The I nrention concerns a process for the determ nation of an

t mrunol ogi cal |y detectabl e substance based on a het erogeneous i munoassay
by ‘use of a solid phase on which one of the inmmunol ogically active reaction
conponent-s. i s bound, as well as a suitabfte reaction vessel therefor.

[ mrunoassay procedures are often used to determ ne substances which can be
specifically bound. In this process one partner of a binding pair, capable
of specific binding to one another, is reacted with its specific receptor
which is labelled in a known way. The conjugate of both these substances
can then still react with a receptor which is specific for the conjugate or
for one of the two parts of the conjugate. There are many variants of these
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mhrch t he reacti partner ound, or spheres on the outer surface of
whi,ch the reaction partner |s bound, are usually used as the solid phase-

for nmunol ogi cal net hods. R
Immunoassay procedures are often used to determine

L ' substances which can be specifically bound. In this
process one partner of a binding pair, capable of
specific binding to one another, is reacted with its
specific receptor which is labelled in a known way. The
conjugate of both these substances can then still react
with a receptor which is specific for the conjugate or
for one of the two parts of the conjugate. There are
many variants of these immunological procedures. In such
methods it is advantageous if one of the receptors is
present bound to a solid phase. This facilitates the
separation of the bound and non-bound reaction partners.
For the determination of the substance capable of being
specifically bound, the amount of labelled reaction
&w‘ .-' partner bound to the solid phase or of labelled reaction
partner present in the solution is measured and related
to the amount of the reaction partner to be determined
according to known procedures. '

: Plastic tubes or microtitre plates on the inner surface-

. of which the reaction partner is bound, or spheres on
‘the outer surface:of which the reaction partner is ‘
bound, are usually used as the solid phase for
immupological methods. '




-2 | nsthese .net hods t he bi ndi ng of the specific reaction partner to the
Fespective surface nmust be carried out in such a way that it does not | ose
its-ability to specifically bind to the substance which is capable of
specific binding to it. For this reason thé reaction partner is usually
bound adsofptively to the solid phase. It was therefore already suggested
that the binding of the reaction partner to the solid phase should be

achieved via a CPHPEhéQeaﬂéﬁhoablﬁheﬁBﬂhdiﬁg‘ et sl £ilan xtdraa:iuxocess
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towards its binding par g ure of avidin,
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coated with the g&fﬁf\éi‘eléuﬁ%ami? Béuﬂdrﬁaé‘bfptﬁvé‘m% feremddt 1 2601455.
Such a surface
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. met hods of detec or tine clinical agnosi s many. di fferent
. parameters . does not destroy the region of the molecule which
5 ol specifically reacts or alternatively that the reaction
partner is bound in such a way that its reactive site is
facing away from the solid phase and towards its binding

partner.

The precipitation of a mixture of avidin, biotin and a
reactive substance onto a solid phase to obtain a
surface coated with the reactive substance as a result
is known from FR-A 2601455. Such a surface is only

U suitable for binding a specific analyte which is capable
of binding with the reactive substance.

A disadvantage of all these known processes is that a
special solid phase has to be provided for each specific
reaction. This means that for each individual test.
another solid'phase has to be produced, stored and.then
used for the determination which is tedious.

It was therefore the object of the présent invention to

' provide a process and a reaction vessel which are . K
suitable for many different methods of detection. For
routine clinical diagnosis many different parameters
such as hormones, tumour markers, as well as parameters




su¢h as-hornones, tumour markers, as well as paraneters -3- for

i nfecti on, aIIergy or fertility are determned froma single blood sanple.
The concentration of the parameters to be determ ned covers a w de range.
Par anet er.s. |n | ow concentrations such as-f%r-exanple TSH and prolactin are
in the range of [err] nol/1, whereas paraneters in high concentrations like
[err] and [err] are at a concentration of about [err] nol/l. For this

purpose it woul degg dggbbRbba, Iameﬂg{;fsfeﬁérwi)ﬁt I&@qiemﬁéu beer gte ed
in every case for the indjvidya erm nations if a standard
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. This object is achieved by a process for the
determination of an immunologically detectable substance
based on a heterogeneous immunoassay by use of a solid
phase on which one of the immunologically active
reaction components is bound, which is characterized in
that a reaction vessel is used as the solid phase on the
inner surface of which streptavidin or avidin is bound
in such an amount that 0.1 to 2.5 ug are present per nml
reaction volume. The amount quoted refers to
streptavidin or avidin which is accessible to the
binding partner in the form of a biotinylated protein or
hapten dﬁfing the course of the immunological reaction.

The'process according to the present invention is
épplicable to all methods of determination in which the
receptor, which can for example be an antibody or an
antigen, which is to be immobilized on the solid phase

’ is conjugated with biotin. The streptavidin or avidin

: respectively, bound to the solid phase according. to the
present inﬁention, adhere well.tp all tube materials and
the binding is stable against detergents.. When
establishing calibration curves which are necessary for
the évaluation of many immunological methbds, the




i s conjugated with biotin. The streptavidin or avidin respectively, bound
to the solid phase according to the present invention, adhere well to al
tube materials and the binding is stable against detergents. Wen

est abl i shi.ng calibration curves which areecessary for the eval uation of
many i nmunol ogi cal net hods, the -4- streptavidin or avidin bound to the
. sol i d phase yield steep callbratlon curves wiwth small bl ank readi ngs which

‘l'ead to an mcr%%%%%ﬂw fﬁfxﬁQﬁWaﬂﬁ)&mAﬂo‘thhEb aﬂaa@am@ pﬁagaayléma to |ot

variations in the anount of coated streptavidin ha
i nfl uences on t B&eeds daldation Guves yit ?hﬁmﬁé}tp%ﬁ!‘%rrﬁggéﬁgﬁggh&f’ht he
process accor di N@ad ﬁdﬂ%rprmﬁasm\ientﬁrmaceutaay t hefanther aflvantage

streptavidin or ,avi be SQ jUSt t ol.i.d can be
used for all kndh %2‘5"&9%% vc?ﬁ"l? gﬁe‘éﬁ% ?%Qrusﬁgaégacggegafurther
:advantage is th&wrapnavﬂdrnnhaduuniy naq@amuQREy1aﬁ1ugnqe%sonb hea| so
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t he present i nventi on. ci dat ed I nore det ai gnp e 7.

