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go0ooooodd
1 Title of Invention

: A cuvette for a reader device for assayving substances using the ey

ranescence field method
[

[
2 Claims
[

[
1. A cuvette (10) for a reader device for assays using the evanescenc

'e field method comprising:

P at least onme well portion (18) having at least ome well (20) for r
‘leceiving a solution containing substances to be assaved; and

E at least onme base portion (24) supporting side wall members (22) o
'f the well portion (18) and providing an excitation surface (30) of the

[ﬁell (20);

[ wherein the base portion (24) is made of an optically transparent
Ematerial and has a cross-seciional shape of an isosceles trapezoid in a

plane (B-B) perpendicularly intersecting the excitation surface (30) of

Ethe well (20}, the trapezoid having first and second sides (265, 285} of
. equal length and parallel base and top sides (325, 3085);

: wherein the base portion (24) further comprises

P a base surface (32) being spaced apart from and parallel to the ex
‘citation surface (30), the cross section of the base surface (32) in sai
Ed plane (B-B) being the base side (325) of the trapezoid;

- a first surface (26) for receiving an excitation light beam (34) o
Ef ah external excitation 1ight source, the cross section of the [irst su
rface (26) in said plane (B-B) being the first side (265) of the trapezo
Eid: and

- a second surface (28) opposite to the first surface (26), the cros
's section of the second surface (28) in said plane (B-B) being the secon

[
d side (285) of the trapezoid;
0
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[ and wherein the base portion (24) is adapted to guide the excitati
Eun light beam (24) at least partially along an optical round path from a
" point of incidence on the first surface (26) via reflections on the exc
Eitation surface (30), the second surface (28) and the base surface (32)

tback to the point of incidence.

[

[

2. The cuvette (10) according to claim 1, wherein the height H of the

Etrapezuid is given by

H= - Asin(8 - )
2(~ cos(p - 7)+sin(g - v )tan(y )
A Asin(g —y)tan(y)

~(-2+ j)ente 1)

2 2(-cos(B -y)+sin(8 -y )tan(y

L e T e T e Y e B e

[

wherein (90° -7) is the trapezoid base angle between the base sid
e (325) and the first side (265), no is the refractive index of the base
portion (24), A is the length of the top side (305) of the trapezoid an

[ B

[— W

[ A B

B~ arcsin(w)

n,

-
L]

3. The cuvette (10) according to claim 1 or 2, wherein the base side
&eflectinn angle d = 90° - (8 +7) is greater than arcsin(l / n9), 19

(being the refractive index of the base portion (24) and
O

£~ arcsin( sin(arctan(n, )))

L
C
L n,
L
{
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4, The cuvette (10) according to anyome of the preceding claims, wher
Eein the excitation side reflection angle e = 90° - (B-7) is greater t
han arcsin( 1 / mg), n9 being the refractive index of the base portion (
E24) and.

L,
O

[

I: .

[ B = arcsin
[ "
[
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5. The cuvette (10) according to anyone of the preceding claims, wher
Eein the trapezoid is substaniially a rectangle having a height H and a w

ridth A and A / H =n9.

[

[

6. The cuvette (10) according to anyone of the preceding claim, where

Ein the well portion (18) and the base portion (24) are unitarily formed

©of a resin material, preferably comprising PMMA, polysiyrene, polycarbon
Eate, SAN, cyclocopolymerolefine or polyolefine.

[

7. The cuvette (10) according to anveme of the preceding claims, wher

Eein the cuvette (10) comprises a plurality of wells (20).

L

ES. The cuvette according to anvonme of claims 1 to 7, wherein the exci

rtation surface (30) is hydrophiliec.

[

[

9. The cuvette according to anyone of claims 1 to 7, wherein the exci

Etatiun surface (30) is at least partially coated with a hydrophilic comp
-ound.

[

Elﬂ. The cuvette according to anyone of claims 1 to 9, wherein a compou
nd as reaction partner R1 is immobilized on the optionally coated excita
Etiun surface (30), said reaction partner Rl having an affinity to the su

tbstance being assaved as reaction partmer R2.
[

[
11. The cuveite according to claim 10, wherein said reaction partmer R

EZ comprises a fluorophor-coniaining moiety.
[
12.  The cuvette according to anyone of claims 1 to 9, wherein an anche

[
ring compound for a compound as reaction partner R1 is immobilized om th
O
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e optionally coated excitation surface (30), said reaction partner Rl ha

L

[ying an affinity to the substance being assayed as reaction partner R2.

L

E13. The cuvette according to anyone of claims 10 to 12, wherein said r

eaction partner R1 or said anchoring compound is present in Iyophilized

Efurm.

[

94, The cuveite according to ¢laim 13, wherein said lyophilized reacti
Eun partner R1 or said Iyophylized anchoring compound is covered by a lyo
philized spacer-layer containing one or more buffer compounds, one or me
Ere proteinaceous compounds, one or more hydrophilic compounds or one or

more complexing agents/anticoagulants and optionally bacteriostatic comp
Euunds, or a mixture containing one or more of these comstituents.

[

E15. The cuveite according to claim 14, wherein said Ivophilized spacer
—layer is covered by a lyophilisate comprising either

E(A) a fluorophor-containing compound or a compound as reaction partne
o R3 or a mixture thereof, provided that the reaction partner R1 is i
‘mmobilized onm the excitation surface (30); or

E(B) reaction partner Rl or a fluorophor—containing compound or compoun
'd as reaction partner R3 or a mixture thereof containing two or three of
E them, provided that said anchoring compound is immobilized on the excit

tation surface (30):
[

[
rsaid reaction partner R3 having an affinity to the substance being assay

Eed as reaction partner R2, wherein said reaction partner R3 comprises ap
rtionally a fluorophor-containing meoiety, and said fluorophor-containing
Ecumpuund having an affinity to reaction partner R2 or to reaction partne

I R3.
O
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L

Elﬁ. A process for the preparation of a cuvette according to anyone of

claims 10 to 15, comprising the step of:

on the excitation surface (30) or the cuvette defined in any one of

rclaims 1 to 9.
[

[
[
[ (a) immobilizing reaction partner R1 or said anchoring compound
[
[

[

A7.  The process according to claim 16, further comprising the steps of
Ly

[

[

((b) applying a freezable solution I containing one or more buffer comp
Euunds, one or more proteinacecus compounds, ome or more hydrophilic comp
ounds or one or more complexing agents/anticoagulants and optionally bac
Eteriustatic compounds, or a mixture containing one or more of these cons
rtituents onto said immobilized reaction partner R1 or said immobilized a
nchoring compound; and

[
[
[
[ (¢} freezing said solution I to obtain a frozenm spacer-layer.

[

[

18. The process according to claim 17, wherein after step (c¢) the froz
en solution I is lyophilized.

[
[
[
Elg. The process according to claim 17, further comprising the steps of
[
[
[
[

(d) applying a freezable solution Il containing either (A) a flu

‘orophor-containing compound or a compound as reaction partner R3 or a wi
[

Xture thereof, provided that the reaction partner R1 is immobilized on t
O
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he excitation surface (30), or (B) reaction partner Rl or fluorophor-con
Etaining compound or a compound as a reaction partner R3 or a mixture the
reof containing two or three of them, provided that said anchoring compo
ﬁnd is immobilized on the excitation surface (30), onto said frozen spac

er-laver:
[

[
[ (e) freezing said solution II to obtain a frozen solution II on

"the frozen solution I; and

[

[

[ (f) lyophilizing the frozen content in the cuvette to obtain a |
[

Yyophilisate.

L

EZU. Use of the cuvette according to anvonme of claims 1 to 15 in medica
1 or veterinary medical diagnostics, food analysis, environmental analys
Eis, chemical or biological analysis, or analysis of fermentation process

es.
[

[
21. TUse of the cuvette according to anyene of claims 1 to 15 for a qua

itative and/or quantitative determination of substances via immunologic
[
al reactions.

L

E22. Use of the cuvette according to anyene of claims 10 to 13 for the
qualitative and/or quantitative determination of substances via immunolo
[gical reactions, including the steps of:

- placing in contact with the immobilized reaction partmer Rl or wit
? the immohilized anchering compound or with the Iyophilized spacer-laye
r a solution that coniains the substance being assayed as reaction parin
Eer R2 and either (A) a fluorophor-containing compound or a compound as r

eaction partner R3 or a mixture thereof, provided that the reaction part
O



(37) JP 2004-163402 A 2004.6.10

mer R1 is immobilized on the excitation surface (30), or (B) reactiom pa
Ertner R1 or a fluorophor-containing compound or a compound as reaction p
rartner R3 or a mixture thereof containing two or three of them, provided
E that said anchoring compound is immohilized on the excitation surface (
30), wherein a complex forms on the immobilized reaction partmer R1 or o
En the immobilized anchoring compound, said complex containing either
(i) reaction partner R1 and reaction partner R2 which comprises

a fluorophor-containing moiety or a fluorophor-containing compound conju
[ﬁated thereto; or

[ (ii) reaction partner Rl, reaction partner R2 and reaction partne

{
L

Er R3 which comprises a fluorophor-containing moiety or a fluorophor-cont
aining compound conjugated thereto; or

: (iii) reaction partner R1, reaction partner R2, reaction partner R
3 and the fluorophor-containing compound; or

E (iv) the anchoring compound, reaction partner R1 and reaction par
rtner R2 which comprises a fluorophor—containing moiety or a fluorophor-c
Euntaining compound conjugated thereto; or

[ (v)  the anchering compound, reaction partner R1, reaction partne
't R2 and reaction partner R3 which comprises a fluorophor-containing moi
Eety or a fluorophor-containing compound conjugated thereto; or

[ (vi) the anchoring compound, reaction partner R1, reaction partne
Er R2, reaction partner R3 and the fluorophor-containing compound; and

