; EFGHe3e\ d>64T_ MULTI LAYER REAGENT TEST STRI PS AND METHODS FOR USI NG THE
SAME TO QUANTI FY GLYCATED PROTEIN IN A PHYSI OLOG CAL SAMPLE | NTRODUCTI ON
Field of the Invention The field of this invention is anal yte detection,

particularly glycated protein detection. 10 Background mmmmwmmmm tion ,
| ndi vi dual s suffering fromdi abetes nellitus have an ab h bl ood

sugar | evel generally because the pancreas does not secrete,gsubfici ent
anounts of the active hornone insulin into the bloodstreamto regul ate

carbohydrat e net abULITLAVMERREKGERTOFERT KYRIPSAND SPETHCIS FORvel ., known
as a hyperglycemc condition, is allowed to continue for prol onged peri ods,

t he individual w [USINGI THE SAMER TAQUANIAFY GH¥HIATER PRQATEIN dNabet es,
i ncl udi ng retinopat hy, nephrop ardi ovascul ar di sease.
Studi es indicate that diabetic%ggﬁpéﬂﬁgb&ﬁglg¥gﬁggﬁg to mai ntain near

normal glycem c control greatly reduce the |likelihood of these dire
conplications. Therefore, several tests 20 have been devel oped to neasure
and control glycemc condition. OneNI&RPHCHONcal test to control glycenic

condi tion i§ihp§nagﬁﬁg&k%pasurenent of blood glucose |evels by diabetics.

Because bl o els fluctuate significantly throughout a given
day, being infl uBncheld bythib i@bentian s analyye deddvtion,paaticutinly, gl ybaranaditeig on t he
nat ure and geverity of the individual case, sonme patients neasure their
bl ood gl ucoS®%4%@Pel s 25 up to seven times a day. Based on the observed
pattern i@ the neasured glucose |levels, the patient and physician together
make adjustnents in diet, exercise and insulin intake to better manage the
di sease. C BagKgyountliof theilnfentiomt i on shoul d be avail able to the patient
i medi ately. BFF, _Ref LlFE— 88 .Lifescan Ref %ﬁS—ZBS .
'\ DOCLI VEK | -1 { AT GHB ST ErHE PP AR BRISHE38 55 faormgiishigh lood sheibver
because of {chel deh@aEhdcaldelid pkie@Nddk nol Je6RESuFRN &GN Smbintd oBiné@BHWAY, tests
whi ch are i ndependent of a patient's diet, activity, and/or treatnent and
whi ch pr ovi Bermone insulin into the bloodstream to regulate carbohydrate metabolism. If an
15 abnormally high blood sugar level, known as a hyperglycemic condition, is allowed to
continue for prolonged periods, the individual will suffer from the chronic complications of
diabetes, including retinopathy, nephropathy, neuropathy and cardiovascular disease.
Studies indicate that diabetic patients who are able to maintain near normal glycemic
control greatly reduce the likelihood of these dire complications. Therefore, several tests
20 have been developed to measure and control glycemic condition.
One common medical test to control glycemic condition is the direct measurement
of blood glucose levels by diabetics. Because blood glucose levels fluctuate significantly
throughout a given day, being influenced by diet, activity, and treatment, depending on the
nature and severity of the individual case, some patients measure their blood glucose levels
25 up to seven times a day. Based on the observed pattern in the measured glucose levels, the
patient and physician together make adjustments in diet, exercise and insulin intake to

better manage the disease. Clearly, this information should be available to the patient

immediately.
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| onger termindications of blood glucose | evels have al so been devel oped.
These tests neasure the concentration of glycated proteins or
"protein-bound glucose" (PBG. Proteins, 5 such as those present in whole
bl ood, serum and ot her bi ol ogi cal fl ui ds react with glucose, under
non-enzymatic conditions, to produce glycated proteins. The extent of the
reaction is dire | ood.
Lozot Lon, 15, di £ Rl dopearent il i ghus0Re ARTGPRLIEN Ol st
henogl obi n, whaihereindiependéro bt mpaﬁl’bnts(dﬂbtAhct)v,ltyy\kndﬁd’l treetieacrsl wghiyle proviglecont r ol

over approx mat el t erio r s ch te measure serum
Yot e ne: *slBeget Bekedgt ol ipebie S firesodeoBdSBioor e et Geat ed
serum pr ot ehi%asu'?@ﬂﬁ@ le¥n@hitaainest Bl ReabRbteifd Up\%PcﬁQn%b@ﬁﬂ%lﬁcd's@f dm)sm%&ms
internediate glycenic control over approximately a 3 week period. Yet

anot her way sucrb as tiebise prssény irnwk@s bldot owding aghothcmclegltcalaﬂm@meacg witith aucalseyz e

gl ycated protein concentrati The teins e glycated in vivo by
2 hon 15 onoYAREPERERRLF BB e oetah ottt ThEpHet RIS rorBants o
bl ood prot elil'i‘&tlyl?léffé?ﬁbrﬁ%lpbﬁ{tﬁe%c)és@cfﬂn@&]tﬂﬂh@h'Bﬁth@fbldo}ds' ne residues and the
a-am no groups of rotein's termnal am no acid. The glucose binds to

an am no group-ofne h%thprﬁmtslynat@d)plfo(tﬁmrmtsg@mlwedba@éures glycatedshegiaglaben, t hat
under goes np| e ran Q fo able ln_.the Art,
such ket oant Anr%egy%l% éq oég)%{enrg‘dgﬁ?ﬁ }<r‘1’V h\}\%h as natggﬁc '0S 5?11&?1}%@%“ a?ﬁroxd%atelée of

protein 2® g;lymahuhq:renamdatﬁénmﬂo&amsdreEemhlpmeins sdeh mbiayglpm@meturﬁmal to
bl ood gl ucose concentratign. Measurenent of serum or plasnma gl ycated

protein | evBIOEIRQT gspcific glyratedarumyPiorRin. drms b glycated slugyn falyeaiekalbimiaat ed
protein CO”&@I@&E%Erﬁaﬁlehﬂtaﬁgi{'dé%@éon@oﬁ V& a g&ﬁkﬁ%elﬁaz@e@%gﬁpaiodb' ood

gl ucose | evel over approxi ely a hal period. One currently
enpl oyed assay t Hett anpthow wele® 1a¢loaarlgmseshd:tle¢dnulgartqoocmxtxalﬁorbiscb@alna:b'&egI ycat ed

pr ot ei ns, vels is the GyProT s ass rent | rketed by Genzyne
o por at | onE ol Srsubialon T ader gl Ar &y B §7008. 006,
Wil e this aggamMtieFavidestndssdirbs: dRSvhilldble drhinb SrdiE EPIBIBEcﬂpﬂoEbn@s clinical
| ab by a trained technician with a sophisticated instrunent, and is

t her ef or e nptinoipallydlt wamige gnenpe otikysq@hy@n@eannd)ﬂhﬁ oeasming roups fithe Resttein’s FE- 083

A O e ot RV G

mul til ayer bﬁ&g&l’ltaldlmﬁ‘te st urjdefgoeEs xfnbuemlmsx&aﬂrﬂgemaﬁnb ifdrircadthtde ketoligine. hhe
test strip is demgned for honme or {) sician office use. However,
ly

measur ement $°3FotCHERIOB IR AreEERTTIca ness SRCKERMIRES: e f e degrRy of grasen

i ”aFC;” BE, gPSatDHRRY BNEBSiniRe FBadidoHis AirSATTEp OGS td 1188k §iliosk T uct osami ne
anal yte
concentration. Measurement of serum or plasma glycated protein levels is useful for

monitoring diabetic control because glycated protein concentrations in serum or plasma
reflect an average of blood glucose level over approximately a half month period.
One currently employed assay that provides accurate determinations of blood
25 glycated proteins, levels is the GlyPro™ assay currently marketed by Genzyme
Corporation, where this assay 1s described in U.S. Patent No. 6,008,006. While this assay
provides accurate results, it is performed in a clinical lab by a trained technician with a

sophisticated instrument, and is therefore not suitable for home or physician office use.
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5 also react wth the signal producing systemand affect the signal
generated thereby, leading to inaccuracies in the ultimte fructosam ne
guantification achieved with such test strips. Accordingly, there is
continued interest in the devel opnment of additional nultilayer reagent
strips formats that are suitable for glycated protein quantification, where
the test strips & it AbL.& 47075958699040N8d 078 794 dBLY: eg 119% r@a%er?cnd
provide for the highly 10 accurate nmeasurenents achi eve e currently
enpl oyed cl itest gap fordhstaamime quagditator whews the teﬁtedtmmrdkemgmddefbahmneoxUm ted

States Pat of t | ud 470, 752 5 949: 5, 7 4: . 15
6, Sogsoog i 2%88}0 F5E B {’Vg}?“éum%%‘l%‘ﬁﬁtfwldﬁ\ﬂ%yég? testestiéps %@8%%@7‘7 EP

821064; and tdal td B fithbourab/MYRNDtdEes litlthe MVEDEh SINoMet thih %ﬁé%c&?sé’qﬁﬁfétanﬁl?t%t

strips for quantitating glycated protein in a fluid sanple, as well

met hods f &r alsgireagt wiile thezsramal H@@J%&Wﬁt@@cﬁndﬁffectémlm gensrated réyx@by,ﬂ@sitng
strips inclyde 20 l. e r.ot ease ket oam ne
oxi dase si gﬁana%cru(r) be&“hgl%é‘%td“ ?tfw o?al uan?pgaftlogfg lg\r/ﬁdl‘é;&ésrucm‘ﬁ?ﬂgi’%g t he
subj ect test strispsordinglyl thiefk is ammlneed ﬁxtewpld t8el déveldpheent 85dddRiohhImabithyer
signal is generated that can be enpl oyed to quantitate the glycated protein

| evel in thé&agarsires foumass thateus ﬂ’établérf@ alyqagdm@e@w@@kf@a@mwheﬁdhﬁtret t he
subj ect tes The
Subj cot comslr ieRRIANE e nBca RS o B BEhL G Bihck 4y B T BB, TV or i ng
appl i cat il @naccusnmomgamtdnemtsidchiev¢d esh ttBRhE&tDEﬁEﬁ%;EHIcQﬁcmaﬂ'drEoEA HaEES
Figure 1 provi de? an exploded view of a nultilayer reagent test strip
accordi ng t 848 enbodi ment of the subj ect invention. 3 BFF Ref LIFE-088

Li feScan Ref LFS-235 F 1DOCUMEN111life\ 088\ patent application Ifs-23~ hfe

- 088 doc Figure 2 provides graphical results of an assay perfornmed with
test strip WBieleWani Lataraturayer bl ood separation | ayer configuration. Fi gure 3
provi des graphi C%'n1téc?§tal §atg}c1ts Pln?eres?Ynch% h5 27(}% %%ggr%éj,l% 737%)8'r ation

| ayer configuration.
15 6,008,006. Also of interest are: WO 96/31270; WO 96/31619; WO 96/34977; EP 821064,

and EP 737744.

SUMMARY OF THE INVENTION

Multilayer reagent test strips for quantitating glycated protein in a fluid sample, as
well as methods for using the same, are provided. The subject multilayer test strips include
20 at least a filter layer, a protease layer and a ketoamine oxidase signal producing and fluid
flow control system layer. In using the subject test strips, a fluid sample is applied to the
test strip and a signal is generated that can be employed to quantitate the glycated protein
level in the sample. Also provided are kits and systems that include the subject test strips
and find use in practicing the subject methods. The subject compositions and methods find

25 use in glycated protein monitoring applications, among other utilities.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 provides an exploded view of a multilayer reagent test strip according to

one embodiment of the subject invention.

