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1o
support 55 £ P MntibeHat rsRbcionlof ShyHBSH, HhibtFrofdin ol ¥t HPRING Ste B mRhts
conbi nat i on %ﬁfﬁ%ﬁﬁ% aﬁaﬁqﬁa o onl ﬁ%ﬁﬁjﬁe @J—@allwg'ﬁfllf- ﬁgtc%gﬁf ; &sbaaiiﬁq:;art
(The nmet hod Qiqubiie cibdv¥5eth the BisulBhMe Béhdd\Rkbeling tﬂgf Ehaficofiponants il thdintet enfifade Of

anal yt®s phibw i aish/exhfustvd list bRRS i9sbs of iMiudyensivhieh cah bOdBtdch8 of qahntifivd Bydhe method
Wgand-reeﬂlﬁﬁéseﬁmva;&ibn,antl gen/ anti body, hapten/antibody, hornone/ hor- 4

EP O 564 494 Bl none receptor, sugar/lectin, biotin/avidin- (streptavidin),
protei n A/i munogl obulin, enzyne/ enzynme cofactor, enzyne/enzyne inhibitor
and nucleic acid pairs (DNA-DNA, DNA-RNA or RNA-DNA). At |east one of such
re- ac¥®i on partners nay be bound or conplexed with other nol ecul es. Thus,
blotin or avidin or a wide range of antibodies may be coupl ed toot her
nol ecul es to provide a neans of assaying the latter. Forexanple, a specific
5 nucl ei ¢ acid probe can be | abelled via the Introduction of biotinylated
nucl eosi de triphosphates. Such a probe, after binding to analyte DNA or

JA, c¥n then be detected or assayed by the use of avidin or streptavidin -
lab- elled with gold sol. In general, where the analyte is one of those
| i sted above, a binding partner for use in the nethod of the invention wl|l
be the other conmponent of the pair. In sandwi ch systens wherein the anal yte
binds foth to an 10 immobilised binding partner and a binding partner
| abel led with gold sol, the binding partners may be the sanme or different.
Preferably the binding partners will each be an antibody reagent directed
gai nst different, well spaced determ nants of the analyte. It will be
understood that the term anti body"” as used herein includes within its scope
(a) amg of the various classes or sub-classes of imunoglobin, e.g. 1g9G

lgM derived fromany of the an- 15 imals conventionally used; (b)
nonocl onal antibodies; and (c) fragnents of antibodies, nonocl onal or
pol ycl onal, which retain an antigen-binding site, |I.e. fragnments devoi d of

the Fc portion (e.g. Fab, Fab', [err] or the so-called "half- nolecule"
fragmefit s obt ai ned by reductive cl eavage of the disul phide bonds connecting
t he heavy chain conponents in the intact antibody. 20 Below is a

non- exhaustive list of the types of |nmunogens which can be detected or
quantified by the method of the present invention. 25 30 35 40 45 50 55 5

50

55
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45 t hynopoi ettt gastrin gulfatein vasopr essin

al pha- s f et o@luccgon gonadatﬁbpla H gl obulin 50
g anal ytes for assay by he i nvention

Particul arl yy
are bl ood pro%éégéfsuc as fibrin degradation %éggﬁgﬁi suf #¢%, which
are bound bylTRWReSEPBBLINGS such as | gG hunahnblgeactlve protein;

creatlnlne kimpsgEjemenzynes; and nyogl obi n. Themanabyi&asPividi on may be

used di*t ectl¥ or, ey be diluted, e.g with a SU|tabIe buffer solution. The
gold 55 $EH%r at i on may al so be prepar ed®EPtIMyi ng di | uti ons using
an approprlakallmdimr solution, the dilutions bipotrepircted to give a

col our of d ity (i.e. optical densj ef |l ection) on

conpl et} on gﬁéifﬁb%ééagﬁprocedure It may be 3@%¥?gé?£nto wash the support
to renpve exB¥LEOGHygents, e.g. mnth a buffer puhcreezyminor to assay, in
order to re SEXD ' DD our. EP O g&gaéﬁﬁyfﬂ.V%ere the assay is
bhased on the_ total, ampbunt of gold soI retai ne | mobi | i sed support,
t he col our Rd by a reflectonet erPTREE Rneter or sinilar
devi ces The support used to i mobilise one of the binding partners in the

assay or an anglyi fwue may, for exanple, Rgiakiinocellul ose, paper or
cel | ul ose acetate ahilvated with reagents such as ¢ anogen brom de and 5
nyl on nodi fi edPeFERR oduction of tertiary am mfﬂﬂ%gﬁ Buch supports are
convenlently Useuh tostakid or m of thryrotropin

thymopoietin vasotocin

vasopressin

alpha-l-fetoprotein alpha-2-H globulin

Particularly interesting analytes for assay by the method of the invention are blood proteins such as fibrin
degradation products e.g. D,, which are bound by immunoglobulins such as IgG; human c-reactive protein;
_creatinine kinase isoenzymes; and myoglobin.

