STABI LI ZI NG ENZYME ACTIVITY | N ELECTROCHEM CAL
Bl OSENSORS FI ELD OF THE | NVENTI ON [ 0001] This
WO pwefvdeon i s directed generally to the field BET/US2006/007875
medi cal devices that are used to anal yze biol ogi ca
fluids. BACKGROUND OF THE | NVENTI ON [ 0002] More
SERBAIIZIGE kN ZYMY ACTIVER! 10T ALGE RIGSENSORY
at are Used to0 neasure tne anoun anal ytes in
bodily fluids, particularly in neasuring glucose in

sanpl es of whol e ghlPEGF %imm& are often used
for maki ng such ; pr esent
[00031nv ebhis dnventidnas disected genqralnte tlenficdd phimedieal e Gedsdimit grglused to
lbigsﬁﬁéoLﬁ” £0003] Al t hough the nethods of the
analyze ORMEIBhT¥Hd>  be described herein can be applied to
nmeasuri ng ot her anal ytes, neasuring glucose in whole

bl ood sanpl esphekUEROBND O HE IMVENTSON The invention
al so relates To an electrochem cal 1 nstrunent in_ which

[0002] . o}\@(eamec@f:all‘yaﬂ% iﬂ\ffnﬁﬁli htgsde the@i%ﬁ?ﬁorsetaattag: used to measure
the aBb&R F Rtl@ted 1A bE@RL RLds, ﬁ\d.rﬁ&hlﬁlgqg ??gsuﬁﬁgﬁiu@os%w se&ﬁlﬁe& ch) fwhole

resul _tl ng current Is neasure . er a short peri o
blood. j (@pticathmethadssare exften | used farmaking) sycbnmessyregspise byt the present

inveriffoh li’elﬁt@setoqﬁ{be%méHtsf ih Qﬁctg&ft'ﬁ!eﬁﬂcgl Hidkeh 6. sanpl e.  Such

Instrunents are referred to as anperonetric. [0004]
10003 uco¥boughabemsthods efsthel iviantzamplerbyrdssaribed herstnr earrehstapplied to

s, SBT3 e
The mmerdion atdoarektes o pi elgttrachemieritingynexi thawhiom agbnsiant od garying

Q e . S,a. iator in t fol l.owi n :
porrfRNRARA RIERARS Syl SRR bl s oyl Bl i
meas@ed ditzieal sheriyeoisé of Ghelc Thohested e)ectbcacdutrent id/eaoetatel| with the

n red+ Eoxid n . doxid + e [0005] ..
amonfiy SFEE Bl Rl SR e e e BEPRRPof
[0004]he Gadose Eiegherrs oded til emparayieeic dndruMedts axdydengicly Madmbelr of

are the i di zed and reduced far of the nedi ator.
reaecl istsds B rissC B wHbRHY Ehkorot Bosamals prarions ¢ hsasurable
electfidad Cufrethieyriogidhtidi 6 @ NSAEXS coriptiundDfeBerfedCRNAY ¥ , m@lidtGOHE the
foll dehydr ogenase Qgs been introduced. These enzynes are
olOHS NI T TCH BE Ui¥PHe or co-factor, such as NAD, FAD,

and BRoseFNB, JedEal-POxidB¥d Beuchs (Ghkcyadladenedr a

tetrazoliumsalt, anong others famliar to those

ski | ed+i§Athe ar .(;O% 6] d ucose dehydrogenase

( red | P Medoriar 3 @Migdred 3 feiet he nredi ator are conbined in

a fornmnulation that is applied to a pair of electrodes,

descn Mxddy asMeligq wareki ng and count erel ectrodes. \Wen a

oteptial .is applied actoss the, el ectrodes, the
1000 *Roft 2.3 a0 et 57 5183 B N EReb BS B Bie 2l semer of the
enzy@B énd Medfyg ehdled,jase thectidiec a8l reduct® sl beBs mebi@tor. Glucose

..en . The . . .
oxidase %g‘%een used as the enzyme in electrochemical biosensors, but more recently,

glucose dehydrogenase has been introduced. These enzymes are used with a co-enzyme or
co-factor, such as NAD, FAD, and PQQ. The mediator may be ferricyanide or a tetrazolium
salt, among others familiar to those skilled in the art,

[0006] Glucose dehydrogenase (GDH), its co-factor, and the mediator are combined in a

formulation that is applied to a pair of electrodes, described as the working and counter



reduced nediator mgrates to the working el ectrode

where it is reoxidized, and in the process rel eases
web@ehoons t hat nove to the counter el ectrode PEMUS2006/007875

establish an electrical cur¥ent that is proportiona

to the anobunt of the glucose present in the sanple.

[ 00Q07] Since new sensor is used each tinme a patient

electrodgs s Piep r@epqi%@hﬂs yligd geiessethe plackeries, phogrrymelggapor oxidizes
d

e 5 TS5 BIOALS QKL ERUSHL oORIERl T B, T

reduced innqabbatbiamigratesito thlaemrrk'mgleﬂestrad@wheﬂei iatslreoxidzedusd ih ties process
ers wll adj us their |et or Hetég tion in r é)onse

releasesy s LY Mo et Bier Hadiod ap e abBLAn SHOHGGEHER that i

proportlf)ﬁﬂ% BRMBM S of i g?l%&’é"ﬁre%ﬁ@ﬁi e @ﬁhﬁfea' nits activity
hroughout 1ts usetul shelf life e present

[0007] | nverceiagrew senacres userd gah tingd patienbtesisrthe amgumrof glucose in their

blood, rg ! eveﬁ:rrlp}lﬂgggsea}obl o%@g%&#%é\éﬁgfgfglanqanec% onn%‘/o%g bfo%gr}sgr to the
next. CIAEKOLtQs GhSY@drit Migat bk Rt 4r&PEIRRM, [bebARE thdusers will adjust their
el ectrochem cal biosensors. [0008] One et hod of

diet or rrapdigation; iy reensa ty the remis PeQthar derbgestearelore, Umgng other
requ1renﬁ>§}t§ Hhe B Zytrﬁi s G%ud %imt%\(ﬂ 1&h Cttl%ﬁ Q%ngltfcﬁ.{tq stefu]? Qhéﬁ“ life. The

gars to e reagen e

present hmx&lnabmselawshh atEuPEQo lhmltmgeommlmhtmgatﬁeymg) phlabﬂnﬂty of an

cnzyme B b MR e BN *f*%@f'rﬁllrgalegé% e'éé‘ér%f "D edeeglﬂngrE]ee(GDH-

PQQ)] ﬁse&hryabaam%d’ @os&{s&@a' ose, and potassium

ferricyanide as the electron acceptor (nediator), was
[0008] degowimetobyf trdmippinggittiaty eheDHrPee sanbgssiedan wa Patent No.

| |l then dried t | ete the. t
6,656,175 BNl He BFGHRST HhasS ar Br e eARl Enpl it e PRlbutery
- trehalosd WiHIGDRPNPOIE BOdNBfanpRUA ﬂy(ﬁ'bﬁlﬁlh@%oﬁfﬂl@&dci@oiﬁ%tﬂlﬁ)ééﬂulose

that contains the reagents. It is beli eved that the
is deposﬂr:dzmpt@ﬁ ehctigges aiddriedgThen, ey spegemgnixdire: méh\dmg@‘b?&{ PQQ,
trehalose aé(n%f ﬁ?tg%rﬁgr? lféex?lggla}ntﬁ@gx% YM\%L q??cgrgﬁr r%%)é %ll ﬁ?f (ﬁ@{ie&% g%)sited by

“dropplﬁg E@d thedigisd cb&@@ﬁhetﬁ@b&dﬂﬁbs@ atyenind tﬂieﬁdn?@tcﬁdiﬁmﬂ@te the reagent
270,637) describes a formul ati onh{jf?r el ectrochem cal

layer Olbﬂ@s%?fér&fdgs t A& Prival alge suggseisplgh R Rydraplibicinekmgieguld also be

T
e Y00 SR SEM Ao IR ERS Bl s iy tplueing
“droppimgi ghtthofreapit {aye@0Mekind tdalthaynyefek Depasitdh dbyndispodingf reagent

appl yi their..fornmul ati on the electrodes is not
aroplets AR A el svp wpcing E Sieiiees PefEodsst i eved to be done by
[0009] di SpRAS NPateRRAIENS. Watdht ANBUNIR AN S MdedcBBIP] 2 SorBERtion for
rinting of reagent l|ayers was used in the

electrocg@my@huhmmgoran api Bsdsor@DHRRR 1sad @HO Uisludeat kyfroxyethyl
cellulos'e}b s[‘ém?ia?e%? st%eé&ées trﬁe %ﬂbﬁ o%@ncl&ﬁlggg gém % ox%e e&?fg a molecular

reag e

weight GD PO s OO hiloddlsms (KDL dERE hwdfadxgteaﬁwymg elhéuu fasmlasiod on the
atreated siljca that was sel ected to have a bal ance of

clectrods SR BB ydetmb DR P%‘iﬂlﬁew%‘iot‘%? dogsity digpengipgreagent with a

pump S§\£Qn.dl mensi onal networ ks that exclude red bl ood cells.

