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(54) Solid phase assays 

(57) In a solid phase assay for 
quantitative determination of 
biological and other analytes, a 
sample such as serum is contacted 
with a receptor for the analyte being 
assayed, the receptor being supported 

on a solid support. No tracer for the 
analyte is added to the sample before 
contacting with the receptor; instead 
the tracer is contacted with the 
receptor after unbound analyte has 
been removed from the receptor. The 
assay can be otherwise performed in a 
conventional manner but can give 
greater sensitivity. 
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SPECIFICATION 
Solid phase assays 

The present invention relates to the assay of biological and other substances using supported 
receptors, i.e. to solid phase assays. 

5 In a conventional solid phase assay by competive binding the species to be quantitatively 5 
determined is usually an antigen or hapten which binds to a specific protein receptor. The method 
involves competition between the species or ligand being assayed (otherwise generally referred to as 
the analyte) and an isotopically labelled form thereof for a limited number of binder sites of a receptor 
bound to a solid support. The molecules of the isotopically labelled form compete for the receptor sites 

10 with those of the unlabelled form on a substantiaHy equal basis, with the label acting as a tag to enable 10 
the admixed molecules to be distinguished. Isotopic labelling is not essential; other forms of tag may be 
used to trace the fate of the admixed molecules. As the ratio of tracer, i.e. tagged form to untagged form 
increases in the mixture of analyte and labelled analyte, so the uptake of the tracer by the receptor will 
increase. 

15 Thus, for example, when a known quantity of a labelled form of a hapten or antigen is mixed in 15 
turn with various known quantities of the natural, unlabelled hapten or antigen, and the mixtures each 
incubated with a known quantity of receptor bound to a solid support, it is found that the percentage 
uptake of the labelled hapten or antigen by the receptor varies inversely with the quantity of unlabelled 
hapten or antigen originally present in the mixture. If for each incubation the unbound hapten or antigen 

2 0 is separated from the receptor-bound hapten or antigen, the amount of labelled component in either or 2 0 
both fractions can be determined and a standard curve constructed. 

Thereafter, an assay can be performed by mixing a given sample of the hapten or antigen with the 
known quantity of labelled form, incubating the mixture with the known quantity of receptor, separating 

unbound hapten or antigen from the bound hapten or antigen, determining the amount of labelled 
2 5 component in either or both fractions, and referring to the standard curve to correlate the determined 2 5 

amount of labelled component with the amount of hapten or antigen in the original given sample. 
The present invention provides a solid phase assay which involves a modification of the previously 

used procedures. Particularly when used for antigen or hapten assay, it is readily possible to obtain 
greater sensitivity. 

3 0 In accordance with the present invention, a specific receptor for an analyte is bound to a solid 3 0 
support, contacted in the absence of tracer with a sample to be assayed, unbound sample is removed, 
and the receptor is then contacted with the tracer for the analyte being quantitatively determined. 

Thus, the sample and tracer are not admixed and contacted together with the receptor. Instead the 
contacting is sequential, with first the sample and then the tracer contacting the specific receptor. 

3 5 However, apart from this difference in the mode of contacting, the present assay is similar to known 3 5 
assays; the amount of bound and/or unbound tracer is determined and from this determination the 
analyte content in the sample is found e.g. by reference to a standard curve. 

The analyte will usually be a biological ligand and will for instance be contained in a biological 
fluid: the invention is particularly suited for the assay of analytes in serum and other fluids where its 

4 0 greater sensitivity is an advantage. 4 0 
Suitable analytes comprise: an antigen i.e. a substance which when introduced into the blood 

stream of a vertebrate results in the formation of antibody specific for the antigen; a hapten i.e. a 
substance which when bound to an antigenic carrier and introduced into the blood stream of a 
vertebrate results in the formation of antibody specific for the hapten; or other ligands which have 

4 5 naturally occurring specific receptors and which can also function as a hapten when bound to a protein. 4 5 
Analytes to which the present invention is applicable include proteins and other peptides, 

saccharides, nucleotides, nucleosides, steroids, and derivatives of such compounds. Representative 
examples of such analytes are: ACTH, oxytocin, luteinizing hormone, insulin, proinsulin, Bence-Jones 
protein, chorionic gonadotropin, pituitary gonadotropin, growth hormone, rennin, thyroxine-binding 

5 0 globulin, bradykinin, angiotensin, follicle-stimulating hormone; cyclic AMP; cholyl glycine (glycocholic • 5 0 
acid), cyclic GMP, estrogens, gestrogens, androgens, steroidal adrenocortical hormones, bile acids, 
cardiotonic glycosides, aglycones, and saponins. As further examples, there may be mentioned: 
thyroxine, triiodothyronine, testosterone, androsterone, equilenin, estrone, estriol, progesterone, 
pregnenolone, 17-hydroxydioxycorticosterone (compound S), deoxycorticosterone, cortisone, 

55 corticosterone, Cortisol, aldosterone, digoxin, digitoxin; vitamins, such as vitamin A, folic acid, the B 5 5 

vitamin group, vitamin C, the D vitamins, and vitamins E and K; and miscellaneous ligands, such as 
antigens for Viral Hepatitis A and B, Rubella, Herpes Simplex, or a-fetoprotein, or carcinoembryonic 
antigen. 

