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the structure 
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cific for binding ligand, A is a receptor, BL is cova 
lently bonded to A and ABL is reversibly bonded to 
BL. Generally ABL is absorbed onto an insoluble sur 
face and A is an antibody to the substance being as 
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and rechargeable radioimmunoassay systems. 
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METHOD AND COMPOSTION FOR DOUBLE 
RECEPTOR, SPECIFICBINDING ASSAYS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation of Ser. No. 353,814 filed May 2, 
1989, as a reissue application of U.S. Pat. No. 4,271,140, 
which is a continuation-in-part of U.S. patent applica 
tion Ser. No. 871,478 filed Jan. 23, 1978, abandoned. 

BACKGROUND OF THE INVENTION 
This invention relates to specific binding assays in 

which two receptors or binding partners are employed. 
In such assays a first receptor is bound by a second 
receptor, with the first receptor being capable of revers 
ibly binding either a ligand or, still further, another 
receptor to the exclusion of structurally related sub 
stances. For the purposes of this invention such assays 
will be termed double receptor specific binding assays. 

Receptors are generally proteins, although other 
substances having reversible specific binding affinity for 
a ligand or for a labelled analogue thereof are equally 
useful. The most commonly used receptors are antibod 
ies because they can be raised to bind any desired li 
gand. However, other binding proteins are included 
within the meaning of receptor, e.g., intrinsic factor, 
thyroxine binding globulin, cortisol binding protein, 
folate binding protein and membrane-associated specific 
receptor proteins. Receptors also may include low mo 
lecular weight substances such as dyes or amino acids 
that are capable of binding to proteins. As a general 
rule, receptors are the larger of the two components of 
a binding pair. However, for the purposes of this inven 
tion a receptor is to be construed as simply one compo 
nent of a binding pair. 

Ligands are the converse of receptors. While ligands 
are ordinarily low molecular weight organic com 
pounds they are defined for the purposes of this inven 
tion as one component of a binding pair with a receptor 
in which they may be larger or smaller than the recep 
to, 

Labelled ligand analogues are derivatives of ligands 
which carry a detectable substituent such as an enzyme, 
radioisotope or other known label but which are recog 
nizable by and bind to a receptor for the parent ligand 
with approximately the same affinity as exhibited by the 
parent ligand. 
A ligand-receptor pair is by definition reversibly 

bindable, i.e., its behavior is governed by the law of 
mass action. As a practical matter this means that either 
component of the ligand-receptor pair is displaceable by 
structurally related substances under the conditions 
normally encountered in specific binding assays, i.e., 
mild pH and the temperature and moderate ionic 
strength. Generally, the ligand-receptor pair will ex 
hibit an affinity constant of greater than 10 liters/mole, 
although useful results may be achieved well outside of 
this range, 

Double receptor, specific binding assays have as their 
salient feature a first receptor specific for a second re 
ceptor, the second receptor ordinarily capable of bind 
ing a ligand. This ligand is generally the substance 
which is being determined in the assay, although it is 
possible that a third or more receptors may be posi 
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2 
tioned intermediate to the second receptor and ligand to 
be assayed. The ligand to be determined is hereinafter 
designated to be the sample ligand. In the usual context 
a ligand to be determined is first bound by its receptor, 
and in turn that receptor is bound by a second receptor. 
This seeming redundancy has considerable benefit in 
the analytical arts. The double receptor has been en 
ployed in at least three different techniques with the 
object of improving the separation of sample ligand 
from solution and simplifying reagent preparation. The 
first technique is herein termed the universal label 
method. Many specific binding assays use a labelled 
receptor in a direct assay, for example the well known 
sandwich immunoassays. In such methods an excess of 
insolubilized sample ligand receptor is incubated with a 
polyepitopic sample until a predetermined proportion 
of the sample is bound. The insoluble material is then 
washed and another sample ligand receptor is added. 
After an additional washing still another receptor is 
added, this receptor being specific for the second recep 
tor rather than sample ligand. Also, it is labelled with a 
tag such as a radioisotope, enzyme, stable free radical or 
other known label so that the extent of its binding to the 
insoluble complex can be determined. Once again the 
insoluble material is washed. The amount of labelled 
second receptor remaining on the insoluble phase or 
separated in the washing is directly proportional to the 
amount of sample ligand bound to the ligand receptor 
and hence is proportional to the concentration of ligand 
in the sample. Where the last receptor to be added is an 
antibody, it is conventional to simply use the gamma 
globulin of a first animal species raised against the 
gamma globulin of a second, with the latter containing 
the anti-sample ligand activity. Since this gamma globu 
lin will bind all antibodies from the second species, 
whatever their specificity for sample ligand, it will 
serve in labelled form as a universal label, See Beck et 
al., "Biochem. J." 145:607 (1975). This method has also 
been previously modified to require only one washing 
step. As can be seen from the above discussion this 
technique is directed towards simplifying reagent prep 
aration since only one labelled receptor is needed for 
the sample ligand receptor, hence all assays can be con 
ducted with a single labelled component. 
The two other groups of double receptor, specific 

binding assays have as their key feature an improvement 
in the insolubilization of sample ligand receptor, and 
hence of labelled complexes. One of these assays is 
disclosed in U.S. Pat, No. 4,092,408. The essence of this 
method is the use of an insolubilized pair of receptors in 
place of the previously employed single insoluble recep 
tor in a competitive immunoassay. The method con 
prises insolubilizing a receptor for sample ligand recep 
tor, sequentially adding sample ligand receptor, then a 
mixture of labelled sample ligand analogue and sample, 
followed by separation of the phases and determination 
of the distribution of labelled sample ligand analogue. 
The third group of double receptor specific binding 

assays are closely related to the preceding method. 
Instead of supplying an insolubilized receptor for sam 
ple ligand receptor during the assay a soluble receptor 
capable of binding the sample ligand receptor is added 
to precipitate the same ligand receptor and any sample 
ligand or labelled sample ligand analogue that may be 
bound thereto. This technique may be used in a compet 
itive assay, in which case labelled sample ligand ana 
logue is added along with the sample, in a sandwich 
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assay where labelled sample ligand receptor is en 
ployed as described above after the sample ligand re 
ceptor has been permitted to bind the sample ligand, or 
in any other conventional system where a sample ligand 
receptor is a component. Precipitation may be aided by 
preaggregation of the receptor for sample ligand recep 
tor or by immobilization or absorption of the receptor 
for sample ligand receptor on an insoluble support. This 
third group has been traditionally referred to as the 
double antibody method of phase separation. It is par 
ticularly desirable in that it does not affect the amount 
of labelled analogue which is bound to the sample li 
gand receptor since the assay is conducted with entirely 
water soluble reagents up until precipitation occurs. 
The double receptor methods have suffered from a 

number of disadvantages and limitations, principally 
based on the fact that the affinity of such receptors for 
one another has been insufficient. This is manifested in 
requirements for relatively large plastic or solid sur 
faces for adsorption of receptor, making it particularly 
difficult to use in a coated tube, and for extensive and 
prolonged incubations, thus greatly extending the over 
all time required for completion of an assay. These low 
affinities are particularly critical where receptor or the 
antigen used to raise the sample ligand receptor is diffi 
cult to obtain. 
These disadvantages have largely precluded the use 

of insoluble double receptors in automated rechargeable 
radioimmunoassay systems. These systems are charac 
terized by the cyclical recharge of a conventional insol 
uble receptor after each assay by eluting the receptor 
bound substances, e.g., sample ligand and labelled li 
gand analogue. These systems are handicapped particu 
larly where large molecules such as antigens are to be 
determined. These molecules are less likely to penetrate 
to receptor sites hidden in a carpet of receptor spread 
across the insoluble surface. This results in low sample 
ligand receptor affinity and in turn a requirement for 
larger absorption area or longer reaction times. This 
clearly presents a severe problem when speed and sensi 
tivity are paramount. 

