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- 1 - DETERM NATI ON OF ANALYTE CONCENTRATI ON BY RE-EQUILIBRATICN ThIS
I nvention rel ates to a process for the determ nation '%ﬁ}
concentration in I|igand binding assays for in vitro analysis of for
exanpl e thyroxine (T4), insulin and thyroid stinulating hornone levels in
blood. It is known to determ ne anal yte concentration by |igand bi ndi ng
assay techniques, whi ch I ncl ude conpetitive bi ndi ng assay and
sandwi ch assay techniques. In one formof conpetitive binding assay, the
reactant to be measured, such as antigen_ A is incubated with |abelled
reactant of known concentration and bi nder, such as anti body agai nst
antigen A of KnOwWFERSIINATTON i0M AN YTRICONDENTRYT 208 BN Rige/HoetL BHATHON

conpete for blndlng S|fes on the binder. The bound antigen-anti body
conpl ex is separ (Hpéyf leabgghgiegnd Eglabgllq? -gptgen agd th@he
signal fromthe ound conp ears a mat hemati cal ationship to the
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precipitation
reactant to be reamilrsedin shibdods antigen B, is added sequentially or
si mul t aneousl y W th anot her react ant of known concentration such

as a |l abelled binder, for exanple |abelled anti-B antibody, to excess
of wunlabelled It is known to determine analyte concéntration by

_ ligand binding assay techniques, which include
~ competitive binding assay and sandwich  assay
techniques. In one form of competitive binding assay,
the reactant to be measured, such as antigen A, is (
incubated with labelled reactant of known concentration .
and binder, such as antibody against antigen A, of
known concentration, so that labelled and unlabelled
antigen compete for binding sites on the binder. The
bound antigen-antibody complex is separated from free
labelled and unlabelled antigen and the signal from the
bound complex bears a mathematical relationship to the
unlabelled antigen A to give an estimate of the

concentration thereof.

Generally, separétion is achieved by immobilising the
antibody on a solid phase such as plastics tube, beads,

or inert particles, or by precipitation of the

complexes.

In the sandwich assay technique, the reactant to be
measured, such as antigen B, is added'sequentially or
simultaneously with another reactant of known
concentration such as a labelled binder, £for example
labelled anti-B antibody, to excess of wunlabelled
binder of known conqentrétion, to form
antibody-antigen-labelled antibody sandwich complexes.
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bi nder . of . known concentrati on, to form
an%}body-antigen-labelIed anti body sandw ch conpl exes. -2- The conpl exes
an®¥ excess anti body are separated fromthe free antigen and free | abelled
~antibody, generally by inmmobilising the unlabelled antibody on an inert
solid phase prior to the reaction so that the sandwi ch conpl exes can be
physi cal |y separated, for exanple by decantation. The signal fromthe
sandwi ch conpl exes bears a nathematical relationship to the unlabelled
antigen B to enable an estimate of the concgntration thereof to be

cal cul ated. The Litiv I ndi ng t Echni gue may be used for
detern1nation'ofEﬁﬁgﬁgﬁgﬁg 4)g%%de%%§§émﬁﬂ&£%&§%s %té§mm5ﬂﬁ§§3§r8@
used for deternihbei neef antyigeind asidi rfides | Tapeblednant IGbHly andenesallily. | n
the known techni gyeSmidtAqaldihg CeREPIMT L 1A IrRAHAY. 2Bh! GGNS el the
reacted antibodies_is used to speed up the attal nment f equilibrium

bet ween the react@htd Phafg Peimgets, theppeaatdion seutkat thel gaadwich

exhaustion to oceshpléResheana b shyS562Y1¢ esbphgeeadn fldidiomsle b
di sadvant age is %hat_the,bound %%%lgen tends to djssociate, with resul fant
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forn1.the sandwbedirs canpoattenat\lbale retgueohsnipadts t ithie ohnlabeliaets is
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from the

thereof to be calculated.

-The competitive binding assay technique may be used for
determination of thyroxine (T4) and the sandwich assay

— L technique may be used for determination of thyroid
stimulating hormone (TSH) and insulin.