BFF Ref LIFE-088
LifeScan Ref LFS-235
F\DOCUMENT\life\088\patent application 1f5-235 hfe -088 doc



DESCRI PTI ON OF THE SPECI FI C EMBODI MENTS Mul til ayer reagent test strips for
quantitating glycated protein in a fluid sanple, as well as nethods.- for
usi ng the sane, are provided: The subject nmultilayer test strips include at
least a filter layer, a protease |ayer and a ketoam ne oxi dase signal
producing fluid flow 10 control systemlayer. In using the subject test
strips, a fluid sanple is. lied to the.test strip and.a sjgnal 1S
generated that cEEbe BiyiBhBaPFGe gRulit P B prerghyatyLh Sl St mhrere i n
the sanpl e. 1AlsBlopd Spheien Bier dontisurafivh. Syst ems that include the subject
test strips and find use in practicing the subject nethods. The subject
conposi ti ons and Figrhdpvides arapbiealrpsugfp gta aserypyidh & ro-taver ilead sgparation
application her utilities. 15 Before the subject invention is
descri bed fE@Fﬂggﬁnghgg to be understood that the invention is not limted
to the pasticul ar enbodi nents of the invention described bel ow, as
variations of the particul ar_enbodi nents nay be made and still fall within
the scope of the appenddESERETIQN QF THE SRECAFICGEMBODINENTS0d t hat t he

t ermi nol ogy enpl i t ! r f i, bi . j

enbodi nent s, and9¥§gﬁ%$r%l%%ﬁ eg%ggﬁﬁggﬁﬁﬁ#?ﬁﬁgﬁﬁﬁﬁg?%Qﬁ}P?ﬂéh§gﬁx%ag% t he
present i nvewdliasmettiods fdvesiag tisddaireherd phywidelie Tap perjebe chudtilayengest dtripd intlade

speci fication and the appended cl ai ns he sjngul ar for "a," "an" and
"the" incl uableﬁtaf@tﬁr I;aéﬁﬁe% Biiasq Ay gad ¢ keowsie Xtdazg wf?wdw%ﬂg@_ﬂow
otherw sgg hhifsi3ysteh 1)8d 2wt REEW; &L tes@tdips 8GN é’aﬁﬂpleﬁ@g%p‘ifcﬁ%meftés@ terns

used herein have the same neaning a§ commonly understood to one of ordinary
skill in thetrigrand asigniliie Bertehdted thatcanbe emploetdiogpiantiiertke glycatadprotdin leatlues

is provided, it is .ungderstood.that. each intervenin al ue 0, the tenth of
e uni ¢ of % 1 sHERETARY Rl e ARE eleah R 8 e LSRR W e
4 BFF ReF LIihEu63i8 prdctieing @ik fBfectlhsihdd-The subjectbongahitioht 4l A&8sRaiRNse
application 1fs-23S Ii Fe -088 doc . between the upper and lower limt of
that range, Iaglcashprelelanoritosing @rplicafionserpeiy oiberyiilities- i n t hat stated range,
is encongassed within the invention. The upper and lower limts of these
smal | er ranges may i ndependently be included in the smaller ranges, and are
al so enconpassedBefotdtha sttject imestidn iodescsbdyj facthert 0 imtobespdeastbbd tiat heexcl uded

limt in the stated 5 range. Were the stated r e includes .on r both of
the |intts TPEHGES: BRI W e B AT of Hoey Per AEREDT BT r o
al so i ncl udegkidtiont 6fthé Ema@wmmddnha&mdﬁe medk Mdnelwhis ®ithinke i0popf wal and
scientific terms used herein have the sane neaning as commonly understood
to one of oepRendedclairs] It isalso th de ypderstpoddhpicthe topminolagyiempéayed srfobdkongs.
Al t hough,an Q48 i er | al L m.l.ar_or [ n t hose
describe&ahépgﬁ%bcanm%gﬁ%éggﬁwﬁggﬁ@g%ggégﬁ%gﬁ%ghfgg?%ﬁégggh%ﬁgﬁi%@%%%ion
t he pref err et sagjchdds: prekexi ibesntdndviliat estatdisBedlsyethn appetidatelaibed. Al |
publ i cations nmentioned herein are incorporated herein by reference for the
15 purpose of describing and disclosing the cell lines, vectors, and
met hodol ogi es, WH @R sBESHcheSE bhdPEE appbnHOEcIRHR! ihe aldoeRs forpL Qs be used
in connection with the presently described invention.

“the” include plural reference unless the context clearly dictates otherwise. Unless defined

25 otherwise, all technical and scientific terms used herein have the same meaning as

commonly understood to one of ordinary skill in the art to which this invention belongs.

Where a range of values is provided, it is understood that each intervening value, to

the tenth of the unit of the lower limit unless the context clearly dictates otherwise,
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As summari zed above, the subject invention provides nultilaer reagent test
strips 20 for quantitating glycated protein in a sanple, as well as-systens
and kits that include the subject test strips. In further describing the
invention, the test strips are described first in greater detail, followed,
by a review of the nethods of using the test strips to quantitate gl ycated
protein |level, Finall a .heview of .representative s ns.and kits

hecor di ng. t FebrE At AeHR o GRGREET Bl B RS stk pen e
TEST STRI PS jf\tha$ staiB Fing€ds altomPassbd &ithinthe fivehtibae Mihe @PpdrfaaY IS litaHstof I ayer
reagent test strips, ere the subject test strips find use in quantitating
gl ycat ed pr dhese smphergangesndy FAFPeRdently eEngeded,ip thesiraileRangesFRdapsalso

F.\ DOCUVEN | =]. ~ - - ' | - ' :

ompos t 1 on. T adn el B in ARELY SALAR by e RCH v Rer BEP AR e et | o
strips aré mugdel Vélye¢ the saganingeesdludes bh@ s bdily ofvhie tinitsSrangsrekclutiag eitiiee or
subj ect reagent test strjps i.nclude a plurality of different |ayers, where
the |ayers %0@ ‘i’fﬁh%géd"éﬁi‘fdeijé}mlﬁela{ﬁ dsocigriiet Bdks BHeNO¥ch that a fluid applied
to a first layer of the plurality sequentially travels through the
remaining 5 layers of the plurality in a sequential manner. The nunber of
di stinct |ayers tUnddss defed ofhetvnise, aillhgchoical adtscishtifipemaysed aengin Haypiteal | y
rangi ng fromabout 2 to 10, ysually fromabout,. 3 to.7.in many enpodi nents.

I n many errbééﬁ“?r@‘r?f‘%‘flgf‘%@“gﬁ‘b‘ﬁ%% ef%%‘{dr 'gopp Bg“ﬂH@Dﬁg‘é‘Yﬁ”ﬁ?ﬁ‘i‘%WgEtf}‘hr ee
di fferentjol ayRhGon Wb AR, ARYRER any MeBOaY ABYiEA! an@ hthedrialSiBilad R kgRvAERQM
filter layer for separating red blood cells 10 from plasma; (b) a protease
| ayer; and (tkedsedescaibesblrarein coxbaiisse insthg nedctipr rderting 9f thednentpw thd myetegedit r ol
system | ayer. /A s %Qbs g%nr}{atgrr{raqggrien ot sc?fb ahe subj ect test strips include
at |east thé&'Gbove | ayers 1n sequenti a orﬁe‘r, such that the second
protease layer is in fluid comrunication with the first blood filter |ayer

and the third ketoam ne oxidase layer is in fluid communication with the
second protease KP\RUPICIIQHEATIQNSH Befepetie icopREatesthergn BY 1eferarsdifes Baal

| ayers tRhat i : Itk fhg]‘fceqi | a . od
Separati 22 I?g egigﬁfﬁcg{bfl?g‘?%ﬂg tdéﬁegﬁiélﬁtt 0 ltlﬁlggs‘)ﬁ tjxgc%&nﬁ%t??ﬁlog@%%e%gp I§g‘ﬂ"‘t)ri ps
i s the bl oodeseiped attheoputRidatadnemeinth miglit bb usddemeotneseon/ esh the ppesentiyce pl asma
from whol e | oo.g where the plasma then flows into subsequent |ayers for
further tre&fEREI NP s, This el ement may be present as a two | ayer
separation elenent, or a single |layer separation elenent. Each of these

di stinct enbodinments is described in greater detail below 25 Two Layer

Bl ood Separ at i onASiSFRERNEdAREYR: thersubiset iny sntieRBEYides mrudtilayer repgent 4656 pirips
structurggi I : : WO

| ayer st ?gc? ?Jr‘racg;g{“ﬂ% dggcg&g&g% @eaf)%{ﬁg%elf (%é;@}alg@sg%ﬁg%%gg}( llt%g{lﬁ?lggegtrh E whi ch
| ayer s wor Kk sulbjedtagstgrps. dn furthen dbscritong the dnvehoad tieetkdt sfripserepleagibed fikt@h i s 6
BFF Ref LIFE-088 sfgﬁlglwelﬁq;‘ LFS- 23

greater detail, y areview o?' the methods of using the test strips to quantitate
glycated protein level. Finally, a review of representative systems and kits according to the
subject invention Is also provided.

25

MULTILAYER REAGENT TEST STRIPS

As summarized above, the subject invention provides multilayer reagent test strips,

where the subject test strips find use in quantitating glycated protein in a fluid
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subsequent |y assayed in the subsequent |ayers. As used ‘herein, the term
"plasma" means the substantially colorless fluid obtained froma whole

bl ood sanple after red blood cells have been renoved by the separation
process and device of the present invention. Because plasma is serum plus
the clottin rotein_ fjbri en, .the term"” "o sed broadly 5 herein
Lo i nol ude EBRHRRs R RS af Bt i e e SR e AR < of e
subj ect st rmpRildyRetdigént BesSLARY, BY WARthIBinehnt tigdd thedubjetitredgehetesirstriphigtlude a
separation matrix of the present invention is a perneable matrix wh>.ch
does not copltelity of different Ipvers; wheng the lagers arsrin sequantiad flidommygieatiepniueh
non- gl ass fj hermatrix, t . | e i QUi d- per. | e. such
s per moabl o0 bhd 1o K ReEbe AEBIEAR, Sigu BRAIT il ko AR AR AR By
cel | s when lahés ohiheiplurality it osdqdedial mafidee. absence of a pol yol. As used
herein, the phrase "matri x being porous to red bl.ood cells in the absence

of a polyol" neahle ruseier Gf diEst ?a’b’?fé tha mpkt UR s SHPIRE dest FirBF 3N VENe matri x
the red bl Gl i L '

i mredi at el 389 1ICFqll%t, ﬁgg%@?gﬁcgc}w %()hlg){31 ;ﬁ)%lla%?{,a%(gh I %)B‘%hcr}éﬁysemaqoglfﬁégpm
retai ned, bmyafy ¢ribatiments,ohe nibfeet wstsaipsiincledea muimin of IFecldicemal hapérs,

contained within or on the .matrix chem cal reacts with the I ood
ol o auhith Tt R B i obt Eot b0t Hebriewh rdreringied BT ol

" ¢l unpi ngy ﬂ@[ﬁ@ﬁ’as}rﬁ??bq QlpkQ6dst er: BAD(cRa RBS S of[dastsigla€roaaRE aae b
distributed in a wholé bl ood sanpl e. ile not wishing to be bound by any

t heory or nBeohasntshsystdéne layendgisweh. cany babedimente ofithe seltjecigest sirips iiciugp at
coagul ation, or, the ljke. .or sone other chem,cal interaction 20 between the
pol yol and ]teﬁsg tl}eea(? Y ic%%fs FEyeagent Icfféeerf ?J%%%&ﬁkgasﬁfoélgr’?g?trg?sﬁ 1 §ﬁlsﬁrélﬂgldmven or
non-woven nainghi@tatdadvitahe At Bldod fiser lagtand theahiRDket@ddsiaE beidhsertafee fsiial

whi ch may or nay not be hydrophilic. Especially suitable nmaterials for the
mat ri x i ncl figd comgrunicrpm L thiseeand Groteish layst ShmanpaahqseRentgyone or more

non- a.b Sofﬁeam'ditid?lm Qlers AV Bvide %rtaeﬁlitioﬁ‘zﬁrfv)(rlc'tiﬁnﬁﬁ?argglsx $ds€fie. | n one

enbodi nent of the 25 invention, the matrix 1S a non-woven, non-absorbent
pol yester. The polyester is preferably a pol y(paraphenyl ene terephthal ate),
such as tha&lu€§d in.a‘ﬁépf rred pol yester sold as Sontara (DuPont, Inc.