Furthermore, such rechargeable systems are rarely 
completely rechargeable, i.e., it is difficult to achieve 
complete elution of sample ligand or labeled sample 
ligand analogue, particularly where the receptor bind 
ing site is amphoteric. Further, while eluting reagents 
containing salts and extreme pH may remove ligands 
they will also gradually irreversibly denature the recep 
tors, thereby making them unfit for reuse. 

Accordingly, it is an object of this invention to supply 
a readily rechargeable receptor for automated specific 
binding assays. 

It is an additional object to provide a labelled univer 
sal receptor having improved affinity. 

It is a further object to improve the affinity of double 
receptor, specific binding assays for sample ligands. 

It is also an object to accelerate phase separations in 
double receptor assays, 

It is another object to reduce the surface area needed 
for double receptor assays to bind sufficient sample 
ligand. 
Other objects of this invention will be apparent to 

those skilled in the art from a consideration of this speci 
fication taken in its entirety. 

O 

5 

20 

25 

30 

35 

SO 

55 

65 

4. 
SUMMARY OF THE INVENTION 

The above objectives are accomplished by using in 
place of the double receptors described above a com 
plex having the structure 

ABLOBL)A 

wherein BL is a binding ligand, ABL is a receptor spe 
cific for said binding ligand, Al is a receptor, n is at least 
one, BL is covalently bound to Al and ABL is reversibly 
bound to BL. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENTS 

The binding ligand BL is the salient feature of this 
invention. It is ordinarily selected from small molecules 
of molecular weight less than 1,000, preferably less than 
400, which have superior ability to raise high titer, high 
affinity antibodies in mammals. It may also be one com 
ponent of nonimmune, reversible binding system, e.g., 
vitamin B12, triiodothyronihe, or folic acid. The suit 
ability of a proposed binding ligand for use in this inven 
tion may be readily determined by the skilled artisan. 
For example, in the case of an immune system, the bind 
ing ligand may be covalently attached to a carrier pro 
tein such as bovine serum albumin and the product 
injected into an animal in accordance with the known 
methods or preparation of hapten antibodies. The same 
procedure may be then followed for a reference ligand 
such as fluorescein. If the antibody titer and its affinity 
for binding ligand approximate the titer and affinity 
obtained with fluorescein then the proposed ligand is 
satisfactory for use in this invention. Ordinarily a bind 
ing ligand-receptor pair should have an affinity constant 
of greater than 107 liters/mole. Methods for determin 
ing receptor-ligand affinity are conventional in the art, 
both for immune and nonimmune specific binding sys 
tens. 
A less severe test but an adequate one for use in se 

lecting a binding ligand is that the ligand should demon 
strate greater affinity for its receptor than the gamma 
globulin of one animal demonstrates for that of another 
animal against which it has been raised. The affinity of 
the binding ligand for its receptor is of primary impor 
tance; the higher the affinity of the receptor and binding 
ligand the more valuable is the binding ligand for use in 
this invention. 
A large variety of high titer, high affinity binding 

ligands are already known and are suitable for use in 
this invention. Exemplary substances are fluorescein, 
dinitrobenzene, antigenic polysaccharides, and the 
naphthylamines, acridines and rhodamines. Fluorescein 
is preferred. 
Many of these ligands may be bound to receptors 

under extremely mild conditions, conditions that result 
in far less loss of antibody titer than treatments such as 
radioiodination, coated tube absorption or covalent 
bonding to insoluble supports. Severe losses of antibody 
titer are intolerable where the antibody is difficult to 
prepare with high titer and affinity. This invention ena 
bles one to sacrifice the inexpensive, high titer and affin 
ity binding ligand receptor for difficult to obtain anti 
body or receptor because the titer reduction caused by 
covalent attachment of binding ligand receptor may be 
made lower than that caused by insolubilization or ra 
dioisotopic labelling of the receptor. 
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Mixtures of binding ligands and their receptors may 

be used, whether or not the ligands are in turn bound to 
the sample or different sample ligand receptors. The 
former embodiment applies in assays for one sample 
ligand wherein a single receptor is employed; it is possi 
ble to label this receptor with a plurality of different 
binding ligands, which in turn are insolublized by pro 
viding a plurality of receptors for the ligands. The latter 
embodiment is a double receptor specific binding assay 
for each sample ligand in a mixture of different sample 
ligands. In such an assay the improvement comprises 
using a number of complexes of the structure: 

ABL)A 

which are equal in number to the number of different 
sample ligands and where BL is a binding ligand, ABL is 
a receptor specific for said binding, A is a receptor 
directed against one of said sample ligands in said mix 
ture, n is at least one, BL is covalently bound to A and 
ABL is reversibly bound to BL, with the further proviso 
that each receptor directed against one of said sample 
ligands is covalently bound to a binding ligand which is 
different from that bound to any other receptor directed 
against another of said sample ligands. 
The binding ligand can be covalently bonded to the 

receptor A via a variety of conventional linking 
groups. For example, in the case where fluorescein is 
used as the binding ligand there may be employed fluo 
rescein isothiocyanate, dichlorotriazinyl aminofluore 
scein, or iodoacetyl aminofluoroscein, all of which can 
readily be covalently bonded to proteins, the first two 
to the protein amino groups and the last to the sulfhy 
dryl groups. Analogous acridine compounds also can be 
covalently bonded to proteins. In the case of dinitroben 
zene, there may be used 2,4-dinitrofluorobenzene. In the 
case of polysaccharides, such as purified bacterial wall 
antigens, the covalent bonding to the receptor can be 
accomplished by periodate oxidation of the polysaccha 
ride, followed by the formation and subsequent reduc 
tion of the Schiff base. When using a naphthylamine as 
a binding ligand, dansyl chloride may be employed as 
the reactant with the receptor to form the conjugate. 
The number and type of binding ligands conjugated 

to the sample ligand receptor will depend upon the size 
of the sample ligand receptor and the nature of its sam 
ple ligand binding site. Normally no more than 20, ordi 
narily 1 to 5 binding ligands will be conjugated to the 
sample ligand receptor. The larger the receptor the 
more binding ligands can be bonded without interfering 
with the binding of sample ligand. Additionally, binding 
ligands should not be conjugated at or near the sample 
ligand binding site. If the nature of the sample ligand 
site is unknown then the site may be protected by con 
ducting the conjugation in the presence of an excess of 
sample ligand or by use of organic protecting groups. 
Furthermore, the binding ligands are selected and lo 
cated such that any steric hindrance of the simultaneous 
binding of sample ligand and binding ligand receptor is 
minimized or eliminated, i.e., the binding ligands are 
located as far as possible from the sample ligand recep 
tor epitopic sites so that sample ligand and binding 
ligand receptor may bind simultaneously. This parame 
ter is usually optimized by routine experimentation. 

Proportions of binding ligand ranging from about 
2.5% to 50% by weight of the sample ligand receptor 
have been found to provide optimum results in the case 
of fluorescein, depending upon the particular receptor 
employed, but a considerably wider range can be used, 
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6 
from about 0.01 to 60% by weight not only of fluores 
cein but of other binding ligands as well. 

