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+ receptor <=> The analyte, xﬁ%‘%n’ds r@%%p'i%’?gertl‘gge\:léﬁ assay
| i gandiseceip afeferred to herein as €havekhgamdalahabehe lapvélde radioactive

tags, analyte is referred to as the labeled ligand (including
immunocompetent derivatives and analogs of such _
ligand). Compounds which specifically recognize the
ligand and the labeled ligand and react to form com-

20 plexes with them are referred to herein as receptors.

The receptor and the ligand or labeled ligand form a
conjugate pair. Any member of the pair can function as
a receptor or a ligand.

In competitive binding immunoassays, a
25 labeled ligand is placed in competition with unlabeled
s | ligénd for reaction with a fixed amount of the
e appropriate receptor. Unknown concentrations of the
ligand can be determined from the measured signal of
either the bound or unbound (i.e. free) labeled ligand.
30 The reaction proceeds as follows:
ligand + labeled ligand + receptor C<=>
ligand-receptor + labeled ligand-receptor.
Conventional labels include radioactive tags,
enzymes, chromophores, fluorophores, stable free radi-

35 cals, and enzyme cofactors, inhibitors and allosteric
effectors.



enzynmnes, chronbphores, fl uorophores, stable free radi- 35 cals, and

.enzyne cofactors, inhibitors and allosteric ef fectors.

- 2- | mmunoassay anal ytical el enents are known fromU. S.
Patents 4,517,288 and 4,258, 001. |nggeneral such el enents conprise
receptors, such as anti bodies for a ligand, inmobilized in a
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reaction product that ultimately causes a signal color
15 to develop. The reflection density of the color can be
correlated to the concentration of the ligand in the
sample. _
FreQuently the above analytical elements are
used in highly automated immunoassays. The need to add
20 labeled ligand to the sample before conducting the
assay reduces the potential output of automated
systems.
Both U.S. Patents 4,517,288 and 4,258,001
suggest use of a labeled ligand coated over the
25 particulate layer in which the receptor is immobilized.
The latter patent teaches using a barrier layer between
the coated labeled ligand coating and the particulate
layer in order to avoid prereaction between the
receptor and the labeled ligand. The problem is that
30 neither of these patents teach one skilled in the art
how to make an immunoassay element having a labeled
ligand coated directly over the layer containing the
immobilized receptor, without an intervening barrier
layer, in a way that avoids (a) inactivation of recep-
35 tors, such as antibodies, and (b} deleterious prebind-
ing between the labeled ligand and the receptor. Such



receptor and the | abeled ligand. The problemis that 30 neither of these

patents teach one skilled in the art how to make an i mmunoassay
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| Mmunoassay carri
directly over the partlculate layer, (b) without an

15 intervening barrier layer. The element is substan-
tially free of binding reactions between the receptor:
and the labeled ligand. The labeled ligand is present
at sufficient coverage so that after sample applica-
tion, enough remains to carry out the desired assay.

20 The immunoassay element of this invention is
substantially free of prebinding in that the dose
response curve of an immunoassay carried out on such an
element is substantially the same as the dose response
curve obtained with the same element except that the

25 labeled ligand is not coated in the eleﬁent. Instead
the labeled ligand is applied to the element, concur-
rently with the sample to be tested.

Moreover the element does not include a
barrier layer between the particulate receptor contain-

30 ing layer and the layer containing the labeled ligand
thereby obviating the need for an extra coating step
and additional barrier layer materials. This is
accomplished without any significant adverse affect on
the receptors.

35 The present invention also provides a method
for the assay of an immunologically reactive ligand in



el ement is substantially the same as the dose response curve obtai ned
Mthsthe sane el enent except that the 25 I|abeled ligand is not coated in
the el enment. |nstead the labeled ligand is applied to the el enent,
concur - rently with the sanple to be tested. Mor eover
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pr ebi ndi ng _t hat occurs bet ween an ant1 body and gand when the
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prebinding that occurs between an antibody and labeled
ligand when the labeled ligand is coated with the
15 coating processes used in comparative examples 1-4.
Figures 5-6 are curves showing the substan-
tial absence of prebinding using the coating processes
of examples 5-6.
The elements of this invention comprise (a) a
20 coating of a labeled ligand over (b) a particulate
layer containing immobilized receptors for the ligand.
The element can include additional layers such as those
described infra. Aall of such layers, except the
labeled ligand coating, can be coated using coating
25 techniques known in this art and which are briefly
described infra. However the coatings containing the
labeled ligand are gravure coated according to the
procedures described infra.
As noted previously the overcoated labeled
30 1ligand is substantially free of any binding reactions
with the receptor. Prebinding is substantially avoided
by careful co-optimization 1) of minimized wet coverage
of the labeled ligand coating composition while at the
same time maintaining enough wetness to achieve uniform
35 coverage of the labeled ligand and 2) rapid drying in a



tial absence of prebinding using the coating processes of exanpl es 5-6.
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each specific 1. Determine the concentration of labele
ligand needed to achieve acceptable immunoassay perfor-
15 mance when the immunoassay is performed by contacting
the analytical element with the labeled ligand concur-
rently with a sample. Acceptable assay performance is
achieved when (a) the assay can be carried out in less
than 20 minutes; (b) the dynamic range of the assay is
20 such that the minimum and maximum ligand concentrations
- detectable cover a clinically useful concentration
range; and (c) clinically significant ligand concentra-
tions cén be detected across the dynamic range.
2. Empirically determine the level of coated
25 1labeled ligand coverage needed with the same analytical
element to achieve the above established acceptable
assay performance by:
A. Coating, directly over the particulate
receptor layer of the element used to establish optimum
30 spotted labeled ligand levels, the labeled ligand at a
coverage in g/m2 that is some fraction, multiple. or the
same as the concentration of labeled ligand used in
spotting the labeled ligand in 1, supra.
B. Conduct a series of assays with test
35 samples containing a known concentration of the ligand.



i munoassay according to the follow ng procedure: 1.
.Determ ne the concentration of |abeled | i gand needed to achi eve
acceptable i mrmunoassay perfor- 15 nance when the i mmunoassay is perfornmed
by contacting the anal ytical elenment with the | abeled |Iigand concur-
rently with a sanple. Acceptable assay performance is achi eved when (a)
the assay can be carried out in |ess t han_20 m nutes; (b% the dynam c
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cover- age requl
Using the above guldellnes, carefully

controlled gravure coatlng procedures were successfully
15 carried out using the following coverages and drying
" protocols. The labeled ligand coatings in the examples
were prepared with a gravure machine ( made by IMD
Corporation, Birmingham, Alabama) having two 15 foot
arch flotation drying sections. Dryihg conditions used
20 for all of the examples were 180°F (82°C) in the first
drying section only. The second section was not used.
The air flow in the dryer was adjusted to maintain
adequate flotation throughout the length of the drver
such that the coatings were not scratched from either
25 the support side or the coated side as they were
" transported through the dryer. The gravure cylinder
used contained 295 cells/inch (1.344 x 10-8 cells/m2).
The cells had a depth of 19 microns, a width of 72
microns and a land width between cells of 12 microns.
30 This cylinder will deliver 4.3 g/m2 of coating
composition containiﬁg the labeled ligand to the bead
spreading layer using the direct gravure process at a
coating machine speed of 50 ft/min (15.24 m/minute);
Those skilled in the gravure coating arts will be
35 readily able to adapt the previously described proce-



Dependi ng on the | abeled |igand, the coverage of the | abeled |ligand
.could be less than, the sane or several nultiples greater (2X, 3X, 4X
and so forth) 10 than the | abeled |igand concentrati on needed when the
sane assay is carried out by spotting the |abel ed ligand directly on
t he anal ytical el enent. -7- Using the above guidelines, carefully
controlle rayur r ucc ful carried out
usi ng theg}l9 |é%l§8 c Vé&grggggﬁgﬂégsnﬁﬁhﬁn prgﬁ% 5 aXl#%é | abel ed Ii gand
coatings comphsisismplfesr the \A@b@lsﬁeﬂag@@dv\mh aSgrfMOMSrmchl ne ( made by
| VD Cor poration, Birm ngham Al abama) having two 15 foot arch
flotation drying sections. Drying qgﬂgﬁﬂlgps used 20 for all of the
exanples were 180[err]F (82[err]C) 1n the first drying section only.
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scratche
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m crons and a land wdth between cells of 12 mcrons. 30 This

cyI i nder wdd OdsdvMes derud/A{WEminpf coating QUuay tion containi ng
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gravure process pdély- (n-isepedpyd nmachi ne speed of 500fp8m n (15. 24
“m mnute).acryladbd@dse skilled in the gravure coating arts will be 35
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-7- dur&-Hydroyygcavaniélidati ng nmachi ne. The coat0@QB25
*Labeled ligand .000016
*Labeled Ligand has been coated anywhere between 4 and 64
Hg/m2
5 As previously stated the remaining layers of

the element can be coated using well ‘known coating
techniques in this art. For example slide-extrusion
hoppers of the type described in U.S. Patent 2,761,417
are often advantageous for simultaneous coating of a

