ASSAY This invention relates to an i mmunoassay. In particular it concernns e%
an. asppy for determining the relative concentrations of two antigenic ** , 3
sot ut A particul ar exanple is given of the use of the assay for 5 ° \

detectifig in a sanple- the relative concentrations of 3-
hydr oxy-oestra-1,3,5 (10)-tri ene=1%-one- 3- [ ERR] -D gl ucu- maaﬁgsl&rom c.
acid (hereafter referred to as oestrone- 3-glucuronide or E13G and

S[ ERR] - Qﬁgggfne 3[ ERR], 20[ ERR]-diol 3[ERR]-[ERR]-D glucupyranosiduronic

acid (h r ef erred to 10 as preganedi ol -3-glucuronide or PD3G). ’
There has | ong been a need for a sinple but reliable technique to indicate
the fertile period of the nenstrual cycle (i.e. the period in which viable
sperm and a vi abl e ovum nay be present together in the reproductive tract

of 15 the fenal®)is Nkvyedbhem rebatesi kpcan AMmMEBPR§ISAYs 1 ddsons, are

unabl e tﬁ@’f&dléf‘%%d@éeﬂﬁstbﬁ Hs88 VﬂbbeH)étQi-m(iQHWgaCt@fglVe devi ces and
conposi ti gnspr esent | vali echni aEQFﬂlerebﬁ the fertile period of

t he menst% 1‘(5/0?%"%/%% B %"%%cgrt FRe@" En30RE eS8 mondh- 20 to avoid
concept ipar tiycwlst | evcampl é r bsn ghvencofir $bedusengfhéhef adgsdye feri'od. The

samg t eGiY Qe " 3 A”Q'&ﬂ&ﬁf‘q;hm@ I-SthEGep%BmeQn\éQ%Lt‘io‘?lég:@Sf' st in cases

wher'e conceptio éoverne by the rhythmc

25 rel ew@mxmm o?h5f(b@r‘)thélaGEnéﬁprBh95| -Ohalmer i or | obe of

- the pi tWﬁéﬁbﬁi&f@nﬁ@%H@rr(ﬁbfesvaétesef@ﬁbagt%am s Fdpé- cycle, as
a result.'of. a co X |ng§£ggglon en t hese Sornnnes and specific cells

in the(inﬂx%ﬁPrq Qdh h§Rfs HPEEPFQPH Plas 249D prain, an
ovum i s Meﬁsmgxmﬁymmﬁdesoamd sbedl i(hergaditetthaafearted to

(en @"Etgl{ﬁﬁéiﬁé@ﬁ?gie§'%f“53?9“9533 ;opbghggnancy The ovaries conprise

fibrdus &5 s contal nrng a nu varian follicles in which ova
form The reldwere diasgolong| keeni aunaednfomornsi@pleShut reliable

technique to indicate the fertile period of the menstrual
cycle (i..e. the period in which v;able sperm and a viable
ovum may be present together in the reproductive tract of
15 the female). Many women, far. clinical or religious
reasons, are unable to avail themselves of the wide
variety of contraceptive devices ehd-ccmpositionspresently
available. A technique whereby the fertile period of the
menstrual -c)}cle could be ascertained would enable a woman
20 to avoid conception bi abstinence from intercourse during
her fertile period. The same technique for indicating the
fertile ;period would also assist in cases where conception
is sought.
‘The menstrual cycle is governed by the rhythmic
25 release of hormones both from the adenchypophysis (the
anterior lobe of the pituitary gland) and from the ovaries.
During each menstrual cycle, as a result of a complex
interaction between these hormones and specific cells in
the ovaries, the adenohypophysis and certain areas of the
30 brain, an ovum is released from the ovaries and the lining
of the uterus (endometrium) is prepared in readiness for
pregnancy. The ovaries comprise fibrous tissue stroma
containing a number of ovarian fnllicles in which ova
form. The release of follicle stimulating hormone (FSH)



-2- fromthe adenohypophysis causes the cells of the ovarian stroma
surrsounding a folli-cle in the ovary to proliferate and forma cavity. ,
Buri rg t-he devel opnent of the foll- icle a group of steroid hornon

oestraggens,” are’5 produced. Ovul ation occurs when rupture of the

I's stimul ated by the release of luteiniz r?g'horrmne (LH) fromthe
adenohypophysis. Once the ovum: has been dis- charged.into t abdon nal
cxvity to begin finad ﬂé?séd@“fg‘]yc?&ﬁi’yﬁ%é rcausss fhey g5dls; g :lg‘r?ai%ar?daébl | s

of the follicle dtaond hairauuyndingutee fal Iied ecdmpthel Wvary doalparodtiferate

secolMd’ group of steroid hornon t ro- .gestjns., The nst r.ual | e
may- be noti onalﬂr&}’e V& 'ﬁaﬁ'tlgﬁﬁ Ibg’q&(ﬂgl it&fl éfrev 885'9('35 Ot% t&?ul@ﬁdh)
and a | uteal phdsde & tggroupydfatat@rioid ihorimonfesl, ithel aesgragenshe aneeni ng
ovari an foIIicI?ﬂ%gHé§§§ oestrogens whi ch cause the endonmetriumto
regenerat e Poll wng Its |oss during the previous period. Upon ovul ation
the excretion of proOv2dajdan eeaurs mhesoyupture ofmtihesfioddied & He

formation of endgmiulatle IheA @ Idiyec Rif LudRdandZ inlae holrdiowe f(@H )X he
i npl antation ofﬂan oV,

mif fertilisati.on has ocgurred during,the passage of
the ovum down t H o) SRsSSP YR oA S | URER EE BXS R, D% DT S ind an
ovum does not 2xhamgedinintion tthee akdominalheavdryuto beguim dége passtasre and
t he | evel of, pr [ r I i n rati f
endonetri um1gﬁdq%ﬁleg1}dﬁﬁag.f#ﬁ:&f uﬁq-fb(uc’y%lhteeot a%%gmgggi 3)%:1%1% é’ltrl;q:?ff days to
conpl ete. The oVi@hliclehdianme ¢ hen oo patss thud@an .c o Fiieu #@FPUB0 lodeumdi ol |

oestriol and oesydWifratedStd A nd abﬂda.ﬁ, 9S ts R he2Mon@ISN M pro-
readi |y oxidised tq oestrone by the ‘body. Cestrone is hydroxylated to form
oestriol. All ttﬂ‘é*g’ld\‘s‘these steroids are present in the urine of

The menstrual cycle may be notionally divided into

15 a follicular phase (up to ovulation) and a luteal phase
(after ovulation). In the follicular phase the ripening
ovarian follicle excretes ocestrogens which cause the
endometrium to regenerate following its loss during the

. previous period. Upon ovulation the excretion of pro-

20 gestins by the corpus luteum instigates the formation of
endometrial mucosa and thereby prepares the uterus for
the implantation of an ovum if fertilisation has occurred
during the passage of the ovum down the fallopian ‘tube.
If fertilisation has not occurred and an ovum does not

25 implant in the uterus the corpus luteum degenerates and
the level of progestins decreases leading to degeneration
of the endometrium and to bleeding. The full cycle takes

" approximately 28 days to complete.
The ovary elabdratgs three oestrogen compounds;

30 oestradiol, oestriol and oestrone. IOestradiol is the
most potent oestrogen and is readily oxidiséd to oestrone
by the body. Oestrone is hydroxylated to form oestriol.
All three of these steroids are present in the urine of
women as glucuronide derivatives. |

35 The naturally occurihg piogestin is progesterone., :

The level of progestrone in the blood reaches a peak two

or more days after ovulation. It is rapidly metabolised
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worren as gl ucuronide derivatives. 35 The naturally occuring ‘progestin
i s prpogesterone. The |evel of progestrone in the blood reaches a peak tmb

or m)ys after ovulation. It is rapidly netabolised -3- to Lt

pr egnapredifol which is excreted in the urine as a glucuronide derivative.

The | evels of oestrogen and progegtin nmetabolites in the urine may be used.
to nonitor the progress of the 5 menstrual cycle. |In particular the ()
ratio gf 8€§gﬁQnsd§o&9bH9Hﬁomsdexaeeeeagmaneﬂbobr§nelusuaonlde which is

|l ow in the the cycle, starts to increase several days (f§$f
exanpl512°96°Bldaygfrbéﬁéiﬁeovulatlon and reaches a peak-val ue around e

time of ovurpbi PBvelbBeotOoepErbgonubAtOpYogbeten. methbolatiee en decreases
[ to reach | ow va er the ti - ovul - ation.

dl t
g?ﬁte ¥h5t"ﬁé?? BRY+RE H%ﬁétgéaw°8§gP§Stﬁﬁ ﬂn?ﬂﬁe?atgg gé el evat ed,
cobrespendsrualt bgclesti [a pertddudért hbe-cgtie, oﬁnoasﬁaynéeﬁ-lndlcatlng

fa'sedﬂpﬁkaggnQEetps drehRbhdi8185¢ gih¥u¥HM§h Phfiich! 1bNgoRssay s cheap

and si asis o rene vsef est for fertility.
I'n ourlBrtbesﬁlpatensespeéu#hEaEVshembstez¢§02901n3reaeed§§eﬁw9é a reagent

systemyapd frpet BREmh 2k deter51aaps)29erbre babiatidheangeci fication
descri bes cal neth

no detectin fer e period of the
nenstrﬁﬁ?°€9ﬁl@,pﬁ9ﬁdégiPﬁ1ﬂFHﬂ"ghELPeFéPFVB%CBﬂEiﬂEFaﬁlghb in urine, of
the0tmpehmnavuahtatyabbhshés Thet rabto3thkncdecroasde pagidly
regnapedi o e o] u erm ning the
gxtgntgg §ﬁ gﬁ Hﬁguhgcgﬁpg ggggogfg @Hé ggme B 8&8 “of thegtmo
met aboktien.,. $hecenhbﬁbcgﬁpteﬂfdbbsrmbeatrhabucveéﬂkl8h89p6bﬁf|- cation
.CONpri §883021 80k dvABRAS Ea¥bggpbﬁB§V€ESthbyfafiﬁﬁg period of

the ‘cycle, an assay for indicating ralsed values of the

15 ratio is clearly invaluable.
If the assay is cheap and simple it may form the
- basis of an extremsely useful test for fertllity.
In our British patent specification No. GB 20290115,
we describe a reagent system'énd a method for determining
20 this ratio. The specification describes an immunochemical
method for detectlng the fertile period of the menstrual
cycle, by determlnlng the relative concentratlons, in
urine, of the two hormonal metabolltes, oestrone-3-glucu~
ronide and pregnanediol~3-glucuronide. The method depends
25 upon determining the extent to which an immunocomplex.
dissociates in the presence of the two metabolites..
_ The immunocomblex described in our earlier specifi-
cation comprisés; a solid phasé_having irrefersibly attach-
. ed to it antibodies to pregnanediol-3-glucuronide; a bi-~
30 functional ligand comprising oestrone-3-glucuronide and
pregnanediol-3-glucuronide moieties irrevefsibly bound to
bovine serum albuming; and antibodies.to cestrone-3-glucu-
ronide. The ligand is bound'revgrsibly'by an immuno-
chemical bond to the pregnanediol-3ég1ucuronide antiboady
35 attached to the sqiid support, and the oestrone-3-glucu-
ronide antibody is bound reversibly by an_immuno#hemical
bond to the ligand. '



ed to it antibodies to pregnanediol -3-glucuronide; a bi- 30 functional
| i gand eonprising oestrone-3-gl ucuroni de and pregnanedi ol - 3- gl ucur oni g
noi eti es irreversibly bound to bovine serum al bunmin; and anti bodi es }
- oestrone-3-glucu- ranide. The ligand is bound fever3|bly by an i
chem cal bond to the pregnanedi ol - 3- qucJ*onlde anti body 35 attached
sol.id support, and the oestrone-3-glucu- ronide antlbody I s bound

reversibly by an i rmimodiemetioddtte timnuteodanpaek is incubretedivbch t he

I mmupoconpl ex i ubafe r t t r et e
for e gﬁt i - "Frdi'{ebg cis‘?n’%&% e&ili%no%gq:ﬁxﬁ{iglém@g#éét 2'%1“ t%lal The
sol i d phase is hadkesweausing Tthe mmmmommmbqjom dissociate partlally-

oest rone- 3- gl uctyON e P HE d£Si § RN wHBHRIND THR b 1dF Rigsdepends
upon the ratio of oestrone 3-gl ucu- ronide to pregnanedi ol -3-gl ucuronide in

the urine. “The SRS '@Jdtﬁ-b"c?"b’é‘s‘? HHetlas Fafnidg haund 42 e be
determ ned wi t heei e haee |depadn del Wpun oy dat ieeStooRes tibne-Bgauan ' de.
T eegent o S S TR T AT S s 19, B L1 o
oest rone- 3- gl uowmhrdxied %rﬂ#qnmmmn%@gm»rdtﬁder ova icket drers ela)esbear e
bound 10 a sUpRY{eHit&d nﬁ(ﬁm ér{‘unct | Onal] eelrltéQP'JFﬁ:'ltbo@o‘ﬁd"eoéseé

al bumn) to forma notion | gand. . an essentlal re-
quirement tHht 11E§%RHREP#QﬁﬂEd bet ween the |igand and the

antj - 8rggnanedl ol - 3- uieucw :ﬂﬁhds,cum taghd h&tﬂﬂid dje?ébrm&iﬁdﬂmbztmmnds
formed between t e t he ne ur,qni de .are
reversible. 1t e ee cﬁ VAL ﬁ#ﬁo q'l?d‘rﬁ%%aﬁc EHhve pdiave ggpe
reversible.. vm#ﬂm#ﬁ&tr&naup t hat the !nnunoconplex does not exhibit
adequat e d'SSOC'at'qméMU¥BHfuﬂgngﬂidMngﬂidﬂﬂéﬂd(y}éaﬂkhediol-B-glucu-

15 ronide moieties are bound to a support protein. (in the

o0 the

specific embodiment, bovine serum albumin) to form a
notionally bifunctional ligand. It is an essential re-
quirement that the bonds formed between the ligand and
the anti-pregnanediol-3-glucuronide bound to the solid
20 phase and the bonds formed between the ligand and the
' anti-oestrone-3-glucuronide are reversible. It has now
been found that these bonds are only partially reversible. .
with the result that the immunocomplex does not exhibit
adequate dissociation when incubated with a solution con-
25 taining oestrdne-B-glucuronide and pregnanediol-3-glucu-
ronide. This may be due to a multivalent reaction of the
ligand caused by the attachment of more than one of each
moiety to the support protein.
There may also be an immunological reaction between
30 the non-steroidal determinants on the bovine serum
albumin itself and antibodies attachedto the solid phase.
In additiona problem arises from the disparate
concentrations of oestrone-3-glucuronide and pregnanediol-
3-glucuronide present in female urine. Typically the con-
35 centration of pregnanediol-3-glucuronide is 10-50 times
' greater than that of oestrone-3?glucuronide. The reagent
syétem and method described in specification 20290118