- exciting the fluorophor bonded to the excitation surface (30) via
Esaid complex by the evanescence field of a light source and measuring th

 fluorescence produced.
[

[
23. Use of the cuvette according to claim 15 for a qualitative and/or

'quantitative determination of substances via immunclogical reactions, in
[

«<luding the steps of:
O
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[ - placing in contact with the Ivophylized content in the
E cuvette, a solution that contains the substance being assayed as reacti
on partner R2, wherein a complex forms on the immobilized reaction parin
Eer R1 or on the iomobilized answering compound, said complex containing
either

E (i) reaction partner Rl and reaction partner R2 which comprises
@ fluorophor-containing moiety or a fluorophor-containing compound conju
'gated thereto; or

E (ii) reaction partmer R1, reaction partner R2 and reaction partne
r R3 which comprises a fluoropher-containing moiety or a fluorophor-cont
Eaining compound conjugated thereto; or

[ (iii) reaction partner R1, reaction partner R2, reaction partner R
ES and the fluorophor-containing compound; or

[ (iv) the anchering compound, reaction partner R1 and reaction par
Etner RZ which comprises a fluorophor—containing moiety or a fluorophor-c
ontaining compound conjugated thereto; or

E (v)  the anchoring compound, reaction partner R1, reaction partne
r R2 and reaction partner R3 which comprises a fluoropher—containing moi
‘'ety or a fluorophor-containing compound conjugated thereto; or

E (vi) the anchering compound, reaction partner R1, reaction partne
r R2, reaction partner R3 and the [luorophor-containing compound; and

E - exciting the fluorophor bonded to the excitation surface (30
) via said complex by the evanescence field of a light source and measur
Eing the fluorescence produced.

[

[

[

3 Detailed Description of Invention

L

[
. assaying substances using the evamescence field method, to a method for

O

The present invention relates to a cuvette for a reader device for
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[ preparing a cuvette processed for assaving substances and to a method f
[ . . ‘

[Or assaying substances using sald cuvette.

[

: Medical diagnostics, especially immunological diagnoestics, is larg

¢ly based on the ELISA (Enzyme-Linked-Immunoabsorbent Assay). A recent r
Eeview of immune assays can be found in Hage, Anal. Chem. 71 (1999), 294R
—304R. An ELISA test is used to determine the conceniration of antigens

‘or antibodies. The substance being studied (for example, an antigen) is

Efirst placed in contact with a solid substrate to which a specific react
jon partner for the substance being studied is first coupled (for exampl
Ee, an antibody). By bonding the substance being studied as the second re
(action partner to the first reaction partner coupled to the substrate, t
be substance being studied is concentrated on the solid substrate. Then,
r a third reaction partner (for example, another antibody) for the substa
Ence being studied is placed in contact with the subsirate, and this thir
] reaction pariner is marked with an enzyme, which allows colorimefric d
Eetectiun. When this third reaction partner reacts with (i.e. binds to) t
che substance being studied coupled to the surface of the substrate, a co
lored product is produced via an enzymatic reaction that cam be evaluate
Ed optically. Standardized plastic plates, frequently made of polystyrene
[, with 96 wells are mostly used as the solid substrate. The surface of t
be plastic wells binds proteins in the nanogram range through absorption
[ in a quantity sufficient for immunological detection. There are several
E ways of marking the third reaction partmer, which is mostly an immunogl
obulin, with an enzyme. Markers currently used are, for example, peroxid
Ease or alkaline phosphatase.

[

: ELISAs give good results in terms of semsitivity and specificity,

[
and the detection 1imits that can be reached are in the nanogram range o
O
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r below it. There is a wide variety of embodiments of assays that are ba
Esed on this principle. With it, antigens or antibodies can be detected,
depending on what the question is.

E

[ However, a major disadvantage of the ELISA is handling the test, s
Eince different reagents are added to the wells one after another and mus
't be removed again. Ten or more pipetting, washing and incubation steps
"in all may he necessary. Thus, ELISAs are very time-consuming and labor-
Eintensive. and must be done by specially trained personnel with great ca
‘re. Another disadvantage of the ELISA is the time it takes for all the i
Encubatiun and washing steps for anm assay or test, which normally lasts o
(ne hour or more.

E

[ With the evanescence field method, the interaction of bhiomolecules
E, for example, on a surface can be observed directly. Here, the interact
ion of reactants in solution is measured with a solid matrix surface. It
E is possible to measure the bonding of the ligands physically as “surfac
& plasmon resonance” in “real time”. The advantages compared to an ELISA
"are the elimination of other pipetting steps after the addition of the
Ereagents and the elimination of the waiting steps. In the past, expemsiv
‘e apparatuses and multi-laver sensor chips with special surface chemistr
Ey were needed for such measurements. These disadvantages prevent the met
hod from being used in routine diagnostics.

E

[ Evanescent field methods for assaying biochemical interaction proc
Eesses on reaction surfaces regularly employ cuvettes having wells for re
ceiving the solution containing the substances to be analyzed. For numer
Euus diagnostical and analytical applications, one-way or expendable cuve

tte would be preferable so that a significant demand for low-cost cuvett
O
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‘es exists. At the same time, however, biochemical anmalysis tools must su
Effice ever increasing requirements concerning sensitivity and reproduci
bility. Therefore, cuvettes must boih fulfill strict prerequisites regar
Eding production costs and hiochemical/optical properties.

[
: Thus, the technical problem underlying the present inventicn is teo
. provide an inexpensive cuvette for a reader device for assaying substan
‘ces using the evanescence field method having both excellent biochemical
E and optical properties allowing highly sensitive, reproducible and fast
[ assays. Further, a method for preparing a cuvette should be provided, s

L, . Do , o
aid cuvette being processed so that it is ready to use in routine diagno

The solution toc the above technical problem is achieved by providi
ng the embodiments characterized in the claims.

[n particular there is provided a cuvette for a reader device for

assays using the evanescence field method comprises:

- at least one well portion having at least one well for receiving a
E solution containing substances to be assayed; and

- at least one base portion supporting side wall members of the well
E porticn and providing an excitation surface of the well;

wherein the base portion is made of an optically transpareni maierial an
Ed has a cross—sectional shape of an isosceles trapezoid in a plane perpe
mdicularly interseciing the excitation surface of the well, the trapezoi
Ed having first and second sides of equal length and parallel base and to
D sides;

?ﬁerein the base portion further comprises

- a base surface being spaced apart from and parallel to the excitat
O
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ion surface, the cross section of the base surface in said plane being t
be base side of the trapezoid;

- a first surface for receiving an excitation light beam of an exter
Enal excitation light source, the cross section of the first surface in s
raid plane being the first side of the trapezoid; and

% a second surface opposite to the first surface, the cross section

©of the second surface in said plane being the second side of the trapezo
'id;

Eand wherein the base portion is adapted to guide the excitation light be
‘am at least partially along an optical round path from a point of incide
Ence on the first surface via reflections on the excitation surface, the

second surface and the base surface back to the point of incidence.

E

[ Preferably, the angle of incidence o of the excitation light beam
E incident on the first surface is chosen so that it meets the Brewster ¢
riteria tan @ = ny / nj, wherein n9 is the refractive index of the base
E portion and ny is the refractive index of the emviromment, for example

air (ng =1). If the excitation light beam is linearly polarized in its

‘plane of incidence, no reflection of the excitation light beam on the fi
Erst surface of the base portion will oceur. Instead, the excitation ligh
't beam will be refracted with an angle of refraction 8 into the base po
Ertinn.

L

E Subsequently, the excitation light beam is preferably totally refl

ected by the excitation surface of the well, i.e. the interface between

Ethe base portion and the solution containing the substances to be assaye
d. The excitation light beam reflecied by the excitation surface produce
Es an electromagnetic evanescence field which penetrates into the well. T

he evanescence field exponentially decays in a normal direction of the e
O
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xcitation surface into the well. In a region adjacent to the excitation

Esurface, the substances to be assayed will be optically excited by the e
vanescence field so that a fluorescence signal may be observable. As the
E evanescence field rapidly decays into the well, the excitation region i
s confined to a space of not more than typically 100 om from the excitat
Eion surface into the well. Therefore, no optical excitation of substance

s in the volume of the solution will occur.
[

E Subsequently, the reflected light beam will impinge on the second

surface of the base portion. [f the plane of polarization of the light b
Eeam remains unchanged, (i.e. remains idemtical to the plame of pelarizat
jon of the excitation light beam incident on the first surface), the ent
Eire light beam will be refracted on the second surface and will leave ih
@ hase portion. However, many materials which may be used to manufacture
E the base portion are birefringent so that the plame of polarization of

rthe reflected 1ight beam incident on the second surface will not corresp
Eund to the initial plane of peolarization. In this case, the light beam i
Meident on the second surface will be partially reflected on the second

'surface. This reflected light beam will subsequently propagate in a dire
Ectinn towards the base surface of the base portion and will preferably b
‘e totally reflected on the base surface.

According to the present invention, the trapezoidal shape of the b

ase portion and the refractive index no of the base portion are selected
so that the light beam reflected by the base surface impinges on the fi
[rst surface on substantially the same point or area of incidence as the
rinitial incoming excitation light beam. In other words, the light beam i

's reflected and guided in the base portion in such a ¥ay to make a close

[
« optical round path. The light beam will be reflected by the excitation
O

C
C
L
{
L
L
{
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[ surface, the second surface and the base surface back to the first surf
Eace in this order. The light beam reflected by the base portion will par
tly be reflected again by the first surface and will propagate along the
E same optical round path as the excitation light beam refracted at the f
rirst surface. The light beam reflecied by the base surface will also be

@artly refracted by the first surface so as to leave the base portion.

