Alanine transaminase (ALT), also known as
-1- Y. LTI LAYER,ANALYTI CAL. ELE SAY
TRansav NELEEamAte by o g e bhsamnage e LRGN B 4 of ol i cal
chem st ryaspartate trAhasrammasrearﬂfﬂ‘ﬁ)nasadqoﬁ\U&)qwml Mmase— -
gl ut amat e L2 (PT, nsam nase
oRXEB}AéE‘EaE %%%9?5'?3?:&% sg.D (GOA Go ransam nase :(ééfr

(AST), also known as gl utamate- oxal oaceta SGOT), have
clinical sighificance im tthe diagnesis ¢ dils%%ﬁb%e Anermal evel s of both

transanm nagga1ar 6£SeRRN R riddidatfiinadid e nadds ﬁk%f‘é:’éf‘en&ﬁ%ﬁﬁﬂ' al and
skel etal puscl e negrosis and ot her dlsea ods and

mul ti | ayeReBREi6 SAsgas e omvacardify) R %S’T'ea]r%réﬂ FREEler e known.

US- A- 4, 89%edftdsisSsands otharmAizsasdyl el enent based on the fol |l ow ng
chem cal reactions: eaT As te +
enm t

a-Ketogl utarate ---Methode, and multdlaver dry, O  (xal oacetate
Decar boxyasseayingl batdi areansaminases -are -known . - -US-A>4 F§9Tyad? + CO err ]

%Iuya?2i§§58%§8§§t g‘gg“lrétggl;y %sng %EB?ETSQF&%?A %/ruva e ¥ g%osp%ate + Jerr]

--------- chemical. reactions: Hydrogen Peroxide + Acetyl phosphate

Hor.ser adi sh Peroxi dase Hydrogen Pefgxide + Leuco Dye ------------------ >
Oxi di zed Leuco Dye US- A- 4,897,347 requires that the pyruvate

oxi dase besparéaemitt pnKetnslupardtAvst--pot SXeleageEptet Fhukeresger adj acent to
t he uppernost |ayer. Reference exanples 1 and 2 are presented therein. The

el ement s Oxaloacetate Decarboxylase

Oxaloacetate =-~-m-c-cemcceccrcrcececn——— > Pyruvate + COjy

Alanine + a-Ketoglutarate ----~- > Glutamate + Pyruvate

Pyruvate Cxidase, Cocarbovylase, FRD, Mg*2
Pyruvate + Phosphate + 03 —~------c-ce—cecccmcccec—a—— > Hydrogen
Peroxide + Acetylphosphate

Horseradish Peroxidase
Bydrogen Peroxide + Leuco Dye =—-emecmocecmcaaaana > Oxidized Leuco
bye )

US-A-4,897,347 requires that the pyruvate
oxidase be present in the uppermost porous layer or in |
a layer adjacent to the uppermost layer. Reference
examples 1 and 2 are presented therein. The elements
of these examples involve a layer comprising titanium



- elem?nts_is ?arrowlwith maximum concentration of less

of these egxa i ve_a er_copprising titanium

-2- i o%ﬁt?g:?lé@%rt%:gt WeBRet ggﬁﬁﬁegﬁogf‘efg?gr and the layer containing

t he pyruvate oxi daseThdhpsebkemnpseshaboinsoeborhetient ofaeazymeat i sfactory
in that t C [ o] a ] rmnabl e by the

el enent s @%@%@#fﬁ&%&éﬁ% @%ﬁ%e%f%&t ?%%g%fqgﬁgsgg%’%g% 0 U1l. See

Fi gure 10 qadmpawids or polymerhe peaddtseini 8 maanekndor phvighi on of enzynes
i nto spreadi Agnd BYEr e _Cﬁt§r9§‘FéEQEﬁéGdib“ﬁiﬂiﬂbﬁlﬁpﬁﬂ uw%aﬁy pol ymeri ¢

beads in a manper In | enzymatic activity 1s retained is difficult and
of ten reqi9BILELS BsTUREAAUERtt FABtINGpStEPale RrAE SheyeBzyaes b ef or med

spreadi ng 4 Prsfols@ o SFesdiRgdl agelay eMbrasterakbyehBatiy’ @ agexdbbi ng
| ayer between t and underlylngbreagfnt | ayers for adherence. Al so
pyruvate && ¥ ESEAER R subbing”layep  OREwegn; t ﬁWeﬁP%bn provi des a

dry multi hmy@srhnogtieagernt ebaperiofoasadiepgnteansalisoapyruvatieng, in the
fol |l ow ng . SP | ayer, a reagent |ayer and a. support and said
el ement coo%fﬁﬂsse%?lé éﬁggﬁggvg_ _a) a transam nase substrate;

b) reagents that JBrerpresentuinvencihonhprpvédesce drya transani nase and

the LranSaifetaptdidifiical element forChssBYHYALC OXi dase and

cofactors. uvat e ox1dase; \ reagents that generate
a col or i FyARTESRinasEs chaviRdcehBr BRRoACILOWFBT0gERASKer &xi de;

charact er igga¢bddindalayer, a reagent 18yer hiié sPeeppord dElsas@tains the
transam nase substrate and a material selected fromthe group consisting of

pol ymer b enh SR ELFPSi e, titani um dioxide and mixtures thereof;
f) t he reagent |ayer coajai na thanpgminace subggreategnd

b) reagents that generate pyruvate in
the presence of a transaminase and the transaminase
substrate;

c) pyruvate oxidase and cofactors for
pyruvate oxidase; _

d) reagents that generate a color in
proportion to a concentration of hydrogen peroxide;
characterized in that:

e) the spreading layer contains the
transaminase substrate and a material selected from the
group consisting of polymer beads, barium sulfate,
titanium dioxide and mixtures thereof;

£) the reagent layer contains the
pyruvate oxidase; and



aminotransaminase havin in the following order, a
- 3- g) at | east one | ayer separafes the s Preadlng | ayer

fromthe ﬁ?ﬁﬁﬁﬂlﬂguééyer' a reagent iayer a8nfoai FERPOST Sfaéhtion is a
dry multi laefertd e sidds: assayi ng aspartate am not ransam nase having, in
the follow ng order, a spreadlng Iag a reagent |ayer and a support and
sai d el enent conpri ses: partaté;)  aqpartate: b)
reagents that generate pybpvatﬁeagenbs phascgenerhtes pyrudtate in

am notran n1nase aqg% ?%%é%itate aminotrans §§nag§;§é t e oxi dase and

cofactors hts that generate
a colorllaqpaqnneaon to a concentration of hydrogen peroxide;

characterized in that: 4y ruva fédhgg ?BBeQQQQQtE&¥prCﬁpntalns t he

transam nase substrate and a na erla cte romthe group consisting of
pol yner bEREIVaR | i daseat e, tltanlun1d|OX|de and m xtures thereof;

f) the reagent |ayer congpi nsréhgeR¥EU¥BRE G¥nhdzate A'dolor in 9)

at |l east one |ayer separates the spreadin ayer fromthe ,reagent |ayer.
Anot her u§é"f9¥f°%rn’o?)‘a n# ?gnﬁeﬁF§gﬁﬁPPl nggﬁgpgﬁé‘npefr&xléjfs’ayl ng al ani ne

am not r ansHarestefbyedgini thabe foll ow ng order, a spreadlng | ayer, a

i anine; o one @ suPPiel AEndCkPrErRRD 1RORE SSibaieR 1% ihe

presence(ﬁr&nsamimasaiﬂmbsanaaﬁ1aaéeaamataranﬂnselected from the c)

pyruvat e cgp%eneratge{ﬁg gfspw{,mew Bake, 0¥ad3%f% sulfate d)

reagents t e a roportion to a concentratlon of hydrogen
per oxi de; WAk rdiegida andimix ures thereof;

- £) the reagent layer contains the
pyruvate oxidase; and '

g) at least one layer separates the
spreading layer from the reagent layer.

