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ANALYTI CAL Nggﬁhgg FOR | MPROVED M XI NG : AeTIsb sE
REAGENT VOL FI ELD OF THE | NVENTI ON

This invention generally relates to a dlﬁ%thk for - detection of

anal ytes. More particularly, this invention 15 relates to a dipstick
configuration which mnimzes the: requi red reagent volune and produces
nore even m xi ng when reci procated in and out. of an analytical well.
BACKGROUND OF THE | NVENTI ON 20 The use of "dipsticks"” in
assayisg for the presence of an analyte in a sanple is known in the
art. Typical. analytes conprlse such naterlals as drugs, nucleic acids,
protei ns, poll ut aANA BSTIC MPE ) > and the
li ke. In a typical di pAND'REDECE ACEINTE &7 108 I'i gand, whi ch
specifically binds to the ar ' =8 pound to a solid
support on the dipstick. The deStICk S contacted wi'th a sanple in
whi chiPhe presence of the anal yte of interest is to be determ ned.
Frequently, steps are enpl oyed to aid in the renoval of

i pst ok 15 probessed o det er FHRED oF Mg ERYBIBROL Ci (fe"anal yie. The
ol ummar T georet ryl s ERgasiqn Baflidl 17 el atep ¥ Sl aBak1 ARApE"
(i ncorpor ag&elebeidh Nof analytes. More particularlP/BehisUlkvehEkdn(RULE 26)
15 relates to a dipstick configuration which minimizes the |
required reagent volume and produces more even mixing when

reciprocated in and out of an analytical well.

BACKGROUND OF THE INVENTION

20 The use of "dipsticks" in assaying for the presence
of an analyte in a sample is known ih the art. Typical
analytés comprise such materials as drugs, nucleic acids,
proteins, pollutants, fine chemicals, physiological compounds,
and the like. In a typical dipstick based analytical assay, a

25 1ligand, which specifically binds to the analyte of interest, is
bound to a solid suppbrt on the dipstick. The dipstick is
contacted with a sample in which the presence of the analyte of
interest is to be determined. Frequently, steps are employed
to aid in the removal of non-specifically bound material from

30 the dipstick. Finally, the dipstick is processed to determine
the presence of the analyte. The dipstick generally comprises
a solid material, which is planar or columnar in geometry.

U.S. Patent No. 4,391,904 to Litman et al. (incorporated herein
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2 by reference) describes test strip kits wherein a menber of an

‘i mrunol oBi0AsIe1993i r i s bonded to a solid surface. Her zberRFR&S9SHS317 3

U S. Des. 293,374, disclose an assay card with tapered ends. 5

In one wi despread format, the dipstick is transferred t hrough one or
mor e | iy fefergnrd) fdddardimmivgstcatnipl kitsl Whereint B mehbeabs aanpl ete
i mersion of the solid support requires filling the analytical well

wi t h | iipianelkegiaal tnrix deptiended tghiacgodpgr sxinfaces t Hergbsrgnet bet ween
the solid support and 10 the distal end of the dipstick. Wile this
format ¥k oviied Pes- 2% SHBTHOSSS ag a§§§é(y°ﬁ§df ¥ithntarsrede, the

cost of ng I'iquid reagent may dranatically increase the cost of the
assay and increasing the volune of the reagent by dilution decreases

theginherent sensid igid %riRfedd?ead® $3¥mald, XA aflptstacke qui Grms?fé?red

reC|procat|ng the dipstick in and out of ‘the solGtion is requently

used t oHESIGH FHO GRS MoK 1 iR Heageh® £illedoBhadytathdnwallsri otnart
di psticks is not optim zed to performthis function. Further, upon

renovaltiisnfdimat cagmplete immereion ©fstihecsddddf sappblre m‘eg&ﬁ.reh may
cont ani nate subsequent 20 processing steps necessitating |onger or
addltlcﬁmﬂl#ngxnhﬁﬂanflytlcal well with diguidl ssiaggnintessadepth is
desirable to m nim t he nunmber of g{oce33|ng steps, the tlne bet ween

st eps winkch rﬁPPromeéfafe rFthev& @SR thgc ﬁ°§-tlép suppprt and

hadSheahe 25 bk end B bHe Pﬁs%igc g N AN R
18 Y by S A B SRR e Lot st 1L
assay pPR{qidBRGRyent may dramatically increase the cost of the assay
and increasing the volume of the reagent by dilotion'decreases
the inherent sensitivity of the assay.  Mixing of the liquid bg
15 reciprocating the dipstick in and_outIOfgthe solution is
frequently used to hesteh processing However, the
configuration of prlor art dlpSthkS is hot optlmlzed to
perform this functlon. Further, upon removal from the reagent
droplets suspended from the dipstick may contaminate subsequent
20 processing steps necessiteting longer or aqditional processing.
| In developing an assay, it_is_desirahle to minimise
the number of processing steps, the time between steps, and the
reagent volume employed_at each step, while simultaneously _
maximizing the sensitivity of the assay. While effort has been
25 mede to optimize reagent-chemistry to aohieve these ends, the
analytical dipstick configuration has_chsngeo little. It is
therefore desirable to develop a novel dipstick configﬁration

for improving assay performance.
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3 WO 96/01997 SUMVARY OF THE | NVENTION _ PCT/US9S/0B3E7
prgsent invention is directed to an analyggcal di pstick that avoids
t he probl ens and di sadvant ages of the prior art. According to the

present invention, which has %MH?& @ﬁF R assays requiring
processing in a liquid reagen an an y#lcaﬁ¥5lpst|ck conpri sing an
el ongat ed nenber THE \prbeht | inflerfinP A uq&ec%eaeeenaneaaamgeabam and
an i nternedi ate portion positioned between said first and second

end portiondipstpeioviiskerl. avidieid ik pesbleinst hadeldisgdavadtag@snefbehe
nmeasured in one direction, substantially increases from t he

i nt er medi aterpor tavh. t AtRrdinoie dhe Rreseat. iavengind, whichuwhash is
selected to be specific to the analyte of interest, is . coupled to _the

i nt er medi atRAREFERIRT | ¥l 1t3yiigh affaYSe e TiRg Processdngyinng. ﬁbﬂPFGn of
the e'ongatsgagéh%t"ﬁn aé%%ytiqa IFﬁ?qFlé%P%rg&#ggég hSnS%?%Bh%ES LOggLt ed

into a well ainin

analyte) . | navid§ta SFLANOUS SRAN 10 Yol S PE-iBat helk b
at

configured when |t I'S substantla tere at the base or
bot t om méei-:ﬁéay@&é ,pdt ib @o@q&aoe@aeb@taﬁebn ahhdoffltbe khaukdcahat he