The above substances are only representative, and it is also to be understood that such substances 
6 0 can be used as appropriate analogues. 

The tracer is the analyte or an appropriate analogue thereof, having a radio-label or other tag 
which for example can be an enzyme or a fluorescent group. The use of such tags and the procedures 
for preparing a tracer containing a radioisotopic label or other tag are well known in the art; no further 
details in this respect are needed for a complete understanding o f the present invention. The preferred 
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tracer is radio-labelled, and as for the radioassays known in the art, the radioactive isotope is generally 
tritium or one of the radioisotopes of iodine. As a specific example, radioiodinated thyroxine can be used 
as tracer for thyroxine. The tracer will usually be employed as a solution in a buffer. 

The receptor for the analyte can be a naturally occurring receptor, e.g. for an antigen or hapten it 
5 can be the corresponding antibody. In some cases the analyte is an antibody in which case the receptor 5 

is the corresponding antigen, the tracer being a labelled form of the antibody. 
The receptor is bound to a solid support suitable as a substrate for an assay. Such support 

materials include polymers such as polystyrene, polyethylene, polypropylene, polytetrafluoroethylene, 
polyamides, polyacrylamides, etc; glass; bacterial cells; ion exchange resins; etc. Techniques for binding 

10 receptors to solid supports are well known in the art and no further details in this respect are necessary 10 
for a full understanding o f the invention: the receptor can be covalently or non-covalently bound to the 
support, 

The present invention is particularly applicable to a solid phase assay in which the receptor on its 
solid support is retained in a flow-through chamber. The sample containing or thought to contain the 

15 analyte is initially passed through the chamber containing the receptor on a solid support, followed by 15 
passage o f the tracer through the chamber. It has been unexpectedly found that this procedure is often 
an improvement over the prior procedure in which the analyte and tracer are mixed prior to passage 
through the chamber. 

Without being bound by any theory, w e explain the greater sensitivity in the following way. There 
2 0 is a finite number of receptor sites which are available in the chamber for binding of the analyte in the 2 0 

sample. Not all sites are occupied by the analyte. Equilibrium conditions are rapidly established, within a 
short t ime which is o f the order of milliseconds. The number of occupied sites is a constant for each 
sample, being determined by the experimental conditions such as the flow rate at which the sample 
passes through the chamber. The unoccupied binding sites are then available for the subsequent 

2 5 binding ofthe tracer. However, because ofthe separate equilibration with the analyte, the tracer does not 2 5 
have as many sites available as might otherwise be the case. Hence, the tracer binding is reduced for all 
analyte concentrations. 

W e find that the present invention is most suited for an assay including regeneration of the 
receptor and for automation thereof. Automated assays with regeneration, and apparatus therefor, are 

3 0 generally described in U.S. Patent No. 3 , 8 9 6 , 2 1 7 and IMo. 4 , 0 0 9 , 0 0 5 , and the reader is referred to these 3 0 
two U.S. Patents for further details. 

In accordance with the present automated procedure, the analyte sample is passed in the absence 
of tracer through a chamber containing the receptor supported on a support such as a particulate 
substrate, and followed by passage through the chamber of the tracer for the analyte. The portion of the 

3 5 tracer which passes through the chamber (i.e. unbound tracer) is collected and the amount of unbound 3 5 
tracer and/or bound tracer is determined. In accordance with such an automated assay with 
regeneration, the tracer bound to the support is subsequently eluted therefrom by the use of a suitable 
elution solution, thereby permitting reuse of the receptor. Further elaboration is unnecessary: the 
techniques and apparatus described in the two U.S. Patents identified above can readily be modified to 

4 0 - suit the present invention. 4 0 
For assays using flow-through chambers, the amount of receptor in the chamber can be reduced 

compared to the prior art, which increases sensitivity. Furthermore, the volume of analyte introduced 
into the chamber can be increased, which also increases the apparent sensitivity of the assay; i.e. it has 
been found that the sample volume can be increased because tracer is not present in the sample. The 

4 5 increase in sample volume increases sensitivity. Put another way, the sensitivity improvement allows 4 5 
greater accuracy at the same dilution of sample or allows less sample or greater dilution for the same 
accuracy. The improved sensitivity permits a preferred small volume of sample to be utilised on the 
automated equipment such as that identified by the registered Trade Mark Aria 11. 