W | ni ngt on, ZBRf >Pr KBt 'fgreferred matrix is the woven, absorbent nylon
Tet ex3-3710 (Tetko, Inc., Lancaster, N Y.). 7 BFF Ref LIFE-088 LifeScan Ref
LFS-235 F \ DOCUMEN | | Lf e\ 088\ pat ent appucat ~on Its-235 hfe -088 doc

Dependi ng upon tHee fystrdemens opthe sebieqt npidlgusrtesesiripy isthpeblaed sgparatiohe cl unped
red blo C i1 i I | i ut by
the f11 10 e e e P T b o Tt 1
mat eri al s, thecHows it subsequemdwyens fonfurthabsentibertanpgsiy d8tieeleperdanaydte have
"pores” in the traditional sense, i.e,, that can be 5 .nmeasured_ for

exanpl e, byPFEREAS DN Io¥Rr SPRFFLPT elemept 8T %\B‘E%ﬁg‘éyeb?epérafi%‘? %81“36? Epdteor esent
invention sged dRnef drbcuiRsieRidedlibyd hrxteattetdilBelowds the porosity and are
porous to red bl ood cells, which have an average size of 5 (err)mWth such
macroporous materials, if the polyol is not present the red blood cells

pass through fhe eggr lcr)c;dxsegl EES&/F%%JQEEE%P' y. For those matrix materials
whi ch can o pore size, the matrices used in 10 the

present invention can have a pore size generally of fromabout 2 (err)mto
about 10 (err)m Such pores sizes can be useful for retaining the clunped
red bl ood cel | s.Inpep@Rgmigdimsals, & He lavir suRetyre it snplRYRESS ProgiFre Rlasaa famer al | y
200 to 1100 L es. I : bency,
the of umped”l35 P Yoaresg TP RERE LTS k0B Kepfent b e g A e
in a final Tadr @hichtdyersivadrk astatdsic tol fredddérosd bladd ddliefrqeqllasala-welaclt i ni ng
matrix has a first surface for sanple application and a second surface
where plasma is received or becones avaikable for additional separation.
General ly, iderfirts&k and second surfaces are presented as opposite sides of
the matri x. uifSwerahed2s bl ood sanple flows in a direction fromthe first
surface towaPF MR EEReITY PR PP &CE, "UttiBt conditions which provide such
directional flow, such as, gravitation, vacuum or external 20 pressure. To
enhance the sinplicity of the nethod, if desired, separation can be
performed by gravity alone. Preferably, the separation matrix provides for
flowin a vertical direction, preferably by gravitation. The separation

nmet hod and devi ce include a perneable non-glass fiber matrix containing a
polyol. As used herein, the terns "matri x containing a polyol" and

"pol yol 25 containing matrix" mean that the golyol is separately added to
the matrix and is not a conponent originally found in the conposition or
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As used herein, the term"polyol" neans a pol yhydroxy al cohol which is an
al kyl or aromatic containing nore than one hydroxyl group. The term "poly"
as used in "polyol" does not infer that the alkyl or aromatic conpound is
a |large polyner nmade up of repeating nononeric units, but, instead, neans
that nore than one hydroxyl group is present in the 5 conpound. As

di scussed TSl ubhYoRBl O it BXSEPLL Ao AL OLNSAGE AT oo
pol yol s us t i'nvention are sinple sugars or ‘sugar afcohols
ol i gos acchamedelsstarmnllptmmesuﬂnmr(ﬂ:ltdlyecbﬂrom@rwhmm bloed éampm@mtrrlretd”igood cells
non-pol ynmerjc al kyl or aronmatic conpounds. Therefore, the term "pol yol"

encorrpassesh%VGd’SF%re”%ﬂVE Rt heaa%r#w.ar%%e%rndaﬁwref the @FesFTH IRvemHeRy Begtigar

al cohol s, I ric 10
ol yol s. ' asT g Fher oAb ol proffh AR, tle REFUIEGRS iaslaRRUP

ol i gosacchahdrcieso irmhale pothmﬂmrmdisckam TAe bivod sgrciianifiter lagers ofihephigeg ugar

which is as a |}j r, branched ol yhydr oxy al cohol containing
either an aftHB%WE‘%S?S%PaRaé‘PBH@“& 81?{)‘}/{:%(3??% f-ary nonosacchari des i ncl ude,
but are not |im {tROsehBatibPRBRKDS K pERACINVERIAIE pARIeMIL BRGix Which ¥¥ds0Se,

ar abi nose, |yxose, ribose and fructose. An ollgosaccharlde is alinear or
br anched cancb@hytdmagla;ss tfihens apdrikérsfose, fs tormadiie ptetmqaéw neprghasa fiberamatde." et s

j oi ned by neans gf c05|d u onds qg g sacchar hge gp ch ca be used in
the present epﬂv%rﬂnro ﬂ?ﬁ &18 1 Eﬁffm?ﬁ‘ Jot PiPATEG S PP Tac é‘haﬁl Pes such as
sucrose, 14 I ghiak@sie or pa6hss edBlbodBdlls@dRn thaiek @Sprotidk@indReE absence of a
ollgosaccharldes whi ch can be used in_the invention include the

cycl odext ri Palyolpds dssdhcrpdn, regHEassy BRBHBERAFIUSSR ! reddé@%d ©Yle inthe gbsasaAfose,
and ganna C 96 L3N, nown in
the art. 4 +8sacchar%%g%ﬁgﬁgg%%kbﬁg§¥ﬂ%ggﬁpghé Fgﬁ%ﬁg g@?%gdﬁnr

t han ten rmwoslacs(mpiy passhrougikthe ntaugetvharallpymgﬂegmmm th the blosrdse offepqlyay vy

pol ysacchar i i.ncl.ude, but i m icoll,. polysucrose, and
hydr oxyet hyl® g?f%?ﬂ&ﬁhs 48 “Eﬁf@@rﬂfgg@eﬁltwl?%?rﬁ’t %@Sﬁr"“ tlaerré‘atflﬁose sugars whi ch
are natural |y oCEpgdi castained With® drAse: MG RhahRalkNRUAs Rith tidvkdle have not
yet been identified as occurring naturally in plants or animls. For

exanpl e, t helped sareplé pases tRisbwWP tharqqlrfdmcycediée%ﬁrlraerhgerarndcﬂ%@ms@s clumpenglidi ng
D-gl ucose, {Poéoffre tin! 1340 Srﬁa '%rgfb C}e %Fdod%gl%cb tﬂéﬁt@& &horH%YX% er, the
al dohexose s ructure our ons and thus een ossrble

st er eoi sonmesasplalWhitdf noBEEshR&_zfto Ible BEu B, dnyftﬁéﬁtyiﬁr IRecfhahlEﬁ 21351d1_'np1ng can be

\ DOCUI vt EN- | ~| ~f 8\ pat ent appl ~cat ~op |.fs-235 hfe -088.doc. which are
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occur ri ngy NgdebEd thy pbifolkindMcSre@b13RIBM. S. Thus, "sugar” enconpasses
enantioners in either the Dor L fornms of a sugar as well as racemc

m xtures t her eofA uﬁ@fpmeymbabdﬁ matnig cpn esemovrermvrermnrwrvealnsaﬁercﬁénnmeanebe"asugar

al cohol . " b g}grra %ohgo e? aealg aL‘rcrg ocrierlxﬁa{lv o) ha ﬁ

ol i gosaccha? 154k qrémor %é%él 51 (Eml%’y Pl ¢ 1?’?' 5P e %‘168‘& ¥de or
ket one noi e&iitabla rﬁdﬂﬁ‘xaﬂﬁlﬂﬁthe@rﬁat@i lrgﬁﬁa%harahqﬁe wievenrpl @nywskgadbsatbeml s
include, but are not limted to, mannitol, sorbitol, arabitol, inositol,

gal acti t ol , DU 3HSAIERDRYIOR ABYORMIGORACTY IS 286 PPRYESErd BXPRiIPAIEFREOKEE | ni t i on
of "sugasc a i

oli gosac% afrrL ?%gghdtgg%ﬁt%mﬁ %bg\%}w © %rn %?%Ibcrﬁ %St%g? Y ‘5319%%& 15f)ﬁr}gfseear?%y

t he sugar ak poih@lagaphmlcsamafphmadzmod;uchmytttaeused i hgre@rmd pblykstemgoldsasch as
D-threitol or L- threltol in a rg}réemc xturtg O(I both the D and L
forms. The 3UYARCLPEEN h‘EaWIIIB‘E}StOB gl nonothenreiened BaTAs Heat9%hoccur ri ng.
That is, th i f known, naturally
occurring s%ﬁggggﬁpﬂicﬁ¥§¥%g eI§§Dd§£ég%§ %%égéy% or L configuration
known to exi st but not necessarlly identified as occurring 15 in nature.
The sugar al cohol also can be a sugar which is found naturally in its
reduced al cohol formor it can be an al cghol derivative of a sugar which
derivative &ﬁRﬁakE&@omn to exist in nature In addition to sugar or sugar
al cohol s, y a non-p XHEFIC natural ly occurring or

non- naturaIWo SUE ﬁWﬁrﬁarvﬁr“”Vﬁr%h“ ¢l udes linear, branched, or cyclic
20 al kyl or aromatic conpounds contai ning nore than one hydroxyl group. As
used herein the term"non-polyneric" means the al kyl or aromatic conpounds
are not polyners. Polynmers are defined as high nol ecul ar wei ght conpounds
consi sting of long chains that nmay be open, closed, l|inear, branched, or
crosslinked, which chains are conposed of repeating units, called nononers,
whi ch nmay be either identical or different. As used herein, those 25

pol yol s which are "naturally occurring” are ones which occur in nature and
t hose which are



"non-naturally occurring” are not found in nature. Generally, these
naturally occurring or non-naturally occurring al kyl or aromatic cofrpounds
range in size fromthree to twenty carbons (C3 to CZO, and nore
preferably, fromthree to ten carbons (C3 to C1 Q. Exanples of such
naturally occurring, non-polyneric polyols are glycerol, a three-carbon

trihydroxy 10 BF f = &

\ DOCUMBNTI hf e\ 08§\e at é’%tlgapgﬁgpggéﬁ%ﬁ%f@g-e‘?%pﬁe gf%g%g‘ém the SFTRSErY hat
occurs in mbhvpdlcelps dther aacbtaqmmmheamhtdlxb,r3;e4til&récb¢mabymkﬁneym@drml as
hexanecar bo %JCBE CI d, which acid can be jn the salt form Exanples of

non- nat ur al S qvh P OmH RabpesArseripesd matx matetialy éu‘ﬂbf"r?tﬂé%’?%‘ﬁ?ﬁnol and
di pent aer yt g apéorbehrbcqy@teme%mos r &st-%pmexrahnﬁmmem' 4.9nkhenBRITI X,

t he pol yol can sinply di ssol ved |n an aqueous sol utlon generally, at a
concentrafi masmfre(blﬁuakarﬁp)l% yhaeme sise@niatons)e [n thadbsencadioutol k0 of the peaseritr at i on

wh nbi ned t ol whi ch | t i
concentrat | BieBioudr PG shsy A re b i B r g relis il 1"
desired, nubioh@kals AURADa®S alBfas€ Sige 6P LA, WIHQSLEQ'I‘%QJ‘OP@]FOUE Hi‘é@:rnals if the

concentrations, such as four layérs of matrix containi ng 5% pol yol, al so
can be usedpolybigs paot wcslen%thdred|bﬂoqdros§9m35 thrbveghithe p@hy’camodnqumltqu@or can

alternative be dlSS Ivd 0. 85% Na sphat e
ut fered salPReTEBEEeIAR whihRRY oL G iler 2ot P 5 phigstze; e Batoes BRfde |t he
pol yol , @) PRleyrathQiNentiFRLI BN e § PBre s%t%eﬂ&gﬁy HOkoRa¥&ut LQm Qﬁab%qeﬂﬁﬂ ho the

matrix. Simlar to the addition of a po to the matrix, t epolycatlonlc

pol ymer canSuihsporésesizshygai bm¢5b§lll fmpetegnattb@ldumadmdhlmdmeﬂs DRepemdingupon
covalently gr non: ¢Q ntI aund 1 th trix ol ycat .gni c
pol yner is §’|C§8rcl§§%rf 68? ey Hg%&é?ﬁl “‘Et%ﬁﬁ’ﬂt{‘]%pﬁ %}eﬁ g‘a red
bl ood cel Smaffﬁes&@ayg@do'r&ﬂb)@ RO WHPEd 1@BRPARBNs 48 8itke rédMicPR tdRatrd¢ NY
nore than one cationic site and are generally based on nononers which
contain an éaptyed g*rf’ofifpﬁl ﬁS@F mafprid apdesgabed W% pol yners include, for
exanpl e, ; hexadi

