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ABSTRACT

Assays where harsh sample pretreatment for releasing an analyte is
required are routinely performed in two separate vessels or on two physically
separate surfaces. The present invention provides for the preparation of a
surface suitable for performing assays where sample pretreatment is necessary.
The appropriate surface is coated with a molecule coupled to biotin wherein the
resulting surface is resistant to the analyte releasing step. It can then be
overcoated with avidin. Treatment of samples with strong alkali and reducing
agents to release complexed or bound analyte molecules prior to assay can be

carried out in the presence of the coated surface without significantly reducing
its binding activity. In this way, pretreatment and assay can be accomplished on
the same surface or in the same reaction vessel.
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An Assay Surface That Permits An Analyte Releasing Step

Background of the Invention

The present invention relates to a surface or solid phase for use in an
assay. The present invention also relates to a method of performing an assay
using said surface.

The detection and quantification of various analytes in a sample of body
fluid using immunoassay and other binding protein assay techniques has been
well established in fields involving the diagnosis, treatment and monitoring of
disease. Analytes can be any of various factors such as proteins, hormones,
chemicals and their metabolic products. A commonly used binding protein assay
technique involves the immobilization of a receptor for the analyte on a reaction
vessel, for example a microwell. The immobilization can be accomplished by
physical adsorption, chemical coupling or by utilizing specific binding pairs such
as biotin and avidin [US Patent No. 5,367:624]. Some samples require
pretreatment in order to release the analyte in a form that will allow the
interaction of the analyte with the analyte-specific active surface and thus enable
detection of the analyte. Routinely, assays where harsh sample pretreatment for
releasing an analyte is required are performed in two separate vessels or on two

physically separate surfaces. Hereinafter, such a pretreatment step is referred
to as an analyte releasing step.

For example, in order to measure vitamin B12 or folate in a serum or
plasma sample, it is necessary to release any proportion of the analyte that
might be complexed to a binding or carrier protein or other agent Such that the
analyte specific assay components can bind the analyte in question and
appropriate measurements can be made. Release of the bound or complexed
analyte is routinely achieved by pérforming an analyte releasing step, for
example, by adding a strong alkali to the sample or boiling the sample in the




-------

10

15

20

25

CA 02264448 1999-03-05

presence of a reducing agent, carried out in advance of the assay. [Branagan
(1991)].

A problem that arises, however, is that the reagent used in the analyte
releasing step may react with an active component on the microwell surface
resulting in a decrease or elimination of analyte binding. Therefore. sample
pretreatments or analyte releasing steps are routinely carried out in a separate
vessel using an uncoated or non-activated vessel and a proportion of sample
transferred to the active reaction vessel after the analyte releasing step, thus
requiring an extra step in the assay procedure. Alternatively, the assay may be

performed on a separate surface which is introduced into the sample holding
vessel after releasing of the analyte.

Summary of the Invention

One object of the present invention is to provide an activated surface that
Is resistant to an analyte releasing step. The present invention therefore
eliminates the need for separate vessels or surfaces and permits carrying out an
analyte releasing step, which would otherwise denature or degrade the active
components on the assay surface. Therefore, the present invention relates to an
assay surface, comprising: a support coated with a molecule coupled to biotin or
a biotin mimic to form a complex, wherein the complex is resistant to an analyte
releasing step. Preferably the molecule that is coupled to biotin or biotin mimic
Is a polyamine. Most preferably the polyamine is polylysine.

In another embodiment of the invention, the biotin or biotin mimic is
further coupled to a biotin binding molecule selected from the group consisting
of avidin and streptavidin. Either avidin or streptavidin can be used and one
skilled in the art would know which one to employ depending on the assay
conditions. An example of this embodiment would be a solid phase coated with
polylysine coupled to biotin coupled to avidin.

Applicants’ invention also relates to a method for determining the

presence of an analyte in a sample wherein an analyte releasing step is
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employed, comprising providing a surface comprising a support coated with a
molecule coupled to biotin or a biotin mimic to form a complex, wherein the
complex is resistant to the analyte releasing step.

Detailed Description of The Invention

According to the present invention, an assay surface is coated with a
molecule, for example, a protein or polysaccharide, which is chemically coupled
to biotin or a biotin mimic by standard coupling chemistry. The resuiting complex
can be further coupled to a biotin binding molecule such as avidin or
streptavidin. For example, the avidin or streptavidin could be overcoated onto
the solid phase or could be present in solution in an assay reagent. An assay

could then be carried out where one or more analyte-specific components of the
assay has been biotinylated.