A1, the receptor to which the binding ligand is conju 
gated, is ordinarily any molecule which binds specifi 
cally and reversibly with the sample ligand desired to be 
assayed. Normally the receptor is a binding protein such 
as an antibody. In exceptional cases the receptor may be 
specific for other receptors which in turn ultimately 
bind sample ligand. When A1 is an antibody it can be 
raised in conventional manner in a suitable animal by 
injecting antigenic ligand alone or, if the ligand is a 
hapten, covalently bonded to an antigenic protein. 
Nonimmune sample ligand receptors can be isolated 
from various sources, and many such binding proteins 
are commercially available. For example, intrinsic fac 
tor, a binding protein for the sample ligand Vitamin B12, 
is obtainable from hog intestine and folate binding pro 
tein for the sample ligand folic acid is obtainable from 
reconstituted nonfat powdered milk. Many other bind 
ing proteins suitable for use in specific binding assays 
are known and can be used in the present invention, 
such as thyroxine binding globulin for assay of thyrox 
ine in plasma, cortisol binding protein for assay of serum 
cortisol, and membrane associated specific receptor 
protein for assay of the peptide hormones such as 
ACTH. 
ABL, the binding ligand receptor, is preferably 

formed by raising an antibody against the binding ligand 
in any conventional manner. For example, the binding 
ligand can be covalently bonded to bovine serum albu 
min and used to raise an antibody in accordance with 
known practice. Where ABL is an antibody, the aminal 
used to raise ABL need not be different from the animal 
used to raise the sample ligand receptor. However, the 
animal should be selected for its ability to produce an 
antiserum of enhanced high affinity and high titer for 
the binding ligand. Binding ligand receptor is reversibly 
bound to the binding ligand in the ABL(BI)A com 
plex, in contrast to the covalent bond between binding 
ligand and the sample ligand receptor. Such reversible 
bonds are well recognized in the art; they are conven 
tionally formed by simply mixing the binding ligand and 
its receptor, and are thought to be based on hydrogen 
bonds and van der Waals forces. Their most distinguish 
ing feature is that they should be governed by the law of 
mass action, albeit their equilibria in the case of this 
invention will optimally favor the bond rather than 
dissociation. 
The binding ligand receptor will generally exhibit 

specific activity for a binding ligand which is different 
from the sample ligand. While it is possible for the sam 
ple ligand and binding ligand to be identical, the manu 
facture and use of a conjugate of sample ligand and 
sample ligand receptor will entail additional steps. In 
the case of manufacture, it is necessary to prevent the 
reactive sample ligand derivative from being covalently 
bound to the sample ligand receptor near or at the re 
ceptor's epitopic site, else the receptor will poorly bind 
sample ligand in use because of steric hindrance by the 
ligand. Yet the tendency of the sample ligand is to bind 
its receptor at just that point. However, this problem 
may be overcome by linking the ligand and its receptor 
while the receptor is bound to an insolublized matrix 
containing the ligand. 
The use of the conjugate is also more difficult since it 

is not desirable to mix sample ligand and sample ligand 
receptor conjugate at the same time, as would be the 
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case if sample ligand differed from biding ligand. None 
theless, the foregoing embodiment falls within the scope 
of the invention even though it is not preferred. 

It is ordinarily preferred that the binding ligand re 
ceptor be insolubilized, and that it be so prior to com 
mencement of the assay. The sample ligand receptor 
may also be insolubilized before or during the conduct 
of a specific binding assay. This is not the case in recep 
tor precipitation techniques described above where the 
purpose of the binding ligand receptor is to effect insol 
ubilization after all components have reacted in solu 
tion. A technique for insolubilization is disclosed in U.S. 
Pat. No. 3,646,346 wherein a receptor solution is simply 
contacted with the wall of a plastic test tube until suffi 
cient receptor is absorbed. Alternatively, the binding 
higand receptor may be absorbed onto a particulate 
suspension. Also within the scope of this invention are 
receptors insolubilized by covalent crosslinking to in 
soluble matrices using well known techniques, e.g., 
protein insolubilization methods previously used with 
enzymes or antibodies, or by aggregation using either 
precipitants such as polyethylene glycol or cross-link 
ing agents such as glutaraldehyde. Combinations of 
these methods may be used as well. For example, aggre 
gate receptors may be absorbed onto plastic test tube 
walls. 
The complex of this invention may be used in all of 

the known double receptor, specific binding assays 
described above as well as in two other methods which 
may be improved by use of the complex. These methods 
are affinity chromatography and rechargeable specific 
binding assays. 

Affinity chromatography is a well known technique 
for purifying substances such as enzymes, antibodies, 
antigens and blood protein fractions from contaminated 
solutions. For example, see Cuatrecasas et al., "Annual 
Review of Biochemistry," volume 40, page 259 (1971) 
and U.S. Pat. No. 3,842,061. This technique comprises 
insolubilizing a binding partner of the desired substance; 
passing the contaminated solution over the insoluble 
binding partner; washing the bound, insolubilized sub 
stance; and then eluting the bound substance, for exam 
ple by altering the pH or ionic strength. Affinity chro 
matography suffers from the defects noted above for 
specific binding assays, i.e., low affinity between insolu 
bilized binding partner and its soluble binding sub 
stance, and difficulty in separation of the bound sub 
stance from the insoluble affinity matrix. Use of the 
complex of this invention improves separation effi 
ciency. Also, removal of the aggregate of desired sub 
stance and binding ligand conjugate from the insolubil 
ized binding ligand receptor is simplified by binding 
ligand displacement upon addition of an excess of bind 
ing ligand to the aggregate, The desired substance may 
then be readily separated from its receptor by dialysis or 
the like. 
The capacity to conduct multiple, conventional, spe 

cific binding assays using a contiguous insoluble matrix, 
whether in a continuous flow or a batch system, is 
greatly enhanced by the complex of this invention. A 
distinguishing feature of such assays is that they are 
conducted in the same container; the assays may be 
separable or distinguishable by the use of different ra 
dioisotopes which can be discriminated from one an 
other, e.g., 'Co and 12.5i, (U.S. Pat. No. 3,952,091), or 
by removal of a subcomponent of the apparatus having 
one of the receptors bound to each subcomponent. Such 
subcomponents may be strips or tabs adherent to the 
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interior of test tubes. The present invention eliminates 
the considerable inconvenience in synthesizing sample 
ligand analogues with different labels and, in the case of 
radioimmunoassays, overcomes the inherent limitations 
on the number of radioisotopes that can be employed as 
practical labels. In particular the improved receptor 
complex of this invention has valuable utility in re 
chargeable specific binding assay systems. 
Such systems are known, for example see U.S. Pat. 