Irn the known techniques, repeated re-exposure of the
. reacted antigens with the reacted antibodies is used to
speed up the attainment of equilibrium between the
reactants and Dbinders, but this causes analyte
exhaustion to occur. 1In the sandwich assay technique,
an additional disadvantage is that the bound antigen
tends to dissociate, with resultant blocking of the
binding of the labelled antibody to the bound antigen
to form the sandwich compound. Where sequential
~addition of reactants is practised, dissociation of the
" bound antigen-labelled antibody moieties from the
. immobilised sandwich complexes also occurs. As the
concentration of antigen increases, the degree of
blocking or dissociation also increases,’thus rendering
the assay. inaccurate. The blocking or dissociation
effect is known as the "hook effect". '

It is an object of the present invention to increase
the sensitivity of the known 1ligand binding -assay
techniques.



i obi I'i sed sandwi ch conpl exes also occurs. As the concentyation of
t he degree of blocking or dissociation also increases,

antigen increases, ( . ncr
t hus rendering the assay inaccurate. The bl ocking or dissociation

effect is known as the "hook effect”. It is an object of the present

invention to increase the sensitivity of the known |igand bi ndi ng assay
- 3 - According to the invention, we propose an in vitro
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assays, the paecerdingnpPtositige adnvewnitlide,at yen g
anal yte to be

support,

wher

a_reactant i biljs on a solid phase

40N het yRen i

ey,

ggﬁkggg}OggéﬁaggeﬁﬂlPﬁélgﬂp' taR% gﬁeF°ﬁF@Ht§éﬁé°PnﬁdbiIised

react ant sitedigraedbl ddeddng t ragsaysj n bhéorpr?hgssquhdﬂyﬁﬂéﬁug regetion
lied t G Q s L i nai C ue,_ _the,procgess
o e OeﬁﬂglﬁBQBEEbh'Vﬁﬁ%dE¥JHJfﬁggyééﬁa th ?Pﬁg¥t n tire Jﬁbport,

according to t

e invention conprises bl ctive

t oget her wi t hdssgemépedhang mdingpetant bhmobél ksedbodya Iseflide phase

reaction wthghapgktbed wiyeddid i¢d arkkge 'aggeu AguRd:! a8 2nd
unl abel | ed antngﬁ ig discggdegéﬁﬁtﬁg thebeq3¥1i r 3 EBB qﬂ%*.%%%
applied to thglg

i nventi on conprbgesnbba¢
sonme of the binding

atioh reactl

Bndamen Huwehilised geactapt Hisasssare cbrorkgdt ovitthe

As applied to the competitive binding assay technique,
the process according to the invention comprises
blocking active sites on the support, together with
some of the binding sites of the antibody, before the
reaction with labelled and unlabelled antigen, and
unbound 1labelled and unlabelled antigen is discarded
after the equilibration reaction.

As applied to the sandwich assay technique, the process
according to the invention comprises blocking active
sites on the support, together with'some of the binding
sites of the unlabelled éntibody, before the reaction
with labelled antibody and unlabelled antigen, and
unbound - labelled ' antibody and unlabelled antigen is
discarded after the equilibration reaction.

The advantage of the process according to the invention

' compared with the prior art is that, whereas in the

prior art repeated re-equilibration causes analyte
exhaustion to occur, according to the invention
re-equilibration with fresh reactants may be carried
out and the sensitivity of the resulting assay is
enhanced with each re-equilibration by a factor of at
least 3. 1In particular, the process according to the
invention maintains the énalyte concentration and, in
the sandwich assay technique, decreases dissociation of

bragthel eg@ilibeation’ kReaTeARA.l, together with
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sites of the uplabelled antibody, before the reaction with |abelled

anti body and unl abel | ed antigen, and unbound | abel |l ed anti body and
uﬁrﬁbelled antigen is discarded after the equilibration reaction. The
advant age of the process according to the invention conpared with the prior
art is that, whereas in the prior art repeated re-equilibration causes

anal yte exhaustlon to occur, according to the invention re-equilibration
with fresh reactants may be .carried out and. the sensitivity of the
resulting assay is enhanced with each re*%qU|I|brat|on by a factor of at
| east 3. |.n partthel aboupfe pngdgss acdéthasieng sequaatialentadst tieimt aphs

the anal yte conqeéﬁé@éﬁ@é\ ?spctammrwém w%&fh@@ﬁé’nlmipé@,aﬂ@%@@ es
-di ssoci ati-on of oun ant i ere sequential addition

of reactants us%ﬁﬁﬁQh%%)<8PefﬁeSéﬁP#ééﬁG%&ﬁm%@ﬂf%&ﬂ?b8 y IRFEEHES (dhere

si-mul t aneous adddmipXdyed) r eachamhe lmfejmllczwéa §anavibh igoMPlidsdesedand
sandw ch conplexqi and t hus §reve n%nlfestatlon of .the $ook ef fect.
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According to a RN RN RENA L SRSt t_t}'he lf%%lf il * fresh
"analyte to measur ed is re- eqU|I|brated with the reactant and
~anal yte on the e .SuUppo S f.dhecs nitial; ation
reaction, sone (??é cﬂt&)%?%t e?’n g C)IS d: lrflgggt%grﬁ glft eg’ﬁ ellng delnléito 1zr;ced

by analyte to bethrEafinrs) tkﬁ?%ﬁ@nala$¢bﬁ¥¢he beund b€onplmsasuitrg ng 1s
re-equilibrated with the reactant and analyte on the

solid phase support as a result of the initial
equilibration reaction, some of the protein blocking
the reactant sites being displaced by analyte to be
\_ - measured, the signal from the bound complexes being
cumulated to reflect a more accurate relationship to the
concentration of the analyte to be determined.