The analyte solution may be used directly or may be diluted, e,g with a suitable buffer solution. The gold
§5  sol preparation may also be prepared at varying dilutions using an’ ’_appropnate buffer solution, the dilutions
being selected to give a colour of desired intensity (i.e. optical density "‘a_;.__reﬂectlon) on completion of the assay
procedure. It may be desirable to wash the support to remove excess reagents, e.g. with a buffer solution prior

to assay, in order to reduce background colour.



porous nenbranes. In a particularly preferred nmethod according to the
invention, the inertsupport is a nyplysgpgesgior exanpl e a nyl on nmenbrane such
as Hybond N (sol d by Amersham | nternati onal) vvh| ch readily adsorbs protel ns

and whi ch ha wh ch a a n,_ab ent ch
ds cel : ul o3 S . Jr’iaﬁ@ S;ﬁrmsi& 'e i ?""t 'méneg'P s"c?ﬁe S 3@‘%’
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gener at i ng diasobutien ahthe éme efuses Inropefotm of assay theisadid suhport nay bielae ingrtiprequs ygmbrgrzet wehith
conpl ex 40 servdsderetaina gomplex offthet 4nelvte aod arkindingipartnen inaggregated fos bukpeimite diffdeien dfn
the kit. igejded! neysemt #rdn geihnad § appya-dnsueharyetpmdhe sizp ofitheanslyte complex ey be ingrgpsed
suppor t _r eBigroviding sgig Aindiea Rarepr 9& af'ﬂyt? fnalogyes pijached g refafively |aige partigigs 9. Dy “‘ﬁi’ﬂ?&F y

coupl i nf§ ofs @sntigned@dave. ang| o or a S eC|f|c b| ndi n artner faor th
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nt i atex parti
di ssol uti oa.fﬁw‘%a bin "ﬁﬁanay el efma%mwm«. meaﬁmdrahésmﬁegﬁ may

be an i ner jatifdompioxedRizp feg,a& oifef fypesDEgartRfe clfentiPisga.n a conpl ex of the analyte
and a binding partner In aggregated form but permts di ffusion of the gold

sol reagent, as in nethod 6 above. In slich a systiem the size of the

anal yte conpl ex may be increased by providing said binding partner or

anal yte anal ogues attached to relatively large particles e.g. Dynospheres
50 as nentioned above. While the foregoing dlscu55|on and the foll ow ng
exanpl es concentrate on receptor-ligand assays;. it *wi |l be appreciated that
t he novel superaggregated conpl exes mnll have a mnde varlety of other uses



EP 0 564 494 Bl The follow ng Exanples are given by way of illustration
only:- EXAMPLE 1 5 Col | oi dal lgqan average di aneter of 4 nm was
produced as described in Ml phfordt (’w Exper- ientia 38 pp 1127-1128).
A mouse nonocl onal antibody S4H9 directed against the fibrin degration
product D- di e folpunadaeraniessersiveg borasichlitslatiel BiY-dona t echnol ogy, the

anti body was produced In nouse ascites, and finally purified. Before use,
the purifi &m—body was di al yzed against distilled water and adjusted to

s concept i ﬁ;%i s B VRIS Sl i g

col I oi d- suS] 4 %ﬁh@% stifle tliAR d%@r%r@ﬂct@drmerwas developed
centrifugat, “&%nary nﬁ ;% %ﬁ?& ‘bgéﬁ producel Y tieddbites Hnd fifRPpLFNEH) BEfGHE | S
distilled fab purlfied Q{tlbw M@aiyzx@agaﬁstmstllﬁﬁ whie énd SGles!Hd itk conEentrationl 6rd .sangahll C
aci d toga 1 NolysseRlisredtghid taleits Kiving B 6PtTd! Hénsityi of 4016t 530 P (&fimatbxDiedm @luffon of the
i medi at el Yollbialsligpéibn)iyas usea. T disbérion @hs phipaisti bdentiifugatidhaémaval df 5Kt tha s f
ant i body S4éifatant,2ad rEsusperision ladistilled wiitéremliof to Lse2 T 25im afttiis solutibrowas sidded iacstic acid to
aggr egat es a\Rl €oribantrationoe o mhelll yiving SpHbéfabouts.t.dnmeiately fllsved byt theadditiond S mbef
was centri thegialyzeaitsolbtidd Otentitiody S4HIOTharmixturenwas stirfed fos yeinutesyMecmscopigagaregates verd
and t herss e timesiistelycisibipgAftay 20 misutesthe syspengiopwascrentrifugeddat 8900xg far Oypinutes. the syper-
final vol umatansfvasi@mened andthegedipented wwmtmwwuzmeﬁmwaﬂds@mmaér"ﬂ dﬂt"ne of
(BSA) was d@iob a0 mpfiesalution 48% beyingserur albwnini(BSA) wag added, Jhe ﬂEPP“§'