10 plurality of layers at least one of which is comprised
of polymeric particles bearing immobilized beads. More
particularly, a multilayer element can be coated by
directing a coating composition containing the beads
through an extrusion slot of a slide extrusion hopper

15 and simultaneously flowing a layer of a second coating
composition, which, if desired, may also contain beads
down a slide surface of the slide-extrusion hopper.
Preferably, the coating composition flowing through the
extrusion slot is supplied at a volumetric flow rate

20 that is substantially greater than the volumetric flow
rate of the coating composition flowing down the slide



conposition for the | abeled |igand was as foll ows:

, FI GURE | Coat ed Label ed Li gand Coating Conposition
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g/nferr] Dry Coverage MOPS Buf f.gr ' . 0045
BSA (Bovi ne Serum Al bum n) . 000215 A-100
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10 pluralviiclofis ayerkeadt | dlactt cae wighvhamd, imosonprefedably, of pol yneric
particles bear.li i L1 b, : i cul mul til ayer

el enent ca%O@%w@%%tlg%ér Eﬁg%i rec i?15hgﬁgo%?lp%gg%%%gs?§%gﬁn§ont ai ning the
beads flowind dowexthessbide| surfaca. s| Contealrasi thehopptings and

simul t aneqystandt 06 Ngracl gierapl, AvSEERES§OfhtiNGur facBORBARE bhON. whi ch,
if desired, may also contaln beads down” a slide surface of the
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sl i del&xt rimi
through th@iscrete layers that are free from interlayer mixing
and in avoiding the formation of repellency defects.
The particulate layer in which the receptors
are immobilized is porous. Materials for use in such

15 1layers are well known in the art of making dry
analytical elements as disclosed, for example, in U.S.
Patent 4,258,001. Such layers include macroporous
layers made from cloth, paper, and so forth. A
preferred particulate layer is a bead spreading layer

20 (BSL) . This layer can be easily constructed to have
suitable porosity for use in the elements of the
present invention to accommodate a test sample (for
example 1 to 100 yL), diluted or undiluted.

Preferably, the spreading layer is isotropically

25 porous, which property is created by interconnected
spéces between the particles comprising the zone. By
isotropically porous is meant that the spreading layer
uniformly spreads the applied fluid radially throughout
the layer. )

30 Useful particulate sprgading layers, includ-
ing bead spreading layers are disclosed in U.S. Patents
4,670,381; 4,258,001 and 4,430,436, Particularly
useful spreading layers are those having a particulate
structure formed by organo-polymeric particles and a

35 polymeric adhesive for those particles described in

U.S. Patent 4,258,001. The organo-polymeric particles



extrusion slot is supplied at a volunetric flowrate 20 that is

. Substantially greater than the volunetric flow rate of the coating
conposition flowi ng down the slide surface. Also, it is
desirable that the coating comp@si tion directed through the extrusion
sl ot have a viscosity which is substantially higher than the
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accommodat e a test saﬁplpattﬁtulate &agéﬁleflthé éQmeﬁtrhb) diluted or

undi | ut ed Rrefe X ég read % ﬁﬁ IS |sotro %§y
" por ous, mhFéﬁer8p8Pt9 F? EP Fe& B?oF fer Bhfte8t 8YPPOL bet ween the
. particl es sngpsustabplehdimensioBplly stabdbnopndabkyfpmahﬂg is meant that

the spreadhggph§ggg and transparent (i.e. radiation trans-

15 missive) material which transmits electromagnetic
radiation of a wavelength between 200 and 900 nm. A
support of choice for a particular element should be
compatible with the intended mode of detection
(reflection, transmission or fluorescence spec-

20 troscopy). Useful support materials include
polystyrene, polyesters [for example poly(ethylene
terephthalate) ], polycarbonates, cellulose esters (for
example cellulose acetate), and so forth

The element'can comprise one or more addi-

25 tional layers, for example separate or a combined
reagent/spreading layer and a gelatin/buffer layer
containing other necessary additives, coupling enzymes,
and so forth

The gelatin/buffer layer or the reagent layer

30 or the spreading layer of the element can contain the
indicator composition comprising'one or more reagents
dispersed in one or more synthetic or natural binder
materials, such as gelatin, or other naturally-occur-
ring colloids, homopolymers and copolymers, such as

35 poly(acrylamide), poly(vinylpyrrolidone), poly (N-



uniformy spreads the applied fluid radially throughout the layer. 30
Useful particulate spreading |ayers, includ- I ng bead spreadi ng | ayers
are disclosed in U S. Patents 4,670, 381; 4,258,001 and 4, 430, 436.
Particularly useful spreading | ayers are those having a particul ate
structure fornmed by organo-polyneﬂ?i@%uticles and a 35 pol yneric adhesive

for those pabbirebsladesAlEniae)i,Npoly (adrPlabdiRiicat 238 idl2-The

organo-pol ynmeri ¢ particles, ., . -O- usef ul
in the sprBYdFRgOLRE) &N@'@ém%%ﬁq'FqH9¥¥mers'stable, spherical beads
having a particle si Daher tdptionalangsyedfs,f rion 2xkangpl4) subbions i n di aneter
or even smal | er. R . rticles . c be: ¢ osed.of a w de
variety of l&?&&l’?’l'c r&%%osn,- lr?ch}?%gaaaﬁ% 'nzafrﬁf%o %oﬁfp csasrger%et iC

pol ynmers, Hadlngladd fi edpsisied praidderkawesrs of thefekamgnt dwaverer, they
are conpos f 8Q% | oty HEL rg ' e

af orenent i gﬁ'e d1 p%ce%&h ea&g%éﬁ&l’ Hﬁ%]e pait I cu atte aéytrahrﬁcgf t he

el enent | s reagends janf oHNeEERl e%efl creappen PIAYCES sippdhe  can be any

sui tabl e difMR{EdLEHA YoSd 8 e wear é’tﬁsﬁéﬂﬁ@@éd,regioﬁ@ﬂ@@r&&@a@é‘ﬁt _
t ranspar ent g{.e radiation trans- 1 m ssive) material which transmts
el ect romagn@Y®XS-  radiation of a wavel ength between 200 and 900 nm A

suppor i0of choice forThepbayers|af ehenebémeioutanbeontainoapatible with
f1'uor escencir sy of StHg B8siravtkchuf “bhBlope  MSEPSEREER NG, e
pol yst yr eneinpbhdingesgrfaotankanptbipkepers hybefifers, haedepkrhal ate)],
pol ycar bonal os; £ ehhHE 85€c68peEs £58Uents, and other materials

known in the art. The amounts of these components are

15 also within the skill of a worker in the art.

The elements can be used to determineilow
concentrations of immunologically reactive ligands in a
liquid, such as a biological fluid (for example, whole

- blood, serum, plasma, urine, spinal fluid, suspensions

20 of human or animal tissue, feces, saliva, lymphatic
fluid and the like). The ligands can be determined at
concentrations as low as 10-15 molar, and most
generally at a concentration of from 10-10 to 10-

4 molar.

25 Ligands which can be so determined, either
quantitatively or qualitatively, include therapeutic
drugs (for example, phenobarbital, theophylline,
gentamicin, quinidine, phenytoin, propanolol,
carbamazepine, tobramycin, lidocaine, procainamide and

30 the like), natural or synthetic steroids (for example,
cortisol, aldosterone, testosterone, progesterone,
estriol, and so forth), hormones (for example, thyroid
hormones, peptide hormones, insulin, and so forth),
proteins (for example albumin, IgG, IgM, ferritin, C-

35 reactive protein, isoenzymes, apolipoproteins, and so
forth), antigens, antibodies including monoclonal



exanpl e cel lul ose acetate), and so forth The el enent can
_conpkise one or nore addi- 25 tional layers, for exanple separate or a
conbi ned reagent/spreadi ng | ayer and a gel atin/buffer layer

cont ai ni ng ot her necessary additives, coupling enzynes, and so forth
The gel atin/buffer |ayer or the reaéént | ayer 30 or the spreading |ayer of

the el emendncat, $08d al dhd Néther sb@é‘iéé‘tﬂh&l‘?@i?fltﬁé’ﬁuf&’%%' sing one or

nore reagents di spersed in one nore synthetic or ural binder
mat eri al s r%ﬁﬁ#\%%t%e¢a¥?ﬁep%?roth@?lﬁa%GYﬁﬂtyoﬁcb%rpartlcu¥ﬁﬁbycoIIoids,

hormopol ymaise fRTl £6POLNEEAEL etMiNaBion36f ERb¥&BEGYL8MEEEYs, such

I I lid |y (N . . -10-
Pgoﬁggb;?d£¥y$§§$ﬁg$e)BBEngé?9raﬁ?88983;R?9?nyPFZPhenobﬁ§PF5F}done) and
sim | a5 cogmdlynermones such as thyfbhéneopri bnaliceybysenfine.exanpl e

subbi n | ayers, ckin S n f h
|ncludgd | f deglred @ﬁ%I?EFggeBéﬁogb %SEQ¥§§EHPQ QSEBH 85& ﬁqgggcontact
with each behel, whighi agnt bet attachedase the ligged: toafertmeonpl exed

reaction pjgeugea wgtalﬁa EnfZitiedS SRRhPASS ghRlWaen oxilalseosed regi ons of
adj acent l'ayers. The | ayers of. the el enment can contain a
vari ety ofPSFﬁ§Fd§§§§r§HF@ E&th@E?FEﬁQPs@oPE6F§H@§se (HRPda| udi ng

sur f agteant a1 xkhi alee phiosphathisty andgadetiosidase aild @dedariried coupl er

sol vent s, ing Rther materi al s known in the art. The anounts of these
conponents~8PE-$3 also within the skill of a worker in the art.