Nos. 4,053,284 and 4,039,652. The improved kinetics of 
sample ligand absorption by its receptor which are af. 
forded by this invention are of considerable advantage 
in continuous flow assays because the amount of recep 
tor can be reduced or the flow rate increased. Addition 
ally, since a single absorbent having the binding ligand 
receptor immobilized thereon can be used for all assays, 
it is not necessary to replace the absorbent every time a 
different determination is made. This is of particular 
advantage in automated equipment where it is often 
inconvenient to replace the sample ligand. Finally, spe 
cific elution of bound labelled sample ligand analogue is 
facilitated by readily reversible binding of the binding 
ligand-sample ligand receptor complex from binding 
ligand receptor; binding ligands may be chosen which 
are unbound upon slight changes in their environment, 
e.g., lowering the pH by 2. These slight changes will 
not irreversibly denature binding ligand receptor, un 
like the previously employed harsh conditions such as 
pH 2.5. 
An exemplary embodiment of a multiple recharge 

able specific binding assay would use a coiled capillary 
tube, the inner surface of which is coated with absorbed 
rabbit antibody to fluorescein. A method for sequential 
assay of vitamin B12 and triiodothyronine would com 
prise passing solutions containing the following rea 
gents through the tube in the stated order, with each 
solution optimally followed by a dilute saline or water 
wash: (1) Fluorescein-intrinsic factor conjugate, (2) a 
mixture of test sample and Colabelled vitamin B12, (3) 
weak acetic acid, (4) fluorescein-triiodothyronine anti 
body, (5) a mixture of test sample and 12I labelled trio 
dothyronine, and (6) weak acetic acid. Standards and 
controls would be cycled in the same manner. One may 
determine either the eluted radioactivity or that re 
tained in the tube after each passage of labelled sample 
ligand. The retained radioactivity may be determined 
by placing a suitable radiation counter in the vicinity of 
the coiled capillary. Reagents l and 2 may be combined 
before passage through the capillary, as may reagents 4 
and 5. 

Alternatively, it may be more convenient to absorb a 
mixture of fluorescein receptor and dinitrobenzene re 
ceptor on the inner wall of the capillary, pass a mixture 
of test sample, 57Co labelled vitamin B12, 12° labelled 
triiodothyronine, fluorescein-intrinsic factor conjugate 
and dinitrobenzyl-triiodothyronine antibody conjugate 
through the capillary, wash the capillary, pass a water 
solution of fluorescein through the capillary, measure 
the radioactivity of the wash solution, pass a water 
solution of dinitrobenzene through the capillary and 
measure the radioactivity of the wash solution. Instead 
of counting the wash solution the reduction in radioac 
tivity of the capillary as each binding ligand is passed 
therethrough may be determined. In both of the above 
examples the presence of two different labels is inciden 
tal; the method would work equally well with other 
assays in which 1251 is the sole label. 
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Turning to the three conventional double receptor, 

specific binding assays to which the improvements of 
this invention are most adaptable it should be noted that 
the concentrations of reagents, incubation times and 
other operating parameters of the assays are largely 
unaffected by the use of the inventive double receptor. 
Such minor modifications as need be done to optimize 
the determinations are well within the skill of the ordi 
nary artisan. 

In the improved universal label technique for 
polyepitopic sample ligands the inventive complex is 
used with labelled binding ligand receptor in place of a 
conjugate of gamma globulin and labelled anti-gamma 
globulin. A typical assay would comprise the steps of 
providing an insoluble sample ligand receptor, contact 
ing this receptor with sample so that any sample ligand 
or a proportionate quantity thereof is absorbed onto its 
insoluble receptor, washing the insoluble material, then 
contacting it with a conjugate of a binding ligand to 
sample ligand receptor so that, in effect, the quantity of 
absorbed sample ligand becomes labelled with binding 
ligand, washing and finally contacting the insoluble 
material with binding ligand receptor which is labelled 
with a directly detectable substance, e.g., enzyme, radi 
oisotope or stable free radical. Standards and controls 
are treated in the same fashion. The washing steps are 
optional although they are to be preferred for the most 
reproducible and sensitive results. In this connection, 
the addition of sample, conjugate and labelled binding 
ligand receptor can all be accomplished in one step. 
However, it is preferred that the labelled complex be 
added after the sample has been bound and washed free 
of the insoluble sample ligand receptor. The sample 
ligand receptor may be insolubilized after completion of 
the reaction. 
Those assays which use a double receptor as an insol 

ubilization aid have the binding ligand receptor bound 
to or absorbed on an insoluble support, or the binding 
ligand receptor insolubilizes the binding ligand-sample 
ligand receptor conjugate upon binding thereto. This 
phase separation step is merely an adjunct to the core of 
the assay. Thus the complex of this invention may be 
used in concert with any specific binding assay, competi 
tive of direct. 
A typical double receptor, direct specific binding 

assay comprises contacting the complex of this inven 
tion with a sample thought to contain said sample ligand 
whereby sample ligand present is absorbed by said con 
jugate, washing said complex, contacting said complex 
with labelled sample ligand analogue, washing the com 
plex and determining the amount of residual bound or 
unbound labelled receptor. 
A representative double receptor, competitive spe 

cific binding assay comprises simultaneously contacting 
the complex of this invention with labelled sample li 
gand analogue and with a sample thought to contain 
said sample ligand, whereby said sample ligand and said 
labelled sample ligand analogue competitively bind to 
the complex in proportion to their concentrations in 
solution, washing the complex and determining the 
amount of residual bound or unbound labelled sample 
ligand analogue. 
Double receptor, specific binding assays of the sand 

wich type comprise contacting the complex of this 
invention with a sample thought to contain said sample 
ligand whereby said sample ligand present is absorbed 
by said complex, contacting said absorbed sample li 
gand with an excess of labelled receptor for said sample 
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10 
ligand, washing the complex, and determining the 
amount of residual bound or unbound labelled receptor. 
The enhanced sandwich method of this invention is 

particularly advantageous in the determination of anti 
gens thought to be indicative of hepatitis, referred to 
herein as hepatitis associated antigen. A savings of pi 
petting and washing steps over the previously used 
sandwich assays are obtained. The prior methods for 
hepatitis associated antigen determination comprise 
providing an insoluble surface coated with antibody to 
hepatitis associated antigen, contacting the surface with 
a test sample, washing the surface, contacting the sur 
face with labelled antibody to hepatitis associated anti 
gen, washing the surface and determining the distribu 
tion of labelled antibody between the soluble and insol 
uble phases. The improved method of this invention 
comprises employing in place of the insoluble surface 
coated with antibody to hepatitis associated antigen a 
complex of the formula: 

wherein Q is an insoluble support, BL is a binding li 
gand, ABL is a receptor for BL, n is at least 1 and A is 
antibody to hepatitis associated antigen. When using 
this complex it is preferred to combine the heretofore 
sequential steps of contacting the insoluble surface with 
sample and with labelled antibody to hepatitis associ 
ated antigen, thus eliminating washing and pipetting 
steps, 
Those prior art specific binding assays which use a 

labelled receptor as detectant, e.g., the sandwich assay 
described above, may additionally be combined with 
the universal receptor method. In this case, however, it 
is advisable for the binding ligand used in the insoluble 
sample ligand receptor complex to be different from 
that used in the labelled sample ligand receptor com 
plex. 
The particular operating parameters and methods for 

preparation of conventional reagents such as buffers 
used in the known specific binding assays described 
above may also be used with the inventive complex. For 
example, methods for preparation of insoluble recep 
tors, e.g., antibodies, are well known, as are suitable 
labelled sample ligand analogues. Minor modifications 
in reaction conditions are well within the skill of the 
ordinary artisan and do not need to be belabored here. 