Another useful embodiment is a dry multilayer
element for assaying alanine aminotransaminase having,
in the following order, a spreading layer, a reagent
layer and a support and said element comprises:

a) alanine;

b) reagents that generate pyruvate in
the presence of alanine aminotransaminase and alanine;

c) pyruvate oxidase and cofactors for
pyruvate oxidase;

d) reagents that generate a color in
proportion to a concentration of hydrogen peroxide;
characterized in that:



. — e C T T e T AR R R e te T

-4- pyruvate o’é}das?ﬁeaESr eadi ng | ayer contains the transam nase
substrate and a materi al g¢l ecatdléasm the Jryepr separsitiesgtdfe pol yner

beads baréa%%é *ﬁg avbit f?biﬂm;ﬂéof-éggeﬁ@d g'yé%ures t her eof ;

the re ontains t vate ase; and s))
at | east one | ayer s@bﬁrﬁté&ltﬂe‘?gpﬁ 48 R4emepsr isr surprd sisggdm | ayer .

The utility; @J: bhi £né! EQEéhlhésSHEthé' Hﬁo’vﬁ wsew-af 89he 3YgaghaRds of the
above US- A-4,897, 347 that ggggracemant of | ayers bétweén the upper nost

layers and-RePlarement 6§| BoREEVRPRg they BPPEEBOSSy daYERS utility of
el ements. gifd stieé epy:aﬁvatéomlaaaayceﬁthm&ﬁgmag&esd@@lt%y%at el |y using

h | t h th t he _ab u S
patont . TR EELEY naf o BORERE S ront PoRcALENE0E ALLoHFoPRERY OF ¢
Spr eadi ng tt:agmsamlmasésdcqgorhmetrﬁ.ua&ﬁ.yonsé.nd puepailasisopyatwrawd | known

in dry an : y:ar e ts, sych as

US- A- 4, 35%’&1%% éﬁnl)};g hé?sghg gﬁéhn? gff 2% g%’ E ?ttbg'% @m (%‘C I'oxi de or

m Xt ures tDREeRE. ar@haseeatlggrnagbhgmsagnen§ionadl plvovebea® spreadi ng

|l ayers di sxl@sgdgin, US- A-4, 258,001 can al so be used. They are adhered to
the various underiayers by, a subbing |ayer. The pyruvate oxidase containing
| ayer can al so cont a$R¥eREiRgaBKEES) oinﬁéﬁéﬁ-&gl ﬁéeea Sunictioxe presence of

hydrogen paidxpeepadtdeibnt aeé W@Menhéwﬁainb mhbalReEalln a&t%epar ate

cnoyme | ayEhe re defR LRt n TGy BE L BRt A i cbo R DR A 4 B also
contai ns t363 caldrmgeyeotherns. r eBgeintn, saldadanos uﬁtahﬁmmcal defects and
POVEd TSRS ok ol O 85T R LBE ROCLYRBLITURGRGY o 0el ot
concent r atiayexns . hya¢bg@grpb¢gd|gpread1ng layers disclosed in US-
A-4,258,001 can also be used. They are adhered to the
various underlayers by a subbing layer. The pyruvate
‘oxidase containing layer can also contain the reabents
for generating color in the presence of hydrogen
peroxide. The latter reagents may be maintained in a
separate layer. In each case, a subbing layer between
the spreading layer and the enzyme layers exists. When
the pyruvate oxidase containing 1éyer also contains the
color generating reagents, avoidance of physical
defects and improved precision is provided by the
intervening subbing and/or gelatin layers.
The reagents that generate a color in
proportion to the concentration of hydrogen peroxide



ox1dlzable compound whlch reacts to pr v1de
- 5- can be a single co‘p produces g 8etectgblg dye upon

ou |
enzynatlc'4¥&E%¢%E1V%}YanEBﬁb¥ﬁ§9?BﬁsoFaPeaﬁéﬁpéewﬁléﬁ“ﬁﬁbdﬁ@%a@ﬁb dye. The

col ori met rp@m:a:cka&@éprsﬁenpagl hbﬁseﬁaalsn%ééexadagépb&r aiwir@ﬁ di zabl e
conpound whi ch rov

acts_to, terpativ reagents can
i ncl ude a TP ﬁ%épﬁﬁaxb ?B&V8a§8mp§39ﬂ aSuf r§§r§8¥§ ﬁgpﬁﬁﬁdase or
anot her sueérdnkbdase pxwihthvgeneratend, detiebtableotyer adi ah reendt dase,

per oxi de. thorif PEreenad 8e Ffaflaln’ FRtbiids, | "GRREEICISREY note, for

exanpl e, diyes idee knows in4tbheoary7anddinslindelghbee, for The
function f@araégeflséasgﬂbugweység 749 _pel penaes) fs'b'ss art. The
art provides W de varr et mat.eri a or “selection of “sSubbin

materials. In the exﬁhﬁlEBnétl?ﬂeaBQeEEﬁPaFﬁﬁéﬁﬂlGﬁ sybbing grades of .

pol yvi nyl pyay&ts doRe, wds ernéw IR! ﬁﬁﬂéaérﬁ’e' Obhe ake 1d@§1%r subbi ng
materials in Iude elatlg ot heg E gral 2||OIdS g dgrophilic
S Af a&€ 05

synt hetic S ERrEIe oS sMRbRY AR BEEYPR. P ryl am de) and
pol ynet haciaterd &ks . antnother ekbmpbes-l ot eHeamesamtd&nmthrs, and

I f. t ut it I I
monomor sUEF HUS IS RasE  5F  BRREVERMIRV S bRRAAGES BR55E e or more of her
hydroph|IImplmnmmmrsweughtasahgduseﬁalk9therryhbbengamatmzuhéu;yIates for
exanpl e, ﬁi SEME?tﬁatﬁgglaEBihbﬁdQ”d it hacrylic acids, and

B

optlonally mn unctlona Cross monéner such as N, N -
nethyleneﬂﬂé@%@@h eSY%Ph9FéﬁeP@l¥@¢§$aFEC dﬁﬁlﬁ?ﬂ&ﬁ@ﬁ?@ﬁ@lde. The

| ayers carpdpy a@aigapyspygawﬂaiaﬂaw 8R4t pBlyethBEYa ainildd, h'a‘h rt. For
exanpl e sli de- extr Si op ers Oiaeage ﬁgﬁ descrlb |n U 761, 417
C

are often tbég% §t?'5'|‘t nﬁFF‘é YRE§* S 3’9“?3?5 | ayers.

of a substituted or unsubstituted acrylamlde or cycllc
amine monomer such as vinylpyrrolidone and
vinylimidazole with one or more other hydrophilic
monomers such as hydroxyalkyl acrylates and
methacrylates, for example, hydroxyethyl methacrylate,
and acrylic and methacrylic acids, and optionally with
a polyfunctional crosslinking monomer such as N,N'-
methylenebisacrylamide, ethylene diacrylate,
divinylebenzene.

