-2 THe inventjon concerns a process for the color- imetric determnation
of an, anal yte.by means of enzymatic oxidation of the analyte in the
presence of an el ectron acceptor and determination of the reduced 5

el ectron acceptor by colour formation as neasure for the anpunt of the
anal yte. Furthernore,the invention concerns an agent for the colorinetric
determ nation of an -anal yte by enzynat|CEOX|dat|on of the anal yte,

cont'ai ning an 10 théomééﬁt-%a aedcerﬁgl Qubrfo%re@é‘&cﬁﬂ efd Woresept or. The
I nvention espeplaII¥ extends an.aro ic nitrosp compound as

direct col our -¥BeHFHG. d%F%EFFBﬁtQEEeﬁéoPno?“éﬂyﬁﬁé PR system or of
an anal yte/ P%@@yﬂadﬁat oftehydiefepasehsyahely tkd 1n ’ché PR GE Sof
enzymati c oxi dati ops possi bl e_the .det %ctlon nd %;qﬁﬁgrn1 atl n of
substances in $He® ﬂ%gga93r188°§3 Feaﬁgt§P G & hereby
acts on a c»rrekpotddongaenepierstystodberi m‘otcmaqamsaa:mea‘stwe abmeptor

accepting the fﬁgcéﬁBHﬁtoﬁft@ﬁezgngib@ tion reaction. The reduction of the
el ectron acceptor s resence *the enzynme substrate. Hitherto, it
has hereby proved F@Pbbe§§p§@baph9 éavanﬁloag@&ﬁQQMﬂﬁ13ﬂu§8Qﬁﬁuﬁﬁmelectron

acceptor can b@hé’%&!b?ﬂm@ﬁri@' BBEeEﬁiﬁath% YPMNeh iy ppssibl e not
necessarily 25

ve ur ement ratus but can
possibly al so ?%R%m%FéEe°¥FBBEFP9 %ﬁ ﬁﬁgﬁg #(ﬁ°qqﬂ}¢iﬂqn?ﬂetrlc
det er m natlon eﬁcldubeﬂaotes:ebyndeaneo&bu@x-lfcbimim eet]ted@tﬂnza/asmeptlen.

oroup of the ox) dof BiuEEIent By aBREYERLTYC SREANAS Yo thel had e ° ™

vbi|agsband|ungreﬂhtncgamtrosphceupbund as985remﬁlnniaur1ﬁgmm2®§2 Lexi kon -

hemi e, pUbelEE ogxagggmﬁtoge'bk‘aﬁncgﬁgﬁﬁgl %éﬁéﬁe tzég% oPNpr 1981,

page 194), the er renti a accordlng to
their natural @peepagatgggggréegendenigdehydrogenase system.

15 . - Ty analyses, enzymatic oxidations make possible.
the detection and the determination of substances in
the most varied ssmple materials. An oxidising enzyme
hereby acts on a corresponding enzyme substrate in the
presence of an acceptor accepting the electrons of the

20 oxidation reaction, The reduction of the electron -

~:a6ceptor-shows the presence - of the enzyme substrate. -

- Hitherto, it has hereby proved to be especially advant-
_ageous when the reduced electrbn acceptor can be debected
o by colour formation since this is peossible not necessarily
g;g 25 only be meaus of expensive measurement apparatus but can

poss1b1y also take place visually.
" Kpown metheds for the colorimetric determination of -
'substances by means of oxidising-acting enzymes use
oxidases or dehydrogenases. Both enzyme groups belong to
30 the the main group of the axiddreducpases (Rompps -
Chemie-Lexiken, Franckhsche Verlagshandlung, Stuttgart,
. 8th edition, 1985, Volume 4, page 2952; Lexikon
~.Biochemie, pub. H.D. Jakubke, Verlag Chemie, Weihheinm,
2nd edition, 1981, pgge 194), the members of which can
35 be differentiated according-to thelr natural electron
acceptors.