20 bottom of the well through a small space or passage forned bet ween
t he second end porticms aisl grovisiede wahle chichkness| bf the eIbagdteqdl aced
liquid then rises along the internediate portion so that the |igand

becomed0i mmemker | rmegruled)yinj one direction, subsgaatipdlyninrcgesdsesctnam
end portion can-displace 25 essentially all of the I|gU|d at the bottom

of the wel|the in %ﬁ%F% PTHIRARS &£ I'ﬁ"@el ?&éﬁ&dt REHePR! téﬁ&l-yté tégerdg

can be

duct ed W t
I nventi on. ﬁ’a& UJLS:S eﬁ%e%%%@ﬁ& Ed sg’g?% %gnt 8g%g‘ﬁ‘ﬁ'mtﬁr 84 ggéggt h%ﬁ
the d'Stanc@b&ﬁiéﬁ*%btéﬁ%tfﬂf@fﬂﬁﬁf@% %%r%qgﬁnQnegdreglon adjacent to the

- second end portion of the elongated member.
15 - In operation, the dipstick is inserted into a wgll
containing a liquid (e.g., a reagent containing an analyte).
‘The enlarged second end portion of the dipstick is configured
so that when it is substantially centered at the base or bottom
of the well, it displaces essentially all of the liquid at the
20 bottoﬁ of the well through a small space or passage formed
between the second end portion and the side wall of the'well.
The displaced ligquid then rises along the intermediate portion
so that the ligand becomes immersed in the liquid. |
Since the enlarged second end portion can displace
25 essentially all of the liquid at the bottom.of the well
upwardly to immerse the ligand therein, analyte testing can be
conducted with minimal amounts of reagent with the present
invention. That is, the second end portion can be configured

so that the distance between the terminus of the second end
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4 portion and the |igand can be greater than the depth of liquid
in the amabsaweral wel |, thereby permtting anal yte testi PQTABLSH8317
reduced reagent vol unes. 4 In the preferred enbodi nent, the

second end portion 5 is configured so that it essentially fills the
space gPordion and lheelifanbecanl be gireaeby thanl shengepsheoti pidqyial | of

t he liquid at the base of . the well upward. Wen the second end

porti onn s$heeanedytigalt welbastherebiiepashnitting apatytéctesting withhe
second end portion and the inner side wall of the .well, 10 neasured along
a | i ne xeduSed A§3ORPSUYRIVAESmaxi num | at er al di mensi on of the second
end portion, preferably.is_toahQout. .. 0.005 to 0.030 inches, and nore
Tt brabl v about 10 676 Pregeazsd dhbotinant. eat sSuaRT) SRS ABPBENN ovi s
vi rt ual,l I o Lspkac | ‘hegki qui (P base_f the well,
mhi%e JT%CQ%gﬁﬁ?%FFnSOtﬁghgeéglggﬁgﬁgeé%ige§}¥g Igh?aﬁ#%g? %?o%ﬁ%djacent

to theyseeoRt ¢hd RRLL, OBhereby displacing”BB5ERELIATDYI4BNoASPREL ~Of the
invention is that the ... porfions of the outer surface of the -

i nt er nEdiclid per thenbhabat of theawell| apwardt 0 Whencehécgedand @ndt he _
I nternmedi ate portion are 20 spaced fromthe inner side wall of the well
by an @eouiton is cepberegdt Rl thegbaaeepft hhe wall, bbkecspacecbetwesnl end
portion and the inner side wall neasur ed anqP a line

of ‘the ywell, )
ext endith§ FﬁF@H&hePﬁepﬁﬁkFﬂﬁn?PgtEPQI18?ﬁ€n§¥%ﬂ ¥rlinet seeenwel end
poytion. - Mure specifically, .t cuUs. Pf _pojints . on.the. - outer surface
of{éhenFﬁF@f dﬁgggspSr %Bé,e&E?%hgggeégf8§§§t£$% méx“mfﬂgf%%ﬁF% axis of
Lhe | NniKedidhe opOLhbOBecBhd SRACBOrEIGH) predfSbipnel sodgod@! by a
di stance at |east tw ce that betweén ~ the second end portion and the
i nner 9,@@sWell 0Qb3bhenehkl, and mBeasprefesdBly Sobuteoeriened ng. 63u ough
t he maxi num | at er al . L . _

inches. This configuration provides virtually complete

displacemént of the lfdﬁid at the base of the well, while
15 permitting the'devéibpmeht'of'desirabie'iamiﬁar'flow adjacent
to the second end portion. |
| Another importént éspect of the invention is that the
 portions of the outer suéfabe oflthe.iﬁtéfﬁediate‘boftiOn that
are closest to the center'éxis of the intermediate portion are
20 spaded from the inner side wallzoflthe'wéil'by an amount |
substantially gfééter'thaﬁ that between the second end portion
and the inner side wall of the weli,'méésured'along a line
extending through the'makimhm'létéral dimension of the second
end portion. Mdre'specifiéally, thé'locus,cf'points on the
25 outer suxface of the inté:mediéte poftioh;lwhiéh are closest to
the center axis of thé iﬁﬁerﬁédiaté'portion, are spéced'frbm
the inner side.wall by a.diﬁﬁancé'at'1ea§E:Ewice'that between'
the second end fortioﬁ_and the inner side wall of the well,

measured aloﬁg'a line extending through:tﬁé“maximum lateral

* SUBSTITUTE SHEET (RULE 26)



WO 96/ 01997 PCT/ US95/ 08317

5 di me® o1k the second portion. Wen the second engcrasbses’dt?
of. the dipstick is forced downward toward.the closed end or base of
the well, the reagent or liquid at the closed end is - forced upward

toward thegi [ rdd e 0 ]

port1 on andtiRGeLlE OE e ddha RRERAES Jee TAPTRAR $860RA: €300

t her ebet wegp. theVWeY st i ¢ 0 efdfdd Bownwarid & cahd 38 HIsedbenacer the

i nner side wall of the well and the internediate portion, the | am nar
fl ow of thbakéuofl the well ditsheaipteaernsswy iligniid atdyrheuclesed efileisddy
currents 10 advantageously inprove nmixing in that regi on which hastens
transfer oforegdtupwardtowRrd hhefintermadiadsc®oirtiodne The spaceoundi ng -