[0010] Screen printing of reagent layers was used in the compositions and biosensors
described in U.S. Patent Nos. 5,708,247; 5,951,836, and 6,241,862. Glucose oxidase was

used as the enzyme and the reagent compositions also included hydroxyethyl cellulose and a



[0011] Reagent fornul ations nmay be deposited by
vari ous nethods, including inpregnation, stripe
W@ o@biomg19 i nk-j et printing, or mcro-depositi oPCTMIBIN0&007875
syringe punp that may include the addition of a
nicro sol enoi d val ve drop ejection device. Screen
inting is a nethod of particular_ interest sjnce.i

treated qﬂgcaéhgt vEgsaglectsd do fayg 2 %%@é 1y@roph@k§@1t3é@%q ]éydrophlhclty, said to
I t res that the

jbnnPW?S@ﬂ%%%hﬁgﬁg&PB&QEﬁQﬁeﬁﬁe %TM6&?&ﬂﬁ to the el ectrodes

[0011] haﬁﬁqgmtaﬁmmphmsnsahmprémemkpmsmﬂobbevancmfsmmﬂmﬂ% including

. applied. In partijcular,.the inks l.i.,ed b .

impregrgU S SEHRG SRt o THIRFeoF FUCPI PRul G "B opariigegump that

may 1ncﬁf@l@%§é it c§frhem§di‘@-%51feﬁ$1@’vaﬁ/‘%nﬁ§;5 BRctidDaesRdd. We&%ﬁﬁhg isa
hinning), and optim zed rheol ogy for viscosity and

method fof leClﬂl@lomaresTh@cp ttas efftciént and ol sdfmad tb karm scale production of

: conposi t.io u o] cre
bioscas P RIThiSY u S Gl PR G he 3 bR B B e petim
physicall pRpericy 18 beasicEdrafli§tagple&DHn 10111@0 ks enldshppiieay by screen-
enzyme lost activity rapidly. After |nvest|gat|on

pnntmgwh@ulé e e dellpwinapronsriesi ndbesiane the ppvhaist eohssien, th@totmpy
ties for screen

har AL DRBESPRRANR A0V AR o, 1

[0012] Coffhequresent ynventorwaduine ¢l Sarcymipositbs,C oAsh mma@ Mbs screen

. .. that uld not cause_premature act vati n _of
Pﬂnﬁngdﬁm%?m%ﬁto dass We’ihetqﬁ’éy"i“@q?ﬂ“? hbs e Nk db ensyme was
changecﬂ%' @DHUE?J ThQ%Rsd ﬁ@gﬁﬁft e'{{/%'hgqé)sfﬂtab%? Bbgifeagtet Belstigation, it

bel ow. RY OF THE | NTI ON 3] "The I nvention
was dehennmn@ thafpesstain of athe ecpgronenso npo@utm pmed@rthap}zﬁcmsaItyl physical

e el ectrodes in em cal bigsen
propertipt e Sras Pt Bie Sl Pp S HR T B Retr s apghsrguant, it was
necessaiyf OIEHTE dodgHnGits Aedt Ml néf cahBepRBEVITR 16 :tHvags0bS the GDH-
stem (GDH PQQ) used to oxidize glucose in a glucose
PQQ, bb%/ alse et the pearsmenisr foe goisamb daintaat Thessereappt ylations are
Jged with a hydrophilic polymer, preferably

d&mnh%ﬂgy%xyethyl cel l ul ose, and anor phous hydrophilic

silica powder in a buffer solution maintaining a pH

between 4.5 asUMMARY OFITHE INVENBIONa nmedi at or,

preferably ferricyanide. [0014] I'n one enbodi ment, the
[0013] | At ipBENtion B OBE EPTHdRenTREPNDPBROREN ifor ApRlishtiemdo the
electrod@? ﬂi:tefe c%@fﬁ@&? 3&68@&0?&68%[’1 kﬁggi @3%33‘0%16[ 81 Mt Elcrpern %ﬁgd and

ont o wor K I'ng and counter e ectr TR ano
avoids pRHElOIre lbdme of raw‘evuty of the azymeiodadtor spsemt EEDHRQh@sed to

TR T —
combméﬁ Bth A%ﬁ@i’@)ﬁhﬁhc' ﬁol%eﬁ)ﬁ%@%@y ﬁ?f@l‘@lxgéth?l Eéﬂ?ﬂ&@l and amorphous

el ectrochem cal ‘'sensor.[0017] is a plot” of
hydrophilie gidine noaslky i @nbiviEerr sadwiiony magiainigicf 4 ek hetvineh 45 snd 6.5, a

h h he eff
surtctag S e o b E R o nponents

[0014] In one embodiment, the invention is an electrochemical biosensor in which the

reaction composition described above is screen printed onto working and counter electrodes.
[0015] In another aspect, the invention is a method for maintaining the activity of GDH-

PQQ in a screen printed reagent composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGs. 1a and b is an exploded view of a typical electrochemical sensor.



in reagent fornulations. [0019] FIG 4 is a bar chart
showi ng the effect on enzyne activity of reagent
wo oroab@te ons of the invention. [0020] FIG 5 PEI/ASIO@007875

of measured gl ucose versus 4 standard nethod. [0021]

FIG 6 is a pl ot of the deviation in nmeasurenents of

FI 5 TI ON OF THE PREFERRED ENMBODI MENTS
(0017] 1 FIG? i DIoYiY regieb ek pimrgn Ve ditfane B itme
[0018] gl M@S§1§QB£1%hﬁﬁ@hbxﬁln RO EREa NG, BRS Beetiahl

met hods. O partlcula? |nteresp a?gﬁnet g% tha g&é%@ﬁmnmﬂs
mfeage{}%@ﬁmblﬁtl@ilsabetl c patients at hone. These include

oot 9Pl 0 Shechanc e oal et hodey, boLbof e oy

formulagomibfithofnvehtisnose present is determ ned by measuring
the_col or devel oped by an indicator or the electrical
[0020] ¢, FlGnt 15@'@%&3@3%‘}1‘6&@@9@@ vHswfa gandetbrethedi at or when

R T T

he prese met hod of
neasurlng the glucose content of whole blood, in

par t i DESTRIPTIONOF EHE PRIFRRGAED mMB@TfINIENfI'Sat
.e oLo glucos%def rogenase € Co-factor

one (PQQ . The GDH-P(pls
[0022] Co'ﬁ% nﬁgcd%t %Ilﬂs%r 11{3%'1%0%??% Ye fn&&% |Ck {,Tg}golugt orf%bds of

pO yners, sur actants ers an ners,
partlculé]:yrluwms@ age oetpdsithdtome ket bi Silmnotheﬁis Qi h@nﬁal Th@fs include

optical a&d o g%clhgglgeémc? Qt}lg%‘g ?)p&q ; %\?ﬂl@h ﬂn{:{% oy E)%ls %prtgglg glgl@ose with

an enzy@B8d The@n{REONS F1888skIREen Ok d‘éfé%nffﬁ@lf?tlﬁéasﬁﬁﬂ Hfé o‘%} developed
el ectrical current proportional he anou

by an 1@;%@5 the ekeh‘rélc@h @@g:ng arplueed hatoxidatipm of (arl'edxm m&diah)r when a

potnsiaf QR 18 SRR HlBon bR, R0 S RS re 1
method themnyigtMlu&ﬁ‘é Qoﬂt@ﬁtrbﬂj\lvﬁcﬂla B5RM, inpdri@ula b thMectrochemical
npl e of bj osensors which ma be used is descri bed

biosensqry, Uhg! sk iEoKoIchs dmEenesoGIMA) et Kse #0-Fiosriasdd-uinoline
avinone TN e, B0t e G VR ol ch BN dbludife rediators,

polymers;wﬁ"adiﬁnts,dmffewmamil’thwkemrs no @cbduﬁe s egb@ositiof thapisC@pbdited on a

rintin chnl ues), an_electrical
pair of Seifiler orHE Paiihtal SaAPIoG e ahpatacipce St rasetien of the
GDH-PQAQ vandgl&se a8l tﬂe"}%%}@féa&gorﬁq}f %eeﬁlé&lhfb)r f:g {n{] g%gfrlcﬁr%rrent
a reaction layer 22. The biosensor 1s
proportiepidfhghe gmaypepf glame ipghe Hthed sapple It]autys Bocoﬁmm@th the reactive
gt ween the cover |ayer 28 and the reagent |ayer 22,
provides a flow path for the fluid test sanple.[0025]

[0023] ThTEheE pageitifvdiioh 6a6bt Hmiled\tsra ﬁa&’ﬂ&ﬁ@;ﬁno@éﬂﬁ& Héb?gn among the
gni cose 1 n

nkbadytesmtheflwdtest sanple (e.qg.,
many thyfi Rayg begm diselosest e értanAeesamplecef] biesensan whidh why ibs used is
describeMRASW. AN O.C@,Sﬁﬁbﬁ, Shich is illustrated in F IG. 1a-b.

[0024] The biosensor 10 is shown in an exploded view in FIG. 1. It comprises an

comp0319

insulating base 12 upon which is printed in sequence (typically by screen printing
techniques), an electrical conductor pattern 14, an electrode pattern (portions 16 and 18), an
insulating (dielectric) pattern 20, and a reaction layer 22. The biosensor is completed by
adding a cover layer 28. The capillary 30 formed between the cover layer 28 and the reagent
layer 22, provides a flow path for the fluid test sample.



with the anmbunt of the analyte present. The reaction

| ayer 22 typically contains an enzyne or enzynes, and
w@rooelogwsty on acceptor. The enzyne reacts w t h PEEUS2006/007875

anal yte to produce el ectrons, which are conveyed to

the surface of the working el ectrode by an el ectron

ac tor or .nmediator, which is reduced in re nse
10025] ¢ 1 £5F achseRis in BEtcHER ER &2 ARt yHiEh gﬁoan@wéeselﬁztﬁ?r@mcﬁ fost sample
(e.g., glﬁd&@e Bf S196M addty $Ridues a1t1 QEC@REV&T&%@ whldAGO SR asured and correlated

ehydr ogenase ( and i1ts co-factor
with theptyrrmmt of thaiandlyierpeesgui. ﬁlﬂm&ea@qﬁ@@)lam @2 typecaliydioatagrs anssnayme or

ferricyanjde salt. 026] The two
enzymes, 3ol SFPNGR 6 Falck el oo iearha R b bty \vad RERER glectons
which a2@dofRiiRlieb Bbearthedes tﬁhee;ﬁﬁmgyew&m%e@ E@@l&%ﬁadcbébtor or
determ ne the anal yte concentration. A feature of the
mediatoy gehigh isteduped ia r@mvsq teethouseaeting batvacen shwereatyte and the enzyme
In the ]péaeg‘lk 119\26%11318 etrﬁe e?l l'fsr %?uc%%' gigféh@rtag%lgge E@ng n$ todr hts co -factor
pyrrolo tmmnhnmlmhbn& (@Q@%H@lﬁk wtdibdoniich fdngvyaaldengltt he flow
fromthe exposed portion of the working

