um nescence as well as the |um nescence coupl ed back into the wavegui de,

I ndependent |y of each other, but sinultaneously. Because of the different

sel ecti vi f‘}/‘%fpotsﬁbﬂimﬂf distinguishingrhetwepattbe phasochemicad fading\wf thi limindplerasient
on the di ah@aaiisociation bﬂﬂ%mh@r&&dé&%&%mqwiﬁgﬁb@?r , addi ti onal
no

informati on on the spatial distribution of the ['um ores can be obt ai ned
in this enbodi nent. Hence this gives rise -13- to the possibility of

gi sti ngui Qneragvmageﬁ]r}hde bmccﬂs@fdﬁflmvénminiﬁﬂiﬂt,fwsi@ésﬂllb@eiew&d‘@ﬂhoreS and the
i ssoci at i,Qn: WURe . rr.yi.ng..the | um nophores. One
advant age hgﬂmg %]cee B%? ggeegsﬂg &13 PX? ﬁf@g ﬁé‘gﬁfﬁ %’ﬁ&%go’? Hﬁ?t cag é‘gﬁ]og’@s‘iqefqﬁ@lllf@t ection

of | umi neSempared witle multiroodal wamegyiidesiof opticah fibeet ergplanac comstiuotior, iaght can al so
be det er %ﬁ&%ﬁgﬂﬁrﬂ@&&%gﬂhﬁb-ﬁﬂi&e@fiﬁ@Mchi@@&?%%‘&:?;{?fm‘g RinfiEhedds" © ©F

pl anar construction, a substantil a bhetter O0-Nol Se ra i's

achi eved Mgasyipmentof luminescence,and tien makes it passthle tor datermineescence and

absor pt i oluminkstentd quensiing effedtOwith hiihBefiditiviyi nescence quenching effects
with high sensitivity. The process can be carried out by irradiating with

excitation light in continuous wave (cw) node, i.e. excitation is effected
wi th | i ghThe prasessidan belvatriedout by atadiating with exeitaoielight fc eARinQows wive\RWA' ,

al so be cgyubed ekl b beituli @ WMt & gg&gi .1 Lght.in the formof a
timed pulse with Jz(a&%ﬁ ‘s‘é“’r‘ffgérége?rﬁ"g?h@‘é&on dﬂ)iﬂé%g@é%ﬂg&fgn?o 100 seconds,
and by time-resolved detection of the |um nescence - in the case of short

pul se | enghdroceRcadl hdwiver, 4isbbe Rhrrt@ GRNEY h%ﬂiﬂ?gﬂ%iﬂ?excm&l Bﬁr?r?g}?i S
particul af%%g;/ﬁ?ntggﬁg?s_lnhen Vel t%% S .de5| [eo.S. 8 to nonitor the rate
of a bond B Vith @ pufsg length of &.8..ane picosecoad up4a 409 peconds, and by
| um nescetime-resojveal deetian o€ theflumines@abeninahé cdsa Of BEortpilsles BME L oL¥POSUr €
of the deraay i of RRoRB oihiinas Mris ARG  GREbUeY horhlieeEutpiene it B
Raman eni 4eSired egatp npiterthe rateiof aibanddormation anhlytinallyiorvia prevent aidéoresse &nt
consti t ueibesuminestfcs Sighalbeeiifte bfihoisdheRtical fading using short exposure times. By

using appropriate short pulse length and suitable time-resolution of the detection it is

further possible to distinguish scattered light, Raman emission and short-lived

luminescence of any unwanted luminescent constituents of the sample and the sensor

material from a luminescence of the labelling molecule, which is in this case preferably

long-lived, by detecting the emission of the analyte only after this short-lived radiation has

decayed. Moreover, time-resolved luminescence detection permits after pulsed excitation -

just like modulated excitation and detection - investigation of the influence of the binding

of the analyte on the decay of molecular luminescence. In addition to the specific

recognition of the analyte by the immobilised detector substances and the spatial

limitation of the signal production to the evanescent field of the waveguide, the molecular

luminescence decay time can be utilised as a further criterion of selectivity.

The process can also be carried out by input-coupling the excitation light at one or more
than one frequency with modulated intensity, and detecting the resultant phase shift and
modulation of the sample luminescence.

The invention further relates to the use of the inventive procéss for the quantitative



material froma |um nescence of the labelling nolecule, which is in-this
case pre | ong-1ived, by detecting the em ssion of only
after th?@ﬁs g??—lived radi ati on has decayed. Mboreover, t%ﬁg¢?@§@¥&gd

| um nescence detection permts after pulsed excitation - just |ike :
modul at ed excitation and detection - investigation of the influence of the
bi ndi ng of the anal yte on the decay of4nol ecul ar | umi nescence. In addition
to the specific recognition of the analyte by the i mobilised detector
substances and the spatial limtation of the signal production to the
evanescent field of the wavegui de, the nol ecul ar | um nescence decay tine
can be determinaton of analyles inshewidal e biosheotical affunityi assayy withtimowmaffiafty.can al so
~ be carr peéinéyandusshy BithitscRutes by Betbéttgaié bnibion s ldbglia BihaiiDathef0 "€ | han

one freque th nodul ated jntensity, and detecting t : ant phase
shift aﬁ@ﬁ%ﬂmlﬁﬁcweﬁi@&%w? il th fuminesgence preperiiesoff ur t her