In the process according to the invention, separation
of the bound complexes is carried out in the usual way
and the signals_from the labelled reactants measured to
give an estimate of the unlabelled antigen or other
reactant concentration after comparison with signals
from_the.reactants of known concentration assayed in a

similar manner.

Embodlments of the lnventlon w111 now be described by
way of example thh reference to the accompanying
..drawings, in which Figures 1(a) and 1l(b) _illdstrate
.diagramatically the prbceSs according to'the invention
are applied to the competitive binding assay technique
and

| Figu:ee 2(a) and 2(b) illustrate diagrammatically the
process according to the invention as applied to the
~sandwich assay technique.



cunmul ated to reflect a nore accurate relationship to the concentration of
the anal yte to be determned. In the process according to the invention; -
separation of the bound conplexes is carried out in the usual way and the=t
signals fromthe | abelled reactants neasured to give an estinmate of the

unl abel | ed antigen or other reactant concentration after conparison wth
signals fromthe reactants of known concentration assayed in a simlar
manner. Enbodi nments of the invention will now be described by way of

exanple with reference to the acconpanyi#&g_draw ngs, in which Figures | (a)

and | (b) il 1 usjratg di 8pagiREEC2! khel @ yRiARSS rde g t@owswmé'(ag;ion

- are applied to the conpetitiVve binding assay technique and Fi gures and
- 2(b) illustrdeiMpiammtical |y the process according to the invention as
~applied to the sandwi ch assay technique. =~ -5- In the draw ngs, the

synbols .have thg-follow.n ning:s O.. Fresh unlabelled antigen * 0O
Fresh | abel | ed anq:ben esn'fptabeltpd PFLBEP I ed antibody Label | ed
anti body Solid pnase support. _ '

Fresh labelled antigen

O protein

\/ .Unlabel;ed_antibbdy'
*7\ Laﬁeiléd antibody .
—— Solid phase support.

Referring firstly to Figure- 1(a), the initial
-equilibratibh reaction is shown, in which fresh
lahelled and unlabelled antigen is reacted with
antibody immobilised on a solid phaSe support, the
remaihing. active sites on the support together with
some of the antibody bihding sites having been blocked
with protein. The labelled and unlabelled antigen
compete for the un-blocked binding sites and free
(unbound) labelled and unlabelled antigen is discarded.
In the re*equilibration'reéction shown in Figure 1(b),
fresh labelled and unlabelled antigen 1is further
reacted with the immobilised antibody, some of the
~ protein molecules being displaced by antigen so that
the total amount of bound labelled and unlabelled
antigen is more accurately in proportion to the amounts
in the reactant mixture. Free labelled and unlabelled
antigen is discarded, together with displaced protein.

Referring to Figure 2(a), which shows the initial
sandwich assay equilibration reaction, fresh labelled
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Referring: firstly to Figure | (a), the initial equilibration
rqéctibn is shown, in which fresh [abelled and unlabelled antigen
i$~Teacted wth antibody i mobilised on a solid phase support, the
remai ning active sites on the support together with sone of the antibody
bi ndi ng sites having been bl ocked with protein. The labelled and

unl abel l ed antigen conpete for the un-blocked.binding sites and free
(unbound) ‘| abell ed and unl abel l ed antigen is discarded. In the
re-equilibration reaction showm in Figure-1¢b}, fresh |labelled and

unl abel l.ed antigepibbdy f dandhenmedetaddw amttien ke | | sedcaati badyh

sone of the proteln. cyl es _being displaced.by . antigen so _that th tota

anount of Eounﬁnf?gggﬁﬁéd a&%& °§XIa6§F géqéﬁ¥ggeﬁ’ S %Drﬁogtéur ggﬁf in

proportion to theuppouhts thet remgadingntaatkver esitds e alidled eduaport

uniabel | ed antigegqbgndlsgatfcdonbOge! PR dhilodhoPbasgdngr 81 fLE. nBGhGY | NG
Peh shows [ n