£rinmet hy ge]nehexgﬁégld yY r#%natég%}as af ﬁﬁt surfacF f(fr sample ath at101|1 fmq a %Q:‘ccr)]%d,
pol yar gi ni nmrfapeLv}aédhl,pltdsdiarmltebwaimrmedd‘ml aveilehﬂe:fcylaadxeonat@efpra}ayxﬂﬁr(sexﬁfally,
N, Ndi et hyl amrﬁnoet hyl me haépyl ate and net hyl net hacryl ate

pol yet hyl endedirsignd 5?999(% SHrRCPS ATE PIFERIYHRF A2 PRBARIG TSR P Wa@}nx The whole blood

pol y(1, 1-di gRiiw hows fruiFRLibY fr@rﬂeﬂl?é i?xpsf éﬂfa@é R LORSEDRY sudRd, (Ha¥t ur es

thereof. The pol ynmerized positively charged am no acids, such as 25
pol yl ysi ne, caulitidnawaichipeovadd sweh doeaioniliflosy, tsh@raSt prvibiton, taciionny exteuoh as

pol y-L- l (? r%ss?&e Kg éhe%cé I}ﬁ%g pIB:(ﬂr o?t ar‘ge% f:%)s(lred’ geﬁtag%og gari bﬁsﬁje?f ng

pol y- D, L- escr ' one
cationic poby giramt)t dotieh @rafarhisliy Xhe §dperanoﬂ1 yaeix prenidbefodiflssdh ‘ﬁ@érticﬁl g ction,
sol ution such_as water,. physiological saline,
preferably by gravitation.
The separation method and device include a permeable non-glass fiber matrix
containing a polyol. As used herein, the terms "matrix containing a polyol" and "polyol-
25 containing matrix" mean that the polyol is separately added to the matrix and is not a
component originally found in the composition or make up of the matrix, such as cellulose
filter paper. Further, "matrix containing a polyol"” means a polyol can be impregnated into

the matrix or coated into or onto the matrix or covalently or non-covalently bound to the

matrix. [n a preferred embodiment, the polyol is impregnated into the matrix.
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PBS, an organic solvent, or the like, and the matrix then dipped into the
pol ymer 11 BFF Ref LIFE—088 Li feScan Ref LFS-235 F
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solution. Generally, the polymer is in a concentration of about 0.5%to 5%
Where both ponoI and polyner are contained in the matrix, the order of

adding pol yol ge% d?leelreim tHe Ee "myol's')éﬁ%xznatpolﬁ}y%rodcy aicogofwl%cﬁi {’gp ar’l_lkyﬁ) gllijgglus

and pol yner can aneoust I¥ssol'ved nhsuc

sol utions oarmlnveaﬁtslna@ rhére Siendns %zdrbﬁﬂ g1V Bhdtedfl CpolhOiduspo iy Polyalrd”

pol ynmer S|nultaneouslg plied to the matrix, as described in the Exanples
bel ow. Al t efpEmoy B ! qiéhl%kylézﬁarog@rny RRPPQEN b lagpelEaet madeny araencating
sequenti al | d

(Priagmt | cs opRueaY it bR HRE i ol GRM B BHERAS sl bRl o,

sol vent s slesempdamd. Ab@n‘é&ss@ﬂﬂ@ﬂe&hﬂl;};’b@éwaNmDm@em&dpabn Of\p@ilsa&@xaﬁd&ltl%to 0.1
% Such detergents hel p maxim ze inpregnation of a polyol into the matrix,
t her eby i npPeWPIsgsadHa the RIGFeRRINECHONFRSIRALS| SESHF BLY anHie lsapligaspehpndesma .

O her optio o e, for
oxanpl o pol g ey uetoarh bl eklifins SR B0ERLC ] SArSAME oD ol
gi ve the naffhemfoammettlaan Emdlynﬂ' ciesmrpadsm:lsugadsi&lcohmhdmwaai/essxﬁsﬁgamehsremlS I n
addition, the ;rlx %% f g g.one op nor e addi ional.rea s to renove
interfer encéenm &d usanglepaolsy\ang Aiheppatisay pr QBRI ALY QUG 19
|nterfer@@c?myyg|case for renpving uric acid interference. As |nd|cated
above, a filtér material can be used in conmbination with the matrix of the
present inventi oAs usgihesd, é'sﬁgathgcplur;mtr@qnoaacghmd@s lﬁh@osa?dranémm e, nylon,

cel lul ose 20 acet,at ol ysul f tic f| nate. The
Fr1 tor Coan: PpftctpkBes, A miiyas Phfoq ST bfeah kB Eh: ol ol PESRRAE B S “anc
menbr anes i Bgdlid@elyhfdrbxexashdl ContBlingRNharsH lafdRAgd ot MKt gtdBMESduplidiC. , San
Diego, Calif.), Ahlstromsynthetic fiber sheets, such as 94-30 A (Ahlstrom
Filtration, mOHwacchwde%w%e By 3rp ot Lmaited tognanps® SNeOF% FRIOREnEMagHRSS, Pal |
Corp., Egst xﬂbéé §Pabmos% )yxog Hbad a'ﬂg frm'?gse( %1' &%@sac@ﬁﬁﬁd’a‘r p@fmea%xcl;}aﬂche@nd 25
Nucl eopore polycar bonat € (Cost ar, dge, s.). The need for
any additi onabolfydtatt@matrmlssuséﬂond@puemd@ moncaactcaa@@ tamtsecmned)bv mbaspdr osi ty,

t hi ckness, e of,,.ot her operties. of the trix,.For.exa t he
O e i ENR N R A A S R e
can be ret ahied: liMittd® didkEiakidedNubRbNQictose] thehalke, dttRedhd malodehEXBifdes @
final filter material can be used to capture or 12 BFF Ref LI FE-08

L~f eScan Reff laresr Ql'wsmhmmwhmanm sigaBthsdneantion pishdg temcyclodextgas, hf e

- 088 doc n I ent
the fi1t20 REPRs ARty AR e U BRI SRR G Sorck Rl igBlees
preferably wiwell m;thera:hgosraech}mzl& wéll kress inhiznard. O\ polipsaccnddeatraay pnefrer abI y 5
~~mor less, Afilt terial | aced unde

ol yol - cont BEAiAY PO B 6% AR e 8 Ry S R0 DT PHESRRP . 11
preferred ephpdi PRRiptard bolyhRchdni8incREe, ubfreRbORMAitsERARASI], PBlysRIrbsedarnd

devi ce conprise a non-wovén, non-absorbent polyester matrix i npregnated
Wi t h manni t bydrexigthed stersh. a nylon or pol ysul fone nenbrane bel ow the matri x.
Preferab t he r|x a I 0N Y ,Gontalns hexa I omi d
03 10%The. abobi-pinbeBl Sy ARk s APl FHRE i B o e A

di scussed i gs those witel &8kndos but&wkﬂla@h%&mt Dot 69 A4k fidchs DeoliZBry/ deturaiein

di scl osures of which are herein incorporated by reference. Slngle Layer
Filtration nlayfépr ammpls. BerrrspmalepbaicriEnfive knvaoitwaliapestitng aldohgedseeve by an
el enment nad f I t he
cingl o i1t PSR D BEbAIDRpuokd B e, BeEheiold b EAREERE RATIL e

separ ati on tidklesosd atietugshdstfeurshirpl cﬁrbmvem thbs, gixgdentpossiviasterevisbmers) sinef si de
to the other. A representative matrix to acconplish that separation may
have pores 20 that trap the red bl ood celg s, generally pore sizes in the
range from gheut; 0ed pmto about 5 Vim I'n certain enbodi nents, the
menbrane i sLaRhSOtFBPi c, With a range of pore sizes; e.g., a broad range of
pore sizes. F WHESHEYHEREITFR NPT ¥&8°&h ani sotropi c nenbrane, the first
side to which non-filtered blood is applied may be the | arge-pore side. For
exanpl e, a gradient of pore sizes fromabout 0.1 pmto about |50 p. m may
extend through the



25 nenbrane. On the |arge-pore side, pore size is preferably in the range
fromabout 30 p, mto about 40 p,m On the side of the nenbrane where the
pores are snmallest (l.e., the side that fluid exits in order to pass on to
the next layer), the void volunme is relatively small, and the material of .
the menbrane is generally quite dense, within a |layer that can typically

constitute yp.to % of r.ang’ s:-thj ess, Wthin.this | pore
size is somwgfcbeaég%?%ﬁﬁlﬁggméﬂ&ég%@ée %%%He%iégﬁﬁﬁeefbef?@eg@ a3 oolitihe )

F. \ DOCUVEN' hitlital1e\iO88\tpat atiinaBPPhis¢ Gluban endodpdsies bhdntieme 88 eittaee the I 6r L he
range fromabout 0.1 to about 0.8 pm wth a nom nal pore size often about
0.3 p, m | nf¥EsOiR SUESHBLYFhBTIRSCMIC FEXHEESIRSefs one that not only traps red
bl ood cells but gl 1 Py | : G tshat Y. i:on of
the sampl e t hat AdooeToftEbES K EnBPaR) ol ShegtalcS ol 1 B RO P
di recti onS ofn &lcoltad détivivel oBs moad- alanelibodatdiatidé @hrhys genapfly datrelilbg ext ent
at about 700 nm Tr}e mat nx ,of the separation |ayer 'l,s general ly a

hydr ophi | i cT$8FRARIIRTAACHNES OriRPITERQIPLY O8I ORENG-F Ot BRSA¢INBUALEXERP AR Ueous
med>um t hr ough, bk ohJiof H%Hé,fbﬁﬂﬁén @!TPBQJ &S?Hhﬁﬁﬁ)l,(sﬂbbli@f]%)abﬁ{)l?irﬁéi@&})l es of

suitable matrix materials.” O her polynmers having conparable properties may
al so be usegalacitply efythrite candehretel. Afsopnapdadi withit He debnidios ofitsuear aldohoHate 10

forns the trix,of the.separation layer .is to cast, th ol ymer without a
supporti ngn?’_ﬁr‘a C.Oh%%fi“’%f”r‘?égg 1959 @?n9'€¥g8§%??ﬁ?°g‘?” qﬁéie_%ﬁ’i%g‘gft?&/d’ﬁi ¢ pol ysul fone
nenbr anej@vai | ablsgetd BiraNRFORS arelgi€sent iRAe Jdg@OMcohbR ke REAN Acohollgy b
"matri x" and "nmenbrane" are _used interchangeably herein. Each termis

under st ood the Thet L ), pyphias -theeitgl af hdfireitelagian agprgmigipiztie|of geth thep and
| e, | . i | 1 hi ck
CxaTpI . ey 33 RDL L) ATt B gD, SRR, AHPUAL08, B ok

t hi ckness ofugabsiuéhol 34h e defi@ativanfiasknoos] nguurafllgodoatingrapir o hibdrhativalyein t he
matrix i s nylon or _anisotropic polysul fone, The nmatrix g?enﬁjeal | y does not
1

p . .
def or m on we g 2 T AsCAIEEUHPM BN OGS PHAI! BEHIFORIEFFHIed AHOITHE and
has suffigi gt MeITHRELERUBIAR! LR We b Qhodt WHdINE FIMAREAEA YR its 2R kIOt ease
Layer Downstream from the bl ood separation elenent/layer($8) in the
di recti on oflcéhalifanf droteandetahelcphdtdeasaiveafesugi whivh dealjtestis neflknpivayer
reagent test .stri DS, This |ayer conprises a matri x or nmenbrane material and
a protease EHIYAE*Fhe matrix material is one that is 25 porous and
provides for fl oW fafitsanPbgaf drbugartddoBtBNtht PelyoRdag bl alnon-Pagmivaic musardllyat i s
enployed in this layer is typically an inert porous matrix that provides a
support _f or OfHBgRs EoRBAYENLUTABE Bely, WhifB iRfdide knpas, bypeshedhar cyddic
perm ssiyg %i(ylacgléﬁgﬁ'a?ticfct)hﬁbgurfdls Qg\ﬁttaiiﬁf@g&e!tﬁana&lg hpﬁr‘a)ﬂd%&qﬁ. Wb &d 1RRdin YR d
space for the protease to exert 1ts activity on proteins present in fluid
t hat passestetthr'oongholymericiangany theAllnyl pbapmefic dirthfamndnare pot pnipmdrd. IRFmdRe f

Lt FE- 088 L~fescan Ref .| .FS-235 F.\ VEN 111i f e1088\.patent. appli cation
TS o05 i oMEGEBRas hidh e o T i SO RO T sber et RoE hunt PRl p&THe oo
anal yte det ggdnl ©18sedSBrR4s bratlohdd) of@bEsliGRE, WAYchhhihS hrelcBmipBéddt f edpeiaiger i al s,

pore sizes, dinensions and the |ike, where representative matrices include
t hose descr itsgcalisd mogompest which Resy besghgddenyigal or diffyent o8oused herem, Hoye