the ligand, thereby inproving reaction kinetigs. . Repetition of _thi

pr oce:j r e, PBYWRER | %%‘F#}F ??f@etﬂﬂié’[’iﬁlai“r‘? ‘the siRg U&ﬁ'&of’lft :"'r@el P’&Eildl >
reagent, c i huo ' t ' copi one. and reduces.
progessi ng %%%glggn%%r%%?elsw th]ei'seéarr:éstﬁ{e%\%.t an%w ver, upon entsping

t I nal f ' : f d
erm nal epfde Sé’ﬁia’z‘fﬁe&’ sﬂ:\iﬂtzel Cﬁﬂﬁﬁ%can xﬁg%eo%ﬁile‘i“ gide waid g‘:rfg%%i Egilf‘%ﬁ&r ve

surface or a projection, I'n the formo
M ni n ze sghéachréoned it dPoeeibn hehe?GantindH E1iow OFe thel le1and §8e second

end portion when renovi ng that portion fromthe liquid. This
construct i abspuprédesesulting rigl adddselguryemts.i ntief @ddybeuseentshe second
end portion and the liquid as the second end portion is renoved

t her elfom afvantageous ky ugepr Qv iixdnd finabhagr segient whdishr bgstenshe
second end 25 ortjion upon renoval fron12&g i qui,d reagent. The rounded
term nal eRERREFFRCRE FeartHHe 5D 1IF i t’fg’ﬁ T CEPSGPOPiC ZONgardrop

Fhaned SeoRid-Sueal AL AAUAS DR Sokhing Ze8NL bR BrRELT) o
flat, a prRésetitlod Sof ' iLgdRdure, by reciprocating the dipstick in
and out of the liquid reagent, continuously disrupts the ;
15 microscopic zone and reduces processing time and/or increases
sensitivity.

The terminal end surface of the second end por;ion
preferably has a curved surface or a projection, which can be
in the form of a spike, to minimize surface tensioﬁ between the

20 liquid in the well and the second end portion when removing
that portion from the liquid. This construction provides a
relatively small interface between the second end portion and

.the liquid as the second end portion is removed therefrom which
reduces the size of any drop that adheres to the second end

25 portion upon removal from the liquid reagent. The rounded
terminal end surface of a spherically, hemispherically or
teardrop shaped second end portion provides the désired
results, for example. However, when the terminél end surface

of the second end portion is flat, a projection is provided to

SUBSTITUTE SHEET (RULE 26)
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6 extend fromthat surface to reduce the size of any drop hanging
fromt hav0@6/M9al end surface when the second end porti oRCTAIS950831% enpved
fromthe |iquid. In theg preferred enbodiment, the ligand is

attached 5 to a solid support which is a discrete conponent which, in
turn, igxtdddadhest ithatheurfaecened abduper thensdket b¢ dhpséirol. hanging
Preferably, the face of the first end portion and - i nternmedi ate portion
i s pl arfaron theofenpinali emdasyrfageswhey the segppdrendsparbidan wkich is
inserted into a perforation. n the 10 face by neans of a pressure fit.

Al 't er niSmRV8A fHam &g 1§1qU1d'support is formed as an-integral part of the
i nternedi ate a, bri Tiption

of soma'deficiengin![)(s?:'rl"j[eI prefﬁrfﬁg prloglmFFI ﬁﬁggggﬁ%iaeés ?E%ﬁgﬁééesent
' ”ant 5 orEA i e i@d&aaié%éténgoﬁﬁgﬁghﬁﬁﬂﬁcﬁf jhe invention

be apparent to.Those skilled in the art fromthe follow ng
~descri phix), IR GUERARMEANG od A ﬁ@&e&ﬂdd&aﬁenﬂaﬁtﬁ;bﬁl OF. the dipstick.

BRI EF DESCRI PTI ON OF THE DRAW NGS 20 — Fig. 1is a front view of
a di psti ck conPmeferadrly, thecferdi af tbetﬁerptlandppestmbntandpresent
I nventi on; . Fi,g. 2 shows the a dipstick of- Fig. 1 rotated

90[enﬂlﬂ%ﬂimﬁdlatGOQQFtéﬁ@d1PnpéﬁnaﬁaF9tF@EFiﬂEFFtlon and the solid¢ig. 3 s
a section of the dipstick, taken alon

¢ s  PEp T GnPERG NEIGA 18 iRBgrtedinés a Paﬁtam%enta&ew? ong
Fi t
i Fade Y Sieatly 3h'a proseur fl‘éccoh%“-ﬁé@g??%ﬁpr@é ?5%@2&:0“6” ¥

support is formed as an integral part of the 1ntermediate ' -
portion. '
| | ~ The above is a brief desCriptibn eEISOme'deficiehciee
in the prior art ahdfadéantages of the'preeeﬁt iﬁveneion. J

15 Other-featufes} adﬁahtages and'embodihehte'of'the invention
will be apparent to those skilled in the art from the following

description, acedmpanying drawings and appended claims.

'BRIEF DESCRIPTION OF THE DRAWINGS
20 - Fig. 1 is a front view of a dipetieKZCOnStructed
according to the principles bf'the-preeeht’invention:
Flg. 2 shows the a dipstick of F1g 1 rotated 90° and
positioned in an analytlcal well; ' |
Fig.'3 is a section of tﬁe'dipsﬁick taken along line
25 3-3 in Fig. 1; | |
| Figy. 4 is a section of the‘dipstiek'and'well'
apparatus taken along llne 4- 4 in Pig. 2; “and
Fig. 5 shows a further embodlment of the dlpstlck

displacing member according to the present 1nvent10n.'

* SUBSTITUTE SHEET (RULE 261
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7 WO 96/01997PESCRI PTI ON OF THE PREFERRED EMODI MENT  PCT/US95/08317
Referring to the drawings in detail wherein |ike nuneral s indicate
li'’ke el ements, an apparatus 1 for testingfor .the presence of

anal ytes, for exanple, ééﬁquﬁq%gw?g@cqggg%?ggEgRibwhhgobEﬁEﬁ@inciples of

the present invention. apparatus 1 generally
conprises an anal yti galrediitl €6 the dZawihgshihogetaint@Beteh i DikeM th
reduced |iquid reagent volumes and inproves m xing, and fluid holding
cont ai ner Jwumerals indicate Rdker ellemehtski gn dppdrastsck Poryetrestainy for
conprises 10 an elongated nenmber 4 which includes a first or proxinmal end
portion 6, thequesense dfseaplytespoforoaxamphd, ahsi ahevnedh saccordancy
carrier_portion 10 therebetween. First end portion 6 i ncl udes a