ent | e ul t 1apekiher awbieqiasyio gentie ultsasppicatian foraoy: 1R.secqnd ﬁ%‘%ﬂ }fzf? i

ron

<f &?‘P ns@%eﬁtem Thee 'rsrr" q“ d 31
Y j" g' '8 erl"f"m?ﬁpy ¥e glﬂr ?I on

\ou fes f
T n ; BI 228 Eﬁgfgﬁe pPF?nE% s mi Tat{?ttrs salgrsrmmld{aﬂ'ne %0 nmand,

El ectron mfgr Q{' s "\GT ds re present as ust ers wth
di am?ters fig th' ﬁi'l&gltmfdrgﬁb&h%% BascritelBy Sbt
filter, gfgf‘ @Qﬁ e,rgsg Yols5)\n sap%t:&.tesnéé} mﬁuésm%%fgﬂemmce the pH
conpl et el y wak r«fpﬁ |% hﬁ”urrtsshyeﬁdet @b d&uugét.oﬁb.awéa.@ RabAGES RtWERR gdiPSHa
usi ng the Sheslan nfigatsdiias 94, an@bleckioh inldiStop\FveAted RS doRIArtiblys erevan-25

and CGeuze Q,E,le,d,smbu@q.l. to.ut.ar ®lg. 238, pp 87-93, 1985). In this procedure, no

aggr egat es Werna chripigelsiwéré tted ki flbiwiigtest kéyive: cl ose to the pl of the

ant i body uRdiert driysece omjtisckiiibsemembasevdthipere sizs 0.6 pra wastblaced underiaastripobwhitg pdlyyingind
i body i rhibdde (P\eo),L0.28immgthick mpdgititectSvam hdle égntracholecthemembsane. The membrane was at-

m Cr oscopy \aehed th the plastizusingriouljesided tape.tThe PG stripwith theattached megbraneswas then pléaghedn

sol uti on ( Fo g1 m@yhick Padofcellulosepapes & thctape areanptagvered by the WPW"’WW'@%‘!ﬂSG‘Sﬁdce

30 A 1 x Jndemnegihdyanother stripof RNCeP-#Qmm thick fixeddp 'aﬂead\m'tsﬁ%%deé fap@ Thys gon t@t’-’?

| adfed mekesdyposible fos liguidfo paps thraugh dhe hple hth "Pﬁ?r‘t
2‘23 \?m ? h a camulateiforien l@dg'@ﬂf"P@Era'Eﬁ)’ég att?\rméhwﬁﬂ?'w ﬁtﬁm@%ﬁa%@%

ched to Rt P‘&%‘P’F’E?‘Yfé? PVC-strin pa};aheq:holes
ached mme d 1 h@iﬂnrﬁwbraﬁg
tothetapén ? ﬁ“ﬁ‘teg o,
under neét h% oe@c# ?the oI the oth anﬂ OH oHWa&lg
doubl e sid Qﬁal hdwleVed o 308
pass throu edtgtﬁe Qmé’ urg)ysq;lgstﬁé’twgoorilﬂﬁt&@ WEE PtANRNtafl 16ada C -
cumul ate i gm, ﬁﬁﬁac\saﬁ) AabHel fblafl (BMBC a?uddém@gnﬁrieﬂt’srs]uftﬂéreﬁoB 0
nmg/ M sqd ut grdif) of antr body H9 and the nenbrane was allowed to dry before

further use. 7o réstKsdbtabd $howsdtiat tha BalduefoMiio With th@nofiad) blasnia wih Bivitavel of @ diemer, pro-
appl i ed to dubk afeqdariou feflSdtEnte<net 8ians40 amaTHeeblolr ¢dneexd with thelmon-aggedgatdd:canjugate wdst er
about 20 sepenAeiily wedlcwidreas tha chieut fqnaedswith thehagorageted dorjugaterwas abayt tem timésatronger ks
pad. 25 40 jldged fronothe gptibatancavgiues) Theresiits show thal the agpw forel offconjygates praducea nebrep 't of
- gol d com ugech wes markesiiyrstrongacthanowith thecbrdinarymooiugates e bapkgreund sigel was nohal