In-a particul ar IP}'W%&%%P’@%ltrﬁslﬁhec mEesent: inventien 1ﬁs§t}a§s
sol i"d phase is amddift G¥strdpt axsﬂiras:xaawueht Botind &hr bhkosonetric

ingl e vessel ?Eiﬁ&g&%ﬁ% s Sp B mpelfeh, e/ RRAT8Y pTar RAcHR,Y
the reacti on vegpyxdcesses lnased ramtlmteﬁm;eneloubasmmmoagsayalol Y tn&iﬁbsar ent
val advantage is that several substances, especially
antibodies, but also antigens, can be determined
simultaneously with the process according to the present
invention. This will be elucidated in more detail in
Example 7.

In a particularly preferred embodiment the reaction
vessel used as the solid phase is at the same time used
as a cuvette for the photometric determination of the
label. This is particularly advantageous since only a
_ single vessel is necessary to cafry out the entire
W ' ‘reaction. In this case the reaction vessel is so
constructed that it has two optically transparent wall
. _ areas facing one another. The entire wall area can be
i\ coated with streptavidin or avidin.

According to the present invention a reaction vessel is
used as the solid phase on the inner surface of which
streptavidin or avidin is bound. The binding of
streptavidin or avidin is carried ocut by methods known
to the expert (EP-A 0 122 209). The streptavidin or
avidin can either be bound directly to the solid phase
or alternatively bound via a spacer or substances which
mediate the binding. '



areas Tacing one another. The entire wall area can be coated with

st Ceptavidin or avidin. According to the present invention a reaction
vessel is used as the solid phase on the inner surface of which
streptavidin or avidin is bound. The bindifg-of streptavidin or avidin is
carried out by methods known to the expert (EP-A 0 122 209). The
streptavidin or avidin can either be bound directly to the solid phase or

alternatively bO!ﬂdgngefeff@&e£m§§9§ﬁ@ﬁéa@@e@héW5fégéE¥ﬂfﬁﬁéﬂéﬁbﬁﬂ ndi ng.

-5- In a preferre odi ment of the present iInvention streptavidin or
avidin is coupl eGtrephavifin @r Avidin %ﬁt?P%P%ﬂ@éEQﬂ%ﬂsQ&Héiﬁ Mbout
300 098 Sn]g thenwi’ﬁ?sapﬁaiﬁeﬁlﬁriﬁeﬂﬁbﬂ{#ﬁdvéoabothwfﬁlgmg Z:lr&DHihhrphase as
escribed for ex e _in.the patent.appli Lo 5 P S
preferable to usgﬂgspFSP-éFﬂa i th ?n%%ggg%‘ﬁa’%‘&dg %%‘F%%h%ﬁ%.%h’ids ‘?ﬂr?csreease
i n hydr ophobi ci t ascdesévibedafipt cexampléi twethéypatentmpppkigatoiorof heat

treatnent wth agids, adeRnat wkhn gent t i Rﬂﬁe r~Hy
chem cal couplinghtg gghegrg%%bg$€ g% Eungfgﬁ%gggﬁéﬁﬁgﬁfgh t é%gqggéﬁ?s

al so | eads to anhmacbeenemadetRpdrepPhelbi@s wei ght. The increase in

nol ecul ar wei ght can be al so achi eved by cross-linking with a bi-or

pol yfunctional protein reagent. Acetic acid, propionic acid, lactic acid or
hydrochl ori c aci g¢hdanihefeg&®anphechpéropkobicityecani for Taeanplealbe

coqssntrations aggh%e%gdlgg Eﬂgléﬁpfﬁé&tigﬁcékqgeéﬁyaéreatment-with
acids, denaturing agents and/or chaotropic ions and/or
&J by chemical coupling to a hydrophobic compound.
Treatment with these agents also leads to an increase in
the molecular weight. The increase in molecular weight
can be also achieved by crossélinking with a bi-or
polyfunctional protein reagent.

Acetic acid, propionic acid, lactic acid or hydrochloric
acid can for example be used as the acid. The usual
concentrations are 1 to 100 mmol/l with reaction times
from 10 min to 16 hours.

Suitable chaotropic ions are for ekample thiocyanates,

_ La‘ - iodides, fluorides, bromides, perchlorates and
sulphates. Suitable denaturing agents are for example
guanidine hydrochloride or urea. In this case"
concentrations of 10 mmol/1l to-6 mol/l are usually used.

For the derivatisation with hydrophobic compounds
_.solublé fatty acids, lipoids in é-low or high molecular
weight form as well as synthetic'polymers such as
polypropyleﬁe glycol or soluble copolymers of
polystyrene are preferably used. The derivatisation is




fromI0'min to 16 hours. Suitable chaotropic ions are for exanple
thi'ocyanates, iodides, fluorides, brom des, perchlorates and sul phates.
Sui-t abl e denaturing agents are for exanpl e guani di ne hydrochl ori de or urea.
.I'n this case concentrations of 10 nmmol /|-t 6 nol /| are usually used. For
fhe derivatisation with hydrophobic conpounds soluble fatty acids, |ipoids
in alowor high nolecular weight formas well as synthetic polynmers such

as pol ypropyl engLlyfél Qit SHY Uk enSP FarffAliaroitor @l perdc exdnady efier abl y
used. The derivatisation Is -6- carried out by nethods famliar to a

person skilled ith®H®%rt. The cross-1inking by neans of bi- or

pol yfuncti onal conpounds is carried out with known protein binding
reagents. These are conpounds whi ch have at |east two functional groups
whi ch can be ei tThe dressehinbingli by eneans afd bivi o miyfeurgtmnai

functional groupg, &fwidL ei8Se Q%r{rg&\rgu@f tgjp%m?,tfc iHiPihg | IS

preferred to use C ounds whi consi st o an alky haln at t he "end of
“whi ch succi ni m zeagents ni Thesenarercenrindfe Wighh haye atodhast tHp

protein is crosspyhdkEshi t Gréhfs Dimidk mhﬂ@recs.turwialuf@rgmwdmn a known
way ‘by reacting the sol ub

|l e ein and the bi r f.unctd onal co und.
In order to incrébkteremnt h?/ﬁso'ﬁhbﬁ‘c??? 1bt"”ttg" qrﬁ?k IGQURS rg)to
‘preferabl e to ugereteinsnbyviédng 0Pl enesarfuritjiunalr gncpsLOAt dis00 -000.
;Panibcularly prefer Sgré& to use compounds which consist of an alkyl
~ chain at the end of which succinimide, maleimide, and/or

L aldehyde groups are located.