The present invention is also applicable to assays which do not employ a flow-through chamber; in 
5 0 such an assay the unbound analyte is generally removed by employing a washing step prior to addition 5 0 

of the tracer. The wash liquid may be any liquid which does not adversely affect the receptor, analyte 
and support and is generally one of the buffers conventionally used in assays. A washing step 
subsequent to addition of analyte and prior to addition of tracer may also be employed in an assay 
employing a flow-through chamber. 

5 5 The invention is illustrated by the following non-limiting example. 5 5 

EXAMPLE 
The following materials were employed: 
125l-Thyroxine monolabelled with a specific activity of 2 5 0 mci/mg and diluted in sample buffer to 

give a sufficient number of counts for statistical purposes, generally 1 0 , 0 0 0 to 1 5 , 0 0 0 counts. 
6 0 Thyroxine antibody chamber prepared as described in U.S. Patent No. 4 0 5 9 6 8 5 except using 6 0 

dextran-coated glass beads as the solid support material. A 5 0 / t l chamber of teflon (Registered Trade 
Mark (was employed containing rabbit anti-serum coavalently attached to the coated beads. 

Adsorption Buffer of pH 10.5 comprising 0.1 M glycinate, 0 . 0 1 % bovine serum albumin, 5% ethyl 
alcohol, 3 0 0 ^g/ml 8-anilino-1 -naphthalene sulphonic acid, and 0 .02% sodium azide. 
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The assay was performed using automated apparatus as described in U.S.A. Patent No. 4 0 0 9 0 0 5 , 
such apparatus being available under the Trade Mark Aria 11 from Becton Dickinson I mm unodiagnostics, 
Automated Immunochemistry Systems. Only minor modifications in the mechanism to control the pumps 
and in the tube routes were required so that the apparatus operated automatically in accordance with 

5 the present process, with the tracer passing through the chamber after and separately from the sample. 5 
In each case the sample volume was 0.5ml, and in accordance with the invention the sample was 

initially passed through the chamber followed by passage of the tracer through the chamber. The 
percentage of tracer bound to the antibody was determined for each sample. 

The procedure was repeated in accordance with the known technique of premixing sample and 
10 tracer, priorto passage through the chamber. 10 

The results were as shown in Table 1: 

T A B L E 1 

Thyroxine Concentration 

(ng/ml) 

Tracer Binding (%) 
Thyroxine Concentration 

(ng/ml) Invention Prior Art 

1 43 49 

2 35 48 

4 28 40 

7.5 19 33 

15 15 25 

It will be seen that the lower thyroxine concentrations, the process in accordance with the 
invention exhibits a greater change in percentage binding than does the competitive binding procedure 

15 of the prior art. As such, the greater differences in binding for the points of the standard curve over the 15 
desired concentration range means that the results are more reproducable. In this respect, the 
usual range of thyroxine concentration which is encountered in clinical samples is 1 to 2 0 jug/dl. Such 
clinical samples can readily be diluted to fall on that part of the standard curve which exhibits greatest 
change in percent binding with change in the thyroxine concentration. In practice, the equipment and 

2 0 conditions are usually chosen such that the chamber will bind at between 4 0 and 6 5 percent of the 2 0 
binding observed for a zero standard, i.e. the binding observed when using zero analyte concentration 
during construction of the standard curve. 

The use of the procedure of the present invention results in a sensitivity which is about three times 
greater than the sensitivity which results from use of the prior art procedure. Moreover, non-specific 

2 5 binding to serum protein was avoided and also contamination of the sample by tracer. 2 5 
The assay technique of Example 1 is equally effective for digoxin or Cortisol. 

CLAIMS 
1. A solid phase assay wherein a sample and a tracer for the analyte to be assayed are contacted 

with a receptor therefor supported on a solid support, characterised in that the sample is contacted with 
3 0 the receptor in the absence of tracer, unbound analyte is removed and subsequently the receptor is 3 0 

contacted with the tracer. 
2. An assay according to QJaim 1, characterised in that the tracer is radiolabelled. 
3. An assay according to Claim 1 or Claim 2, characterised in that the analyte is an antigen. 
4. An assay according to Claim 1 or Claim 2, characterised in that the analyte is a hapten. 

3 5 5. An assay according to any preceding Claim, characterised in that the receptor is an antibody. 3 5 
6. An assay according to Claim 1, characterised in that the analyte is thyroxine and the tracer is 

radioiodinated thyroxine. 
7. An assay according to any preceding claim, characterised in that the receptor on its solid 

support is contained within a chamber, first the sample being flowed through the chamber and then the 
4 0 tracer being flowed through the chamber. 4 0 

8. An assay according to Claim 7, characterised in that the assay is an automated assay and 
bound tracer and any bound analyte are eluted from the chamber to regenerate the receptor. 
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