The layers can be coated using well known
coating techniques in this art. For example slide-
extrusion hoppers of the type described in US-A-
2,761,417 are often advantageous for simultaneous
coating of a plurality of layers.



by International Union of Biochemistry, such as thos
- 6- Y Transam nases neasured wth thzybresent |nvent|on are those

whi ch ar e TpREiPREE| PPdgEs EPRHPACKITERBA: PEs $he davientian, Buwpnaof Enzyne

Nonmencl ature, 1972 egliht iaaireel! i:&be@lbn Ehs ahiidhCpyrulAfd sapproved by
| nt er nati onal Unlgn of |ochen1st&%lci ano%% t hose nent,i oned under the

backgr ound®BPAVRES| BE¥NPEoRNSs dBr erp\SNZYRAtS FRAEHEBh in which
pyruvat e ibs peonoeeredaprbmagnbei a nbnckenaymaitdc ehzyiridlc reaction is
concer ned e a-po n ti l.cal_ _reactiqn n any case, any
process |ﬁgé g@%ogn e%gy%ﬁﬁlégg? C%n&??@k%%sgcﬁﬁ %ﬁéﬂh§gh i n conbi nation
with a treenzymatic orachemicad peedtdenhyidr uged per eomdbd restizorf i nal

product oI Bys WRLRsIRY nlSels 8l LAY ! P‘i’@du%%aﬂyﬂﬁhﬁﬁ of ALT and AST

activities are nost 1 np osti cal subst ance whi ch
i s a substPe¥exide Fﬁeat ﬁamaﬁpm Cits fefﬁnypwqrcra't@dntaar Ry 128 ani no gr oup

therein, @Qﬂoﬁgnﬁﬁehheméakﬁkbﬁaﬁh'beﬁtweﬁﬁdaa%ﬂb%&ﬁﬁﬁﬁitiéﬁmﬁﬁﬁ? couple is
wel | knomn %gFthose I n rt %Ehalled explanation wll be given.

Tr ansamni nd® 31%B°Eﬁ§9 Fﬁﬁsﬁﬁﬁ &s transfer of the amno group in an
amno acid to an a- fheosabstantkewhikhl i3t @ substratamcinxhd ncl udes the

' [ - k ' t t d.t I'l ustrate
the pr osert R ARt e ontl Befifs200 BAPBANA Bl Rt S, 1| ayer
anal ysi s fthereint hangdr essre thecmelefn ionshdpablerween \watsbdtyratdyr uvat e
oxi dase acllﬁgégﬁelgog QEr gowgggekﬁgaheb %h°%%FEpr'§E§§§§ph of the

pyruvate oxi act tor I ncl ude coenz .1 nor gani at es,
bi val ent néetriledsexndanptippkwill be glVenThe pyruvat e oxi dase acti vator

is generally e”D'OyeﬁrhﬁsaﬁlﬁEBén&sOBnlghQ&hh Whil®] @ridmdtde per unit of
pyruvat e oxi das i cal coenZégﬁs |nclude | avi n adeni ne

Y ot ot | HEARSERE, BE,5hEsBTABR GROND. 39t €0 'dn B

keto acid. The substrate for transamlnase includes the
amino acid and a-keto acid. Alanine and aspartate are
used to illustrate the present invention. )

Pyruvate oxidase used in the multilayer
analysis film of the present invention is usually
activated by a Pyruvate oxidase activator in order to
accelerate the reaction. Examples of the pyruvate
oxidase activator include coenzymes, inorganic -
phosphates, bivalent metal ions and the like.

The pyruvate oxidase activator is generally
employed in an amount of 10-° to 10-5 mole per unit of
pyruvate oxidase.

Typical coenzymes include flavin adenine
dinucleotide, cocarboxylase (thiamine pyrophosphate),



Co4* and the like. 1In general the range of

-7- and Sé’ozfx@éﬁéraﬂehgabf' Eﬁ&g%aﬂoﬁﬁo%%%%ﬁ%s' Rl g Prep@ry and

secondary sodi um phosphates, prinmary and secCondary_ potassi um phosphates,
and so forehemenss e§pthel ipvertden REEaFStoRScORringk by[tdhe |, Merr],

Caferr], Cbéﬂéé]oﬁndrhheahnhasebnoueeewaa hhepaﬂﬂﬁhﬂﬁsamﬁmégﬂratlons of
t he varlou§ eagents used %n thg | ement s of tg§ 4?KHHIOH are set
accor di ng Y¥CRhE2PERTBR PrakE 2 80Y 6 i dd % 1 i t2%8mpl es.  Such
ranges canibmegerérh) ashgomangksl can be skt acdcordimgedieal the ranges can

be set accprding.ihe.f Iomnng tabl e. Gener al

Range ﬁg%?%?géég ﬁ%g ‘Perioxidase (Unferr]) 500- 100, 000

1, 000- 50, 000 Substrate (q/nﬁl 0.5-500_ 1-150 Leuco
dye (g/ nR)

200- 100,

5-100, 000 10 10, 000 Decarboxylase (Lvn{err]) Cbenzyne (g/merr])

0. 01- 10, 009er10x1da§e1{3/ﬁ@0 - 500-18D, 00D the rengenosso¢eded to
carry out S actions upongWai g the pr esent i s based and
descri bed %Qﬁ%?géhg 6§éuﬁ ound of the |ﬁ§en on are avallgbﬁ%%%onnerC|ally
The el enentewéot@ye gvmAdi on can be usbdi-d assay transaf rlases

qualitati wed quantltatlvely in bhal9gbCabof | ui ds igggbnhgBRHHgOr hunans,
but preferﬁ%# g ng Such fluids include, but are not Flﬁ]?ed to,

whol e bl oo®i §§&H/m &ra, lynph, bile, urine, spinal fluid, sputum

perspiratioRadpsdcthgatki ke as well as sLQob,aeoretions.IﬂoJﬁoﬁd@@ possi bl e

to assay f$Uégr §B?£%%'?E§mﬁﬁ human or aninmal tissue such as

Coenzyme (g/m2) 0.01-10,000 0.1-5,000

All of the reagents needed to carry out the
series of reactions upon which the present assay is -
based and described under the background of the
invention are available commercially.

The element of this invention can be used to
assay transaminases qualitatively and quantitatively in
biological fluids in animals or humans, but preferably
of humans. Such fluids include, but are not limited
to, whole blood, plasma, sera, lymph, bile, urine,
spinal fluid, sputum, perspiration and the like as well
as stool secretions. It is also possible to assay
fluid preparations of human or animal tissue such as



desired width, sheets, slides or chips.

skel etal nuscle, heaghe khdR@nts ¢asS b hAdes iPaFHUEAN rgw, skin and the
i ke. ments of the.,inventiqgn can be _configured in a variety of

El

forms, i nc‘l"&ﬂ?‘ﬁ@t@Soﬁﬁﬁ?@d teghod e sany I SENEF i -dtyR thej des or
chi Es_. elclamentghealﬁbﬁytét aetwnﬁexatlieaia kg3 ma:byortaauitﬁgm&_méi assay

techni ques., |l n_general, _in usi.ng_t el enents, ,anal yte determnation is
nmade by ta?}%egﬁegﬁf’@nﬁntsupp&%gé'ogappl ﬁpoﬁa,c‘i% é%"pzfctt(}b?r gt Her source
and physi cahdyphyaicalilygcontaictiing sanpiiceh feorsasopdrepl €oip to 200[ err] |,
preferably 12l er ¢l th P2elll] e S t he sanpl e
and reagen?ég%%g%he{l ')%'lgd)"’v%gp%'l ?&Jﬁf%wg%&yi)r#gr%c? t)hi%nf't [@E el ement to
produce t hbigegdenoi be testedose tdeds fhe) sayndd @ng grepgents Such cont act

can be accRapbhefixed @3tnsdiikRlle AR Neterdst Qe ey di pping or
i mersing the el ement into the sanple or, aﬁLeferab_ly, by spotting the

el ement byShERENEr EREPRPANCH thes SERNETHLah & RaHH N SNIFLSAFY abl e

di SDEnsi ggt?e@mor fprmatfionAft@ugmmr&wlda@?tﬂ@mcdﬁ@ﬂfm@@t i's

I ncubated,,for_a perLod.of _up_to nutes, .to facil.tate col or

devel opment® BYYi %Bbbﬁg}Snft‘a\%é‘eﬁ'nﬁ%’f AR R Rt k?%éi"r%é%t%r are maintai ned
i n cont actimnéhsiaghthehelementa ipdra dhheofsamplien dx nipnaderddeIwy e col or
nmeasur ene . T I I i | d contact
W th each%o?h%‘{r’,8"'-'{';7%?511 [ ﬁ'&et.ﬁ&t ¥ l}-'l , r%?%rﬁﬁa?ﬁ@%iﬁ%né)pé% cts (for
exanpl e, cof othdysanpdenwiids aosuidabrlen ens Ing meansuper posed regi ons

of adjacent zones. |preEhesahpIeds apladdient! e lelsh&apntasted with an
aqueous fluid, all reagents of the analytical conposition of this invention

are nixed HRCUPAEeH: hEPE| RoPEGEOG F Mkh Y MYRRR W hin the el enent as

a conposi t fepilFeabel avebre @eved oAl € BY inulit 6 & WwONetmsBy be

separate agas tlaf BhaYSabBhEs Urd MR lRa SRS 6 Cr onoes
each other for a period of up to 5 minutes before color

measurements are made. .