The protein is cross-linked with the bi- or
polyfunctional compound in a known way by reacting the
soluble protein and the bi- or polyfunctional compound.

In order to increase the hydrophobicity and/or to cross-
link, it is preferable to use proteins with a molecular
weight from 10 000 to 700 000. Particularly preferred is
bovine serum albumin, lipase or immuno-¥-globulin.

_ Streptavidin or avidin is then coupled to the protein

ﬁnﬁ. | ‘using a known method. Suitable coupling methods are
descrihed for example in Ishikawa, J., Immunoassay 4
(1983), 209-327. '

The éonjugate obtained from streptavidin or avidin and
protein is then adsorptively adsorbed onto the plastic
surface which serves as the solid phase. Before the
conjugate of protein and streptavidin or avidin is
adsorbed onto the'hydrbphobic solid phase it is also
possible to chemically or physically pretreat the solid
phase. Thus for example a plastic surface can be swollen



bovi ne'«serum al bunin, |ipase or imuno-[err]-globulin. Streptavidin or
aviddin is then coupled to the protein using a known nethod. Suitable
couwpl i ng nethods are described for exanple in Ishikawa, J., |nmunoassay 4
(1983), 209-327. The conjugate obtained<rpm-streptavidin or avidin and
protein is'then adsorptively adsorbed onto the plastic surface which serves
as the solid phase. Before the conjugate of protein and streptavidin or

avidin is adsorqu_%qﬁé%f%€¥%%(goﬁiﬁﬁm%{&ﬂ Sadnee.Pees bl e to

chem cal ly or physi tre ase. us fQr exanple a
pl astic surface adgPrRtiNe|Rigling 19 ttheyy dhage LesUdEs) FrMot her

known manner . Thep@skesranid weedi Nthwcdet Ldies s Uydrapissac Eorides,f rom strong
and weak interac joqﬁ% ydrophobi £ forges, dij ole}%gfole or ion-dipole

i nteractions. RER? "‘%&%ﬁé Lt 1%%%0}&?@ ®¥als with a surface
tension which is smaller than the surface tension of the sol uble

hydr ophobi c protein i.e. which are nore hydrophobic than protein are
particul arl y suiReatkicon vesselsimatett supperping matexiads wiFh® erial s

Wi th a surface tgpstoke et G £ER | 187 SmPl BTty theeGurifalasst yrene,
pol ynmet hacryl ate, teflon, paolyam de, copolynmers of styrene ,and

acrylonitrile, gremsiom®tthe | sRublea¥dophobie, Rratain iy s whdghy  The |
solid phase nat egy&l me¥& h@REoPEeIidi tiah Opidite i eass tpartientliaarly s used in
the getermi natiop, of , (P0Yad (A& EPhrGEREHEL SLS11d ildle’. BB AHY OF the

‘materials with a surface tension of 40 erg/cm2

are
. preferably used. Polystyrene, polymethacrylate, teflon,
| polyamide, copolymers of styrene and acrylonitrile,

glass and cellulose products are particularly suitable.

The solid phase material produced according to the
present invention is used in the determination of many
different parameters. In this process one of the
substances capable of binding to the parameter to be
determined is conjugated with biotin which in turn binds
to the streptavidin'of avidin respectively bound to the
“ solid phase. By this means the specific complexes which
form as a result of the immunoassay pfocess can be )
immobilized and then determined. Therefore in accordance
with the present invention as much streptavidin or
avidin respectively is bound to the solid phase that per
"ml reaction volume 0.1 to 2.5 ug are available for.
binding to the biotinylated substance capable of
specific binding. ' '

The said reaction volume denotes the sum of sample
volume and test. reagent volume. '



subst ahces capable of binding to the paraneter to be determned is
conjugated with biotin which in turn binds to the streptavidin or avidin
respectively bound to the solid phase. By this neans the specific conplexes
which formas a result of the i munoassay p# ocess can be i nmobilized and
then deternmined. Therefore in accordance with the present invention as much
streptavidin or avidin respectively is bound to the solid phase that per ni
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i nvention is a reactlon vesse mnth Ically transparent wall areas which
face one another BRACKAPA XO1EUMA- or streptaV|d|n coated wal ls which are at
| east” partially within the inner wall region intended as a receptacle for
| iquid, wherein the inner space of the container intended as a receptacle
for liquid and the faspheri embedimentivofli therpreseht vmntionfis e coating

arehfo mat ched th@&agtlohovessel with optically transparent wall areas

which face one another and with avidin or streptavidin
&J : coated walls which are at least partially within the

inner wall region intended as a receptacle for liquid,
wherein the inner space of the container intended as a
receptacle for liquid and the respective streptavidin or
avidin content of the coeting are so matched that 0.1 to
2.5 pug streptavidin or avidin are present per ml
reaction volume.

This reaction vessel is particularly suitable for

carrying out the process according to the present
(7 invention. Since it has optically transparent wall areas
which face one another and also has a coating of
streptavidin or avidin it can be used simultaneously to
carry out the reaction and for the photometric '
determination. As a result of the coating with 0.1 to
2.5 ug streptavidin or avidin respectively per ml .
reaction volume, this reaction vessel can be used for
the determination of different parameters on the basis
of a heterogeneous immunoassay.

The reaction vessel constitutes the solid phase. It
consists of materials which are usually used for this
purpose such as plastics, glass etc. The optically
transparent wall areas also consist of known materials.