S 070 91! BURES RS iy Mageympt e Ee wB R gl AR Wi g

t he di scl ostHoasnabfraliwhdcectiriapeard@vefonnd ceatyrer Gérechllpythesefmaneaibeoccurhiag or
di mensi ons and porgsity of aélb)gat est strip may vary. gre where the

eatly,
matrix may BYN-TrYRHEPCHERS AODEF HFOM)C GoaRT e range 5198,12 qrﬁ threg Yt eH¥r es
near or at f or?s%g}f’loecz%j?ﬁﬂ @6%8@%&1%%?@@3&5%0 | &fboROMEo &Y ){Jé(}gang@ésect' on

regi on. Exanples Speci interest 1nc hose
prepar ed fr ofsuobhytardllgecdunyts npn-pdfmedt psiybkaneglyqeodlyetitercartpal tyhgirgdyat e,
cel l ul ose, pol ycarbonate, nitrocellul ose, etc. The protease |ayer also
includes a protease, i.e., an enzyme havimg protease activity. The nenbrane
or matrix ofpklharpr@t ease layer is typically coated with the protease in a
manner that Lres€rwess the activity of the protease. The protease of the
prot ease | ayBPCMEVYTESEPTTA PP B ARAS "HP*H1%%i n nol ecul es to yield accessible
ket oam ne bonds. Any conveni ent 15 protease nmay be enpl oyed, where
representative proteases include Protease XN, Proteinase K, chynotrypsin,
substilisin, trypsin, and the like. Signal Prodz~cing and Fl z~id Fl ow
Control System Layer 20 In fluid comunication with, and downstream of, the
protease |l ayer is the ketoam ne oxi dase signal producing and fluid flow
control systemlayer. This signal producing systemlayer includes a porous
matri x or menbrane el ement, such as those described above, which includes a
ket oam ne oxi dase signal producing system In the subject test strips, the

o, S o, ~ - o
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- 088 doc The ket oam ne oxi dase signal producing systemof this particul ar
| ayer of the nultilayer reagent test strips is an oxidation signal

produci ng system By oxidation signal producing systemis neant that in
generating the detectable signal fromwhich the ketoam ne concentration in

the sampl e kgolRtiaf Blburfinkt9Rpl Ot 2:igXisd] 2 8akahyurdiRyks! 02 ne

oxi dase to produce an oxidized formo e substrate and ‘a correspondi ng or
pr opor t i onahexamenartioxglic yd vdgeracpkeambiede thehit fdryd Esgreplepef ma-mhéuraldy t hen

loyed, in turn, t ate th t ectabl e product f
Choi cator combtat Cedimens piutts e pruat Bl ey Hbseh R ogen
system), where the,RERBBEInRNt, @it} &RlpBlyBI RARCIaRxOtHGRH oPYant iBp§ivgnal

produci ng system i. e., the signal, is'then related to the 10 anmount of
ket oani neS i dissdheediiniat pgueoussabition gagerslly lat a cdnseiteationof Akoud R0 GardenoRéddat i on

si gnal producin St ens esent _i.n the subj. ect.test.strips are also

ool oct [y RSpaand i bR fa e st SRhinEL itk SRPLRA O nlle ot st eme
or per oxi deispeRsttiCy fr¥sent HinAdonpin@dtien HhbSYSE. 8o 59Sasl digtussel atbraholy@eloane
menber of the subj ect signal producing systens is a 15 ketoam ne oxi dase.

Ket oami ne o¥idgeissdsmltipljeygreafmatgees coptaimng plyalghjoster consgpiEions vuehedss ar e
o bt ST it : | e oo
ose tha ﬁogl?&'yfex‘s%@Haquoaéh%ﬁﬁ%%ﬁatohgﬁ,%ﬂs%aﬁb?{meﬁ. %Rﬁgﬁﬂﬁmﬁéfg&eg@él,%ée

substrate and a“correspondi ng a rogen pero

corr espordi pglyeationiotpolysnefreadltetadtely be dasaived inphydiyldgogianlime(O®sPEaClat i s
produced is proportignal to the anmount of ketoam ne present in the sanple.
A variety oPh%P?%t%P‘éfgﬁ‘e%ﬁ‘ihf‘%l{ﬂBeg)kaé’tQf&?‘ﬁ‘%%plb%ﬁt’d’é §re 20 known to those of

skill in the artpandiidBYo @i@_pg@gi, 9¥)§ cét%nﬁé‘ﬁ)lfxﬁaj l,tbuit BY&Hot Rive t¥NRM8ded

representative ketoam ne oxidases interest include those described in
U. S. Pat ent toNbs magix7 $mil3 & thndd@}ionef Dp@yoltththednaiuk.gbe pagcatibnistpolymea can

herei n i ncorpoy at.ed. reference well as in EP 821064 and .EP 737744. In
nda t1on  orenee REFil P-er fce=BR M Gier oM e e R p PRI Rl o
the 25 sjgnalthmatHiC ThEpsy&itienic pbBaer BCdldbABS O AR cimping, @s vdllia€ atblsilizing
conpounds, collectively referred to herein as a chronbgen system where the
chronogen s$iamesd edlloedeells chr onpgeni ¢ product in the presence of hydrogen

2o 0, Tne SR %SISRl
t he pr esencetiohichtd pmban gperdlyibdesd mheomndie whish BEftaiRein ablikEg088 JuithdScan
Ref LFS- 23~polycationic polymers include, for example, hexadimethrine bromide,

20 trimethylenehexamethylenediammoniumbromide, polylysine, polyallylamine, polyarginine,
poly(N,N-dimethylaminoethylmethacrylate, copolymers of N,N-
dimethylaminoethylmethacrylate and methylmethacrylate, polyethyleneimine,
poly(diallyldimethylammonium chloride), poly(1,1-dimethyl-3,5-dimethylenepiperidinium
chloride), and mixtures thereof. The polymerized positively charged amino acids, such as

25 polylysine, can have the amino acids in either the D or L forms, such as poly-L-lysine or
poly-D-lysine, or a racemic mixture thereof, such as poly-D,L-lysine.

As described above, in one embodiment, to apply the cationic polymer to the
matrix, the polymer can be dissolved in an a solution such as water, physiological saline,
PBS, an organic solvent, or the like, and the matrix then dipped into the polymer
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F \ DOCUVMEI YZ' \ hf e\ 088\ patent application Ifs-23~ life -088 doc anount of
det ect abl e product that is produced by this reaction is proportional to the
anount of hydrogen peroxide that is present. This second enzyne is
general ly a peroxi dase, where suitable peroxidases include: horseradish

per oxi dase (HRP), soy peroxidase, reconbinantly produced peroxi dase and

synthetic a h,e.g., G
ot el (LoD Anay Lo Qe b e P 0SB R es Tar e

oxi di zed by“ﬁ;pohlmgbpolpelram)dlpdb'mm atehvenfpiresd énthe noitri, hise rdermfiaddiag pblgolpmdduce
a product that absorbs I| in a redete m th ran i
i ndi cator dj¥YE; t&gé fHEel?VﬁH 8’%?3‘ram(3§f’ep§%g]t?\g§ b’f’f gﬁ@‘iﬁ u]éaneous‘?y

wavel engt h g deb @difly Hfrsmédhﬁfsu&ltaq‘ﬁ’éﬂﬁ RoluR8nsSRBIvENte ks thBS: deB8SiveRdbbRagent
absorbs strongl'y. The 10 oxidized Torm of the indicator nay be the col ored,

faintly-cdl @Itda@th 9®1yglcﬂndrpbmrﬁmﬂanqmuddupphetdhattheemtd&meissumbcdhange in

col or of th t|n That .i the testing

r eagent can Esalf Hgﬁ%?aébvég/c@qg(%aﬁpgmewaé‘ l?er'flpaf)%‘gtﬁﬁ]ileemﬁvxa col ored
area being ggqaaﬁﬁﬂgl iPiny cdidrer nati vely, by a colorless area devel opi ng
color. Dye substrates that are useful in the present invention include urea
derivative dyes.Nen-Berpplytic deteigonis.isyeh ahRisronisdPragaaties, h@aﬂk@dnﬁlddf cantpgs e

di scl osed ipy4lf tolgtx% \Aﬁ@e%us gﬁut?(%ljs 4 ?&ven@adeggrl@egéb%\!’:eg gerf lﬁ/%? a @Meﬁaﬁ%ﬁ lgo7:

t he di scl osures o rern incorporate rence
substrat&0i 8. Og%neoal% ySuah dete@emiehelpamaxvrmze irayreggatian négp«bllyulanmhaef @etnxv\her e
sui t abl e nega veI arge& urea derivatives include thgose bearing

‘%ﬁ’f‘f npt P"‘é‘géléﬂ

car boxyl at e IhEreolgReiEoleblend sampleaad ithealenpras Obfer Pﬂ‘t‘@abst
are represepad Byt &?1 f&%é‘r%ﬁxéﬁ\% g sfor i &Clu%%?éﬂﬂ@%g@@geﬁl lone d

taken together is a N, di -substituted am noaryl

fromthe grmqnndvrml)smeumgldﬁthcra”rlbmoylablkgxlvp tlel thatxiy @ad Hherbglow ddséyeddilteonyl ,

aryl sul f onyl If9 and carboxyaryl. The aryl groups of Rl and Rz may
be” bonded vinétegbﬁtsf)l %E%OITE a phenot hi azi ne derivative type of dye, which is

represented by tiediiabhane ﬂﬁtrfxq’ﬁmnaludétané?&ﬁnﬁefaddthIquQe% edisforomate Ref’
LFS-235 F °, DOCUMEN |11 f e\ 088\ pat ent application |1fs-235 |ife -088 doc
aR \ S\ Rsintgference,peg.,|KIO;NKMnGaFeSO0.for removing ascorbic acid interference, uricase for

removing uric acid interference.
As indicated above, a filter material can be used in combination with the matrix of
the present invention. Suitable filter materials include, for example, nylon, cellulose
20 acetate, polysulfone, synthetic fibers, and polycarbonate. The filter can, but does not have
to, be a membrane. Illustrative filters and membranes include, for example, BTS
polysulfone membrane (Memtek, Inc., San Diego, Calif.), Ahlstrom synthetic fiber sheets,
such as 94-30 A (Ahlstrom Filtration, Inc., Mt. Holly Spring, Pa.), Biodyne A®nylon
membrane (Pall Corp., East Hills, N.Y.), Ultrabind 450 (Gelman, Ann Arbor, Mich.), and
25 Nucleopore® polycarbonate (Costar, Corp., Cambridge, Mass.).
The need for any additional filter material depends to a large extent on the porosity,
thickness, absorbency or other properties of the matrix. For example, the clumped red
blood cells, depending upon the above properties of the matrix, can be retained in the

matrix. Alternatively, or in addition thereto, a final filter material can be used to capture or
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NHR3 wherein R4 and RS are independently selected from NR~ and OR, where R
i s hydrogen, (Cl-C6)-al kyl, (Cl-C6)-al kenyl, aryl, substituted aryl-

aryl al kyl, substituted arylalkyl; R3 is defined above; and R6 and Rare

i ndependent|y sel ected from hydrogen, (Cl-C6)-alkyl, (C1L 10 C6)-al kenyl,
acyl, carboxyl, sulfonyl, nitro, hal ogen, hydroxyl, (Cl-GC6)-alkoxyl or

hydr oxy( Cl1- = 4 I : may be
bonded vi a Gpay A B D gl P T bt o S vialfor

r epr esent ed gbnerilhyehalvoh pomsitgo fuprtnabaut 12 mnadhd préferabRswiiRiave a pRie sizeofMs§ O=C
20 NHR3 I n yet another enbodinent, the aryl groups of RL and RZ is not
bonded, whi &R0l Hipspd e RETespLy hemresless ng di phenyl anine fornula: 18 BFF

Ref LI FE-088 Lif ; - ' :

5235 1116 -080 ot moog 21 OB REH G gL R Al FRROECT Ve
dyes i ncl fidéhetdhy(soppantingytihe trayti>am nocar bonyl ) -3, 7

bi s(di net hyl am h hi azj. I t hyl b , .10 1 .
O o e Bz el e by e o e o st aevic
10- pr opi oni %oxﬁgﬁﬂ: mw&&h%nﬂﬁso@&ﬂ_p@%g& ke &R breghftefwRh §lafhitdnd

enbodi nent, the urea derivative dye i
(car boxynet kijheamingooar bolyyuljon8 pientbirane dielvst thy iretiin Pyefbreblyt the amime, sodi um

salt. A particul arl ref erred ket oam ne, oxi e signal producing system
aver | s one el foReie B b R PR e A B0 n LS. Appl i cat i on Seral
No. 09/598, 827 (fTheatbveaRsEECtwIDlapr MRALIOR elcindhe [sSuihdrAgehfRed AES. Pitent
reference) which includes a ket oam ne oxi dase, as descri bed above. |In many

enbodi ment s NogHeA Wetd8adsd o9 tkandas 25J7 4jrikg dipeledies of gvhighsare hgrpiayeqorposated
hydr ophobi c g?éf&%nc%i ch retards entry of aqueous materials into the |ayer,
such that t '

Single Laver Filtration Laver

15
In other embodiments, blood separation is achieve by an element made up of a

single filtration layer. In these embodiments, the single filtration layer is typically a porous
matrix, wherein the separation takes place as the sample moves through the matrix from
one side to the other. A representative matrix to accomplish that separation may have pores

20 that trap the red blood cells, generally pore sizes in the range from about 0.1 pm to about 5
pum. In certain embodiments, the membrane is anisotropic, with a range of pore sizes; e.g.,
a broad range of pore sizes. When the matrix comprises an anisotropic membrane, the first
side to which non-filtered blood is applied may be the large-pore side. For example, a
gradient of pore sizes from about 0.1 pm to about 150 um may extend through the

25 membrane. On the large-pore side, pore size is preferably in the range from about 30 um to
about 40 pm. On the side of the membrane where the pores are smallest (1.e., the side that
fluid exits in order to pass on to the next layer), the void volume is relatively small, and the
material of the membrane is generally quite dense, within a layer that can typically

constitute up to 20% of the membrane's thickness. Within this layer, pore size is sometimes
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pl asma fraction of the sanple which is being assayed on the strip resides
in the protease 20 |ayer for a period of tine that is longer than if the

si gnal producing system | ayer were not rendered hydrophobic, e.g., by a
time period that is at |east about 5 tines |onger, typically at |east about
10 tinmes longer. This feature of the signal producing systemlayer assures
that the pl ' §hut bA th { GASE ihOfor@ sREb! ;

suf fici ent %%t%ggﬁ%?easue to I(%ﬁoedgl\r(/)'ce?S Ptﬁﬁ’é%[t)ﬂr %%{(Zrlfnrrlls orreglgﬁ'g) h?%@%@'%?%én&
suf fi ci ent | yntertain emnbodimerts,shdmatrket oagnhatenot ably Traps saddriedd qetlotutcilsag syst em
| ayer may be rendered hydrophobi c using any conveni ent protocol. One
protocol of HAMREEUYEPS P_%FQ& 5q @attmtpoa@geﬁfﬁéampﬁ tbﬁ@.asasaf fghthe

Appl i cati on yoerk & tbRowhitlettl 19R-E¥ R HRLBoNSS Bkl HBwAINS ﬁ&ta‘bgdrﬁ‘ﬁﬁﬂtl\{y Ly | ayer
Reagent Test Strips That Include at Least One Fluid Fl ow Control" Layer

Met hods f 6r apsicnigblelsteBaatebdut (AGunng an attorney docket no. LIFE-120; LFS
236), the 19 BFF _Ref LI FE:088 Lif.escan .Ref. S-23s F..