[

E This special optical design of the base portion offers significant
. advantages when compared to conventional cuvette designs. In particular
[, the path length of the propagation path of the excitation light beam i
En the base portion is relatively short when compared to path lengths of
excitation 1ight beams in conventional cuveties. Since the base portion
Enf any cuvette, especially a low cost expendable cuvetie, will be made o
f a material, for example plastic, bhaving optical impurities or faults,
Ea short path length of the excitation light beam in the base portion is
preferable. A long path length will result in a larger parasitic light i
Entensitv of light scattered by optical impurities. This parasitic light
may enter the well and excite substances in the volume of the solufion.
‘This yields a parasitic background sigmal reducing the sigmal to nmoise r
Eatin of the fluorescence signal to be detected. Another advantage of a
‘cuvette according to the preseni invention resides in the fact that, whe
En compared to conventional cuvettes, the cuvette allows for a relatively
[ large detecting angle, i.e. the fluorescence signal may be detected ove
Er a larger angular range.

[

E According to a preferred embodiment, the height H of the trapezoid
r is given by
O

e Asin(B -v)
2(-cos(p - y)+sin(p -y )tan(y ))
A Asin(ﬂ - y)tan(y)

"2 2 cos(B -y sinl - Jany)) 28 7

L T e T e T e Y e B e |
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L
C
L

wherein (90° -7) is the trapezoid base angle between the base side and
Ethe first side, ng is the refractive index of the base portiom, A is the

[ length of the top side of the trapezoid and
O

g~ arcsin( sin(arctan(, ))) .

[
[
[ n,
[
0
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[ The height H of the trapezoid is the distance between the top and

Ebase sides of the trapezoid in a direction perpendicular to the base sid
. The above relation holds for a cuvette which is to be operated in a g
EESEUUS environment having a refractive index my = 1. Furthermore, it was
r assumed that the excitation light beam incident on the first surface of
E the base portion is oriented so as to impinge on the first surface with
r an angle of incidence corresponding to the Brewster angle ap = arctan

‘(ng). T is a trapezeid inmclination angle defining the angle between a n
Eurmal direction of the base side and the first and second sides of the t
‘rapezoid. 8 is the angle of refraction of the excitation light beam ref

[
racted on the first surface of the base poertion.

L

E [f the angle of incidence o of the excitation light beam on the f

rirst surface corresponds to the Brewsier angle ap, the angle 8 is only
E dependent on the refractive index no of the material of the base portio
m. For a given length A of the top side and the trapezoid inclination an
[gle T of the trapezoid, the height H of the trapezo

id can be calculated using the above formula. It should be noted, howeve
'r, that the angle of incidence « of the excitation light beam dees not
Eneed to correspond exactly to the Brewster angle cp. Instead, angular d
leviations of o relative to the Brewster angle ap are possible but will
[ . - o .

cresult in a decreased efficiency. The angle of incidence « is preferab
(1y chosen to be the Brewster angle ap since in this case no reflection
E losses will oceur on the first surface if the incident excitation 1ight
 beam is linearly polarized in its plane of incidence. If, for example,
Ethe angle of incidence @ of the excitation 1ight beam deviates from the
. Brewster angle ap by 10° , the losses due to reflections on the first
'surface of the trapezoid will be in the order of 1% of the initial inten

(
ity Ip of the incident excitation light beam. This correspends to appro
g
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ximately the same order of magnitude as the portion of light emitted by
Ea conventional semiconductor laser diode which is not linearly polarized
[, Therefore, it is possible to relax the above stringent condition on th
Ee angle of incidence « without sacrificing substantial efficiency.
[
[

According to a preferred embodiment of the present invention, the
tbase side reflection angle §=80° -(8+7) Iis greater than arcsin (1 /
Eyz), ng being the refractive index of the base portion and
§ ~arcsin ( sin(arctan(, ))) .

n2

Along the optical round path of the excitation light beam in the b
ase portion of the cuvette, the 1ight beam is preferably totally (intern
rally) reflected on the base surface of the base portion. For this end, t
@e base side reflection angle & (angle between a normal direction of th
¢ base side and the light beam incident on the base side) has to be larg
Eer than arcsin (1 / n9). The base side reflection angle & is a func
rtion of the angle of refraction S of the light beam reflected on the [i
'rst surface.

{
L
C
C
L
C
C

[
[
: According to a preferred embodiment of the present invention, the
Eexcitation side reflection angle £=90° -(8-7) is larger tham arcsin(
E} / 19), N being the refractive index of the base portion and

6~ arcsin[ sin(arctan(n, ))) ‘

[
[ n,
[
a
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[ Similarly to the embodiment described above, it is also strongly p
Ereferred that the excitation light heam is totally (internally) reflecte
d by the excitation surface of the base portion. In this case, only the

Eelectrumagnetic evanescence field will optically excite the substances t
© be analysed in a space very close to the excitation surface. An optica
El excitation of substances in the volume of the well will not oceur. Thu
5, the excitation side reflection angle & is preferable larger than arc
'sin (1 / n9). The excitation side reflection angle is the angle between

Ethe excitation light beam impinging on the excitation surface and a morm

fal direction of the excitation surface.
[

[
[ According to another preferred embodiment of the present invention

E, the trapezoid is substantially a rectangle having a height H and a wid
ith A and A / H =n9. It should be understood that the rectangular shape
Euf the base portion in a cross-sectional plane parallel to the normal di
rrection of the excitation surface should also encompass small angular de
Eviations (a few degrees) from a perfect rectangular shape. The relation
of the width A the height H of the rectangle is in this case preferably
'chosen to correspond to the refractive index np of the base portion. Thi
Es relation holds as long as the angle of incidence « of the incident ex
‘citation 1ight beam is chosen to correspond to the Brewsier angle arctan
E (n5).
[

[

[
ent material, preferably in the wavelenght range of from 600 to 700 nm,

Esuch as glass, quartz, silicones or transparent polymers or any combinat
rions of these materials. The cuvette especially preferably contains a pl
Eastic, such as polystyrene, a pelvelefin such as pelypropylene, polyethy

lene, polyethylene ierephthalate, a polyeycloolefin, polvacrylnitrile, p
O

The cuveite of the present invention is made of optically transpar
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olymethylmethacrylate, polycarbonate, SAN, cyclocopolvmerolefine (COC; d
Eistributed of example under the brand names TOPAS or ZEONEX) and/or mixt
ures or blends of these plastics. In principle, any plastic or resin is
Esuitable that basically absorbs no light in the spectral range of intere
st (for example the visible range) and preferably allows the application
E of a suitable coating for in particular binding flucrescent molecules.
The material may contain additives to improve the processing characteris
‘ties, in particular for injection molding. Since the dispersion relation
Es of the above materials are known, any necessary adjustmenis of the siz
‘e dimensions of the well and base portions may be performed by calculati
Euns. in one form of embodiment, the plastic can also be dyed, for exampl
e 1ight blue, in order to filter out an emission caused by scatiered lig
bt. At the wavelenghts of interest, the base portion is perferably optic
ally transparent whereas the well portion may be made of a light absorhi
Eng or opaque material. Plastic cuveites can be obtained inexpensively by
r injection molding and preferably have a reaction volume of 1 to 400 w1
E, and especially preferred 5 to 200 w1, Preferably, the cuveite of the
present invention is made in one piece. It can alsc be an advantage if t
he inside and/or emission surface, i.e., the surface from which the emit
Eted beam comes out of the cuvette, is/are polished te a surface roughnes
s of preferably 10 nm max imum.

Preferably, the well portion and the base portion are umitarily fo
[rmed. For example, the well and base portions may be formed by injection
r moulding. Alternatively, it is also possible to separately form the wel
El portion and the base portion and to assemble these portions using for

example an adhesive having a refractive index matching the refractive in
'dex of the base portion. Preferably, the well and base portions are form

C
C
L
{

[
ed of a material comprising polymers such as listed above.
O



(50) JP 2004-163402 A 2004.6.10

According to another preferred embodiment of the present invention
the cuveite comprises a plurality of well portions. For example, the w
Eell portions may be linearly arranged in a bar-shaped cuvette so that a
plurality of assays may be performed with a single cuvetie. Preferably,
Eunly a single base portion is provided for the plurality of well portion

[
[
[
[]

5.
[

[
c The present invention will now be described by way of example in c

‘onnection with the accompanying drawings.
[

[
[ In Fig. 1(a), a preferred embodiment of the cuvette according to t

be present invention is shown. The cuvetie 10 is substaniially bar-shape
d and has a handling portion 12 for handling and mounting the cuvette 10
E into a reader. As shown in Fig. 1(b), the handling portion 12 has a rec
ess 14 formed therein. Opposite to the handling portion 12 of the cuvett
Ee 10, an analyzing portionm 16 is formed. The analyzing portion 16 has a

plurality of well portions 18 having wells 20 for receiving a solution c
‘ontaining substances to be analysed. The side walls 22 of the wells 20 a
Ere supported by a base portion 24 which extends over the whole analyzing
Cportion 16. In the preferred embodiment shown in Fig. 1, the base porii
Eun 24 is integrally formed with the well portion 18. Preferahly, the cuy
ette is injection moulded and consists of, for example, Polysyirene 158

[

'
: In Fig. 1(d), a cross—sectional view of the cuvette along line B-B
r of Fig. 1(a) is depicted. The cross-section is taken in a plane interse
‘cting an excitation surface 30 of a well 20 of the well portion 18 at ri

[
ght angles, i.e. the cross-sectional plame is parallel to the normal dir

O
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‘lection of the excitation surface 30. The base portion 24 of the cuvette
Elﬂ has a first surface 26 for receiving an excitation light beam of an e
xternal excitation light source (not depicted). A second surface is arra
Enged opposite to the [irst surface 26. The bottom of the base portion 24
( is formed by a base surface 32 which is spaced apart from and parallel
Etu the excitation surface 30. In the cross-section shown in Fig. 1(d), t
the base portion 24 of the cuvetie 10 has the shape of an isosceles trape
'zoid. Referring also to Fig. 1(d) and Fig. 2, the top side 30S of the tr
Eapezuid is formed by the excitation surface 30 extended across the side
wall members 22 of the well portion 18. The base side 325 of trapezeid i
Es formed by the base surface 32. The first side 265 and the second side
285 of equal length of the trapezoid are formed by the first surface 26
Eand the second surface 28, respeciively. References numerals 26, 28, 30
tand 32 will be used when referring to the surfaces and reference numeral
Es 265, 285, 305 and 325 will be used for the sides or legs of the trapez

oid.
[

[
c The first and second sides 265, 285 of the trapezeid are inclimed

by an angle 7 of 2° with respect to a normal direction of the top side
E 308 or the base side 328. This small inclination of the first and secon
'd surfaces 26 and 28 of the base portion 24 aids in removing the cuvetie
[ from the injection mould after moulding.