to Figure 2(a), the initral sandw c ssay eq Ibratio
reaction, fresh Pa®Bl| ed blockedantib&dfband ulsdi@ind anti gBplabeldedct ed

with unl abel | ed gatibedy-bA¥REehiS80ePled@ SQItHibdHASBaRdRAXY . cbhBlexes

g active oLl g2, gnal s SHRR% bl S9ELECLL LSO of, 1A, L Lbedy
Unl abel | ed ant'i bond- aiitégenunboainded babebbsy sadbicly camd exelabee 1gdr ned

at the_unblockeqaggigggl|%Hx§ntEQQng§é&§S In the re-equilibration

reaction shown in Figure 2(b), fresh labelled antibody

and unlabelled antigen are further reacted with the

immobilised antibody, some of ‘' the protein molecules

N ' 'being'displaced to allow the formation of additional

© " sandwich complexes. Free labelled antibody and

~unlabelled antigen are discarded, - together with

- displaced protein.



and free (unbound) Iabelled antibody and unl abelled antigen.. are

di scar ded. In the re-equilibration reaction shown in Figure 2(b), -
fresh | abel l ed anti body and unl abel | ed anti gen are—wrther reacted with the*n
i rmobi | i sed anti body, sonme of the protein nolecules being displaced to

~allow the formation of additional sandw ch conp “ J"ﬂﬂﬂﬂ", beIIed
ant i body and unl abell ed antigen are .discarded,} _
di spl aced protein. - 7 - CLAIMS 1. *

CLAfg§|n vitro process "f of

determination of analyte concentrati I gand bi ndi ng assays, the
process conprising an equilibration reaction between the analyte to be

determ ned and a rggcgﬂntvltrpg)&geﬁ]éeesds 0@ ﬁ%'tieq' hﬁasﬁosrppd??”ana‘&*ﬁree' n

active sites on the su ort to er wt sonme | Mo | sed reactant sites
are bl ocked CQ\P@‘ﬁntFﬁ‘é%@Pn impeflégandt H@lnféhﬁgl AT Rt PERCSSS A

process accorgomrifikyai @nl Céljﬁ)fhsdzrsgubirockraac@ciblnve setwseAn e
support, togethery with's i.nding sites he an%é?oq bef ore

the reaction %F?%YF%bEPIBS Qﬁ&eEWFQSQIF@ éhtﬁ%ﬁetaﬂﬁdlﬂwg Fhound
| abel Il ed a#dsolid appbked suppditgenwherafier activke sijuesi l:mat itdre

t
;g? Fvgog it es %lhp?ﬂgéoﬁgg%lppegfgélg:tmgsrox{ﬁ t ﬁ%n%'bq'lfg’ed Cpgge{;gh{gg sqlt%g(' ng
are blocked with protein before  the equilibration -

reaction.

2. A précess according to Claim 1 comprising biocking
active sites on the support, together with some of the
binding sites of the antibody, before the reaction with \;)
labelled and unlabelled antigen, and discarding unbound
labellled and unlabelled antigen. after the

equilibration reaction.

3. A process according to Claim 1, comprising
blocking active sites on the support, together with
some of the binding sites of the unlabelled antibody,
before the reaction with 1labelled antibody and
unlabélled antigen, and discarding unbound 1labelled
antibody and unlabelled antigen after the equilibration

reaction.

4. A process according to any preceding claim, in -/
which freéh analyte to be measured is re-equilibrated '
with the reactant and analyte on the solid phase
support as a result of the 1initial equilibration
" reaction, some of the protein' blocking the reactant
sites being displaced by analyte tol be measured,
s the signal from the bound complexes being_cumulated'to
reflect a more accurate'relationsh‘ip to the concentratin
of the analyte to be determined.



saorre of t.he bipdi.ng sites of the unI abel | ed anti body, before reaction
wi'th -labelled antibody and unlabelled antigen, and d| scar
ltabel | ed ant i body and unl abell ed antigen after the eq action.
4. A process according to any preceding claim in ”ﬂmm{# e to
be neasured is re-equilibrated with the reactant and an*alyrteLo

phase support as a result of the initial equilibration reaction, sone of
the protein blocking the reactant sites beBng displaced by analyte to
be neasured, th2-sifnBrotesm walse Henegichhafiorexdesdribed cuirbharederence
reflect a nore aggu ex &€ tont alyte to
be determ ned. & 5.8@&5a§ iﬁ%?gggggggsi)ﬁe?glgn orgghgsc?i Eeéu\%n?% ,
reference to and as illustrated in the accorrpanyi ng draw ngs.