2.5 ug streptaV|d|n or avidin are present per m reaction volume. This
reaction vessel is particularly suitable for carrying out the process
according to the.present invention. Since it has optically transparent wall
areas which,face one another and al so has a9ceating of streptavidin or
avidin it can be used sinultaneously to carry out the reaction and for the
photonetric determ nation. As a result of the coating with 0.1 to 2.5 ug

streptavidin or epaﬁhrbd tpﬂ@fé’rﬁ&i i teeetiddye &Q-Leugsaly%y%eh%act ion
vessel can be used e er aélon of differ aranet§H§ on_t he
basis of a heterdﬁiﬂfgéﬂ%e rl%ﬁ/ YEGRE » PRV é'é‘ €6 /c BRIYACEYdateSe

solid phase. It corbipdlyméthedreylatesivhi ch are usually used for this
pur pose such as plastics, glass etc. The optically transparent wall areas

al so consi st of known naterials -9- Particularly preferred in this case
are pol ystyrene, &ﬁfolpgéw)’fdi/ﬁ% SN HIORBhR R B‘i!c)é%grl @res
and pol ynet hacryl at es. e tavidin or avidin can elther be coate rectly

or via a carrier Vi & ,qgr:@yela makerial my aEnaser -t Ferpexampdeothe
streptavidin or ainiing O# g&qbt@v:mm e W Edind t@heeallabwewbtteahove

500 000 which is then ads to the .inn surfac e.reaction vessel

is suitable. An é'f?lt}ghlarrém d]fm yetati %?P éaﬂao og (‘é’i‘&%‘ af andar d

reac__t.i on vessel fadsdﬂ'hedlet@rthaaimm gurface of the reaction vessel is
U ' suitable. ' '

b : _ An embodiment of the invention is also the use of a
standard reaction vessel for the determination of
different parameters using processes based on
immunoassays, which consists of.a'vessel on the inner
surface of which streptavidin or avidin is bound in such
an amount that for the test reaction 0.1 to 2.5 ug
streptavidin or avidin are available per ml reaction
volume.

According to the present invention a process and a

N reaction vessel are provided in which streptavidin or
avidin are bound permanently and with good adhesion to
Q,z the inner surface of a reaction vessel which serves as a

solid phase. The adhesion is so good that even the
addition of detergents does not lead to the detachment
of the substance. The reaction vessel provided according

-~ to the present invention can be universally employed and
is suitable for carrying out methods of determination
for very many parameters and therefore facilitates the
perfgrmance.of routine determinétions;

~The invention is elucidated by.the following figures and
examples. The figures show :




differéﬁt par aneters using processes based on inmunoassays, which consists
of .a vessel on the inner surface of which streptavidin or avidin is bound
in such an anmount, that for the test reaction 0.1 to 2.5 ug streptavidin or
avidin are-.avail able per m reaction vol engp According to the present

i nvention & process and a reaction vessel are provided in which
streptavidin or avidin are bound pernanently and wi th good adhesion to the

i nner surface of Fig eaction vl W 691§32¥630ﬁ5c3r§8§' gophases grhe
adhesion is so good that even the addition of detergents _does not |lead to

the detachnent of the subst3greEmina&ipp,using 9@§99F1bF89|QEHeEEéUFGFHg to
the present invention can hilm wairiousaahmpuaesl anadobastihglatetdabheiFosH-
carrying out nethods of determination for very many paraneters and
therefore facilitates the 53FP5P dce of routine determninations. The

i nvention is elucidated by the follow ng figures and exanples. The figures
show : -10- Fig. 1 a famly of calibration curves for a TSH

det ermi nation usi¥¥g4 mobi & £ad ibragieny rurve fovani puelanbint teahkd
biotinylated anti-TSH antibody; Fig. 2 a calibration curve for a
prolactin test; Fig. 3 a calibration curve for a CEA-test and Fig. 4 a

calibration curverigy 3 T4d ealibragioh cusvéafibkyaoCERatestaah@n curves
for an anti-HBs determ nation using i mobilized streptavidin

“

Fig. 4 a calibration curve for a T4-test.

: Fig. 5 a family of calibration curves for an anti-HBs
determination using immobilized streptavidin
in various amounts.

The monoclonal antibodies against TSH used in the
examples originate from hybridoma cell lines which were
deposited at the European Collection of Animal Cell
Cultures, Porton Down, GB, under the numbers

_ ECACC 87122201 and ECACC 87122202.

\
Ex anmn p le 1

L‘-

The binding to the solid phase of the conjugate
according to the present invention and of the
hydrophobic protein and streptavidin was investigated:

- Thermally aggregated BSA, from now on referred to as
thermo~BSA, was prepared as follows: 1 g BSA was
dissolved in 100 ml of 50 mmol potassium phosphate
solution with a pH of 7.0, heated to 70°C and kept at
this temperature for 4 hours during which it was gently
stirred. The solution was cooled down, filtered and




i n' vari.ous anounts. The nonocl onal antibodi es agai nst TSH used in the
exd@npl es originate fromhybridoma cell |ines which were deposited at the
Eur-opean Col | ection of Animal Cell Cultures, Porton Down, GB, under the
nunbers ECACC 87122201 and ECACC 8712226211E-x a mp 1 e 1 The binding to
the solid,bhase of the conjugate according to the present invention and of
t he hydrophobic protein and streptavidin was investigated: - Thermally

aggregat ed BSA, %FHV , td¥erg - 1. Qggﬁggg-
follows: 1 g BSAJ(\iAg'gg_ [ ssﬁlvée?ﬁlé%gcoxt%#g} JB% drQ;I’irD @%t ggglt%m p .osnﬁg'fe
solution with aYas diglysedagainst g hirtyfeld yolyme; pfs residstdddes 1 or
4 hours during wWiedrit was gently stirred. The solution was cool ed down,

filtered and - 11 - adjusted to a concentration of 50 ng/m . Afterwards
it was dialysed against a thirtyfold volume of re-distilled water. -

Preparation of a qgonjugat.e. of reptavidin w th thernn- X . tavidin
I sol ated from St rg%f 3 i%@i%#n?iém‘gé%fﬁeor{es ﬁfgﬁgﬁ\n Wi

mal ei m do- hexancgherhdyBSAdx ystreptavidinicisalatest fapm Staeptomyiceisni ng
mal-ei m do groups,., 4. R ¥@13v&199é( r ¥ d i IR NN oY LR o3~ Ni €
aci d anhydri de a?\‘al@ﬁé{%.r otected SH g‘?ots guwerle 1a terwar gg&rel edsed by the

addi tion of hydreugeiminide The @ycstrertaviiingantainingepadedmicey by
M xing the strepypyhPs THEOARS-BSHIwAS | SOV &itell GHth 3Pdcklhy1-iRirBapto-

L succinic acid anhydride and the protected SH-groups were

' afterwards released by the addition of hydroxYlamine.

\ | ' The desired co_njugate was then obtained by mixing the
streptavidin containing maleimido groups and the thermo-
BSA containing SH-groups.