Fig. 2 shows a schematic cross—sectional view of a base portion 24
r of a cuvette according to another preferred embodiment of the present i
Envention. [n Fig. 2, the optical path of an excitation light beam 34 of
ral exiernal excitation light source, preferably a semiconductor laser di
Eude, is depicted. The excitation l1ight beam 34 is received by the first

surface 26 of the base portion 24, Preferably, the angle of incidence «
O

C
L
{
L
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[ of the incident excitation light beam 34 corresponds to the Brewster an
[gle eg = arctan (np / 07), wherein ny is the refractive index of the ba
'se portion 24 and nq is the refractive index of the surrounding environm
Eent, typically air. In this case, ny = 1.
[
: Above the excitation surface 30 (top side 308), a well 20 for rece
riving a solution containing substances to be assayed is formed. The well
" portion 18 is, for the sake of simplicity, nct shown in Fig. 2. It shou
Eld be understood, however, that the excitation surface 30 will operation
ally be the interface between the base portion 24 having the refractive

Eindex ns and the solution having a refractive index my in the well 20.

L

E The excitation light beam 34 is refracted on the first surface 26

((first side 268 in Fig. 2) of the trapezoid. The refracted light beam su
Ebsequentlv impinges on the excitation surface 30 (top side 30S in Fig. 2
0, where it is internally totally reflected so as to propagate in the di
Erection of the second surface 28. If the incident excitation light beam

34 15 perfectly linearly polarized in its plane of incidence, no reflect
"ions of the incoming excitation 1ight beam 34 will occur on the first su
Erface 26. Furthermore, under ideal optical conditions (waterial of the b
‘ase portion 24 not by birefringent), the excitation light beam 34 will I
Eeave the base portion 24 by being refracted on the second surface 28. Ho
wever, typical materials for the base portion 24 are birefringent so tha
1 the plane of polarization of the excitation Iight beam will be disturb
d. Therefore, partial reflections of the light beam 34 on the second su
Erface 28 occur. The reflected 1ight beam propagates in the direction of

rthe base surface 32 (base side 325) where it is preferably totally refle
Ected.

{
a
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[ The base portion 24 is designed such that the light beam reflected
E by the base surface 32 impinges on the first surface 26 on substantiall
v the same point or area where the incoming excitation light beam 34 ini
Etially hits the first surface 26. In other words, the coupling height h
being the distance between the excitation surface 30 (top side 30S) and
Ethe point of incidence of the incoming excitation light heam 34 in a nor
mal direction of the top side 305 is the same height under which the lig
'ht beam reflected by the base surface 32 impinges the first surface 26.
EThus. the base portion 24 of the cuvette 10 is designed such that an inc
jdent excitation 1ight beam 34 is guided in the base portion 24 along an
E (closed) optical round path having identical starting and ending points
[/areas. It should be understood that the excitation light beam 24 shown
Ein Fig. 2 is simplified to the extent that an actual excitation light be
ram will have a finite beam width. The beam width is preferably adjusted
Esu as to excite a predetermined area of the excitation surface 30. Also
for an excitation 1ight beam 34 of parallel 1ight having a finite beam w
Eidth. the above optical round path criteria holds.

[

: The optical round path in the base portion 24 of the cuvette 10 ha
Es numerous advantages when compared to conventional cuvetites. For exampl
‘e, the path length of the optical round path (21 + 2k for a round trip,

Esee Fig. 2) 1s considerably shorter than the path length in convenfional
[ cuvettes. Reducing the path length of the optical path in the cuvette i
hmlies a reduction of the intensity of light scattered at impurities whi
eh are inevitably present in the base portion 24. Furthermore, the desig
En of the base portion 24 allows for a larger viewing or detecting angle

for collecting/detecting the fluorescence light. Whereas in conventional
"cuvette designs, the fluorescence can only be detected in a relatively

[
small angular range, the detecting angle of a cuvette 10 according to th
O
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‘e invention may be larger resulting in an improved fluorescence signal.

Furthermure, the trapezoidal shape of the base portion 24 is relatively
easy to manufacture using injeciion moulding techniques known in the art
E. In particular, the first and second surfaces 26 and 28 of the base por
rtion 24 do not necessarily need to be optically polished since the accur
Eacy of the injection moulding technique will regularly be sufficient for
c an optically flat surface.

[

E [n the following, referring to Fig. 2, a preferred design procedur

& of a preferred embodiment of the present invention will be described:
[

[
[ [n order to obtain total internal reflections of the excitation 1i

?ht beam 34 by the excitation and base surfaces 30, 32 of the base porti
on 24, the excitation surface angle &£ and the base surface angle & mus
Et be larger than the respective critical angles for total reflections. H

E(B: T)) Eqgin

wherein

[
[
: £(B, 1) =90° - (B - 1)

E (8, 7)=90° - (8 + 7); and
i (8, v)=90°-(8 + 7).

[

[

The critical angles for a total reflections are
[

L
[ 6gin = arcsin (g / 19); and
a
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[ Ggip = arcsin (ng / n9).

E

[ As stated previously, a closed optical path (an optical round path
E) of the excitation light beam 34 in the base portion 24 is strongly pre
iferred, if birefringent materials (for example plastic materials) are us
Eed to manufacture the base portion 24. In order to have a closed optical
 path within the base portion 24, the following conditions must be met:

[
E A/2+htan(y) =1cos (B - 7),

: h=1sin (8 - 7),

E A/2+h tan(y) = kcos (8 + 7),

[

hﬁerein 1 is the optical path length between the point of incidence on t
he first surface 26 to the poini of incidence on the excitation surface
ESU and k is the optical path length between the points of incidence on t
the first and base surfaces 26 and 32 for a symmetrical optical round pat
@ in the base portion 24. A is the length of the top side 30 connecting

rthe first and second sides 26S, 28S.
[

[
[ [t can be shown that the above conditions vield the following expr

E?ssiun for the height H of the trapezoid:
Asin(ﬁ - y)

2(-cos( -y )+sin(B -y )tan(y )

A Asin(ﬂ - y)tan(y)

(-4, »)tan(ﬂw)

2" 2(~cos(8 - )+sin(8 -y )tan(y

H=-

L T e T e T e T e T e |

L
[ The coupling height h of an incident excitation light beam 34 havi
Dg a symmetrical optical round path in the base portion 24, i.e. a round
[ path wherein the reflections on the top and base sides 308, 325 of the

Brapezoid are in the center of the respective sides is given by

—

he- Asin(B -7) .
2(-cos(p ~7)+sin(p -y )tan(y ))

L e T e T e R |
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The coupling height h should preferably be in agreement with the b

[
Eeam width of the excitation 1ight beam 34.
[
[

For the special case wherein the trapezeid is a rectangle and the
rincident excitation light beam 34 is incident under the Brewster angle
Ech = arctan (g / n7), a simple relation for the relation A / H can be

<alculated. For a rectangle (7v= 0},
O
[
H/2
t =",
E an(§) 42
0

1f o corresponds to the Brewster angle ap, the angle betweenm the light
E bean reflected and refracted at the first surface 26 is 90° , so that

L

[ tan(8) = tan(90° - ) = :
[ tan(a)
[

Therefore,
(]

(

: tan(a)=n—=
[ n

(
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[ [n a preferred embodiment of the preseni invention the excitation
Esurface 30 of the cuvette is preferably hydrophilic. A substantially hyd
rophilic excitation surface 30 can be obtained, for example, by at least
E partially coating the surface with a hydrophilic compound. Hydrophilic
compound systems which can be used for providing a hydrophilic excitatio
En surface 30, are, for example, dextrane derivatives, such as allyl dext
rane, which are covalently coupled to the excitation surface made up of
‘'e.g. a polystyrene upon X-ray treatment of the excitation surface to gen
Eerate radicals. In particular, an example for preparing a hydrophilic ex
leitation surface 30 using allyl dextran is as follows: a polystyrene chi
D as cuvette (7 radiated with 26 kGray, 60Co) is provided and 5021 of
a solution of allyldextran having a molecular weight of about 150kD (100
ELLS/LLI in water) is added and incubated for 16h at room temperature. Th
@ solution is aspirated and the polystyrene chip is washed three fimes w
Eith water. After incubatiom with 5041 of a solution of sedium(meta)peri
odate (30mM in water) for 1h at room temperature, the solution is aspira
Eted and the polystyrene chip is washed three times with PBS. Then 501
of a solution of neutravidin (40pg/p1 in 0.1M NaHCO3, pH 9.3) is added
" and incubated for 2h at room temperature, followed by an additiomef 0.5
Eﬁtl of a solution of sodium-cyanoborchydride (5 M) and incubation for 15
" min at room temperature, and subsequently by adding and incubating with
E 2511 of an aqueous sclutien of ethanolamine (300 uM) for 15 min at roe
m temperature. The solutions are aspirated and the polysiyrene chip is w
Eashed three times with PRS. The excess reactive sites of the polystyrene
. chip are blocked by incubating in a 1001 blocking solution (e.g. PBS,
E 1% BSA, 0.25% Tween 20) for 1h at room temperature.