r el at es immobilised uminéscenelabeliedniffiniey parmensty ifilefactibe withahé hiadyeve - 14-
determ nation .of analytes in chem cal or biochem cal affinity assays with
known affinity partners and assay architectures by detecting the emi ssion
of | abelAssigns! pradugtionaand detection preilineitedsto thendhemicad or biochemioyl dbsdotiohi:ng
changes ghffa ) 6t d fdﬁVPE I ehd iJeal - l,abel | ed
af fini té' a%ﬁe*gwgeﬁﬁﬁg%?{%ﬁ%védfﬁﬁpﬁ% f'ana yt&éé‘ﬁ%-agf%%ﬁﬁ%?%@tlé%i on and
det ect i 8ifdiRg0f substaices i themmabdlised detegspr elements gan be meiterediinread timeace on
tﬂe \gavegu ititbrefordalso péssiblectoaize ﬁleﬁh@aﬁgé fdcegdngghﬁﬁmgl géfgal,,ﬁﬁgopf&cri m'bnat ed,
the bin t ances .t e i mobilised detector elenents can be

noni t or ggg?dﬁ&frng’gﬁ%%?ﬁy qsp??alfysfq ﬂlé?gﬁaﬁ%lcﬁ]ligf}d‘f%ga PRMEnL, Byedirecke i nvent i veld
pr ocess detgetier 6f assocjationrand dissociationf rates i sqritinoeusfidw systayswithspitatiel | y f or
phar macejdly s, Product devel opment, by direct detection of association and
di ssociation rates i'n continuous flow systens with suitable flowrates. In
anot her of its aspects, the invention rel-ates to the use of the inventive
processii Ql!iothéﬁ)f%ﬁ&@%dc@iﬂe\dﬁvéﬁbﬁ reThtB@id tAO usf ofahd {nNeRtieSpreles8 firHENS- Yet
anot her EHI |tt‘>/ (Pf the i nv?nt |.v%. rocess is for the quantitative

det er m TRy dSterrUnAton Of gptihg ﬁ’gﬁaé?ngﬂnﬁ'gonucl’ eoti des, strands of DNA or

RNA, DNA or RNA anal ogs, enzynmes, . enzyne. substrates, enzyme cofactors or

i nhi bit &l . further aspect, the invention

rel ates q;e?)a?%[g%lggﬁ%?p ?’ﬁg&l}eﬁggéln | \é/léesggsr 9 g??“?ﬁéta{‘]ﬁeed%%qw quant'i ti ve

det er ni FRACPOFS O ligands. ligoruelcotides strands of DN A ooRNAG AINA or RINA dndibgs, ds.
enzymes, enzyme substrates, enzyme cofactors or inhibitors, lectins and carbohydrates. -

In a further aspect, the invention relates to the use of the inventive process for the selective
quantitive determination of luminescent constituents in optically turbid fluids.

Optically turbid fluids may typically be biological fluids such as egg yolk, body fluids
such as blood, serum or plasma, and also samples emanating from environmental analysis,
including surface water, dissolved soil extracts and dissolved plant extracts. Suitable
fluids are also-the reaction solutions obtained in chemical production, in particular dye
solutions or reaction solutions originating from the production of fluorescent whitening
agents. Also suitable are all _types of the dispersions and formulations typically used in the
textile industry, provided these contain one or more than one luminescent component. The
process can thus also be used for quality safeguarding.

Figg:e. 1 shows schematically a cross-section of an arrangement of apparatus for carrying
out the inventive process. o o '
Figure 2 shows schematically an enlargéd section of the optical waveguide. '

These embodiments of the invention are in detail: '



Optically turbid fluids may typically be biological fluids such as egg
yol k, body wé wésshiesuch as bl ood, serumor plasma, and al so TR 0184
emanating from environnmental analysis, including surface water, di ssofved
soi|l extracts and di ssol ved plant extracts. Suitablie fluids are also the
reaction solutions obtained in chem cal ,production, in particular dye
solutions or reaction solutions origi naty ng fromthe production of
fluorescent whitening agents. Also suitable are all types of the

di spersions and fornmul ations typically used in the textile industry,

provi ded these contain one or nore than one | um nescent conponent The
process can thus also be used for quality safeguarding. Figure 1 shows

schematicmxbuatﬁmodmissamwwe%nid@f an arrangenent of apparatus for carrying
out the iqven&c\}llﬁg\ggr gss. igure 2 shows schematically an enlarged section
of the optica 5‘%? EMThese enbodi nents of the invention are in detail:
-15- Exci flat i gnidepmiagle and wavegui de: 1 exciting |aser beam 1la gui ded
node 2 2COURLE gaﬁgiee 3 grating (depth 4-5 nm period 750 nm
rectangul ar for optical sensor platformconsisting of 4a and 4b 4a
wavegui di Ag | &ating(denth 4-5nm, peried 750 nmy gwtangylar fsm) substrate (Cor ni ng
glass, n g 1. 5§6¢ﬂ]§eré88p1@tfbnn&ﬁisﬁs}@ihé@%@ﬂidﬁs folr fhe iﬁo'[ ropicall'y ]?m tted
| um nescence 5 .Qcusun ens o Ltable focal length, 6 i nterference
filter su??abl“@v?gﬂl&f‘ﬁiayﬁgd%ﬁm'bfziaghiaﬁgéagc@ﬂbe with a half intensity width
of e.g. 38bnmsibstratef(Cormngglabsns hf3&ati488mne. f ocal | ength, 8 det ect or
(phot odi ode). Detection optics for the | um nescence coupl ed back into the

sensor platform 9 glass fibre bundl e of rectangular cross-section 10
i nt er f er ePgtectipn ppticsdor thalisotropisally emvitted taminesashcd uni nescence with a hal f

i ntensi tysw didcuSingSiess of3i¥ focal length,
6 interference filter suitable for the maximum of Iuminescence with a half intensity
width of e.g. 30 nm
7 focusing lens of suitable focal length,
8 detector (photodiode).

Detection optics for the luminescence coupled back into the sensor platform:
9 glass fibre bundle of rectangular cross-section

10 interference filter suitable for the maximum of luminescence with a half intensity
width of e.g. 30 nm,
11 photodiode.