"The el enents can be Ted substaetedrarifioer the enzye dentpadsents iof

‘innuno'Ogi%ﬂéT%féﬁ%ﬁe\6§|£éﬁgﬁkiﬂé}éio as a substrate solution.
The substrate can be added to the element prior to or

15 simultaneously with the liquid sample, or after comple-
tion of the binding reaction. It is within the skill
of the ordinary worker in clinical chemistry to deter-
mine a suitable substrate for a given label. The
substrate can be a material which is directly acted

20 upon by the enzyme label, or a material that is in-
volved in a series of reactions which involve enzymatic
reaction of the label. For example, if the enzyme
label is a peroxidase, the substrate is hydrogen
peroxide. Using glucose oxidase as an example, the

25 substrate glucose'is generally present in the reagent
layer or added as a substrate solution to yield
0.01 moles/m2, and preferably from 0.001 to
0.1 mole/m2. A worker skilled in the art would know
how to adjust the amount of a particular substrate for

30 the amount of enzyme label used in the assay.

The reagent layer may contain an indicator
composition comprising one or more reagents which
provide a detectable species as a result of the reac-
tion catalyzed by the label. Preferably, the indicator

35 composition is a colorimetric indicator composition

which provides a colorimetrically detectable species aé



liquid, such as a biological fluid (for exanplé, whol e bl ood, serum
.plasma, urine, spinal fluid, suspensions 20 of human or aninmal tissue,

feces, saliva, |lynphatic fluid and the like). The |ligands can be
det er mi ned. at concentrations as |ow as 10-15 nol ar, and nost
generally at a concentration of frek240-10 to 10- 4 molar. 25

Li gands | %ﬁgﬂ e | y or
qualltatretly, I'ncl ud é# era ﬂ%?ﬁ%ac@ié@ 6f an HH?@éa%p éyg%henobarblta

t heophyl | i¥egand an@kmmam46hna FUPPE R L, phenyt0|n propanol ol ,

carbanazeplne tObrafﬂé'fndit&@@ﬁ'Bémpeéﬂﬁﬁbﬂaéhﬁebéng s$fgithe like),
natural or nt heti c steroi i sol, al dost erone,

t est oster p?N% é@?é?%h%r°aUéese§té?QECtﬁhaesgyFo?Pﬂ? ehaYNBheS (for
exanpl 6, tigdaetion, orharumnbsnapépm dé heaganes whiiehl prodase so forth),

rotei n. 1 Saendyaee, FaBorabEH 5 cPheh YhyoBse' 15 upg e” ehe Blbn e
ant i bodi esstnatedang gﬁnoosenQX}dase as the enezymedilebelanthet her species
o L pOTSHBEL e (ASSERCUL RompOREILA ol s
as digoxinPXBﬁeﬁyﬂoﬁﬁ OKASABAPILE] 9m9§Pn§h@ﬁé§§r53@9t to @ﬁ@vﬁéghnnes such
as thyrepxi gegge. trmeé&h@xﬁwwe the composltloan&raimua@ e carried
out usi ng E éc a abek whi ch can%giﬁgtanqﬁggég the and to fqrm
_ | abel& Plé&ﬁd ng, RFHOX 19858, OFs NB&gbmdases
'such as hotsigeadoxpoweid xhdade g(drl@%)a,te’u)a adcadtad s @yEhasase wad
.galact05|dg5ﬁta%% @Hg fﬁgtlon 6¥“ﬂ§arogen peroxide produced
when glucose oxidase converts glucose to gluconic acid.
15 Useful leuco dyes are known in the art and include
those, for example, described in U.S. Patent 4,089,747
(issued May 16, 1978 to Bruschi) and U.S. Serial No.
612,509, filed May 21, 1984 by Babb and others. The
particular amounts of the colorimetric indicator
20 composition and its various components are within the
skill of a worker in the art.
The labeled ligands can be prepared using
known starting materials and procedures, or obtained
commercially. Generally, the ligand is attached to the
25 label (for example an enzyme moiety) through a covalent
- bond. -
The immunoassay can be manual or automated.
In general, the amount of a ligand in a liquid is de-
termined by taking the element from a supply roll, chip
30 packet or 6ther source and physically contacting a fi-
nite area of the spreading layer with a sample of the
liquid, for example 1 to 100 uL. The finite area which
is contacted is generally no more than 100 mm2.
The amount of ligand is determined by passing
35 the element through a suitable apparatus for detecting
the complexed ligand analog directly or the detectable



The substrate for the enzyne is present in
‘as a,substrate sol ution. The substrate can be added to the el enent
prior to or 15 simultaneously with the liquid sanple, or after conple-
tion of the binding reaction. It isyyithin the skill of the ordinary
worker in clinical_ chemstry to deter- mne a suitable substrate for a
gi ven | ab@pecigs formghas A celbeh snauidtic weagtien ®feR1y acted 20

upon by thhAfigy Madebednd 04 supdtedtdl tigd é;‘&axhﬁ'le, thevgﬂ:é@ﬂesn a series

f t mh | th abel F
o amor ! g e dedatled SRV Gore or (SO ROoRALRSEEERS & (o

hydr ogen appaﬁuﬁﬁalm@ungbge@egaubpsknowmdpseceduﬁesexamnl3n the 25

U0t 9 hUREEL L1 BR0EL D! VoK TSR I NS LRHETS  cenafpacr added

from 0. 001by oneasuring, nfbe/ ekanple, Ather kateskiEl thdnge diie art woul d know
ow 10 a0l HoE1L0E: SAPHR ¢ DhndnbEL1 bR hBhs IS LhaLRe! 81ni28 pthg amount of

enzyme Iab e ass r eagent ayer
cont ai n ahWhHthﬁﬁérCOntacééﬁpUéFbl6hec§ﬁﬁtl§ﬁﬁ§16ne 8 en@ﬁéareagents whi ch

prOV|de a ﬂﬁiéﬁt§§|ﬁeﬁ@ﬁ%éﬁslésgénéﬁﬁth QthhGBVQQC 5 mm. {irp catal yzed
by the | abel. Prefer 35 ¢ Qsition is_a colorinetric

e at or,
i ndi cat%r eBAPBE| PEo 1ggnd whi & i&ﬁP&QSSQmP FoﬁﬁméﬂVQE§QLV detect abl e
speci es asproportional to the amount of label mebdured drefg t of

he i ndi cafoRLE8nBB8Re | of REF YA drtgie e R BRI dSURR produces a
.detectabletdyelﬁposeennﬁmaaﬁtei sammﬂa(manaCUaandﬂapuﬂadnngﬁoreagents
whi ch prodyggyication of a-substrate solution.
15 A typical element of this invention is

presented below. It will be understood by those

skilled in the art that the principle of the present

invention can be usefully incorporated into any

immunoassay element.