\ DOCUMENTI | i f e\ oég\eﬁﬂ%gftg%bﬁlp@@&?’l erlLF§?ff§3§1FYLar‘L¥§!%’§§1°cP86°“S merghrangt BRur e
of which is heRehow PR ShnYuddt Ble8RGLhrdugh it PSIyRIIRINeE Md pdifAgidRr ous
matrix that includes the si tgnal producing systemis coated with an organic
sol vent, e. dnylows) atti gxpinplys phavitablginaaemaigrialy. Gthgepnlymers heeng com@rgdai c
solvents of interest include ut _are.nat Limted. to; chloroform

ai ohor ot st Hay g, ApreRlrb Bitooy o bicBtitadhe SORS Ra@iBltar o and
the |ike.10Afeintsehe plafixastohe @parafidrelagdtis fodastitRnstaymagvitit s isgipattingrcaguci ng
system hydr ophobic is one that coats the nenbrane with a fa_tt){ acid or

ot her f1 ui dSueh amatisnisofgemiagnple thapnisotrapis PPIYBHEPIE mambsanemyaidahile fpm

5,447, 689, tl\@&m@b,%ﬁ%,(’gdgrl tng Akt %gg%ﬁ& "‘m&tﬂ&%&?@ﬁn{?@g@e‘ﬁ af&fsgg ence. 10

Addi ti onal Layers on to the ove specific , protease and
ket oam ~ne dxtedaseesilghakinpEativenny wagattend toayoe bs Jimtithe tsaukipgle layatidrdirhayy er
may al so, i nclude a nunber of additional

t test stri | [ .15
Pl aced abovdXHHe: RBGVEIRIESEAPHEREN Hyer 4 i b e (88 AP0y 0 iHRER SR Sves o
hold all 1 f uEMg%H@@Q&'% aBSutLirfg% B@ ;.rﬁg blsﬁégfe?’er}éagg tHﬁf{nesIB?a%%?md gy er

t
may be fabricat m any conveni ent nateri such as an inert matrix
mat eri al , ad4fesckinietprafeaed.pattivubdgivthenthe mattk earylgobryamsoiropic @olysylfone.
pol yester or_anal ogous pol yneri terial, layer nmay be present beneath the
si gnal prodJ&lFng“%’g%et“éWﬁP’&%Sr‘}Ot P%OPNEW%@%@?“P 8 U RERCR onichEian ow

and 20 pr ot &l iGN hASHRI ST NeLstien@iR 18 hHbW TorRbhifte hahueRFRLE i On of the
assay.

20 Protease Layer

Downstream from the blood separation elément/layer(s) in the direction of fluid
flow is the protease layer of the subject multilayer reagent test strips. This layer comprises
a matrix or membrane material and a protease enzyme. The matrix material is one that is
25 porous and provides for flow of sample fluid through the material. The matrix that is
employed in this layer is typically an inert porous matrix that provides a support for
protease component. As such, the matrix is one that is permissive of aqueous fluid flow
through it and provides sufficient void space for the protease to exert its activity on

proteins present in fluid that passes through the matrix. A number of different porous
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The above | ayers are often present in a "stacked" configuration, as shown
in Figure 1, and may be present in a chanber bounded by an upper guard

pi ece and a support elenment. 25 Representative |Ilzrstrated Enbodi nent
Figure 1 provides an exploded view of a nultilayer test strip according to
the subject invention. In Figure 1, nultilayer reagent test strip 10

i ncl udes i nj gﬁpg i ch
inturnis Sgggggﬁaa éggqgep Fgﬁﬁgﬁ fg%aigggégaﬁg%w %%y%géﬁﬁjﬁﬁ g%ﬂ Ref
LFS- 235 F \ DYWL ih kdrmb of BiB3&Yiphaj p}m: siagepHineasionnandftse ]2]%»\4111%& refi8&nodee 13
and filter layer 14, which to ke up.th 0 ration el ement.

| rmedi at el y afrrfhtfﬁéfwssﬁaﬁcg??fg Sehlft Nos: ﬁagzp‘?ﬁf 3LEOR 1 767,
Beneath pr ots%gw,ay,%a 30,5838, b@ﬂ%‘ sd@r@dU§3msisam©8 163; sidiocie1i § 66 Gsuent
over polymeric fil'mTayer 17. The above layers are present on support

el enent 18, SﬁGP@ﬁOJhM%QVésSMRﬁ%md hblmﬁgtheeigpcmumsaf\amdhareﬁarqme 5 assay
regi on 18b. an %ﬁ% en in E ure 1, P gIStInCt | ayers

i 56 shaped HayEred e RETrg Thp dimsnaty Sapoosy o s B oAt BT ¢ he

other in a siREKEEIMRX hepbhiPibt hlaﬂa- B si S HRREITRN. 5w1tlt1 th%ges%ffe@ﬁ@ar@faa of

each of the disparate |ayers typically ranges from about 1 cn2 to about
0.25 cne, umamlefapoh\wémmgl@l a@amﬂzrpqsesaaﬁdmde@cn@l r;egzm @xemmaf the 10

o S nare SR Ry A ST e St P BB L U S0 o, 4

cmto aboot pBlybulfoe, ﬁﬁﬁsmf@b@‘abwﬁtdﬁﬂﬁl&@ﬁpc@ﬁcafﬁ@ﬁatﬁuﬁ@wellublscf,‘mnt 18 are
selected to provide for a convenient hand held device, such that the
support el enent KBS PRIGHIEHTAFRANH YIRS @FQtEASEHify @8 CRAYFIA M BBProedss a¢tivityo

about 0.7 if Pe HRHBldnt of HRM-A0AH px%te%s?la%é? id Qpi%?l%“éoa@:d@@tﬂ fle Bﬁa@é&selﬁaa I ength

that ranges fromabout 1.5 in to about usually fromabout 2 into
about 2.5 i manfi¢rehdtpreseryts tha actohigyed t}guaoldasel ‘Elmeprdtedst of yimi prafehse lasisaned dt h
rangi ng from about in out 0.5 i. usually fromabout 0.3 in to
Lot 0. 36 ° Mt SRties Pkl eRirg g e AE e i ot QU BOReT g | n
usual Iy fi5op @&@yﬁla?béémpr@y&cpmﬁw&?x@seﬁ&ulvepro%’éas£Qﬁélu<§tprb&afe@bﬁv cation The

subj ect reagent test strips nay be fabncated enpl oyi ng any conveni ent
pr ot ocol . %mt@aﬂlsle)K ChYTEOBVmSinoﬁ}éJslﬂa%l@rtg’Paﬂeanﬁébﬁr fikeat ed separately, e.g., by
usi ng conventional dipping protocols in one or nore reagent solutions, and
t hen assenbled into a final test

Signal Producing and Fluid Flow Control System Layer

20 In fluid communication with, and downstream of, the protease layer is the
ketoamine oxidase signal producing and fluid flow control system layer. This signal
producing system layer includes a porous matrix or membrane element, such as those
described above, which includes a ketoamine oxidase signal producing system. In the
subject test strips, the one or more members of the signal producing system are associated,

25 e.g., covalently or non-covalently attached to, at least a portion of (i.e., the detection
region) the matrix, and in many embodiments to substantially all of the porous matrix. In
many embodiments, the matrix or membrane component is typically coated with the

reagents of the ketoamine oxidase signal producing system.
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strip. Arepresentative fabrication protocol is provided in the
experinmental section, infra. 25 METHODS OF GLYCATED PROTEI N DETECTI-ON The
above described nultilayer reagent test strips find use in methods of
detecting the presence of, and often the anpunt of ketoam ne group on
protein in a sanple. V%lle in principle the subject met hods nay be used to
determ ne the pr and ten 21 BEF . Ref i f LFS-235
£\ DOCUNI ENTI 1| 308 B0 HARE R s eLp P BHERG s BT i gorigu o of the
concentrat i gqltilafer f@lceRbM Srigs AURDxIdALSn ylgﬁ41%}aﬁueifngqysftérﬁr Bibxibysd &gl cal
sanpl es, such as urine, tears, saliva, an t hey are partlcularly
suited for pesuringdesten Fﬁm‘?arl‘nlgth@hl@ geoereténg tha tetestald sigeal drom Wblcblﬂmjps in

bl ood or bl god fr ctlon erived S

particul arl 3 topig! mﬁo?cengfum%dg HK ng IS? edf eaa t?jorrg{}é1 noe"fsdotn?ullso 1jzeedc %ret hods
is the use @Etohmthettifasct psodyoahn @mdu@ forg YIS bBtrdthald d dielesisiBdimgler ea
derivative dye provides for the hig sensitjve detection of hYdrogen

per oxi de. ABTPQEIPNaATRIGERINYIEILER p%rexnﬁyTBehﬁk%eetpé@xa%e ig thsAemp[ored
concentrati g., test
ctri po, wher iyl Sl if SARLBRIEL St of RRAEHCA (Pirbundy
concentrati (mﬂ;lectmgq nafprried anhdei 20a throtnogdn syMem) swisdre mefanmnntatf(olatecﬁbl%o to

0.8 mM Use of, the subject sjgnal producing systens that include urea
derivative agpé*u&trpcsﬁ%@gx e S pradic R SoiETacd e Parelor thfg}a?lafggfp %sr oxi de
as conpaf§d ,£,8us FNakoRIRAHGHIRitRY SIS AB&lchl M kbdEme Sk RIasDgdiRhe ot her

than a urea derivative dye, e.g.
N- et hyl - N-( Bkghyldxmmgssmrﬁ@mewyin)m@ﬁém@yteamthpsmee algo mmﬁanlnarpwnme as 15

h t.h h f
Lhe’ physi ol bgrEaT EEmieeaT i peh s il glaf G CulBale P ARl ©

descri bed suptans. The anount of physiol ogical sanple, e.g., blood, that is
applied to the test strlp may vary, but %gnerally rawges from about 2~L to
40L, usual 'y frofsantisatedapoyy, oppmpmber of thesubirsksignal pradusing YSEmSFis £ he

subj ect S strip
may Do of arToRriR gyl ReQARRARR S rifiel Wibr b8 18R shGluOugkpynt

usual ly f roraneabmtthzﬁ s@cctﬂcaﬂpoﬂﬂrze the Rabarendbamddo psdtideeanphxydiz el snbsteaad and

sanpl e, blood sa s of a variety of di fe en hemat oc ma be assayed
oitP The soBraReohudRe a0t Bt atn Pricideo BTt Pnag RS FRRI BaB0% 1 o

65% usual | yhat pRARAMUS hodYné e@&?/{@e lﬁ@i 1|S?Wdﬂ36cﬁ1§@l‘dp6ﬂ¥dnﬁmo‘ﬂ{e dnfitinsepl e to
the test stnp, the sanple is allowed | ow 25 sequentially through the
various | ayévztgarametprféerﬁtm fhs, sa@nk@h&wtx of diffgyentatigadls keteaming exidasss fen

el ement S t ers of

t he si gna(;) ﬁ%%ﬁ%tﬁgsesogg%lg% ?%gthﬁagag%%\é%%ﬁ%ﬂﬁﬁgg?ﬁ%Eeﬁnae{xgoﬁlé%?% pr oduce
a det ect abl eeppafseniutmIe Kehmtinesoxidasesotlinteresincladotnse qesajied in UrfaPateot Néwe

initial arm m.ne f_ipterest resent i,n the sa Ie

The amount 9112 sb e 8 G it loRureg o wiish o srein Msp it by 75 e

LI FE- 088 L~ fweﬁgggh ﬁe§21ldg$-ag§§p53’ym_CUNEN illhife\ 088\ pat ent applicanon

| fs-235 hfe -088 doc by the signal producing system is then determ ned

and rel at ed to theadd'rtiwm@ tf@fke@laymm ap¢ entwityi of Fhetskemal mpducalg systempl e