Detection of the transmitted light:

12 glass fibre bundle of rectangular cross-section,

13 interference filter suitable for the maximum of luminescence with a half intensity
widthof e.g. 30 nm,

14 photodiode.

Sample cell (rotatable):
15  upper part which - pressed against the sensor platform - together with this forms the
flow cell, '

16 sealing Oring,

17  entry port for fluid,

18  exit pont for fluid,

19  enury port for thermostatic control,

L]



11 phot odi ode. Detection of the transmtted light: 12 glass fibre bundl e of |
rect ang s-section, 13 interference filter suitabl ,%;9 pgsmaxi mum
of lum ;kggceﬁ%l?wth a half intensity width of e.g. 30 nm ft p{?ot odi ode. .
Sampl e cell (rotatable): 15 upper part which - pressed agai nst the sensor

platform- together with this forns the flow cell, 16 sealing Oring, 17
“entry port for fluid, 18 exit port folo Tluid, 19 entry port for
~thernostatic control, -16- 20 exit port for thernostatic control. The
i ndi vidual elenments used for the arrangenent are known and commercially
avai l abl e. The follow ng Exanples illustrate the invention. The

concent 2At i ekit pprthocthermostatigicertralenot es nol /1. Exanple 1 1.1 Opti cal

construction The excitation [ight of an argon-ion . |aser (excitation
wavel en

i TG RARTAA EAESICUE AE PRI R T I A
rings, a thernostatically-controlled flow cell i s”pressed from ab8¥ec 0 07
02" 0 Tl D6 Hrahs TSR Bl Toe (RScRBlion in B KRRIRS o O

t ransni denates mpl/k he excitation Iight are recorded simultaneousty by 3

detectors in differing spati al arrangenment. The arrangement is illustrat ed
schematically in Fig. 1. Detector 8 consists of a photodi ode (UDT UV-50,
Uni t ed B&@@ieol Technol ogy, Hawt horne, CA, USA), on to which the

isotropically emtted |lum nescence is focused through interference filters
agd foc SIB nses D(()at ector 14 consists of a photodiode (SR 1133, '
manmat ie;)——gg—i@—%ﬁw he | um nescence coupl ed back into the wavegui de

| ayer aiTheeksicatioadighhofcan &g¢reion|lasen(excitaion wavelength 488 nm) is.directed on to

the grating of the waveguiding layer by means of a rotatable mirror from the back of the

substrate. Sealed by O rings, a thennostatically-.controlled flow:cell is pressed from above

- against the face of the waveguiding layer. The cell has a volume of ¢. 0.07 ml. The -
" luminescence of the sample excited in the evanescent field and the transmission of the

excitation light are recorded simultaneously by 3 detectors in differing spatial

arrangement. The arrangement is illustrated schematically in Fig. 1. Detector 8 consists of

a photodiode (UDT UV-50, United Detector Technology, Hawthorne, CA, USA), on to :

which the isotropically emitted luminescence is focused through interference filters and -

focusing lenses. Detector 14 consists of a photodiode (SR 1133, Hamamatsu) on to which

the luminescence coupled back into the waveguide layer and observed-under 90° for the

direction of propagation of the continuous mode is guided by means of optical glass ﬁbres

and passed through an interference filter. The signal is enhanced by means of a

transimpedence amplifier. The transmission light is guided in analogous manner by

detector 11 in the direction of propagation of the mode,. while passing through an

interference filter, on to a photodiode (UDT UV-50, United Detector Technology,

Hawthorne; CA, USA), and enhanced.

1.2 Characterisation of tk the sensor materials and of the ¢ oughng result
1.2.1 Optical sensor platform

geometry: 16mm x 48mm x 0.5mm.

waveguiding layer: Ta205, n = 2.317 at 488 nm, thickness 100 £ t 5nm.
substrate: Corning glass C7059, n = 1.538 at 488 nm.

Grating: rectangular grating with a depth modulation of 4-5 nm, grating period 750 nm. -



direction of propagation of the continuous node is guided by neans of
optical” gl 88§ ods3fses and passed through an interference fil tFprmpRRigasanal
is enhanced by neans of a transi npedence anplifier. The transm ssion |ight
I's guided in anal ogous manner by detector 11 in the direction of
propagati on of the node, while passing through an interference filter, on
to a photodi ode (UDT UV-50, United Det edt/or Technol ogy, Hawt horne; CA,

USA), and enhanced. 1.2 Characterisation of the sensor materials and of the
coupling result 1.2.1 Optical sensor platformgeonetry: 16mm x 48mm X
0.5mm waveguiding layer: [err], n = 2.317 at 488 nm thickness 100 5 nm
substr at e:l.g:érﬁﬂupgngr%sk valho@itationat 63588 at 488 nm G ating: rectangul ar
grating w ctg#g A m grating period 750 nm - 17 -
1.2.2 Ooupcfopﬁﬁrlérjgrg}f&t%t gggﬁ}fagfl?%ﬂégp 633 nm coupling angle: 4-5 (second
refracti orFOBP]g%gﬁ ClEap TRt erating sishy: 7% at grating site attenuation:

2, 5dB/ cm attefuatioat 26tdBm.of fl uorescei n-1 abell ed i mmunogl obulin on

i obilised protein A Sanple solution: 1 x 10-8 M of fluorescein-I|abelled

i mmunogl obulin (Sigma Chemicals, F-1gG; 0.5 1 of phosphate buffer,

consi st i ng.-3fDaeaith dfifiubresesinjabetied finmad glbmilin[owyimrhobiliseld ppdtein A