[0026] ¢ éféta ryadorieens 1ds At the glecapdepatan FE I e gsetire working
and couﬂi%@ele@t?éﬁ%g %@ceska?y Y §1'e«t:th93'ﬂ 1ééﬁy§iﬁg=,?ﬁ e thO ThMDE l&bﬂ&ntrfmon A

el ectrode upper el enent a so en an anmount
feature @héletd@sngnfshuwd 1sﬁwpltlea Werl@ng aad wholte détaodes a:rcmoajﬁgured such

I nadequat. 0 et el oy rkln el ectrod
that. the RRAGF SHEER odFF 1Py iecBNE e ALY FesPtsafingby ot of the
direction 6f ABIAFRIWEIBAg ﬁﬁzl«ﬂﬂv@ﬁa‘[ﬁ ﬁ@ﬁlrtﬁcg@xpﬁidg’d 5619108 BF thb8ForRM electrode
exposed portion of the working el ectrode 16a due to
16a.  the conductivity of the whol e bl ood sanple The area
0021 1 C86F B SELARES 400 YS! P BBy o

workingOglédtrogle 1@pyr sleraknt dBh k6 fHat Gbidn PASBANGE VLR téslﬂ @luld sample (e.g., a
el ectrodes and, thus, through the current detector. B

Y

whole tﬂ??fb rSARRI ) GRagRaUBlE oo RIMBlEteB: v er e vpeking cdpofrge entérs the
I e [ '

coptec 081 SMUERL PGS EGEIE AL S BLPUBUSSL Y Bement 15

and exposdrpotrtiat of ths wfdrkiog ekttrbdobeh diastoght esetictiviey sftths who% blood
vity apd that anoth r test shoul.d be conducted

sample. i arf .0 o GRteSBRR ol SR R A e YADab R T e b e whole

blood sePIBRSsPRaIPthat BByl REY WRERSuALSR cﬁﬁtpa% bétbv@éi theldM&trodes and,
area of the counter el ectrode sub-el'ement 18a is

thus, theopgh dhe lcyrrprisdeteckein B ouegrangsingdle ciragnt ofetectns twcgi‘ka ng error

signal eﬁc‘&lé qgcenaet%dﬁﬁn% i§ be%%VCIaf ! ﬁ%ilnl I’ed?tgrsngl t 2 gﬁbtﬁe sensor device

€ nmade as

informs [tE@ﬁ&ir thit inegfieikesiobleoh henpltateedhé BeddoSs cﬁ@ﬁy@ﬁhﬂ thiex. another test
531,040 that the reaction Iager 22 coul d be renoved
should q@r‘iﬁ?ﬁ%‘iﬁ?& K& thafimore Blgad ehaulépeaddeddVhilpthepartstiar dgaensions of

the elecmfdegraﬁﬁ WGt D8ti1,50E ﬁ.l%ﬁtotfl'i A g é['i&;troﬁ'é' Q% ele %?gga\tl\gsﬂtsrglcally

over the countér e ement
less thars abmv é0Yhthais that ef theenrkihg elecrademid, nidre s;ﬁa;ﬁdaﬁy, less than about
|OMA iH &o f nctio as azgggper counter el ectrode,
prig

6%. Thb?dﬂ?lﬂ EG%W F 81P9s8i0lfchi eved when the test

[0028] f! & Has @1@9 |c§nttev\ﬁ afed B @@?@ﬁh NoeBuhl 0ah thhene %é@ﬁ@rf layer 22
el ectrode 18 l'e sub element 18a i's shown as beil ng

could bp hysiored [fipm contact with counter electrode sub-element 18a, by producing a

screen that does not print reagent ink over the counter electrode sub element 18a. This would
starve the sub-element for reagent, thereby not allowing it to function as a proper counter

electrode, so that an error condition is achieved when the test fluid sample fails to contact the



connected to, and therefore part of, the counter
el ectrode 18, 18a may be physically disconnected from
w0 b@otesto of the counter el ectrode provided thBCT/UB2006607875
its own connector and the sensor is equipped with a
third contact to the detector. [0029] The worki ng and

bulk of GBIRbEfteCeREL6RIES. B9 SNE ré’}&#?rsl/’cpg%agﬁe lz’lfvsr{glmgg being physically

el ectrode ink, which is genera ut

connect;j? ) O@%Eber?f@iﬂt kartn d{, tthpi mhtbey dedttaalienss, t1 8a rrflayt Re physically
; em acti v ar.oon. . onents. o e
g AR R e T S —
the senstthiakquipp&he&R A thied Bt @SR deRWoghem cal resistance

0 pat h between the el ectrodes and the neter to which
[0029] ¢ hé)e arakiagrandc cautsyi dectmdenete gendnaliyheriateddudiyg viectrode ink,

L ' ' .26 of th . Th
which iBEAEAD Bl 143 QRO DuRD Pl oG Frains Sivcpephemically

active cagbiiorCateporshtshduldcandudtonink by 8 £ffiedre FRaRONANE Sittd1Ghat is
oducipility of the neter reading, the dielectric

repr
chosen tﬁaﬁgf"é‘ R 3 1080 Phfingisalt tseistancechath desveanolie tefiestrblies ahd gstmeter to
hich tHeanR! &@xeentyid Ny near the c r.. of e
el e?ect rode patthde%Iﬁ?ZCg%{Rn%gfc %@%Ugfgé)%tt?rg gt ﬁg“%ﬁ“ﬁ%tﬁnﬁl hg of the
sensor. {h¢ sounjgreslesfirodk ewtyrtmctvenirisad oflsitesRilnatdntideestessh bhBon is
sur.ed cyrrent .depends. not only on the anal yte _
preferredf 2 BiiRey {Hs St TREDLYES Bt reacbiin g WRlertapontian, insulates
the electpotes at@0 B TAE té @ample LREHMRY Ki r 6a.hi02%

IS exposed to the ana?)?t e- c%nt algnc%%iag(% ggéta Ig%gptﬁee.center of the
electrode[ OO A4t yphcdefinfidelaesst is ¢mbayart 80 thsnppeS 68 dectrochemical
determinklVs y difi nononer, oligqner or i

€ ermln%'%r{'; E%crecl?{segﬁ% #gésggégg%mﬁen%eegb? 618{) grd)y 4 fheanalyie concentration
and the agéeed ftbe réactibmyeger 20,9t ABY oRehdRes bEHR WM AR fe@ode 16a that is
d&f@t - czﬁr able, The |id or cover 28 is adapted to nate
expose R AP HECHQEEIRIBE fost fPlg pace to receive the fluid

0030] test; Bl [ t and wor ki n )
[ _ : el ecﬁgggiéag%tgc\g?}t/eg gtoe%&pﬁlg%négﬁ%rc {/eldd"é%}hﬁtegﬂ%lg% monomer,
oligomersgyesdyrB€r, andhds alsout YPLEA(OLGO0AYY fiiktk. byheaRESEIEy&E fiRtay be
moisture S ;e of  def or mabl $ terial. The lid 28 is punctured

t0 % ol BettgHrabls ThadidDs coner Pilhadentesl tohmatsawish the base to
form a spics &tk Eige AREMAH QM sa ih bxhi eal e
) 1:?lo%et her by sonic vvellf[i Eélll :“%I%ng E&?ﬁg‘: as‘ggﬂfﬁlgaeﬁ%?qﬁoflas are
sttuated. JgidaiSepioiidss agiongaredspar 36, iprigsisalty foged heTenRts\WiBER flat

heet | t - eali ng nenber or horn and a ..
ot SR A4 I AT BRI e 0 e s
the base Hbin esdating egeratgh 0Mhe Ul 2h1Badd ¢hn bENRRADGS SRS rl?gisgni@rbfelding
in whi hbﬁsewgay al si be %oi ned by using an adhesive nateria
In which e, hase | [3qandilige2% fare Kigst| 4ligned tradnieh qaessed jtogethen hetesn a
vibratorylHeft #08hPaRERF e .described.in U S Patent
*No. 5, 798, 031, i gl (AR Top Sk Bontad? qnha Wl the sl
non-embasaerd egiong of zesied. 12hé ambesded BOlaye BEROAR Blso BOL%BENY f81fg an
- pht hal at dj siopally stable vinyl and acrylic
adhesive %%Fe;%ﬁg?% ﬁleatwgélakde&ﬁ.gl?e %P%@@én@%o@ginmgy the lid and bag/e are more
fully desdpiokd GAUID Pateal RO! 5 eddyiene terephthal ate, and netal
oi | structures (e.g., a nylon/alum nuni pol yvi nyl

[0031] ¢ Rpvshleeatelnbrdhe iFhiatihg Hadeyld talidy posydasiohheap&eethylene
terephthalfafe(? rfﬂrﬁ'ensionally stable vinyl and acrylic polymers, and polymer blends such as

polycarbonate/polyethylene terephthalate, and metal foil structures (eg, a
nylon/aluminum/polyvinyl chloride laminate). The lid typically is fabricated from a

deformable polymeric sheet material such as polycarbonate, or an embossable grade of



def or mabl e pol yneric sheet material such as
pol ycarbonate, or an enbossabl e grade of pol yet hyl ene
wao evoepidolnnl at e, gl ycol nodified pol yet hyl ene PCT/US2006/007875
terephthalate, or a nmetal fbil conposition (e.g., an
al um num f oi | structure). [0032] Ot her el ectrochem ca

POIYethﬁ&{és @érﬁ)tfﬂl?a)fat@e }e&r%n o g{t@diﬁ@c? c}%ﬁ}feﬁ’é}?e%el Ee\fgtgntfbaggta Exarrpmeetgl foil

an el ectroc sens
COHm0$ﬁea§ugemgMunmmenﬁmhaeHMHat|ons are those used in Bayer
[0032] @Ith nsra%tn) AUTODI SC(r) and Ascensia(tm
£L Y] £l Bﬂ? SRASOES Ty Bf Psedon th@pwsettememgmeﬁmaptes of

an electiSENHHES s@ﬂébr bigat fan B st 1 lﬁeasﬁ?et gl%os[\l%%nce%’tr ¢ glillsge'ilzrg é]%qnsg used