paral | el hdheggregdiom the |iquid had passed the nenbrane, a drop of 0. 15

mol /1 NaCl waEurthermers, the filjation tetﬂh%it@&g%s'@roft!'aﬁfsi@&?é 9°'S§&°"%!dsc‘fﬁ§t"rt5? rangn W& -
known to cd9P ainhisaesyrfied by gleplepaigoss®yD.  di ner was subjected to the sane
procedure usi nq the two conjugates. The results were instrunentally read by
enpl oyi fiy Expmpe2ct onet er (Ool or Eye, Macbeth), attached to an | BM PC and

usi ng Macbeth' s .soft
t he col ourf o Wé catlﬂ/alf'ﬁ% s"a thaﬁaggr%ate-mfwfg? & %a Pm'?&ﬁg%i@%%\r%%‘%%
duced an e POV TET | ect ance <O 18 at 540 nm The colour formed with the
non- aggr egat ed conj ugate was general ly Weak, whereas the colour forned with
t he aggregated conjugate was about ten tines stronger as judged fromthe
refl ectance values. The results show that the new form of conjugates
produced a net result 50 which was markedly stronger than with the
ordinary conjugates. The background signal was not affected by the

aggregati on. Furtherrr_ore the f||trat|on te&t-nshowthat the srze of the

~ N ~ NN



In this exanple it is denonstrated that aggregated conjugates al so may be
frormed using a sinplernmethod w thogposgsdegahi on. EP 0 564 494 B1 ol d
col | oids, test device and anti bodi es were nmade as descrlbed in exanple 1.

The gold col bgl'dgollﬁﬂé wﬁg%am I&rvgpe% %3 rl glet1 he 5d (ﬁo sus| en—
adj usting §idievaBhleparedas Hﬁ:b&gth@%i br% %\Eﬁ% ~ad >
col | oi d- Suo%ﬁtﬁcil&]sﬁmmms% éf ot’§4 fzsin ig% :
Af t er 25 i guabigwadladded ledlutioh Bﬂoﬁ%%mﬂﬁ‘d%h&ﬁh d‘@&hé’f‘#\d nd’ént?a% b@RwQJ 0.2%) The>SA
adj ust esl t susponkiSh vds thbhadjusied Bl40 MDA PHRLHCE (bHP713)WheR 818 siiBénslen wadleftdiFingovernight,
suspensi onthevisiblé sygregstey disabsaret,andifle S1¥Penkibn Pessed alstele filIrwith pole siZdH2P wh 1t not
suspensi ona 10asmifisért Eletron micmgsophravetibdihit agdrétatey wérk imiedPdif 56U Adt aStighinspraBRe as ed,
and the susthe potagnregessaied inaxapipiri Teating adcbreing toitHelachame i egdnibi 10evaaled thdt thh sighaut
not a 100 wawirfcreasedby atisufiye times aomparersio odipany.cwa-adgesbatet adnjugales egat es wer e
fornmed,”al t hough not as tightly packed as in the procedure described in
exanpl e 1.Ex@@Rle8ng according to the scheme in exanple 1 revealed that the
si gnal was |ncreased by about five ti rres corrpared to ordinary

non- aggr eg te ?ﬂ?ﬁ‘d‘d?’é“?@'éﬂ@!ﬁ‘ﬁls'@mnsmyas
repeat ed it t"a’tsﬁ’é“ d'F?i TE‘BP’P‘E?F’H"Q‘H 81‘?§P'8ﬁ°"wﬂ%f°%ded
NaCl t3°5 Fﬁls' : ‘b?°&° ggemhfﬁF"s Rl e
makes the g our "as éﬁﬁ %‘*'ed E’Tﬂ‘ °'d \Wf’en
the conj ugat S vvere accor |ng "t T HE 88 &K ‘i“@"gi' FRESc ol our

gnal S Wehamabeut th| rty times as strong as the signal s obt ai ned u5| ng
on- aggs egared—gol d. The background | evel -was slightly increased indicating

(tar the ag9ineeebxmplb O i BénoRatRied kabsbrthiR hAtBb it Rnf bSoregtse Wit Goid bortotlis af b Ni S
exanpl e, idosb b ndGrNTAd dizdtaRdsifriaPiterdity thatiafsedfoin!thUdb a@uég ég&d%%g% np&
wi t h gol d vaying Htiedatiodbtwaén pbtalfs andlgbid Mahe doRlbigatidn\Roceize and si gnal i ntensity
that arise fAcousemenacioeal erdtibdytdimelRPRApsdifRIowtRls hiifandehunaibeifinWas Usvelspeadsihdhe
rati o Bet vteewsliknatndybridametechodiahyl The tiltibody produttjér was Bcajet Op 65ilig induseAsdies Rl tech-
nonoc| onal niques, the @atipodyavaspufifigd)and dighzed dgaiost 2 owal/icdedimiprsphate buffer (pHIBLENITRe finaR S
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