Office de la Proprieté Canadian CA 2193318 C 2005/11/22

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 1 93 31 8
gr grgamsge ] 'f‘g age”‘éy of ; 12y BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1996/12/18 (51) CL.Int.%/Int.C1.° GO1N 33/553, GO1N 27/327
(41) Mise a la disp. pub./Open to Public Insp.: 199/7/06/28 (72) Inventeurs/Inventors:
“1; . WIEGAND, ANDREAS, DE;
(45) Date de délivrance/lssue Date: 2005/11/22 MADRY NORBERT. DE.
(30) Priorité/Priority: 1995/12/27 (195 48 376.6) DE SCHELP, CARSTEN, DE;

MELLER, PAUL, DE;
MOHLEN, MICHAEL, D

(73) Proprietaire/Owner:
DADE BEHRING MARBURG GMBH, DE

(74) Agent: BERESKIN & PARR

(54) Titre : BIOCAPTEURS SENSIBLES A LA MASSE
(54) Title: MASS-SENSITIVE BIOSENSORS

(57) Abregé/Abstract:

The present invention relates to a piezoelectric sensor for use In diagnostic and analytic processes, In particular for the
Immunochemical detection of diagnostically relevant specific binding partners.

,
L
X
e
e T A
e IR\ VNENEN
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




b b o an e b b b b o Ll L b L Lo

2193318

BEHRINGWERKE AKTIENGESELLSSCHAFT HOE 1995/B034-Ma 1059

Mass—-sensitive biosensors

The present invention relates to a piezoelectric sensor
for use 1in diagnostic and analytic processes, in
particular for the lmmunochemical detection of

diagnostically relevant specific binding partners.
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Mass-sensitive biosensors

The present invention relates to a plezoelectric sensor
for use 1n diagnostic and analytic processes, in
particular for the immunochemical detection of

diagnostically relevant specific binding partners.

Piezoelectric sensors as such are known, for example,
from Dickert et al. (Chemie in unserer Zeit [Chemistry
Today] 28 (3), pp. 147-152 (1994)). Such biosensors
are, for example, also described 1in US ©patents
4,236,893 and 4,735,906.

Such biosensors, which can be used for the detection of
diagnostically relevant molecules (analytes), generally
conslist o©of a transducer having a surface which 1s
coated with a binding partner specific to the molecule
to be detected and therefore capable of selectively
binding these molecules. Piezoelectric quartz crystals
are usually wused as the transducer. If the quartz
crystal 1s Dbuilt 1into a corresponding electronic
circulit, then 1t oscillates at a particular resonant
frequency. If the molecules to be detected then
accumulate, then the resonant frequency 1s shifted.
Such electronic circuits are known to the person
skilled in the art, for example from DE-A 39 20 052.

These known bilosensors already partly achieve the
stated aims. However, 1t 1is found that, with the
processes enmployved, in which, for example, antibodies
are bound by silane derivatives to the quartz surface,
on the one hand the process for binding the antibodies
to the quartz surface 1s very elaborate and poorly
reproducible and, on the other hand, the process for
making the sensor surface reusable, by treatment with a
reagent solution which i1s i1ntended to break the binding
between the antigen to be detected and the antibody,
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and to separate the bound antigen, 1s for 1its part

poorly reproducible and leads to uncontrolled breakdown
of the antibodles on the sensor surface.

A publication by Davis et al. (Anal.Chem. (1989), 61
(11), pp.1227-1230) describes that it is possible to
coat the transducer with gold and bind proteih A to
this layer. For its part, protein A can refrersibly bind
antibodies for the detection of diagnostically relevant
molecules. As the authors themselves explain, the
protein A coating strongly shifts the signal and

overall hinders the measurement.

The object o0f the present invention 1is therefore to
propose a bilosensor for use 1n analytic or diagnostic
processes, which 1s simple to coat with a specific
binding partner and at the same time can be regenerated
simply and reliably after the specific reaction has
taken place.

According to the present invention, ’'this object 1is
achieved by coating the sensor with a precious metal,
preferably gold, and a specific binding partner can be
bound to this coating. The specifié binding partner can
be separated from the biosensor thus coated, for
example using the reagents disclosed by DE 44 36 910. '

_The. embodiment of the transducer or the manner in which

the change due to the accumulation of analytes 1s
converted 1into a measurement signal are not essential
for the present 1nvention. The present invention can be
used 1n both manual processes, 1in which, for example,

the sensor 1s dipped onto the sample, and 1in automatic
analysils machines.

In principle, the process according to the invention
can be implemented as follows: a commercially available

gold-coated piezoelectric crystal, wh‘ich‘ 1s 1ntegrated

into a suiltable electronic circult (for example from
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- the company Sensotec) is coated with a binding partner

specific to the analyte to be determined. Such a
specific binding partner may, for example, be a
monoclonal or polyclonal antibody or antibody fragment,
a lectin or an antigen. The coating time may be between
S min and several hours, preferably between 10 and 120
min. After coating, the sensor surface is rinsed with
washing buffer. The washing buffer preferably contains
a detergent. The specific coating may optionally be
followed by a further non-specific coating, for example
with BSA or inactivated PCOD, in order to prevent non-
specific binding. Such processes are known per se to
the person skilled in ‘the art. A washing step may also
take place after such a subsequent non-specific
coating.