POE- ( 20) - s@ihitid 9(%)111@{“)' aurate (Tween 20, 1Cl); 200.ng of sodium azide, 50
m of methandl, bulkéd to 1 litre with distilled water. The sensor is

i ncubat ed k% 10-B0Mind fluoraseeinddabetied sumureglohulisr( SigmaChericals A-{EB) M
chem cal $.0.31 5pHisphatd Bufleibdmising oPOB4 P M bt NAHFO AIRQS 934 Ao KliSo,; L he
t e at € br

sensor i s wash distille er_and t I NC agai n 4 hour
in a sol ut @ﬁoﬁogﬁégbﬂg@lﬂ’ﬂﬁwrﬁhﬁﬂe%’5@?&; 10g/1 of bovine serum

al buni n ( Q00meg Cheodivoa lazilie, SThal ofangthencl Bulltédad 1i 1ftreoWith diRtDeEWHtek| owed for 9
m nut es over the sensor surface on which protein A is adsorbed. The
Isotropically emtted fluorescence, the evanescently back-coupl ed

f | uor escerld® sansor isriacebasedsior 46 hovrs in an aquecus sodutionsof piroteineA ¢Signmut es i n

accor dancehdibald, Nen /RPC ToRkhdlise any still free adsorption sites, the sensor is washed
with distilled water and then incubated again for 1 hour in a $5lution of phosphate buffer
which contains 10g/1 of bovine serum albumin (Sigma Chemicals).

The sample solution is continuously flowed for 9 minutes over the sensor surface on
which protein A is adsorbed.

The isotropically emitted fluorescence, the evanescently back-coupled fluorescence and
the transmission are measured over these 9 minutes in accordance with the description
givenin 1.1. A sensitivity of c. 1 x 10-10 M, based on F-IgG, is achieved.

In all the following Application Examples, the sensor platfornt desribed in Example 1 and
the optical arrangement described therein is used.

Example 2
Detection of fluorescein-labelled immunoglobulin on immobilised protein A:
Solutions used:

1) buffer solution: consisting of 0.5 1 of phosphate puffer (0.041 M of Na,HPO, + 0.028
M of KH,POy), 0.151 M of NaCl, 250 mg/l of sodium azide, 3 ml of methanol, 1 g/ of
bovine serum albumin (BSA); 0.5 ml of POE-(20)- sorbitol monolaurate (Tween 20,
ICT), bulked to 1 litre with distilled water;

2) solution for immobilising protein A (Sigma Chemicals): 1 mg/ml of dist. water;

3) neutralisation solution: buffer solution 1) + 10 mg/ml of bo¥ine serum albhmin (BSA,
Sigma Chemicals);



given in 1.1. Asensitivity of ¢c. 1 x 10-10 M based on F-19gG is achieved.
In all t wing Application Exanples, the sensor PP | bed in
Exanpl e ?@a;rﬁbitgﬁe optical arrangement descri bed t herein |géuse5ﬂﬁ%x‘sanpl e 2
Det ection of -fluorescein-Iabelled inmnogl obuli n on inmmmobilised protein A
Sol utions used: 1) buffer solution: consisting of 0.5 1 of phosphate puffer
(0.041 Mof [err] + 0.028 M of [err]‘,l%)'. 151 Mof Nad, 250 ng/l of sodium
azide, 50 mM of nethanol, 1 g/l of bovine serumal bumn (BSA); 0.5 m of
PCE- (20)- sorbitol nonolaurate (Tween 20, ICl), bulked to 1 litre with
distilled water;. 2) solution for inmobilising protein A (Sigma Chemnicals):
1 ng/ ni 4bfinging solutien:duffegjolwtiam al i sati on sol ution:: buffer solution 1) + 10
my/ n ok mﬂmesoﬁﬁam%mﬂnaﬁa% imphEHOBIdBRRA1163 161)1,1 buffer dtatidh) 17 1 NSi Ng.

solutio er sol ution e solutlons uor escel n-1 abel | ed
|rrrrunongEﬁ$FF‘ﬂa‘1@%)‘mqnngl¥ﬁg“F@P fer ﬁ% on 1; - 6) regeneration solution:

gl ycine buffer, pH 2. Process: The optical sensor platformis incubated for
10 hourg_w th sol ution 2) to inmmobilise protein A To neutralise any still
free ad 5‘?5 on sites, the sensor platformis washed with distilled water
and t heThe nputﬂmewoaghtfm ivinanbiatedifor 10 hdurs withisolkios 2) tooimmabiliseé on whi ch

ConL 2l prcknddr Pleuiafv, o Sull 86 BARRFARiR e Bnsbi a3 ed B! duat
5 m nut é&nm:@ wates n¢ thea dngpbated again forgy hmghsylemwmmgol@nowb@r ound

si gnal ; cg@{gh{sllggmjfmpl e solution 5) over 9 mnutes; washing for 5
mnutes with buffer solution 1); addition for 5 mnutes of regener ati on

solution 6); washing for 5 mnutes with buffer solution 1). The - ‘ :
| sot r opiThelprgcessédrsist df itheofollewingdadiaituak Seepsfwhich aecarnied ouvipa Adwhellk to the

SENSOr (flow rate 1 mi/min): ,

washmg for 5 mmutes with buffer solution 1), followed by recording of background
signal; S . o -

addition of sample soluuon 5) over 9 mxnutes, :

washing for 5 minutes with buffer solution 1);

addition for 5 minutes of regeneration solution 6);

washing for 5 minutes with buffer solution 1). e

The isotropically emitted fluorescence and the fluorescence coupled back to the sensor -
platform as well as the transmission are measured during the entire process in accordance
with Example 1. ' '

In addition to a strong signal of the isotropically emitted fluorescence, strong signals from
the back-coupled fluorescence as well as a markedly diminished transmission in the '
presence of the analyte are measured. The fluorescence _-Signals increase during the
addition of the fluorescent analyte and show the typical shape bf an adsorption curve. The
signal for the-back-coupled fluorescence is, at the same enhancement, lower than the -
isotropically emitted fluorescence only by a factor of 2. The transmission signal has a
shape that is virtually a miri‘or inversion of the fluorescence signals. Until the maximum
fluorescence is attained, the transmxssmn s1gnal decreases by 25 %. The transmission
signal increases again by the same amount as the fluorescence decreases after the
regeneration step.