the el enent or added thereto

20 :
Immuncassay Element of the Invention
Dry
Coverage
(g/M2)
Labeled © Phenytoin—~HRP .000016
Ligand
Coating
MOPS, pH 7.0 .0045
Bovine serum albumin .000215
A-100 .00108
4-Hydroxyacetanillde .000325
Bead TES, pH 7.0 .219
Spread-
ing
Layer
(BSL) Dimedone .05
: Triarylimidazole leuco .2
dye
Dimethylsulfoxide 1.8
MaWnaMt 2.583
VtE Beads 130
Zonyl FSN .057
Methanol .675



the dye. For exanple, when glucose is used as the sub- strate and

gl ucose oxidase as the enzyne | abel, the colorinetric indicator
conposition can include a cou- pl er and an oxi di zabl e conpound whi ch
react to provide 10 a dye. Alternatively, the conmposition can include a

| euco dye and peroxi dase or anot her-1+ t abl e per oxi da- tive conpound
whi ch generates a dePecaésbiemdykosphatee-pH .83t of the formation of

hydr ogen peroxi de préddced when gl ucose oxi dase converts glucose to

gl uconic acid. 15 Usetiphenvtoiny8dbabeadaowh.in0tBe art and include
those, for exanple, described in U S. Patent 4,089, 747 (i ssued May 16,
1978 to Bruschi) and U S. Serial No. 612,509, filed May 21, 1984 by
Babb and ot hers., The particul ar anounts of the colorinetric indicator
20 conpoaqﬁ%ﬂF¥ﬂuiits vari ous  conpqgnents ari wi thin the skill of a
worker in t¥e%t.  Rousseleau tyDenavV| gpel ed!Pi gands can be prepared using
known starting nater@% égéﬁd rocedures  or obt gined comerci al | y.
CGeneral ly, the |igang. 5 ggaP& Pﬁ@ 25 ha% | (for exanple an enzyne
noi ety) through a coygl ) bond. 62 The i munoassay can be

manual or automated. I raly, the anounfeof a ligand in a liquidis
de- term ned byEyg%Fhéﬁﬁﬁgggéghﬂu fron1a'§ﬁgply roll, chip 30

packet or other source and physically contacting a fi- _nite area of
the spreading | ayer wrpf abe¥fpeiementhgan be ppgdi §o gyansisdple 1 to 100

[err]L. They{,8hd€ 8tB8rWh&A phenyt&ifO8tace@dnksedfBREREY NQnHEDre than
100 mmierr]. detennlqed by passi ng

35 the eIen%ﬁ}e?F?GUbﬂbEIQGiIgngggggéﬁgéﬁthggdBbgePPFﬁdcu ar t he
conpl exed | agseag. anohlyg dheestuth dabeheddiigahdblie used in a
-13- 5 single assay with a paired antibody in the bead
spreading layer so that a specific antibody-ligand pair
exists for each assay.
The names and symbols used in the above
element have the following meanings:

10 MOPS: 3-Morpholinopropanesulfonic acid buffer
Dimedone: 5,5-Dimethyl-1,3-cyclohexanedione
Triarylimidazole leuco dye: 4,5-Bis(4-dimethy-

laminophenyl) -2- {4-hydroxy-3,5-
dimethoxyphenyl)imidazole blue-forming leuco

15 dve. .

MaWnaMt: Poly(methyl acrylate-co-sodium-2-acrylamido-
2-methylpropanesulfonate-co-2-acetoace-

toxyethyl methacrylate).

VtE: Poly (m-&p-vinyltoluene-co-methacrylic acid).

20 Zonyl FSN: A nonionic, fluorinated surfactant sold
by E. I. du Pont de Nemours.

SUb: Poly ([styrene-co-m-&p- (2-chloroethylsulfonyl-

methyl)styrene].
Antiphenytoin-SUb beads: Particles of SUb polymer
25 having the appropriate immunoreactive anti-
body covalently bound thereto.



species formed as a result of enzymatic reaction of an enzyne | abel and

.a substrate. For exanple, the species can be detected with suitableor
spectrophotonetric apparatus using generally known procedures. In an 5
enzymatic reaction, the resulting product is determ ned by neasuri ng,

for exanple, the rate of change of -15~ reflection or transm ssion density

' he finy . Whi ith th le. Th
ani ch i s nERCHTER | ERRE o780 oAb oSty SR SSab S EMERRT of 11 gand |

ligand in -
the |iquid.sanpl e i sethasotehgnionipropofacoaat soldhbyaRohmt ané | abel
nmeasured in the . fghQite area. Cenerally, label neasurenent is nmade 5
to 180 seconds after sanple contact and spreadi ng or application of a

substrat e BRPuti on. Herseradish pepoxiygagal elenent of this invention is

presentsed pesmaw, |t mgl<vhﬁ¥msd§f§h99ﬂlee»iylb@EEer gelkthiheHarp-the art that
the principle of"theggresen i nvention can be Usefully i ncorporated

I nto any i MmunoaS8&y -el ement. 20 | mmunoassay El enent of
the I nventRélsseleau Type IV Gel: Bone gelatin. M Dry bel ed
Cover age . er Label e
Phenyioin-rRp  The gelahip, daver wps cogred bl Eibbla,

MOPS, pH 7gélatin washed podgfethylene terephBhwailatedesuppartyni n
. 0002

4y okyalBalif femainiig,jayers wereycoqted oitin,, g bead
. 219 gprgg@ing layiergwas coappst over thesSgelatfmdgyer. All
.05 of the afbrickefitiBrii’¥ Al drdGfere chbated using convéhe
tional coating techniques known in the art for making
dry immunoassay elements mentioned, supra. The labeled
15 ligand was gravure coated according to the procedure
presented, supra.

The following comparative and invention
examples demonstrate the operability of the present:
invention. The immunoassay element used was the same

20 for all examples except for the difference in coating
procedures and antibody in example 6.

In the examples the assay was carried out
step-wiée according to the following protocol. Ten UL
of a sample was spotted on the top surface of a dry

25 immunoassay element of the invention. The element with
the now spotted sample was then incubated at 37°C for S
minutes. It is expected that with the elements of this
invention equilibrium in the competition between
labeled and unlabeled ligand for receptor binding sites

30 in the bead spreading layer will be complete within 20,
preferably within 5 minutes. After this period of
incubation the element was removed from the incubator
and contacted with 10 ML of enzyme substrate solution.
For the assays used in the examples the label is

35 horseradish peroxidase (HRP) and the substrate solution
is 0.3% by weight H303. The substrate solution also



Di net hyl sul f oxi de 1.8 MaWwham 2.583

Vt E Beads 130 Zonyl FSN . 057
Met hanol . 675 -14-

Pot assi um phosphate, pH .039 7.0

ant i phenyt oi n- SUb beads 0.1-0.2 -16-CGel atin Layer Roussel eau type
%ES 1gontalns sodlumgﬁégkbﬂate buffer 4&3480 §r gxyamet gnLl i de 02 .15

BVSME (harbxﬁzsp;cyacetamhdﬁo 005M, diethylepetzdgpdnepement can be used
to quanti fiaacetb.t:ga&(ia abhaM bhdnapBepfhetanst at eduhdr airpPeef ore. The

stch | abel JAPELEANA TAENGS ERERIYZeE Crnora CRbiBp G § SaRIARSant ) body | n
the bezsl 1eus:pregé| m@ .Im)sercoa@rtekiatfoanspetsnﬁc}ndqmg laady welgand pair
Srove. | KERHR AR The dry Apalyhics R RRIE 7 RA WAL 1
3- Mor phol i descopideds iinf det@idcineneuf f dn the Bixasgdies presented
5, 5- Di et hlen i3 @Hd Raed ¥8arylimidazole leuco dye. The
rate of the catalyzed reaction is measured from the
10 change in reflection density over time at 37°C.
Methods and means for measuring reflection density are
well know in the analytical arts. The reflection
density is converted to transmission density using the
Clapper-Williams transform.
i5 . In each of the following examples a
. comparison was made between the dose résponse curves of
assays carried out with elements of the invention and
with the same elements that did not have a coated
labeled ligand to determine the extent of prebinding.
20 With the latter elements the labeled ligand is added to
the 10 uL sample and spotted on the element
concurrently with the sample.
" Comparative examples 1-4 are presented below
to illustrate the high level of receptor/labeled ligand
25 prebinding that occurred with a number of unsuccessful
coating processes. Several unsuccessful approaches.'
were considered and attempted for coating the labeled
ligand in a dry analytical element in an attempt to
avoid prebinding and adverse effects on receptors such
30 as antibodies. Unsuccessful approaches studied to
achieve the present invention include direct addition
(comparative example 1) of phenytoin-HRP to the coating
composition used to form the particulate layer
containing polymeric beads (referred to hereinafter as
35 a bead spreading layer or BSL) and immobilized
antibodies; incorporation of phenytoin-HRP into the



Triarylim dazol e | euco dye: 4,5-Bi s(4-di net hy-

I'am nophenyl) - 2- (4- hydr oxy- 3, 5- di met hoxyphenyl )i m dazol e
bl ue-form ng | euco 15 dye. MaWhaM :  Pol y( et hyl
acryl at e- co-sodi um 2- acrylanido- —17—

2-met hyl pro nesulfonate cp-2- ac - .

net hacryl &t égt CQpposition ?§( %ﬁb%?%y??fﬁ?ﬁﬁﬁSC%a%%YH%%r%l|c aci d) .
20 Zonyl ﬁ%ﬁdmeltlwgnpnmoadurefKcmmpaEmEiNSLeiamphatZboldse of a

by E. _

Poly[styrg%é cgkngiﬁg%gneélg?%%tﬁn g??o §|phenytoin-HRP solution

met hyl ) st yfeem] the tOpAﬁtSbﬁén?ﬂélhthbeﬁéaSBreﬁéiﬂgcLéyeﬁf SUb pol yner 25

havi ng st he. SRR PREAG Bnt IBYAPLBBE&HEV 8o@Nbhenytoin from the Beéxoaoval ently
bound thereto, - 15- Triton

X-100, an ¥cE¥PpheABLycpaF}BEnbRe pPhenytoin-HRP éPh&HoPnHGHQGHP@ surf act ant
sol d by Roferafin layer under thi@dabead spbHBRding la#@&sﬁhﬁéhsh per oxi dase 5
BVSME: Bi s v&nédsulf% Ingt§¥é%%hggalgel%or Ren ener.
Roussel eau®§pa*f G%Wm ﬁé § pheny$Qdnye| atin | ayer was
coated on aomphhad;ve exgepdeisn 1wds hdad firal, y (e lbgkent et &hepiidvallat e)

SbPE, e, R AEREETI oAU VR 108 BT Recr iR

af orement i §h@ctelbafy§mmge thast @d mng&éme@uccessﬁ@iad aoedtiing)

e e L8R Wt Py R RRAETE
_the proced§pgead1ng layer contalnlng receptors for the ligand
substanially free of prebinding is unobvious.