25 taining oestrone-3-glucuronide and preghanediol-S-qucu- ronide. This
may/~be Yue to a nultivalent reaction of the |ligand caused:by the attachnent
of ﬁgfb t han one of each noi&ty to the support protein. There may al 50 be
an Norinol ogi cal reaction betweeng30 the non-steroidal deteriinants on the
bovi ne serum al bumh itself and ahtibodi es attachedto the solid.phase. In .
additiona problem arises fromthe di sparate concentrations of . >
oest r ongg Rz c ' Fsgpapedsobati- ide ' L0 female
urine. $§§fggf|§£@ﬂﬁggo§?g§§ gen??at?onqgﬁ_gégggéﬁgd?oF?éggfgéﬁpgnide iSy
10- 50 tpResPpreatardinlndrabyvcuronider ontbis gpay ulead dbo dee reagent s§¥ﬁeﬂn
and nethgdtslgscebyedrbsyspsei ficati on 2029011B -5- exhibit simlar
sensitivity to both oestrone-3-gl ucugoni d_pregnanedi ol - 3- gl ucur oni de.
This may |ea h?omﬁgb°8eﬂf?9g°?3gt1?eé§l%ggsaﬂéﬂn%?hﬁﬂfﬂFgﬁﬂogﬁd in GB
2029011RBersafeépr asdat Gudl ahalgbiétessag sincel theahetRodssgyohknce 't he

nmet hod | S. Qhe. wWhi Ln % i t aneous_assay of analytes.- In
. particu %%gﬁh% dthegngﬁ%tgfgégg§§égyerﬁ¥ﬂ%§ ?ﬁeéﬁ%ngn-iﬁﬁPgtion of one
anal yt elneparticularatbecdnal ananjybe Fhsayledetermimesntbe che-rel ative
concent ¢ght PEsbA HPVendOaRieyrd FOTBLEYe UOCL O0coia ! BRalptLo OF the

concentration of the two analytes and the dual analyte assay is therefore
pref er ab'§ detarednehipeaPE tRentelehivenepncentrationents Beto has been

r eatBedevér exceefipllex funbtidhicoPbiRétretidherPERSEBENEENERAEDBNI S O

provide,g ghgl ¢ 303hNE y 83524 ndMRS bl WAL abdly £'@HRrbAIEEN!
preferably used to indicate when a threshold value in the
ratio has been reached or exceeded.



of an adequété conpetitive equilibriumand which affords an increa

sensitivity to an antigenic solute 5 which is present in a m

“lowerr concentration than a second antigenic solute. According t .
present” i nventi oh we provide an assay involving the following c ts; a
sanpl e solution containing a first and a éecond 10 . antigenic solute;

a first anti body capaBhe objeetecofi thg presémy inventiomrisnbmtpoévide

f™st antigenic éobagf ahl$ %érégss?twg?gy Qﬁ%&ﬂs'fbﬁc%ﬁ%'é%%aﬁh§§ﬁ@99ﬁ

ant i body capabl e "of "reversi er m nant
secoﬁdfantlgen|cogoantedGQHetGe@@mﬂebhtiﬁQd?QQ%JiEFimmeﬁﬂﬂeﬁhﬂ?hbound to a

~solid phase suppgefords! aﬂaﬂﬂcﬁs£§s&| §eﬁ9ﬂ’é’£+§tﬁ9tél &rﬁtﬁé@ﬁﬁ@nsél)u%\él ch
the first antlbodgﬁls capabl e of reverS|E%éé£§n in and_a second

antigen to ®hich®¥ %hséﬁoﬂﬂeﬁﬁ?Fbﬁﬂy j Ba e o*gY%ﬁé?%ﬂ?ﬁﬁtﬁﬁFﬁ?ﬁg, the
first and secondtnahi gesecbadnantigenesssblytdound toget her -t hrough a

o} dging support ol eggrall LAOBAD IBLSEHL e RELAGAA 49! kol 2

a | abell ed anti body ca VEr Si nding to |gen t he
assay conpr|3|ngasﬂeysiepeluingfbhﬁiﬁglbpwi&8u¢ﬁmmﬁanﬁ$Banple sol uti on,

the first antibogy ?ahﬁfesﬁﬁﬁﬂgiéﬁtbbﬂgiiﬁﬂﬂﬁtﬂefifgeﬂﬂm§Qa secondl ecul e,

provided that the first antibody, the second antibody and the Iigand
nol ecul e ar&9not al | ARkégeRienSeheReot her prior to admi xture of the sanmple

sol uti on; Incubahlﬂﬂrhheaﬁeiﬁoayxéupab1ehefehgvabéﬂMLygbtmmmngutooa 35
Deteen e L aand, Tobeeutgi8ady bBoche! 2Lr8p! WHELLGNRE HhER! Eg0cT ot "
nmol ecul e and the secofifilratt agthbedyobeingftn agtutiemt on
a second antibody capable of revérsibly binding to a
15 determinant of the second antigenic solute, the
second antibody being irreversibly bound to a
solid phase support;
a ligand molecule comprising a first antigen to which
! - - the first antibody is capable of reversibly binding
20 | | and a second antigen to which the second antibody
is capable of reversibly binding, the first and
second antigens being irreversibly bound together
through a bridging support molecule, the ligand
molecule being in solution. and . o A
25 a labelled antibody capable of reversibly binding to
the first antigen,
the assay comprising the steps of;
forming a mixture of the sample solution, the first
antibody, the second antibody and the ligand
30 molecule, provided that the first antibody, the
' second antibody and the ligand molecule are not
all mixed with each other prior to admixture of
the sample solution; :
incubating the said mixture, thereby allowing competition
3% between the ligand molecule and the first antigenic
solute for association with the first antibody,.and
allowing competition between the ligand molecule
and the second antigenic solute for association



-7- with the second antibody, placing the solid phase support in contact

| abel | ed anti body, thereby all ow ng associ ati on between
abei) ed anti body and any unbound first antigen; and determ ning-“the *

/ | abel | ed anti body bound to the solid phase support “through the -

| i gand nol ecul e 10 and the %second anti body. Preferably, the |igand

mol ecul e conprises one first anti.gen and .one.second antigen the two

antigens being irreversibly bound together through a bridging support

nol ecul e. The presence of only one first 15 antigen and one second %

antigen in the |igand nol ecul e ensurgshathef §ecbndeasomposdyl,i ve react i OF

In thi f t ' bl e " bond, th :
'ssoc, BERSRPELFBELRP15H RhRRR plbbSYE: 2h b faPaRR HERE . T 0n conctant of
an5innunochemabellﬁd anbbohddy, | theaebycallowihg &sadeibbiomen the solid
phase and. thg %ﬁ@gﬂdtﬁgt?Qﬁﬁilgavﬁneiﬁe ragasgﬁg gﬁb§ﬁlaonstant t han t he

di ssoci ati on_constan | nMmuno- n1ca ch bind the first
and second aftrstpantégers aRd |igand nol ecul es. 25 The sequence and
conbi nagee8rainifig ﬁh&laﬂoaﬁd oﬂcmhnélmedoanthsoeynﬁeﬁﬁatsoof the assay has

fhe assay nahBeagiifophest BYePerioroPoRRd ARE. £REdna"FeRRRELE, v Xing the
sep@rat e conpodethe sacond sngpbodythis way the separate conponents are
each pl aced th gE kflgﬂecggg§HP0ﬁaﬂggH§ ycﬁaafgﬁegfgﬁgtlve conpetitive

reacti on resu ract olnt of v I'sS techni que. has some
limtatféRst antaaea|eeﬁnaaﬁvéesﬁeﬂeanéasﬁEtﬁbq t¥e ankigeesis

being irreversibly bound together through a bridging
support molecule. The presence of only one first

15 antigen and one second antigen in the ligand molecule
ensures an effective competitive reaction.

In this specification the term "irreversible bond"
means a bond, the dissociationconstant of which is '
lower than the dissociation constant of an immunochemical

20 bond. In particular the bonds between the solid phase
and the second antibody have a lower dissociation
constant than the dissociation constants of the immuno-
chemical bonds which bind the first and second anti-
bodies to the ligand molecules.

25 The sequence and combination of the mixing and
incubation of the components of the assay has an effect
upon the sensitivity of the assay and upon the ease
with which the assay may be performed. Preferably,
the mixture is formed by mixing the separate ¢omponents
in one step. In this way the separate components are
each placed in competition contemporanecusly and an

effective competitive reaction results. From a practical
point of view this technique has some limitations.
'In an alternative preferred method the mixture is

35 formed by: '




35 f ormed by: formng a mxture of the sanple solution and the |igand
nmol ecul e and m xing the said mxture with a m xture fornmed between the.
first anti body and the 5 second antibody. In this way the antig€pr
conponents of the assay (the sanple and the |igand nol ecule) ma ) -
prepared but will not react with each othgr .and the antibody co ts.of
t.he assay (the first and second anti bodi es) may be prepared . but will not

redet with each 10 gidfiply rmaume)rw twurainbnw/@%nutth%naahugenbc and
ant i body conponents are m%<ed The sal I*éJ\kli’ﬁ rrg ?}5\@6 appropriate
stag®s’ of the askigand maleguls,An de™ EGUH& b8t he solid
phasg 15 | %ﬁfﬁ!rm&?d tb“aviee*rstt,hesmersct QMJJW |a0f]l an@: - bodi es
may be i mmunogl obul i n, enr, ghe i - the rel ev
antigens or ondteeMNd amMd ttq'ﬁ‘é r"@lye\r}%'ﬁt é‘ﬁtj‘ § cPRgo P&Bgﬁl ed
anti body is prefef dihe mmbl@tmé q}mplé(hnddwhmgmmdsmtdlecsulgdahaw th or
W thout a suita y I n

| abell ed with aﬁégrﬁé&rﬁﬂ: uomnor or. ?&?t '{itﬁ' ne%lsESFJ (??ril'teq‘ ggg ?’ve
exanpl e there rragnblabut)ewmwn%ﬁh%ﬁ t'pemadaa(éihealﬂMQMqu@&pnaﬂase

[ ERR-gal act osi daggt #o S% Se Pt étared MRS wilne it ¥eact @cﬁtﬁ”khhﬂdy

| abel l ed with horse radl erOX|dase The sol i d phase support may
mcrotitratitth pPeher s keagkion rﬁ%}bPESPrﬁFﬁﬂé‘h% theriantdigenie }§F‘§t e,

plastic or gl assahtitesdy Pdmpowéntieodife nisied particles, a mcro- 30

crystal|ine el Ful osth® %&f&ﬂaﬁ%ﬁr TR PR TRy TPESTECHIV ATEETR

particul ate gel ,of Bhélt@sgﬁltuénneézunwuy species which are not bound
to the solid phase. '

15 One or more of the first, second and labelled anti-
bodies maf be immunoglobulin enriched fractions of anti-
sera to the relevant antigens or monoclonal antibodies

. to the relevént antigens.

The labelled antibody is preferabli capable of pro-

20 ducing a visible signal with or without a suitable
substrate. More preferably the labelled antibody is
labelled with an enzyme, a fluorphor or a chemilumines-
cent radical. For example there may be used horse
radish peroxidase,. alkaline phoSphatage!‘?Tga;actosidase

25 or glucose oxidase. Most preferred is an antibod§'
labelled with horse radish perox1dase.

The solid phase support may be a microtitration plate
such as a microtest plate, or a microtitre plate, plastic
or glass tubes, balls or beads, latex'partieles, a micro-

30 scope slide, particulate cellulose, prefe:;?ly nxcr%EmQ
crystalllne cellulose, agarose, sepharoseA sephacryl[_a

polyacrylamlde particulate gel, a silica gel, an alumina,
a zeolite,or a fibrous material for example cellulose in
the form of a filter paper. '

scope

35 Preferably the solid phase support is a microtitration
plate. '



a zeoliteor a fibrous material for exanple cellulose in the formO‘f a
filter paper. 35 - Preferably the solid phase support is a

m cr ration plate. 9 The binding of the second anfibody to the” sol‘l d”
phas be achi eved by any known neans for exanple chem cally or by neans
of a ypepti de for exanple anti-imunogl obulin antibody, protein A or
killed 5 or fixed Staphyl ococcs =-aureus. The assay may be used in a

met hod for dtherbindimgtdf fhetsécondrantiddy Mo mihestsalkdd cycle in Whl ch

t he assa t

oest ronexahgf %goé\?dg&gih éd gﬁ Lﬁ%?%il\&?, qfucuronl deé%{%nﬁl n urine. I"ﬁ’
this preﬁbenédahkxe of b_jnemagsayorha p¢§wmﬁbtﬁﬂ%dﬂm smamplapri se at | east
one nol e | I % | ecul e of

pre nanegﬂltf Qémg’l%%{ﬁgﬁ%dlg %ng/é?gl gfr oulﬁcftﬁc?t(s)ug ri dge support

nol 8cul eoTr16ixed Wnd nol ecul e is of the formula 20
[ERR] 25 Therﬁéesggayl:ﬂaynbeOﬁsahsmpaqweﬁwdfﬁradéﬁa?ﬁﬁﬁi kit for

perform ay_o ent |nven t d descri bed
i mredi at gﬂ? gﬁﬁgife ?ﬁr{“ﬂﬁg °goﬁﬁ5c??'6ﬁt gﬁ)r{h ‘&E'{Fr}'é reagent Kit
conpri si khesapaant Ebyuseﬂetbl menidori Myrelé:biwmmbaﬂrbmbns he Iigand.
nol ecul e_an bgl Yan r eagent
Kit conp??s?ﬁgggoag #fgcgpﬁﬁgg g %?%&d&i d:%s ﬂ%ée{g%&rrgf%%tl body and,
sepiPat elp, urtue) | g&hd‘cmbsenneéeanadtW|%etheaoamx behwsy . 1igand
molecule may comprise at least one molecule of ocestrone-
3-glucuronide and at least one molecule of pregnanediol-
‘3-glucuronide irreversibly bound through a bridge support
molecule.
15 - Preferably the ligand molecule is of the formula

20

25

The 'pre'sent inirentio_n_aiso providé_s for a reagent
30 kit for pérforming the assay of the ‘present invention
or the method described immediately above. In this
connection there is provided a reagent kit comprising
separately, the first antibody, the second antibody
the ligand molecule and the labelled antibody. There is also
35 provided a reagent kit comprising a mixture of the first antibody-

and the second antibody and, separately, the ligand molecule and
the labelled antibody.