gri ppi ng néfisdt tde f¥mciples QhdthegRRePSRFyiBVEREECON. RQERYTHIE 1%° whi ch

i spl f f bel. 15 S d d, ti 8 f
e o s YR 5B 20 G Ben S RO AL AR ™
bel ow. | nt i3 stia r L,k [ | i gands.
h Dhe 1] o pHRAF RRLiRAes ceBLARYIbER 10aGR0S! E2a0E Plaglie |1 O5NC0

coval ently v@flumes ahd-ig@ravest mixihgh andi g208d RHEILAYPESHLA Dnéhes .,
carrier. The 20 conposition of the el ongated nenber and solid support may

be - sel ect ed fromReferatingt yooFigat ;i dipstiick 2sgenérallky | commeises
pl astic, ceramc, netal, polyners or conbinations thereof. :
The t etén " [ary#iongaseds semherednwhirhr dncbudegapi fiyst or proximalrend
DI ndi 09 2050t 20 4TS Snat at pREound, Bl 25, B 00h 1%, S Siegiare
TN RS SRR bl T o B e AL S b ¢ ot o
can be usedjd} ey Yipping RemBblf 85€8EcEQbL01PNESE 2SS ef TR S1anar
section 14 which can serve as a display surface for a label.
15 Second end portion 8 forms a fluid displacing member 18 which
will be described in more detail below. Iﬁtermediate portion
or carrier 10 carries one or more ligands. In the illustrated
‘embodiment, solid suppdrts 20, which are coéted covalently or
non-covalently with a ligand, are coupled Eo'the carrier. The
20 composition of the elongated member and solid support may be
selected from a variety of materials such as nitrocellulose,
plastic, ceramic, metal, polymers or combinations thereof.
The term "ligand" as used herein refers to a variety
of different binding agents and molecules that are bound by
25 Dbinding agents. Ligands are useful in a variety of different
in vitro assays, such as.immunoassays, receptor binding assays,
and nucleic acid hybridizatiqn assays and thé'like. Ligands

can be coupled to solid supports which can be used in a variety

of different solid phase assay formats.

- SUBSTITUTE SHEET (RULE 26)
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8 A variety of different solid phase assay fornmats are

wel | knowe gsme19%e art. For exanpl e, imunoassay fornmats ROTAISSN0831TescCr bed
in Basic and Cinical Immunology 7th Eglition (D Stites and A Terr
ed.) 1991. Imunoassays can be perfornmed in 5 many configurations,.
exanpl es of whi chaavgriewy yediftdntmolid PhaseeaRRgy £drmbtsMagel o,

ed., CRC Press, Boca Raton, Florida- (1980); "Practice and Theory of
Enzynme wellnkacemysn'the art. 'ﬁq:ssaemmrﬂaﬁsor:aumqpammlﬁmmum are

Bi ochem stry and Ml ecul ar - ‘Bi ol El sevi er Sci ence Publishers B.V.

- Anst er ddefeIbesq ; in 1Basie RodiGl Gy #_Wom & Edithomad&-atory .
Manual ch of t d h b f A
var | et ySE1EeS 304 Ay 2?%8%%%%?2' FRHABRES CaP B SRR, 6o hose
ski lgl edp L t f S i ch '
assays an cgﬁ%€{$%¥%ﬁ§§ﬁs"%%$u enent asszﬁz?/lgrg&[e §%Rﬁy dlza{i:n "
techni Qs A08s S8 {108 . arwa%gtgsr%ggéghy" %%tcrvH:g%% 'Boca Ratmcl %*&%anhd

Hybri di zat1 on, ract.i cal Ed Hi ggi ns,
S.J., | Rofoppstpiddbicdaldd amedss e Enzyme M%»oa@s@. -s,NaIP| Acad. Sci .,

{

uU. S A -63: 378-383; _and John,. - Burnsteil and.Jones (1969) Nature,
223: 582T5§3§sen 20Labora tory Tecmnzlqu ire (Biexthenicdinye @nd Modle cadlaird
supports 20 - conprises a bead-like nenber, which:-can be spherical, for

exanpl eBloiﬁE’be%bﬁ‘H@? fsiance Biblishars B-f Amstersanm 1985) ;

appr.opri e for atta nt to vari ety of can be
a!to B‘Qcﬁeﬂn o Ha ’t'/]a‘?‘i’eﬁL g‘? ﬁ‘&e’rﬁ%*d &E&ﬂ"f’g ’J??%agl'saué’§€d in ‘
RN SLoflor thitn B Fodbborkell fUEbING det erencelier SDYALRAL DO At o0

herein y re erence. speci fica ds to
; he anab¥tfucleic hose rgr&&m%alsrﬁmsf Qfre laas@t iedehad tlo0 thtssecoat i ng.

variety of different |igands can be used to detect nmany
skilled in the art. For example, common formats include
sandwich'assays and'competition or displacementyassays.

15 Hybridization techniques:and formats”are'generaily described in
"Nucleic Acid Hybrldlzatlon, A Practzcal Approach " Ed. Hames,
B.D. and ngglns S. J IRL Press, 1985 Gall and Pardue
(1969), Proc. Natl Acad Sc;., . S A , 63: 378 383 ~and John
Burnsteil and Jones (1969) Nature, 223-582-587 |

20 In the preferred embodiment, each solid supports 20
comprlses a bead like member, which can be spherlcal for
example. The bead like member has an outer surface that is
approprlate for attachment to a llgand A varlety of ligands
can be attached to a variety of different solid supports as

25 'dlsclosed in thman et al., U.S. Patent No. 4, 391 904 which is
hereby 1ncorporated hereln by reference.' | |

A llgand, Wthh speclflcally blnds to the analyte

whose presence is assayed for, is attached to the coatlng A

variety of different llgands,can be used to detect many

SUBSTITUTE SHEET (RULE 26)
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9 analwoagood7scientific, nedical and industrial inter®crUsSsesil?