The invention further relates to a method for an assay using such a

surface. As stated above, a commonly used binding protein assay technique

involves the immobilization of a receptor for an analyte on a solid support. A
typical technique might then comprise contacting the solid phase with a sample
that may contain the analyte, contacting the solid phase with a second binding
ligand for the analyte wherein said second ligand is labeled directly or indirectly
with a detectable group and measuring the amount of the detectable group
bound to the solid phase. Alternatively, the amount of detectable group not
bound to the solid phase can be measured as an indication of the presence of
the analyte. The detectable group can be, for example, an enzyme, a
radioactive atom, a fluorescent molecule or a luminescent molecule. It will be

understood by one of ordinary skill in the art that above-steps can be done
sequentially or simultaneously.

The assay surface can be any support, for example, a microwell, gel,
membrane, particles, beads or a dipstick. One skilled in the art would know
what type of support best suits the assay to be performed. Coating techniques

are known in the art and include, for example, physical adsorption or chemical




10

15

20

25

CA 02264448 1999-03-05

4

binding. The term polyamine means a polymeric compound containing pendant
amine groups, for example polylysine. A biotin mimic is any compound capable
of binding to avidin or streptavidin. The high affinity interaction of biotin and
avidin or streptavidin and its use in immunoassay and other immunologic
techniques are well known in the art [Bayer, E.A. and Wilchek, M. (1988)].

The effectiveness and advantages of the invention are further illustrated
by the following examples.

Example 1
Coating of microwells with polylysine - biotin/avidin

In one embodiment of the invention, the polyamine used to coat the
microwells is polylysine. A polylysine-biotin conjugate, prepared by reaction of
poly-L-lysine hydrochloride with biotin-XX-NHS (Calbiochem, Beeston, U.K)),
was added to a polystyrene microwell at 2.5mg/mL in 0.1M sodium phosphate
buffer pH 7.0 or 0.1M carbonate/bicarbonate buffer pH 10.0. The microwell was
incubated at room temperature for sufficient time for the polylysine-biotin to
saturate the surface. In this experiment, 6 minutes or greater was found to be
sufficient. After washing the microwell, avidin was added at a concentration of
10mg/mL in the same phosphate or carbonate buffer. The microwell was
incubated with the avidin solution for sufficient time to saturate the available
biotin on the microwell. In this case, 50 minutes or greater was found to be
sufficient. Concentrations of polyamine-biotin and avidin are used such that the
resultant biotin binding capacity of the surface is 0.05 - 0.2 ng/mm°. Biotin
binding capacities can be measured by methods known in the art (US Patent
5,362,624). Avidin coated surfaces or reaction vessels prepared in this way can

be used for assays where one or more of the specific assay components is
labeled with biotin.

Example 2
Folate Assay using Polylysine-Biotin (PLB)/Avidin and Avidin Microwells
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AMERLITE polystyrene microwells were coated with polylysine-biotin
(PLB) and avidin as described in Example 1. Microwells, coated only with

avidin, with a similar biotin binding capacity to the PLB-avidin coated wells, were
compared as a control.

Sample Treatment: 10pl of serum samples, containing different
concentrations of folate, and 10l of sample treatment solution. containing 1%
ascorbic acid and 0.03% dithiothreitol (DTT) were added to wells and incubated
for 15 minutes at 37°C with shaking on an AMERLITE Incubator. Following this,
10u1 of 0.8M NaOH (denaturant solution) was added and the wells incubated for
a further 5 minutes at 37°C. Note that all treatment and denaturant solutions are

aqueous solutions.
Folate Assay: After this incubation, 100pl of 0.04mg/mL
biotinylated folate binding protein (biotin-FBP) and S0ul of 3ng/mL folate labeled

with horseradish peroxidase (folate-HRP) in borate buffers (pH 7.2) were added
and the microwells were incubated for 60 minutes at 37°C. Folate in a given

sample will compete with folate-HRP for binding by biotin-FBP. The biotin-
FBP/folate and biotin-FBP/folate-HRP complexes are immobilized on the
microwell via the biotin avidin link. In the absence of folate in a sample, all the
folate bound by biotin-FBP will be labeled with HRP, so that maximum HRP
activity is immobilized on the microwell. As the concentration of folate in a given
sample increases there is increasing competition with the folate-HRP for binding
by biotin-FBP, such that the higher the folate concentration in the sample, the
lower the HRP activity immobilized on the microwell.