Ordinarily the inventive methods and compositions 
herein will be embodied in kits. A competitive specific 
binding assay, for example, will generally be available 
commercially in a kit containing labelied analogue to 
the sample ligand; buffers; a complex comprising a bind 
ing ligand receptor and a receptor specific for the sam 
ple ligand covalently coupled to a binding ligand, the 
complex being capable of binding in solution simulta 
neously to both the sample ligand and labelled ana 
logue; and means for insolubilizing the bound combina 
tion of the complex, sample ligand and sample ligand 
analogue. The insolubilization means can be a plastic 
surface, for example in the form of a tube of polypropyl 
ene, polystyrene, or other suitable plastic which is used 
as a test tube for carrying out the assay and to the inner 
surface of which the receptor for the binding ligand is 
adsorbed. It can also be a particulate water-insoluble 
solid such as polysaccharide, for example, dextran, or 
glass beads, to which the receptor for the binding ligand 
is convalently bounded by conventional procedures. 
The insolubilizing means also can be a reagent such as 
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polyethylene glycol, used to selectively preaggregate 
the receptor for the binding ligand; in this case it is also 
desirable to use in addition a carrier protein neutral to 
the reaction, e.g., gamma globulin, to which the binding 
ligand and preaggregated receptor have been coupled, 5 
as by covalent bonding. This preaggregated material 
assists in the insolublization of the bound combination. 
The kits will ordinarily include separate aliquots of the 
binding ligand receptor and the binding ligand-sample 
ligand receptor conjugate, although they may be com- 10 
bined into a single reagent. The relative proportions of 
binding ligand and of receptor for the sample ligand in 
the conjugate can be varied over a wide range. The 
coupling of binding ligands such as fluorescein to recep 
tors such as antibodies or binding proteins, as for exam- 15 
ple by reacting fluorescein isothiocyanate with them, 
does not seriously affect the capability of the receptors 
to bind with their respective sample ligands until very 
large proportions, in some cases well over an equal 
weight, of binding ligand are coupled. The extent of 20 
decrease in binding capability with increase in propor 
tion of bonding ligand will vary from one specific re 
ceptor to another as well as from each individual bind 
ing ligand to another. In each case, simple trial and 
error can be employed to determine the proportion or 
range of proportions which provide maximum binding 
of the conjugate to sample ligand while at the same time 
providing sufficient binding of the conjugate to recep 
tor for binding ligand to ensure insolubilization. 
The following specific examples are intended as illus 

trations but not limitations on the scope of the present 
invention. 

25 

30 

EXAMPLE 
A kit was provided for assay of Vitamin B12 contain- 35 

ing the following components: 
1. Standard solutions containing known quantities of 
Vitamin B12. 

2. Solution of labelled analogue to Vitamin B12 con 
taining Co. 

3. Buffer solution of glutamic acid. 
4. Solution of conjugate of intrinsic factor coupled 

with fluorescein. 
5. Rabbit fluorescein antiserum, treated and then 
preaggregated with polyethylene glycol. 

6. Solution of carrier protein (bovine gamma globu 
lin) coupled with fluorescein, 

The standard solutions were prepared by addition of 
appropriate amounts of Vitamin B12 to protein solutions 
containing 40 mg/ml Human Serum Albumin and 20 
mg/ml bovine gamma globulin in phosphate buffered 
saline (10 mM potassium phosphate, 0.9% NaCl, 0.1% 
NaN3, pH 7.4). This buffer is hereinafter referred to as 
"PBS.' Final standards contained 2000, 1000, 500, 200, 
100, 50 and zero pg B12 per milliliter. 
The solution of labelled analogue is a solution of 

cobalt-57 labelled Vitamin B12 diluted such that 100 
microliters contained approximately 10,000 counts per 
minute (approximately 30 pg). 
The buffer solution referred to as component No. 3 

above contained glutamic acid, gelatin and potassium 
cyanide in the amounts of 41 nMolar, 0.1% and 2.1 
mMolar, respectively, at pH 3.5. This buffer serves to 
release compounds like Vitamin B12 from specific bind 
ing proteins in the sample and to convert them to their 
cyano derivatives. 
The solution of conjugate contained intrinsic factor 

covalently bonded by reaction with fluorescein isothio 
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12 
cyanate according to the following procedure. Into a 
test tube containing 1 ml of carbonate buffer (0.5M, pH 
9.4) and 2 mg intrinsic factor was introduced 2 ml of 
carbonate buffer containing 1 mg fluorescein isothiocy 
anate. After stirring, the reaction mixture was allowed 
to stand overnight at room temperature. It was then 
applied to a 9 ml column (total bed volume) of polysac 
charide (Sephadex G-25) in a 10 ml pipet, and equili 
brated with PBS (25 mMolar phosphate). Elution with 
PBS yielded a single colored band eluting with the void 
volume. This was collected (0.3 mg/ml) and diluted 
1:65 with PBS. 
The rabbit fluorescein antibody was prepared by 

dissolving 1 g fluorescein isothiocyanate and 1 g bovine 
serum albumin in 30 ml of 0.5M carbonate buffer, pH 
9.5 and allowing the reaction to proceed with gentle 
stirring at room temperature overnight. The mixture 
was then exhaustively dialyzed against PBS until no 
fluorescence was detected in the dialysate. The solution 
was lyophilized, and the solid administered to rabbits in 
Freund's adjuvant. Serum obtained from the rabbits 
containing fluorescein antibodies was partially purified 
by 40% ammonium sulfate saturation of the antiserum 
to precipitate immunoglobulins followed by resuspen 
sion of the precipitate in a volume of PBS equal to the 
original volume of the antiserum. This was preaggrea 
gated by dilution 1:50 in PBS containing 6% polyethyl 
ene glycol 6000. The stirred suspension was allowed to 
equilibrate for at least one hour at room temperature 
before use, 
The solution of carrier protein coupled to fluorescein 

was prepared by reacting fluorescein isothiocyanate 
with bovine gamma globulin at a molar ratio of 20:1 in 
0.5M carbonate buffer at room temperature using the 
same procedure as that for preparing the fluorescein 
coupled to bovine serum albumin described above. The 
product was diluted 1:10 with PBS to provide a solution 
containing 3.5 mg/ml of protein. 
The assay was carried out by introducing into sepa 

rate 12X75 mm glass test tubes 0.5 ml each of the glu 
tamic acid buffer solution and 0.1 ml each of standard 
solution of Vitamin B12 or of unknown solution, as the 
case may be. After incubation at 100 C. for 20 minutes 
and cooling to room temperature, there is added to each 
tube 0.1 ml each of the solution of labelled analogue and 
0.1 ml each of the solution of conjugate and the mixture 
was allowed to incubate at 37' C. for one hour. There 
was then added to each tube 0.1 ml of the solution of 
carrier protein coupled to fluorescein followed by 1.0 
ml of the preaggreagated antifluorescein antibody and 
the mixture was further incubated for 20 minutes at 37' 
C. after which the tubes were centrifuged for 15 min 
utes at 5000 rpm. The supernatant was decanted and the 
precipitate pellets counted for residual radioactivity in a 
well gamma counter. Non-specific background count 
was measured in a similar tube containing all of the 
ingredients except the solution of conjugate, 
The results were as follows for the standard solutions: 

Total Counts Per Minute Labelled Analogue Ad 
ded = 11 150 

Witamin B2 Counts per min. Percent Bound 
pg/ml of ppte based on total 
2000 324 19 
1000 750 5.7 
500 22SO 23.3 
200 2.940 26.4 
00 3270 29.3 
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-continued 
Vitamin B12, Counts per nin. Percent Bound 

pg/ml of ppte based on total 
SO 3400 30.5 
O 3700 33.2 

Comparison of results of assays of human serum by 
the present invention with results obtained by conven 
tional radioimmunoassay procedures showed satisfac 
tory correlation. 