The layers are generally in fluid contact
with each other, meaning that fluids, reagents and
reaction products (for example, color dyes) can pass or
be transported between superposed regions of adjacent
zones. In other words, when the element is contacted
with an aqueous fluid, all reagents of the analytical
composition of this invention are mixed as stated
hereinbefore and can readily move within the element as
a composition. Each layer can be separate or two or
more zones can be separate areas in a single layer of
the element. Besides the references noted above,



<LCCLLY LO LIS Splcallldlly JLayel, 1L 40 UCHIlialliC Lllal
-9-  suit athe spaesdingFEaramnie ai&pttmwa)bw&msmusormmhpge in
US- A- 4, 042,333, £HS ScbokiZ 4ot ince the
H o o]s°i &’g‘@ecﬁ?y L f%n %’zﬁel 3 cll'_:.on in, th§

sanple is generally applie e sprea ayer, it
desirabl e £RYETt RE SHUERA Ry | Herdneked Fraces %r%%es rreanl ng t hat

the porosi pgtiyeenpaidiids eaﬁrbéhéafﬁlm e sevdmaas caused by
I nt erconnect ed spaces_or _pores bet artlil es, fibers or polyneric

st rands. THES ARNEES FRHPR (PR RBSPRFERE upport s such as
pol yet hyl eeappem&htémﬂﬁtﬁ @thnmm-r tﬁeﬁ;ﬂ;mﬁiawov\mtneihe art. The

back of the nmay _be .cqat wi Sisti that, filters out
unwant ed rg&%g?%% aréd wee.l.l q%hoe 1*Ehe ftthlng” rﬁ%‘%’#i%ﬁ é]aﬁ al so
cont ai n oneuppomir &ayt fe caqmilaﬂininmrdwe peempos i thiom| Ehent s for vari ous

manuf acturlf gtg&so%g@éi ?ﬁ Such addenda i ncl ude surfactants,
buffers, vents har eners an er rraterlals known in the art.

Exanpl es TiRhe glemgnts ohrihies invention cameali$elity of the

present i n\e@mcla% on@@k"ﬁ&&el other addendd WbifindnBPWEL t g €pafi gurations
and conposi tél ons 3 elenments of t te i nvention for assaz ](? al ani ne
transami na& e(ngmi)s for various manufacturing or operatiodna
advantages. Such addenda include surfactants, buffers,
solvents, hardeners and other materials known in the

art.

Examples _
The following examples illustrate the utility
of the present invention.

Example 1:

Figure 1 shows the configurations and
compositions of 3 elements of the invention for
assaying alanine transaminase (ALT).



Layer  Sodium a-Ketoglutarate 0.54 0.54 0.54

Figure 1 Alanine 8.61 Colitbing A Cﬁaﬂ ng B
Coatina C Barium Sulfate 93.08 gﬁ Qﬁ 93
9 Cellulose Acetate 7.87 37 ﬁ{g% %
g or Hexadecyl Pyridinium Bromide 1.07 Uniefr U ]
Unierr]* SpreadrxgpsLayer Sodi um a- Ket og} 1gsar at e 1 85 10gsp4
0. 54 Q.54 Estane Al ani ne 0.93 _0.93 8.61 0.93 8.61
8.61 subbing Barium Sul fate 93. 08 93.08 93. 08
Cel | ul de¥epcet at BVPK30 7 87 71 77 .37 i1.07
Hexade(‘éﬁlaF%ﬁl di pi 1um Br omi de 1. 07 1.Q7 1,07 TX405
1.85 s Hfé:ox;de EStane o gio1 .34z o  0.93
0.93 0. 93 Sy%iu PVPK30 0.01 0.01 o 1.07
1. 07 1. 07 Chmwmyiamebnylmet@i)ati n 0.06 0.12 0 3
6 0 Ether Sodi um Hydr oxi de 0.0171 0.0342
TX4HX200 0.0041 0 004) 01 0 0
B| s(vi rRergeny onygﬁﬁq’@l ) 0. 06 081 8.22  Ft her
TX200 fricd 0. 004 0. §p osg? Reagefy3? Gel atin
8. 22 8. 22 pence B¥%o Tricine o s Qo8 oo 2.52
2.52 . 2.52. 2,4-di-n-pent@lsienbye 3 3 0.3 3 0.3
0.3 m&wogexc 0. 02876) 05 00.086 0.0%.086 0.05
- o . 0.27

g’ gggl n- pgnggespg?m;g ium Phosphage Al kanolog aia 0.02‘2?8 0.028 TX£01937
0.27 0. 27 pYridoxal™ PHOSPRACE Sodi um Pho§] 02l 0.0d8l 0, 028
0.028 H dhgt@xade 5- phosphate 0. 11 ' 0.11 0.11
Magnesi um Chl or i decarboxylase 05 oroR 0.105 0.11
Hept ahydr at e Flavin Adqr;g.gar g_%t'e.de 0.011 0.01p 0.011 0. 11

1, ooo ooo* 000*
0.11 Braene Ardene %tg eotlde 200" on{n o o Onpe  0.011
Pyruvat e Oxi dasegjg (vinylsulfonylm 590 0.156
Hor ser adi sh Per oxtsase , 000* 20 000* 20 0
Bi s(vinyl sul f onyb®et hyl ) 0 16 0.716 a. g56 7.5
Et her pH . 7.5 7.5 7.5

The * means the amounts are U/m2. Otherwise
'they are g/m2. The symbols and tradenames in the above
and subsequent elements of Figures 2-5 have the
following meanings:

TX405: Triton X405: An octylphenoxy polyethoxy
ethanol nonionic surfactant sold by Rohm
and Haas.

Estane: A polyester/polyurethane sold by B. F.
Goodrich.



. . having molecular weights o% about 1?h$00 | o

The * neans the anounts r]. Oherwise they are g err]. The
synbol s and tradenanes alﬁﬁr#é&'a@n@({/ell%ﬁ%e% )3 ent elenents of Figures 2-5
have the foll ow ng nmeani ngs: TX405: Triton X405: An octyl phenoxy
pol yet hoxy, . . e ol i Qni u tant _sol Igcgtﬁm

and Haas. m%%‘?‘éne: Trl}&o%o gggt‘erﬁ.ﬂgl goal EE&Q’ ?g 51?/1 gﬂ.l&ia

yuret hane so

Goodri ch. perErher pnlfonateaninnipnesusbadtangt GAF havi ng a
mol ecul ar wei ght of abqiy #GPGhh’ \dhd Haas . and PVPKOO are the
sanme pol ynmer except havi ng nol ecul ar wei ghts of about 10, 000
and 360, 000 respectively. TX200: Triton X200: The sodiumsalt of an
al kylaryl mrjcine: N-PpoL¥si{hoaronymeRAye)maiBY it BHffer.

sold by Rohm an Haas.p Tr?c?ne:My&-[T??é(hyd?%E?%g{hyl)nethyl]glycine
buffer. Leuco Dye: 4, 5- Bi s(4-di met hyl am nophenyl ) -2-(3, 5-

di met hoxy-Keliydr Dxe phe iy, 5-Bii sied~ad me thyl anmiredphény X)) spd(3psal kyl
napht hal ene sul fonate 4. _2.801 90 { |d_by E. |. duPont
de _. dimethoxy-4 W&PA%&J& )t :ﬁ@ldé?of]e. _

Alkanol XC: A sodium alkyl naphthalene sulfonate
anionic surfactant sold by E. I. duPont de
Nemours. '

Bis-Tris: Bis(2-
hydroxyethyl) iminotris (hydroxymethyl)methane.