5,320, 732. O her el ectrochem cal “sensor’s are

in Bayer Hesl{hitara s discensiafM e UTODIS 6 @Usid AstenCaMBIITES® §dtchier More
sensor_that may be used

details 0?1 QHH e?ec?rng% rrr%lfzglegetn{sr%% :}{elgf' gﬁ Jo M- -sPaet Nos 4130420 and
5,320, 73l21 SDthEiaéle&EodH@mlcﬁd 4&Rof3me elvgﬁa%ﬂa fr-gp‘gl\ﬁtﬁﬁﬁﬁé) %Pe%mc Rldustrial

C sensors may be located in a cOSe senso
ompany; s fe A&t ?W@rﬁin@nlmdhmmd aemburth’dtl mytyolﬁe used in an

f r din a
e R Bl SR Sl S AL '
[0033] PaTMled\tDChEmﬁ:ﬁDse'ﬁers nhB0RAoc Mbe tn abIRIdeatERERaLE @tspensmg

s r.is pla in a suitabl e measuring instrunent
mStmmeSﬁE" edorvé% Bﬁﬁ%t% qf sepsery- o&p@e@carr@lqogf ersenslr fagk loaded in a
sensor digRRking GnAenRSSisI A& 1568 & 1 at e Pﬂlo %%ﬁ&&gt rical

current i s neasured, corre | ucose
[0034] . oWhemen g]‘ecttrch@egamjIsensoam:lplamd(mtmwablettﬂ&stﬂﬁ@g instrument and

t | d
= blood (biols 180 R0RRCE ARl APl ottt e ediisep ud the electica
current mrmadmaﬂ doﬁrems‘w{tﬁdh@gﬁtﬁo& RIRdR 1S ?rt@% Qﬁtq%lg,eéﬂdol%ﬁgxéted to the

time, which may be quite short, sa Seco
UST- in order to correct for the bias that rray be present

[0035] dug,et agnﬂ%rr&H@t 1H '€n c??? chatg;a%ﬂgrgf‘; r‘qltxgg Iprp%&mglt aﬂr]%ss 6@@ p@ﬁt{rodes and

peri o erre
the currenf groduded ia np@skred et ﬁ@fbd@té@rhiﬂ%@spenm ol @infd1 &3 b'e qulte

ating the reagent énabl i ng the oxi a
short, Sa%%dp‘%/ iétﬁét‘?ftﬂ% tfé&é@qrdﬁscqr@o%é@ruﬁle nps dhatthis bbtpmsent due to
prematur® &Jdubn $MBe aRAJkG THAL ]géHdd% s é?}ir%cF {m 08| Bgoépe?{;?gl o4t current

reduced during a restin erro
rises to apgacanidohen teclmes,uwhilelthe sampleds pohgdthiind thte&eargeﬁﬂlayéregnabhng

rrent neasured o predet er m ned
the i R S TR B DX el P oo e dmotestia s
removed pl‘ astem r@ﬁto&d]@mﬁtﬁoﬁ&l kdstiRb pEIh(?d FANSR5H. fi’l@trf:efa(tbg@{]l cg)cpeuro Then,

n Q enzyme, the current produced initial
the potenfigl;is W?‘@Hh‘?ct 3Idjeﬂlle|qfi€§ma@9¢$ptadt0\@alalpye®mﬂmmr @amheﬁnad (e.g.,

ten secon§§)e %"?r%/cesr @‘Ic%% (fr?e%gei,t&l 3 esgrg s HhE F%H{E ot gle? %(%ggtpggmﬁt o:;;Ziatlon of

ort r ea
the enzymda dhg Icunaﬁqnm&nﬂedﬂhltmﬂlytlh @idH, € 118RANR | Relidd ra%glgtpto?lcal Iy and

ADDE h¥ %; obt%$ned correlation between the ¢
PProaches g, St&ﬁ Wi par icvErerintecetded git (oo sed obhaiinet “read”

period is ufed ®SdetSAITRS 8% BAVARLANAMIr GAERRE rsgltnlpf)en Biron %agtplrelv?ously

mposi tion
obtained correlation between the current at the end of the read period and the glucose

contained in test samples having known concentrations.

Reactive Composition
1

[0036]  The composition that reacts with a sample of blood in an electrochemical

biosensor must provide a consistent response from one sensor to the next. Consistent



[0036] The conposition that reacts with a sanple of
bl ood in an el ectrochem cal biosensor nust provide a
W@ onsiosdeent response from one sensor to the neRCT/US2006/007875
Consi stentresponse is inpor&ant to users that rely on
the results to adj ust their diet or nedication. It
responsd @ (" of t% nts over
ponsq P b yEROPEERY Br B kbl st e AR Sirap i Gion. 1

follows p}@g shaniges mm(:ttlvay off ﬁa*sﬂeamﬁﬂofdrabé shelSlfetdTake BidksEbLIBMuld be
t he The (gr esent invention
f

as small% asI Rf)é%lb%eé ﬁslgqﬁ? @&%5@?9@ Ak rEustREniepiziipaesids fean thermade.
The presdtiRQRIiNASIVE PBrovied dikod-ELBEH A& ha‘tﬁgidgglco %&éﬁ&%ﬁ -PQQ

in which the reactive conposition was
was to bsryspd Eran pleetradhemicah Simsensoe irewhiahdis reabtiee bdfmchHiMrﬁwas to be

screen rgirfélgntn%r Itt}r1] ISﬁrésog glg(étc o(ggo t ;w?lg;g‘ré{] lg%/.@lc{;’g{at \;,}]pﬁ -PQQ in
compon@ﬁ@éﬁ(ﬂ]mMﬂ)ytu@écEﬁl sefecpnPRECMsES tlf%c(t}]@ﬁsﬂ’(g@t{) &kl @{xﬂ{v de -

0037 M? edox nedi ator were prepared in a Series
[0037] ?étP%eS A FRELBRQ witharotkssown femiayarGDHaP@Qefore iasdigor were

preparedglll}ghgié’éﬁféeglgf B‘E?f]@lgrgﬁl{o% hllg %vr%a (licg %pﬁﬁ%t(?lh}g ]%(ggt ! a%?reg ggqﬁutral

pH, buffatsoutclwling a@tad{)mnﬂraté ahd 30etindt® baffeRe fiokidudd la)bH fd @0 range of
t ut 6.0 were found to be nore

from aboélgg l%rtgk?%ut (‘é)? AL T47E Sherdeallyr frperabiont aAitelabaug Grfbwere found to
be more &&sarbb% tiflcAhik %e@ha%'l' f@ﬁfc hg;‘ls 1%1 re ﬁké%(i)es Blacldic é\%s@eg%%d 2).

that certain polyneric SO appear
[0038) ¢l eas| foynd dhataedriay pylymﬁem whaanhlevalsm—hﬂpéﬁxfear@ WREE loss of

f t he
activity é‘/%ﬁ %he;g\gg p?—keég 5r§éngisr§tu§q orgrao ]g%é ﬁéﬁqq fg{:ppd@ carrier for the
enzyme aml G:dzdd)m acdihrk avas desz'é_tﬂMlﬁlodﬁHM SHERIDAL&al uefr{de‘?ﬁnl\/f\lgodium

?ﬁ%& um ferricyani de was included. The results ar
Succma’fes% s-j Noppgssigm ﬁqrrwmﬁem ingtiidddal Thefbedts amS}mmmemG 3

in which %\S/;\:tb lh%iggﬁgféé oﬁheg%%'&g Q(ﬁ v‘%@wga%g%éé\rné nhe Cﬁﬂgﬁ f;}:}c? after two

weeks at sSYEEI htan mnctem et athen bfyf RSB 8 REQHE BhLFER v@ere present in a
solution { utio 1?ﬂsﬂégat co éal ns 8.8 units of GODHP
R funii%ag RHE-PRR peranilieramf ceagent, ink latld WD tiddLEaCl,,

but withdu® Férti€yaaitied e HulterLhf %’E §aL{§E d ﬁﬁicaﬁﬁu% fgaégn{f{ﬁlé grglt}xgpnsgeeks

| oss of activity after
at —20° Caaﬁlp\ﬁnzynm@ndt@t\emﬁa’uﬁdumd With aBBekmRn SHNCHRON €% 4° Delta
mstrume‘lig?%?gDelt i nstr gsnt nmeasuring the rate of difornmazan

¥ g raig o6 o APRASERERITIAfIOp 7 Sp@aticiormoed b the reduction of

nitrotetraZblfui® bRiel QADI With Bhitea 7 NBT Linh By WV\}? LSy "Sii Bowgyer, when

net hosul fate '(PM5) at 370C. weve en”a
additives presiouslis p§ﬁdutgauepa@e perepapentog ek gue indluded, sigkiFicant€losses of

activity v&EPeC% x ﬁ: %eglsoc glyf lltaﬁ ?lg&léelﬁlgf Ss%égﬂg%' l?}gléh\é;(,))éﬂ&;gasﬁgglﬁd%gt 1.3

wt % in thebhffdesbldion] . BhaMesttd shobheinberd erindehidtih Q
results shown in FIG 3 indicate that in tﬁ% t%%g%etatte buffer,

bentone BHfeder ettt vty dess pLzabosh i%e“@dtlm ithey sucosmteobuffer, about

90% of tifd pecinate b about 90% of
0 Qg%%rﬁggcrﬁw%AQO t;}‘ro%gre etag?l} r gﬁmg Eeé‘é‘él?‘ﬁ“%fﬁ@ at -20°C

for two V\@Ielseo Actvity eagot aborkeh Al wBHYElvk 1eﬁlwxmex%§s added to the

t.also vvhen74vvt% et hyl ene oxi de
buffer so@égnsa&gr\éal\lﬂgbtlﬁéff%p%gn & effechred, thgﬁmﬁy ousgh nokeble. It can be
concludedg’g%f g%%&ﬁefohﬁultah&lse&fn?ﬁﬁmgfGlt)ﬁ@P66f 1§1ecro§nb1nat1rc]>?1tv%j€h %entone or

polyethylene oxide showed lower enzyme activities and are therefore less desirable

thickening components of a screen printable reagent ink.