EXAMPLE 2 

A kit was provided for the assay of Vitamin B12 in 
human serum containing components 1-4 each being 
similar to those of Example 1 but having the following 
differences. The glutanic acid buffer was replaced with 
a borate denaturation buffer, 0.05M sodium borate, 8 
micrograms of KCN per milliliter, pH 9.3. This buffer 
denatures the Vitamin B12 binding protein and frees the 
vitamin for assay. The solution of conjugate was pre 
pared using fluorescein isothiocyanate at the weight 
ratio of 0.375/1 of intrinsic factor instead of 0.5/1, and 
the solution was diluted 1:500 instead of 1:65 with a 
buffer like PBS except that the 0.1% NaNs was re 
placed with 0.02% KCN, hereinafter referred to as 
PBS-KCN. The standard solutions were prepared using 
a solution of 7 grams per liter of human serum albumin 
in PBS-KCN. In place of components 5 and 6 of Exam 
ple 1, there were provided coated tubes made as fol 
lows. 

One-half ml of the resuspended annonium sulfate 
precipitate of rabbit fluorescein antiserum prepared as 
in Example 1 was mixed with 400 ml of PBS at pH 6.0. 
The mixture was heated at 37 C. and to it was added 
100 ml of a 2% glutaraldehyde solution in PBS pH 6.0, 
which had been heated to 37' C. prior to addition. This 
mixture was stirred at 37' C. for twenty minutes. Then 
to it was added 400 ml of a freshly prepared phosphate 
buffer 1.0M, pH 8.5, the mixture stirred, after which 
there was added 75 ml of a freshly prepared aqueous 
solution of sodium borohydride, 0.051M. The mixture 
was stirred for one-half hour at ambient temperature, 
then 250 ml of a freshly prepared 2.67% ascorbic acid 
solution in 1.0 Molar phosphate buffer at pH 8.5 was 
added. One milliliter of the resulting solution was 
placed in each of the desired number of 10x75 mm 
polypropylene test tubes and allowed to stand over 
night at room temperature. The solution was removed 
from each tube by aspiration and each tube washed 
twice with 2 ml of 10 mM Tris buffer containing 1% 
gelatin and 0.01 M EDTA at pH 7.5. The tubes were 
dried and stored at ambient temperature over dessicant 
until use. 
The assay was carried out by first combining compo 

nents 2 and 3 so that the borate denaturation buffer 
contained 30 pg of radioactive B12 per 0.8 ml of buffer. 
A series of 12X75 mm glass test tubes was provided, 
each containing 0.8 ml of the mixture of components 2 
and 3, and 0.1 ml of the appropriate standard solution or 60 
unknown solution as the case may be was then added to 
each tube. The tube was incubated at 100" C. for 45 
minutes, then cooled to ambient temperature, and 0.1 ml 
of the solution of conjugate added. The content of each 
glass tube was decanted into one of the coated tubes, 
which was then incubated at 37' C. for 3 hours. After 
aspiration and washing twice with 2 ml of PBS, the tube 
was then counted for one minute on a gamma counter. 

0. 

15 

20 

25 

35 

45 

55 

55 

14 
The results were as follows: Total Counts Per Minute 

Labelled Analogue Added = 10,600 Values represent 
averages of duplicate determinations. 

Vitamin B2, Counts per min. Percent Bound 
pg/ml of tube based on total 
2000 630 5.9 
1000 930 8.8 
S00 1492 4.1 
200 206 9.9 
00 2447 23.0 
50 2696 25.5 
O 274 25.9 

EXAMPLE 3 

A kit was provided for the assay of folic acid contain 
ing the following components: 

1. Standard solutions of human serum containing 
known quantities of N-methyltetrahydrofolic acid 
and 5 mg/ml of ascorbic acid as preservative. 

2. A lysine denaturation buffer. 
3. A phosphate assay buffer. (PBS, as described in 

Example 1 or, preferably, 0.01M phosphate, 0.15M 
NaCl, EDTA and sodium azide at pH 7.3.). 

4. A solution of labelled analogue to folic acid con 
taining radioiodinated (1) pteroylglutamic acid. 

5. Polypropylene tubes coated with fluorescein anti 
bodies bound to a folate binding protein-fluore 
scein conjugate. 

The serum standard solutions were connercially 
available preparations in a base of normal human serum 
which had been treated previously with charcoal to 
remove endogenous folic acid before known amounts of 
folic acid were re-added. The lysine denaturation buffer 
contained 0.007M lysine, l ng/ml ascorbic acid and 
had a pH of 10.5. 
The solution of conjugate contained folate binding 

protein covalently bonded to fluorescein isothiocyanate 
which had been prepared in the following manner: 1 mg 
of commercially available affinity chromatography 
purified folate binding protein mixture (Sigma), of 
which about 10% was folate binding protein, was dis 
solved in 0.1 ml of a 0.1M carbonate/bicarbonate 
buffer, pH 9.3. To this was added 250 micrograms of 
fluorescein isothiocyanate isomer I (Signa) dissolved in 
0.1 ml of the same carbonate buffer. The solutions were 
stirred in the dark at room temperature for 3 hours. 
Unreacted fluorescein isothiocyanate was removed 
from the protein fraction by passage of the reaction 
mixture through a Sephadex G25 column prepared in a 
10 ml disposable serological pipet (5 ml bed volume), 
The Sephadex was swollen and the protein eluted from 
the column with phosphate buffer. The protein frac 
tions from the chromatography column were pooled 
and diluted 1:3000 with buffer to give a stock solution 
containing 8.3 micrograms of protein/ml. Dilution 
should occur shortly before use because the conjugate is 
unstable upon dilute storage. 
The polypropylene tubes coated with fluorescein 

antibodies bound to a folate binding protein-fluorescein 
conjugate were made in two steps. First the fluorescein 
antibody-coated tubes were made as disclosed in Exam 
ple 2. Then 1 ml of phosphate buffer having 20, 40, 60 or 
80 ng of the conjugate/ml was added to 20 tubes, the 
tubes allowed to stand overnight at room temperature 
in the dark, washed and dried. Then a standard curve 
was run as disclosed below to determine the optimal 
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conjugate concentration on the basis of the standard 
curve midpoint, slope and maximum binding. 40 ng/ml 
of conjugate is ordinarily satisfactory. The conjugate 
bound tubes were then prepared as disclosed above 
with the optimal conjugate concentration. 5 
The assay was carried out by introducing into un 

coated 12X75 mm polypropylene tubes 0.1 ml of the 
selected standard solution or unknown solution and 0.5 
ml of the lysine denaturation buffer. The tube was then 
covered and incubated at 100 C. for 15 minutes, then 
cooled to ambient temperature. To the tube was then 
added 0.5 ml of phosphate buffer, pH 7.3, containing 
labelled folic acid analogue. The contents of this tube 
were mixed and transferred into a corresponding fluo 
rescein antibody-conjugate coated polypropylene tube 
and this tube incubated at 37' C. for 90 minutes. After 
this time the tube contents were removed by aspiration 
and counted for 1 minute in a well gamma counter. It 
may be desirable to sequentially add the sample or stan 
dards tube and the labelled analogue to the fluorescein 
antibody-conjugate coated tube, separating the first 
addition from the second by a 15 minute incubation. 
The results were as follows: Total Counts Per Minute 

Labelled Analogue Added=25986 

10 

20 

25 

N-Methyl THFA Counts per min. Percent Bound 
ng/ml Serum of tube Based on Total 

30 3362 3.7 
10 5876 22.6 30 
4. 7798 30.0 
2 3348 32.1 

0.8 95.42 36.7 
0.0 963 35.2 

35 

EXAMPLE 4 
A kit was provided for assay of triiodothyronine 

(T-3) containing the following components: 
1. Standard solutions containing known quantities of 40 
T-3. 