- Plastic tubes made of polystyrene were then coated
with the streptavidin-thermo-BSA-conjugate. The coating
- of the tubes was carried out with 1.5 ml of a
streptavidin-thermo-BSA-solution for 18 to 24 hours,
whereby the.molar ratio of both components was 1.8 : 1
(10 pg/ml) in 40 mmol/l sodium phosphate buffer, pH 7.4
— at 20°C.

i . After aspiration of the tubes they were recoated with
1.8 ml of a solution containing 2 % sucrose, 0.9 %
sodium chloride and 0.3 % BSA for 30 min at 20°C. After
drying (24 hours at 20°C and 40 % relative humidity) the
tubes were ready for use and stable.

Eg ample 2

One-step test for TSH



BSA contai ning SH groups. - Plastic tubes made of polystyrene were.then
coated with the streptavidin-thern-BSA-conjugate. The coating of the tubes
was carried out with 1.5 m of a streptavidin-therno-BSA-solution for 18 to
24 hours, whereby the nolar ratio of bothionponents was 1.8 : 1 (10 ug/nl)
i'n 40 nnDIhI sodi um phosphate buffer, pH 7.4 at [err]. After aspiration of
t he tubes they were recoated with 1. 8 m of a solution containing 2 %

sucrose, % s r|d % _ t
drying (24 hours%gt%gkﬁaf andﬁgggglgg ét%ggéhgﬁgdégt?baﬁg wé% E}ﬁgﬁgégéady
for use and stabFer &hASapmr90§eethecnetsr@§ﬂré§t1b@¢yTSH -12 - _

Bi otinyl at ed nmonggiagials7anbloioHyab! teadkreaa me&absdtlﬁomthhé aghaavse
the anti-TSH anti body, ECACC 8 87122201, .,was. copve biotin_in_ the

usual way, wher eM@a¥uh@hergby, khe: GeRPLingetop Bi?ﬁﬁ &?Suﬁglnﬁn9¥ﬁﬁaﬁ and
biotin were usedmludaﬁypra@ﬂombuanowete uééd 4f0thg propbrethont ofiyl at ed

Dhosphate. 0.5 odpruddn $00s 80" 3%, ¥RY, biotifyaeathnt HodiPbhiss T o
phenol ) and thenohMajnﬁGHWGMQ’duﬁGORUstlhn1améobu§§erubé°a§mﬁééér$B€Humn
Exanple 1 with Z%Efégn?c;@' .8 %Sbﬁﬁ%hics%ﬂ“@“2fﬁém?it s&ahumceaiarateg a

known anount of an_anti-TSH.anti b con a
per oxi dase as well as 0 01 % phenol) and then chuba£e8 %or @@o
<o hours in a coated tube as described in Example 1 with

200 ul sample or standard solution respectively

_ containing a known amount of TSH and 75 mU of an
anti-TSH-antibody conjugated with peroxidase
{ECACC 87122202). Afterwards it was washed three times -

~ with tap water and 1 ml ABTS-substrate solution was

added. After one hour the absorption was measured at
405 nm. The results are shown in Fig. 1. It turns out
that a satisfactory result is obtained with immobilized
streptavidin when an amoﬁnt of more than 0.1 ug/ml test
volume is used.

o The streptavidin required for binding of the
biotinylated antibody used in the test was determined.

) _ For this the amount of freely available biotin was

L determined according to the methqd of Bayer, Edward A.,
Meir-Wilchek, Analytical Biochemistry 154 (1986), 367-
370. Assuming that 1 pug antibody was biotinylated in an
antibody to biotin ratio of 1 : 15 (Guesdon, I. L., J.
Histochem. Cytochenm. 27 (1979) 1131-1139), it follows
that 1 to 2 mol biotin per mol antibody are available
for binding, i.e. 1.5 to 3 ng biotin are freely '
-accessible per ug antibody.

A tube coated with 10 ug/ml streptav1d1n-thermo-BSA—
_conjugate (Example 1) has a blndlng capac1ty for biotin




(EtACC'87122202) Afterwards it was washed three tines with tap water and
m "ABTS-substrate sol ution was added. After one hour the absorption was
measured at 405 nm The results are shown in Fig. 1. It turns out that a
satisfactory result is obtained with i mebl3ized streptavidin when an
amount of nore than 0.1 ug/m test volune is used. The streptavidin
required for binding of the biotinylated anti body used in the test was
det erm ned. For [ e I erm ned
,according to the$€e?% gS ?BDHQ P8£ ﬁi €£¥téyé%%§%)(aé%ﬁﬁﬂg}lAangfﬁcal

“Bi ochenistry 154r§4993?t13§7 §7b1°ﬁé§un1ng that 1 ug anti body was
‘biotinylated in an antibody to biotin ratio of 1 : 15 (GQuesdon, I. L., J.
_Hi stochem Cytochem 27 (1979) 1131-1139), it follows that 1 to 2 nol
‘biotin per nol aphébbinddng esapakdbiyeotothei stiveptavidin Kbes Bong biotin

are freely acces d cpat

streptavidin-th ﬁ?%:gggigé%% Sga (Eng‘ofa{!?%: é fd7 mé\? #Pg@gibg%?iﬁ for
‘biotin - 13 volume-tEhgod#gepmﬂnﬂthstaﬁo¢%#ﬁ#erQQ#rﬂ¥| Wi th
‘radioactive [err 125t0ihﬁeﬁ.€a P'—&ibﬁﬂl‘iﬁpﬂhbalpéd téf@c&ﬁdm} até OtRet Uubes
for biotinylated i muno-[err obulin is,1. / t v #gne The
det er mi nati on waBetherd; @ °%PPEY12BF P&H@Pl%gﬁﬁwrikfﬁcﬁﬁﬁ h % 5EFY ed
accordlng to thezopibey. of MConahey and Di xon 1966, Int. Arch. Allergy
29/185)

Exam le 3

.&J

Prolactin test

Prolactin is determined by a one-step-sandWich-
immunoassay. A reagent of the following composition is
used for the detection:

- 50 mU/ml of a conjugate of POD and a monoclonal
antibody specific for prolactin, '

- 40 mmol/l phosphate buffer, pH 7.0 .
gﬂ,. ' | 0.5% Pluronic Fé65 (polyoxyethylene polypropylene)
' 0.2 mol/l sodium tartrate
0.01% phenol
0.2% bovine serum albumin
400 ng/ml of a biotinylated monoclonal antibody
-against prolactin.