concl uded that reagent fornulations containing GbH PQQ
in conmbination with bentone or pol yethyl ene oxide

W@ bavogbchower enzyne activities and are theref BECEUB®S6007875
desi rabl e thi ckeni ng conporfents of a screen printable
reagent ink.[0039] Investigation of the effect of

ot her thickeners that were potentially suitable
[0039] r epIvastigneinn soff the pident otfe OBIH @<mh9\¥%n@e@xpaf€nﬂaﬂy suitable
[ I
ol SR el ot 0 URgRYT bR, LA D, T B wat caran
matenaly\ptda]ﬂuéd eagait ik dudaBleddbr md:an\@rtrymgfwﬁlﬂtﬁ PORIngl lopy destivity of

o SR e AL B 1 B Wb g
w/mg of\f@%&% 1'%5&/ % dfrCA.FQ?‘tS?E NI5PR falddCRmed- sﬁ1<§a°4€5 ® 6.5 wit%

y bxyet ose (HEC), and several
hydroxystiir/t MILMHeS(H\MT)Qamt@edraI eurfcetndt weleufdfied teadetrts bufferTwution.

o st b st b Sm g Mo TR B S e Y Dok
I
oy 578 3 B MR, SO Sy BRI ABIHE |y UG a0
combinaAjod dﬂEIABtIOiSH_OMS@ aing HHEC dobsotchuenzipseofaazime Taytl‘dtyr durpng the
the period tested. [0040] As has been shown,
period t?f’}m‘r oxyet hyl cellul ose can be used as a matri x
[0040] COZRAE Bled Shobi€ h@ﬁ%@l Vdetﬁﬁl%rse Edh & &Sl %gﬁﬁhﬁ%lomponent in

bi 0sensors usi ng out causing un | oss of
the reacent layer ot éotiotemiChlieosensdrateidg KA RO IWithOpbd;@uﬁmgsmdue loss

P LN RS O T -

viscosit$ B {Hél @& odiioh YRkdbYE for sBebi §antiRt OfHef c&lRflodel d¥tik 86k ek Anclude,
sodi um car boxynet hyl cel | ul ose,

but armywoxlyrprt@cbym;e|sp@mws ecarbgmwlysét toglleleps, ulhydwxypiopylcellulose,

hydroxyﬁﬁ]yli@}lﬁgr Op%thy opm gthawﬁcellu]lc% :b‘g(h\aéﬁ%v%{er §<91Iqu%|p% gymers that

may be @té¥ul QRS txaﬂtﬁ&ﬁl gGMB) gued Bl RNsbead GAKn ﬁa:ra@Bﬁhn agarose, and
synt hetic Bol ymers i ncl udi ng pol yvi nyl_ al cohaol

synthetig gppwresy nchlinegalaamd alophal, PRE VK BYTplidens) andAbe Bk |
[0041] NB@AB U3 Sﬁf]tl\)?ﬂmirs &H% L{s%'ﬁ‘ggtgﬁ lfﬁﬁgd §1'11|cé Bkt hg@ﬁeeﬂasﬁown fo

shown rOVI e nee sical properties
prov1dett1®e ndsddsd phgdcal pr@ertteemo s isechon s&feen@algang of Eqagcrﬂ layfers of the

i b SR ST 2 P SPRLLL, ShLL 68, LSl i

taught %?Vs%(/&lal eaflidrepatbal eft %afaﬁc@%ﬁ?&iﬂdohﬁd raﬁtﬂ’ hl@ﬁlr ﬁ)}ﬁﬂ@j properties.
hydrophilic properties. Alternative water-inso

Alternatrm @t@é@rﬂn@hd@e rihisk¢nieg agdents bugludg, ebuh cﬂre Inofrilingigpds tp, talc, mica,
dlatomagF%V ear Cﬁatg%g c? glogigo et%scr%aﬁr %ocrl eécal%tpyeh tc%ﬂf% c%)}g fléc%irlte clays

orlte

(e.g., o(geggl sHQ&bmgﬁMVs N efv b)) lséﬂiollﬂeya(eg) sqﬁ@gaplfr tfﬁﬁrn (M‘g Nevada),
iogel F from I MW Nevada), nontnorilonites

montmargnidy o TGR AR ANE NNV B IPOBe (8.2 Sevistg| B4 IVMVITE

to16 SFIIVRNEV L A Ko S Sl bRy BB IR
[0042] i n Ad Bowh, intHiE. & cheetledionaff théeurfactdnachan biso mifgctahs activity of
t Y Trito

ect. the -10Q, an al kyl.
GDH-P&(%/ %%@p);cé{ an giké%zﬁé;{ po ggbﬁqu og,,)ﬁugi) % §gg’1étl1§,very suitable.
Howevaiiohd ncluding FC 170C, a product of 3M, Surfynol 485, a product of Air
Products and Chemicals, Inc., and Pluronic L62 D, a product of BASF are considered to be

useful in formulations of the invention.



However, others including FC 170C, a product of 3M
Surfynol 485, a product of Air Products and Chem cal s,
wo p@s/09@ne Pl uronic L62 D, a product of BASF aP€T/US2006/007875
consi dered to be useful ini1fornul ati ons of the
i nvention.[0043] Preferred reagent conpositions for
screen-printing biosensor according to the inventi.on
[0043]  Papferph: reagiib ROTHYSKIENS HBUSCIRgD PRIVFAR (DlosRgse according to  the
. . i.fically, about 50 to about 150 mM of a buffer,
Hn@nhm%&%ﬁ%%ably cal cium acetate about 5 to about 50 nmM of
«CafBodt 30 fvuakowmNd abd whéteabedfisallyf acdianbd to based 56mM of a

the total weight of the conposition about 2 to about
buffer, prefergllycaleiym @eqtatel ose derivative, preferably

hydr I I based on the total weight of

*t hie O@é%g%@%lotult gﬁlﬂl\g@gﬁsc * to about 6 wt % of anor phous

oUnfy Radbedt 6.5 Witaof Hasfeaor) bided dnahatotmevdiit ofthet doeposition

conposition about 10 to about 20 wt % potassi um

of eahoiutPaie dbouls 18 Widdi oft arcellplose dlesmaiivie Rrafcaablndygrpxyethyl

of the it 0 t.0 about 8 units of
Ceuulose@%?—?-eg&ﬁ%lg%{z%g%e&éé gcf:?'%rcld%ngg)s{gggh mlligramof the

ot Oftut Web ghdut 6fwihef 4ecpasid umdated sitllcacised yn de thrabmeight of
about 60,000 to about 180,000 cps (nmPa*s). Exanple 1
the compagGwa] A 75nmM cal ci um acetate buffer having a pH of

o2 [ Y, ' .Ci t '
BB PR L B EHTARS B8 e o
weight of efguipdsitvar e added: 10rM Cadl 2, 0.05 wt % Tri ton
X-100 surfactant, 1-3 wt % Cabosil M _anorphous ..
eunthasitl da abawetuRits ofGDHoRRErenzymg-cafagtafop each milligram of the

totalwe%ggﬂ?¥§61ﬁ {gsi‘{f | uose. After allow ng 16 hours for
dration

e silica and cellul ose, 15-20 wt %
DOk &E8bdiN dferdn ayanicd®oansiabant 1 80,80 epst (snRaks) GDH- PQQ
were added to each mlligramof reagent ink. The
reagent ink was m xed at 600 rpmw th a bl ade m xer
for about 10 to 20 mi ndxagwiel produce a reagent

co L tkon i ' j t , .
00441 coRPI G, AIRY e HARGORLMY TR s R Do 1 Fading
calcium QRRE1Atedarkl PRt Tab hieetivoadidi Mionthe uetet rsobeion athd dilowthgatompounds

e s TR T BN S SRR £ AL 0001 € HSESE cabept i
anon ISRl 0 SHL ST, ot el pscomhal ety v
allowing 16 hours for hydration of the silica and cellulose, 15-20 wt% potassium ferricyanide
and, 3 to 8 units of GDH-PQQ were added to each milligram of reagent ink. The reagent ink
was mixed at 600 rpm with a blade mixer for about 10 to 20 minutes to produce a reagent
composition having a viscosity about 80,000 to 140,000 cps.

[0045] The reagent composition was screen printed onto a substrate containing electrodes
and dried at 45-50°C for 5 minutes. J

Example 2

[0046] Glucose sensors were prepared using the reagent composition of Example 1 and
tested with blood samples containing known glucose contents and having 40% hematocrit. A
potential of 200 to 400 millivolts was applied to the electrodes and the current measured ten

seconds after applying the potential was used to determine the glucose contents of the



potential of 200 to 400 mllivolts was applied to the
el ectrodes and the current neasured ten seconds after
wappopdasye t he potential was used to determ ne PEEUS2006/007875
gl ucose contents of thesanpgles. The results of these
tests are shown in FIG 5 where the response of an
Ascensi a(tm. AUTODI SC(r) d ucose neter progranmed f ™
samplesg The resuits of thess testsi aye slaqvel i G evhegathesesaamee gf %éé@nsw
' r f t th
AUTOTSCRFOhnoRP R brbpl i BF D/ SbcSHEREDN e KL R ARfins e
glucose ebiitantn@dasutdiaby vesindedtat steelayd iYisd eyhsiobé wsstiimenhelt can be seen
that a lngﬁ%? ?ﬁesggl{s%gfq%gwg%ng l‘&]&pﬁ gzéa% rrr?lé%%f}? ?%%1@&2@3&1% rc%}tc'gatraﬁon of the
enzyme* @%%ﬁ%Bﬁ&ﬁQaﬂ&?@ﬂﬁﬁﬁﬁe r&3PoRaRWhen conpared with the
results obtained fromthe YSlI Instrunent, an industry
[0047] st dheasedsory m@obdasomﬂﬂaaﬂ geod dogeheesy@isei wher wampered with the

rsuts 5 S % SR e 05 BB bl e v
instrumé&@ reHRERY S50k I FRSC6. 'THWhQ toi G| WigOG Bhin[-0848] for samples with < 400
ALTERNATI VEEMBODI MENT A A reagent conposition for

mg/dL gegose Andwithini - §0%l fet sanadpievrite 880 BiztHesl469ss- conpri si ng:

d f act
[0048] (a)ALqDMG‘QﬁSE% i gse ESBE)D ?gr g)% d|a§| glgr; gl ucose

Ame@ebﬂ @ng@isitidn fsméﬁ-pr(rbﬂlgald@rdﬂﬁmhbilIb@ospﬁ)ddyﬂ{rm’mpnsmg
selectedfromthe group sisting_of cellu|os
@br i velpeares delhalrogeaipsy (=0 dngePS fackrg pwapb rQgpplfs guinone
ckeni ng agent sel ected
Q) I?%/gilaﬁ%ﬂegc gl?%i%@?é‘%%glé%%eﬁéa%?leamr phous untreat ed
@)I i ca lpowedilic tmlppenisclagtedi Givmmiiee gnaupeappdistinedf cellulose