Brij 98: Anionic polyoxyethylene oleyl ether
surfactant sold by ICI Americas.

The layers shown are coated onto a clear polyester
support which has been coated with Uvinul (from BASF)
Eastone Orange 2R dye, Eastone Yellow 6 GN dye and
' Eastone Red R dye to provide a low wavelength light
cut-off filter. The Eastone dyes are available from
Eastman Fine Chemicals or Eastman Kodak Company.
Analysis of ALT is accomplished by adding an
11 mL sample of serum.or plasma containing ALT to the
surface of the element. The element is incubated at
37°C for 5 minutes. Reflectance density measurements



A bl ol b Y W etdn b s o e dbilr W bde V e e - hdr  de e e bl A hd ¥ wrde vl edd

Nenour s. ag;%nqqaqxg;agj.g{xzby comparison with a calibration curve
hydr oxyet hydtériineédi asbigr 9xyapkehyl pFehpane. Brij 98: Anionic

pol yoxyet hyl ene ol ey, rfact ant solflég | Cl. Aneri cas.
The | ayers shown ar e&'ﬁﬁi?eé BRLEW,Shews, %E‘& §:§§l“31’:ss é’f%/%ltth’? has been
coat ed w tdléwemts $howm MSFj.gEaet mnéoﬁ ang&y%lisdpf Hasiroser@ | ow 6 GN

dye and E d RE veIe h light cut-off filter.
The Eastoﬁrgé%és ‘Seg%vélg E Eﬁ%o E: OHS k‘rﬁ td'r st man Kodak
Conpany. All threemhelysnssoshnwthstaé&dhpmmemr@tm np are 11 i

sampl e of ge S C 0 qﬁq: el enment. The
el ement i s | ncu at edbgtﬁgﬁg?? ﬁlﬁuaysae J'ect a%f:eéé(}gnsi ty .

measur enerfike presence of ardened gel layezslgzetwqgré thele every 6 sec
during thes@mwtﬁayefuaﬁal eae pyeukake @h@&%@%&&aﬁfn@: ‘s densi ty

with time | s calcula ed near prthn t ereflectance density
versus ti rr{ec‘?:%*f%g § gomér subs; B by conpari son
wth a calré)tt@élohta:imud ﬂereangmeénumugc&rﬂc@mdmuifonALT Tabl e .

| bel ow shows the r f in ho ure 1 for

anal ysi s of hunman se?%%ii%ag 8E%Pugagg%o§%’§’@%%’§s§f?wnfd Vard t%us :

concent r attlvesspeadihgedayernware podwd Hor ALR cdementt dthagnsdig to at

| east 992 tbee?t(\:r t he

har dened ngf'I:I%‘Z?sgﬁgtékv:ggﬁhahggguggfs’%giﬁ frez? an % pyr uvatergél dase

cont ai ni ngta¥§erandobbeng¥ravake Brigagensond@isiang laYer alter the
(Coating C) while the others did not.

Table I
ALT Conc Rates
v/L cOat.tnr._r A Cca-t:l.ng B Coatiﬂ c
] 0.0122 0.0121 0.0156
20 0.0340 0.0348 0.0348
43 0.0610 0.0625 0.0584
60 0.0824 0.0851 0.0792
9s 0.1201 0.1234 0.1169
405 0.3252 0.3171 0.2733
715 0.4071 0.3808 0.3611
992 0.4408 0.4025 0.4072
Defects? No No Yes
Example 2:

Figure 2 shows the configuration and
composition of an alternate multiple thin-layer element
for analysis of ALT which was coated onto a clear



c
rates obtained for a given ALT concentrati on. Tabl oat@fnso not es
that physi cfpresl@frCiayd:1 kb&iwPaeRdtiogiudanes were noted

that did not have a hardenkshigel "interlayer between the subbing. ¢Jayer and
t he pyruvate oxi dase cont rpiurgSh e (Coati ng C while the ot93%P8 did not.

ALT Conc geng“ theetate YL Coat i ng7A§7
Coating B Coating Chexadecyy Fyridinium Bypmjds, 0. @1%51
0. 0156 20 é bgpeo 0.0348 0. 03484.03
0. 0610 Subbikh Tager __ PVPK30 U. USSH 1Y U~ 082271, 07
0. 0851 GelatiW 1By  Geladdn 0. 1201 U. I123%%g.22
0.1169 405 0r 8&2in2 0. 3171 0.2738.08 715
0. 4071 0. 3808 TX2°° O ?i%lphosph 0. 44008 21158
0. 4025 - 0. 4072 No
Yes Exanple 2: ng Vm§1525“1fﬁ ﬁetﬁﬂﬁ §fPFur ation and !;g:posi tion
of an alternate nultiple 1a,yejhlekmgangp{§,5,d§5@ ysi s of AL% ch was
coated onto a clear Flavin Adenine Dinucleotide -13- o.opol yester
support coated with dyes §gcamporxkasgle 1 to give a | ow wavel engthl cut-off
filter. . Pyruvate Oxidpsgre 2
Coating D PH 7'5
Reagent Layer Gelatin [
Tricine 1.66
TX200 0.11
Alkanol XC 0.27
2,4-di-n-pentylphenol ~1.35
Dimedone 0.05
Leuco Dye 0.19
Bis-Tris 0.11
Horseradish Peroxidase 21,520*
pH 7.5

Analysis for ALT was accomplished as described in
Example 1. Table II shows the rate of change of
reflectance density with time for ALT concentrations
ranging from 9 to 992 U/L. Again, measurable and
distinct rates are obtained for ALT concentrations
throughout this range indicating this element can also
be used for analysis of ALT.



.43 _ 0.0269
g/or Unferr]* Spreadi ngolLayer Sodi um a- Ketogl ut arabeo3is

0.54 Al 8hi ne 0.0368 8. 61

Barium Sul fat e ggg ' 93. 08 0.0543 Cel | ul ose
Acet at e o 7.87 . 2edoddecy! Pyridinium
Bromi de 1202 o TX405 el

1.85 Est ane 0. 93 Subbi ng
Layer PVPK30 1.07 Celatin Layer
Gelatin Example 3: 8.22 Tri cine

1.08 FRA{¥e 3 shows the configurations and 0.15

Di basi ¢ Sodi um Phqsphat e . . 218 Bi s
(Vi nyl Sul { SR multiple thingla/er elements for
Pyri doxal - angllysilsatef ALT which were coatledlonto clear polyeshBgnesi um

Chloride H%SJIP%W ddated yith &P to give a l%%cvg?.ﬁai%%ngglé‘dgm:ne

Di nucl eot i oxy

0.11 off filter pg uvniBXapplRisk- : 1, 000*

pH - 7.5 Reagent Layer CGel atin

6 ’ . Tricine : ' 1. 66

TX200 0.11 Al kanol XC
0. 27 2, 4-di - n- pent yl phenol 1.35

D nedone 0.05 - Leuco Dye
0.19 Bis-Tris 0.11

Hor ser adi sh Per oxi dase 21, 520* pH

7.5 Anal ysis for ALT was acconplished as described in Exanple 1.
Table Il shows the rate of change of reflectance density with tinme for ALT

concentrations ranging from9 to 992 U L. Again, neasurable and distinct
rates are obtained for ALT concentrations throughout this range indicating
this el enent can al so be used for analysis of ALT.