. Both monoclonal antibodies are ‘only required to detect
prolactin and to be directed against the various
‘epitopes of prolactin. 1 ml of this reagent and 50 ul
sample were incubated for 30 min at room temperature in



EXam e 3 Prolactin test Prolactin is determ ned by a

oneg- st ep- sandwi ch- i munoassay. A reagent of the followi ng conposition is
used for the detection: - 50 m/m of a conjugate of POD and a nonocl onal
ant j body sgecific for prolactin, - 40 mmwl¥4 -phosphate buffer, pH 7.0 0.5%
Pl uroni ¢ F65 (pol yoxyet hyl ene pol ypropylene) 0.2 nol/|l sodiumtartrate

0. 01% phenol 0 2% bovi he serum al bum n 400 ng/m of a biotinyl ated

monocl onal ant i bodyo Agiedsdn &r@iw&tddhtcﬁptﬁhﬁm%éﬁﬁvﬁﬂﬂmm-wﬂ-on|y
required to detect frolactln and Hg e ected aln%§%the ri ous

epi t opes of prol GRRIYIake Hjohkaing a}‘i%&féi& %nfd’ Ml AEFYER R ubat ed
for 30 mn at ropenwRSPedstied ethrree timedsl with pmys.tawmenmde W t h
streptavi di n-t her 1.
Afterwards it m%%‘gﬂ@ae nie"t@%%r?re ﬁ&l‘feap Wat er. q%érﬁ %&&j The
substrate sol utiabsoxlance cdhs meameémhqmtmam afifiey Gethaunad

nmeasur ed photo Lézc@lly.rﬁét ds% ed}% Héten MR ﬁ_i'lf Jesults are shown in

‘Fig.2. ABT[err] azl no- enzthlazo I ne
sul phonate(s)]-di-amoniumsalt Ex a mp 1 e 4 CEA test

aBTs® : 2.2'-azino-di-[3-ethylbenzthiazoline
sulphonate(s) ]-di-ammonium salt

Example 4
CEA test

CEA was determined in a sample solution by a one-step-
sandwich-immunoassay. The reagent used had the following
composition:

- 120 mU/ml éf a donjugate of POD and a monoclonal
antibody against CEA,

- 4d mmol/1l phosphate buffer, pH 7.0
&,' ' 0.5% Pluronic Fé68
' 0.2 mol/l sodium tartrate
0.01% phenol
0.2% bovine serum albumin
500 ng/ml of a biotinylated monoclonal
antibody against CEA.

The only requireménts for both monoclonal antibodies
against CEA are that they detect CEA and that each is
directed against a different epitope of CEA.



CEA was' deternmined in a sanple solution by a one-step-

sandw ch-i nmunoassay. The reagent used had the follow ng conposition: - 120
.mJ'm of a conjugate of POD and a nonocl onal anti body agai nst CEA, - 40
mol /| phosphate buffer, pH 7.0 0.5% = PBuronic F68 0.2 nol/l sodium
tartrate 0.01% phenol 0.2% bovi ne serum al bum n 500 ng/ M of a

bi oti nyl at ed nonocl onal anti body agai nst CEA. The only requirenents for

bot h monocl onal  animlbadRferftyants t100E4Alasanplat webey idetbate@EAoana t hat

each is directed,_against differ Lto f - 15 m. .t ent
and 100 ul sanpl Qo Pe q%&ooo .é:cfnﬁ'o%%a%%kguﬁ§ gt p%??ntYE%ér g%ltifreeciora\‘%%g
pol ystyrene tubewdtix etneptavidigptthermorBSher pbtatnedoaegpnddngcéerding to

Exanple 1. After il a I ; . h . _
ABTS[ er r] -substr ;%reag%o é b %ng& l%e wra%”%sl‘i’b& tﬁi‘@e?"’%ﬁl@s iilﬂ'l tap

uti1on for the_test reactiqn. After one
hour the absorbaH@@e%hs3héﬁ%dvgﬂﬁ%ﬁﬂgﬁﬁE?WFb&Pﬂ?t&Pn4USSnﬁpd?ﬂefP@éGﬁFs are
shown in Fig. 3. t@?t &jéacliti]org. Aflter e héutathdehbebrbadcenwasconpetitive
I mu - T4- '
| TUN0asSaYy US! Nt I 3 SRl £ R 13 e P9 . P! BlBul¥P YR 500 U
) shown in Fig. 3.

[ Example 5
ol T4 test

T4 was determined in a competitive immunoassay using
biotinylated anti-T4-antibodies. For this purpose 500 ul
of a reagent consisting of:

100 mU/ml 'thyroxiné-POD-conjugate (prepared
' according to EP 209 155)
120 mmol/1 " barbiturate
U 18.2 mmol/1l phosphate buffer, pH 8.6

0.04% by weight ANS.(8-anilino-1-naphthaline
-sulphonic acid)
s 0.2% by weight bovine serum albumin,

as well as 20 pl sample were incubated for 10 min at
room temperature in a polystyrene tube coated with
streptavidin—thermo-BSA-conjugate, obtained according to
Example 1. Afterwards 500 pl of a second reagent
consisting of: - '

1 pg/ml biotinylated'polyclonal antibody against
. e, _
120 mmol/1 phosphate buffer, pH 8.6,




100" mJ~m . t hyr oxi ne- POD- conj ugat e (prepared according to EP 209 155)
120 mol /| barbiturate 18.2 mol /| phosphate buffer, pH 8.6 0.04%
by ‘wei ght ANS (8- anilino-1-naphthaline -sul phonic acid) 0.2% by wei ght

bovi ne serum al bumin, as well as 20 ul sarf € were incubated for 10 nmin at
roomtenperature in a polystyrene tube coated with

st rept avi di n-t her no- BSA- conj ugat e, obtai ned accordi ng to Exanple 1.
Afterwards 500 ub.o4% cbypeweight e n(s-canbl ivio-+g-refphthald/me

bi otinyl ated pol yclonal anti body_ iy T4 120 mol /| phosphat e
buffer, pH 8.6, - 16 - 0. 04@6639@% -ani | i no- 1- napht hal i ne