15 Comparative Example 1: Direct Addition of Phenytoin-
HRP to the Bead Spreading Layer Coating Composition
Containing Antibody-Beads for Phenytoin

Antibodies to phenytoin which were covalently
attached to approximately 1l beads and a solution of

20 phenytoin-HRP were both added to standard bead
spreading layer coating composition. The coating
composition was held about 30 minutes and then coated
over a hardened gelatin layer of the type known from
the aforementioned U.S. Patent 4,258,001 containing

25 0.5M phosphate buffer at pH 7.0. A control element was
prepared exactly as described except phenytoin-HRP was
excluded from the bead spreading layer thereof. The
comparative test element of this example was tested by
spotting the sample on the bead spreading layer

30 thereof. The control element was tested by adding
phenytoin~HRP to the sample containing phenytoin-prior
to spotting the sample on the control bead spreading
layer. Both elements were tested according to the
previously described assay protocol using a series of

35 aqueous phenytoin solutions ranging from 10-9 to 10-4 M
containing either none or 1 nM of phenytoin-HRP . The



presented, supra. The follow ng conparative and invention

~exanpl es denonstrate the operability of the present i nvention. The
i mmunoassay el ement used was the sanme 20 for all exanples except for the
difference in coating proceduﬂ@s and anti body in exanple 6.

In the exa | es th ied.ou 1S C ding to the
fol |l ow ng ﬁ 8t588P ﬁ%FeggﬁE% eg %aEg %Sle égg g%%?tgdggi the top
surface othatddyt2513|ﬁh@wmasgaﬁlgMeeeﬁt of the invention. The el enent

W th t he now spotted sanple 3?%&&&?? i ncubated at 37[err]C for 5
mnutes. It is expected that with € elenents of this i nvention

equilibriumin the conpetition between Rate|abeled and unl abel ed |igand
for receptor binding miyﬁé oiifd the bgagvsrr eadi ng kgy@rgah & be complete

wi thin 20, prefera mnthln 5 utes. After thls of
i ncubat i on $R@LENEnent ed fr bat et nt act ed
with 10 [ @ontdrodf enzynelsubsréte sol utiooms For thay4sgsays used in
t he exanpl es the | abel iﬁ x3§ _gorseradi%hﬁpgroxidase (HRP) and the
substrate sol ution s 0.9@6by wei ght rr]derr]. The substrate
sol ution al so 1 xcant&ins sodi @ Phosphate buffer (pH 6.8) 0.01M
4' - hydr oxyacet ani | i e ,0,663M dlethyég?@trlanlnepen- taacetic acid
10 [err] M and a surfactant. é d HRP- abel ed |igand catal yzes the
oxi dation of a colorless15x ﬂ@u o dye to-9%35colored form Such dyes are
wel | known in the dry anglgrd cal el enggtgart and will not be
“described in detail here. In the exanpl es presented herein the dye is a
.triarylimdazole | euco dye. The rate of the catalyzed reaction is
measured fecoatéde 1x 1074 .0296 .0114
Phenytoin- 1 x 1073 .0316
HRP 1 x 1076 ©.0351
1 x 10-7 .0396
1 x 10-8 .0403
1 x 10-9 .041

When the phenytoin-HRP was coated even very
high phenytoin concentrations (104 M) produced only a
5 small change in observed rate compared to the results
with the. control in which the label was absent from the
coating but added to the sample. The results indicate
that a significant amount of prebinding occurred when
the label was coated in the bead spreading layer.

10 Comparative Example 2: Incorporation of Phenytoin-HRP
By A Mix-Melting Procedure Into The Bead Spreading
Layer Coating Composition Containing Antibody-Beads For
Phenytoin

A standard aqueous bead spreading layer

15 coating composition was triple mix-melted a few feet
from the coating hopper with antibody-beads and a
separate phenytoin-HRP solution. The coatings were
mixed in a ratio of 25 parts of beads:1 part antibody-
beads:1 part of phenytoin-HRP. The latter composition



10 change in reflection density over tine at 37[err]C Met hods and

.means for measuring reflection density are wel |l know in the anal yti cal
arts. The reflection density is converted to transm ssion density using
t he Cl apper - VWIIians transforn11§5 In each of the follow ng

exanpl es a rison e n the dosge resp nse curves of
assgss cam%d’o@d’t TPF%I%%\?% 9‘?2? i3h Jafhoc PaxitiVe he same -
el enent s tehfﬁmpilled Naio hfoeEm atlvwad behent dAbeti sl dxapbet o Teeer ni ne t he
extent of t t n ligand is
added to éjonec ?nlfej %Tg&r‘]#s%rr% l%?\% Vgg%t%%%?oéﬁgt Qge{:ernen‘?g

concur r entfior vithis téanphel e. Both elements wexpnpastetdvasexanpl es 1-4 are
presenged &%ér@}gm%d 140 bﬁ\f)é'?éfﬁ{r@ éiegm igh! evﬁe %afsc‘eegeiégabe' ed

| i gand 25 a occurred wth a nunber of unsuccess
coating pr@%%s%@@ma€k%éﬁaknuﬁébé@e§§fuIAaﬁbﬁ%a@ﬁeEhat dak@r &sconsi dered and

attenpt ed $pEs&RAEENINt Begl2Rebed ligand in a dry anal ytical el enent

in an attenpt to avoi d prebinding and adverse effects on receptors
such 30 as anti bodies. Unsucceséﬂﬂﬂ%%ﬁﬁkoaches studied to achi eve

t he present invention include direct EKkﬂRdﬂEl (conparative exanpl e 1)
of phenytoin-HRP to the atin iion used m t he
particul ate | ayer cgﬁFQ ﬁgﬁa pol y q?ﬁ@kﬂéads (ref ??%gﬁ?%sﬁereinafter
as 35 a bemhtsmeadi ng Coanyer, df BSLMA@ﬂﬂﬂLﬁﬂnhl|IdeQrA:iQ§ﬁLmﬂOdieS;
i ncor por at 1phenyt oi RPgiat o the

"= 17- cogggﬁggconp05|tlgnk#or éhe bead spreadlng | ayer by 5 m X

. mel ting procedure (conparatkvkOeXanpl e 2)-0ldge of a Dual X- Hopper to

coat an aqueous phenytoi n{HRP,g0buti on _girggmthe top X-slot and the bead
spreadi ng | ayer

1 x 1077 .0484

1 x 108 .0525

1 x 1079 .0536
Coated 1 x 1074 .0272 .0113
Phenytoin- 1 x 1075 .0282
HRP 1 x 1076 .0324

1 x 10-7 .0379

1 x 10°8 .0384

1 x 1079 .0385

The results indicate that a significant
amount of prebinding has occurred when the labeled
10 phenytoin was coated from a coating composition
prepared as in example 2.
Comparative Example 3: Use of a Dual X-Hopper to Coat
an Aqueous Phenytoin-HRP Coating Composition From the
Top X-Slot and the Bead Spreading'Layer Coating

15 containing Antibody-Beads For Phenytoin From The Bottom
X-Slot

A bead spreading layer coating composition as
prepared in comparative example 1 containing phenytoin
antibody-beads was coated from the bottom X-slot of a



5 containing antibody-beads for phenytoin fromthe bottom X-slot; and

.coating the phenytoin-HRP in an unhardened gel atin | ayer under the bead
spreadi ng | ayer which cont ai ned i Mmobilized anti bodi es for phenytoin.
Conparative exanples 1-4, infra, illustrate the level 10 of prebinding
that occurs with these coatlng tecﬁHTques t hereby showi ng that a
process f@palu&e 7 YarfPadr %queousaﬂ A rl-H & ddt idy el ement

[ gand * COBRSGIIHER MR RECH o i ORs At ouoiia Foassbar at i ve
Exanpl e 1rat-JEi|dm-.ts AdUJSIpTErUﬁ %ﬁlﬁ;ﬁé&dmg IHRfert acddteimead Spreading -
Layer Coatl |t 0 i y- Beads for Phenytoin