UTI LI TY g'e T esncrs S em g?) c?u Lin rrh’lgre 1ncpca?or CO\’aX:lEgu dg COlller{l gre one

W shes t éléz'{‘ a?? UGi°g SES F {5 G&R P e TR Eoncan 5 ket oami ne

group on pr edferrdtl tBheseds atdhﬁfr@dg’én sga‘ter@amdr@mbahmlrrmgem g&tem }Srodl@o%s ef the

subj ect nethods to determ ne/ nonitor blood glucose levels. In such

appl i cat i onshropREeRIRPREN &N WEPEEMTOL BYEagEIRFFRe rati on provi ded by the 10

fﬁgl fgts . ggt hods ik, GO0 BYSRHcih s LB RN hBEPIRYAL 1Rl cALYERUELRIALERN 1N
of a dye substrate into a detectable product in the presence of hydrogen peroxide, where the
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sanple, as is known in the art, which is turn is enployed to nonitor bl ood
gl-ucose levels, e.g., as is desirable in the treatnent and managenent of
patients suffering fromdi abetes. Uilities for the subject test strips are
further described in United States Patent Nos. 5,470,752; 5,695, 949;
5,725,774; and 6,008, 006; the disclosures of which are herein 15

i ncor porate f i I EVB; 2t 3 or
practicing tq e}i%{fgjdg%tga fr;rl\:(gtp ﬁ%gﬁ%é%}ggx ngr gaglg?l%ag{;%dsg %%Jégtéﬁqgtoggg%g&sug ri bed
above and anfBydyogdn peedxdd thans presint. UTien tecond eeyderis gémeratlyalpesyxidaseysyheee

physi ol ogi cal, sanple .is applied to the test strin as descr|bed abgve and
the signal 5&1'&3’&%%9“%@0@%3%%&#%@&ﬁ%ﬂag@éi ) 09 FRBRGAAP S JeRAP BI K ed
to the pres oG : SYMp S | e by
he. st r e e R S e,
and i nstr fiment,Cifeoa!l. OR0}t AmilnigatThenisantesa, a8E291BA%her 25 described in U. S
Patent Nos. 4, 734,30; 4,900, 666;..4, 935, 346; 5, 059, 394: 5, 304, ;

5,306, 623; 5, 418,%113%'3 B0y ?S(?éez?x‘%lF%‘ﬁéY a%?geg,pg%}dfzaﬁiegzr%%éswﬁ&

S5, 620, 863; erbriiladZB prRiued 8 plbadst tat 48dcR0fbht iy 7 §8dASRIindd WAB1BBth range,

5, 846, 486; 5,902,731; 5,968,836 and 5,972, 294; the disclosures of Ich are
her ei n i ncok-peemindiralyy dyefReErably the indidator dye atsodhs sprgly atthwapdangihed

gl ycat ed prategin. concentrati es. | 0 t tribution
3 Err Rel G a8 L i at S bhO PR AP R0 AR, Y e

appl i cat i1on okidszed Jorn off the ndRBtod @Ry be ¢He colured; tfainty-ceaet] @rresloriesd firal obser ved
signal, e.g., by calibrating the instrunent accordingly. KITS 5 Al so

provi ded by PEECtEh#jcxidenses ¢ &hangsin egler ofithasteptys sidseofithe Hembiane Heptisie

subj ect net i ' ' ' i ncl £39% st
strip, as dg%gﬁeﬁg%ﬁgg%aﬁ?&a%%%ta éﬁg%@fe&eghgxgéﬁ%‘a%éaﬁ% S? gl?leca)ot;{ al ni ﬁ&gaggﬁi d
physi ol ogi céaking digptied ce,. ajternativdiphg e chlorlest darekdavglopingicnlyer, a | ance

actuation neans, _and the |jike, and an_standard 0. n glycated 10

o ot of n_control " SoF st At v S R e Se Rk S B A R s e
ket oam nes OlUrgy @EWEER dyleRICRIEE at 18as8som&bHtaadeaiiscRsed Ri JP- 111187685 TP 8019296;
enbodi nents, the kits also include a detection instrunent, as described

above, for &B38AMNEP i 2e2&handrfiP B¥12pT dhidisclpyusesind ddhidrare heregtinggsparated owi ng
sanpl e appl i j a i : C : (and
oftent e agbrpRike? T A ol & RSl AERRNAME halifleh RO RUERRRES

i nstruct i onsvhkrrsuitibleinegag vl ehasgrdj veedt dekivhti s mududeribase ibraridyge chedoxyhaienat i on
of glycated protein concentration. .in a si ql ogi cal sanpl e. . These
hser et ongray bauTBLa D gh e b AL oF e e BB B el

insert, eoNtRRBhSIRMERENt in the kits, and the like. The follow ng

exanpl es are offered by way of illustration and not by way of 20
limtation. EXAMPLES |. Reagent Test Strip Preparation A: Bl ood separation
| ayer 25 Mesh: A Tetko nmesh #7-280/ 44 ek 3in detergent solution of 1
% Pluronic (Pragmatics. Inc.) for one mnute. cess detergent was renoved
and t he nesh waswieied

R!, R? taken together is a N, N-di-substituted aminoaryl; and
25 R’ is selected from the group consisting of carboxyalkyl, alkoxycarbonyl,
alkylcarbonyl, arylsulfonyl, sulfoaryl and carboxyaryl.
The aryl groups of R' and R?* may be bonded via S to become a phenothiazine

derivative type of dye, which is represented by the following formula:
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by heating at 60C for 10 m nutes. Bl ood separation matrix: A solution
contai ning 10% mannitol, 1.25% hexadi methrine bromde and 1 % KI03 in
physi ol ogi cal saline (0.85% ~laCl) was 30 inpregnated onto Sontara #8007
(DuPont. Inc.) on an automated inpregnation/drying 24 BFF Ref LI FE-088

Li feScan ReF LFS-235 F \ DOCUMENT~hf e\ 088~patent application [fs-235 |~fe

- 088 doc unit (AFM Engi neering. Santa Anna. Califs). The drying
tenperature was 100C fo At 2 0 t es<RMent ec pol ysul f one_
menbr ane was untreated B: gn | aye .00 nmg/m of protease XN
(Sigma) was dissolved i i Rﬁylon mesh
3-200/ 39( SEFAR) was i mmer se XN sol ution. Excess solution
was renoved and the nesh was d¥fed byN at 56C for 10 mnutes. C

Col or formation and fluid fIOM/conEEg! | ayer A dip: It contains 300 Um of
KAOin 20 MM PBS, pH 7.4, 1 ng/m 1L 10 PVP ( M&360K) and 50 ng/ mni
mannitol. The nylon nenbrane (Pall) ﬁgﬂRdipped into the solution and the
excess solution was renoved and the nenbrane was dried by heating at 56 C
for 5 m nut &gherdh /¥ Bnd BY §8%in &ldgmy&iecﬁe!aefrdy NR) JHEOR! Rere\es h&&gog%ﬁr

di pped into B di p containing R mM DA-60 in 70% nmet hanol . The dr pp

menbr ane wadCeCsealkidy(Che@d)iatigngt arys s@B@ufedrard, aryhikyssubsGudédarylalkah R’ B

di pped nmenbr ape S _qui ckls b1 through jnto dichl aranet hane solyen
NS R SNSRI R R e 21 S o
hood at rigomnb-ane adcyr, arb&¥yl ZultbiilB8e, Haloghs 36aRIxYL, OF,-C ko T drihy ch
| ayer was cuf§into 0.276 cnﬁt3/1€ﬂ?n) dianete?gﬁis¥sg3%i§h me?e agggﬁgﬁed
in sequence (&sCshtlkddated in Figure 1 into final stnp. Il. dycated Protein
Assay Enpl oying t PeN r I i 25 Figure
2: One | ayer bl 066‘ ﬁé‘ggg‘?qz? F%%&Féggésrdsf?{r %%d e??a?#%\%ﬂoé&&?é%ﬁ?{of‘fg% bl ood
separ ati on |phyeixahiasdgrolayiseilybo nfdyepwhich iereprekantedity the fodlowndpofoamydat i ent

bl ood was applied to test strip and the test strip was incubated at 37C for
5 mnutes, then the color intensity was read on the Macbeth refl ectance
spectronmgker. 25 BFF Ref' LIFE-088 LifeScan Ref LFS-23~ F

\ DOCUNLEN"I | | i f e\ 088\ pat ent*Rappl i i i fe -R988 doc Figure 3:
Conpari son of one |ayer vs. t fon strip design. One

| ayer is polysufone menbrarig | ood sgparatianpéayer. Two |ayers
consi st of Sontara filter materl{al menbr ane both. 15 ~I of
whol e bl ood with | ow, nmedi um and™ki g protein was applied to
test strip. The strip was incubated at 40C for 5 5 mnutes. The col or
intens>ty was read on a Macbeth reflecpﬁﬁce spectroneter. Significant

i ncrease,gf the slope of color intensityN&i®Rdng different |evel of

gl ycoprotein in two | ayer

In yet another embodiment, the ary! groups of R' and R? is not bonded, which is

represented by the following diphenylamine formula:
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strip design definitely gives better resolution range. All data points in
the Figure 3 represent the average of eight replicates and CV is around 10%
for both strips. 10 It is evident fromthe above results and di scussion

t hat the subject invention provides a highly sensitive and accurate

gl ycated protein detection systemwhich is capable of providing results
that are conparable in reliabiligy and accuracy to those currently achieved
only in the clinical laboratorysetting, wherB the systemis one that can
be 15 enpl oyed by a patient or doctor in a nop |aboratory setting, e.g., at
honme or in the doctor's offic such, the=stRject invention represents a
significant contribution to Al i caki ons and patents cited in
this specification are* i Ré as if each

i ndi vi dual publication or patQent y and individually 20

i ndi cated to be incorporated ference. itati ok of any publication
is for its disclosure prior to the filng date and should not be construed
as an adm ssion that the present invemé[' Ris not entitled to antedate such
publication by virtue of prior invention: Al though the foregoing invention
has been described in sonme detail by way of 25 illustration and exanple for
pur poses of cl ar Exgmplaryumepedesivatie dygs inict:ldi? $ 0+« eaehixtypetiyparaerarhooy)BJse  of
ordinary skill  .in.the.art. in,Light.of th eachin of this invention that
certain cha bsé%‘mgﬂléfpa%%‘i)f’l?e&gﬁ%ﬁhe (egse Blgt%%a% ]tuﬁ)e?i'to wi t hout departing
from t he 1§Pi(tdrbox9metyRRAEnRArbbRE)-2ARBRABE Gl REo)dipRerBidmiRe f1 0lgrbfioM8 &cid

L~f escan Ref( LFé?fzn?;g@F \DOCUNE%RI’I }Il~f eggSS‘ I(ypat e_r2t %appl icati .onLd_JIiEg- 235 life
-088 doc  \whrmpthiszic, Apd salts Hprdo§ In a pretened pbgdimente 8ie useardepvatbrephye & Wy: 5
~r (a) a bl ' 1t A - i . | S from

ol asmn, “(5) (PSR Bhn kB SRR L R R A BB RS R0 o Pl

separ ati on el enedt partéduthriypyefarrddct coaumineoddasd agealgrghaingmyaetdayegisonst em

layer in fluid. communication wt i
y that includes the layer c?escr\{gedrlln E%.%&)Eigétl%%ss%dgl oe.r09;"5%3,827 (the disclosure

15 of which is herein incorporated by reference) which includes a ketoamine oxidase, as

described above.

In many embodiments, the ketoamine oxidase signal producing system layer is a
hydrophobic layer which retards entry of aqueous materials into the layer, such that the
plasma fraction of the sample which is being assayed on the strip resides in the protease

20 layer for a period of time that is longer than if the signal producing system layer were not
rendered hydrophobic, e.g., by a time period that is at least about 5 times longer, typically
at least about 10 times longer. This feature of the signal producing system layer assures that
the plasma is present in the protease layer for a period of time sufficient for the protease to
cleave the proteins present in the plasma sufficiently to yield accessible ketoamine.