[

E Alternatively, a hydrophilic compound system which can be used for

- providing a hydrophilic excitation surface 30, is the poly-L-lysine/glu
O
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‘tardialdehyde-system. In particular, an example therefore is as follows:
E a polystyrene chip as cuvette (7 radiated with 26 kGray, 50Co) is prov
rided and 50 w1 of a solution of poly-L-lysine (10ug/n1 in PBSplus (10
EOmM EoHP04/KHoP04, 100mM NaCl pH 7.5), is added and incubated for 16h at
. room temperature The solution is aspirated and the polystyrene chip is

Ewashed three times with PBS. After incubation with 50u1 of a solution o
f glutardialdehyde (1% in PBSplus) for 1h at room temperature, the solut
Yon is aspirated and the polystyrene chip is washed three times with PBS
E. Then 50u1 of a solution of neutravidin (40ug/u1 in 0.1M NaHCO3, pH

9.3) is added and incubated for 2h at room temperature, followed by an a
Eddition of 0.5¢1 of a solution of sodium-cyanoborohydride (5 M) and in
‘cubatiing for 15 min at room temperature, and subsequently by adding and
E incubating of 2541 of an aqueous solution of ethanolamine (300 mM) for
t 15 min at room temperature. The sclutions are aspirated and the polysty
Erene chip is washed three times with PBS. The excess reactive sites of
the polystyrene chip are blocked by incubating in a 1001 blocking solut
Eiun (e.g. PBS, 1% BSA, 0.25% Tween 20) for 1h at room temperature.

[
: The coating of the above mentioned hydrophilic compounds on the ex
Ecitatiun surface can form, for example, so-called "island-structures” or
" monmolayers.

E

[ According to a further preferred embodiment of the present inventi
Eun a compound as reaction partner Rl is immobilized (i.e. bonded) cn the
r excitation surface 30 of the cuvetie, wherein the excitation surface ma
EV be coated with hydrophilic compounds as outlined above. The term "imme
bilized” preferably means that the reaction partmer R1 is adhered to the
E excitation surface 30 by absorption ("direct absorption”). However, the

. reaction partner R1 can also be immobilized to the excitation surface 3
O
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D via an anchoring compound, for example a protein such as an antibody,

Ean antigen, streptavidin, avidin, neutravidin, or compounds such as biot
rin. The reaction partner R1 can also be immobilized on the excitation su
Erface (30) via covalent bond(s). This can be provided by, for example, ¢
onversion with a carbodiimide of an acrylate-containing excitation surfa

‘ce.

[
[
[ In general, the terms ”immobilized” and “bonded” in the sense of t
@e present invention mean adhesion of a reaction partner or a compound s
{ieh as an anchoring compound or a fluorophor-containing compound, to a s
hrface such as the excitation surface 30, or to amother reaction pariner
[ and/or compound, and inelude both covalent and non-covalent interaction
Es, such as interactions based on ionic, pelar or non-polar interactions.

L

: The reaction partner R1 or the anchoring compound can be placed on

 the excitation surface by a common method. For example, a protein servi
Eng as reaction partner R1 or an anchoring compound can be coated on the
excitation surface. Reaction partner R1 or the anchoring compound can pr
‘eferably be bonded to the surface by absorption or by covalent bend(s).
EAEter this step, the excitation surface is preferably treated with anoth
‘er solution containing blocking compounds, and areas on the excitation s
hrface not containing reaction partner R1 or the anchoring compound are
blocked or will be blocked, for example by another protein as a blocking
E compound that basically does not react with the components in the solut

rions used for performing the assav.

[

[ d [

[ [n preferred embodiments of the present inventionm, the reactiom pa

Ertner R1 or the anchoring compound are present in lyophilized form.

{
a
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[ [n vet another preferred embodiment of the present invention the I
Eyuphilized reaction partner R1 or the lyaphilized anchoring compound is
covered by a Ivophilized spacer-layer. The consiituents of the spacer-la
Eyer are preferably selected from the group consisting of one or more huf
fer compounds such as HEPES, one or more proteinaceous compounds such as
E BSA, one or more hydrophilic polymers such as dextran, one or more comp
lexing agents/anticoagulants such as EDTA and optionally bacteriostatic
‘compounds such as Trimethoprim and/or Sulfamethoxazole, and a mixfure co
Entaining one or more of these constituents. Further, the spacer layer ma
'y also contain the reaction partner R3.

[

[

[ [n further preferred embodiments of the present invention, the cuy
Eette contains, besides the Ivophilized reaction partmer R1 or the anchor
(ing compound and the spacer—layer, a Ivophilisate which covers the Ivoph
Eilized spacer-layer. This Iyophilisate comprises either

[

E(A) a fluorophor-containing compound or a compound as reaction partner
c R3 or a mixture thereof, provided that reaction partner R1 is immobhiliz
Eed on the excitation surface 30; or

[

[(B) reaction partner R1 or a fluorcphor-containing compound or a compo
hnd as reaction partner R3 or a mixture thereof containing two or three

of said constituents, provided that said anchoring compound is immobiliz
[

[
[
Esaid reaction partner R3 having an affinity to the substance being assay
ed as reaction partner R2, wherein said reaction partnmer R3 comprises op

Etiunally a fluorophore-containing moiety, and said fluorophore-containin

ed on the excitation surface 30;

& compound having an affinity to reaction partner R2 or to reaction part
O
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(ner R3.
[

[
[ [n preferred embodiments of the present inventiom, the terms "“anc

@uring compound”, "“reaction partner R1”, "“reaction partner R2” and
eaction partner R3” in general, include each one part of ligand-binding
Esvstem such as monoclonal or polyelonal antibodies, proteins functioning

33y "
r

 as antigens, proteins having an affinity to specific compounds, such as
" streptavidin, avidin etc., and compounds having an affinity to e.g. spe
Ecific proteins, such as biotin. For example, the anchoring compound immo
‘hilized on the excitation surface, is streptavidin: the reaction parter

[Rl is a monoclonal antibedy directed against reaction partner R2, having
[ a biotin conjugated therete in order to allow immobilisation on the exe
Eitation surface via the streptavidin/biotin-system; the reaction partner
[ R2 which is the substance being assay, functions as an antigen; and rea
Ectiun partner R3 is a monoclonal aniibody direcied against reaciion part
mer R2, having a fluorphor-containing compound conjugated therete in ord
Eer to allow fluorescence measurements (see also Fig. 3).

[
: Further, according to the preseni invention there is provided a pr
Eucess for the preparation of a cuvette as defined above, comprising the

'step of:

E

(@) immobilizing reaction partmer R1 or the anchoring compound on the

: excitation surface 30 of the cuvette.

[

EThe process af the present invention may further comprise the steps of:

[

E(b) applying a freezable (preferably aquecus) solution I which may con

tain one or more buffer compounds such as HEPES, one or more proteinaceo
O
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us compounds such as BSA, one ore more cryoprotectants such as poely(ethy
Elene glycol), one or more lyoprotectans such as sucrose, one or more det
ergents such as n-octyl-8-D-glucopyranoside, onme or more antioxidants s
ﬁch as ascorbic acid, one or more hydrophilic compounds such as dextran,
[ one or more complexing agents/anticoagulants such as EDTA and optionall
Ey bacteriostatic compounds such as Trimethoprim and/or Sulfamethoxazole

and a mixture containing one or more of these constituents, onto said im
[ﬁubilized reaction partner R1 or the immobilized anchoring compound; and

[
‘(¢) freezing said solution I to chtain a frozem spacer-layer.

[

After step (c) of the process of the present inveniion, the frozen
content of the cuvette cam be lyophilized to obtain a cuvette which is
rready to use for assaying substances.

C
L
{
L

[
E The process of the present invention may further comprise the step
Es of :

[

‘(d) applying a freezable (preferably aqueous) solution II which may co
Entain one or more huffer compounds such as HEPES, one ar more preteinace
‘ous compounds such as BSA, one or more hydrophilic compounds such as dex
Etran, ohe ore more cryoprotectants such as poly(ethylene glycol), cne or
[ more lyoprotectans such as sucrose, one or more detergents such as m-oc
Etvl—f?—D—glucupvranuside, ohe or more antioxidants such as ascorbic acid
, one or more ionic and/or nonionic surfactants such as Tween 20 or Brij
E35 T, one or more salts such as NaCl, one or more fillers such Glycin an
d optionally bacteriostatic compounds such as Trimethoprim and/or Sulfam
'ethoxazele, one or more dyes such as Lissamine Green B, Indigocarmine, B

[
rilliant Black or Cu-Chlorophyll, and a mixture containing one or more o
O
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'f these conmstituents,

E containing either (A) a fluorophor-containing compound or a compound as
[ reaction partner R3 or a mixture thereof, provided that reaction partne
Er Rl is immobilized on the excitation surface 30, or (B) reaction partne
r R1 or the fluorophor—-containing compound or a compound as reaction par
Etner R3 or a mixture thereof containing two or three of said constituent
8, provided that the anchoring compound is immobilized on the excitation

" surface 30, onto said frozen spacer-layer;
[

[
‘(e) freezing said solution II to obtain a frozen sclution II on the fr

[
ozen selution I; and

L

E(E) lyophilizing the frozen content in the cuveite to obtain a lyophil

isate which is ready to be used for assaying substances.