- 10 - Divisional British pat ent application No. 950755 relates to
nol ecul @ suitable for use in the assay of the present invention ang

i ncorsporation in the reagent kit of the present invention. The H
system of "the present invention overcones the limtations inherent—n the
system described in British patent specification 2029011B by repl acing the
pro- teinaceous support nol ecul e conprising Bart of the bi- 5 functi onal
| "gand with a sinple bridging support nol ecul e derived froman organic
conmpound having two reactive functional groups. The relevant steroid

met ab itgs I(i n the CaSBigisi&@aBpkﬁifisréeﬂ?)ﬁ&hﬁﬁdﬁpli;béﬁl&e%%bﬂbﬁsshud
oestrone- 3-gl ucuroni de a regnanedi o] - 3-gl ucur oni de may, attache
chenmically to sugﬁfagﬁ?i g%l %gfg%% r‘P°JrTT)‘F‘ég%I %u{Barl?]g?rﬁ%F 13fard %ﬂeecul e

- herei nafter refeassdytof athei presant erinvdeatt ogesndrf dBSAnderporgilon din a
sui tabl e bridgi ng,su | i f%- ] .g.
1,6-dianinohexang§éNf§§%é2?2¥§?3$§HP?%3%?§%§¥%9 '€£%€§ﬁ€%ynthetic support
nol ecul es exhibit a greatly re- duced tendency to form multival ent

i mmunoconpl exes and have negligi bl e i munol ogical affinity to antibodies
present in the systemas inpurities. The nethod of the present invention
takes into 20 account the generally |ower |evel of one of the antigenic
solutes (in the case of the specific enbodi nent oestrone- 3-glucuronide).
It has been found necessary to increase proportionately the sensitivity of
the method for 'the antigenic solute which is in |ower concentration. This
25 has been achieved by allowing for a truly conpetitive reaction between
the MSA and the antigenic solute for conplexing with the anti body to the
antigenic solute in



2

question. |In the method described in British patent speC|f|cat|on 2029011B
ssoci ation of the i munoconplex 30 formed between the antibody and the,
(B) necessary before true conpetition-can begin. It has been found that
Ne sensitive assay results when the conponents of the reagent system
are added such that the MSA has {9 conpete with the sanple for binding to ..
35 either antibody. In the specific enbodi nent -to be described the above- "\l
menti oned reagent system and neﬁﬂgﬁ'are used to determ ne - 12 - the day
or days in tihe mesasntasysk erivendiosh QUBETGPRES

Olest rort¢re3d lg.'niiﬂiﬂt@.@r?ﬁ 1trmerrreemanecﬂrw sy&*@nﬂ@ﬂmﬂﬁ# i he urine belcorres

el evat st Ssj.ve i, nes oyt, a nmenstrua

cycl e t Ip(fr{tgﬁ‘g:r ﬁ?% ?%%QEa&?%“ﬁl?gt elpﬁ.@cd%} $h P t he end of

t he fer&eﬂrmqwusockuplpm@ddldllmles|amrulmnrgalp|amt ea"ctﬁm eb:peak val ue

& und fﬁfﬁ%t‘l@ﬁ QT ;qélrﬁi 'vﬁrbro‘%b%%rﬁbieabi@ﬁg?ﬁ? - Il cate the

maxi ma e reagent system

and t hé’ecn}GIIEdarfél%ﬂt @"HS’E!-‘QP"!@ ROBPRaN ihgvd ng tﬂ‘l'ﬂr é-'re@@mee to the

acCoNPFUAILY oHaANgtBupdl MTHE reflieiidnt bterol P my¥AL Kedli @H am show ng
assay

t he operation o.f enbod nt of the dyal analyte 15

under Sise rg:ﬁ’é’s ?{F Afbgdifends ta be, fasardibedy 3G and PD3G
Fi gure o%stmmea-}g-rgfmhz&rmwm drite pafeignain eafi odaBrglyduroniadg) h of the -

bri S ok l . o]l t he bi nding of
al belra‘% d%%g% ta Lgth%"ﬁffgﬁertc?ms :fshea lelg’)di "%grgq‘cﬁ%oo phase anti body
(solid nmmellamtha Fﬂyaug a magieca 1 har@magﬁm rafasRd t he _
dose- rQ§pQH§%uS&ﬁV%&é¥bld antigen or MSA, An example of &

suitable bridging support molecule is an alkyl diamine

e.g. 1,6-diaminchexane. Mixed steroid antigens using’

15 such synthetic support molecules exhibit a greatly re-
duced tendency to form multivalent immunocomplexes and
have negligible immunological affinity to antibodies

_present in the system as impurities. '
. The methad of the pneseni invention takes into

20 account the generally lower lével of one of the antigenic
solutes (in the case of the specific embodiment ocestrone-
3-glucuronide). It has been found necessary to increase .
proportionateli the senéitivit§ of the method for the
antigenic solute which is in lower concentration. This

25 has been achieved by allowing for a truly competitive
reaction between the MSA and the antigenie solute for
complexing with the antibody to the antigenic solute in
question. In the method described in British patent
specification 2029011B a dissociation of the immunocomplex

30 formed between the antibody and the MSA is necessary

| before true competition can begin.

It has been found that a more sensitive assaQ results
when the companents of the reagent system are added such
that the MSA has to compete with the sample for binding to

35 either antibody.

In the specific embodiment to be described the above-
mentioned reagent system and method are used to determine



the' dual anal yte assay to E13G and PD3G 25 Figure 4 - is a graph/g
the dose response curve of the dual analyte under conditions afasiy
nmenstorual cycle, Figure 5 - is a graph showing the results of the § A
anal yte assay for a typical nenstrual cycle, 30 Figure 6 - is a bar graph
summari zing the results obtai ned when thd2dual anal yte .assay was used to
neasure daily urine sanples from 17 wonen each over. their conplete

meAst fual cycl e.gffip ol ’%}}s ofn tdHe I Yualy dy&ileathom il ciincent- -
anal yte assay is scherfatical I’y described jn Figure. 1 . .In the dra JQ%_the
fol | owi ng synbolzateken (pakio of -%@tﬂ'ﬁ‘cﬂ’@mlﬂ% to ddsanRnegicl-

gl ucgro?i de) dst eJ-F&Iind’[?ﬁtﬂblgi%tﬁ‘ (e gnsimeslibE cone gy lelmvatedie) Testing of

m xed steroid antigen anti y, 0 oestrong-3- i §€¥ﬁ e itd body-
to oestrone-3- g"’r‘ﬂg'iﬁ?b?ﬁvaee 'gﬂbﬂy%yd p%als"eéswr]ﬁh&aﬂ acﬂe?ag‘ﬁr{)o y_éll'oqzy%l%

to pregnanedi ol -wewldickivers ter Foindisatefhe ianaafe ddrcdunatiiomenst the
two antigenic sol _e?zf e S i1d )p donerp-4ddididd) darndel e ratio
concentration high. Pregnanedi ol - 3-gl ucuro |q§£5$8c3 ;onc ntration | ow. 15
This represents TeRches (mtR ek NAI YR %W‘b‘gr‘? nfay.q ar‘V""}‘Hs’@'bf qhgerv-
menstrual cycl e, agiéh ter£f pssk tveusd tindidd i3 e Wiineh ot reneimeslpeci al |y

I nterested. A sa urine is taken and, diluted as wecessary, it is

e"{ﬁ
added to a buffete&t $6n containing a m xed steroid antigen
10 An embodiment of the reagent system and the dual

analyte assay is now described with reference to the
accompanying drawings in which:

Figure 1

is a schematic diagram showing the
operatiaon of an embodiment of the dual analyte
15 ' assay under various extremes of concentration
of two analytes, E13G and PD3G,
Figure 2 - is a graph showing the effect of varying the
length of the bridging support molecule of a
20 ' ligand upon the.binding of a labelled'antiquy
(anti-E13G-peroxidase, AEP) to a solid phase
antibody (solid phase anti-PD3G, SPAP),
Figure 3 - is a graph showing the dose-response curves of
the‘duél analyte assay to E13G and PD3G,
25 Figure 4 - is a graph showing the dose response curve of
the dual analyte under conditions ofasimulated
_ menstrual cycle," -
Figure 5 - is a graph showing the results of the dual
' analyte assay for a typical menstrual cycle,
30 Figure 6 - is a bar graph summérizing the results
obtained when the dual analyte assay was used
to measure daily urine samples from 17 women
each over their complete menstrual chle.
An embodiment of the reagent system and a dual
35 analyte assay is schematically described in Figure 1. In
the drawing the following symbols are used:



20 havi ng antigenic determ nants to both oestrone-3-gl ucuro- ni de and

pr

nanedi ol - 3- gl ucur oni de.

This m xture of antigens is then added to amrr
dy to oestrone-3-glucu- ronide in solution and-an antibody to *

edi ol - 3-gl ucuronide attached to a solid phase. The antigens present
e 25 mxed steroid antigepzconpete with the antigenic analytes for
binding to their respective antibodies. In the present case the reIativeLMJ

hi gh concentrati on of oestrone- 3-glucuronide in the sanple results in a
| arge proportion of the antibodééto oestrone- 3-gl ucuroni de becoming b

30 to the analyte,\%Saving m x&
phase having free a

i gen cor rekyRiRRMide ) - 14 -

.. : oypd
rodd gpetabml en Geestne@etd-the solid>

oestro' ne-3-glucuronide. An optional buffer wash, and.incubation with a

| abel I ed anti body to oestrone-3;glucy- ronide. resplts in the |labelled
ant i body becgniné hs§oc?- ated@ﬁ? #ﬁ%ﬁﬂfé%ﬁi?ﬁéﬁ:@%réﬂé?%eafatﬁy be
detected. 5 ii) Destrone-3-gTctFORT ]

13G) concentration | ow.

Pr egnanedi ol - 3- gl ucuroni de (PD3G) concentration |ow. This represents the.

siguation in Lhe_qgguijﬂli- mikéd PLESEi@fadbgdEnstrual cycle. The test
as ab :

procedure is e but as indicated 1n the drawing no signal is 10
produced as insuffigient urinary oestrone-3-glucuronide is present to
conpete to a signgizéah

the majority of o

unl abel |l ed anti bo

antigen finally bézzi)*o the solid phase are associated 15 - with

anti body to oestr

0 oest r onkalBe hl et Lawbi bedywhta hogs brenes3+abel | ed
3-gl ucur opl @eufoemideassociating with m xed steroid

Mt ext endn¥ibddy heo No&SErSASL DL dlastitgRNdeAs a result
one-3-gl ucuroni de noieties on the m xed steroid

antigen, and hence from producing a signal. iii) Qestrone-3-glucuronide
(E13G concentra hi gh. 20 . Pregnapediol-S-glucuronide (PD3G
g solid phase with attached antibady

concentration hi
10 ,

15

20

25

- 30

A Py to pregnanediol-3-glucuronide

Four extremes in the concentrations of thé two antigenic
solutes are shown. '

"i) Oestrone-3-glucuronide (E13G) concentration high.

Pregnanediol-3-glucuronide (PD3G) concentration low.

This represents the situation during the. periovul--
tary phase of the menstrual cycle, and therefore the sit-
uation in which we are especially interested. A sample
of urine is taken and, diluted as necessary, it is added
to a buffer solution containing a mixed steroid antigen
having antigenic determinants to both oestrone-3-glucuro-
nide and pregnanediol-3-glucuronide. This mixture of
antigens is then added to an antibody to cestrone-3-glucu-
ronide in solution -and an antibody to. pregnanedicl-3-glucuronide
attached to a soiid phase. The antigens present upon the
mixéd steroid antigen compete with the antigenic analytes
for binding to their respective antibodies. In the
present case the relatively high concentration of cestrone-
3-glucuronide in the sample results in a large proportion

“of the antibody to cestrone-3-glucuronide becoming bound

to the analyte, leaving mixed steroid antigen attached to

the solid phase having free antigen corresponding to

1 4



*

This represents the situation in the md |uteal phase of the nenstr

cycke. sThe test procedure is as above but as indicated in the draw no..
gignal Fs pro- duced as the m xed steroid antigen is not able to i-.-25
ate-to a signifrcant extent with either the pregnanediol - 3-glucurdonide
anti body or the oestrone-3-glucuroni de-ddtt+body due to the high
concentration of the sterord netabolites in the urjne. fs a result-the
mejority of thePfgkeenerrolucurnits: M%c?ﬂ%’s‘"%ﬁjeqﬁbq SoUtFito 3HE 30

_sol) i%éphase agdi:?é@ba\aﬁd_ngdupgs%eiéwliwmimﬁ?w #d dedtat drasl B 1 by .

i v strone-3-gl ugcuroni de congcentration | gw. P .

Pr egnanedi ol - 3-§7% é&cﬁﬁ?ﬁ}éi{ﬁﬂatQ§né§§ﬁi§%+(ﬁpﬁ$%ﬂ#yIQF?QW¥P%Hﬁ§ﬁﬂ?Bﬁ t he
rel atively hi ghatedcehth athens@bid pliage etherediblngy Jaidetadiedio a
significant extent prevents the association of the m xed steroid antidgen.
-15- with $he sbl) dOpsbeenemdtdiarerond ds GRbIG) scanpantratiam Xowe. f ol | owi ng

we describe the prepaighdRdd 8ol LG G&h Fn 50 | DY) tdbh e & RUEL SPNPEWENt S
of the reagent system™5 . Materials and Met hods Unl ess specified .

otherwi se, all chenmTils apshsesententive Vi tuobian niagl tfrre)ra'dilqw}d@m;cal s
ea wat er

“Barbi tone Burfortt Phese S the eRfRrPEVEL (LT IRR. The (SPar gt

concentration ois(Oa97abovgechierasi imdcdbed wiv)thoditanian de SimngH bé

bef or o k) 0. e Tac teE | Lpdr £ LLLR BPEERRL RS I BN B e

buf f er cont ai neliS (PARFeHH| ton eaMRetRlct ANl Biand Hiradh 8%t gk apblfedthe om

11.53 g/l anhydfpxéddéteroid antigen. As a result the majority of
oestrone-3-glucuronide noieties on the mixed steroid
antigen finally bound to the solid phase are associated

15 with unlabelled antibody to oestrone-S-glucufonide which

prevents labelled antibody to oestrone-B-glucuronidé from
associafing with mixed steroid antigen, and hence from

d ' - - producing é signal.

iii) Oestrone-3-glucuronide (E13G) concentration high.
20 Pregnanediol-3-glucuronide (PD3G) concentration high.

This represents the situation in the mid luteal
phase of the menstrual cyecle. The test procedure is as
above but as indicated in the drawing no signal is pro-
duced as the mixed steroid antigen is not able to associ-

25 ate to a significant extent with either the'pregnanediol-
3-glucuronide antibody or the oestrone-3-glucuronide
antibody due to the high concentration of the steroid’
metabolites in the urine. As a result the majority of
the mixed steroid antigen molecules are not bound to the

30 solid phase and are washed off before incubation with
labelled antibody.

iv) Oestrone-3-glucuronide (E13G) concentration low.
Pregnanediol-3~glucuronide (PD3G) concentration high.

In this situation the relatively high concentration
35 of pregnanediol-3-glucuronide to a significant extent

prevents the association of the mixed steroid antigen



-sodrunthydrogen phosphate and 2.25 g/l anhydrous sodiuntdi-hydrdgen

phosg Bovi ne serum al bum n (G ade V, Sigma Chem cal Co. Fancy Road, "
Pool set, U K) was 20 dissolved in this solution to a concentration
of = 5% ). vashing Buf fer A solution was prepare.d containihg 0.1M sodi um
chloride, 0.01M ethylenedian ne ygtra-acetic acid and 0. 01M phosphate

(consisting of 1.153 g/l anhydrous di- 25 sodi um hydrogen phosphate and
0. 225 g/, sodluntdl rq%drogen pho%phate) TqQ each litre of this solution was

added 18dthotthg. sedd

Phase gnsnhesceTRgesisnalris pbserviedy washi ng buffer

was wel | shaken taed faduwle.@ tue Ridsérd bei ttlhecgnepe@ettﬁ@he@dwdrochl oric

id. 30
oy cRbpragteRTsatone og 1hY NaslausOloRpnagts b

ol uti Qn contai ni n tr|§ % 02M Tr| base,
d um

chl ori deyw&empr epar ed and adjusted to pH 7.4 with concentrated hydr ochl ori c

aci d. ESPE Buffer A solution was prepared containing 0.1M sodi um
chI5r|dﬁéﬁﬁEQﬁ&LEEﬂA_MEGDQ_ENIphosphate (as 11.53 g/l anhydrous di-sodium
hydr ogen phosphate and 2. 25 sodi um_di - hydr ogen phosphate), the pH

was adJustedUPée?soSMGFHfé&ﬁcéﬁhﬁaﬁé&ehyaﬂécﬁh&ﬁ#éa 8 @andreéodach litre of
sol uti onenas added olﬁamneqf falomolBOHe colendeall s( AtB. ,0Padak ,aDérded]l Of

Tween- 2
bovi ne
Dor set ,

15
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géFP“ um H (Cail réaoma}je §f’ & 'dgiem galfvjaggrwas prepar ed by dissol ving

cal Co., Fancy Road, Pool e,

gY glko s\ §§$$ uffer to give a 2% (wv) sol ution. Secondary Buf f er
r was prepared by drssolvrng the same

Sodium Barbitone was made up to a final concentration
of 0.07M together with 0.1% (w/v) sodium azide. The pH
of this solution was adJusted to 8.4 with concentrated
hydrochlorlc acid before making up to the final volume.