I { gands include, but are not limted to, yucleic acids, - anti bodi es,
proteins, enzynes, receptors, hornones, streptavidin and biotin. 5

Returni ng 4Qafi0ss Jdf WWheht M€, il a3 iithdustrigiPRoterean .beshednd
to carrier 10 with each solid support - coated with identical

di f f erent, ldgas@sbimsiudss mit ldmandst limiteBhecsunbadeiar agidl,carrier 10
generally should be mnimzed:to avoi d non-specific binding of

mat eri al wanthbadies ntproteingy SNzyres s HeSeprors ,phosmosefy of t he

di pstick and, thus, should , , generally be snmooth in texture and pl anar
in confi guPEFeRAVIdin g R4Qfddsectional thickness of carrier 10 shoul d

be 5 sufficient té@{g%ﬁﬁé?{kgiég 'tﬁ.%%Fgge &b&%tgﬁgﬁa%EitsEii

reci procated in and "ou iqui'd r'eage c¢dnt'arne con?ainer 3.

| the prebgsisst eaiodd W Hund A'd IirriRaa% ek each sB238 aOBpbgHr ali on

to add rigi y to the carrier. As shown in Figs. 1 and 3, carrier 10
can conprié&eaté@ngbr R A dstt Vedl 24iffereny,! b lconpdnatdiochel b tagahasct ed
so as to be generally parallel to inner side wall 26 of container 3
when el ongihedsulfaceremes of icanitisynddd gemeraddys shoudfl beeminnmazadr tas
shown in Fig. 2. L. In the preferred enbodi nent, solid
suppor t ( s)aveid snen-specifi i rindingnein @t emiadh whd chompyednterégrei witho.
Preferably, web 24 includes one or_.,nore eni_ngs_ whi ch can be a
depre&QionsuéﬁﬁqﬁﬁnENE?Qﬁ%ﬁqﬁﬂg(qqnéiﬁﬂgﬂﬂﬂQ$F%PFBdhoFeuaneSBPuﬁﬁre solid

SAPRorL S Send 006 SRR U VRO ISR, S arion.
D by oo P R oo o SR R0 28 s B4 1T
sufficient to maintain rigidity of the dipstick as it is
reciprocated in and out of a liqﬁid reagent contained in
15 container 3. In the preferred embodiment, éarrier 10 has an I-
beam configuration to add figidity to the carrier. As showﬁ in
Figs. 1 aﬁd 3, carrier 10 can comprise flange 22 and web.24,
with flanges 22 being constructed so as to be generally
parallel to inner side wall 26 of container 3 when elongated
20 member 4 is disposed in reéess 28 of thé contaiher as shown in
Fig. 2.

In the preferred embodiment, solid support (s) 20.is a
discrete component which is éoupled-to carrier 10. Preferably,
web 24 includes one or more openings which can be a dépression_

25 or perforation (through-hole), to hold one or more solid
supports 20. The solid support can be roughened by chemical or
physical means prior td coéting with the ligand to maximize the
reactive surface area via microscopic indentations and

channels. In the preferred embodiment, the solid support
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PCT/ US95/ 08317 10 conprises a
roughenewosgsloeas? cal bead which is inserted into a pRACTOFSAs/H8307 | N
carrier 10 as shown in Figs. 1 and 2 apd held in pl ace by neans of a
pressure fit. A pressure fit can be achi eved by providing a

perf or atbfprises g PodhReRéEr spieyicab bedd oitidoh sill imsedten s 0f the
bead as would be readily apparent to one of ordinary skill. Although
a partipakfioration| igacaraienchiread showngonefigshast Eoeh Jesnd iHedd i her
arrangenents can be used. For exanple, the solid support can si mply
be a papiaee by neargreof cd BFesSUrR Tl 1 A RERBIURE It |gagaRe can be
attached dlrectl to the_solid s e Litnan et al., U S.
Patent RER1GVEY g@oar%?"éwfisaﬁé?g‘g?/ratm %??c‘b’rrtﬁ)raat P ref er ence.
D spl ac e r ai ner 3 up
fro% t h%ﬂg gg ém% ?f %'A %é‘éa@nere%ﬁé%&éhlaen?mg'r?ﬁl ee s%#"’dé'q'g’ltjpport I n

t he |'quEa£8ﬁge£'6 ond s cafaiﬁary skil¥ f ARblduds PGHtdiRAG Ll 0se to the
di spl aci ng nenber, ‘relative to the length of the dipstick, to aidin -
m ni m zLbgand attdﬂehmemurarndngammthamlhem rdeestark benl pesthezm a test.

D spl acing nenber 18 has a configuration and is. of .sufficient 20 volune
to essearrangemeénts cagdee wHdd tFer mxampiecdiheisalid supporto camat it

di spl aces essentially all_of the I|qU|d reagent - at t he bottom.or base
30 of c8iMAlYidPe 2 B@:’é’br?ﬁ f yingegrated ihe f3FeHF ake & er surface
of _the #omer portion o nber 18 SUQ%Hgntlal y..conforns with the

corfd gur39#8% G0 28 attﬁ..%he% %t!]l AR tsr?eul BAFGom3BR 1 27 at ‘

the botfo I'S
hen1sphér caIthﬁE%as a cross sectlon riﬂien as d p ane a Oﬂ%P%EEEb%ﬁe
center ﬁﬁt&-ﬁéré@é&%eé’&nvﬁyofeﬁéréﬂbéumt anti al

D1sp1ac1ng member 18 acts to dlsplace llqu1d reagent

in container 3 up from the closed end of_the contalner to

15 immerse the solid support in the iiquid reaéent. The carrier
preferably is bositioned close to the displac;ng member,
relative to the length.of the dipstick, to aid in minimizing
the amount of reagent volume needed to perform a test.
Displacing member 18.has a configuration_and is.of sufficient'

20 volume to essentialiy fill recess 28 at the base of container 3
so that it displaces essentlally all of the liquid reagent at
the bottom or base 30 of contalner 3. Accordlngly, the
conflguratlon of the outer surface of the lower portion of
member 18 substantlally conforms w1th the conflguratlon of

25 . inner side wall 26 and the inner bottom wall 27 at the bottom
region of recess 28. Thus, When dlsplaclng member 18 is
hemispherical; it has a cross-sectlon, taken as a plane along
the center axis of recess 28,'which is in substantiai

conformity with the inner side wall 26 at the bottom region 30
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conformty with the inner side wall 26 at the bottomregi on 30

SUBSTI TUTE wWdagh14eRULE 26) WD 96/ 01997 PCT/US95/08317
PCT/ US95/ 08317 11 11 of recess 28.
Preferably, the displacing nenber 18 is configured so that the

di st ance d%grféc L ween tﬁgéégfggnyIghe dis nllate?@%H Bnglp §igde wal | 26,

nmeasur ed ong a |ne t hrou 't he nBXI I mensi on of the

di spl aci ngcaRFDGEréd@sso t&z@@m Idisﬁdag;ceZ)d | petibeeh @n@0BibP18cOARG i nches,
and nost preferably, 0.010 to 0.020 i Aches. See also Fig. 4. :