[

[

[ The spacer laver should completely cover the surface and, prior to

E lyophilisation, is a frozen solid, before the next reaciion partner, su
<h as reaction partner R3 is added. This addition usually not melt the f
‘rozen spacer layer, but if at all, only the top of the spacer layer will
E melt. It is essential for the functionality of the assay to be carried

‘out with that the next reaction pariner will not be in direct contact wi
Eth reaction partner Rl or the anchoring compound at any time during the

[process.

E

[ [n the sense of the present invention, the term "substance being a
'ssayed” corresponds to the term "reaction partner R2”, as already mentio

[
med above.

L

[
[ The cuveite of the present inveniion can be used in methods for me
O
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‘dical or veterinary medical diagnostics, food analysis, environmental an
Ealysis, chemical or biclogical analysis, or analysis of fermentation pro
cesses, preferably for the qualitative and/or quantitative determination
E of substances via immunclogical reactions.

[
: The method using the cuvette according to the present inventiom, i

[
dcludes the steps of:
[

[
- placing in contact with the immobilized reaction partmer Rl or wit

h the immobilized anmchoring compound or with the Ivophilized spacer-laye
Er a solution that contains the substance being assayed as reaction parin
er R2 and either (A) a fluorophor-containing compound or a compound as r
Eeaction partner R3 or a mixture thereof, provided that the reaction part
mer R1 is immobilized on the excitation surface 30, or (B) reaction part
Ener R1 or a fluorophor-containing compound or a compound as reaction par
rtner R3 or a mixture thereof containing two or three of said constituent
Es, provided that said anchoring compound is immobilized on the excitatio
A0 surface 30, wherein a complex forms on the immobilized reaction partne
‘t R1 or on the immobilized anchering compound, said complex containing e
Either

[

E (i) reaction partner Rl and reaction partner R2 which comprises

a fluorophor-containing moiety or a fluorophor-containing compound

: conjugated thereto; or

[ (ii) reaction partner R1, reactionm partner R2 and reaction partne
[
[
@aining compound conjugated thereto; or

: (iii) reaction partner R1, reaction partner R2, reaction partner R

[
3 and a fluorophor-containing compound; or
O

r R3 which comprises a fluorophor-containing moiety or a fluorophor-cont
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[ (iv) the anchoring compound, reaction partner R1 and reaction par
Etner R2 which comprises a fluorophor-containing meiety or a fluorophor-
containing compound conjugated thereto; or

E (v)  the anchering compound, reaction partner R1, reaction partne
r R2 and reaction partner R3 which comprises a fluorophor-containing moi
Eety or a fluorophor-containing compound conjugated thereto; or

[ (vi) the anchoring compound, reaction partner R1, reaction partne
Er R2, reaction partner R3 and a fluorophor-containing compound; and

[

- exciting the flucrophor bonded to the excitation surface 30 via sa
Eid complex by the evanescence field of a light source, (i.e. by the evan
escence field generated within the cuvette (or base portion) when applyi
Eng an excitation light beam of an external excitation light source) and

measuring the fluorescence produced.

E

[ [n a more preferred embodiment of the present invention the methad
E uses the cuveite containing lyophilized reaction partmer R1 or the anch
oring compound, the lyophylized spacer-layer, and either (4) a flucropho
‘r-containing compound or a compound as reaction partmer R3 or a mixture

thereof, provided that reaction partner RL is immobilized on the excitat
jon surface 30, or (B) reaction partner Rl or a fluorophor-containing co
hmuund ar a compound as reaction partner R3 or a mixture thereof contain
ing two or three of said constituenis, provided that said anchoring comp
Euund is immobilized on the excitation surface 30, said method including

rthe steps of:
[

[
— placing in contact with the Iyophilized content in the cuvette a s

Eulution that contains the substance being assayed as reaction partner R2

, Wherein a complex forms on the immobilized reaction partmer R1 or on t
O
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the immobilized anchoring compound as outlined above; and
[

[
[~ exciting the fluorophor bonded to the excitation surface 30 via sa

Eid complex by the evanescence field of a l1ight source and measuring the

f luorescence produced.
[

[
[ [n preferred embodiments of the present invention, the method to b

‘e used in the cuvette is based on an ELISA using a fluorophor instead of

[
. a colour-formation system.

L

112

E According to the present invention, the terms "complex” and ""conj
ugate” are understood to be a molecular coupling or bonding between two
Eur more preferably chemical or biochemical substances. The complex or co
mjugate is preferably formed by means of selective and/or specific react
Eiuns. especially preferred by antigen-antibody reactions.

C
L

7

: According to the inventiom, the term "reactions” includes both co
valent and non-covalent interactions of two or more reaction partners, w
herein both types of interaction can take place ome after another within
E a complex. Non-covalent interaction can mean, for example, Van der Waal
s interactiom, polar and/or ionic interaction of reaction partners. The

Eterm “reaction partner” means in general a compound with an affinity for
[ another substance in the present invention.

E

[ [n one preferred embodiment of the method in the present invention
E, the substance being assayed as reaction partner R2 can itself have an

@affinity for reaction partner R1 immobilized on the surface, and can the
Erefnre bond directly with that reaction partner R1. When the substance b

eing assayed is an antibody, for example, anm aniigen specific for that a
O
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mtibody can be placed on the surface, or vice versa.

E

[ [n another preferred embodiment, the substance, i.e. reaction part
Ener R2, being assayed itself has (basically} no affinity or only a small
c affinity for an anchoring compound on the surface. In this case, the so
Elutiun to be placed in contact with the surface contains, for example, a
mother compound that contains reaction partner R1 and a binding site for
" the substance being assayed. Reaction partner R1 can bond to the anchar
Eing compound on the surface and thus fixes the substance being assayed i
(ndirectly to the surface. This cther connection serves as a hridge eleme
Ent between the substance being assayed and the anchoring compound on the
[ surface. For example, avidin can be present as the anchoring compound o
En the surface. The other compound (i.e. reaction partmer R1) then contai
ms, besides a bonding site for the substance being assayed, for example

Ebiotin which can bond to the avidin immobilized on the surface. This emb
odiment has the advantage that a surface coated with avidin (or streptay
Eidin), unlike many antibodies and antigens, can be better Ivophilized an
« are very stable in dried or lyophilized of form. In additionm, the avid
"in (or streptavidin)/biotin system has a very high dissociation constant
E ED. It is also possible for a series of different assays to be done on

‘a surface coated with avidin (or streptavidin) and to assay only the oth
[ C . . . .
&r compound, which is placed in contact with the surface with the soluti
‘on, on the substance being assayed.

E

[ Figure 3 shows this embodimeni of the method used in the present i
Enventiun schematically. In the solution placed in contact with the excit
ation surface 30 are, next to one another, the substance (i.e. reaction

?artner R2) being assayed 40, a reaction partner R3 44 comprising a fluc

-rophor—containing moiety or compound, and reaction partner R1 46 having
O
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‘an affinity to the anchoring compound 48. The anchoring compound 48 is b
Eunded to the excitation surface. The reaction partner R3 and the reactio
m pariner Rl are absorbed on the substance being assayed (conjugate 50),
E and the conjugate 50 is bonded via reaction partner R1 on the anchoring
. compound 48 on the surface to form complex 52. Thus, complex 52, which

Eincludes reaction partner R3 containing a fluocrophor, is bonded to the e
Xcitation surface 30 and can be assayed by measuring the fluorescence in

[ the evanescence field 54.
[

[

[ For this embodiment of the method in the present invention, beside
Es the avidin (or streptavidin)/biotin system, all ligands or ligand-bind
(ing systems are suitable in which proteins, for example, have selective
Eand/ur specific binding sites for one or more ligands, like for example
thistidine, histidine tags, lectin and/or digoxigenin, and naturally anti
[gen/antibudv systems, as already outlined above.

[
E According to the present invention, the terms "”fluorophor™, "”flu
orophor-containing compound” and “”flucrophor-containing moiety” do not
‘exhibit particular limitations as long as being fluorescent and include,
E for example, a fluorescing compound, such as phycobilisomes, phyechilip
roteins, low-molecular weight fluorescing chemical compounds or quantum
Eduts. According to the present invention, phyeobili proteins, such as Al
lophycocyanine (APC), Cryptofluor Crimsom or Cryptofluor Red can be used
E as fluorescing proteins. Cy5 or BODIPY (fluorophores having 4, 4-diluor-
4-bora-3a, 4a-diaza-s—-indazene) can be cited as examples of low-melecular
E weight fluorescing compounds. Fluorescing dves with an efficient absorp
rtion in the wavelength range from 600 to 700 nm are preferred.

[

[
[ [nstead of a fluorophor, a fluorophor precursor compound can be us
O
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led, from which the fluorophor is released before the measurement process
» for example, by changing the pH value or by splitting a protective gro

up.
[
[
[ According to the present inventionm, the terms ””fluorophor” and

Eflunrophur—cuntaining compound” and "”flucrophor—containing moiety” alse
. include phosphorescing compounds. If such a phosphorescing compound is

‘used as a [luorophor, the phosphorescence radiated, which is staggered i
En time from the excitation, is determined. Thus, it is possible to separ
‘ate the radiation time from the measurement time.

21y

[
[
[ This compound containing a fluorophor may also have a binding site
E for the substance being assayed. For example, the fluorophor can come b
ronded to anm antibody as reaction partner R3. This antibody containing a
Efluurophor can preferably react in an antigen-antibody reaction with the

r substance heing assaved as an antigen, for example a protein.
[

[
c [n another embediment, the substance {i.e. reaction partner R2) bhe

"ing assaved itself comes as a compound containing a fluorophor. In this
Eembndiment, competitive assays are done, which are characterized especia
1y by a low detection limit.