2. Slution of labelled analogue to T-3 containing 
125. 

3. Buffer solution (PBS). 
4. Solution of conjugate of T-3 antibody coupled to 45 

fluorescein. 
5. Rabbit fluorescein antibody preaggregated as de 

scribed in Example 1. 
6. Solution of carrier protein coupled to fluorescein 

prepared as described in Example 1. 
The solutions of components 1 and 2 were prepared 

by dissolving the active ingredients in PBS. Component 
2 was prepared in a concentration such that 0.1 ml pro 
vided approximately 10,000 counts per minute. 
The solution of conjugate was prepared by the same 55 

procedure used for preparing the conjugate of Example 
l except that a commercially available T-3 antibody 
was substituted for the intrinsic factor and the dilution 
of the eluted product (0.3 mg/ml) was 1:900 with PBS. 
The assay was carried out by introducing into 12X75 

mm glass test tubes 0.5 ml each of PBS and 0.1 ml of the 
selected standard or unknown solution. The remaining 
steps were carried out as described in Example 1, substi 
tuting the components of the present example for the 
corresponding components of Example . 
The results were as follows for the standard solutions: 
Total Counts Per Minute Labelled Analogue Ad 

ded = 10,400 
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T-3 Counts Per Min. Percent Bound 
ng/ml of ppte Based on Total 
10 939 9.0 
4. 1185. 11.3 

236 23.0 
0.4 3076 29.0 
0. 3962 37.9 
O 3961 37.9 

EXAMPLES 
A kit was provided for assay of T-3 containing com 

ponents 1-4 identical to those of Example 4 except that 
the weight ratio in the conjugate was 0.1 mg fluorescein 
isothiocyanate per mg T-3 antibody and the dilution of 
the eluted conjugate product (0.3 mg/ml) was 1:334 
with PBS. In place of components 5 and 6 of Example 
4, there were provided coated tubes made as follows. 
The resuspended rabbit antifluorescein antibody pre 

pared as described in Example 1 was not preaggregated 
but instead was diluted with an equal volume of 80% 
saturated ammonium sulfate solution. The precipitate 
which formed was allowed to stand overnight at 4' C. 
then collected by centrifugation and resuspended in the 
same volume of PBS. This purified solution was then 
diluted 1:1000 with 0.5M phosphate buffer, pH 8.5. One 
ml of the diluted solution was placed in each of the 
required number of 10x75 mm polypropylene test 
tubes and allowed to stand overnight at room tempera 
ture. The solution was then removed from each tube by 
aspiration and the tube washed twice with 2 ml of 10 
mM Tris buffer containing 1% gelatin, pH 7.4. The 
tubes were then dried and stored at 4 C. until use. 
The assay was carried out by adding to each coated 

tube 1.0 ml PBS, 0.1 of the solution of labelled analogue, 
and 0.1 ml of the selected standard solution or unknown 
solution as the case may be. To this mixture was added 
0.1 m) of the solution of conjugate. The tubes with their 
contents were incubated at 37 C. for one hour. The 
contents were then removed by aspiration, each tube 
washed twice with 2 ml of PBS, and the tubes were then 
counted. 
The results were as follows for standard solutions: 
Total Counts Per Minute Labelled Analogue Ad 

ded=17,500 

T-3 Counts Per Min, Percent Bound 
ng/ml per tube Based on Total 
100 446 2.5 
O 2009 1.8 

In the case of each of Examples 1-4, the amount of 
sample ligand in the unknown could readily be deter 
mined by interpolation from a standard curve plotted 
from the results obtained with the standard solutions. In 
the case of Example 5, results obtained by using a few 
additional standard solutions would be desirable to 
bracket the desired range for improved accuracy. 

I claim: 
1. In a double receptor, specific binding assay for 

sample ligand wherein a first receptor is bound by a 
second receptor, the improvement comprising substitut 
ing for said double receptor a complex of the structure: 

ABL(BL)A 
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wherein BL is a binding ligand, ABL is an unlabelled 
receptor specific for said binding ligand, A1 is a recep 
tor, n is at least one, BL is covalently bound to A and 
ABL is reversibly bound to BL. 

2. The method of claim 1 wherein the complex is 
insoluble. 

3. The method of claim 2 wherein the complex is 
insolubilized by absorption of ABL onto an insoluble 
surface. 

4. The method of claim 3 wherein said insoluble sur 
face is the inner wall of a plastic test tube. 

5. The method of claim 3 wherein said surface is 
polypropylene or polystyrene. 

6. The method of claim 1 wherein ABL is preaggre 
gated by precipitation with polyethylene glycol. 

7. The method of claim 2 wherein A1 is a receptor for 
said sample ligand. 

8. The method of claim 7 wherein A is a binding 
protein. 

9. The method of claim 8 wherein A1 is folate binding 
protein and the sample ligand is folic acid. 

10. The method of claim wherein A1 is triiodothyro 
nine antibody and the sample ligand is triiodethyro 
nine triiodothyronine, 

11. The method of claim wherein A1 is intrinsic 
factor and said sample ligand is vitamin B12. 

12. The method of claim 8 wherein A1 is an anti 
body and said sample ligand is an antigen. 

13. The method of claim 1 wherein BL is a hapten 
having a molecular weight of less then 1,000 and an 
affinity constant of greater then about 10 liters/mole. 

14. The method of claim 1 wherein BL is covalently 
bound to A through an intermediate spacer molecule. 

15. The method of claim 1 wherein BL is fluroescein, 
dinitrobenzene, a polysaccharide, a naphthylamine, an 
acridine or a rhodamine. 

16. The method of claim 1 wherein (BL)A1 is the 
reaction product of an antibody with fluorescein isothi 
ocyanate. 

17. The method of claim 1 wherein BL is fluorescein 
and ABL is fluorescein antibody. 

18. The method of claim 7 further comprising con 
tacting said complex with a sample thought to contain 
said sample ligand whereby said sample ligand present 
is absorbed by said complex, contacting said absorbed 
sample ligand with an excess of labelled receptor for 
said sample ligand, washing the complex, and determin 
ing the amount of residual bound or unbound labelled 
receptor. 

19. The method of claim 7 further comprising con 
tacting said complex with a sample thought to contain 
said sample ligand whereby sample ligand present is 
absorbed by said conjugate, washing said complex, 
contacting said complex with labelled sample ligand 
analogue whereby unoccupied residual sample-ligand 
binding sites in the complex bind said labelled sample 
ligand analogue, washing the complex and determining 
the amount of residual bound or unbound labelled re 
ceptor. 

20. The method of claim 7 further comprising simul 
taneously contacting said complex with labelled sample 
ligand analogue and with a sample thought to contain 
said sample ligand, whereby said sample ligand and said 
labelled sample ligand analogue competitively bind to 
said complex in proportion to their concentrations in 
solution, washing the complex and determining the 
amount of residual bound or unbound labelled sample 
ligand analogue. 
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21. The method of claim 20 wherein said sample 

ligand is vitamin B12, thyroxine, triiodothyronine, corti 
sol, folic acid or a peptide hormone. 

22. In a double receptor, specific binding assay for 
sample ligand wherein a first receptor is bound by a 
second receptor to form a double receptor the improve 
nent comprising substituting for said double receptor a 
complex of a formula: 

wherein Q is an insoluble support, BL is a binding li 
gand, ARL is a receptor for BL, n is at least one, A is a 
receptor, BL is covalently bound to A1, and ABL is 
reversibly bound to BL. 