The coated sensor 1is 1incubated with the sample, it
being possible for this to take place, for example, by
dipping into the sample or by application of a sample
onto the sensor surface. A further advantageous
embodiment 1s one 1in which the sensor surface is
designed 1n such a way that measurements can be taken
under continuous flow conditions. It 1is easy for the
person skilled in the art to decide which design the
respective sensor  must have according to its
application. |

As a result of the reaction of the analyte with the
specific binding partner, the measured quantity, for
example the resonant frequency, determined 'by the
electronic circult 1s shifted. The amount of analyte
bound can be deduced from the change in the measured
quantity, for example by comparison with a reference
curve. The arrangement 1s also suitable for being
calibrated directly in mass units. In order to
determine the change 1in the measured quantity, it is
possible, for example, to use a reference electrode
which 1s not coated with the specific binding partner.
Advantageously, a further washing step takes place
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after the end of the incubation with the sample. The
incubation with the sample may advantageously take
place between 1 and 100 min, particularly
advantageously Dbetween 5 and 60 min, and most

5 advantageously between 10 and 30 m'in.’

The regeneration may take place as described in DE 44
36 910. In this case, when precious metals, preferably
gold, are employed as the solid phase, particular
10 reducing or oxidizling agents such as, for example,
sodium borohydride or tetrabutylammonium hydroxide are
used for the regeneration, with or without the addition

of detergents.

15 The followling illustrative embodiment 1is intended to

explain the invention without placing any restriction
on 1it.

Example
20

Quantitative human IgE determination

Support:

Gold coated pilezoelectric crystal from the company
25 Sensotec framed 1n a Teflon™ ring (external diameter 36

mm) . Gold surface diameter: 9 mm gold surface area:
14 mm®.

Coating:

30 50 pl of a polyclonal antibody (rabbit) against human
IgE are applied to the sensor. The concentration of the
Ab is 5 pg/ml. The solution furthermore contains 75 mM
Na phosphate, 75 mM NaCl, 100 g/l Na,SO,. The pH is 6.0.

The Ab solution is left for 1 hour at 37°C or overnight
35 at room temperature.

Washing step:
The supernatant is removed and the sensor is rinsed 5

times with 250 pl of washing buffer in each case. The
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washing buffer consists of a solution of 50 mM
tris (hydroxymethyl)aminoethane (TRIS) and 50 mM of
citric acid, pH 7.4.

5 Subsequent coating:
50 pl of 1nactivated peroxidase (FOD) are applied to
the sensor. The POD concentration is 1 g/l. The
solution furthermore contains 75 mM Na phosphate, 75 mM
NaCl, 100 g/l Na,SO;. The pH is 6.0. The POD solution is
10 left for one hour at 37°C or overnight at room

temperature.

Washing step:

The supernatant 1s removed and the sensor 1is rinsed 5
15 times with 250 pnl of washing buffer in each case. The

washing buffer consists of a solution of 50 mM

tris (hydroxymethyl)aminoethane (TRIS) and 50 mM of
citric acid, pH 7.4.

20 Sample 1ncubation: |
50 pl of human serum containing defined quantities of

IgE are applied to the sensor and incubated for 30 min
at 37°C.

25 Washing step:

The supernatant 1s removed and the sensor is rinsed 5

times with 250 pl of washing buffer ( 5 mM Na
phosphate, 85 mM NaCl, 1 g/l Tween™ 20, 0.5 g/l phenol,
pH 6.5) . ’ '

30
Regeneration of the solid phase:
250 nl of a 20% (% by weight) tetrabutylammonium
hydroxide solution are applied to the sensor and
incubated for 1 hour at 37°C.

35

Washing step:
After removal of the supernatant, the sensor is rinsed
5 times with deionized water.
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2nd regeneration:
250 nl of 13 (3 by weight) NaBH, solution are incubated
for 15 min at room temperature on the sensor. The
solution furthermore contains 50 mM of
2—-(cyclo-hexamino)ethanesulfonic acid (CHES). The pH is

10.0.

Washing step:
After removal of the supernatant, the sensor is rinsed
three times with deionized water and three times with a

prhosphate-buffered saline solution (pH 7.2).

Results*
1. Determination with 100 IU/ml human IgE = 829 aU**
2. Determination with 100 IU/ml human IgE = 576 aU
3. Determination with 100 IU/ml human IgQE = 623 aU
4. Determination with 0 IU/ml human IgE = 19 aU
5. Determination with 100 IU/ml human IgQE = 767 aU
6. Determination with 100 IU/ml human IgE
(Control = nonspecific coating antibody)=14 aU
¥ Average of n = 2

* %k

Arbitrary units
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for the i1mmunochemical detection of an
analyte 1n a sample of a biological fluid, in which a
first specific binding partner is directly bound to the
solid phase, the solid phase being a piezoelectric
sensor, coated with a noble metal, wherein the solid
phase 1s regenerated, after reaction has taken place, by
separating the first specific binding partner from the

solid phase by means of a reagent.

2. The process as claimed i1in claim 1, wherein the solid

phase is coated with gold.

3. The process according to any one of claims 1 to 2,
wherein the first specific binding partner 1is an

immunoglobulin or an immunoglobulin fragment.

4. The process according to any one of claims 1 to 3,

wherein the reagent contains a reducing agent.

5. The process according to any one of claims 1 to 3,

wherein the reagent contains an oxidant.

6. The process according to any one of claims 1 to 3,

wherein the reagent contains NaBH,.

7. The process according to any one of claims 1 to 3,
wherein the reagent contains tetrabutylammonium

hydroxide.

8. Use of a regenerable solid phase comprising a noble
metal-coated piezoelectric sensor in a process according

to claim 1.
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