Ant i bodi es q?tg:o%?% %O%l%%r%%aé}géfé}%e fﬁﬁsj CORYHWhed to approxi mately

1[ er r]Sbea:d:snm:r&ita.csol utThom haeaQ(spzp&mdrmgnhyﬁP comtingot h added to

st andar d ll%?r% [ T ng
conposition Jhezlfa@:xp %t%&%&%‘{%gaéan en co %ié’t?ln (\S/ié(raz;é har dened
gelatin | é’ﬁaﬁv’eﬁuﬁ% deseribedn T contr@heemm@th%nvemed U.S. Patent

4,258, 001 ﬁféﬁﬁéﬂ@@oa&@ﬂ m@smaaesﬁf@é&{n twybz Soat fmgont r ol

eI enment was i bed henyt oI n- HRP was
excl uded fcr?m’??%’egb £§‘B’Pe§ﬁ égﬁ"ﬁ% ?%o?ngﬂﬂe Profh hipgnbEPHt i ve test
el emend ofthéisopxeapleot vas 1(2$tedabyng thespbéhyﬁqlhhHRsaﬁahemg t he bead
Shenyt o n-sostrigh Tt Phous Pe  PREETRa o RERIE QIR EEHCERSY SOT M0 (e
“sanpl e on toe ¥oslovl bThd cpnbudinglementbaged. tBet Rletmenknts were tested

accor di ng &Rfjé'fnm tﬂéeEbQH%hypﬁ%ﬁgEb?ﬁdnﬁﬁsﬁérBr ekgegl ds I% a series of
35 aqueous enytolh solutions_ran rom10[err [e
cont ai ni ngc‘é‘i“PﬁéﬁthUﬁeeliﬁmP BVLof ényﬁéienrﬁﬁpltSTﬁé’e summarlzed

15 in table III. A plot of these rate results are

presented in figure 3.

JABLE 11X
Rate
Phenytoin DT/Min Rate Range
Coating Conc.. M {40-70 sec) {10-4-10=9 M)

Control 1 1 x 10-4 .0049 .0772

1 x 10-3 .0070

1 x 10-6 .0378

1 x 10~7 .0730

1 x 10-8 .0803

1x 10-9 .0821
Control 2 1 x 10-4 .0043 .0752

1x 10-° .0058

1 x 10-6 .0379

1 x 10-7 .0709

1 x 10-8 .0758

1 x 10-9 .0795
Dual 1 x 10-4 .0472 .0330
X-Hopper 1 x 10°5 .0606 '



rate results are summarized in Table | and a plot of that data is shown

n frgure 1. TABLE |

Rat e Phenyt oi n DT/ M n Rat e Range

Coati ng Conc., M (40-70 szT) (10[err]-10[err] M Contr ol
1 x 10[err . 007 0458 1 x 10[err]
L0112 oated i }B[err] 0573291 1 x
10[err] Phenytdi4B4 1 x 1077 1.671®[ err] . 0525

1 x 10[err . 0536 Cgat ed 1 x 10[err] . 0296
. 0114 ﬂ#é%ytoi n- 1 %18 &r] 07920316 HRP 1 x
10[ err] . 0351 1 x 107 .Q8Q210[ err] . 0396

1 x 10[err] - PA03results indicate that ¥ $9bREEkcant = - 041
When t he phenytoi n-HRP was coated even very hi gh phenytoin

concent r at 2B?30E 10f cPEELIMPABRBINREICBRPYTEIS smal | change in observed rate

?onpa[ﬁd tggmﬁ&:éﬁﬁﬂé Exampléﬂah tbeaﬁﬂﬂérﬁhelPhéhyeblﬁﬁﬁRbahﬂ|a?ﬁs absfﬂtt
romthe e sa esults indicate a

L oloni t1 cumnazisnnt BeLpEif: havRy UBCBR! LheuREAS SBRERGlnglrYeR coat ed

in the5beadh$aheadnﬁglhayant1b6dy€BeadsaEbrePEkaymb&nZ | ncor porati on of

Phenyt oi n- HRP n Pr re J ad Spreading

Layer Coating C0np03|ﬁ|oné&g%F§anﬁ§ %%ggégﬁ: 5%H§°§% Phenyt oi n

A st andar dUaheedesede ge lapioawiasg coaged mthcmtem:ygoammw ticoremvas triple

. mx-nel tedaapheWe %%%F elatﬁkpﬁ%ghﬁe SO Q&:EQRP% 4ﬂ§&y§etvgw'beads and

a separate phenytol n- tion. he coati ngs mxed in a
.ratio of 28xpaPie df epespd: thadr ©.H9 J&Py buffer pagigisehat dfPH

phenytpg n- iggP7 bhe b@@ﬁﬁ%ﬂ‘gﬁﬂéSaﬂddﬂlayer coating composition

containing antibody-beads as described in comparative
example 1 was coated over the unhardened gelatin layer
containing the phenytoin-HRP. Two control elements
were prepared by 1) coating the bead'spreading layer

15 coating composition with the antibody-beads over the
hardened gelatin layer directly without an intervening
unhardened gelatin layer and 2) by coating the bead
spreading layer coating composition with antibody-beads
over the unhardened gelatin layer (without phenytoin-

20 HRP). Each of the three elements was tested as
described in comparative example 1. The rate results
are summarized in Table IV. A plot of the data is
presented in Figure 4.

TABLE IV
Rate
Phenytoin DT/Min Rate Range
Coating Cone., M {40-70 sec) £10-4-10=9 M)
Control 1 "t x 10-4 .0026 .0662

x 10-5 .0069
x 10-6 .0309
x 10-7 .0600

x 10-8 .0666



-19- was coated over a hardened gel layer as in conparative exanmple 1

to formthe el enent of this exanpl e. The control elenent of exanple 1

was used as the control for this exanple. Both el enents were tested as 5
described in conparative exanple 1. The rate results are summari zed in
Table Il. A plot of that data is ~pResented in figure 2.

Rat e ) Phenyt @igr9 DT/ YeBs Rat e Range

Coat i ng Conc., M (40-70 sec) (10[err] - 1-[err] M Cont r ol
1 x 10[err] ° . 0078 . 0458 1 x 10[err]

. 0112 Control 2 1 e DO r ] .0056291 .04 1 x
10[ err] . 0484 1 x 10-5 1 60%8[err] .§§25

1 x 10[err] ~ . 0536 Cb ted 1 x 10[err] . 0272
.0113 Phenyt0|n- A A& r] .02640282 HRP 1 x
10[err] . 0324 1 x 10-7 .ba%710[err] . 0379

1 x 10[err] . 0384 Z x 10[err] ) . 0385

The results indicate that%a%ﬂ%ﬂﬁ%iéant -048fount of prebinding has
occurred when the | abel ed LG Idrehytoi n wagsggated froma coating

conposi tion prepared as in exanple 2. Conpar ative Exanple 3: Use of
a Dual X-Hopper to Coat
oated 1 x 10-4 .0219 .0125
Phenytoin- 1 x 10-5 .0197
HRP 1 x 10-6 .0247
1 x 10-7 .0338
1 x 10-8 .0343
1 x 10-9 .0344

The results indicate that significant
prebinding has occurred when the phenytoin-HRP was
coated in this manner.



an Aqueous Phenyt oi n- HRP Coati ng Conposition Fromthe Top X-Slot and
.the Bead Spreadi ng Layer Coating 15 containing Antibody-Beads For
Phenytoin From The Bottom X- Sl ot A bead spreading | ayer

coating conposition as prepargg%inw conparati ve exanple 1 containing
phenyt oi n ant i body- beads was coated fromthe bottom X-sl ot of a

- 20- dual X- Hop(fire divd laowiagu estampdiesndanionsiRRtondtheng conposi tion
was coat ed, f.r, =Sl retcyeNi ' 5 parts bead
spr eadi ng%ogfgiﬂgg _at%%gi‘.ées ’%f)er?p-gsl?t I on ?glel eplaérnt?é%% ﬁﬁen%i n- HRP coati ng
5 conposikresent THweRtHPn frassdih@ 1A IinD A% my 1abekedpbsyanrdn was

coat ed oveyyhdigff ekl adngldAYBivare thdNeyd sl phéegesiped. Two
-control elenents, werge prepare q¥ coating the pead spreadi | ayer