Blocking Buffer

Blocking buffer contained 0.1M sodium chloride and

. 0.1M phosphate (prepared from 11.53 g/1 anhydrous di-

sodium hydrogen phosphate and 2.25 g/l anhydrous sodium
di-hydrogen phosphate). Bovine serum albumin (Grade V,
Sigma Chemical Co. Fancy Road, Poole, Dorset, U.K.) was
dissolved in this solution to a concentration of 5% (w/v).

Washing Buffer

A solution was prepared containing 0.1M sodium
chloride, 0.01M ethylenediamine tetra-acetic acid and
0.01M phosphate (consisting of 1.153 g/1 anhydrous di-
sodium hydrogen phesphate and 0.225 g/1 sodium di-hydrogen
phosphate). To each litre of this solution was added 10ml
of n-butanol and 0.2ml of Tween- ZéZT“%he resulting washing
buffer was well shaken and adjusted to pH 7.5 with con-
centrated hydrochloriec acid. ' '

Tris-HCl Buffer

. with concentrated hydrochloric acid.

A solution containing tris 0.02M (Trizma  base,
Sigma Chemical Co, Fancy Road, Poole, Dorset, U.K.) and
0.5M sodium chloride was prepared and adjusted to pH 7.4

*



grade bovine serumal bumin in ESPE buffer to a concentrat- ion of 0.2%
(Wv). Substrate Sol ution A Substrate solution A consisted of 0.01M .
dt methyl * 20 am nobenzoic acid (Al drich Chemcal Co., The Ad Br|c¢/;
Road, G Ilinghani Dorset, U.K.), 0.1M amoni um sul - phate, 0.01M
0. 02M phosphate (as 2.307 g/l anhyd- rous gl-sodlun1hydrogen phosyf
0: 45 g/| anhydrous sodi um di - hydrogen phds ﬁdte)- The pH of this solution
25" was adjusted to 6.0.with 2M sodi um hydroxi de. Finally, 10m of n-butano
was added per |i ES®PEoBufekrti on. Substrate Sol ution B Substrate sol ution
consi st ed of 0. 02M 3-net hyl - 2- benzot hi azol i ni ne hydrazone hydrochl ori de
(Aldrich 30 Chemical Gbsoluﬂ1¢ninaaapeepafhbsbonteiﬁmh@tmomM(Béﬂﬁmﬁrate

| ut C Yad t 3 v e OXi er to
e M eor o PERIdRade Dy odnh Mt EBTASRRUYE Y M NROIBER. O3 85 1T, 38 AT 1o
buf f er con5|sted36hY©r99WldbdﬁgdiunlbYddegandeossﬁatGIUOdaZeZchAtld
Con- A De b f: i n o)
[ERR] - ot hy 'ﬂnﬁg‘;‘t"% E 'g”d’%ﬁzﬁ]"ﬁzf‘\%ﬁﬁm Ehepl Faf BT ) €4y 1o ) 10
Buf fer This consittddcg °6 ERP&GHlUWF&EEP&P@lcoaihﬂsodT%n¢%¢hc#itkﬂawﬂ was
adj usted to pH 4salutibnhydascatoedc126ml a¢i dbsbhee@hatad 1 e( AR Saidte)

Phosphat e buffereds I e,cont gi ned 1M sodi um chl ori-de and 0. 1M phoSphate
(prepared fron11% g?PlaﬂE gPSﬁE gb *sodi um hydr ogen phosphate and 2. 25
g/ Primary Buffer

10 Primary buffer was prepared by dissolving bovine
serum albumin (Grade V, Sigma .Chemical Co., Fancy Road,

Poole, Dorset, U.K.) in ESPE buffer to give a 2% (w/v)
solution.

Secondary Buffer

15 Secondary buffer was prepared by dissolving the same
grade bovine serum albumin in ESPE buffer to a concentrat-
ion of 0.2% (w/v).

Substrate Solution A

Substrate solution A consisted of 0.01M dimethyl

20 aminobenzoic acid (Aldrich Chemical Co., The 0Old Brickyérd,_
New Road, Gillingham, Dorset, U.K.), 0.1M ammonium sul-
phate, 0.01M EDTA and 0.02M phosphate (as 2.307 g/1 anhyd-
rous di-sodium hydrogen phosphate and 0.45 g/1 anhydrous
sodium'di-hydrogen phosphate). The pH of this solution

25 was adjusted to 6.0 with 2M sodium hydroxide. Finally,
10ml of n-butanol was added per litre of solution.

Substrate Solution B

.Substrate solution consisted of 0.02M 3~méthy1 2-
benzothiazolinine hydrazone hydrochloride (Aldrich
30 Chemical Co. Ltd.) in water.

Substrate Solution C

Substrate solution C was prepared by diluting 30% (v/v)
hydrogen peroxide in water to give a 1M solution.



énhydrous sodi um di - hydrogen phosphate). The buffer was adjusted to

Preparati on of various nixed steroid antigen (MSA)-conpounds The -

15

pH 7
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4-Eog3t rigne-
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MSA' s have been prepared: 20 1- [ pr egnanedi ol - 3- gl ucur onam do}, -

3-gl ucurona- m do]-butane (or PD3G 1, 4(DAB)-E13Q
6- [ oestrone- 3-gl ucurona- m do] - hexane (or
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owi ng. al am nes we

nmono- sughlofidedanit 0. F83 vwiv hgatebiei aeildanhydri de nmet hod descri bed by
Samaraj eewa, P and Kellie A E. (1975) Biochem J 151 369- 376
1, 4- di aGomebubesertiingdBufifebhexane 1, 8-di am nooctane - 18 -

1, 10- di am nodecane. A sinplified work up, pfocedyr. s_deve| oped based on
th® use of r%9@%6édﬁﬁ&%élﬁépbﬁﬁﬁﬁi8cﬁﬁg%g&ﬁée@? §V£ﬁ§¥§mE§EYE 324 Chester
Road, HashhessfdeNost HinhCbhefheabi €6, ) Uik Jris/HC1 buffébe fol | owing
describes the general nethod for pre- paring nono substituted steroid

gl ucur ongetatsyBudfeni nes: E13G . (10 [ERR]) +
[ERR] TIERR]) dry di et hyl formani de (DWF (400 [ERR)) dry t-N-butylam ne
(7.5 [ERR]) 1Bis ceobisyedhofobetMasedium acetateq4051M podium

10

15

20

25

30

chlor
acid.

ide and was adjusted to pH 4.5 with hydrochloric

Phosphate Buffered Saline

chlor
anhyd
anth
adjus

Prepa
compo

Phosphate bufferedsaline contained 0.1M sodium

ide and 0.1M phosphate (prepared from 11.53 g/1
rous di-sodium hydrogen phosphate and 2.25 g/1

rous sodium di-hydrogen phosphate). The buffer was
ted to pH 7.5. '

ration of various mixed steroid antigen (MSA)
unds .

The following MSA's have been prepared:

1-[pregnanediol-3-glucuronamido], 4-[oestrone-3-glucurona-

mido]

-butane (or PD3G-1, 4(DAB)-E13G)

1-[pregnanediol-3-glucuronamidol, 6-[oestrone-3-glucurona-
mido]-hexane (or PD3G-1, 6(DAH)-E13G) _
1-[pregnanediol-3-glucuronamido], 8-[oestrone-3-glucurona-

mido]

-octane (or PD3G-1, B(DAO)-E13G)

1-[pregnanediol-3-glucuronamido], 10-[oestrone-3-glucu-

rona-

mido]-decane (or PD3G-1, 10(DAD)-E13G),
10

(hereafter abbreviated to MSAa, MSA6, MSA8 and MSA

respectively).

with

The following Elkyi'diamines were mono-substituted
E13G using the mixed anhydride method described by

Samarajeewa, P and Kellie A.E. (1975) Biochem. J 151 369-

376

1,¢-diaminobutahe
1,6-diaminchexane
1,8-diaminooctane




stir, 30 mn, -10C add to 150 [ERR} al kyl dianmine in 600 [ ERR] DV st 10
mn,. [ ERR], |eave 18h, [ERR] 15 add 20 M water, |leave 18h, [E ;S%ﬁd-'o

nm water¢ apply to C18 cartridge wash with 10 m 50% (v/v) methan - O
water wash with 10 m water wash with 10 m 30% (v/v) MeOH contai
(v/v) acetic acid 20 elute cartridge wit] 1 50% (v/v) MeCOH contai ni ng
1% (v/v) acetic acid dilute eluent to 100 wth water, apply to fresh C18
cartridge wash with 1 rbonate 25 wash with 10 m water
elute with 5.0 m Nbcﬁ q@%&%’toagﬂvﬁgggg Impurities were largely renoved by

washing cart - ”%gﬂ%‘*ﬂes. i W ip dﬁémﬁeqiasilééeéfdﬁwlbwéarbaytﬁad

pH T.L.C. of fin ues reveal'ed fairly pure 3 prod u? I n each
case. Yields rangae faforReyerae, phage BepsPake gy n%ﬂ?'éf%%g%re Yakerstbtdpe

rElith step vwbt hogtstifr%ﬁaeﬁrtaumédd:atnmf&’w? N@ﬁtng@yﬂ] ,eobﬁasﬁhee Oic’i meoin) 035
nonosu stitute a I am ne erivatl ves e an ride
reaction; EP3G 1, 4(DABe @/P\gé%ia%ﬁﬁscnbeigthe %’l?ﬂainéfﬂgl@ dghiap; pre-

10(DAD) Agai n seprdifind-bnuadut sigictu ted estxsﬁdangImfamal eaDkpl dighines:

i solation. 5 The foll ow ng describes the general d for cou
E136 (10 pmol) + HE13G (10 dpm)_
dry dimethylformamide (DMF) (400 pl)
- dry t-N-butylamine (7.5 pl)
10 isobutylchoroformate (4.5 p1)

stir, 30 min, -10°C
add to 150 pmol alkyl diamine in 600 pl DMF
stir, 10 min, 0°C, leave
: 18h, 4°C
15 add 20 ml water, leave 18h, 4°C
add 20 ml water, apply to C18 cartridge
wash with 10 ml 50% (v/v) methanol in water
wash with 10 ml water
wash with 10 m1 30% (v/v) MeCH containimg 1% (v/v) apetic.acid
20 elute cartridge with 50 ml 50% (v/v) MeOH containing 1% (v/v)
: acetic acid - |
dilute eluent .to 100 ml with water, apply to fresh C,g.
cartridge
wash with 10 ml 0.1M sodium carbonate
25 wash with 10 ml water '
elute with 50 ml MeOH, take to dryness.

Impupities were largely removed by washing cart-
ridges with methanolic solutions of differential polarity
and pH. T.L.C. of final residues revealed fairly pure

30 produét in each case. * Yields ranged from 31% to 43%.
These intermediates were taken to the next step without
further purification. |

PD3G was coupled to the following E13G monosub-
stituted alkyl diamine derivatives by the mixed anhydride

35 reactions;

E136=1, 4(DAB)"
E13G-1,6(DAH)



second steroid glucuronide to nonosubstituted steroid glucuronyl alkyl
AR - (5 [ERR]) dry DMF . . ‘
t-N-butyl am ne (4 [ERR]) T .
(3 [ERR]) stir, 30 mn, [ERR add to-4 [ ERR]
E13G al kyl diam ne in 500 [ ERR] Qri?EMF stir, 1h, [ERR |eave 18h, 15
[ ERR] add 20 m water |eave 18h, 4C apply to [ERR] cartrldge wash with 10“J

m wat er &Aag 10 m of 50% (v/v) nethanol. in O 1M sodium
car bonat e wa§ﬂ§ﬁth’l ( f 50% (v/v) methanol contaning 1% v/v) acetF
acid wash w tgn3g-n] 1O{OWO Er 25 elute with 10 m net hanol take f?f

dryness purify by HPLGC.Yield roduct in th i nal _methapol ic el uent
ranged. ARRATAEH-PaKoE1g eerErs FogP ipsh uRed LI Tre st pkes;
inpuritidnhtFﬁso&ﬂt&nnmere in the expected order with polarity increasing

by 1% ob-pr acciie S 88 M een by  LF¥ aREH-AR Mt hBAC b RARR- LI 1 L °F,,

pp. 589-160% (slexia)d %thawed rga.bmemmhidhatto ordeubstlitptedt gtetodd

radi ol i m% gfﬁ éanlnlng successive fractions of a
chr omat ggram e ra |gand or sPeC|f|c activity. .- 20 -
| PDBG _ 5 pmol)
dry DMF _ (200 p1) -
10 t-N-butyl amine (4 p1)

isobutylchloroformate (3 p1)
stir, 30 min, -10°C
add to 4pmol E136-alky1 diamine in 500 ul dry DMF
stir, 1h, 0°C, leave 18h,
15 . 4°C
add 20 ml water | _
) ~ leave 18h, 4°C
apply to 618 cartridge
wash with 10 ml water _
20 ‘wash with 10 ml of 50% (v/v) methanol in 0.1M sodiun
' carbonate '
wash with 10 ml -of 50% (v/v) methanol containing 1% (v/v)
acetic acid '
wash with 10 ml of water
25 elute with 10 ml methanol
take to dryness
purlfy by HPLC

Yield of product in the f1nal methanolic eluent
ranged from 44% to 81%. T.L.C. indicated only slight
30 traces of impurities. «Rf values were in the expected
- order with polarity increasing with decreasing bridge
length. The four new MSAs were further purified by high
'pressure'liquid chromatography.
Cekan and de Gomez Anal. Letts. 12, pp. 589-602 (1979)
35 have reported that the chemical purity of a radioligand
can be assessed by examining successive fractions .of a
chromatogram of the radioligand fer specific-activitys



then this is indicative of purity.- Con- versely changes in specif
activity of successive fract- ions would indicate the presence of-
co-eluting contamn- 5 ant'. The specific activities of MSA6 were’ _
estimated for the peak fraction and twaq hpactions either side of a peak in
an HPLC chromat ogram Radioactivity in each fraction was determ ned by
counting 10 pl | uplicate,.! The, mass 10, of i n.each fraction was

det ermi ned by ijﬁ g?gd?%?%fhﬁn%‘égﬁ’é’y?x %Btﬁa%AEﬁac'E’l% ﬁ%\"%?/s{%?n RERK a
PD3G™RI A syst enrefaine tonabamt Atlsyrst edpat sl iredisantDie aof gt it e. wi Con-a
standard is another_ indicator_ of_puri .th r d a
range of fracti%%r%?*bt?%%%ge%ﬁ%% %h%#¥5%§i%%€§g§¥€§%§§§g§§%§Q%@%dgﬁ%f#ﬁg)
dilutions, eachipesfwoeukd imdicptecthe. prrence . f sa gfotelwtbng dyontamin-
presented iy Taphe, 1. -- The standard deviations around the nean of the 5
‘deter- mnations on gach-fraction indicate a fairly consistent 20 result

i ndependent of fractT® sReeifbe agkinities KCHMRAg iArDrestipted for The
specific activitheOpedkafta®bfonZand liwd Fidk tilon €& tesh CONGE 2O F &V poak

the cal cul ated errord'l_l' ts. Fraction +2 had a signifigcantly diffeyent
speci fic activity AnSCRE Pheonsfoardty| BrdtoTehi Yy 20 adh traghighar
was striking abwas détermimeédsbyasocomiivgr10 ghbsin adupkeieate n sPeei hass
activitie e . t o, di r I ; eglfl tivit
of {1 act§ onid. 07 MER P 2d6n ¥haCkLoRTEL o e8en i By RERCER A PL L 1Y
3.9 cpni pnol . | pupgaseant) ublethtbwutavheE WA RERgGsystem and a PD3G RIA
subsequent i munggbeghcal SYREL YRSaRUREA systéi pdFi¥ielism of an analyte

with a standard is an@ther indicator of purity, the assays

If the specific activity of each fraction 'around the peak renainsgigiibant

were performed over a range of fraction dilutions. Each
15 fraction was assessed at 5 (doubling) dilutions, each
performed in duplicate. |

The results of this study are presented in Table 1.