- sul phoni c acid)o.m%Zﬂybweightﬁnb¢mwmmesexnmwalbunﬁnJL wer e added and

i ncubated for a further 30 mn at roomtenperature. After. washing it three
times with tap water 1 ml ABTS[err]-substrate solution was then added and

i ncubated for 30y&te é‘&dé&%& e{mﬁiﬁéﬂé& £6¥ L& MiFidifer hO aalispral&a&%nms
measured photonetrical nm The results are shown i.n_Fi a

o e Ant 1 [ EePperetyten ALCRY ARG 1E (RS CIRPY Widh tdp Vater
one- st ep- sandwi ch- m1nunmdﬁhswbstfhteag@nmtﬂbmrwaémtﬁeﬂIaﬂﬂeﬂgamdnp05|t|on

incubated for 30 min at room temperature. Afterwards the
. absorbance was measured photometrically at 405 nm. The

W results are shown in Fig. 4.
(s Example 6

Anti—HBs test -

HB -antibodies are determined in a one-step-sandwich-
immunoassay. A reagent with the following composition
was used for the determihation:

. 60 mU/ml of a conjugate of POD and HB -antlgen
W 40 mmol/1 phosphate buffer, pH 7.0
200 mmol/1 sodium tartrate
| 0.5% by weight Pluronic F68
s ' 0.01% by weight phenol
- 0.2% bovine serum albumin

0.1% by weight bovine-IgG
150 ng/ml biotinylated HB Ag (prepared accordlng
to Immunol. Letters 8 (1984), 273).

1 ml of this reagent and 200 ul sample were incubated
for 4 hours at room temperature in a polystyrene tube
.coated with a conjugate of streptavidin-thermo-BSA.
Subsequently it was washed three times with tap water.
1 ml of ABTS-substrate solution was added for the test




wels ‘used for the determnation: 60 mJ ni of a conjugate of PCD and
[err] antigen 40 mmol /| phosphate buffer, pH 7.0 200 mol /|
sodiumtartrate-0.5% by weight Pluronic F68 0.01% by wei ght phenol 0.2%
bovi ne serum al bunin 0. 1% by wei ght bovi Ad-TgG 150 ng/ ni

biotinylated [err] (prepared according to Immunol. Letters 8 (1984), 273).
1 mM of this reagent and 200 ul sanple were incubated for 4 hours at room
t enperature i n xepatisin. aftedrulsd® mdat eHewabsofbanoeugtt £22f nm was

streptavidin-th -!@%? Qﬁﬁ I t was washed three tinmes with tap
water. 1 nml of g&#%&su s#ﬁ% e%ggﬁ@%Pé%&mas added for the test - 17-

reaction. After 60 mn the absorbance at 422 nm was neasured
photonetri.cally. The anti-[err]-test was performed in tubes using different
anount s of i mofhle 2 iy testdvas prefpemedt ingtubesouwning qiffegentt

fﬁn be segn thahW@Hﬁmﬂilatzba Qiﬁtép'tavtﬁa'ﬂﬂﬂt'ﬁh&{‘fégugEQ gpee than
ose used according t.0 the present invention then the tes econes,
significantly I§§§mgbﬁg1 s 5 3tacﬁpp ¢ geonp P?tFQQﬁ?e§ reptA¥idiBodi es
are_ determ ned iis astedb-ist emosartéwhichi arenmeseayhaikctlyesé susedh t he

fol I ow ng Conpoﬁﬁgdyaiﬁawiéﬂ%ﬂ% E&Esgn% Eﬁ%&ntion then the test becomes

. significantly less sensitive.

Exan p le 7

Anti-HIV test

HIV-antibodies are determined in a two-step-sandwich-
immunoassay. Reagents with the following compositions
are used for the test.

Reagent 1: '
10”7 mol/1l each of one or several biotinylated HIV-

w antigens | _
40 mmol/l phosphate buffer, pH 7.0
0.9 % by weight sodium chloride
A : 10 % by volume bovine serum

The following were used as antigens: HIVli-antigen .
produced by genetic engineering corresponding to HIV1-
gp4l (gp4l-rek., CentocorM-p121) and HIV1-p24 (p24-
rek., Ceptocor?M-pgz), chemibally synthesized peptide f'
from HIVi-gp4l (gp4l-pep, Wang et al., PNAS, 83, 6159,
1986) and HIV2-gp32 (gp32-pep, Gnann, J.W. et al.,
‘Science, 237, 1346, 1987). These antigens were labelled
with biotin as described by Leary et al., PNAS, 80, 4045
(1983)-..




Reagent’ 1: [err] mol/l each of one or several biotinylated H V- antigens 40
mvol /| phosphate buffer, pH 7.0 0.9 % by weight sodium chloride 10 % by
~volume bovine serum The follow ng were us q,nas antigens: H V1-antigen
praduced by genetic engineering correspo’ngl g to HV1- gp4l (gp4l-rek.,
Centocor TM pl 21) and HI V1-p24 (p24- rek., Centocor[err]-pg2), chemically

- synt hesi zed peptide from H V1-gp4l (gp4l-pep, Wang et al., PNAS, 83, 6159,
1986) and H V2- Redeenip@: pep, Gnann, J.W et al., Science, 237, 1346,

1987). These ant I | Klelke ary et
al ., PNAS, 80, é40 %8@5 éb&;ﬁﬁ%ﬂé Ebef; é(;}{ne?lﬂ)zaﬁltq%’albg e anc%"gnj ﬁgate

of sheep anti bomwmgmwmoq&m##w%gl? ulin and POD 40 nmol /|
phosphat e buffergo Qg1 f1 Opwsﬁﬁiuevmmrﬁ@ew A0 0.2 % bovi ne serum

al bumin 0.2 % bovin ea 1 and 10 Al human serum or plasm
were i ncubated f&r° g%%&Y veight, r#"(%%bn%%ture in a polystyrene tube coated
with a conjugate0d %thepineiseranhalbamBsA Afterwards it was washed three

times with tap terg u:ggéedfor 1 hour at roomtenperature with 1 m
reagent 2. It wavé1 %galaggvi% . w

_ 1 ml of reagent 1 and 10 pxl human serum or plasma were

U : incpbated for 1 hour at room temperature in a

polystyrene tube coated with a conjugate of

. streptavidin-thermo-BSA. Afterwards it was washed three

%‘ ‘times with tap water and incubated for 1 hour.at room
temperature with 1 ml reagent 2. It was again washed
three times with tap water and 1 ml ABTS substrate
solution was added for the test reaction. After 60 min
the absorbance at 422 nm was measured photometrically.