[ d n
coating HREgnpidsitibh B¢ drhede HROIRAS-f 1%1‘?1d“1)t1i’1%t?\¥ﬁgt?g’bm 10 the
top X-sl oteXumedrit)s Qorimyg dtioephbatyéDed - HRPagdat ¢ alsocoapasadéi on

lemmnts 2 IR EEnEe EeXnHAOR %4 coated phenyt o n- P vere
tested as in conparative exanple 1. The rate results are summari zed 15
%RBtgb:fHﬂ&ampfhﬁépt StatBfSechbat engeSE! 4 ﬂ&ﬁg?gs PhERGPLEH-LRp! I Qure 3
Pheny®8i n Solutigyy/qver a PrefgpmedrBagd Spreading: Layer Conc., M
(40-70 secgontainif§Nhhibddy-BeadsX£éP[ Phehytoin - 0049 0772
1 x 10[err] . 0070 e 1 x 10-6 . 0378
: An element within the scope of the present
invention was prepared by using the gravure process
previously described. A phenytoin-HRP coating
15 composition was coated over a preformed bead spreading
layer containing phenytoin antibody-beads. The bead
layer was coated over a hardened gelatin layer as
previously descfibed. A control element was similarly
prepared except that the coated phenytoin-HRP was
20 omitted. Both the example element and the control
) element were tested as in comparative example 1 except
that the test sample applied to the control element
included the phenytoin-HRP. The rate results are
summarized in Table V and a plot of the data is shown
25 in Figure 5. '

TABLE V
Rate
Phenytoin DT/Min Rate Range
Coating Conc.., M £40-70 sec)  (10=4-10=9 M)

Control 1 x 10-4 .0078 .0759

1 x 1073 .0179

1 x 1076 .0435

1 x 1077 .0775

1 x 108 .0820

1 x 10°9 .0837



1 x 10[err] . 0730 1 x 10[err] . 0803

1 x 10[err] . 0821 Control 2 1 x 10[err] . 0043
©. 0752 1 x 10[err] . 0058 1 x
10-6 . 0379 1 x 10[err] . 0709

1 x 10[err] . 0758 ~24- 1 x 10[err] . 0795

Dual Gravurk X 10-4 1 x 100472 ..0113 .0330 .060%opper . 1
x 10[err] . 0606 -21- Coat e

1 x 10[err°ated .05751 X Qﬂ?tOln- '057& 10[ err] . 0718

HRP Phenytbbdn-10[err]l x 10~® 0792 .0444 1 x 10[err]

. 0802 The r 4md|cate t significant anount of
preblndlng ]%s occurred. B nparative EQ§$ ?e 4. Coating the

Phenyt oi n-HRP I n an urha¥ detied Gel ati n-Q&Y@r Under the Bead Spreading
Layer 5 which Contains Amilﬁogg-ﬁeads for gﬁggytoin Thi s
el ement was prepared as fo ened gelatin_was coated with
phenyt oi n- HRP over a?ﬁ%?h%ﬁeﬂnﬁk?%F?ntm%§eYeg¥ HéEE}?bed in conparative

example 1 ﬁ%@ﬁiﬁdiﬂ@to@c@ﬁﬁé&Eﬁhéuffﬁé phRényEeinatRR RhslBoagkd7. 0. A bead
spreading | a coati,n n ainingsantlbod - beads as

descri bed ?ﬁ ﬁBﬁ?a??ggggﬂ88e95ﬁ¥V5e1cﬂgglégaP58 BFerhe TBfhar dened

gelatin | ayate range is about 80% of that obtained with spotted
5 phenytoin-HRP when this antibody and labeled ligand
combination are used for the phenytoin assay.

Example 6: This example of an element of the invention
was prepared and tested against a control as in example
10 5 except that a different antibody for phenytoin was
used. Also the bead spreading layer coating
composition was coated over a hardened gelatin
containing 0.2 M TES buffer at pH 7.0. A control
coating was used for testing with spotted phenytoin-HRP
15 which did not go through the gravure.process. The
elements were tested as in comparative example 1 using
serum-based calibrators containing either none or 1 nM

phenytoin-HRP . The rate results are summarized in
Table VI and a plot of the data is shown in Figure 6.
IABLE VI
Phenytoin Rate
Conc., DT/Min Rate Range
Coating g/mL {40-100 sec) £0-64 yg/mL)
Control 0 .1032 .0790
.5 .0972
1 .0240
2 .0892
4 .0792
8 .0665
16 .0492



contai ni ng the phenytoin-HRP. Two control elenents were prepared by 1)
coating the bead spreading layer 15 coating conposition with the

"ant i body- beads over the hardened gel atin |ayer directly w thout an
i nt erveni ng unhar dened gel atin Igyer and 2) by coating the bead
spreadi ng | ayer coating conpositio'r'l2 fth anti body- beads over the
unhardened gel atin |ayer (w @2ut phenytoi.n3680 HRP). Each of the three
el enents was tested as q§§cribed in cq grative exanple 1. The rate
results . are sunmarized in Table IV. A gﬁ t of the data is
presented in Figure 4. TABLE |V
Rat e : Phenyhoi n DT/, Rat e e
Coat i ng Gra%%ﬁs-, M -(40p70 sec) 'dgi%nrol 1 'qaﬁplo[erﬂ
. 0026 Coated | 0662 -5 -0849 10[err] . 0069
1 x 10[ er rphenytoin- 0309 1 .ogok x 10[err] . 0600
1 x 10[err . -22-
1 x 10[err+RP . 0688 Cont ol 2 08430 err] . 0059
. 0446 1 x 10[&rr] . QP850 1 x 10[err]
. 0264 1 x 10[err] .Eﬁgﬁ% 1 x 10[err]
. 0496 1 x 10[err] . Coat ed 1 x
10[ err] . 0219 16 .0125 .0514

32 .0379

64 .0274

The results indicate that very little
prebinding occurred when the phenytoin-HRP was coated
as described. The rate range is about 84% of that
cobtained with spotted phenytoin-HRP when this antibody

5 and labeled ligand combination are used for the
phenytoin assay.



Phenyt oi n- 1 x 10[err] . 0197 HRP 1 x 10[err]

.. 0247 1 x 10[err] . 0338 1 x 10[err]
. 0343 1 x 10[err] . 0344 The results

i ndicate that significant prebindi agghas occurred when the phenytoi n- HRP
was coated_jn, this manner. - 23-

The foIIo%%HE“@%hnples denonstrate the coating procedure used t.o nake

the elenents of the 1. pregent inmyeodssay havahgt bcabaélagent, a | abel ed
| i gand.

£ Althoqgh theSf.exaaplgs invo&ve Ehe use o{.ﬁhenytoin- 5 HRP

it will befRF AR PHoR et ERPIedCPIPTAZ A9t (#haf C°3 & 8nents having ot her
| abel ed | i gemdsinéngabsoeheymadéabeledyligahdwowgrt i) t @achi ngs herein.
Exanpl @ : ti f s, P OLQs : SAl Uil on over a
Pr of o fed %ﬁ%”%ﬁ%%gﬁi 18998 cBRLAIHERD TRERUADEIRES ‘g?%gﬁ@ Pt “Phenyt of n
An el enentimpehihiead seepeter.t ferpkBsehigand rhaeacteni®gd prepared by

using the ﬂﬁ&ﬂutﬁepbeﬁgiﬁg (a)pr esi edatrddaseecbed. ofeheRpEt oi n- HRP coati ng
15 conposition was coate adi n | ayer

A over a preformed head Spr .
containingPﬁHEh?P&PﬁeaHFVSGdeBeaUEF%?HE Bgagntervep P8 E1€&at ed over a
hardened gehgeirn | ayer as previously described. A control elenent was
orittdf” Both fhe’ efampl SR8 GHSAE AT A aidhdr rereln R LT ere test ed
as in conpelament dsanfil)e sibsteaitially firdemt cfhdinekdingsamgaoriapE ied to the
:control e'%@%@%en the receptor and the labeled ligand and (ii)

the labeled ligand is present at a coverage less than,
the same as or some multiple of the amount of labeled
15 1ligand used when the assay is carried out by contacting
the labeled ligand and analytical element concurrently
with the test sample.
3. The element of claim 1 wherein the la-
beled ligand is coated over the particulate layer at a
20 coverage of at least 4 to 64 pg/m2 and the particulate
layer is a bead spreading layer in which the receptors
are immobilized on beads.
4, The element of any one of the preceding
claims wherein the ligand comprises a hapten selected
25  from digoxin, phenytoin, carbamazepine, phenobarbital,
C-reactive protein, theophylline and thyroxine.
5. The element of any one of claims 1-4
wherein the receptor is an antibody for the ligand.
6. A dry multilayer immunoassay analytical
30 element, for assaying a ligand, comprising 2a) a
particulate spreading layer having (i) beads bearing a
fixed concentration of receptors for the ligand and
(ii) coated thereover, a labeled ligand and B) at least
one additional layer comprising at least a portion of
35 an indicator composition which produces a detectable
change in the element that allows quantitative

* < L L} s *



I ncl uded the phenytoin-HRP. The rate results are sunmmari zed in Table
V. and a plot of the data is shown 25 in Figure 5.