25 The signal producing system layer may be rendered hydrophobic using any
convenient protocol. One protocol of particular interest is that described in U.S. Patent

Application Serial No. filed on even date herewith and entitled

"Multilayer Reagent Test Strips That Include at Least One Fluid Flow Control Layer
Methods for Using the Same," (having an attorney docket no. LIFE-120; LFS 236), the
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2. The nultilayer test strip according to Claim1, wherein ketoam ne

oxi dase signal producing systemlayer is hydrophobic 3 The nultil ayer test’
strip according to daim2, wherein said |layers are present in a 15 stacked
configuration 4. The nultilayer test strip according to Clains 1, 2 or 3,
wherein said protease | ayer conprises a porous matrix and a protease that

¢l eaves prordﬁl%?uré 8fw9{u%ﬂH’scf?eréﬂﬁﬂx{%%@opa‘?%wg@%g&x&égﬁ@?ﬁx%kogol;?ﬁ Va?lo%d}‘?ni?r?”ds

20 5. The nmu est strip a ereimn said

ket oam ne omadmsmdss the @ignglrpectiincing Gysyts issivaled wath e S@dvent, Q. Byslipmdigd | X,
a ketoam ne oxi dase, a peroxidase and at | east one i ndi cat or conpound. 25

6. A neasur@?émm%r%%l@rﬁﬂfoa%anm%m TIfEBHC BTG Ofdntcrsliaalude bpF§E8Ph in a
fluid sanpl cordi ng
to O ai mo 1 LRI SNRYER, SRAREb ALt e alibdib B hilbe b BOEC

si gnal pr&d mmle and geiltkenthdthérgyanbedl e tnte‘iést ifq:r renfieBhEtheatignhl prodidBe; dystéms can
Ref LFS-235 F \DC%UNE\/IIIlfe\OSS dife - ﬁ Ilcatlon for foreign

filing, doc BydrophRbirdf Rpg!t Pbﬁoatid%qwmmaﬁ@wt éf%F Ht orgtheg fpichiesatiBi ot ei n i n
a physi ol ogigals, %HQL escABLinTES Nfert WIPE 451,665, tl’(eacﬁsc‘?&m’e)/df%léﬁ'sﬂer ein
physi ol ogi cal sanple to a nultiTayer test strlp according to ~~ ains 1
to 5, (b) derceppiagyl by refegamaé. produced on said test strip to quantlfy t he
anount of glycated protein in said physiological sanple 8. A kit for use in
determning the .concentration of glycated protein in a physiological 10
sanpl e, s@i dakitibnfI@apérssing' (a) a multilayer reagent test strip according
to dains 1 to 5 and (b) at |east one of (i) a neans for obtaining a

physi ol ogi cal sanple and (ii) a control 15 9. A si gnal detection instrunent

109 25 Ber Ro T Eandy PRl A B e el R A Ml

- 088 appl i cpiododing oystetDlagérgnhd subjedgmdinitayeABagent test strips may also include a
. A&s. A9A . AL. A A&, , A& . A9s. AL. A9. A& s. A& .AL. . A . ALs.AL.A's.As. A . AQ. A
As. A9. . AQRudeRof pddlitongtlaxgiaN: + gad5 &C

aa(a#. #. 8" x| | >| pReRlBs|clns bisval dedriveh aﬁ;&lsﬁ%%ewésmfy%?{vﬁlcﬁ%lﬁéﬂo%lf>I > X

| | X<?| 2<~>| <X<XppXX8| >>| | >| >?<| X| <~<0O<>??2?<<| XX| KKKXXXXX<>>>| | XXX <>KKXX| <>>
<XXX8<><| x8a:1kecf<t$§ xmmqenwmdm@pgerg torgther. Kl"@e mesh layer may be fabncated from
IVW WL#. # ?51<><>| >X><

n Lw 1€ alt arls Jh a 11')1( TOmaty )é(xl (gt <<>>%<{) ove 10
XPpX| <x><>>| g)?’ﬁ r1 e e§| Y aé| §| = <r§ o algrgajg ﬁ §>g xx< L2y xxx<
>>| | X8<<<7<Xl3é}>@©if}hfe?ﬁége? Qap@ldester or analogous polymeric material, layer may be present
beneath the signal producing system layer, which layer serves to enhance plasma flow and
20 protect the plasma sample from drying prior to completion of the assay.
The above layers are often present in a ““stacked” configuration, as shown in Figure

1, and may be present in a chamber bounded by an upper guard piece and a support

element.
25 Representative lllustrated Embodiment

Figure 1 provides an exploded view of a multilayer test strip according to the
subject invention. In Figure 1, multilayer reagent test strip 10 includes injection molded

guard element 11 on top of mesh layer 12, which in tum is present above separation layer
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10% & () - éﬂ@%@p& 6)}ot léI-QL%n&of Iroe ré &&&ﬂn&l%%&ﬂm&@dﬂﬁ\x%ﬂﬁﬁnﬂ&% 510% " &
"()-&110% & 10% & 10% & () - && 10% & () -
strlp A representatlve fabrication protocol is provided in the experimental section, infra.

25

METHODS OF GLYCATED PROTEIN DETECTION
The above described multilayer reagent test strips find use in methods of detecting
the presence of, and often the amount of ketoamine group on protein in a sample. While

in principle the subject methods may be used to determine the presence, and often
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109 & () - | 9"5119%11'1@0{51; cg\ggrgg@ﬁggmg\the squqqg%akje(d)'y reagent formats, e.g., test strips,

where by submillimolar concentration is typically meant concentrations ranging from 0.010

10 to I mM, usually from about 0.050 to 0.8 mM. Use of the subject signal producing
systems that include a urea derivative dye provides for more sensitive detection of
hydrogen peroxide as compared to signal producing systems that include a dye substrate
other than a urea derivative dye, e.g., N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-
methylaniline, 4-aminoantipyrine.

15 In practicing the subject methods, the first step is to apply a quantity of the
physiological sample to the test strip, where the test strip is described supra. The amount
of physiological sample, e.g., blood, that is applied to the test strip may vary, but generally
ranges from about 2uL to 40uL, usually from about SpL to 20uL. Because of the nature of
the subject test strip, the blood sample size that is applied to the test strip may be relatively

20 small, ranging in size from about 2uL to 40puL, usually from about 5yl to 20pL. Where
blood is the physiological sample, blood samples of a variety of different hematocrits may
be assayed with the subject methods, where the hematocrit may range from about 20% to
65%, usually from about 25% to 60%.

Following application of the sample to the test strip, the sample is allowed to flow

25 sequentially through the various layers of the strip, such that it separates in the separation
element, is digested in the protease layer and reacts with the members of the signal
producing system in the signal producing system layer to produce a detectable product that
is present in an amount proportional to the initial amount of the ketoamine groups of

interest present in the sample. The amount of detectable product, i.e., the signal produced
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10 subject methods is employed to determine the amount of glycated protein in the tested

sample, as is known in the art, which is turn is employed to monitor blood glucose levels,
e.g., as is desirable in the treatment and management of patients suffering from diabetes.
Utilities for the subject test strips are further described in United States Patent Nos.
5,470,752; 5,695,949, 5,725,774; and 6,008,006; the disclosures of which are herein

15 incorporated by reference.

DETECTION SYSTEMS

Detection systems useful for practicing the subject methods include a reagent test
20 strip as described above and an signal detection instrument or reader. In such systems, a
physiological sample is applied to the test strip as described above and the signal produced
by the signal producing system is detected and related to the presence (and often the
amount) of glycated protein in the sample by the instrument. The above described
reaction, detection and relation steps, and instruments for practicing the same, are further
25 described in U.S. Patent Nos. 4,734,360; 4,900,666; 4,935,346, 5,059,394; 5,304,468;
5,306,623, 5,418,142, 5,426,032, 5,515,170; 5,526,120; 5,563,042; 5,620,863; 5,753,429;
5,573,452; 5,780,304, 5,789,255, 5,843,691; 5,846,486, 5,902,731; 5,968,836 and
5,972,294, the disclosures of which are herein incorporated by reference. In the relation
step, the derived glycated protein concentration takes into account the constant contribution
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10 protein control solution that contains a standardized concentration of ketoamine or
precursor thereof, e.g., glycated protein. In certain embodiments, the kits also include a
detection instrument, as described above, for detecting the amount of product produced on
the strip following sample application and relating the detected product to the presence
(and often the amount) of analyte in the sample. Finally, the kits include instructions for

15 using the subject kit components in the determination of glycated protein concentration in a
physiological sample. These instructions may be present on one or more of the packaging,

a label insert, containers present in the kits, and the like.

The following examples are offered by way of illustration and not by way of

20 limitation.

EXAMPLES
L Reagent Test Strip Preparation
A: Blood separation layer
25 Mesh: A Tetko mesh #7-280/44 was placed in detergent solution of 1% Pluronic

(Pragmatics. Inc.) for one minute. Excess detergent was removed and the mesh was dried
by heating at 60°C for 10 minutes.

Blood separation matrix: A solution containing 10% mannitol, 1.25%
hexadimethrine bromide and 1% KIOs in physiological saline (0.85% NaCl) was

30 impregnated onto Sontara® #8007 (DuPont. Inc.) on an automated impregnation/drying
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5z X9VvK@'! @]é)_@gfgegt om! 1&@10‘%22&' ()-!,"10%z& ()- @0%& ()-!7@0%

5 1 200 mg/ml of protease XIV (Sigma) was dissolved in 100 mM EPPS, pH 8.0. The
nylon mesh 3-200/39(SEFAR) was immersed into the protease XIV solution. Excess
solution was removed and the mesh was dried by heating at 56°C for 10 minutes.

C: Color formation and fluid flow control layer

A dip: It contains 300 U/m! of KAO in 20 mM PBS, pH 7.4, 1 mg/ml HRP, 1%

10 PVP MMW=360K) and 50 mg/ml mannitol. The nylon membrane (Pall) was dipped into
the solution and the excess solution was removed and the membrane was dried by heating
at 56 °C for 5 minutes.

B dip: After A dipping, the nylon membrane was further dipped into B dip
containing 1 mM DA-60 in 70% methanol. The dipped membrane was dried by heating at

15 56°C for 5 minutes.

C dip: A and B dipped membrane was quickly pull through into dichloromethane
solvent. Excess solvent was removed and the membrane was dried under ventilation hood
at room temperature for 2 minutes.

D: Assembly of test strip
20 Each layer was cut into 0.476 ¢m (3/16 in) diameter discs which were assembled in

sequence as indicated in Figure 1 into final strip.

. Glycated Protein Assay Employing the Reagent Test Strip as Prepared
in Example L
25
Figure 2: One layer blood separation layer strip design was used. i.e., blood separation
layer has polysulfone membrane only. 15 ul of whole patient blood was applied to test
strip and the test strip was incubated at 37°C for 5 minutes, then the color intensity was

read on the Macbeth reflectance spectrometer.
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represent the average of eight replicates and CV is around 10% for both strips.

10
It is evident from the above results and discussion that the subject invention
provides a highly sensitive and accurate glycated protein detection system which is capable
of providing results that are comparable in reliability and accuracy to those currently
achieved only in the clinical laboratory setting, where the system is one that can be
15 employed by a patient or doctor in a non laboratory setting, e.g., at home or in the doctor's

office. As such, the subject invention represents a significant contribution to the art.

All publications and patents cited in this specification are herein incorporated by
reference as if each individual publication or patent were specifically and individually
20 indicated to be incorporated by reference. The citation of any publication is for its
disclosure prior to the filing date and should not be construed as an admission that the

present invention is not entitled to antedate such publication by virtue of prior invention.

Although the foregoing invention has been described in some detail by way of
25 illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain
changes and modifications may be made thereto without departing from the spirit or scope

of the appended claims.
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2. The multilayer test strip according to Claim 1, wherein ketoamine oxidase signal

producing system layer is hydrophobic

3 The multilayer test strip according to Claim 2, wherein said layers are present in a

15 stacked configuration

4. The multilayer test strip according to Claims 1, 2 or 3, wherein said protease layer
comprises a porous matrix and a protease that cleaves proteins to produce ketoamine
oxidase accessible ketoamine bonds.

20
5. The multilayer test strip according to Claims 1 to 4, wherein said ketoamine oxidase
signal producing system layer comprises a porous matrix, a ketoamine oxidase, a peroxidase

and at least one indicator compound.

25 6. A measurement system for measuring an amount of glycated protein in a fluid
sample, said system comprising.
(a) a multilayer test strip according to Claims 1 to 5; and
(b)  asignal detection instrument for detecting signal produced on said multilayer

test strip
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8. A kit for use in determining the concentration of glycated protein in a physiological
10 sample, said kit comprising’
(a) a multilayer reagent test strip according to Claims 1 to 5, and
(b) at least one of*
(1) a means for obtaining a physiological sample and
(ii) a control
15
9. A signal detection instrument having present therein a multilayer reagent test strip

according to Claims 1 to 5
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