E

[ With the method in the preseni invention, a wide variety of substa
Ences can be detected. The method is especially suitable for assaying bio
rlogically active substances, like hormones, such as proteinaceous or non
%prnteinaceuus harmons, proteins like antigens, antibodies or haptenes,
muclein acids such as DNS, oligonucleotides or RNA, pharmaceuticals, vir
?ses. bacteria, etc. But the method can alsc be used to detect environme

ntal poisons, toxins, drugs of abuse, therapeutic drugs, etc. The method
O
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[ of the present invention includes also double antigen antibody assays f
Eur the detection of e.g. immunoglobins such as HIV-, HRC- or HCV-antibod

(jes in human body fluids e.g. blood.
[

[
[ [t is especially preferred for the substances being assaved to be

Edetected by immunclogical reactlions.

[

: ¥hen exciting the fluorophor bonded tc the surface with an evanesc
Eence field, a beam of light is poinied at the bottom of the surface at a
n angle such that total reflection occurs at the cuvette/solution phase

Ebuundarv. This forms an evanescence field above the surface in the solut
(jon, which can penetrate up toc several hundred nanometers into the fluid
E. According to the present invention, an angle of incidence of at least

600 to 900 is preferred, so that an evanescence field at a height up to

E4UU nm, preferably 200 nm, and especially preferred 50 to 150 nm, is for
med over the surface. Within this evanescence field, the beamed 1ight ma
[y excite suitable fluorophors. The fluorescent light emitted is detected

: With a photomultiplier, for example, and evaluated.
[

[
' Since only the flucrophor bonded to the surface is in the evanesce

(nce field, onmly this bonded fluorophor is optimally excited and emits ph
[ . . .

otons. A compound that contains fluorophor and is not hound in the solut
(jon is not im the area of the evanescence field, is therefore basically

Enut excited and also basically emits no photons. This arrangement thus a
1lows quantitative determination of fluorophor bonded to the surface in

Ethe presence of fluorophor in the supernatant solutien without a prior s
eparation and/or washing step.

L

[
[ Monochromatic light can be used as the light source. Light should
O
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be used that has a wavelength that preferably does not interfere with th
Ee emission of the fluorophor. A laser is especially preferred as a 1ight
[ source, whose light emits a wavelength of at least 635 mm. Im particula
Er, if the supernatant solution is a serum, lasers that emit wavelengths

from 600 to 700 nm are preferred, since serum’s inherent fluorescence is
" roughly at 580 om.

[n one embodiment of the invention, the addition of the fluorophor
. bonded to the surface can be measured directly (in real time) with a ti
‘me-progressive reaction. Since the quantity of a fluoraphor honded to th

L B e B |

[ C s . .

€ surface is directly proportional to the original amount of compound co
mtaining fluorophor, the method in the invention makes it possible to ma
[ke a quantitative determination of reactants found in the sclutien in re

ral time without other additional washing and/or pipetting steps.

[

[

Since the absorption coefficients and the emission properties of fluorap

?urs are very good, the detection limits are small. After only a few min

Autes, reactions can be assessed qualitatively and/cr quantitatively.
[

[
' However, the scatter of the light beam in the cuvette, which is no

't ideal, poses a problem, even if physical measures are taken to reduce

[ . . . .

the scatter light. Due to scatter, light also gets into the volume in th
‘e cuvette and causes background fluorescence there. The term “volume” is
E understood in the present invention to be the liquid outside the evanes
wence field, which contains unbonded compounds containing fluorophor. Th
Ee polarization of the light beam can also be turned in bhoth plastic and

glass cuvettes. This leads, in particular, to reflections of the excitat
"ion light during uncoupling, creating so-called vagabond light, which, a

[
long with volume and surface scatter effects, can result in excitation o
O
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f the volume.

E

[ According to the present invention, excitation of the fluorophor i
En the volume can be further suppressed if the solution to be placed in ¢
ontact with the surface has at least one dye added to it that has an abs
Eurption in the absorption and/or emissions range of the flucrophor.

[
: The absorption of the dye added to the volume is coordinated with

Ethe absorption and/or emission range of the fluorophor in the imvention.
[ Opne individual dve or a mixture of dyes can be used. The absorpticn ran
[ge of the fluorophor generally correlates with the wavelength of the lig
ht source used. It is not necessary that the dye have an absorption maxi
ﬁmm in this spectral range; a shoulder in the absorption specirum can su
(ffice. For example, if fluorophors like APC or Cyb are used, the dye use
Ed can have an absorption between 600 nm and 700 nm, like for example Bri
(1l1iant Blue FCF. The concentration of dve added depends on the frequency
E of the light radiated. The concentration of dye can be adjusted, depend
ing on the dye, so that the penetrating light can basically be absorbed

'within 1 mm above the surface. To determine the optimal concentration of
E dye, first the volume fluorescence and the fluorescence in the evanesce
nce field, i.e., the surface fluorescence, are measured for various conc
Eentratiuns of dye. Then, the ratio of surface fluorescence to volume flu
‘orescence is plotted against the concentration of dye. The maximum of th
Eis ratio represents the optimum concentration of dye. According to the p
resent invention, “signal/moise ratio” is the ratio of surface fluoresce
Ence (signal) to volume fluorescence ("noise”). “Basically absorbed” can

mean an intensity cancellation of 70%, preferably 80% and especially pre
Eferred at least 90%.

{
a
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[ For example, when Brilliant Blue FCF is used as the dye, a concent
Eratiun of 0.04 oM is enough to suppress far more than 95% of the volume
(fluorescence. For example, the concentration of Brilliant Blue FCF is pr
Eeferably at least 0.001 oM.

[
: The small dimension and low price make the cuvette of the present
invention feasible in routine diagnostics and analysis. In practical app
Tication, this type of cuvette can be pre-prepared and sold commercially
E closed with a special label. As already outlined above, the pre-prepara
‘tion includes coating the surface of the cuvette with the first reaction
E partner R1 and, if necessary, then blocking the uncoated places. It is
especially preferred if the coated cuvette comes Ivophilized or dried. P
Eruviding the cuvette with a serial number makes it possible to have clea
r attribution of the manufacturing lot, the detection reaction and the s
Eample at any tire.

[
E Examples of specific applications that cam be cited are a wide var
iety of assays that are based on the principle of ELISA. An ELISA test c
‘an be used to determinate the concentration of aniigens or antibodies. E
&amples of specific antigens are HBV S—protein, HCG, cardiac marker prot
‘eins, and hormomes such as steroid hormones, peptide hormones, thyroid h
Eurmnnes. Antibody assays, indiecative of a previous infection or indicati
ve for a specific disease symptom, such as a HIV antibody assay, Hepatit
Eis S antibody assay or the antibody mediated Heparin Induced Thrombocyio
penia can be cited. Also the detection of plant protection products, suc
? as atrazine, in drinking water is possible using the cuvette of the pr
esent invention.

[

[
[ Non-immuno assays can also be performed using the cuvette of the p
O
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resent invention, when a detecting reagent can be labelled and this reag
Eent is a specific ligand for a receptor. Therefore a receptor molecule i
s bound to the surface of the cuvetie and the labelled ligand or hormone
E ete., can specifically bind to the receptor. Hormone receptors can be n
ratural receptors or recombinant receptor molecules. This canm be a compet
Eitive assay for pharmaceutical drugs where the drug is fluorescently der
rivatized and the receptor protein is immobilised on the surface of the ¢
‘uvette. Alternatively, the drug is immobilised on the surface of the rec
Eeptur and the fluorescent labelled receptor is binding. The application

‘can also be used for recreational drugs.

[
[
[ Also RNA or DNA detection can be performed with the cuvette of the
E present invention. A complementary sirand immobilised on the surface of
[ the cuvette can capture a labelled oligonucleotide. The oligonuclectide
E can be labelled for example with APC.

[

E ¥hen using the cuvette according to the preseni invention, the abo
ve defined methods for assaying substances result surprisingly in analyt
"ical sensitivity of at least 10 times better than in common ELISAs and i
En analysis time of at least 10 times shorter than in common ELISAs.

[

: The present invention will be further explained below using exampl
‘s, Which are, of course, not limiting the scope of protection conferred
by the claims.

[

?xamples

[

: [n the following examples the photons were measured every second o

[
ver a time of 10 min (=600sec). Normally, the photons counted at the sia
O
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rt at 0 min and after 10 min are measured and the difference is calculat
Eed. This difference is positive and directly proportional to the antigen
[ measured in the assay. [f a number of statistical events, e.g. 10000 ph
Eutuns (n) is observed, the statistical error is calculated as three time
s to the square root of n. In this example 3 x square root of 10000 = 3

Ex 100 = 300 photons.

[

: [n the experiment, there is measured nof only these two time point

Es, but during these 10 min 600 time points. The points fit on a straight
[ line. If now a trend function is generated with a linear regression fun
Ectiun and a linear curve is calculated, the overall error for a 99,99% c
onfidence interval is reduced to about 30 photons. This means one tenth
Euf the 300 photons error achieved by the 2 point calculation. Therefore
(this linear regression improves the analytical detection limit by a fact
Eur of 10.

[

?xample 1: Kinetic of biotin-HRP Dinding to streptavidin surface

[ A Nunc maxisorp microplate was coated with a solution of neutravid
“in (10xg/ml in 0.1M NaHC03) overnight at room temperature. Thenm it was
Ewashed 3 times with TBST (10mM Tris pH 7.5, 150mM NaCl, 0.1%Tween 20). A
" solution of biotinylated horseraddish peroxidase ("HRP”, commercially a
Evailable from Pierce ) (10ng/ml in TRST) was added to the wells and incu

bated for various times from 1 minuie to 6 hours. The wells were washed
Eﬁ times with TBST and 3 times with TBS (10uM Tris pH 7.5, 150umM NaCl). B
ound HRP was revealed by TMB (commercially available form EPL) and the o
@tical density at 630nm measured after 10 minutes incubation at room tem
perature, The resulis are shown in Figure 4.