The' aver agmemibst asme ihmbeweesids twadll tZEe measunegb along haddn24ahandghnner
side wall 26 or the rear face (which is hi dden from view) of web 24
and i nner theemawinunclpesray a(l;'lln}ensﬂ@ﬂ ofs et dispdeacingr agmbert Hag d[ err]
to facilitate turbulent flow the solid support region of carrier

10. PréferﬁBPVn iRFig. 2)iig aﬁ'R%“d[oerorojs 5& Red? Ca iRchefac #ndnB8tde wal |

26, d h t h f

10" and bei mEereratLy, o 1 1§ L, denba D e G185 Fe veb face | s
I b d

at 15 | east about t % ‘ge[% réﬁ% 1y ggagl C|eq_g_&rg§.rrtg_ﬁ% E?oﬁ?”%‘éﬁe at

the bottom of recess suc epr essi ons

perforati ofgcd 34 Nahd el theP| A Gra MY orVitineh reay (iab@anwmch hng d |
upon insertion of the displacing neans into the liquid are absent. In

addi ti on, hbedeh sPram i wiewie bk rwels aemrcnlﬂnpeﬁ@mymagur 28 puelferAblyi ts
term nal end surface, which directly opposes the closed end of the
wel |, 18as s nsvbstantiallw areater than d,nte faciddtatecturbulentutiewt he
si ze of any drop hangi ng fromor adhering to the displacing nenber

when the des‘Ell'*%ks‘P%’-d SUPRQI V&P 00 A%t IFRTLIRE d0in ESRERFARLYZ. thfi s

results in less 25 c%gr over
2

-A(:cordlnglcgi:L tHfce d aﬁn'ghge§3?%§%u B %gaﬁewaigsﬁgef8?33P§e?sa%??%er

pointed ory jine passing through the center axis of carrier 10 and being

essentiélly perpendicular tq the respective web face is at

15 least about twice d, when the displacing member is centered at
the bottom of recess 28. Preferably, voids such as dépressions
or perforations within the displacing member, which would trap
liquid upon insertion of the displacing means into the liquid,
are absent. In addition, the displacing member is generally.

20 configured such that its terminal end surface, which directly
opposes the closed end of the well, has a minimal surface area.
A minimal surface area reduces the size of any drop hanging
from or adhering to the displacing membér.when the dipstick is
removed from the liquid in container 3. This results in less

25 carryover to subsequent containers or wells. Accordingly, the
distal end surface of member 18 preferably is either pointed or
curved. Preferred displacing.member configurations having a
minimal distal area are spherical, hemispherical, or teardrop

configurations. When a triangular solid (tetrahedron)
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curved. Preferred displacing nmenber configurations having a m ni nal

di stal area are spherical, hem spherical, or teardrop configurations.
When a t WQ¥IPHr sol id (tetrahedron) PCT/US95/08317

SUBSTI TUTE SHEET ( RULE 26) 140 96/ 01997

PCT/ US95/ 08317 - 12 configuration is
used foeohlig¢gtiraplioai g meforashél’@ﬂﬁpm&,i‘ng memishs0l B igipwieRBath 18' i n
Fig. 5 a projection 32, which.can be . -in the formof a tetrahedron or
pyr am d;ilspﬂ.aexagpmmber 18 pr i eFid! y5i & prvjekniam 3he Wutcelomasutfeace 34
of menber 18’ to elinmnate.the otherwise flat surface and, thus,

reduce &Rethe f°§ﬁ“z@fo?‘ 5?19@1%?@?% ‘Eﬁ’cﬁbyra%}‘}n |E87 )quqple?'conl cal shape is
used for _t di aC|n om su ce J gured
to end PR® eﬁ%bif lsTﬂ é br% %%%’r?‘gg?aﬁfcﬂ] bfted“etnfpeerdqsrgpl aci ng

menier 96e%§iﬁ§?:é¥testﬂéagéﬁemfé?fﬁé‘@s’u acé-gand"akkﬂf f#ﬁ |
in erence nuneral

illustrate Ig. 2 and genera esi gnat ed

36) or peskt byehi ?'aﬁﬂhgﬂnéldlﬁop. S ERi Berlp, aoigl ddii&&ialarsi%é)rz.s\/m ds
which could trap Tiquid The contai ner used in conjunction
wi th t hasdidpsbirckhe displgcimg imembeny I.'Eli'.‘.'/ Indt tom esurfiates razas trect i onal
shapes such as 15 "square, round, or rectangul ar and_ therefore includes
tubes amdnfiguredctoterdrimer |pointrhe Eheyperasts itHion risam seomtiar 30 t he

cl osed end of the recess will be of the sanme_shape as a cross section
of the BSsEh?eQF%lﬁFlrﬁﬁé“mﬁﬁﬁeMrls AR J BREERGRLY DY

S Ckh8"3e0 ESHYS: The "L ST £ T i, ey 20, D1t L
e pndfbidplrod ECE DML ORRN PG SRR baqic1 VY BdiRa Line -

maxi MINggNRYNEoOhvbdidi fevel areds or voidﬁ‘%ﬁcﬁﬁ%uld“t&@ﬁ QR i des the
advant ages of

The container used in conjunctlon with the dlpstlck
may be in a varlety of sizes and cross- sectlonal shapes ‘such as
15 | square, round, or rectangular and therefore includes tubes and
:microtiter wells. The'shape of the cross-section of the closed
end of the recess will be of the same shape as a cross-section
of the base region of the displacing member, disregarding minor
indentations or voids within the'displacihg.member. In the
20 preferred embodiment, the container recess or well is circular
in transverse section with a rounded bottom'snd the dispiscihg
member is hemispheriEal:to'conform'with the shape of the'well.
and displace a maximum amount of f£luid. B -
The present invention provides the advantages of
25 lower reagent'volume ahd'impfoved miiiné uhen'vertically
:reciprecated in and out of a 1iquid'reagent in a’container 3.
The displacing member.should be immersed sufficiently deep into
the liquid, and sufficient liquid used, such that the

displacing member displaces the liquid upward and causes
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25 |ower reagent volunme and. inproved mxi.ng when vertically

reci procat eqhgggromee out of a liquid reagent in a container PCTUSI508BE
di spl aci ng menber shoul d be i mersed suf fl ciently deep into t he
liquid, and sufficient |liquid used, such™That the di spl aci ng nenber

di spl aces gﬁﬁkéﬂaﬁdof'% GHYE GASSrt.  The rel\éigg.%@l(}lgi%%ggr Space

PCT/ US95/ 0 on of the

solid supppetweedNEné ehfdd WMl | HDEHP D Faced APt ens damiabk and
the web faces disrupts the |am nar flow exiting fromthe passage