R
5 t 9t1fcini cft Sdiact-amtthe %ﬂbﬁip (consigidpest Ab&@phous untreated

049] ALTERNATI VEEMBODI MENTB The reagent conposition
silica payfdep) taler mina; diatampasedisranth, sdéirel andgnedifiplielrsy, i s an

N i

to 6.0; Al ternati ve Enbodi nrent A wherein said surfact ant is an
aIkyI ar pol yet her al cohol. [0051]
(&) TERNRYK W@Eﬁ/@éﬁl MENT D The reagent conposition of
@terga}ehﬁ Enbodi ment A wherein said nediator is
otassium ferricyani de.
[0049] ALTERNATIVE EMBODIMENT B

14

The reagent composition of Alternative Embodiment A wherein said buffer is an
acetate, citrate, or succinate buffer.

[0050]  ALTERNATIVE EMBODIMENT C

The reagent composition of Alternative Embodiment A wherein said surfactant is an
alkyl aryl polyether alcohol.
[0051] ALTERNATIVE EMBODIMENT D

The reagent composition of Alternative Embodiment A wherein said mediator is
potassium ferricyanide.

[0052] ALTERNATIVE EMBODIMENT B

The reagent composition of Alternative Embodiment A wherein the buffer is from 5.0

to0 6.0.



[ 0052] ALTERNATI VEEMBODI MENT E The reagent conposition
of Alternative Enbodi nent A wherein the buffer is from
WG 206026669 0. [ 0053] ALTERNATI VEEMBODI MENT F ThePCBH§®NE/007875
conposition of AlternativelEnbodi mrent E wherein said
conposition has a viscosity of about 60,000 to about
[0053] 188 060vcipe: FRedsenTF0054] ALTERNATI VEEMBODI MENT G
The reatqent conposition of Alternative Enbodiment A
TRerageRt sanposhijr ofphittratiysofmbedimiest B vdekdinksideomposition has
PR (Y ¢ | ect th roup consisting of
aVlSCOSlg}ggil} %%g@g@@bonagotoﬁg}gog@q BF z@gfvs ydr oxy et hyl
[0054] ceALmtroseyvipdpoxyeRtTgpy! cel lul ose, and hydroxy
T%rqglpgl met hyl cel | ul ose. [0055] ALTERNATI VEEMBODI MENTH
CRESHY) HIROSTHIB STt Abprnstivenl pteAEwbeminmeaitl Kgdrophilic

Ly s
celluloseg diydusiyt el efllilbtesrhydtdxyeplopbbdimEsde, Andhigy@b Ly %\?\%ﬂrlmethyl
er.

celluloset NI ckeni ng agent is anmorphous untreated silica po
e[ 0057] ALTERNATI VEEMBODI MENT J The reagent conposition

[0055] of AAHr&AREH MEsdpihedtaent | wherein said anorphous
untreated silica powder is hydrophilic. [0058]

The TERIATIVERNBODN MENTKerThieve Eagedimann@oshért@nsad hydrophilic
1 odi rent A wherein 1-8 units of said
Po mer%ﬁé%eli@?géﬁgg%sﬁt for each mlligramof the total
[0056] weAgiHRNafTVETRVEEITREST] i on. [ 0059]
TﬁIF_TERI\IATI VEEMBODI MENT L The reagent conposition of

28R GO Oosition @i Mtstnag veiiarheidmendisdwherefresaid thickening agent
i K RSER LS to about 200 nmM [0060]
° amorpALLTERI\IA@I'I V%%QN%%%W%I\WM The reagent conposition of
[0057] AlAkiERnnirwe Badodizeni C wherein up to about 0.5 wt %
f said polyether hol is present, based on the
Tﬁ%trg?g%icaﬂﬁ)ogpo{lhczfl g%ﬁ;a)@gyefi bodimeef1 I wherein said amorphous

untreated ARV ERNRCIILMENTN The reagent conposition of
Al ternative Enbodi nrent D wherein about 10 to about 20

[0058]  \WAIZERNASHEEMRIDAIENTK f er ri cyani de, based on the

Thé tr@e!geHF Iczgtplltzos?tfioxlt QF A(it%%%%y rglgddiment A wherein 1-8 units of said
GDH-PQQ is present for each milligram of the total wei ght of the composition.

[0059] ALTERNATIVE EMBODIMENT L

The reagent composition of Alternative Embodiment B wherein said buffer is present
in about 30 to about 200 mM.
[0060] ALTERNATIVE EMBODIMENT M

The reagent composition of Alternative Embodiment C wherein up to about 0.5 wt %
of said polyether alcohol is present, based on the total weight of the composition.

[0061] ALTERNATIVE EMBODIMENT N

The reagent composition of Alternative Embodiment D wherein about 10 to about 20
wt % of said potassium ferricyanide, based on the total weight of the composition.

[0062] ALTERNATIVE EMBODIMENT O

The reagent composition of Alternative Embodiment G wherein about 2 to about 10

wt % of said cellulose derivative is present, based on the total weight of the composition.



[ 0062] ALTERNATI VEEMBODI MENT O The reagent conposition

of Alternative Enbodi nent G wherein about 2 to about
waoosdkaof said cellul ose derivative is presePCT/UBS&N7875

on the total weight of thelgonposition.[0063]

ALTERNATI VEEMBCDI MENT P The reagent conposition of

Al ternative Enbodi nent | wherein about 1 to about 6 w
[0063] %Mmﬁ reated silica powder is
’Jﬂlre%%'éht ¢ iAo fl ARerh ARl BB EfbenOf whBSiCAHOS S LBt 6 wt
[ 006 ALTERNATI VEEMBODI MENT O The reagent conposition
% of sagk ampipbpwatitventddriitidi mewtlerAisf presdngrbasednoni the igfahbeight 8f the
.0 _about 50 nmM of cal cium chloride. [0065]
PFERNATI VEEMBODI MENTR An el ect rocheni cal  bi osensor

[0064] CORPIEEIANYE KdBoBIMERIH(POr ous substrate; (b) working
and counter el ectrodes di sposed on said substrate; (c)

Therrgrgsaheorepnning afi diersativscimpedimeaiAdither qpmprising about 5 to
(ﬁ! ﬁ{: conmposition conprising: (1) about 1-8
about 3 MC%? ﬁ@g)g@ dehydr ogenase (GDH) and co-factor
[0065] pyALtDﬂaRNAqmeMBGEINmMITm)ne (PQQ for oxidizing glucose

n a bi Iogl sanple, for each mlligramof the
%?lswr%gfﬂ@ma BLPS%PW%P&H@ tion; (2) a hydrophilic
RP! Y MBlonSsdr 6% &dsitdi@m the group consisting of
cel lul ose derivatives, natural guns and gels, and
(bt erwarbingsing csymtbmétatmdp@mymeé on(s8i sabgtinte keni n g

ent seetedfr mthe gro onsi s of. anor
Gher eatact rruesfsroctanned HRosd didhiiiet dih Composition
Compnsﬁ@rth and natural and nodified clays; (4) a buffer
sufficient to maintain PH in the range of from about

4.5 td) abceus. 158 wBls af silndoset daiydrogaaase6§GRH) and co-factor

L@t or . r V. £
pyrrolo—glﬁg{):]?\{reog%lgglg% éﬁggp ?Fo? eog d?ﬁi%xé uc%gé/ (:1" Bfokf%%ag 6s]ample for each
milligraﬂo‘flﬂ%ﬂ'aﬂ\ﬁ@%ﬁﬂ%bﬂ'mﬁ)sﬁﬁm el ectr ochem cal bi osensor

of Alternatjve Enf)odi ment R wherein said buffer is

about(?30 thuberhiliopelvmer stledrd Aoat Hicesrowp contiginggf cellulose
derivativ¥GEnRaE S drd8lels, RO Her QTR MEENRCRENENT T

3 a thickening agent selected from the group consisting of amorphous

COD’lpOSl

untreated silica powder, talc, mica, diatomaceous earth, and natural and modified clays;
4 a buffer sufficient to maintain pH in the range of from about 4.5 to
about 6.5,
(5) a surfactant, and
6) a mediator; and
(d) a protective cover for said electrodes and said reagent composition.

[0066] ALTERNATIVE EMBODIMENT S

The electrochemical biosensor of Alternative Embodiment R wherein said buffer is
about 30 to about 200 mM of an acetate, citrate, or succinate buffer.

[0067] ALTERNATIVE EMBODIMENT T

The electrochemical biosensor of Alternative Embodiment R wherein said surfactant
1s up to about 0.5 wt. % of an alkyl aryl polyether alcohol, based on the total weight of said

composition.