After washing on an AMERLITE Washer, AMERLITE Signal Reagent was
added to each well and the light output determined by an AMERLITE Analyzer.
The HRP activity is measured by an enhanced luminescence reaction
[Whitehead et al. (1983)]. AMERLITE Signal Reagent, containing luminogenic
substrates (a luminol derivitive and a peracid salt) and an enhancer, is added to

the wells to initiate the light emitting reaction. The purpose of the enhancer (a
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substituted phenol) is to increase the level of light produced and prolong its
emission. The results of the assay are given below in Table 1.

Table 1:

Folate Mean Signal Level (arbitrary light units)
Concentration

(ng/mL)

PLB/Avidin Wells

22.0
0.25 19.9

21.3
19.3

Control Wells

11.5
11.6

11.9
11.9
11.5
11.8
11.9
10.6

©
w

0.75

17.4
17.7
15.8
14.1
12.2

Example 3
Vitamin B12 Assay using Polylysine-Biotin (PLBY/Avidin and Avidin MicroWells

AMERLITE polystyrene microwells were coated with polylysine-biotin
(PLB) and avidin as described in Example 1. Microwells, coated only with

avidin, with a similar biotin binding capacity to the PLB-avidin coated wells, were
compared as a control.

Sample Treatment: 10l of serum sarﬁples, containing different
concentrations of vitamin B12, and 20ul of sample treatment/denaturant solution
containing 0.015 % KCN, 0.1% dithiothreitol (DTT) and 0.5M NaOH were added

to wells and incubated for 15 minutes at 37°C with shaking on an AMERLITE
Incubator.
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Vitamin B12 Assay: After this incubation, 100ul of 5ng/mL
biotinylated intrinsic factor (biotin-IF) and S50ul of 2ng/mL vitamin B12 labeled
with horseradish peroxidase (vitamin B12-HRP) in phosphate buffer (pH 6.4)
were added and the microwells incubated for 60 minutes at 37°C. Vitamin B12
in a given sample will compete with vitamin B12-HRP for binding by biotin-IF.
The biotin-IF/vitamin B12 and biotin-IF/vitamin B12-HRP complexes are
immobilized on the solid phase via the biotin avidin link. In the absence of
vitamin B12 in a sample, all the vitamin B12 bound by biotin-IF will be labeled
with HRP so that maximum HRP activity is immobilized on the microwell. As the
concentration of vitamin B12 in a given sample increases there is increasing
competition with the vitamin B12-HRP for binding by biotin-IF such that the

higher the concentration in the sample, the lower the HRP activity immobilized
on the microwell.

After washing on an AMERLITE Washer, AMERLITE Signal Reagent was
added to each well and the light output determined by an AMERLITE Analyzer.

The HRP activity is measured by an enhanced luminescence reaction as in
Example 2. The results of the assay are given below in Table 2.

Table 2:
Vitamin B12 Conc.

(pg/mi)

Mean Signal Level (arbitrary light units)
PLB/Avidin Wells Control Wells

11.61 6.94
10.29 6.47

195 7.21 4.15
396 4.06 2.45
898 2.67 1.52
1838 1.19 0.48
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Results of Folate and Vitamin B12 Assays
The results, given in Tables 1 and 2, show that the use of PLB/avidin

coated microwells gives significantly greater signal in the absence of folate and

Vitamin B12 and a larger decrease in signal as the concentration of analyte
5 Increases compared to the avidin control wells. The differences seen are

attributable to loss of biotin-binding capacity in the control wells following the
sample denaturation treatment.
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WE CLAIM:

1. A method for an assay for determining the presence of an analyte in a

sample wherein an analyte releasing step is employed, comprising:

providing a support comprising a surface coated with a molecule couples to

biotin or a biotin mimic to form a complex,

wherein the analyte releasing step and the assay are performed on the same
surface and wherein the analyte releasing step does not decrease or eliminate analyte

binding in the assay.

2. The method of claim 1, wherein the analyte is vitamin B12.

3. The method of claim 1, wherein the analyte is folate.

4, The method of claim 1, wherein the molecule is a polyamine.

S. The method of claim 4, wherein the polyamine is polylysine.

6. The method of claim 1, wherein the biotin or biotin mimic is further coupled

to a biotin binding molecule selected from the group consisting of avidin and

streptavidin.
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