- 14_

Rat es

0. 0077

0. 0269
0. 0368

0. 0940
No Exa

conposi ti oq_,g or

Spread
Layer

Sodium a-KetoglI\mﬂr@t? I

QﬁlneSulfate

éllulose Acetate
Héﬂadecyl Pyridinium

Bzgyg de
T

Estane

n%uFYIfKBI e thin-layer el eman’ts for ana

01 ﬂg‘gls

1 85

S - K
93.08 CO% 6‘9 D. 93.08 93,08
7.87 7.87 A37
1.07 01.01?16 1.07 9.9)7
1. 85

Deg:(-g ts?

ysi s of "ALT whi cﬂ wer e

coated onto cI ear pepma@ster support coatedow th dyea to giveia low ¢

- 15-
Coati ng
F

g/ or
Unferr]*
0.54
8.61

93. 08

wavel engt h_cut - of pviRdot er_as in Exanple 10 0 2. 14
Gelatin Gelatin F|gure 3 3 0
Coxer N9 oc;).oat hy ox:n.gbmI ng 0 0.0171
G. axcod 0 0. @r gor
*
g/o Bis (v:.nylsulfon 1- éfdé er r] Unigrr]
U/ Nh&tH: Layer Sodl um a- Ket ogl ut ar at e 0.54
R2adént Gelatlinod “Al ani ag22 8.22 8.22 o. bl 8.22
igyéd 8.61 Barium Sul fate : 93. 08
93. 08 Triaimeng 5.84 5.84 5.84 5.84
Leuco Dye 0.3 0.3 0.3 0.3
Dimedone 0.05 0.05 0.05 0.05
2,4-di-n-pentylphenol 3 3 3 3
TX405 0.082 0.082 0.082 0.082
Alkanol XC 0.27 0.27 0.27 0.27
Dibasic Sodium 0.028 0.028 0.028 0.028
Phosphate
Pyridoxal-5-phosphate 0.11 0.11 0.11 0.11
Magnesium Chloride 0.05 0.05 0.05 0.05
Heptahydrate .
Cocarboxylase 0.11 0.11 0.11 0.11
Flavin Adenine 0.011 0.011 0.011 0.011
Dinucleotide .
Pyruvate Oxidase 1,000~ 1,000+ 1,000* 1,000*
4'-Bydroxyacetanilide 0.0454 0.0454 0.0454 0.0454
Horseradish Peroxidase 2,000* 2,000* 2,000* 2,000*
Bis(vinylsulfonyl- 0.16 0.16 0.16 0.16
methyl) Ether
TX200 0.004 0.004 0.004 0.004
pH 7.5 7.5 7.5 7.5

manufactured by Kodak containing ALT.

The fluids measured were control fluids

The ALT

concentrations were calculated by comparison of the

rate of reflectance density change with time with a

calibration curve generated with 3 calibrating fluids.

The standard deviation of the measurement based on 25

replicates was calculated.

The coefficients of



% Coefficient of Variation, n = 25
Cel | ul ose #galat e Coating /E Coatilg F cdatiby G lood€ing H
Hexadecyl “Pyrrtdrnr um T.07 T. 07/ T1.07 .07
Brom de  Kodatrol TIX405 4.31 2.27 1.85 6.51 1.85 3.781. 85
1.85 Kodatps} zhe 5.47 1.63. 93 4.13 03 9493
0. 93 Subbi PRFESEYPK30 Yes Noj. 07 Ne o7 Nop
0 Layer PVPK15 0 0 2.14
0 PVPK90 Coating F, which contained a hdtrdened gel 2.
Cel atin LN . 3 0 0
Cayer | afbkiperueen the supbing ldver ang the’pypyare ©

0 oXikdese layer, gave substantially lowex) amefficient Qof
Bi s(vi nyl Sﬂé%@%ﬂlbns fOéePotho control #1%as compaz%% 2wit:h tlgg 9o

met hyl) Et eagent Celatin . . )

8. 22 cenpyolaGepting E. Ip @ddidion, Coating F did mpgshave 5 84
5. 84 B 84cal defectlseU®O thee spreading layer as &een with 0-3

0.3 . . D nedone 0. 05 0. 05

0. 05 Cpapsng E. 2, 4-di - n- pent yl phenol 3 3

3 e 3 - Cod¥4flgs G and H, which contdi& highed. 082

0. 082 0.082 LAl k I 27, « 0. 27

0.27 2pdifc of subbifel WmEy than the control bidring E( (7o

0. 028 81808show lowerPicosfificcdents of varyiE ol £&x phmws pbat e 0.
0.11 1 0£3h3 YBgnes ' ; 0. 05

0. 05 bgF%SCOIIt?OJ'O. éé:.ds. <.:oa Hept aﬁygrﬁzgjgi UL dldé?)%%r boxyl ase
0.11 showiphysicad gefects ig the spreading davemdenine

0.011 0.011 Thes@l boatingsDkhow that i@ﬂ&é%ﬁ | gy

Pyruvat e Oxi dase 1, 000%* 1,000* , ., 1,000 1, 00O*
4" - Hydr oxySERPERPPSILTE theo.sol%%&ng lgyey, &t imingtes the coatyng,
Hor ser adi sePetasi dagde imprdveddprecisidiD@f at Ikd¥*the hZgRO0*:

Bi s(vi nyl Sgé{(gﬂylcbntrol.r{}bxgdlﬁ Using % %'grdened Oq#)go‘&eyer 0.16

met hyl ) Et " 0.004
0. 004 eliminates the gating defects and improveg precisiony. 5

7.5 - nNdiPher the additiol®f ltHhARAHESGLE BapOpigp! fluids
manuf act ured by Kodak cont al nll?&g ALT. The ALT ‘concentrations were

cal cul at ed1BGrEBAFS COYRISOS SPHPRINY JAVR PABTRPYY change with
time wth gegalirbBatinetredigesdrgaRy Fativwtd ckicidddra i egef | ui ds. The

standard, dg(\élaggn%n 1%.];;etrh?—_on%%ﬁ:uari%n?trﬁesbeasreedsu%. s2.5

Example 4:

Figure 4 shows the configuration and
composition of a multiple thin-layer element for the
measurement of aspartate aminotransferase (AST) coated



Coating I

replicates was cal cul ated. The coefficients of g/or U/m2*

-16- variation (standard devi ation/ mean concentratioff) are snown 1m rable
111 for thepteadifd diager Sodium a-Ketoglutarate Table 111 1.28 - %
Coefficient of Variation,Sofium ASperiate Coating E Co%uﬁ-"ng F
Coating G Coatl ng H iﬁ typSuttate  4.31 2.27 73-8851

3. 78 Kodatrol Hexadecyl ,_mum Brofiabd 4.41 1 fects?

Yes No No Coating F,1 Wi ch

cont ai ned a hardened gel Ea ﬁé bet ween t he subbing | ayer and @¢lsd pyruvate
oxi dase | agwhbingaieyesuDSIBVEKB@I | v | ower coel 1l Clent o% variatiams 1o % bot h
control fleeldsindimyared Welhtihe control Coating E. In additian, Coatl ng F
di d not have physi cal defsé’éﬁgzﬁﬂdfwagpreadl ng | ayer as seen0vAk6R Coat | ng

E. Coatings G i gher amount $@subbi ng

pol ymer than the control ég rﬁ’\&htfpm?g'gé gkrﬂbvaqt?)‘v\gr coeffici Qgr{{,oé of
variation : ;
show physi caIg def ect s I N deinpr eadi ng | ayer. - Theses (mati ngs show
that increasing dry coverigges nyfe t he subbing layer elimnatesoOthe coating
defects and inproves predige at | east, the high level con®«® fluid.