formed bet gkew &hetihg pfoom nthe passwydadformed Mietwvesa Ith26 displacingduces
swrling eddy currents 5 which results in enhanced m xi ng which is

parti cul arigmber andpsiderwaldhe?s i Thig [prpdutese sydmld ngoeddys icHgrants

col | oi dal . . suspension. Since the reactiogn kinetics are_limted by the
rate of® di YRiSPoRefRtes o htangsnminelng Whids ddpPerrdfarly surroundi ng

s endl no TPBRRERe: CBhe R0 Y GAR ddifndl) CRBRANGAL LR 330
surroundi ng,, ke, SPLLd SN tthe readfadifiideedicd RS d aGiRRL %%kﬁh' on

zone hastens processi ng time and/or increases sensitivity. dr awal

of the di pghtekof dift@sddn OmtdiQrEaffifrcn MY aAmildivsdopied zone of the
recess 15 permts repetition of the cycle. The above is a

det ai | ed dssrrophdimg ofhe seEiid cipport, maebadiximg steepeas mhention. |t
is recogni zed that departures fromthe disclosed _enbodi nrent may be
made W0t hi gonpentsrdpionfgradient) extandind from thensdld supPPesEi Ardat i ons

wll occur to a 20 person skilled in the art. The full, scope of the
"hvent i on PATTOWs Ehe XRACEANY (RORG AHRFQUREL S GRS, Sa i BEPPOZEyi val ent s._

pocor 0 10 Ko ghEL Sk bR LR 0 W, prcBBRRIRECY 12
entitled. time and/or increases sensitivity. ﬁithdrawal of the dipstick
to allow the reagent to pool at the closed end of_ﬁhe recess
15 permits repetition of theﬂcycle,

The above is a detailed description of a particuiar
embodiment of the invention. It is recognized that departures
from the disclosed embodiment may be made within the scope of
the invention and that obvious modifications will occur to a

20 person skilled in the art. The full scope of the invention is
set out in the claims that follow and their equivalents.
Accordingly, the claims and specification should not be
construed to unduly narrow the full scope of protection to

which the invention is entitled.
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P - BEEN .
conprising: . - an el jpri§43 8HE vilng a _portion,
a second“gﬁﬁmHQVtion and an int : tion%éﬂﬁ%?@#%a bet ween .

said first and second end portions, T e t hi ckness at ed

menber, neasured in one direction, substantially | NCr SN f
| ocat i oNERT I8 ELAIMEPd8irate portion to said second @'HM iﬁH‘, iﬂml
second end portion. . .- ‘“having a thickness, neasur al'o .

passi ng through a maxi mum | ateral di nension of sai d second end
portjon, at |east.tw cg.that10f4 hj36 : Eﬁﬁ? al on |

diré%tion, of sai&'intgﬁngg%% glgsgtég EE??%al g%%?? n?ﬂg%%gﬁgéggg .
a | i ganghea@dd edvidgsal ¢irBteeABdpateibR] t 4 08eb8ANCEAA SPbFL St adh@apn sai d
intermedi ate portion and said first end portion. 2. The di pstick of

cl aian 1 ivirertiediatied polreigat pdsieibredi betwgen. sadd firdbeand psédsikd of
claim2 wherein said internedi ate portion has an |-beam configuration. 4.
The 4li psnidc pogtt iohai, nthewhbicknesiecofhaayd ehosgated meRbess medswrsd sai d

| ocation on said intermediate portion and second end portion is gradual.

5. 5 TH& @nssdizrcsion), aprPstapeialiysingreasingetiramesddftion is pl anar.

6. T di i,ck of clai wher, ei id fi d 1 i s, pl d
oSS 2L SO Liet B seLd ILAsLoend Rorilon 5 plager an
d'pS&'CEﬁggl%bakgtég@ﬁeEE&Br&éhQaESCBBFtEQH'PRVA'Pngéﬁ Aabgdlsphesical ly

SUBSTI TUTE SHEET (RULE 26) - E#N Inal ytical dipstick
a

shaped sur
8 said second end portion. : '

1 2. The dipstick of claim 1 wherein said elongated

2 member is rigid.

1 3. The apparatus of claim 2 wherein said

2 intermediate portion has an I-beam configuration.

1 4. The dipstick of claim 1 wherein the change in
2 said thickness between said intermediate and second end

3 portions is gradual.

1 5. The dipstick of claim 1 wherein said

2 intermediate portion is ‘generally planar.

1 6. The dipstick of claim 1 wherein said first end
2° portion is generally planar and includes a label receiving

3 surface.
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8. The di pstick .of i.m 1 wherein said second end portion has one of a
coni cal andwon)@{,fggheiiﬂﬂmﬁ”ﬂ"ﬁﬂlf&l"’n with a poi pted-h BeEBSsRsTHace.
9. The dipstick of'{ . sai_gl_l I gand}|i B8 &HEEredth S BEEN tihe
group consisting of an anti body, enzyne} nucl ei cfjaci d, repiaGERViI di j and a
bioting 10 = An anal Vvt enleolidl ARPUAIS 160 HPWHERETR =a1d secand ena
contai ner having a recess tornmed therein, said receSs belrng definéd by at

| east @ne portion Hd$l% Wdderdd 2 nealilsphetdlcal 19N8naped end surfacedn

el ongat ed nenber slidably receivable in said reCess, said el ongated nenber
having a first end portion, a second end portion that forns a displ acing
menber and an I nternmedi ate portion positioned between said first
and sedond-end portifns, B @ipstick ofpcdpdmdilawbepeini saidaseagnd engand
coupled thereto in a region adjacent to said displacin

nb
sai d difspl BRF P Hetfie o ntd A% R IaF’ﬁgtFI"'réaE‘SFF?&n%BFféﬁPHaFgg%s‘ger{Fhat

IS . adj acen sai d t | 1 when said displacing nenber is
posi ti Sneoat%éé:'r%raeg%igno&%&gaﬁn? Stuq:@a\g%‘i nt ermedi ate portion including an
outer surface having first and second regions, said first o regi on
being closer to a center axis of said internmediate portion than said second
regiong the gli st e Q3YPMNARK 3BV QAR 11 Whezednl 5a3H if?é.ﬁ'& $8d
said at | east one side wall being at -l east about twi ce The distance
bet weeg sagellelttsgd afrdty yrlaroupn doniidtinde ofakhn, antibody, npasvésA, al ong a
| i ne passing through the maxi mum | ateral dinmension of said displacing
menber 3 whenzwee d nlickeixiagidve staeptavididneaad at baobdnt om porti on of said
recess. 11. The apparatus of claim 10 wherein the configuration of said
di spl aci ng nmenber substantially confornms to the configuration of the

correspondi ng boundary of said.cqontainer, recess diacent to,said bottom
wal | . Rlz The apggiatd¥1594ﬁ£%%n:ﬁ§ r BPRALR uﬁi??ﬁﬁﬁésﬁﬂgﬁeen sai d

di spl agi ng member and gl Al lh%%i%xgo%.exje@@%% %B%e&akharl%?g@é& jal ong a
line through the maximumlateral dinEnsion of the second end portion, is
about 8. 00Seddsd) Ki3thd HdEned &y ot dedistPlorel B4geEWHEL LAACENbEEESmat the
bottom of said recess.