"TABLE V Rat e

Phenyt oi n DT/ M n Rat e Range Coati ng Conc., M
(40-70 se ] Iy, h 4 i hat 10[err]

10078 ﬁEasd%Eyﬁﬁy of Eﬂgfildadg c.araé%€?>?€ﬁﬂkﬂrﬁ at e o179

1 x 10[ er glement is (3sfree of binding reactions XY i 0775
1 X 10[ er rﬂeceptor. . 0820 1 X 10[ er I‘] . 0837
- 24- Gravure 1 x 10 erré} (iDIIS ] . 0609, Coat ed
1 x 10[err] . 01%7 A¢wé}ém%ﬂ -according 4@ elgim 6 whepgin HRP

1 x 10ferrdhe addit)boWal layer comprises a BuRfdO[&fid]an electrof700
1 x 10

erré .07%2 The results indicate that very
little TANST % 398 curred when the phenytoi n- HRP was coat ed usi ng
t he descri bed gravur&.coaknnglenenedaceordimg to chabmr 6nge s about 80% of
t hat obt ai { £ h o] e l. N hisS.aat.i nd | abel ed
| i gand wﬁékéﬁﬂafﬁgnggggtggggbfgg&?ﬁecgﬁg%ygggngagggygkbgeg¥ogxanple 6:
This exanpteieh &A epaventedfinhe andeatPbynotheryperpieopsr of &he tested
againa@ a CRPLFRLL 3%l BoR%8EPLE0A0 S except that a different antibody for

phenytdi n was used. Al'so the bead spreading |ayer coating
9. A method of making an immunoassay
elenent having a coated labeled ligand comprising the
steps of:

A. providing a dry immunoassay analytical
15 element having a particulate layer containing a fixed
concentration of immobilized receptor for the ligand;

B. determining the concentration of labeled
ligand needed to achieve acceptable immunocassay
performance when the immunocassay is performed by

20 spotting the analytical element with the labeled
ligand concurrently with a sample;

C. Empirically determining the level of
coated labeled ligand coverage needed with the same
analytical element to achieve acceptable assay

25 performance by:

(1) coating, directly over the particulate'
receptor layer of the element used to establish optimum
spotted labeled ligand levels, the labeled ligand at a
coverage in g/m? that is some fraction, multiple or the

30 same as the concentration of labeled ligand used in
spotting the labeled ligand in 1, supra;

(ii) conducting a series of assays with test
samples containing a known concentration of the ligand;

(iii) comparing the results of the assays
35 with the known concentration of ligand;

R



conposition was coated over a hardened gel atin containing 0.2 MTES
‘buffer at pH 7.0. A control coating was used for testing with spotted
phenyt oi n-HRP 15 which did not go through the gravure process. The

el ements were tested as in conparatpyge exanple 1 using serum based
calibrators containing either none or 1 ytoin-HRP . The rate
results are sumuari z&H¥]ln repeaq%%gesggp%n@lb %m%t(b$)tﬁ% paededs shown in

Ehgure 6. varying the labeled ligand coG@E&éé\&ccordlng to the
enyt oi n

Rat e RangeFesults %S%Plhﬁ step (lfé¥rfalﬂftermlne t?ﬂoliﬁﬁléék) (0- 64

[err] g/ nmL)ligand Coovephge required; &nd . 1032 . 0790
.5 . 0972
2 5 .0892 D. c¢oating the coveragﬁ level of th873§geled
8 liggndsempirically determined in ggep C. . 0492
- 25- 10. Thd2process of c?3%R 9 wherein th 64
L0242 G avure P§ §637 Wherein the \ o)  oated
5 labepgdgligpRanFeyexage is lessithan, the samgpas opRp
2

2 sevggéﬁ multiples greater than %ge labeled ﬂ%ﬁ?ﬁd
32 10 concggygatlon needed when the assay is carried out

according to step B.

11. A method for the assay of an
immunologically reactive ligand in a liquid using the
element of any one of claims 1-8, comprising the steps

15 of:

A. in the presence of a labeled ligand,
contacting a finite area of the particulate layer with
a sample of the liquid to form (1) an immobilized lig-
and-receptor complex and (ii) an immobilized labeled

20 ligand receptor complex within the finite area;

B. contacting the finite area of the

particulate layer with a substrate solution; and

C. determining the concentration of ligand.

umummmffmnum



64 . 0274 The results indicate that very little

pr ebi ndi ng occurred when the phenytoi n-HRP was coat ed as described. The
‘rate range i s about 84% of that obtained with spotted phenyt oi n- HRP when
this antibody 5 and |abeled |ligand conbination are used for the

phenyt0|n assay. -29- - 26- d ai ns:

. Adry i g assayi ng a-ligand, i
corrprl si ng W@@&#@W&%tml;g@% | abel ed 1i gand“over (b) a
5 particul.ate layer containing a ncentration of i mmobi |i zed
recepgog forlthe I|gaﬁﬂycﬁmmaﬁbsssa?dana%yt1camablbﬁgne9at|ng (a), is
coate i rect over the ar ulate | ayer ut. an intervening
barri er °°?B§é?%“§oa Coating coggaln%ﬁg a8 eﬁﬁ%?kﬁfwg &&ﬁgl wherein the

el enent5 i sligandubseanai phkyitndaetef lbyedi cgntedatingna fixedet ween t he

recept or aegnEPﬁtkégﬁbﬁdok'QﬂﬁﬁbQTQZEB'}eceptbgefﬁﬁfgigﬁglé%?t I's present

at a cover age ane as or - sone e anount of

| abel ed 15deprgaba@dused when the assay is carried out by contacting t he
| abel ed |igand and analytlcal el ement concurrently with the test

sanpl e. . The elenment of claim1l wherein the |a- bel ed
ligand is céﬁ?é’d%@t?@%ﬂ the abetTagkdr at a 20 coverage of at |east 4
to 64 [err]g/nferr] and the particul ate | ayer is a bead spreading

| ayer in which the receptors are imobilized on beads.

4. The el enment of any one of the preceding clainms wherein the |igand

‘conprises a hapten sel ected



25 fromdi goxin, phenytoin, carbamazepine, phenobarbital, C-reactive

~protein, theophylline and thyroxine. 5. The el enent of any
one of clainms 1-4 wherein the receptor is an antibody for the |igand.
6. A dry multilayer imunoassay analytical 30 elenent, for assaying a

| i gand, conprising A) a particul ate spreqy3ng | ayer having (i) beads
bearing a fi xed concentration of receptors for the |igand and

(ii) coated thereover, a | abeled Iigand and B) at |east one addi ti onal
| ayer conprising at |least a portion of 35 an indicator conposition which
produces a detectable change in the elenent that allows quantitative

-27- nmeasur engnps¥_ the |igand characterized in that the el ement is
(a) free of bindi 8 r ef Ts—eif h the receptor. 7. An
el enent accordgnép a the additional |ayer conprises a
buffer and an & g5 iggm : 8. An el enent
according to c |@$§h | ayer conprises a dye
precur sor I's » d s by other portions of the 10
interactive cowpogU350
I Munoassay =z el ement having a coated | abel
steps of: s 0 A. providing a dry i
el enent haV|ng:a payds dul ate | ayer containing a N xed concentration of
i mobi | i zed re&ptor fdr the |igand; B. determning the
concentration af Pdbl gd | i gand needed to achi®sye acceptable
* i Mmunoassay %E: 0.015 |
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per formance when the i nmunoassay is perforned by 20

spotting the

.analytical elenment wth the | abel ed | i gand concurrently with a
sanpl e; C. Enpirically determning the |evel of coat ed
| abel ed |i gand coverage needed with the sane anal ytical elenent to

achi eve acceptable assay 25 perfor
directly over the particul ate

establish optinum
a coverage pn
the concentration o

ligand in 1, sPS
t est saiplgde
Ull)cmmammgthe
of ligand; ' 0.07.-
repeating stgps (Oé
cover age acc%r d| n

| abel ed af
cover age IevE?
10. The procé§s o
t han,

c
BH

gppce by: (i) coating,

r'eceptor |layer of the elenent used to
spotted | abeled ligand | evels, the |abeled |igand at

g/ m2 that is sone fraction, nultiple or the 30 sane as

| abel ed |igand used in spotting the |abel ed

(ii') conducting a series of assays wth

g a known concentration of the |igand;

35 with the known concentration

- 28- (iv)

varylng the | abel ed |igand

3 step (iii) to determne the

verage requi red; anad

He | abel ed | i gand

laim9 wherein the

t he sane several nultiples grgater than the |abeled Iigand
10 concentréfignggeeded when the assay is car according to
step B. g 11. A nethod for the assy
"innunologicaf?yc%ghetive ligand in a liquid using\ el enent of any

. one of clainms 1

008
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15 of: A in the presence of a | abeled |igand, _
contacting a finite area of the particulate layer with a sanple of the
{i‘qui'd to form (i) an immbilized |ig- and-receptor conplex and (ii) an
i rmobi lized | abeled 20 |igand receptor conplex within the finite area;

B. contacting the finite area of _the particulate layer with a
substrate solution; _ and 3/3 ¢

determ ning the concentration
of |iganer .
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