The el ectrochem cal bi osensor of Alternative

Enbodi nent R wherein said surfactant is up to about
wa@286066190 of an al kyl aryl pol yet her al cohol , POUBESZNOEOONTSTS

the total weight of said ca#position.[0068]

ALTERNATI VEEMBODI MENTU The el ectrochem cal bi osensor

of Alternative Enbodi nent R wherein said nediator is
[0068] abmmmm % of potassium ferricyanide,

STTETRTRET RO e
about 100 Ab@tﬁrmtvlt e dEnfuasisientferRcydrédeiasalibhithe eothl amiphntos said

of conponents (c)(2) and (c)(3) are included to
composifiglyyi de a conmposition suitable for use in screen

[0069] pfAEié%mk%@pgﬁ%ﬁWﬂ VEEMBODI MENTW The
of Alternative Enbodi nent R

Theeelestrochanibat digpessdri of Altsnaivei BmbsdimendR abloaein sufficient

60, 000 to a 180,000 cps .(nPa*s). [.0071 s . :
amounts RTINS R X P B L r B s sicg aiphle for
use in chgen@ntngﬁ@at I ve Enbodi ment R wherein said hydrophilic

pol ymer Ts about 2 to about 10 wt % of a cellul ose
[0070] de VERNATEY BSEN RO v mthe group consisting of

r box ceI I I . :
t[jeirr})rg 1errHy i )@sepsro& oy f%?neal’tlggg% age l‘ﬁélﬂy R wherein said
compos1ﬁ6@ m{d a WBEdtY o€ shdutlo0HO0 tcbalﬁcﬁ:tﬂ mmoomepst(mfal snei ght of

said_comositi on. [0072] ALTERNATI VEEMBODI MENT Y The
[0071] e| AETERAATEE EMBOIMENESor of Al ternative Enbodi nent X

e .qe
l\éi”{eél il ﬂgglz&h?%}g%%eﬂ@? Eﬁ%ﬁ%&?%ﬁ M}ier%fnhs)éid hydrophilic

polymereiseﬂiono ¢hentwalk 10i wséfascﬁ“r a caf:lhAbme deratative sE]rvbt@dl fremt thr group

.wWherein said thickenin e fro t. 1 to about
consisigy s Soflb b TR AR ol AL 8 gks RgB38 brop
cellulos@Nahd1& 95)%] Y%@hfneﬁfyl S B1dzeMMasddt iogn the[ Q&Zﬂ]welght of said

ALTER R EI@B | MENT "AA The el ectrocheni cal bi osensor
compositfonAl t er nat i ve Enbodi ment Z wherein said anorphous
[0072] unt,r eat edIs i's hydrophilic. [0075]

AL FERKAH EvBOBIvE! The el ectrocheni cal bi osensor
e Aél&&‘l"o@ﬂérhl‘égl Eﬂb@s&e nif RIvhetsien Babadimeagent wherein  said

hydrophilic polymer is hydroxy ethyl cellulose.

[0073] ALTERNATIVE EMBODIMENT Z

The electrochemical biosensor of Alternative Embodiment R wherein said thickening
agent is from about 1 to about 6 wt % of an amorphous untreated silica powder, based on the
total weight of said composition.

[0074] ALTERNATIVE EMBODIMENT AA

The electrochemical biosensor of Alternative Embodiment Z wherein said amorphous
untreated silica powder is hydrophilic.

[0075] ALTERNATIVE EMBODIMENT BB

The electrochemical biosensor of Alternative Embodiment R wherein said reagent
composition includes from about 5 to about 50 mM of calcium chloride.

[0076] ALTERNATIVE PROCESS CC

A method of maintaining activity of glucose dehydrogenase (GDH) and co-factor

pyrrolo-quinoline quinone (PQQ) in a screen-printed reagent composition used in an



conmposition includes fromabout 5 to about 50 mM of
cal cium chl oride. [0076] ALTERNATI VEPROCESS CC A
woreaohogbeod nai nt ai ni ng activity of gl ucose PCT/US2006/007875
dehydr ogenase (CGDH) and co-factor pyrrol o-quinoline
qui none (PQQ in a screen-printed reagent conposition
used in anel ectrochem cal biosensor conprising, screen
electrochsptipali gseasareenyenitsitd SHESR PFFHNS th gt HHIRASHN dhshgrethod
. the ac f: (a) glucose dehydrogenase (GDH) and
Compmlf[:l%-ﬁ?ea%c{tsg?fppyrroI 0- qui nol i ne qui none (PQQ for
(9Xi dighicoge aleigdrdgenase a(E@DHI) oghd ado-faaiopl gyrrdldyumoline quinone
hydr gpbi i ¢ pol yner selecgﬁg fromthe group consisting
(PQQ) fgtoxadipmg |zhveseyard Riglogiraksampeur al  guns and gel's, and
ter e S [ 1 thk C t & N
A B
derivativentratatleghnss dnid galspawdwnter sc@llole synthetjc mhlanessnceous

arth, and .natural and di f.ied clays; ..(d) .a buffer
(€6 { b BREnin o SIBRAA ek erdtah SRl ube of Amfilish potreated
silica poftrder, ke, 3ReMdifoRacdofd eils Whil Acfuaibid Addif(dd)cldys;

nmedi’at or. [0077] ALTERNATI VEPROCESSDD The nethod of

(A) t erafaxtfev sufBeisnielognaataihell éi thegangs Hyfeho pbrutite> to about 6.5;
( ol ymer, ﬁi%gtan ) %r?dl ul ose derivative selected fromthe
oup CORSTSe | ng of sodi um carboxy nethyl cell ul ose,

(hydr axyedittoy| cel | ul ose, hydroxy propyl cellulose, and

hydr oxy propyl nethyl cellul ose. [0078]
[0077] ALW&@S%Q& The nmethod of Alternative

0 |1ReSBifledsh RS AQRN by pBIRY PHOHS: i
ﬁ%t ?rgegfbéldc%i F%i?tﬁgmﬁfé’?? % (%%HGALQI'ERNATPI tidpBllie ploder is 2
cellulosd Herivativh edegtd Aonetheagrpve cPnsitmg o Gxlmrecaboxysaicthyt hellulose,

i.S intained in the nge aoffrom5.0 to 6.0Q.
ydrossfebpoplAT BYehre Pvehts BiFp e e Hur! st eeitigee
[0078] MO frbGalireisr&ids 8t er native fornms, specific

enbodi ments are shown by way of exanple in the
THhreamiethgd cdrfdtegeativei Ryeeess @ athardin s3iel thigkerias pgent is amorphous
; t#ng%rsBOﬁdr, however, that it is not intended to limt
untreatefl SRR RYRAY on to the particular forns disclosed, but
[0079] ON AhErICOMYE PEYGESEIFE i ntention is to cover all
nodi fications, equivalents, and alternatives fall i_nggh
Tha mehod REAYgImative Bipgessdepavhsrein paad thpmrdhis Bainipdned in The range
ofﬁomgqﬂor&e@ by the appended clains. CLAIMS: 1. A reagent
conposition for screen-printing el ectrocheni cal
[0080] bi d¥kisihesnvention is susceptible to various modifications and alternative forms,

specific embodiments are shown by way of example in the drawings and described in detail.
It should be understood, however, that it is not intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents,
and alternatives falling within the spirit and scope of the invention as defined by the

appended claims.
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conprising: (a) glucose dehydrogenase (GDH) and
co-factor pyrrol o-quinoline quinone (PQQ for
w@xoodiogéieny gl ucose in a biological sanple; (b)Per/us2006/007875
hydrophi li c pol yner selectdd fromthe group consisting
of cellul ose derivatives, natural guns and gels, and
wat er sol ubl e synthetic polyners; (c) a thickening
Ssel ected fromthe group consi sting of anorphous

untr E.at ed AS}dab&R BRMES on &l SoredhHidhtind! AEQREQRIE] biosensors
earth, and natural and nodified clays; (d) a buffer

ceupfisicg:ent to maintain pHin the range of from about

4.5 about 6.5,t0.6.0; (e) urfactant: and_(f T

redt Kor . ot o SaERt=EoNGRE | B8 o el mpprolo-fuinotine
QUIRBREITOG R o%ﬁﬁﬁ%gl‘u@os@ﬁn abadladieal sempleat €, or _

succi hate buffer. 3. The reagent conposition of claim

1, wher ei a hydraphiier plrmanselscdechiior thy Igraipysonsistiys phepllulose

al.cohal . 4. The r t | & ' )

e reliry GRS, « OISR i ek

The r®agentthivhsog iagb@nsetdcted fom the gabgy eonsidting dftdrh@phous
is from5.0 to 6.0. 6. . The reagent conposition of :

upiredted silicpremeler, talg Anied naomacesnestihy apd SRgepk gudyprodified

cﬁ&?“t 60, 000 to about 180,000 cps (nPa s). 7. The

reagent conposition of claim1, wherein said

hydr ¢@hi | iacbyffer woficiéns ta neehiail pdendbe iraregei ofefreml doukd.S to
ro he group consisting of sodi um carboxymnet hyl

aﬁ@ﬁ%%%ﬁ@%g’hydroxy et hyl cellul ose, hydroxy propyl

cellqusewuﬁﬂgmgmg&gxy propyl met hyl cellul ose. 8. The
reagent conposition of claim7, wherein said

hydr ¢phi | iagngbatorrer is hydroxyethyl cellul ose. 9. The
(£a9eN, MBS e AL i B8 e s s
chemel e sddtinaldieuff@agent conposition of claim9, wherein
said S?m)r p"lbhoel'lrgag%rnl’g (goerrail}goes(ijtiosni c!fI ccl::ilmpﬁm\ghee;eig éai %grrfg tgriltlié gn alkyl
aryl polyether alcohol.

4. The reagent composition of claim 1, wherein said mediator is
potassium ferricyanide.

5. The reagent composition of claim 1, wherein the buffer is from 5.0 to
6.0.

6. The reagent composition of claim 5, wherein said composition has a
viscosity of about 60,000 to about 180,000 cps (mPass).

7. The reagent composition of claim 1, wherein said hydrophilic polymer
is a cellulose derivative selected from the group consisting of sodium carboxymethyl
cellulose,  hydroxy ethyl cellulose, hydroxy propyl cellulose, and hydroxy
propylmethyl cellulose.