Example 3: : . . _
Detection of fluorescem—labelled 1mmunozlobuhn on 1mmob1hsed protein A

Solutions used:




platformas well as the transm ssion are neasured during the entire process
i n accor damae9ss3tdy Exanple 1. In addition to a strong si gnalpcifErok®184s
isotropically emtted fluorescence, strong signals fromthe back-coupled
fluorescence as well as a markedly di m nished transm ssion in the presence
of the analyte are neasured. The fl uor eggence signals increase during the
addition of the fluorescent anal yte and Show the typical shape of an
adsorption curve. The signal for the back-coupled fluorescence is, at the
sane enhancerrent | ower than the isotropically emtted fluorescence only by

i rror 1 vl DG iptdrd B5iGe 38 15 e hormlit SeRE TR Is g D 028
fl uor escemfGKHﬁK)a,tQ 8 Inlcof Nd(él 200emgfriof sudium arige,£0 mbof methasolpyulRéd 661 The

transm ssm&aiﬂgaﬁhné@g,sﬁgses agai n by the sarre anount as the fluorescence
decr eases ter the regeneration ste 3: Detection of

f 1 uor escei-sphigen f@dmmﬁhalm pratein A ( mmmﬁmwgbd mg/ox of huffer butioni Bns

used: 3} Qeutkdlishtidd Slutson: Bhif SolutidAY! %tllmﬂ%ﬂgfoﬂlgg%ﬂé ségggxs%g : ?ys,téglr -

(0.041 M e 028 Mof [err], 151
azi de, nglnﬁh’fr@mgﬂ bulked to 1 litre with distilled water: 2)

sol ut i on f4c)rnmsmgtsbldubﬁﬂmglspmsé@ﬂondé%eétﬁgghabﬁkgrmmdls@lal, bufrer slutih buffer
sol ution ﬁ% Aallsatlon solution: buffer solution 1) + 10 ng/m of
bovi ne ser umg 1bum n”’(BSA, Sigma Chenmicals) 4) rinsing solution: is also
used for cﬁétsa@plemglutms luokaseeiniabeBedyimmpnogiotindin M dif: fmntroacenuagma of

BSA;" 5) sqmplgavs M-YtNIONB 10 ngerquq?ﬁbdf&?%mﬁ&u %@{m 'og fspa
di fferent concentr.ati on (10-8 -10M 11 ufférsol ution
Dwith 1 fgFesensRipgsel “%9“ L.0¥1 48t uti on gI yC| ne buffer, pH 2.5.
Process: The optical sensor platformis incubated for 2 hours with t he

sol ution fl;%é igm)bi lising protein A. To neutralise any still free
adsorption 7% , the sensor is washed with distilled water and then

i ncubat ed Tgaipticileensbr phatform iis imcshatad fop @ hodrswidsthé adletibn fdrémmdbilising ont ai ns

protein A. To neutralise any still free adsorption sites, the sensor is washed with distilled
water and then incubated again for 1 hour in a solution of phosphate buffer which contains
10 g/t of BSA.

The process consists of the following individual steps:

- washing for 2 minutes with rinsing solution 4) (0.1 ml/min), recording the background
signal; .

- simultaneous aspiration of the sample (1 ml) into a loop via an automatated sampler;

- then passing the sample for c. 7 minutes over the sensor platform by discharging the loop
(0.1 ml/min, between start and end pulse); -

- afterwards rinsing with solution 4); :

- after application of the regeneration solution again rinsing thh solution 4).

The isotropically emitted fluorescence and the transmission aﬁ% measured during the entire
process in accordance with Example 1. '
A further distinct fluorescence signal is observed at a concentration of 10-1° M of fluor-
escein-labelled immunoglobulin A. Changes in the transmission are determined at
concentrations of up to 108 M.

After averaging the data (9 point averages), an analyte concetsitation of 10-*!1 M can still
be found. A

At the different concentrations, the following changes of signal are recorded at the end of



10 g/ of BSA. The process consists of the follow ng individual steps: -
washi ng w95?33[g7nut es wth rinsing solution 4) (0.1 m/m @b-m@ggglgggﬁg the
~background signal; - sinultaneous aspiration of the sanple (1 nml) into a |
| oop via an automatated sanpler; - then passing the sanple for ¢c. 7 mnutes -
over the sensor platform by di s'chargi_gﬁ the loop (0.1 mM/mn, between start
and end pulse); - afterwards rinsing th solution 4); - after application
of the regeneration solution again rinsing with solution 4). The
isotropically emtted fluorescence and the transm ssion are neasured during

the enti ess i n_accordance th Ex ) further distinct

fl uoreséé"n&‘g{‘ fgw;mpée Sormpared ity %“%ggﬁig%l{qdoﬁ‘g‘lﬂ (signal/poige FAtios | yor -
escei n- IbatvadenddandmWygl obul in A, Changes in the transmission are |
determined at concentrations of up to 10[err] M After averaging the dat a
(9 point averages), an anal yte concentration of 10-11 Mcan still be found.
At the different concentrations, the follow ng changes of signal are
TeCOfdegFﬁE he Hﬁkﬂ'eé?:fencesl%iﬁl?ﬂé ofaﬁunn?ﬁlf&sﬁﬂ% aPn of . sanpl e,
conpared W t the 1nitial Dackground signal (signal/holse rati o between 1
and 4 mv): [F-19gQg Fl uorescence signal (V) Change of the transnission

signal 1Qffmr]M 1.0 1.0 - -10% -10% 10[err] M . 0.2
not determined 10[err] M 0. 039 not determ ned 10[err]
M 0. 008 ' not determ ned (after averagi ng) The

detecti d9AMnit 02 bel ow 10[err] M . cowot desermidedg to an anal yte
concentration of 10[err] nol of fluorescein-|labelled |gG Exanple 4 1.4.