4 wall; and |

an elongated member slidably receivable in said

5

6 recess, said elongated member having a first end portion, a

7 second end portion that forms a displacing member and an

8 intermediate portion positioned between said first and second

9 end portions, said intermediate portion having a ligand coupled

10 thereto in a region adjacent to said displacing member, said
11 displacing member essentially £illing the portion of said
12 recess that is adjacent to said bottom wall when said

13 displacing member is positioned thereagainst.

1 11. The apparatus of claim 10 wherein the
2 configuration of said displacing member substantially conforms
3 to the configuration of the corresponding boundary of said

4 container recess adjacent to said bottom wall.

This Sheet Hag
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13. The apparatus of claim 12 T iterngdi ate portion includes
an outer surface area that.is spatetP $hitdmh BAF 28N |least one side wall by a
di st ance WIO96/01997 o ubst aREPAACECqr eat pr_t haPCTAISASOA34T ance

bet ween sai d di spl aci ng nmenber and sai dgat | east one side wall. 14 The

appar atus of ‘claim 10 wherein said displacing nenber i
15. The apparatus of claim 10 wherein said displ acmj'MMﬂ""lﬂﬂ”'ﬂﬂiﬂL
spherical. 16. The apparatus of claim 10 wherein sai d di*sptac? ngs nenber
i s hami spherical. 127. Thellapranshus of ofladmil® whexiedreisaisai d di spl aci ng
menber is configured in the formof a tetrahedron. 18. = The apparatus of
cl ai B 10inte 135 | RRFHPh glvdes Aouter sweipgembaviggnigstsand

i nter,medi ate portipn includj an qpeni ng, sai d ligand bei attached to
sai d 350l PACORPOETIIY T STt REHTH DB SIEER: £0n&HS Fenkea
OPENGNG. axedd: of A SPALAdH e JoHTOH) AT Ball S Yelbohla0FA11n SEhECL ed -
fromthe group consisting of an ntibody, protein, enzyne, nucléic acid,
strepgt avififarnes bewddh amp pointhd mpRAEAIRISef rebdion Ldavaakal Att he
configuration of a transverse section of said recess adjacent said bottom
wal | 6i s Tedsrtaie fside twed Igbeimg arts ilskistg abousqtamies thet digtthaceand '
circular. 21. The apparatus of claim 20 wherein the configuration of a

t r andverbetween | gmidfdisplacins glerbier) andhisaid sideswalilal measysedi cal to

the configuration, of said transverse section of ﬁgid recess.. ,22. _ The
di psti ckabEng | e Rdsing Shupushy e mexingmodacsral Ginghgsonoet
9 said displacing member, when said displacing member is centered ‘

10 at the bottom of said recess. -

1 13. The apparatus of claim 10 wherein the distance

2 Dbetween said displacing member and said at least one inner side
3 wall, measured along a.line through the makimﬁm lateral

4 dimension of the second end portion, is about 0.005 to 0.030

5 inches when said displacing member is centered at the bottom of
6 said recess. o

1 ' 14. The apparatus of claim 13 wherein said

2 intermediate portion includes an outer surface area that is
3 spaced from said at least one side wall by a distance that is
4 substantially greater than said distance between said

5 displacing member and said at least one side wall.

1 '15. The apparatus'of claim 10 wherein said

2 displacing member is teardrop shaped. |
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WO 96/ 01997 , ,mw Mu "’ THIS SHEET HAS Begn || PCT/ US95/ 08317
17 1 wo9610 ;l umlsu ’m cljai m 1BERDACEDN sai Pceraisofhiss! aci ng
nenber is genera sdneric | . $1 T —Hre== atus of claim
10 wherein said 2 dispIaC|ng menber |slaenerally hem spheri cal . 1

18. The apparatus o{scl (Régggéﬂé]ifi{iﬁfﬁ fﬁ §%é@glggfg§gper S

generally configured™Th t rahedron 19.
The appar ahH§p9£c§h§'xHéxl}9e{-LE(é hednd gl éﬂ sttheérical S0l i d support in the form
of a bead, sald intérmedi ate portion i'ncl udi ng an opening, said |igand
bei ng attached to said solid 4 support and said solid support being
positioned in said 5 opening. 1 20. The apparatus of claim
10 wherkein -said |igabd. i sThe appdrtusl dff abaire 1gr elperednsisatidng of an
antibody, protein, 3 enzynme, nucleic acid, streptavidin and biotin. 1
21. Tie aﬁpapéagsnEfmeme$ﬁ11@ Qﬁnﬁﬁﬂlixih?m¥§Ph@6ﬁFﬁ@uration of the
transverse section of said recess adjacent 3 said bottomwall is selected
fromthe group consisting of 4 square, rectangular and circular 1

22. The apparatus'o ' n
transvg'rse section o sai d?%%#%%grée%éra%‘n@&%i S esseg‘t 3%1 y i dent i cal
. to theconkigHi abiRY MEmS&Y dis deld ISP M SiRfkired 10 t3R okRCBESa

3 tetrahedron.

19. The apparatus of claim 10 further including a

1

2 solid support in the form of a bead, said intermediate portion
3 including an opening, said ligand being attached to said solid
4 support and said solid support being positioned in said

5 opening.

1 20. The apparatus of claim 10 wherein said ligand is

2 selected from the group consisting of an antibody, protein,

3 enzyme, nucleic acid, streptavidin and biotin.

‘1 21. The apparatus of claim 10 wherein the
2 configuration of the transverse section of said recess adjacent
3 said bottom wall is selected from the group consisting of

4 square, rectangular and circular.

1 22. The apparatus of claim 21 wherein the
2 configuration of a transverse section of said displacing member
3 is essentially identical to the configuration of said

4 transverse section of said recess.

—————
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