The anti-HIV-test was carried out using individual HIV-
' antigéns and combinations of antigens. As a result it

wvas demonstrated that the test procedure in polystyrene

W tubes coated with a conjugate of streptavidin-thermo-BSA
is suitable for the determination of individual antigen-
specific antibodies as well as for the simultaneous

o _ determination of several antibodies or antibody

' populations (screening test ; table 1), irrespective of

whether these antibodies are dlrected against the same
virus or against several v1ruses or against the antigens
of 1nterest,




three tines with tap water and 1 m ABTS substrate sol uti on was added for

t he test

reaction.

After

photonetrically: The anti-H V-test was carried out using individual
anti gens and conbi nations of antigens. Asjq tesult it was denonstrated that
the test procedure in polystyrene tubes coated with a conjugate of
streptavidin-therno-BSA is suitable for the determ nation of

antigen- specific antibodies as well

of several antibodies or antibody popufLaaibnt €scteening test

i ndivid

60 m n the absorbance at 422 nm was neasured

H V-

ual.

as for the sinmultaneous determ nation

. tabl

e 1),

irrespective of whether these antibodies are directed against the sane

virus or against SGVEIdi VI TUSES Or —agar mst—tHe—ant T gens—of 1Tt erest. = I
19- Tab 1 e 1 Humah serum sanpl e AfYRan SQRUM Sampyq . Anti - Anti-
Ant i FHIV-Anti gens NeE V VT AL TV 1 [V FAY
e e e e e A
102 -Bpgigens ;4 ﬁ?gfrek. I L g6 BIV 0 5 Lip |
491 1531 768 gp41- pep 7 Sjt 30 296

63 _ 59 gp32- pep 38 41 50 62

1819 g‘]‘:‘°‘_§gté§§en 8]0 gpa1{, p24-rek. 45 1402 181B 618

550 [T1Y1558 26§ gp4l- |p24-rek|+ 55 1380 1753 59

1723 gpa3oRék. 818 gpg2{pep2so 812 521 102 223 75

\“{p2a-rek. 43 786 1515 212 491 1531 263

. \gpa1-pep 71 831 301 295 63 52 59

M: : .

- |gp32-pep 38 41 50 62 1819 45 810
|gp4a1-,p24-rek. 45 1402 1818 618 550 1559 266
|gpa1-,p24-rek.+| 55 | 1380 | 1753 599 1723 | 1529 878

gp32-pep '




-20- C'l ai'ms * C L M S * 1. Process for the
determ nation of an imrunol ogi cally detectabl e substance based on a
het’er ogeneous i nmunoassay by use of a solid phase on which one of the

i munol ogigal |y active reaction conponent20is bound, w h ei na
reaction vessel is used as the solid phase on the inner sﬁF?EEE‘ar‘mmreh--‘
streptavidin or avidin is bound in such an anount that O. aju’

present per m reaction volume. 2. Process as clained in Iﬂ”ﬂl !ﬁ ”"I
ei nacuvette is used as the reacti of—ked3sélMyBose wal | s are tcoate

the inner surface with streptavidin or avidin. 3. Process as clained in
one of the previous clains, wh er e i n streptavidin or avidin is coupled
to a soluble protein with a nol ecul ar wei ght above about 500 000 and then
the conjugate of streptavidin or avidin and protein is adsorbed to a

hydr ophobi ¢ sol i.‘(i ph@amce@ss o didwes detexineiinedtd onnofnanoimnhsojogiceddy
claims, wher q%lé‘&ﬁ}sﬂ:'}%%% AR bnCYl RbtapY¥GeAkoAR! | POdies

are detern1ned S|nul aneou
1mmunoassay by use of a solid phase on which one of

the immunologically active reaction components is

bounad,
o wherein _
a reaction vessel is used as the solid phase on the
X inner surface of which streptavidin or avidin is
%Jl ) bound in such an amount that 0.1 to 2.5 ug are
' present per ml reactlon volume.
2. Process as claimed in claim 1,
wherein
a cuvette is used as the reaction vessel whose
walls are coated on the inner surface with
st:eptav1d1n or avidin.
Y ' 3. Process as claimed in one of the previous claims,
 wherein |
w streptavidin or avidin is coupled to a soluble

protein with a molecular weight above about 500 000

~and then the conjugate of streptavidin or avidin
and protein is adsorbed to a hydrophobic solid
phase. |

4. Process as claimed in one of the previous claims,
wherein
several substances in particular several antibodies
are determined simultaneously.




5,  Reaction vessel with optically transparent wall ar ace one

IC
armother and-wi th avidin or streptavidin coated walls whi f§ - t
partially within the inner wall region intended as a rec‘ﬂ“&“ﬂ““‘mmmm d,
wherein t i nner space of the container-i2kended as a receptacle?fot ~
liquid and” the respective streptavidin or avidin content of the coating are
so matched that 0.1 to 2.5 pg streptavidin or avidin are present per nl

reacti on vol une.56. Reactiom vessel with|ontiqally dransparept wakle | n

S_t{ﬁpt avi IOli n Ior avi diﬁféé?)bﬁliﬂ&bg@%%éa%ﬁ@dﬁbﬂi&s%na &vftIFC&\Hi&ilEh pﬁo;e! n
W a nol ecular wel g above, . . eact.l on vesse clalned I n
claim5 or 6, wh e rsﬁr?pﬂa‘(@’?e‘éﬁﬁ?ﬁz \Which, ang A% ?east

partially within the inner wall region intended as
a receptacle for liquid, wherein the inner space of
the container intended as a receptacle for liquid
and the respective streptavidin or avidin content
of the coating are so matched that 0.1 to 2.5 ug
streptavidin or avidin are present per ml reaction

'.. volume.
&/i
6. Reaction vessel as claimed in claim 5,
St - wherein
streptavidin or avidin is bound to the solid phase
via a soluble protein with a molecular weight above
500 000. |
7. Reaction vessel as claimed in claim 5 or 6,
wherein .
the reaction vessel is a cuvette.
'\/;
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