The ndtural electron acceptor for oxidases is nol ecul ar. oxygen (Ronpps
Chem e- Lexi kom, Franckhsche Verl agshandl ung, Stuttgart, 8th edition, 1985,
Vol une 4, page 2946). As representative for the state of the art 5 of the
use of oxidases for the coI orimetric determ nation of anal ytes, there is
cited A, Kunst et al. in "Methods in enzymatic anal ysis", pub. H U
Bergrreyer Verl ag Chem e, Wi nheim 3rd-2dition, 1984, VoI une 6, page

178-185. G ucose ipget hitsdat qgg@éjtcﬁse 5 yg%tg};.a%;gp SkidQsedepiot ei ni sed

bl ood by reactlin w,th gl ucose tnospieric Oxygen I'n aqueous
solution in tReLeCHLIRy HPFESR 959@% Frpmie-Toxiken ¢ aBpduekhreheecact i on

by reduction gbribgshandanns! smw@&wgl%an@dwﬁ&fOwsscotra%m\éﬂ yh
phenol and 4-am _no Bt o] al SO present Ege reactiof xture. ’As
source of err8BPB® % %1%235' lr)ﬁ %eqiéqg‘%%c °Fs Gchtakht PEnERet BET
plresenﬁ_e ob red?ud:haguaxet iofy m:htameserml aelaﬁmébficaaéﬁermﬁ.h@t&@ind or
gl ut at hi one. t an t ei ns,
whi ch can easi ysggc?ye%’ %r(slae?% il[ %?sér(fveﬂof?‘?%# b%onl * at? aﬁg%ﬁf)aﬁngl y
because t hey #Bcenrpyae tiededpdy %S'eﬁ 9<|meb ﬁidﬂelhenmmEntVaaiegl al s whi ch

lead to a col gHpmhgr, i N AP Q0E e afgh Rfs 0% dgggeand
possi bly furt?&gmiﬁggﬁhﬁg\ﬂcom alned In theoi(;%?%ttlon ag gﬁf ﬁ‘s ch as e.qg.
a

phenol 25 op éﬂﬂé’ﬂﬁ?elscé?hqlé%cﬂQW‘?W%elﬁe%%ﬁ"ﬂ%s Bleanaaosrials
can be. elgQ. aebrwbmm@edarbamomdsycanfmmo@wﬁtt@Sola;gas@ oriay¥kdopad
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Ber gneyer, Vehydgogbenmrmdmaanmﬁ diwdihe ccrsd 982, biné urea8tipagby

139148, is d?é&ﬁb'ﬂi%nt '6? t‘H%J %e d'zfcﬂ'?t g@i Cho?%g{eah CEB'rﬁ terol |

|n serum or asna | n suc t hat es er ol irst
li berated wi tﬁ@ﬁb}lﬂeiﬁt&mpb@a a‘is}'éi mw @%z@melslwenrg@ea#nmed by

reaction wst htﬁbob%btl%?p'ml%lﬁfbse B G QLB PHET & FrOXy IBR- tRi8qUeoUs
sol uti on, i gér t he hyd roﬁéde for med, éﬁﬁﬁrﬁhéasgegéngglgf
reaction oxi dFSBETPHULRe T «? ofS Yk TR P
reducing-acting substances, such as ascorbic acid, uric
acid eor. glutathione. Furthermore, transition metal ions
or haem and haem proteins, which can easily occur in
20 samples derived from blood, act disturbingly because
they-decompose'hydrogen peroxide., Protein component
materials which lead to a colour formation with hydrogen
peroxide and peroxidase and possibly further substances
N ‘contained in the detection agent, such as e:g. phenol
v/ 25 or 4-aminophenazone, can lead to false results. Such
' materials can be e.g. bilirubin or also medicaments,
such as e.g. m.methyldopa, which can well be present
in samples derived fromblood or in urine,
In J. Siedel et al., in "Metheds in enzymatic
50 analysis", pub. H.U. Bergmeyér, Verlag Chemie, Weinheim,
3rd edition, 1984, :Volume 8, page 159-148, is described
~the colorimetric determination of total chelesterol in
serum or plasma in such a menner that ester~bound
cholesterol is first liberated with cholesterol esterase.
35 Chelestereol is then-determined'by reaction with cholest-
erol oxidase and atmospheric oxygen in agueous solution,
whereby the hydrogen peroxide formed in the case of this
. reaction oxidises in the presence of peroxidase sud thus