Det ecti on (af fl uorescein-1abel | ed ol i gonucl eotides with i rrm)bl i sed ‘
Corrp| errel[Qt M 0.039 _ not determmed .

10!M  0.008 - not determined

(after averaging) | | |

The detection limit is below 10-11 M correspondmg to an analyte concentration of 10-14,
mol of fluorescein-labelled IgG.

Exam gle 4

1.4. Detection of ﬂuorescem-labelled ohgonucleoude s with mmobxhsed complementgy
strands ina hybridisation assay -

Solutions used:
1) hybridisation buffer (pH 7.75), consisting of 0.069 M of phosphate buffer (0 041 M
NaH,PO, + 0.028 M NaH,PO,), 0.176 M of KCl, 1 ml of POE-(20) sorbitol monolaurate

(Tween 20, ICI), 1 g of polyacryhc acid PAA 5100, 500 mg/l of sodium azide, bulked to
1 litre with distilled water; o .
2) sample solutions: fluorescein-labelled ohgomer complementary to the ohgomer

. immobilised on the sensor platform and consisting of 16 base pairs.
(fluorescein-5’-GTTGTGTGGAATTGTG-3’ (10-12 M/1) in hybridisation buffer 1);
3) regeneration solution: 50 % (G/G) of urea in aqueous solution..

Process: 2 o
The capture probe is synthesized with an oligonucleotide synthes1zer (Apphed Blosystems
394B) 3’CAACACACCTTAACAC-5’ direct on a sensor platform silanised with
3-glycidyloxypropyltrimethoxysilane by a standard process as used for oligonucleotide

' syntheéis on patticles (e.g. in M. J. Gait, Oligonucleotide Synthesis. A practical approach.



strands in a hybridisation assay Solutions used: 1) hybridisation buffer
(pH 7.75), wopsssayi ng of 0.069 M of phosphate buffer (0.041 ddrnatdRoisas +
0.028 MJ[err]) 0.176 Mof KA, 1 m of POE-(20) sorbitol nonol aurate (Tween
20, ICl), 1 g of polyacrylic acid PAA 5100, 500 ng/| of sodium azide,
bulked to 1 litre with distilled water; 492) sanple sol utions:
fluorescein-|abelled oligoner conplenentary to the oligoner imuobilised on
t he sensor platformand consisting of 16 base pairs
(fI uorescei n-5' - GTTGTGTGGAATTGTG 3" (10-12 M 1) in hybridisation buffer 1);
regene 5 QY4 sol ution. Process:
The capt ur@%@ﬁﬁb&tg%ﬁém idc?g\kn%ﬁ n%ﬂéﬁ%gé%h@%& Synt hesi zer
(Appl i ed Bré@sidimatoxyya)hpdroryionuiseciiisssaizsstabie liaking group foeashoripg at f or m

si | ani sed owm@s&f@bm:uﬁw RKY 56 8P| préveREA ta@eﬂéPhduag%fﬂaﬁ‘mﬁ tRd ?é?xg@rr%éﬁ&@c ess as

used for onugl eot.i.de s t hesi s arti

d i gonucl Cé%lﬁg i yae Rhepﬁem m&ﬁ ‘Qf)ﬁ?edbfﬁﬁi th tgw@gpxggchc}eteegpn
Oxford Unlstrmdsunyhdihleaamonhﬁetﬂ(ﬁﬁo ). But unlike the standard synt hesis,

4- (4, 4-di net hoxytrityl)hydroxybutyric acid is used as stable |inking group
for anchoring on the surface at the 3'-end so as to prevent a later

spl i tti ng Toeimethateansistssafibofollowingiodividant stepsnashi ng with water, the sensor

platforns. Wﬁhﬂﬁq& Mﬁ%m% %ng{;iguﬁ@gﬁc(?lgaﬁyﬁmgﬂ%gste ﬂx@e detection

met hod. The nethod consists oW ng - washi ng
for 8 ni ndREkEropRds dsigRAbr i di sation buffer 1) (0.5 m/min), recor di ng the

backgr ound addigpahe sampiélstilmgort nqomm@ns eVart26qhindles (A3 seb ARikinbe ver 26

m nut es ( er 5 sec flush of n); - rinsing for 4 mnutes with
hybri di sa n%‘uffer 1) (0.5 rri/mn) - adding the regeneration solution 3)
over 4 m ﬁmmemg(f&%mmu:m with hybndlmnnguffarl)l(ommumﬁs, wi th hybridisation

butfer 1) - B Bd1HbEhery 0l i 59 B b0 Sthablaipr esoence and the

transm SSI on are neasur
- rinsing for 4 minutes with hybndlsanon buffer 1) (0.5 ml/min).

The isotropically emitted fluorescence and the transmission are measured during the
process in accordance with Example 1. After addition of the sample over 10 minutes,
corresponding to an amount of 500 attomol of fluorescein-labelled tracer DNA, a
_ﬂuorescence signal of 20 mV is observed at a signal noise of ¢. 1 mV.