8. The reagent composition of claim 7, wherein said hydrophilic polymer
is hydroxyethyl cellulose.

9. The reagent composition of claim 1, wherein said thickening agent is

amorphous untreated silica powder.
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11. The reagent conposition of claim1l, wherein 1-8
units of said GCDHPQQ is present for each mlligram of
wo b@otadead wei ght of the conposition. 12. The PEBRYSWD6/007875
conposition of claim2, whdfein said buffer is present
in about 30 to about 200 niM 13. The reagent
conposition of claim3, wherein up to about 0.5 W %
of sHi.d pBhyreemet campesigpn p%clpmegewhere@a%har@mh% untreated

ot al he conposition. 14. The reagent
Slf:l %@E.%W%?Phlf 4im 4, wherein about 10 to about 20
wt °/q pf sEhé r@tg%ﬁsajmpﬁsftmrofoqlam tlewh&ramet-Somits e said GDH-

total weight of the corrp05|t| on. he reagent
P@&ﬂp@sqsmt&ﬁr erchapidligram of Jrdpy W%%&% ‘ET? COBPIHHOR 10 wt

% of f ai dyge !réa#eﬁ’tsfon‘ﬁﬁg sl GaikS2, %ﬁé@ﬁt salcp%ﬁéf i9Present in

the otal "wei g conposi ti on. . The reagent
alecat PO sé tbhaam 200 ndNlai m 9, wherei n about 1 to about 6 wt

% of _sai d_anor phous untr eat d silic owder o
p(; eséht [{gg é‘EP%B‘ﬁt FRRPOSEIOR © v\?éarl’é’h% ‘?aﬂli‘ep?lﬂeupct(?n%(% PPt % of

ollBficf 8RO s HRERRHakdOh 1,% t&Gth Py Bt offtHE & iti
Sézﬁp}'@%eng abo&stﬁg to zilbout nivi ofgﬂgcacl)m um c cI)Scl)ﬁnde

18. A el @bt rrcﬂg@amcuwosmquscefné@m ¢onperEis abgut {Qyo gbout 20 wi
%Prgia?cf%%gséugﬁf %%é}zg&? {)bs)ed r1 gvt%g 1t ?)%'Ehe%om gs1gﬁn

conmpgsi ti ame Sé‘e[g@ﬁtrbdﬁﬁpdslitﬁﬂ dmlaslar,t;l vsﬂiemiﬁ Iab)chQ to&homi 10 wt %
conposition conprising: (1) out 1-

ofiey aelbyeisalss VHOsHy A ceAeR die tﬁﬁiﬂ? pislE! alﬁ‘i%ﬁ shRgsiion.
qui ngpe ( mre{g%ﬁt Qﬁﬁdsﬁdﬁgofgélé‘l §ewhde@ BB PE GBHut 6 wt %

sanple, for ea ramof the total weight of said

of edip agiotplons ug@ated I:lydat pphildriis ppetntneased eh dlot wthl fivedght of the
the group consisting of cellulose derivatives, natural
CHWRESIHMY gel s, and water sol uble synthetic pol yners;

(3) gythi %%nﬂeﬁgerﬁg:%m oSiibe Jredaib! AMAbdier WodkRising about 5 to
consi sting of anorphous untreated silica powder, talc,

amwéommwfmmgowhloedﬁth and natural and nodified
icient to maintain pHin the

o5 b iR 2
- sur f ggf anty noanstrbus @bgﬁeﬁe,at or; and
(b) working and counter electrodes disposed on said substrate;
(c) a reagent composition screen-printed on said electrodes, said
composition comprising:

(H about 1-8 units of glucose dehydrogenase (GDH) and co-factor
pyrrolo-quinoline quinone (PQQ) for oxidizing glucose in a biological sample, for
each milligram of the total weight of said composition;

2) a hydrophilic polymer selected from the group consisting of
cellulose derivatives, natural gums and gels, and water soluble synthetic polymers;

3) a thickening agent selected from the group consisting of
amorphous untreated silica powder, talc, mica, diatomaceous earth, and natural and
modified clays;

(4) a buffer sufficient to maintain pH in the range of from about
4.5 to about 6.5,

(5) a surfactant, and
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(d) a protective cover for said electrodes and said
reagent conposition. 19. The el ectrochem cal biosensor

wobtooslogione 18, wherein said buffer is about 30 por/akmné007875

200 mM of an acetate, citrda8e, or succinate buffer. 5
20. The el ectrochem cal biosensor of claim 18, wherein
said surfactant is up to about 0.5 wt. % of an al kyl
aryl pol yePher %m@gqargqr adased on the total weight of

sai d n@g oﬁ},")%j&){éaﬂve édver B}% ﬁil &&tt{o@géq | G reggt t gl%ggimf?ctn

cl ai erein said |ator |sa out 1
20 wt1%% ofTIm)BEsB'thflGai rbigseasirdef chasetB,owhthm tad duffer is

[ of said c sition. 22 Theeletr hem cal
SRbCRheSboRridh SRAPES! dahlk ot G mrcciefaodibunt < of
compament STHCIbocABEhidal blo3dnsBF 6f kiRfh UE dbRIPEAY sBFadant is
conposition suitable for use in screen printing. 23

UpHie aévpet;@ 5 Geth&npEan alsybswhpelyetber Btatioh H8ed whéreiotel weight of
S%gi g\ltl on s has a viscosity of about 60,000 to
tmpfé 00 cps (nmPa s). 24. The el ectrochem cal

bi os eZlSOY 'ﬂie éleatr¢bhthicalMbeysehddr aicthiy ¥, OptdréinGaid mediator is
is about 2 to about 10 wt % of a cell ul ose

pol
8&@?%/ lPaiO. apeuk) wé el poteyHunhErgesnisiccbassd e ithrgtot weight of said
&gﬂj m.gar boxy methyl cel lul ose, hydroxy ethyl
'ul ose, hydroxy propyl cellulose, and hydroxy
propyid2. netfiyd ele@tdchbmose] bibassadr afitldihel §, otlekeimsifivienofmounts

said c ition.  25. The el ectrochem cal bjosen
ﬁfcompgpmqgﬁc?&\mg& Z@r)p,??)gg@ aacﬁy\ §pprort apqﬂ%plopssmtéc‘bqe for use
lh)égfe@%ignﬁﬁﬁgl cel l ul ose. 26. The el ect rochemi cal
bi osensor claim 18, wherein said thickening agent

i's frim atBun clectrashamén bBsonsonmbtlaim 1Emomstedusaid composition

I h
nt ;Vglc g’o?rf;)%s?l ?@gw%fboﬁgg%dqog)c?%%g% 'gfala b;l\ﬁlsgntsor

of clzi. m 2fhe WReiaihensail tiREmop RO WRitNt J, 8ali@einSdald Bdrophilic
powder i s hydrophilic. 28. The el ect r ocheni cal
mslgeris oyt tol 9&10144 1@ wt het @ pelludesedlerigaigentelected from the group

Cagg@f%ﬁ%?%@dhm chﬁJgﬁ%fgl{x&g\Map?ﬁﬂ%s% ?119d1%§ uéth Océﬁyllc%fe hydroxy

chlori de

@opylvictlylosé, giducasexdplopgr mg&nyhseih(l@t—l)aa@dobmmeftam ®leight of
1‘}%{; ol o- gw nol i ne quinone (PQQ in a screen-printed
Biposition used in an el ectrocheni cal

bi oserssor eRuBIekSd BAYnSG SRIeiok REINEM® 4, wherein said hydrophilic
polymer is hydroxy ethyl cellulose.

26.  The electrochemical biosensor of claim 18, wherein said thickening
agent 1s from about 1 to about 6 wt % of an amorphous untreated silica powder, based
on the total weight of said composition.

27. The electrochemical biosensor of claim 26, wherein said amorphous
untreated silica powder is hydrophilic.

28. The electrochemical biosensor of claim 18, wherein said reagent
composition includes from about 5 to about 50 mM of calcium chloride.

29. A method of maintaining activity of glucose dehydrogenase (GDH)
and co-factor pyrrolo-quinoline quinone (PQQ) in a screen-printed reagent
composition used in an electrochemical biosensor comprising screen printing a

reagent composition, the method comprising the acts of:
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reagent conposition, the nethod conprising the acts
of : (a) glucose dehydrogenase (CGDH) and co-factor

w@osob@iqui nol i ne qui none (PQQ for oxidizi ngpgl/usmee007875

in a biological sanple; (bJ9a hydrophilic polyner
selected fromthe group consisting of cellul ose
derivatives, natural_ guns andzﬁels and water sol uble

synt Héti c %ikb‘F%Fﬁerd@hYCtT@&enéSft hi@RENi ABd agertctale| BEFAerquinoline

t (g @u&[ Q ntreated
illrn? géﬁgo er 1&19%? rgoggmgblg%gg#gge Heart h, and
nat ur@) andhpdrdpliliegobingey spleCtdd feonbtifd group U:f)flfﬁlﬂill‘%mif detlulose
intain n the f from apout 4.5 to about
%ﬂné’a“\(eé) %‘@L%‘FQ&%? %"qué‘ﬂ ey Sﬁluﬁgﬁyﬁ‘i}%c PRlymeit; e
met hady of  £hiakiBnat 2 Miesakbaed Foth MIERRBI donsishRd )Sffﬁfnorphous
is a ceI | ul ose derivative selected fromthe group
woregied tdilngy péwderditalen minapdiepomatehyd certh,| andosaiurahyadd orgdified
t hyl cellul ose, hydroxy propyl cellul ose, and hydroxy
P6pyl nethyl cellulose. 31. The nethod of claim 29,
wher ejdp Sad Buftbi SKEBIcRTtABtaih ?}p&ptmﬁuge BtFRREBsLt 4.5 to
silica powder. 32. The nethod of claim29, wherein
DeuEbPhe pH is maintained in the range of from5.0 to

6.0. (e) a surfactant; and

® a mediator.

30. The method of claim 29, wherein said hydrophilic polymer is a
cellulose derivative selected from the group consisting of sodium carboxy methyl
cellulose, hydroxy ethyl cellulose, hydroxy propyl cellulose, and hydroxy propyl
methyl cellulose.

31.  The method of claim 29, wherein said thickening agent is amorphous
untreated silica powder.

32.  The method of claim 29, wherein said the pH is maintained in the
range of from 5.0 to 6.0.