-4- acts col our,- form ngly on phenol and 4-ami noantipyrine also present in
the reaction, i xturé. The colour form ation is a measure for the anount of
total chol'estrol in the sanple. 5 Al'l di sadvant ages nentioned for the
above-nmenti oned processes for the determ nation of glucose by nmeans of

oxi dase apply to the sane extent to the described chol esterol determ nation
nmet hod. These disadvantages are independent of whether the detection

t 1 t
Such ae are KASHY ooty dinfindly ok Wi Sy 2l Te 2o 8t K ORRDEIBR) L) o
or EP-A-0 256 23G6®. m@mtalmy tihe trackien cmlxhurgl. n@heucobburheoameve-
mentioned det giiRigRAtiOn . RR, FosApd &@éﬁﬁxf;ég 'r gségltsghggéhﬁﬂoir y

tests, the oxygen require nt as addition-
dlsadvantageo&§ the samMOlE@s ar, when much oxygen is utilised for the

OXi dati]?n gftﬂ' ghAqqnﬁqwd@td Wi mméwbﬁbi«a{:ﬁe éﬁévél-ﬁ:%’dﬁh.eﬂeaf
oxygen fromthe air in reaction nedi um c cone

vel oci t y- det ePHOFEFF S 3‘5):' &&1 %%W*%d@?%aefl %ﬁu?Pﬁ%sb%rmeEQﬁeeifal ly in
the ease of kioxdiliasedatpply rtat ithe nediwdextéwt f absiehe edebtpibea

US- A- 4, 105, 80Q P @@yyﬂgild% <ﬁﬁ?35¥&$afﬁg*$€% Q@hgg heiggépéﬁgggéédase in

t he presence or resazurin, aromatl c xide a pt or

col our fornat B&e. ugﬂqpﬁqﬁgnﬁxaﬁ;whﬂﬁhemutheg@@beatiyn beactbanvided |nto
those whi gl bardillQ giﬁtd%t Jeon 16f aen@me:béfraﬁeé  dP§efeagent
ni cot i nam de- adeni_ ne- cl’€ot i de D) or nicotin

anj de- adenlnecéFﬁG@Feéﬂ « krom BPah-8001Gi 3¢y el ect ron
R iR bed ““’8“’“mﬁi%&%mz‘t?i%ﬁff%%mwﬁﬁ ol ™
enzynatlc OXI§%®e§ﬁa}ggCP%b# e'ﬁ%?%mﬁ; 4 EE%&%%O&% ?O?h%O?§PYﬁEtFIC
measur e- 35 n@engionddndetermjugdtioon DBYa@ls 49n4861idt casribeseidescri bed
tn.hiét ! ﬁgt i‘ge 5 gb-%acﬂte%' 45yS (st ACUAE SRINON OPENEEfement HEECLEE YA bR
ally proved to be dlsadvantageous. In particular, when
‘much oxygen is utilised for the oxidation of high
\L; concentrations of enzyme substrate, the diffusion of
' oxygen from the air inte the reaction medium can become
- 20 . the velocity-determining step and lead to long reaction
times or, especially in the case of kinetic determination
methods, to false results, ' ' '
In US-A-4,105,800, xanthine isdetected by oxidation
- with xanthine oxidase in the preseunce of resazurin, an
W . 25 aromatic N.oxide as electron acceptor by colour formationm.
Dehydrpgenases can, guite generally, be subdivided
into these which, for the oxidation of enzyme substrates,
need nicotinamide-sdenine~dinucleotide (NAD) .or uicetit-
amlde-adenlnevdlnucleotlde phosphate (NADP).as natural
30 direct electron.acceptor and into these which are not _
NAD~ or NADP-dependent and which thus use other substances
.as natural - dlrect electron acceptors in the case of
enzymatic oxidation reactlens.
The use of dehydrogengses for celorimetric measure-
35 ments is known e.g. from DE-A-21 47. 466, It is there
described that lactate, by-catalysis of lactate
dehydrogeﬁase, is'reacted'with nicotinamide-adeniﬁe~



-5- dihucl eotide to, give pyruvate and reduced nicotinanide-

adeni ne:di nucleotide. The NADH forned then reacts, for exanple in the
presence of the enzyne diaphorase, with tetrazoliumsalts with formati on of
NAD and coloured 5 formazans, the concentration of which can be determ ned
photonetrically. Instead of diaphorase there is also nentioned