' - - The standard deviations around the mean of the 5 deter-
minations on gach fraction indicate a fairly consistent
20 result independent of fraction dilution, with the except-
ion of fraction +2. The specific activity of fractions
. =2, -1, 0 and +1 remained constant within the calculated
"error limits. Fraction +2 had a significantl§ different
specific activit} and was therefore excluded from the
25 preparation :

What was striking about the results was the very
close agreementih specific activities calculated by the
two different RIAs.. The mean specific activity of
fractions -2, -1, 0 and +1 (determined bf both RIAs) was

30 21.5 ¥ 3.9 cpm/pmol. It was concluded that the MSA used
in subsequent immunochemical work was pure.



- 22 - Preparation of anti-PD3G solid phase (SPAP) Rabbit anti serum was
su d by the Courtauld Institute of Biochem stry. Cleveland Street,:-
Lol W1l., (preparation PG /ZQ0, bleed VIII) and had been raised 5
ag an i nmmunogen prepared by the coval ent attachnment of PD3G t hrough °
its rboxyl to the [ERR]-am no-| gﬁyl re- siduesof bovine serum al bum n as

-descri bed. by Sanmar aj eewa, Cool ey d Kellie (1979). (The radi oi munoassay "

of pre- nanediol - 3[ ERR] - gl ucuroni de, . Journal of Steroid Biochem stry 10 11
To -

1165-1171] An IgG fraction of this antiserumwas prepared as f-ol | ows. o~
renove carrier specific antibodies, 0.4m of blocking buffer was added t0
10 M of anti-PD3G anti - sg} um "’.'I'he,m xture was incubated at 370C for 3
hogrs 1% tdaen IRBft at H0C=bver Mt ght~ Theoresulting precipitate was -
r effoved™y tent rPfugatign ¥and t4e pell et . wmshed twice with 10n of
phgsphat e buffered saline.<The eonbiewed sypernatant (30.5m ) was chilled to
[ - ] and a chilled sol uti@h of «iv&hol (6%9-diani no-2-ethoxy acridine
| agtate, 20- 0..169/19.5n) gradually added with-stirring. The mixture was
adfusted to pH 8.4 with 2M sodi um hydroxi de. Stirring was continued at
. [BRR] for 30 minutes when &5ng @f powdered charcoal (Norit A) was added.
The suspension was centrifgged ghd the resulting 25 supernatarnt passed -
t @ oughaa @ 2 [BRR] di oggabl e filter carwvidge. (Schleicher & Schull GrbH
Pgstfadh 43D 3394 Dassdl, cgv Germanss) . Fuggt her purification involved pro-
teln A-sepharose affinity ehr onat ogeaphy. A smal | col umm cont ai ni ng protein
‘A-sepharose (Sigma 30 ChélicalfCo. <Ltd.)*was packed in phosphate buffered
saline to-give a bed volune of 15 x 1 cmdianeter. The previous filtrate

cqont ai ni ng anti - PD3G s applied tomt he t of
o 9__‘“@.99____ oo
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t he col umm under gravity, followed by 200 ml" of phosphate buffere
to renpve any non-bound protein fromthe 35 gel. Protein-A desor,
buffer Wwas then applied to the -23- colum in the reverse dir
the eluent collécted to a total of 70 m. The pH of this eluted
fraction was adjusted to 7.0 with 2M sqdipym hydroxi de. Absorbance
measurenents on this solution indicated that 5 62 nmg of enriched 1gG had

been prepared. p The AtlionPB¥Ca7¢iubD3R_Wa3 i3t phadeai SRR until required.
- M crpot est pl "P. OO Box 35,

VashiTigt on Road, Paipalb®t Hnmlberw&rﬁagsadgaalbheb okhd nBa&eathprepare
SPAP. Anti -' ass ads ed.tot % wel, | s gate by

i ncubating a sgpﬁﬁlgﬁt3f°€h 19A FBbé?rYn f¥edapds: ﬁe§5PuPPBH°BP *2PD3G
i n- bar bi tone bub&epawailmadecun/aooglb&eaﬂdeiEdaheHyhad[EREh ohipedtei n.

This con- gent Lai;Qnmas, GRhenTolRdRe 2XRa biethe ﬁoegx%@ G eatnnbic

sorption of pré&eih tothe
relatively ecosdnPOIG ¢hraughbo¢y serboixyd &0 the « hempinm-dveydsre- plates

wer e coated “‘ébd@@&b@0@$vgﬁepbaruﬁtBlBgm§90aQ|dQEcEESea”By Bgﬂﬁrﬁﬁbﬁhhon
into the wells 20 usin annel ette (Titertek ;| Flo

Labor atori es Lf@olep, ennggliye ﬂ37ﬂQe he| radigimmypepssay BfKPf?‘The

wel |'s were seahadeuabug3ﬂka§umeu&bhﬁuandJbe&haatofoeub&eﬁﬂeaabuhemﬁamr34
-hour s. 1 he 6 q1§ ime the contents of the wells were aspirated
and the mel S 75 é& with blocking buffer. The wells were again
‘seal ed and Ieft at ﬁooﬁgﬁeﬁbem&ﬁuneoﬁbthi@ hotiserBmnakBy preparednaent s of

Lthe wells vere ;33Rbidl,ed 131 ¢ehd o ek 1425 8PPk BhEEBoWE6E, db3kind' od
' of blocking buffer was added to 10 ml of anti-PD3G anti-
serum. The mixture was incubated at 37°C for 3 hours

15 then left at 4°C overnight. The resulting precipitate
was removed by centrifugation and the pellet washed twice
with 10ml of phosphate buffered saline. The combined
" supernatant (30.5ml) was chilled to 4°C and a chilled
solution of rivanol (6,9-diamino-2-ethoxy acridine lactate,
20 0.169/19.5m1) gradually added with stirring. The mixture
was adjusted to pH 8.4 with 2M sodium hydroxide. Stirring
was continued at 4°C for 30 minutes when 25mg of powdered
charcoal (Norit A) was added. '
‘ The suspension was centrifuged and the'resulting
25 supernatant passed through a 0.2 um disposable filter
cartridge. (Schleicher & Schull GmbH Postfach 4.D-3354
Dassel, W. Germany). Further purification involved pro-
tein A-sepharose affinity chromatography.
A small column containing protein Afsepharose (Sigma
30 Chemical Co. Ltd.) was packed in phosphate buffered saline
to give a bed volume of 15 x 1 cm diameter. The previous
filtrate containing anti-PD3G was applied to the top of
" the column under gravity, followed by 200 ml of phosphate
buffered saline to remove any non-bound_protein from the
35 gel. | ' o
Protein-A desorbing buffer was then applied to the



Each plate was inverted and tapped several times on a 30 - bench surface
co d with tissue paper. The thin filmof water remaining in the wells -

wa owed to evaporate at roomtenperature for 2 hours. The wells were* i
t hi aled with plastic filmand stored at -180C until requited.
Puri*fcation of anti-E13G antibodies 35 Rabbit anti-EL13G sera were
supplied by the Courtauld Institat® of Biochenmistry, C eveland Street, Ny
London W .and were prepared . as described by Sanaraj eewa and Kellie - 24

- (1975) ced4Mar dPedhi® PevETFeKSITPEtAOR. andothp. elpeaty seildeatedinoassaf ;of
steroid gbucurQﬁgggfbf%K@ @ggtrqggnpq-%fgmuq?r?qhégg ?&oﬁ%ﬁkf”s B|g§hen1car
Journal 151 369- : e prijmry_reaction e dual analyte ass

required 588§F8Peaa§nPFJEf§G Mo '@a?lﬁgeaﬂwﬁPﬁﬁﬂﬁ PYEEReidSyr i fi - cation
However , Absoabdecet aepsapamentar oni dhdie Babﬁtged &hHEcEE@&ltH%ﬂﬂ of an I
antgseru I [ d r.ea t Wt Vi ne.,serum.a n, rivano
andsthen%gvﬁgf%fﬁ%&§qgﬁ%§n&?§gbgghbgggiHg%ﬂ?SFgrn E?Sbﬁﬂgﬁﬁgggﬁ n an 10

i dent i camodutden west &oredseti-bd@°Euuntd 1t kequiepdrati on of anti-PD3G
solid phase. ﬁic&B%ﬁs@eFhQQaZQs”QNQBc?nthGhEPﬁEE eq fpqgldgon of anti-E13G
was obtained. Purification _of Horse Radish Pefoxidasé 15 Hor se
radi sh pEMERP8at&deFypeOvi Bok gt EﬁéﬁFBQF0003°EFd;?aEEQPYNou}K}9J1.7) was
puri fi edwleyeatibiedi tay %hreorslaiiuaghaa_blytgsb&egaeecgsemfhld n Aﬁt?]‘}phar oze_ (SIk gga
Chepgcal Ltd.). The ge S i Librate ri s uf fer and packe
in zhcolﬁﬁggtgaaibgsglﬂggyofwg?rggﬁ 5H13$5-"239ﬁe9§r? 86326 & the

per oxi dagocuhstdngsel seduitiod pif dhet shtibiGdybihf ¢heama@ldppl i ed to the

- i . . ravity. The
LT b oHLYEaeaast 8 ctead ol pdbot il it g
nm P to give approximately 3 pg/ml of protein. This con-
centration was determined by experimehf fo give high ad-
15 sorption of protein to the well surface on the one hand
' whilst being relatively economical on antibody solution
on the other.
Microtest plates were. coated with antibody by pip-
etting 200 ul of the anti-PD3G solution into the wells
20 using a 12-channel pipette (Titertek , Flow Laboratories
Ltd., P.O. Box 17, 2nd Avenue, Irvine, Ayrshire, U.K.).

. The wells were sealed using plastic film and left at room
temperature for 24 hours. At the end of this time the
contents of the wells were aspirated and the wells flood-

25 ed with blockihg buffer. The wells were again sealed and
left at room temperature for 18 hours.

Finally, the contents of the wells were aspirated

and the wells washed four times with distilled water.
Each plate was inverted and tapped several times on a

30 bench surface coated with tissue paper. The thin film of
water remaining in the wells was allowed to evaporate at
room temperature for 2 hours. The wells were then sealed
with plastic film and stored at -18°C until required.

Purification of anti-E13G antibodies

35 Rabbit anti-E13G sera were supplied by the Courtauld
Institute of Biochemistry, Cleveland Street, London W1
and were prepared as described by Samarajeewa and Kellie



25 " The elution was continued with Con-A desorbing buffer and after a

further-5 nm had been eluted, fractions were obtained with
of between 3.1 and 3.5. These fractions were collected and
total of 18 m, tontaining an estimted 64.ng of peroxidas
per oxi dase was further purified by gel f||trat|on usi ng se

A4D3/ A2
pool ed
e. 30 Th
phacryl

(Pharmacia Ltd., Prince Regent Road, Hoon&% ow, M ddx. U.K. ). The s

ger vais equi i~ peplpd L (ILSLES pufler oo packed gy col um ¢

A

col umm t

| ues
ve g’

S- 200
ephacryl

0 pro-
radio-

sol utT™on was apphmm@bé&%é;he%c@wmfbl d10g T ey 061 1066 ;2| tHee b ot 3o d éri 'Sl‘-l’iﬂ with
a 1.2 m hydrost ea The colu tore
wavel engt Ks andﬁ%‘faf mzqﬁ)s Mo q'f n?ha(SJBch' el qea#oéﬁf"af]rm;qﬁwk%
-25- observed whe mmeM of thpprdua hrered y 13 &ss‘ﬁ)esmedu:_amd ons

r dﬁég' A
%FZQp%ﬁ n
and 5 di al ysRRt i ndoymeabhatn ardgRrkal RRARSRS W#ﬂ?@r@aﬁ kabelled
mcroul trafil trﬁtmm; {MVostel o BMA A8 C¥bunt-tvhs ﬁmldwdﬂed Yypnehouse,

WJEEER§LE¥ng
't he heterob|funmffxnmﬂyrehxpnﬁtoqwaphxnuninghﬁrdldihrAHsdeahdéuinln an
ol hat £ o B e qPaidhdet 4o thdle MUANARPdyiHd SHld" s d ol

were pool ed aindyfnfeed oh 56136 A &P Sk tddlh SR 7

56 m portion of this solution was concentrated to a
G oucester railo of anti-E13 erOX|dase (
Purified peroxr%%l%% c th g?ﬁ‘f LI LR ivany

that the formation nDconJuga et ween "‘enzyne an

bet ween ant i bodBf etk ErfQHoBo Hed Hj'@%ﬁ/-m datl. thie method o0 sngmmﬁa grol 1gfived

has been wel | daeridinsh (R tPeH o t-tah bi O3 Glad 'ébecrzﬁtdércﬁ

" SPDP

het erobi func- tional reagent”, alsa Carlsson, J., Drevin, H Axen, R
(1978) Bi ochemPuli flifca tidih 7&7)Horse Radish Peroxidase (HRP)
15 . Horse radish peroxidase (Type VI, Sigma Chemical Co.

Ltd., ETC. No.1.11.1.7) was purified by affinity chromo-
tagraphy using concanavalin A-sepharose (Sigma Chemical

_Co. Ltd.). The gel was equilibrated in tris/HCl buffer

~ and packed in a column to give a bed of 27 x 1 cm dia-

2p Mmeter. 80 mg of the peroxidase was dissolved in 5 ml of
tris-HCl buffer and applied to the column, the column was

. eluted with 25 ml of tris/HC1l under gravity.

and at 403 nm.