[

[
[ Figure 4 is a plot of 0D 630 as a function of binding time for the
O
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[ biotinylated HRP to the microplate. After 10 minutes one observes an (D
E of approximately 0.75. The maximum OD after 6 hours of reaction fime is
 2.10. After 10 minutes a signal of approximaiely 30% of the maximum val
ﬁe is shown for HRP by a diffusion based assay and sc it is possible to

measure a meaningful result. If a for example fluorescence detection sys
Etem is available one can compensate for the less bound label and still h
ave a fast and sensitive assay.

L

hxample 2: Mouse IgG titration

[

(&) ELISA

[ A Nunc maxisorp microplate well was coated with a sclution of stre
ptavidin (10pg/nl in PBSplus (100mM K5HPO,/KHsP0;, 100mM NaCl pl 7.5))
overnight at room temperature. Then the solution was aspirated and the w
Eells washed 4 times with PBS (10mM EoHPO4/KHoP04, 137mM NaCl pH 7.4). Te
[ block remaining reactive sites, a sclutien of 1%BSA in PBSplus was adde
Ed to the well and left for 1 h.

[

. A one-step and a three step ELISA procedure were performed. The as
[
5ay is a sandwich ELISA detecting mouse [gG.

L

E The one-step ELISA was carried out by incubating a solution of bie

'tinylated goat anti-mouse [gG (commercially available from Jackson) at 1
E wg/ml, goat anti-mouse HRP (commercially available from Jackson) at 8

ig/ml and various amounts of mouse IgG (commercially available from Jac
[ksun) in 1% BSA PBSplus containing 0.025% Tween 20 for 0,5h at room temp

erature
[

[
[ The three-siep ELISA was carried out by a 1 h incubation with the

O
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biotinylated goat anti mouse [gG at 1 reg/ml in 1% BSA PBSplus containin
[g 0.025% Tween 20 followed by three PBS washes. Then a incubation with v
rarious amounts of mouse [gG in the same buffer followed by three PBS was
@es, followed by a 1 b incubation with goat anti mouse HRP at 8 ng/ml i

m the same buffer.
[

[
[ After these incubation steps the procedure was identical for both

'ELISA methods and consisted of 5 PBS washes followed by the addition of
L

TMB for colour development for 10 minutes and reading the OD at 630mm. T
he results are shown in Figure 5 (A).

[

[

[ Figure 5 (A) shows a plot of OD 630 as a function of the mouse IgG
E concentration in the sample. Detection limits of mouse IgG are approxim
rately 3ng/ml for the one-step ELISA after 40 minutes or 1ng/ml for the t
@ree—step ELISA after 3 hours.

[

?xample 2: Mouse IgG titration

[
'(B) Fluorescence assay
[

[

[ A fluorescence chip as an example for the cuveite of the present i
Enventiun, made by injection molding from polystyrene was 7-radiated wit
h a Cobalt-60 source. The resulting polystyrene surface is activated for
E protein absorption. The wells were coated by absorption of streptavidin
r at 10ug/ml in PBSplus (100mM EP04, 100mM NaCl pH 7.5) overnight at room
E temperature. The solution was aspirated and the wells washed 4 times wi
(th PBS (10mM E5HP04/EHoPO4, 137mM NaCl pH 7.4). To block remaining react
"ive sites, a solution of 0.25% Tween 20 in PBSplus was added to the well

[
- and left for 1 hour.
O
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[

[ . .

: A one-step immunoassay detecting mouse [gG was performed and bound
[ fluorescence measured by evanescence excitation.
[
[
[

A mixture of biotinylated goat anti-mouse IgG at 1 xg/ml, goat an
Eti—muuse APC conjugate made according to the procedure given by the supp
lier of activated APC (commercially available from Intergen) at 10 ug/m
'l and various amounts of mouse IgG in 1% BSA PBSplus containing O.05% Tw
Eeen 20 were added to the polystyreme fluorescence chip. The chip was the
n placed immediately in the reader and the emission of fluorescence phaot
Euns was monitored over time and recorded. As the reaction proceeds, flue
rescent molecules bind to the surface and the measured fluorescence inmcr
Eeases with time. Measuring the photon counts at time O and at 10 minutes
. and calculating the difference give a number of photon counts due to th
Ee biochemical reaction at the surface excited by the evanescence field.
This increase of photons depends on the antigen concentration in the sam
?le. There is a minor variation in the background from chip to chip. Thi
s chip to chip-variation does not change during the measuring time of 10
"minutes and therefore does not appear inm the result. The amount of mous
Ee Igt was titrated over the range from 0.1 to 10000 ng/ml. The results a
re shown in Figure 5 (B).

E
[ Figure 5 (B) shows the fluorescence photons expressed as counts me
Easured in 10 second intervals as a function of the mouse IgG concentrati

o in the sample.
[

[
[ The detection limit is given by the statistical variation of measu

Ered photons, which correspond to 3 times the square root of the backgrou

And emission of photons in the apparatus. The background fluorescence is
O
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(in this example 500000 which gives a statistical variation of 3 x 707 =2
E121 counts.
[

: The sample containing 0.1 ng/ml mouse IgG resulted in a signal of

5000 photons, well above the detection limit of the device. Therefore th
Ee system that is ten times more sensitive than a comparable ELISA as des
<ribed in Example 2 (A).

[

L
Example 3:Titration of mouse [gG in different matrices
[

: Experimental conditions and reagents are the same as shown in Exam
ple 2 (B). The sandwich assay uses a mixture of biotinylated goat anti-m
Euuse g6 at 1 peg/ml, goat anti-mouse APC conjugate made according to th
e procedure given by the supplier of activated APC at 10 pg/ml and vari
Euus amounts of mouse IgG (commercially available from Jackson). Measurem
ents were made in two different matrices: (a) in 1% BSA PBSplus containi
Eng 0.05% Tween 20; and (b) in human EDTA plasma. The results are shown i

A Figure 6.

L

L
[ Figure 6 shows the fluorescence photons expressed as counts measur

‘ed in 1 second intervals as a function of the mouse IgG concentration in
E the sample.

[

: Results are comparable in bhoth buffer systems, using either the sy
mthetic mixture of BSA, PBS, Tween 20 or a natural matrix such as human

plasma. Plasma does not seem fo generate noticeable autofluorescence.

[

?xample 4: Preparation of lyophilisate in the cuvette

{
a
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[ A polystyrene chip as an example for the cuvetie of the present in
Evention was provided and an avidin layer was prepared by absorption onto
[ polystyrene, Alternatively, one of the methods mentiomed above (poly-L-
ivsine or allyl dexiran) was used. The term “avidin” in the general cont
ext encompasses avidin or strepiavidin or neutravidin or any other bioii
En binding molecule. 50 w1/well of sclution I (e.g. 20mM Hepes pHT7.5, 1%
 BSA, 1% Dextran T70, 10mM EDTA and optionally 32mg/ml Trimethoprim and

"160mg/ml Sulfamethoxazole) was added and frozen for 4 h at -20° C. The s
Eulution [ forms the spacer-layer. Then 10 u1/well solution II (e.g. 20m
M Hepes pH7.5, 1% BSA, 1% Dextran T70, 2% Glvein, 1% Brij, 0,5% Tween 20
E, 100mM NaCl and optionally 32mg/ml Trimethoprim and 160mg/ml Sulfametho
Xazole and a dye such as Lissamine Green B, Indigocarmin, Brilliant Blac
?BN or Cu-Chlorophyllin) was added on the top of the frozen spacer layer
r and frozen for 4h at -20° C. Selution II contains the reactive immunglo
Ebulins, e.8 50ug/ml goat anti-mouse [gG-XL-APC or 5 pg/ml goat anti-m
ouse Ig6. Finally, it was lyophilized to give the cuvette ready for use.

10 cuvette

12  handling portion
14  recess

16  analysing portion
18  well portion

20  well

22  side wall members of wells
24  base portion

'96  first surface

28  second surface

'30  excitation surface
32  base surface
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265 [irst side of trapezoid
285  second side of trapezeid
305 top side of trapezoid
325 base side of trapezoid
40  reaction partmer R2

'44  reaction partner R3

46  reaction partmer Rl

‘48  anchoring compound

50  conjugate

52 complex

04  evanescence field

4 Brief Description of Drawings

?ig. 1(a) A top view of a preferred embodiment of a cuvette according

to the invention;

?ig. 1(b) a cross-sectionmal view of the cuvette along the line A-A in

Fig. 1(a);

TFig. 1(c} a side view of the lower end side of the cuvette shown in Fi
[g. 1(a);

TFig. 1(d} a cross-sectional view along the line B-B of Fig. 1(a),

?ig. 1(e) a cross-sectional view of the cuvette aleng the line C-C of

Fig. 1(a);

?ig. 1(f) perspective views of the cuvette shown in Fig. 1(a);

Fig. 2 a schematic drawing of a base portion of a cuveite according
" to another preferred embodiment of the present invention, wherein

[
 the optical path of the light beam is schematically depicted:

?ig. 3 a schematic view of one embodiment of the method for assayin
£ substances using the cuvetie of the present invention;

O

Tig. 4 a kinetic of biotin-HRP binding to streptavidin surface;
?ig. 5 a mouse [gG titration in ELISA (A) and fluorescence assay (B
0;

Eig. 6 a titration of mouse IgG in different matrices.
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1 Abstract

E The present invention relates to a cuvette for a reader device for ass
‘aying substances using the evanescence field method, to a method for pre
baring a cuvetie processed for assaying substances and to a method for a

(ssaving substances using said cuvette.
[

[
2 Representative Drawing
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Kinetic of Biotin-HRP Binding to Streptavidin Surface
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