Usi ng a hardened gel |ay zg ?rﬁ ﬁa‘?'é’g‘pf‘?f? coating defects ang igproves

precision. Neither the addkphonxef the hardened gel |ayer or g Bgfeased
coverage of the subbing Impasipeoiiiil PrespHaked i NCcrease in the gyruvate

oxi dase in the reagent | cpeidéxnlebtptiosphdtese results. 0.16
. Magnesium Chloride Heptahydrate 0.05
Flavin Adenine Dinucleotide 0.0124
Cocarboxylase 0.11
Pyruvate Oxidase 2,000*
4'-Hydroxyacetanilide 0.0454
Horseradish Peroxidase 10,000*
Ascorbic Acid Oxidase 3,500*
Oxaloacetate Decarboxylase - 3,000%
Bis(vinylsulfonylmethyl) Ether . 0.16
pH 7.5

Analysis of AST was accomplished as described
in Example 1. Table IV shows the rate of reflectance
change as a function of time for human serum based
fluids containing AST in concentrations from 3.5 to
893.8 U/L. The results indicate that the rates are
measurable and distinct over the concentration range

measured.



66.7 0.0930

Exanpl e 4: Fi g@seb 4 shows the configuration®hf@0Conposition of a
mul tiple thin-layer ele 2’(2 for the measurement of aspfafidte
am not ransf erase (AST) t%d 0.7015 -17-
onto clear polyester coated with dyes to provide a | ow wavel ength cut-off
filter as i lee, 1. Figure 4
Coating | E&ﬁﬁﬂﬂf-. . ] g/ or U ng*
Spreadi ng Layer SodiE¥ger«e? oghevarthe configuration and 28 _
ggdbg”1ASP%Hﬁﬁd%itioncgflalmultipl? Fhiﬁ-ﬁgyer element for Bgrg$n18ulfate

: ul ose Acetate , . :
Hexadecyl BAASHERRER Br Ot HuT Seiffeing 3 B%02 spreading layerysos

1.85 coated ontd&Epélester coated with dyes to give a 1@wO3 Subbing
Egyg[in PV@&%%length cut-off filter as in3ExampiépZ.GE|at'nstgyﬁk

Hydr oxi de 0. 0169 TX405

0.01 Bi s(vi nyl sul fonyl met hyl ) Et her 0. 06

TX200 0. 004 Reagent Layer Gel atin

8.22 Tricine 5.84

Leuco Dye , 0.3 D medone

0. 05 2, 4-di -t-pentyl phenol _ 3

TX405 , 0. 127 Al kanol XC
0.243 D basi ¢ Sodi um Phosphat e ) 0.42

Pyri doxal - 5- phosphat e ' 0.16



€ bitbddd e W

Titanium Dioxide 50.32

Magnesi um Chl ori de Hept ahGellalese Acetate 0. 05 Fl7a®2 n Adeni ne
Di nucl eoti de Br33298 Cocar boxyl ase 0.832
o. 11 Pyr 508 _oxi dase 2,

Hydr ox ' -0—04d ;
PerOX|daS°EE1at1n La ;: 2“%52%93* Aseerbre—fet
3, 500* o Cxéﬁggﬁgtate Decar boxyl ase .
Bi s(vi nyl sul fonyl net hyl ) at2oer 0.16 ptli14
7.5 Anal ysi sDxﬂaSﬂS'ISomgn Fbeospipliteshed as descri bedodiaisExanpl e
1. Table IV shows the rat®*dfo¥ad Bet&hange as a funCtIOI’IOGﬁ-ltI me for
human serum based fl ui ds gﬁﬁi ﬁgn?%mhﬁp ﬁg EREPat i ons fron?)?,mL to 893.8
U'L. The results indicate @séates are neasurable and di gth{ict over
the concentration range nBaswaesl .oxidase 770* - 18-
Table 1V AST szﬂ&lnylsumra&methyl) Ether UL 0.16
Coating | PH 0..0034 7.5
28 1 Reagent Layer Gelatgn 0484 ) 66. 7 6
0. 0990 525. greacine 0. 5000 295 763.2
0. 6191 893. 8 xanol XC 0.7015  Exanplgy5:

Figure 5 shows the confi gm,rqammpaadymaﬁ@ﬁl tion of a multipleitBsn-1ayer
el enent for neasurenent dbiméldneitilizing a TiJerr] spreadi ng loager

Leuco Dye 0.19
Bis(vinylsulfonylmethyl) Ether 0.144
TX405 0.006
Bis-Tris 0.11
Horseradish Peroxidase 21,520*

pH 7.5

Analysis of ALT was accomplished as described
in Example 1, éxcept that the maximum rate was
calculated graphically from the curve of dD,/dy versus
time.

Table V shows the rate of reflectance change
as a function of time for calibrator £fluids containing
ALT concentrations from 34 to 864 U/L. The results
indicate that this element can measure ALT throughout
this concentration range.



864 0.27
coated onto polyester coated with dyes to give a | ow wavel ength cut-off

filter as in Exanple 1. -19-
Figure 5 ' - Coating J
g or Unerr]* Spreading Layer Sodium a-Ketogl utarate

0.54 Al ani ne 8. 601

Ti t ani um Di oxi de 50. 32 Cel | ul ose
Acet at e 7.32 Brij 98

0. 832 TX405 1. 656

Est ane 0. 93 Subbi ng Layer PVPK30
1.07 CGelatin Layer Gelatin 8.22
Trici ne 1.08 TX200
0.114 Di basi ¢ Sodi um Phosphat e 0.218
Pyri doxal - 5- phosphat e 0.11 Magnesi um
Chl ori de Hept ahydrate 0. 05 , Fl avi n Adeni ne -

Di nucl eoti de 0.011 Cocar boxyl ase

0.11 Pyruvat e Oxi dase 770*

Bi s(vi nyl sul fonyl met hyl) Et her : 0.16 - pH

7.5 Reagent Layer Gelatin 6

Trici ne 1.66 TX200
0.11 Al kanol XC 0. 27

2, 4-di - n- pent yl phenol 1.35 D nedone
0.05 : Leuco Dye . 0.19

Bi s(vi nyl sul fonyl met hyl ) Et her 0.144 TX405

0. 006 Bis-Tris | 0.11



A - - o e - - &= S

Fbrseradlsﬁ serOX| égécomprlses . 21, 520* pH
7.5 Anam95|saﬁtnansammnaﬁgxﬁmbsemedeas described i n Exanpl e

1, except that the rreml W@é&’ﬁ&é’@%tﬁfﬁ %}ﬁ%ﬁ&&f@%@céy t he curve

of dDr/dt versus ti ows t rate o re ect ance
change as RrEsgaCeorhf thinansaninage And okhe | tramsamimashi ng ALT
concentr at sQpsthia@@;34 to 864. U L. The results indicate that this el enent

can measure ALT throughout this concenfration rang .

- 20- PRABIVASE QfHER%R ARy gotactors for

Vmax, Dr/ nmpgruvate d%idase; 0.02 225

0. 07 864 ) e e 0.27 o .

-21- dains: dl E(ﬁ%grfﬁﬁ ttfl?%ﬁ/e? %%5?%1?I%a? ?e?’ém‘sﬂt for assaying

t r ansam napeepoatiion h01afupﬁaﬂntmatmpmwmﬁwhyére@enaﬂengxidger a reagent
layer and @p3yRRQdri¥Ul in that:
: e) the spreading layer contains the
transaminase substrate and a material selected from the
group consisting of polymer beads, barium sulfate,
titanium dioxide and mixtures thereof;
. £) the reagent layer contains the pyruvate
oxidase; and )
g) at least one layer separates the
spreading layer from the reagent layer.

2. The element of claim 1 wherein the layer that
separates the reagent layer from the spreading ldyer is
a subbing layer. '

3. The element of claim 2 wherein both a gelatin
layer and a subbing layer separate the reagent layer
from the spreading layer.