The elution
profile was monltored spectrophotometrlcally at 280 nm

25 The elution was continued with Con-A desorbing buffer
and after a further 5 ml had been eluted, fractions were
obtained with A403/A280 values of between 3.1 and 3.5.
These fractions were collected and pooled to give a total
of 18 ml, containing an estimated 64 mg of peroxidaée.

30 The peroxidase was further purified by gel filtration
using sephacryl 5-200 (Pharmacia Ltd., Prince Regent Road,
Hounslow, Middx. U.K.). The sephacryl gel was equili-
brated in tris/HCl buffer and packed in a column to pro-
duce a bed of dimensions 72 x 3.2 cm diameter. The

35 idase solution was applied to the column and the column
eluted with tris/HCl with a 1.2 m hydrostatic head.

coltmn was monitored at 280 mm and 403 mm wavelengths and
after 240 ml eluent had been collected, fractions were

perox-

The



20 Bot h enzyne and anti body were activated by separate reactions

&t h SPDP. Then one conponent, in this case the derivatized peroxi dase, was
ced with dithiothreit- ol. The derivatized peroxi dase, bearing afreeé
.group, was then allowed to react with the derivatized anti body 25

ting in the formation of a g'thiol bri dge between anti body and enzyne.
| i beration of pyridine-2-tQhi 6h€ by reduci ng either intermediate was

) -/
used to.estimte the de stltu i on spectr ot trically. A
sol ut i o?P%?rmﬁt‘m%fa %1 ?‘%% ‘(%ﬁ ugFHe co?ﬂ%’i' YR gg?ng of protei fwas
di al ysethégeéi fisdc Phowy had ce tpticibmdamltmealkcsos} oiml neepreseesess of SPDP
in 0.5 et hanol s sl pw o thecstiyre ti body, solution which
was HB.IE%I?:I e Y % d@f%P %‘m nuéjé ﬁeSér;nd)'( roceiré/a\f/aosﬂ't%gelnt@u% ected to gel
filtratsolubioappyi w@eﬁtmt% toatifimak volume iS5 ofl 18dephadex -G 25

PO pr Te purTe 8 Ngprevi ous- |y
eg%l | b‘?ﬁﬁggﬁ f)%*swﬁat e '?%ér:%é;%gﬁ%]%d %E%tﬁvz]% ed aﬁff-%BG was

el ut ed Mereehera thl t’v/\ﬁ”? W%l'S ComieRnsdnkdpuifer, to give a

total dip®édr Mill,hetondlsdude; Clowcedtawn) iU K33 was estimated to be 11
2-pyridy| di sul - phide groups per nolecule of I1gG In parallel the -
act i vatR pepafation f ¢ £camet okl 3acRe foxidaws CAER) ed out by adding a sol ution

of SPDP (32 [ERR]) - in 0.8 ml ethanol to a stirred solution of peroxidase
(510 mg/ 5 nifushtiediperoxidese YO IR1Fotly mittachedito pirs tinme the

reacti Off{‘éa(téjr‘i@ll/@‘ﬁb'@“@fﬁ&%ﬁ&%é‘@ér&fﬁnm@t&%@ﬂ;@f ed saline in a

mcroultra filtration un{ deri vati zed, per oxi dase was

subj ect¥esyechrimidy} 3y %ﬂPX%+?&ﬂq¥9¥9%édﬁ%ﬂ%&°qﬂ PLol ums (2.5 m -
per col piapmadi£ e bayl) beerhecawarhfafgtﬂiflasmgetﬂws brédgént Rigéei n was:

celuted wip &e Pgrmat ST SF ﬁbmoéﬁh}ﬁgkées-between enzyme and
15 enzyme and between antibody and antibody may be avoided.
The reaction séheme followed has been well desribed
_(Phérmacia Ltd., product literature: "SPDP heterobifunc-
tional reagent", also Carlsson, J., Drevin, H. Axen, R.
(1978) Biochem. J. 173 723-737). .
20 _ .Bath enzyme and qntibddy were activated by separate

reactions with SPDP. Then one component, in this case
the derivatized peroxidase, -was reduced with dithiothreit-
ol. The derivatized peroxidase, bearing afree thio group,
was then allowed to react with the derivatized antibody
25 resulting in the formation of a dithiol bridge between
antibody and enzyme. The liberation of pyridine-2-thione
by reducing either intermediate was used to estimate the
degree of substitution spectrophotometrically{ i
A solution of purified anti-E£13G6 (31 ml) containing
30 36 mg of protein was dialysed against phosphate buffered
saline. A 50-fold molar excess of SPDP in 0.5 ml ethanol
was slowly added to the stirred antibody solution which
-was maintaned at 23°C for 30 minutes. The mixture was
then subjected to gel filtration by aeplying 2.5 ml
35 aliquots to a total of 16 sephadég?E:ZS PD10 pre-packed
columns (Pharmacia Ltd.). The columns had been previous-
ly equilibrated in phosphate buffered saline. Derivaliz-
ed anti-E13G was eluted from each column with 3.5 ml of




give a total of 17.5 m. Free thiol groups were generat- 15 ed by

treating. this peroxidase solution with 135 ng of dithiothreitol and_ihs
mxture stirred at 230C for 20 m nutes. The reactionm xture was Squg;; to-°
gel filtration using seven sephadex (25 PD10 cartridges which had 720

equi librated with phosphate buffered saling _ A total of 24.5 nl of protein
spolution was coll ected by eIutlng each col'um with 3.5 m buffer. This was

f 5.p m
Sﬁgcené{%iﬁ oL 0% R TSR LG SO Wtal 2 J4 0. VOt e i £y "
pyri di-he- 2-t hi onkiep cﬂl’i)saﬂtbe&h}%dvmresﬂbimtt tof I:pierbkllzlﬂaerm;leéismh-t-ed

to be 1.7. The gyl dé gas,@oxsg% ® mM) was mxed with the
derivati zed antl-E13Gﬁ§%Iut|§% 3pgt|rred for 24 hours at [ERR].

I't was estimated that 4P PaRRL %I%I%“’o‘fa%ﬁ’? A fheurifiesheeroridaseased
‘per nol e- cll € ofad gﬁﬂmemgoweb)cmu@ﬁ@fa tdWl Ut oM. SPOFe (33 rﬁéPD in

conjugate was p fr,om unconj u-_ gate per |dase nd unco ga
anti-El 3G by a (lﬁ)lé) '@daﬁ'}‘m? b Re Pfsr‘?’b’i %ﬁ/\% f"I'h‘égé.S
reaction m xtures vieks) agopd i el i toa & rhesd relgeﬂﬂé’r(atm Gihaeimart el | At ¢ SEpGr 0se

I d el trd f T ed protein
g\?sgmaﬁgseecglt ﬁ@lu‘(\é t%%ﬁﬁeéﬁtﬂmeﬁ]ﬁ%ﬁ%ﬂg&% cfiﬁJl er%hgsggtea%erﬁé a%%t'ﬁ"]gt of
the pre- vious ciegrhakrl Ry (fenad \ael dphtimurediestowg taen - desat iomaunit.

buffer, untig a furthefe 6fbiilvdr: eGPb i fifde WL s'ijbd]ected td&el

concanaval in ée har ose co] um} was di sconnect - ed el uti on cont| nued

t hr ough the prot TR Pt fivr geahadex, £33 iPOYocodwmns (203 ml fRAT her
100 mi. The flovedhmniywhitts hem semasguiteb et Ser sustdthe 1ol opss.

Protein was eluted with 3.5 ml of buffer per'cOIUmn to
give a total of 17.5 ml. Free thiol groups were generat-

15 ed by treating this peroxidase solution with 135 mg of
dithiothreitol and the mixture stirred at 23°C for 20
minutes.

The reactionmixture was_subject to gel filtration
using seven sephadex G25 PD10 cartridges which had been

20 equilibrated with phosphate buffered saline. A total of
24.5 ml of protein solution was collected by eluting each
golumn with 3.5 ml buffer. This was concentrated using
a microultrafiltration unit to a final volume of 5.6 ml
and diaiysed against 25 ml phosphate buffered saline.

25 The number of pyridine-2-thione groups liberated pe#
molecule of peroxidase was estimated to be 1.7.

The modified peroxidase solution-(S 6 ml) was mixed
with the derivatized ant1-E13G solution (53 ml) and
stirred for 24 hours at 23°C. It was estimated that 1.6

30 molecules of pyridine-2-thione were released per mole-
cule of IgG during the course of the reaction.

The resulting conjugate was purified from unconju-
gated peroxidase and unconjugated anti-E136 by a double
affinity chromatography procedure as.follows. The

35 reaction mixture was épplied to the regenerated concana-
valine A-sepharose column and eluted with 136 ml of tris/

HC1 buffer. The regenerated protein A-sepharose column



replaced with protein A desorbing buffer. The elution. 10 of the

coA gate was conplete after 50 mM had. been col - | ected. AEP contalnlng i
gthons havi ng an A403/ A280 val ue of approximately 0.6 were * '

.qpeutrallzed wi th dilute sodi um hydroxi de and nade up t6 50 nml .

f§ the AEP sol ution was aliqﬁptted into 0.5 m portions, snap 15 _
frozen in liquid nitrogen and stat’ed at [ERR]. The yield of antibody "
i ncor por,at £d d &Y O i MB8g 68V sk d et g0k ipg dlrm.rtpoaatmél pakio of
peroxidase to anti- E13G fron1the AAOZ/A28O | ue, toﬁge 1, 6 The opti rg}
wor ki ng i 94s  emlyen tapd b HRD AR SARED The
descri bege 94 APERAb@AF SR @ntPfal FuwtkeNos0 amehaﬂ :beemeemleea-and
5000-fold,dilution. For the dual analyte assay it was preferable to dilute
t he AEP'%?E paration 1500-fold to give a worki.ng concentration of
conjugat e of HpprocncmnayylmM A-sepliazio$ERIGlym wasrdiseenneckst well. W
now descly bgny N gt Abh EpRELASER! LA PBuGET (K ik 1A URL saPRL Kb GBS SAY Of

the present inventl gro- oco descri sed_net hod for

“det er ni neetummeueing gbeisMHEbReRTeR: | Tor A ﬁﬁéiﬁgglhggvﬁlto The concent -

30  ratppiw Ofh FEB&h | EnIBNSSI UM WaS| Ehéki | Féversedrandr yh&eatubnn 1.
Anti - PD3G ¢

n cr ot es es_Wwere, rean fro t orage and
al | oned ¥%P ?]‘Eu?éll‘b’r%l‘?epﬁ?{?g'bné aperatng ﬁg‘ﬁ)r er&%ﬁoﬂ'ﬁg"?ﬂe protective
pl asBi c 6f|ﬂmeBEonJﬁmaEQCMa@lammpbétQGaﬁbétssm-mblhsdmbeendeelgnated cont -
rol s and 4 | s e | d Rl n -28- 2.
Antl-E13£?a +ser&§§m%§ﬁgé?&?ﬁ§ fﬂ£%$?ﬁ§§yﬂ ,%%Wﬂt ﬂa&?gé?or of 3750, to a
vol une oval@en¢ff@PPE@£hm%t%4é-@05U%BD%emp¢lﬁ¢%ﬁ9@&%§§lze¢owétbry wel | of

the dilute sodium hydroxide and made up to 50 ml. Finally
the AE_P solution was. aliquotted. into 0.5 ml portions, snap
15 frozen in liquid nitrpgén and stored at -70°¢C.
The yield of antibody incorporated into AEP was 68%

and the molar incorporation ratio of peroxidase to anti-
E13G from the A402/A280 value to be 1.6. The optimal
wquing dilution of the AEP-was determined by experiment.
20 The described preparation had a useful working-range of
between 1000 and 5000-fold dilution. For the dual
analyte assay it was preferable to dilute the AEP pre-
paration 1500-fold to give a working'concentratiun'qf
conjugate of approximately 2nM i.e. 0.4 pmol per micro-
25 test well.
We now describe in detail a protocol for performing
a dual analyte assay of the present invention. This pro-.
tocol describes an optimised method for determining the
changes in concentration of E13G relative to the concent-
30 ration of PD3G in menstrual cycle urine.

A. Primary Reaction

1. Anti-PD3G coated microtest. plates were removed
from -18°C storage and allowedto equilibrateat room
temperature, before removing the protective plastic film.

35 On each plate of 96 wells 4 wells were designated cont-
rols and 4 wells were design&ted non-specific binding
wells |




pl ate except control wells, 100 [ERR] aliquots of this.sol- 5
anti-E13G was pipetted. To the control wells, 100 [ERR] aliqug
primary buffer was pipetted. 3.. Initial dilutions of urine or RF S
sanpl es were nmade either in test tubes or 12-channel reservoirls. atech
Laboratories, Daux Road, Billingshurst,-3fssex, 10 UK).
latter together wth a 12-channel pipette enabled rapid transfer of

rddgents and sanpl e int Qe s drtslsdthd aas lallmttleenanwﬁmaqre In
primary buffer, arange of dl|ut|0l’(l:d__f %ﬁ?\ma was tried, but 80
1%t

[ ERR™0f urine Pffed by and@cdodo Logig Yedgme, © G%II':'R‘R] To the
di - luted sanpl eaws padasd tdbe oid€ld dfn & heolasisiayn CJot aivieiryg wel3nM Ve

and 40 nM PD3G in nri %fgﬁg,rt[r glh e?gét”%% " 21478 gﬁhlt'yf m*é%dt. s,

vortexing test tufes &F*5% erdt reservorrs
20 6 Thertgramurfy arddciliigd was iplipeitdesd b;TOaddmengomqlEquls,

aliquots of the A (ng_gg]g;tea mp(\txg.r a&?etb*ﬁf@%“@a‘ﬁeb'l%et%ﬂ aining the

anti - E13G solutlon i's 1t1on to all well's except the non
speci fic binding wells, tigiwiaah &ﬁ%ﬁdﬁm olfOQ.r[lﬂaR]o:ofstrarddmw dukipled

fer. The final concentrati of MSA int control wells. wa
1.2 nM the findi®%H I"lﬁ‘{ ‘%fq'eﬁnt’fn *f?ls%G “ﬁ’ gpsg ch’aé'ﬁcf]ncﬁfessep"ec‘f"fﬁ%
bi ndi ng wel | s waDyfEdtolldbo ri e meick ,t iDmu xR gt e fBeirldlilng sharfsdy yreglias échj n

one m nut e. 10 Th1 'hoj S "stre PV & Cia"f!ttehc m%%te,ﬁ 'vJ:{)Ehora 3. ¢ t a*Fa'HL t| c li d

and shaken for room tenperature ed orbi
shaki ng speed ofplmif'&amarﬁlmﬁe l‘ﬂni-'ltfh taenaflan off @%%%r%tﬂﬁmm pre-

ferred. 5. At thg&krd ﬂjg*dyéggudagggynn on, the plates 35 were renoved
fromthe shaker and washed wi th washin buffer ref erfafbty usi ng a
e ge of

12- channel Nunc-|mmu ons were made in Prlm
dilution factors was tried, but typlcally 80 pl of urine

15 or standard solution was diluted to 500 pl. To the di-
luted sample was added 500 ul of a solution cohtaining
4,.8nM MSA6 and 40 nM PD36 in primary buffer. The
‘mixtures were.  throughly mixed by vortexing test tubes or
rcckihg the reagent reservoirs at least 20 times.