process in accordance wth Exanp ion of the sanple over: 10
m nut est)Jsr,f,?ﬁondi ng to an am)’A w lM] !ﬂ of flupepapsddisisabet | ed
tracer uor escence signal »0 c I's observed at a Signa F noi se of
c. 1 nv. - 22 - Wat is claimed is: 1. Aprocess for detecting

| um nescence with a planar dielectric__optical sensor platformconsisting
of a transparent substrate (a) to whiéh-a thin t ransparent wavegui di ng

| ayer (b) is applied, which sensor platformis provided with a grating for
the input-coupling of the excitation 'light and the refractive index of said
substrate (a) is lower than the refractive index of the waveguiding |ayer
(b), by bringing a liquid sanple iinto coritact with the layer (b), and
measur i Rgndth€chaimadigscence produced by substarices havi ng | uni nescence
propertie€s 1n e sanple, or by substances havi ng ‘| uni nescence properties

i nmobi | i sed on the | ayer (b), optoelectronlcally, wherein (A the -

excit at iloA process forsdeteting hrninedcondehveittph plagsr dmuaﬁ:: lopical Béhsbf PHEOEES E he
wavegui S um nescence.properties
e S o BB b TR RS R bkt Y ARRERE BN
| ayer, (s)pplied, whizh merg;ohplgtfanmtsmrhvmwwithtaugsmngffoettmm;ﬁmcnnplnrg@)f thére
ol at ook et flFlhe tactive et Of MR sifcaRE) it Bhyer tanl il petlivd 5P 1
pr ocess iedexgfdhayaveguidiag layar bwwrbansmgraehcn%mﬁe inte W@tthe daygrtz, an
:AROV ganl(tﬁ)hghélﬁ%a?mr% thé Rx%hhé‘s‘éermé dukd bﬁsub‘étdﬂf:&lqﬁ%lgﬂﬁﬁﬁ{egéé?ﬁet o claim1,

erein the suhstrate .co an_ i nor.gani c ass
Acoor i REORESTE Tt o dF by ohsfrnclhavh Bnstties srpoBiBERgEe or
pol ynet hlyélayem(eb(),rqytqdi@noﬁxcaﬂy wheeaiss accor d| ng to claim1, wherein an
interla , . ng or
struct u?@pl y Cr ?)%é‘?%lﬁgs &cfﬁgfeh ind, tﬁ@@?@%@ﬁ%ﬁ%ﬁ% aﬁd"ﬂ\{ag%ﬁglt fbstrate and the
wavegui dvavgavidingrlayerhwhere hﬂlérsllb&@lcehh%\’“ég lugrineseenice praperties areewsited kan, or
i dent i cahmifRscdnbdin @;E ebmsééabﬁémaif%e @ave?uiahfgq _according to claims5,
V\/nerelnég |nterl a. thick , Iessthan 10 [err]. .7. A
process { ﬁ't?r q"’&ﬁ’rﬁ‘?d“lm Tt ially par aI I el light i s used
for exci(O) g thxckness of the layer (b) is 40 to 160 nm, and -

(D) the ratio of depth modulation to the thickness of the layer (b) i$ smaller than 0.5.

2. A process according to claim 1, wherein the substrate consists of quartz, an inorganic
glass or a plastics material. |

3. A process according to claim 1, wherein the substrate consists of an inorganic glass.

- 4. A process according to claim 1, wherein the substrate consists of polycarbonate or
~ polymethylmethacrylate. '

5. A process according to claim 1, wherein an interlayer cdnsisting of Si0,, a
thermoplastic, thermosetting or structurally crosslinked phstic is provided between the
substrate and the waveguiding layer, which interlayer has a refractive index lower than, or
identical to, that of the substrate.

6. A process according to claim 5, wherein the interlayer has a thickness of, or less than,
10 pm. '

7. A process according to claim 1, wherein essentially parallel light is used for exciting
luminescence.



| umi nescence. -23 - 8. A process I] im1, wherein |aser
l'ight of weslsgg@bh 300 to 1100 nm Iﬂﬂmﬁﬂﬂlﬂ”ﬂﬂm ng | unpoemessiness 9. A
process according to claim1l1, wherein | &aser |4ght of wavel ength 450 to 850
nmis used for exciting |um nescence. 10. A process according to claim1,
wherein | aser |ight of wavel ength 480 t§b700 nmis used for exciting

| um nescence. 11. A process according t©e°tlaim1l, wherein the pl anar
transparent wavegui ding |ayer consists of a material having a refractive

i ndex greater than 2. 12. A process according to claim1, wherein the

pl anar transparent wavegui ding | ayer consists of [err] oder [err]. 13. A
process according to claim1l, wherein the planar transparent wavegui di ng

| ayer has gaatdrbciés i claim
1, wherei ne':d};%{gr aiﬂ.ﬁzﬁrﬁi{%gﬁ};{lﬁ? %’%%?g%(%%ﬁlliér%oo gﬁ%@?@?%?*ﬁgh ?sg an

optical rB8f HuRg BIpRscents. A process according to claim 14, wherein
the optical refraction grating is a relief grating. 16. A process according

rect angul oA SiEaEAoldife Bl witfsh NSt RO bafbanglt B8 b0 AR S, g
has a gr aforegcisiagilergingscenc to 1000 nm 18. A process according to claim

14, wherein the grating has a depth nodulation of 5 to 30 nm 19. A process
according_ to claim14, wherein the grating has a line to space ratio of 0.5

to 2. J9.4A proggss accprdingde slaim do WiETein laserdight of wavelangthe4§0 @ 708ame s on
pr onot i nguseAfor excitiny RfrffMdscence.

11. A process according to claim 1, wherein the planar transparent waveguiding layer
consists of a material having a refractive index greater than 2. -

12. A process according to claim 1, wherein the planar transparent waveguiding layer
consists of Ta,Os5 oder TiO,.

13. A process according to claim 1, wherein the planar transparent waveguiding layer has
a thickness of 80 nm to 160 nm.

14. A process according to claim 1, wherein the grating for the input-coupling of
excitation light is an optical refraction grating.