4. The element of claim 2 or 3 wherein the
subbing layer comprises polyvinylpyrrolidone.



6. The element of claim 5 wherein the
the el ement conpri ses: a transam nase substrate;

a

b)  reageRPIYVERYlgyFacdidang haf aqledHapmaeighte of 40:9%hsani nase and
t he transam nase substrate; : c) pyruvate oxi dase and cofactors
for pyruvate oxidase; d reagents that generate a_color in
proportion to a’concéhs SleHend ‘ifyd’r]t?g]é‘g %5 Rf %&éﬁ’é‘%ﬁ%@‘f‘zed in that:
e) the spetadifg lagear sepirives e tymrealinpskayedstrahecisad a materi al
sel ected fron1th% ﬁro%f consi sting of polymer beads, bariumsulfate,
titani um dF GRPEE “andYfitxt ures t hereof; f)  the reagent |ayer
contains the pyruvate oxi dase; and g) at least one |layer
separates the spreadi I t . e layes . . The
el ement of clai %1’1 V\hlqu%eie%%eéfq g?er&'t%le{fajg'epga'r a:}a’egé tFe ?evgllgljee%?l?ayer from
t he spreadthg repgents layamsionprniges from 100Q3 to 45R0 Jnremtobf claim 2
wher ei n bophr3vaRledldidaaer and a subbing layer separate the reagent |ayer

fromthe spreading |ayer. 4, The elenment of claim?2 or 3 wherein
t he subbing | ayer conprises pol yvinyl pyrrolidone.
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mol ecul ar @gégggaggn(é(gﬁéé“%éﬁg%é§§la color in proportion to the

concentration of hydrogen peroxide are a leuco dye and
horseradish peroxidase;

10. A dry multilayer element for assaying
aspartate aminotransaminase having, in the following
order, a spreading layer, a reagent layer and a support
and the element comprises:

a) aspartate;

b) reagents that generate pyruvate in the
presence of aspartate aminotransaminase and asparate;

c) pyruvate oxidase and cofactors for
pyruvate oxidase;

d) reagents that generate a color in
proportion to a concentration of hydrogen peroxide;
characterized in that:

e) the spreading layer contains the
transaminase substrate and a material selected from the
group consisting of polymer beads, barium sulfate,
titanium dioxide and mixtures thereof;



6. The el enment q9f c aEﬂ55 r:qi | Y. ' e . | ecul ar
wei ght of 40,_0035.9' . ) 7F\M1Q+hg'?,§@q%%?t{é§€cAaIPn%{%QA\%%?%iar'\f%ﬁﬁg?dened

gel ati n | ajBinoEpanseEdngse Hevdad ndn dhe faoldeving rexdent aayer.

8. The el gppBha®hgCha@r), a?redgehitollalethrf it SPgemhg | eyer

conpri ses ?Egn11008 toyggbo umﬁi? of pyﬁhvate oxicéggg 9. The

el enent of S¢PRPAT1COFPTASEFor 7 wherein the reagents that generate a col or
in proportion to theagoncaliandtnegn of hydrogen peroxide are a | euco dye and
hor ser adi sh per oxi dasg; Q. ,Adry multilayer elenment for assaying
aspartate am not rans%ﬁi na§§aﬁ§\ﬂ}:ﬁg,thiaﬂ: ﬁ?@%q%ﬁm‘ﬁﬁ%r?n aggf)r eadi ng

| ayer, a rpagsehceapdr adahines apimotramsantimadernd abapinses:

a) aspartate; o) PhruveR A0Sl n AL PRI A& Sy g e T the
presence of aspartate’am ransam nase and asparat e; c)
pyruvat e oRY@u¥atgn@xide&e&tiors for pyruvate oxi dase; d)

reagents that generai a ¢@la@enit: RHAROGdriEt: & GULSPLAti on of hydrogen
at :

per oxi de; characterized in that: t he spread] ng | ayer

cont ai ns tRECPPERIGR KR8 SopSERtFatine é’fng%l@%'%ﬁe% EP%EH® i om t he group
consi sti ngcharaetprtzededes thaar:i um sul fate, titani um-di oxi de and m xtures
thereof ; e) the spreading layer contains the
transaminase substrate and a material selected from the
group consisting of polymer beads, barium sulfate,
titanium dioxide and mixtures thereof;-

£) the reagent layer contains the pyruvate
oxidase; and

g) at least one layer separates the

spreading layer from the reagent layer.

12. The element of claim 10 or 11 wherein the
layer that separate the reagent and spreading layer is
a subbing layer.

13. The element of claim 10 or 11 wherein both a
gelatin layer and a subbing layer separate the reagent
layer from the spreading layer.

14. The element of claim 12 wherein subbing layer
is polyvinylpyrrolidone.



f) the reagent | ayer contains the pyruvate oxi dase; and g) at
| east one | ayer 1$epaiTitee elicments it atliaign | b othdrenn tthlze r eagent | ayer.
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in the fol a spr ea ayer a reage ayer ahd support
and the el ement conpri ses: al ani ne; b) reagents

that generate piﬁUVat'I‘hé e llneerd Qﬁ?r&ﬁﬁﬁ :?d By NEL %é‘.@éiﬁnéﬁ@ nase and
al ani ne;

yruvat.e oxi dase cofactors _for ruvate oxi dase;
d)  reageRER9ER4t Wr%?&%%ﬁﬂ%r Hom ri‘ra(gq%rtt‘? 0%96) %n:b"o%c ﬁt ration of
hydrogen ppiexsvate obdiddeari zed in that: e) t he spreading
| ayer contains the transam nase, substrate and a naterial selected fromthe

group consi sting of polynmer beads, bariumsulfate, titanium dioxide and
m xt ures ther eofi8. The elemfent dhelksimelfl dmykl whereimsthée pyruvate

oxi dase; t S h readin
I )z;;/er f rom t ﬁgeP§§ é-'htaﬁggjen&taéeeaé cc%gﬁ #%ﬁ%%ﬁ %alelrﬁggo orI 1%
wher ei-n thgowwfsaﬁr@fﬁqgﬂ Rexpridarre R cheneg dugeands a

subbi ng | a}8kseradish Ferohhiggadenent of claim 10 or 11 wherein both a
gelatin layer and a subbing | ayer separate the reagent |ayer fromthe

spreadi ng | ayer. 14. The el ement of claim 12 wherein subbing |ayer
i s polyvinyl pyrneli deif.element as claimed in 1, 10 or 11 wherein

the spreading layer comprises barium sulfate or
titanium dioxide. '

20. An element as claimed in 2 or 13 wherein the
gelatin is hardened.



- 24- a slﬁ:’_eac?ﬁrelge}g it of & entl&a%?é} gind tahesu;?(ﬁoyz\./ﬁ' nyl?%yr rolidone

has a nnlebheaelanﬁgntcomprds@@@ to 360, 000. 16. The el enent of
claim 15 wherein the pO|y&IQ¥%B£%hﬁ ad@neulat A vl ecul ar wei ght of 40, 000.
17. The el enent of cFa|n110 or erei n the reagent | ayer conprlses from

1000 to 4500 Units ob)pyrﬁﬁésénéﬁlGééé generate) pyruyvats dierthef claim 10
or 11 whergrdséfige! 880ENtyahBaniGesY Al AneDlPrisandnaliy L on Lo the

concentratl n gdrogen peroxi de are a | euco dye and horseradi sh
per oxi daseS% sPfa An elenment as claimed in 1, 10 or 11 wherein the
spreadi ng | ayer conpc)seSpyauwamesukﬁﬂnseoama1nmﬁamna£sndakx 20. An

el enent a§p§£3$g§g Lﬂi&a@%;l3 wherein the gelatin is hardened.

a) reagents that generate a color in
proportion to a concentration of hydrogen peroxide;
characterized in that:

e) the spreading layer contains the
transaminase substrate and a material selected from the
group consisting of polymer beads, barium sulfate,
titanium dioxide and mixtures thereof;

£) the reagent layer contains the pyruvate
oxidase; and

qa) at least one layer separate the
spreading layer from the reagent layer.