20 4. The primary reaction was initiated by adding
v : 100 pl aliquots of the MSA and sample mixture to the
| SPAP wells, containing the anti-E13G solution. This

addition was made to all wells except the non specific
binding wells to which was added 100 pl of primary buf-

25 fer. The final concentration of MSA in the sample and
control wells was 1.2 nM; the final dilution of anti-
E13G in the sample and nonespecific binding wells was
7500-fold. The addition was preferably performed within
one minute. The wells were covered ﬁith plastic film or

30 a plastic 1lid and shaken for 1 hour at room temperature
on a flat bed orbital_shaker. A shaking speed of 240
revs/minute, with an orbit of 1.5 cm diameter was pre-
ferred.

5. At the end of the primary reaction, the plates
35 were removed from the shaker and washed with washing
buffer, preferably using a 12-channel Nunc-Immunowash



E

-29 device. (Flow Labs Ltd.). This device allowed one row of 12 wells to
ashed sinultaneously.  The procedure followed was thus: each rowin
das aspirated then. f1 ooded with washi ng buffer. After the finaf -row

been treated, this washing cycle was repeated three nore tines.
Fixa , the contents of the wells were aspirated and the whole plate
inverted and given several sharp $fps agai nst a bench coated with a wad ot‘J
ti ssue paper. B. Secondary Reaction 10 A stock sol ution of

anti - E1d6vperoxi §E3ow( BERE tbd-)jugihéswdevihanedlaweddionet edwni t h ;;
secondapy 8524508 8l Jashee Wy fhingighsy of 70 pEBBLrd N > Sol T or
were pipetted’i mcrotitre plat fer the preV|ous o
steps. Thdlpwadewagstblmi| garh EQVeFédtaﬁG !Ss 3§hakeﬁedstb@more for 1 hour

at roomyhggReHalYER: wIQﬁlwal barwe&e WELET l:HeSFifhlﬂr rowShigen as after the
rlnary reaction, with the exce I on t hat durlng g ghh washi ng cycle, the

waghi ng® BEFfEFeﬁégdheFPlﬁn"FﬁB | F¥C+-§r W8St TPRPA Feful@E ®ef ore .
aspirat thgeg0 FaRd1lQppthg donitelts EertharyeReachean E@bleaahdplate used,

the follo u e I S oy e t han 30
i nut es2B8r B FhETE; arpedy 2rxEbERHpRR, rkanT stRoRel, Ehrel WY L on A
20 nl 2Bgainst a bench cB8abedr nithSel wadonfBtisg9e pERRI.Substrate Sol ution
C 20 [ERR] 200.pl1 of this mxture was pipetted.into-all the wells and

t he plate agaln covered and shaken as before except that the reaction tine
was onl §-1558candagy Beactien At the end of this time, the colour

e | opnent i n, eagch M.cr oel,i aut o reader
ﬁatech Léb8F8F§ ng EPB? o SPH EE BgﬁBFFgaﬁﬁuK&igg C88T wi t hi n about
100 secondatelWanashawbdnendsdaﬂytEd wtbp abeoadayyebufﬁﬁuion The
wavel engshol kbl (3 nM). Aliquots of 200 pl of this solution

were pipetted into the micraotitre plate immediately after

the previous steps. The plate was similarly covered and
15 shaken as before for 1 hour at room temperature.
The wells were washed 1n similar fashion as after
the prlmary reaction, with the except;pn that during
the 4th washing cycle, the washing buffer was lq?t in
the wells for a total of 10 minutes before aspirating
20 and tapping dry. S
€. Tertiary Reaction

For each plate used, the following volumes of sub-
‘strate solutions were mixed, no more than 30 minutes
before the start of the tertiary reaction.

_ Substrate Solution A 20 ml
25 : Substrate Solution B _ZDD ul

Substrate Solution C 20 pl

200 pl of this mixture was pipetted ihtO'all the wells
and the plate again covered and shaken as before except
that the reaction time was only 15 minutes.

30 At the end of this time, the colour development in
each well was measured using a Microelisa auto reader
(Dynatech Laboratories Ltd). Since all 96 wells could
be'read'within about 100'secunds, it was not neceésary'
to stop the enzyde reaction. The wavelength filter in



-30- ‘the test beamof the instrument was set to 570 nm and the wav
of the reference beamset to 405 nm The instrunent had been zerg
i#medi ately prior to use against 200 [ ERR] of the substrate m xt
had been 5 pipetted into a untreated mcrotest plate. Results .
expressed as nean absorbance (A 570 nm ._ ggadi ngs for replicated sanples
apd usually transforned as a percentage of the nmean [ERR] of the control
watls. 10 e nesst rhmdn | harinat EBO § Aefesat dn 57G dmME DM and.
- for t-he purpose Bl ' Cahe
range\-fs 20 taq ?88 Wé}tﬁ-@ﬂg@fpﬁ‘ﬁ ?rya%#%aér?\{yee of 0%{%%5%&?0% ﬂn“’iM |?
nmenstrual cycl e instrurgnt thad threm et Wmm%%vnﬂw et Wit t he
fertile 15 perigshidet Ciod F'oﬁ'&ﬂw duib S0 8 BT I Mhildie s e ayst em
was optim sed to pe sj eous respopsive to con trations of both

st er oi ds Ilk%IthP%%gE rfﬂ%%’f"’riﬁ REGTOLRTHS r}s‘ite large differ-

ences in their relative concentratlons. Furt hernore 20 mﬁthln the critical
ranges indicated the systen1mes'de Si gned to be naxinally responsive to

changes in the E13¢ t@lv@édéaé*&ég O%g&ﬁ,;lce p(r,pvg-ptedm{,pe
assay was carried out a a pre-determ ne |on o ur| ne (or range of
dilutions). 25 readlﬂmﬁsf%bsr%R#ﬂQﬁkﬁﬂtﬁﬂ@ﬁ&ﬂﬁrﬁ F%ﬂﬁfﬁﬁﬂﬁd

characteristic ofste,éb@énedge Vée ﬂ$§ﬁﬂear§ttg¥frd Scpﬁ' Lﬁﬂé)f‘é‘orﬁﬁrrbptﬁbfﬂé?G

and PD3G were prepare '11: %:g er tp ond to he phys cal
ranges and Wi e test a@e'gi Ty %t"b‘b’cﬂ W%%fte I®n' Bt D3G

st andard sol uti o4 mindchowetleetmtmhem aﬁedeatmelrmag of m-roﬁ.ﬂlﬁlmrv tEﬂaBG
el i1 ot oorsyzde WHRSLE] e JALL “ AED1 446 (O { echi g Geforan ne
their effect on: T §E ange I'h enS|t§ﬁQ'ﬂ@orbance) et ween
normal range of.100 to 50 UDD nM in menstrual cycle urine
and for the purposes of detecting the end of the fertile

15 period the critical range is 1000 to 4000 nM.

The assay system was optimised to be simulteneously
responsive to concentrations of both steroids likely to
be found in menstrual cycle urine despite large differ-
ences in their relative concentrations. Furthermore

20 within the critical ranges indicated the system was de-
signed to be maximally responsive to changes in the E13G/
PD3G molar ratio of between 0.02 to 0.1, provided the .
assa§ was carried out at a pre-determined dilution of
urine (or range of dilutions).

25 This was achieved by examining the dose-response
characteristic of the dual analyte assay. Standard
solutions of both E13G and PD3G were prepared in primary
buffer to correspond to the physiclogical ranges and
were tested as per assay protocol with the exception of

30 PD3G stan&ard solutions.which were tested in the absence
of anti-E13G in the primary reaction. A numberof vari-
ables were investigated to determine their effect on:

(a) The change in signal intensity (absorbance) between
the zero steroid standard and the highest stercid con-
35 centration.

(b) The signal to noise ratio of the response.



the zero steroid standard and the highest steroid con- 35 centration. (b)
e Sl gnal to noise ratio of the response. -31- (c) The relative SIope
2 ach .dose response curve (plotted as absorbance versus |og dose). (d) *
NTE josition of the E13G dose- response curve conpared to the position of
PD3G dose-response curve relative 5 to the |og dose axis. Sone of .
the variables investigated were. 33 £ollows: 1) Nature of the MSA: effect
varying bridge I ength between E13G and PD3G noieties. [ERR], [ERR], [ERR
and [E V\ﬁ-fé‘ 1 &8 €fl, §VET ofe CONCRUEH adosel Oredgihddn@grvé 0.2 to 10 nN(By

t he dua yte assay pro- tocol (excepting the absence of anti-E13G.

VBAG 1 kR Qikd rag Iﬁb?rﬁ"d?ﬂfﬁe DI SREYR) 179 Algs AT58%r SPAP (Figure 2), [ERR

resul t etd) mrs pta@ﬂa%l@me«hé)lmmgdﬁw-m;ibdﬁmum d&gfrgave 10% or

| ess of th@}bl ndi exh|$| t.ed ﬁ?;é\,@*‘] 15 (Cearl br| d% #en t h between

the two-StHIoiRP r%’tﬂfé QS RIRANS R G g? tV€horter than

Si X5 rrethylishm Yoog bdosse raasis.l ctSamﬁa off Mihe armnblnmd;mestloathdSPAP and

AEP to‘{ Vﬂ$ﬁ§35 bri dge | engths greater than six nethyl ene carbons
ong enoué%

becone the bridge to fold-back on itself, thus again
Sterlcadimﬂm@rdﬂgtﬁ@mﬂnwmé@@ww ity Br @155’ ¢nd AEP. NBAG,
wth a mas t hus selected as e preferred reagent for
t he dué? Yt entration 25 PD3G dose-response

B Bl et ﬁ’% ot 00 R, LT R R 2 o
cen@ atiam Jaard;a;lgﬁaﬂ Zritten‘bﬂtryM ﬂ'md;healdua/brma:lwtacaesaylsed-by a pI at eau
feg“m1éEEMFQ%x%e%WQﬁU%ﬂEWJEE%%&%tJ? anti~E13G): MSA6 resulted

in the highestbinding of AEP to SPAP. (Figure 2), MSA,
resulted in 28 to 46% lower binding and both MSAB-and
MSA10 gave 10% or less of the bindingexhibited by MSAG.

15 Clearly bridge length between the two steroid groups of
the MSA_Was crucial. Bridge lengths sho:ter than six
methylene carbons restrict the simultaneous binding of-
both SPAP and AEP to the MSA. Whereas bridge lengths
greater than six methylene carbons become long enough for
20 the bridge to fold back on itself, thus again sterically

hindering the simultaneous binding oF both SPAP and AEP.

MSAG, ﬁith a heiameth§lené'bridge, was thus selected as
the preferred reagent for the dual analyte assay.

2) MSA, Concentration

25 PD3G dose-response characteristicswere examined over
a range of. MSA6 concentrations, from 0.2 to 20 nM. All
curves showed an inverse relationship between PD3G con-
centration and signal intensity. They all were character-
ised by a plateau region between 0 and 10 nM PD3G with

30 1little fall in AEP binding, followed by a linear fall (on
the log-linear plots) between 10 and 1000 nM PD3G. MSA
conceéntrations of 2 nM and below prbduced the steepest
slopes i.e. the more responsive systems. However for MSA
concentrations below 1 nM severe reductions in overall

35 signal intensity were observed.



30 little fall in AEP binding, followed by a linear fall (on the
| og-linear plots) between 10 and 1000 nM PD3G MSA concentration
and bel ow produced the steepest slopes i.e. the nore responsive 9 :
However for MSA concentrations below | nM severe reductions in overarl 35
signal intensity were observed. - 32 - #2136 dose-responsi ve
characteristics were examned over a simlar range of MSA concentrations.

| this case a d'reCE1B§|QBEQD§EbBoH@ivebéﬁé¥ﬁdt9EEEEEesEﬂ3§éceﬂ§ﬁﬂhbﬂ‘
ti on:and absorbance readlngéﬁ Fgaln t HSRSItlon
t t

f ur
li tt i af f ect edO¥FTVBASEBA pE8ne sFBBBEE?rQEH°H§nceI §¥1s case
responsive ranngGFrbbe ﬁ&ﬂitioﬁehﬁpedaé bbEéBvaNIEéﬁﬁéehbﬁﬁﬂercathBAra—
concentrations ess ;than 1, nM ec .]le p MSA
concentrations 8&83t8Pdtﬁ ﬁ°fb§"ﬁklﬁﬁ§dgﬁ Ral ?ggib E@? éggggpgneﬁts thhe
curves becafe wouswe WBERRLi&tle. affiechad bheM8Aorenchatpationgelhe
concentration Ogtﬁgkﬁsﬁ:egﬂﬂnﬁenﬁé ﬁ‘BE'I: E&éﬁoﬁemcen&aﬁPeOPfFef.ueaekang?’G

anti-serum used in dual “ana % assay an tion factor
has to be deter fPNEFeExetrndft B I§1BEForE°WPVﬁﬁsaFn@§6d88“8§"5rﬁéé3@ﬁt in

;geogglpa{é rea@?:Q?SSA?hhnfi3ﬁMWMFegBPBFGdbGEﬁmetmeséaﬁﬁﬁnBQQQeHQ|thgl3G
old as ated to,i nal _diluti reacti,on

dose- r esponse wggAefaﬁfﬁ85r231°"5tgﬁeﬁﬁﬁﬁegﬁa Ah?i-alg€?d¥F8PF n&® As

t hedi | uti on1bachoisef camponEh8& pfictbasedryest hecpusi wovaeof MBGGEa$G1 .2
dose-response CHMVﬁa§hlti\E$@fB9et Bfel ?‘}Efe&-ré tbnReheEL TBhCoFEERGESI Ve tO

| ower E13G con- centrations. Howeve hi's e fect was counterbal anced by 25
a decreasi ng di FB88&RA&e in signal intensity across the range of E13G

concentrations. 3) aatlik€13Gg08hcentpation

For each E13G anti-serum used in the dual analyte

15 assay an optimal dilution factor has to be determined
experimentally before it was included as a réagent in the
primary reaction. Anti-E13G was diluted over the range
5000-fold to 25,000-fold as related to its final dilution
in the primary reaction. E13G dose-response was examined

20 at a number of anti-E13G dilutions.

As thedilution factor of anti-E13G increased so the
position of the E13G dose-response curve shifted to the
left, i.e. it became more responsive to lower E13G con-
centratibns. However this effect was counterbalanced by

25 a decreasing difference in signal intensity across the
range of E13G concentrations. Aléo the signal to noise
characteristics became'worse. An-optimum E13G dose-
response curve was obtained at 7500-fold diluted anti-
E13G. )

30 A range of E13G and PD3G standard solutions were
tested accordingto the dual analyte assay protocol. The
resulting dose-response curves are shown in Figure 3.

The steepest regions of each éurve_are separatqd enough
to allow a good response to the physiologically important

35 E13G/PD3G ratio range.

For instance, say, menstrual cycle urines were
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pr ot 04 he resulting dose-response curves are shown in Figure 3. The
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mell exBey. 78%t nodi epproachr apgazbanpnesyploesi gbgeaiviegt dd hee sanples.