23. In a double receptor, specific binding assay for 
sample ligand wherein a first receptor is bound by a 
second receptor to form a double receptor, the in 
provement comprising substituting for said double re 
ceptor a complex of the formula: 

wherein BL is a binding ligand, ABL is a receptor for 
BL, n is at least one, Al is a sample ligand receptor and 
BL is covalently bound to A1. 

24. In a method for determining hepatitis associated 
antigen comprising providing an insoluble surface 
coated with antibody to hepatitis associated antigen, 
contacting said surface with a test sample, washing said 
surface, contacting said surface with labelled antibody 
to hepatitis associated antigen, washing said surface and 
determining the distribution of labelled antibody be 
tween the soluble and insoluble phases, the improve 
ment which comprises employing in place of said insol 
uble surface coated with antibody to hepatitis associ 
ated antigen a complex of the formula: 

wherein Q is an insoluble support, BL is a binding li 
gand, ABL is a receptor for BL, n is at least 1 and A is 
antibody to hepatitis associated antigen. 

25. A method for conducting sequential assays for 
more than one sample ligand which comprises 

(a) insolubilizing a number of different binding ligand 
receptors equal to the number of sample ligands to 
be assayed; 

(b) absorbing onto said binding ligand receptors a 
plurality of conjugates, each conjugate comprising 
a binding ligand for which one of said binding 
ligand receptors is specific, covalently bound to a 
receptor for one of said sample ligands; 

(c) adding test sample and a labelled sample ligand 
analogue or labelled sample ligand receptor; 

(d) separating the insoluble phase; 
(e) adding binding ligand to displace the conjugate 

containing that binding ligand; 
(f) determining the amount of bound or displaced 

label; and 
(g) repeating steps (d) through (f) for each conjugate. 
26. The method of claim 25 wherein the different 

binding ligand receptors are insolubilized on a plurality 
of contiguous insoluble surfaces. 

27. The method of claim 25, wherein the binding 
ligands are fluorescein, dinitrobenzene, a polysaccha 
ride, a naphthylamine, an acridine or a rhodamine. 
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28. The method of claim 25 wherein labelled sample 
ligand receptor is added. 

29. The method of claim 25 wherein the different 
binding ligand receptors are mixed and then insolubil 
ized on a capillary surface. 

30. A composition comprising a complex of the 
formula: 

wherein Q is an insoluble support, BL is a binding li 
gand, ABL is a receptor for BL, n is at least one, A is a 
receptor, BL is covalently bound to A and ABL is re 
versibly bound to BL. 

31. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

ABE (BL)A 

wherein BL is a binding ligand, ABL is a receptor for 
BL, n is at least one, A1 is an antibody, BL is covalently 
bound to A, and ABL is reversibly bound to BL. 

32. The composition of claim 31 wherein ABL is 
absorbed onto an insoluble support. 

33. The composition of claim 32 wherein BL is a 
hapten having a molecular weight of less than about 
1,000. 

34. The composition of claim 33 wherein BL is 
fluorescein, dinitrobenzene, a polysaccharide, a naph 
thylamine, an acridine or a rhodamine. 

35. The composition of claim 33 wherein BL is from 
about 0.01 to 60% by weight of (BL)A. 

36. The composition of claim 31 wherein ABL is 
unlabelled. 37. The composition of claim 31 wherein A is spe 
cific for the sample ligand. 

38. An insoluble surface capable of binding hepatitis 
associated antigen which comprises a complex of the 
formula: 

Q-ALBL)A 

wherein Q is an insoluble support, BL is a binding li 
gand, ABL is a receptor for BL, n is at least one, A is a 
receptor for hepatitis associated antigen, and BL is 
covalently bound to A. 

39. In a double receptor, specific binding assay for 
sample ligand wherein a first receptor is bound by a 
second receptor to form a double receptor, the im 
provement comprising substituting for said double re 
ceptor a complex of the structure: 

ABL(BL)A 

wherein BL is a binding ligand, ABL is a labelled recep 
tor specific for said binding ligand, A1 is a receptor, n is 
at least one, BL is covalently bound to A and ABL is 
reversibly bound to BL. 

40. The method of claim 39 wherein in ranges from 
one to about ten. 

41. The method of claim 39 which comprises provid 
ing an insoluble sample ligand receptor, contacting said 
receptor with a sample thought to contain said sample 
ligand; and contacting the sample ligand with the corn 
plex of claim 2. 

42. In a double receptor, specific binding assay for 
each sample ligand in a mixture of different sample 
ligands wherein for each sample ligand a first receptor 
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is bound by a second receptor, the improvement com 
prising using a number of complexes of the structure: 

ABL(BL)A 

which are equal in number to the number of different 
sample ligands and wherein BL is a binding ligand, ABL 
is a receptor specific for said binding ligand, A is a 
receptor directed against one of said sample ligands in 
said mixture, n is at least one, BL is covalently bound to 
A and ABL is reversibly bound to BL, with the further 
proviso that each receptor directed against one of said 
sample ligands is covalently bound to a binding ligand 
which is different from that bound to any other receptor 
directed against another of said sample ligands. 

43. The assay of claim 42 wherein the receptors spe 
cific for the binding ligands are insolubilized on a con 
tiguous insoluble matrix. 

44. The assay of claim 43 wherein the receptors di 
rected against the sample ligands are allowed to bind 
said ligands in competition with labelled sample ligands. 

45. The assay of claim 44 comprising the further step 
of eluting in turn each of the bound sample ligands and 
labelled sample ligands from the matrix by successively 
washing the matrix with a solution of the binding ligand 
used to bond each sample ligand receptor to its respec 
tive binding ligand receptor. 

46. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

ABL(BL) M1 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
A1 and ABL is reversibly bound to BL, and A1 is thyroxine 
binding globulin. 

47. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

ABL(BL)A 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
A and ABL is reversibly bound to BL, and A is cortisol 
binding protein. 

48. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

ABL(BL)4 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
A1 and ABL is reversibly bound to BL, and A is a men 
brane associated specific receptor protein. 

49. A composition of claim 48 wherein A is a membrane 
associated specific receptor protein for a peptide hormone, 

50. A composition of claim 48 wherein A1 is a membrane 
associated specific receptor protein for ACTH. 

51. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

MBL(BL)4 - 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
A and ABL is reversibly bound to BL, and A1 is a receptor 
for a peptide hormone. 
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52. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

ML(BL)11 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
A1 and ABL is reversibly bound to BL, and A1 is a receptor 
for ACTH. 

53. A composition useful for assaying a sample ligand, 
comprising a complex of the formula: 

wherein BL is a binding ligand, ABL is a receptor for said 
binding ligand, n is at least one, BL is covalently bound to 
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A1 and ABL is reversibly bound to BL, and A is a receptor 
for a hepatitis associated antigen, 

54. A composition of claim 53 wherein said receptor is an 
antibody, 

55. In a double receptor, specific binding assay for san 
ple ligand wherein a first receptor is bound by a second 
receptor, the improvement comprising substituting for said 
double receptor a complex of the structure 

AL(BL) M. 

wherein BL is a binding ligand, aft is an unlabeled recep 
for specific for said binding ligand, A1 is an antibody bind 
ing protein, n is at least one, BL is covalently bound to A1, 
ABL is reversibly bound to BL, said sample ligand is an 
antigen, and said complex is in soluble. 