15. A process according to claim 14, wherein the optical refraction grating is a relief
grating.

16. A process according to claim 14, wherein the grating has the form of a sinusoidal,
sawtooth of rectangular curve.,

17. A process according to claim 14, wherein the grating has a grating period of 200 to
1000 nm. '

18. A process according to claim 14, wherein the grating has a depth modulation of 5 to
- 30 nm.

19. A process according to claim 14, wherein the grating has a line to space ratio of 0.5 to
2.



bet ween t he wavegui di ng | ayer an A process according to
cl ai m 20,wobsssion t he adhesi on p(rjltmmummlmﬁmls a t hi ckpeeaseposisas | ©ss
than 50 nm 22. A process accordin=gaocclhaiml«werein the substances
capabl e of | um nescence used for detecting the analyte are i mobilised
direct on the surface of the waveguiding |layer. 23. A process according to
claim1, which conprises innnbilisingzé'specific bi ndi ng partner as

chem cal or biochem cal detector substance for the analyte itself or for .
one of the binding partners on the surface of the sensor platformin a

mul ti-step assay in the course of which the anal yte becones bound in one of"-
the partial steps. 24. A process according to claim1, wherein the sensor

pl at f or m0. &\ procss accvbdiag élaima, Whereif Qf aiRdARH feMmbtin ﬁ-yeﬁsﬁ’ﬁ&ﬁgtss according
to clal(r'ﬁ# Vt\lghCh corqln{jlsi:@déﬁgtln'lthe|.sotrop|caly emtted, _ :
evanescefitSFUNE MAXRUIGIAR faver © SHYPPIE-A process according to claimi,

whi ch conprises detecting at the edges of the sensor platformthe

27 A prigc 2SRk e e ARE 20 Sy NERBN bR el RS kel

i sot r opi A less drantS04uwm. uni nescence. as wel | as the evanescently excited
l'ight which is coupled back, independently of each other but. '

simul tangoysly. 28. A process according to claim1, which _conprise'sj'
det er mi rind BIPGRSF ASABUR8 19 Clafm 1a BRBTEHR e sUbSfancrecaghtle Of INbAescFRt used Ul od
i nto t hefordetegingdhe ayte Areiommobilised direcinntlie srfak f thelwavoleidfigaydie
excitation light is coupled into the wavegui de in continuous wave (cw)
nmode: 30. A process according to claim1, which conprises input-coupling '
t he exci3at pracess gerording thelaim L whith gomprised ipmobilisinga specifictbimding he
| um nesGamer ds Hemics o ﬁi@&xemical'de%ét I'fuﬁa},tan@e Rfr‘i‘ﬁeezﬁﬁlev'i‘&&%r_lpbrrlﬂr B%@J aim 30,
t cond up to

wher ei n %hg pul se | eng IS adj uste rom one pl COSEC T 'seconds.
32. A pr'BtBudmgRagingrsag the,swrtase # the seisoe plaform in aewlti-sigpesseyipitieng t he
exci t at i soirseiof MhioM thé andlglie| batsifles bufd i doe (fﬂmé?ﬁﬂﬁﬂrstéﬁ&! e than one
frequency, and detecting the resultant phase shift and nodul ati on of the
sanpl e | um nescence. 33. A process according to claim1l1, wherein the sanple
t 0 be deddedt prdcéss acapading dclaim dowlherein the sensor platform is regenerable and can b

used repeatedly. . . - o _ . o _ '

25. A process according to claim 1, which comprises detecting the isotropically emitted,
evanescently excited luminescence.

26. A process according to claim 1, which comprises detecting at the edges of the sensor
platform the evanescently excited luminescence coupled back into said sensor platform .

27. A process according to claim 1, which comprises detecting the isotropically emitted
luminescence as well as the evanescently excited light which is coupled back,
independently-of each other but simultaneously. '

28. A process according to claim 1, which comprises determining simultaneously the
-absorption of the excitation light coupled into the waveguide.

29. A process_accoi'ding to'claim 1, wherein the excitation light is coupled into the
waveguide in continuous wave (cw) mode.

30. A process according to ciaim 1, which comprises input-coupling. the excitation light in
the form of a timed pulse and detecting the luminescence time-resolved.



serum- pl.asma or urine. 34. A process fii i m1, wherein the
sanpl e‘tovpgggﬁ]lg.?t ed is a surface vvatlmﬂﬂzuﬂu ”m”m Nt  epcFRdkn1as
bi opr ocess Dro or synthesis broth. 35 WEseiLofmra proecess according to
claiml1 for the quantitative determ nation of biochem cal substances in
affinity sensing. 36. Use of a process according to claim1l for the
quantitative determ nation of antibodie25er antigens. 37. Use of a process
according to claiml for the quantitative determ nation of receptors or

| i gands, ol igonucl eotides, DNA or RNA strands, DNA or RNA anal ogs, enzynes,
enzynme substrates, enzynme cofactors or inhibitors, lectins and
carbohydrates. 38. Use of a process according to claim1l for the

quant | tat bye, det o 0k 08100 haik'4H, Wdbefine SRIIEH & doflsRlchsiftbhe tur i d

f1 uids.
picosecond up to 100 seconds.

32. A process according to claim 1, which comprises input-coupling the excitation light
with modulated intensity at one or more than one frequency, and detecting the resultant
phase shift and modulation of the sample luminescence.

33. A process according to claim 1, wherein the sample to be detected is egg yolk, blood,
serum, plasma or urine.

34. A process according to claim 1, wherein the sample to be detected is a surface water, a
soil or plant extract, a bioprocess broth or synthesis broth.

35. Use of a process according to claim 1 for the quantitative determination of
biochemical substances in affinity sensing.

36. Use of a process according to claim 1 for the quantitative determination of antibodies
or antigens.

37. Use of a process according to claim 1 for the quantitative determination of receptors or
ligands, oligonucleotides, DNA or RNA strands, DNA or RNA analogs, enzymes,
enzyme substrates, enzyme cofactors or inhibitors, lectins and carbohydrates.

38. Use of a process according to claim 1 for the quantitative determination of luminescent
components in optically turbid fluids.