Not abl y ¢E32¢/ PE3Pivah4espRhs8.02 or less, representing the physiological
basel i ne, In order to 31mulat§ dose-response characteristics '

of the dual analyte assay which refleet changes in the
15 E13G/PD3G ratio across a menstrual cycle, a matrix of
E136 and PD3G standard solutions were made up and tested
by the standard protocol.
Figure 4 depicts an E13G dose-response curve in the
presence of a low PD3G concentration (40 nM). This sit-
20 uation could well exist in the follicular phase in say
25~fold diluted urine samples. Notably E12G6/PD3G values
of 0.02 or less, representing the physiological baseline,
all fall at the bottom, rather flat, region of the curve.
Value of 0.03 or greater which are observed during a
25 tfpical pre-ovulatory oestrogen surge, all fall on the
steepest region of the E13G dose-response curve and are
therefaore readilf detected.
The second curve depicfs increasing PD36 concentrat-
ions in the presence of high E136 concentrations. This
30 situation could well exist in the luteal phase of 'a
menstrual cycle. A 10-fold increase in PD3G concentration
brings the signal down to almost early follicular phase
values. _ '
An advantage of determining a ratio is that the
35 result is independent of a volume dimension, which implies
the result should be independent of sample'dilutidn. In
the case of the dual analyte assay, the result is not



all fall at the bottom rather flat, region of the curve. Value of_0.03 or
greater.which are observed during a 25 typi cal pre-ovul atory
surge, atl fall on the steepest region of the E13G dose-respo
-are therefore readily detected. The secaond curve depicts incr
concentrat- ions in the presence of high 3G concentrati ons. .
situation could well exist in the |uteal” ase of a nenstrual cycle.. A
18<fol d i ncrease in PD3G concentration brings the si-gnal- down to al nost
earl y"fol | i cul artqthekly viaddependen tad/fraangd efd idatkion minge tha ize+s t hat
t he result |S. i s&?‘d}% | ' ' e
result should beépfon#éﬂgé;?ﬁd%fooia%p{?%u% n. Iérzrl?tuhfgucﬁgeé oﬁm% ﬁgj%mu_al
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sol utions of El3derathdiBGpwete ginde fqui orafiics fombweert ibdDearvwbeh. 2. 02
and 0.2 represent] entrati ' Fgaﬂst olvtoll Ik These
were tested by %‘J'é&gpuga#w%ln@ y%éagés}gta{/é{%% f%{p, 10-‘#%?‘&, -25-"?80#dé’;a\ﬁ%le
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Rel ative Signal 4Meary ] ERRlfs1dl; )29 foltd Ghd Bmefodd tdi 2utio fadors.
Z2.2 [ERR] 2,2 0,04 . 28.5 1.1 0.12 36. 2

[ERR] 3.4 0. Y0 Results are givqg‘g_ags[%éovgs_b The tol erance of the assay to
‘sanple dilution is

E13G/PD3G Ratio Relative Signal (MeanZs.d.)
' Dilution range x5 to x 33.3
0.02 - 22.2 % 2.2
0.04 28.5 ¥ 1.1
0.12 - 36.2 3.4
' ¥ 6.0

0.2 . 43.9

The tolerance of the assay to sample dilution is
sufficiently broad to cope with most fluctuations in
urine volume production.

The dual analyte assay has been used to monitor the

15 relative changes in the E13G/PD3G ratio across a number
of menstrual cycles where urine samples have been tested
on a daily basis. The results obtained for a typical'
cycle are shown in Figure 5. The graph is plotted as
absorbance relative to control well absorbance against

20 day of cycle. This subjeét was also monitored by ultra-
sonography to determine the time of ovulation. Since the
ultrasonography was performed once per day there was a
24 hour uncertainty in this event which is indicated by
the vertical broken lines on the graph. |

25 The absorbance profile across the cycleshows a well
defined surge over the 4 days immediately prior to the
time of ovulation, rising to a peak value 1 day before
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suff|C|entIy broad to cope with nost fluctuations in urine volune

pr oduc The dual anal yte assay has been used to noniter the 15 relati:ve
changg \ the E13G PD3G ratio across a number of menstrual cycl es where %
uri ne es have been tested on a daily basis. The results-*obtained for a
t ypi CY ¢l e are shown in Figure 5. The graph is plotted as absorbance

rel ati Ws—t'o control well absorbanc®5agai nst 20 day of cycle. This subjectigJ
was al so nonitored by ultra- -sonography to determne the tine of ovul ation
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on the gra . ance profile across the cycP shows a wel |
defi ned §h¢gbub9el Phésﬂ-daybelﬂﬂ%&?af%l§1®¥16¥ pbasaeshpws 8f ovul ation,

rlSlng tﬁlﬁoﬁeﬁgaN bRis ﬂQYab66ﬁﬁ6n even35an9Vyf@Eé99y rdhicasis fol | oned
I ovu ed depressi on of absorbance

f.rapld fa

dur ng tﬁ%tﬁufgéilﬁﬁggﬁ a?ﬁg %ﬁFYy f%???%ﬁ?ar BﬁaE%JgﬁoRE m nor peak
this is dombnabesethat cpollepandapryvideses-chear matRefobbihulfar acitivity.
However , | e C e a.cl ear marker

bot h fordégggﬁgbgﬁﬂpgﬁg 9? ?f% Beégﬁgdxggdfggrpgég%#g?ﬁﬂg ﬁn} m nent
ovuIatloﬂlnﬁnguPéUSatanﬂarlzes results obtai ned when the dual 10 anal yte

assay was Useﬂlgﬁrgeésgﬁﬁmgﬁi£¥sUfé@@l§§”Pﬁ€§1ﬁé@”%ﬁeﬁotﬁb @lial’ nenstrual
ure ates_the start of the

cycj es i
subi%ct %"ﬁiﬁg?rﬁ FatyELﬁ upggRfo measure Ha* Kot ELREsSERARLEA] of the

subj ect' éramnat todhlcy€l €7 menstrual cycles.
In the Figure;

!b * indicates the start of the subject's
menstrual cycle,

D> indicates the end of the subject's
menstrual cycle,

Y indicates the day upon which the
subject's basal body temperature
~was observed to rise,

u indicates cycles in which the time of
ovulation was estimated by ultrasono-
graphy. Follicle rupture cccurred
during the 24 hr period demarcated by
the two vertical parallel broken lines.

B indicates cycles in which the time of
ovulation was estimated by the day of
basal body temperature rise, this occurring
on the day indicated by the dotted
vertical line,

An arbitary threshold value of relative absorbance
15 was selected (35% relative to control wells) in order to -
- highlight those days of the cycles when raised absorbance
values were observed.
The threshold was exceeded in all 17 subjects either
on the day of ovulation or several days before (up to 8

20 days). The fall below the threshold was
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o] i ndi cates the day upon which the subject's basa
tenperature was observed to rise, U i ndi cates cycl
the timé of ovulation was estimted by ul trasono- graphy. Fol Opture -
occurred during 'the 24 hr period demarcated by the two vertical parallel
broken lines. B i ndi cates cyel e86in which the tinme of ovul-ation
Q§§ estimated by the day of basal body tenperature-rise, this oecurring on
the day indi cat elseyvedeigoneet sebjeets byntwo days nrftery evvlahépo.val ue

i' ch

of relative abspypprgeths 1u¥es1Sphasteor (eaftyekaiivéuidr CORAER! the! I S) in
ordé?/to hlghllgat t oig daés of the cycles when rai sed absorbance val ues
ver e observed. ThEeEhPLEnHRY DAt exeeeded-in all 17 subjects either on the

day. of ovul ati on orhesegeresulibysibheioste (tipat 0a StRPeshdbysyaludheff she
bel ow the thres - 36, - served 0 . t bjects, by, two days
after ovulgtiongg ?lnér?ﬂ%cfgtgﬁle 3ag%agréﬁ%}gggf%§$%%dféﬂlghgge t he
threshol d was neboestcebiédh ¥hesmivessalstonallbanenstenak eyebehoriinealue
-of the 5 sigpgh 968?”&@91?¥etQfsggaéhééa¥¥%ﬁhaéﬁfyb doPeansé?ﬁowhlch
is universal to all nmenstrual cycle urines. The dual analyte assay thus
forms the basi styPeatget/ he igptceeerwhethen entrohriweRanrisoinaawoman is
inafertile phpgetdlehphadBNeFrN@t H¥SsErual cycle. '
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CLAIM5S 1. An assay involving the follow nWJ e solution
cont-alpning a first and a second anti- geni ut e; m“l rst an’ti_b’od)i/i
, of reversibly binding to a deternin “&m\“\ \ant i geni ¢

Ahe first antibody being in sol utioﬂm anti'body capabl e of
< I evers y binding to a determ nant of the ortd 5ntigeni c solute, the 10 . .
second—anti body being irreversibly Bguad to a solid phase support; a |igan8,/
mol ecul e coprIMsing a-first antigen to which the first antibody is capaphe

of reversiBry b ndi and_a se ty i 15
anti body is cap bI-ep‘gfa?%%ré’?‘gﬁ}gjbr?gd#rgegTk#ﬁg\%lfgtctogﬁ&%%g‘gc%d antigeny
being irresesamply soluticmgiemtaining st iang @y seeomer antdiecul e, the
l'igand nol ecul e Qﬁi‘?gs%hégl ution; and a | abelled anti body capabl e of
reversibly bi nd_gng 0 * the first antigen, the assay conprising the
st epsSof ; @ofkral antikedy ccapable efnPpeRBiRAY Hinding 5% & anti body, ‘the

second ant i bodygedrhifiaht I6PCLHB! LLPLE, amt Opérind ddwiie actd st anti body,
the 25 second ant i bod nol ecul e are not "all m xed

_ and the |igan
with each ot her fpFpsr apbil x‘?ﬁf‘égof“tﬁgﬂ%m'e sol ution; incubating the
sai d ni xt upesetbAehNtEboay cgpablecdit revelsiblye biriding dgemda nol ecul e and

ant | body and ol FOYFRRLEENE.oT FOR hEpoRd ARRLeFis Mpiled, el 1%

secon@Oant i geni sesohdt antbbodysbeingi bnrevensiy aundl ¥htd body; pl aci ng

Eﬂe sgl_i dI Iohajsesglﬂgoghagg ggg%a;%;wi th the 35 | abel | ed anti.body,
ereby all ow ng assoCl at1 on tween the [abell ed antibod
a liggnd molecule comprising a firgt antigen 1?0 ywl%[]g\any unbound

the first antibody is capable of reversibly
binding and a second antigen to which the second
15 antibody is capable of reversibly binding, the
first and second antigens being irreversibly bound
together thrpugh a bridging support molecule,
the ligand molecule being in solution; and
a labelled antibody capable of reversibly binding to
20 the first antigen,
the assay comprising the steps of;
forming a mixture of the sample solution, the first
antibody, the second. antibody and the ligand
molecule, provided that the first antibody, the
25 second antibody and the ligand molecule are not
all mixed with each other prior to admixture of
the sample solution;
incubating the said mixture, thereby allowing competition
between the ligand molecule and the first antigenic
30 solute for association with the first antibody
and allowing competition between the ligand
molecule and the second antigenic solute for
association with the second antibody;
placing the solid phase support in contact with the
35 labelled antibody, thereby allowing association
between the labelled antibody and any unbound
first antigen; and
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first antigen; n1n|ng t he anount of |abe :
bound to the soI \\& t hrough the Iigand nol equl e /a
‘ant i*body. 5 ssay according to claim1l T
nol ecul e conpris oﬁe‘flrst antigen and one second anti
antigens being irreversibly bound together through a bridging support.
Jnol ecule. 10 3. An assay accordi ngato_ claim1 or 2 wherein the
xture is forned by m xing the se arate co nents in_one step. 4. An

assay accor di ng $8taFpi othe ram le%aqumemdt ¥ nixture
i's fofmed by; forn ngthe né&1id pledsé f@;ﬁfw& ectirduih Wheand molaktle

mol ecul e, and m xi ng thg ai d n1xt4; m xture forred between the
first antibody and t RS et INSEHT 9&?&? A net hod for determning the

fertile period of the nenstrual cycle mhereln an assay according to any one
of the precegding clai us r e tr tlons of
oestrone- 3- gl ucur oni d?an nggs%?e{ggg‘gun%&é{ncéh% u%'hﬂr\oinl e q’?’n t&’l ne. 6. A
met hod accordlnglisanﬂamQ1€cnh%r@¢mptiﬁ§S|Qﬂ§ﬂfﬁﬂ§ﬁuﬁnt48&§e@ndﬁOmhe assay

conpri ses, at Ieaé&onansnapge&ulaa@fw%%xﬁs%a AR ea¥d Al | east 30
one nol ecul e of g nane-3 [ ucur oni de i r.r eversi bl bound throuqr a bridge

support ol ecul ePoyndatage ﬂraEQfﬂﬁﬁhm?tQF¥ﬂgiqﬁ 49R9§§|TQﬁ%§ Yi€yand
nol ecul e is of the fornula 35
10 - 3. An assay according to c¢laim 1 or 2 wherein_'

the mixture is formed by mixing the separate components
in one step.

4, An assay according'to any one of the preceding
15 claims wherein the mixture is formed by;
forming a mixture of the sample solution and the ligand
molecule, and
mixing the said mixture with a mixture formed between
the first antibody and the second antibody.
20 ' |
5. A method for determining the fertile period
of the menstrual cycie wherein an assay accordiag to
ény one of the preceding claims is used to monitor the
relative concentrations of oestrone-3-glucuronide and
25 pregnanediol-3-glucuronide in urine.

6. A method according to claim 5 wherein the _
ligand molecule used in the assay comprises, at least.
one molecule of oestrom-a-glucuronide and at least

30 one molecule of pregnane-3-glucuronide irreversibly
bound through a bridge Support molecule.

7. A method according to claim 5 wherein the
ligand molecule is of the formula
35



-39- [ERR] 8. A reagent kit for perforniHa—aﬁ§5§§éy‘acceFdLng to any b
one gi~clians 1 to 4 or a nethod according to HW aine 5to 7" - ?
co kSi g, separately, or in 5 conbi nat i on, ,mm]ﬂ}gmm(lu dy, t h& A
' secU fF‘body, the ligand nol ecule and the | abelde provi ded _
' 2V Jr st anti body, second antibody and the ligand nol ecule are not .
vm'th each other. 9. . A ggagent kit for perform ng an assay \/
according to 10 any of clainms 1 to 3 conprising, separately, the first,_
anti body, the second anti body, the ligand nol ecule and the |abelled g
anti body. 10. -—A reagent kit for. perform ng an assay aggording to claim
1, .2 or 4 conprising a mixture of the first 15 ant i bodyf and t he second.
anti body and, separately, the ligand nol ecul e and S sl |l ed anti body.
11. An assay substantially as herei nbefore des A reagent
kit substantially as hereinbefore described, :

8. - A reagent kit for performing an asséy ac¢ording
to any'bne'of cliams 1 to 4 or a method according to
- any one of claims 5 to 7:comprising separately, or in
5 combination, the first antibody, the second antibody,
the ligand molecule and the labelled antibody provided
that the first antibody, second antibody and the ligand
molecule are not all mixed with each other.
9. A reagent kit for performing an assay according to
10 any of claims 1 to 3 comprising, separately, the first
antibody, the second antibody, the ligand molecule and the
labelled antibody. |
10. A reageht'kit.fOr perfqrming'an aSsay'according
to claim 1, 2 or 4 comprising a mixture of the first
15 antibody and the"Secohd'antibody and, Separately, the
ligand molecule and the labelled antibody.
11. - An assay substantially as hereinbefore described.
12. A reagent kit substantially as hereinbefore
described. - -