N- net hyl phenazi ni um et hosul phate as a- 5Educt|on catal yst for the transfer

?L el ectrons fdrmﬁtd%t;)&biwetﬂe g:tevé y)fwatéabhd i!t@duced BW of
is process arg to be seen. in i nst ea 0
reduangI y- actAGRPRfe Q%W& e 16‘5@? bI?ﬁ% t&ﬁﬁtfpﬁmﬁﬁ %BSI P ZeaChfiy éhas% such
as e.g. bloodexumpla b ashe presence, ofuthe asngymbadiephoraser, with
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reduction cat a as .di a- or ase or é phenazi ni um
net hosul ph& efmnsi ethemmm’eeateom ned whbiebspandbagdedergdded and

thus lead to %ﬂ&%ﬂﬁ@ﬁ¥&%é1¥f.rfﬁ§%é§d Syraﬁsﬁﬁafssethena%eeee1ansﬁ

reduction catal ysts, such as_di aphoyase or enai m sul phate, for
phat

the transfer @PQH%?QQQK§TTﬁEP7¥Eﬁﬁ %%P{Hmtﬂ% RFH €ofSa® anal yte from
?nal yte/ en_zynﬁ-mmri Ocmbjeetmﬁ ﬁl@@eﬁir’]@ﬁSSGt'Vlbﬂgeﬂ.ébthC(ﬂm o
ormation inv | a er sanpl e acconpanying materials
25 can thereby cb a€%€ %ﬂfﬁﬁg %%g *ot herwi se identical conditions,
do not enfl& |ntommmtm$mfthbmsIptadcesSfat'eety hegseiere imedilleds. In
EP-A- 0 120 4 Otxfzjlm ollﬁ%%éi&?esfeﬁlAﬁﬁ a‘g1 ﬁ@?réaﬁ‘é@. gq_?macqﬁlﬁgirogenase

I n\the presence var i dbu ectron atceptors.. I cul ar nazi ne

me ho-. sul phatsdihatanges Jpessiiby PB?%‘?@?a:buybag 88&-69 :ers gent . -

toa further @edd@n BES6RL Oéerﬁﬂchpms@agoraubehéazehbhmaealgaut‘ame
I nvention int }rrhd,soto rovi heela {or thﬁ ﬁg ﬁ pntlon bdlsl:ltgldvant ages
of the prior 9%, Yarge ‘I’%‘P the PUCR &8 HPHGYLALPEAO s GHPS
|nvent|onm53tmnruﬂeapmemenbéeoﬂ peduesiohocathdyabsl gsich espada+ al |y of
biol ogi cal fl S48 6P9NC8é€£&fBEéh£zﬂﬁi&ﬁ methosulphate, convert
tetrazolium salts into corresponding formazans and thus
lead to falsely positive results. |
_ Furthermere, the necessity of reductien catalysts,
.20 such as diaphorase or phenazinium sulphate,.for the
transfer_of.ﬁhe~e1ectrons liberated by the oxidation of -
_an analyte from analyte/enzyme system o an electron
acceptor serving for the colour formation invelve the
disadvantage that other ssmple accompanying materials.
25 can thereby also be reduced which under etherwise
identical conditions, do mot enter into a reduction but
thus lead to falsely uegative results.
- In EP-A~ O 120 440, glycerol is detected by an NAD-
1ndependent dehydrogenase in the presence of various
30 electron acceptors. In perticular, phenazine metho-
sulphate is here also used, preferably as electron
transfer reegent to a further electron acceptor, such as
e.g. a tetrazolium salt, .
TPhe invention intends to provide help for the
35 aboveementioned disadvaht&ges of the prior art. In
particular, the task forming the basis of the. invention
is to make available a process for the analysis espec-
. ially'ef bielegical fluids for the colorimetric deter-




el et

-6 mi nation of, an anal yte by nmeans of enzymatic oxidation of the analyte
in the presence of an el ectron acceptor and determination of the el ectron
acceptor by colour formation.as neasure of the amount of the analyte in 5
whi ch reduci ng-acting, especially hydrogen peroxide- deconposing

acconpanying materials in sanples, especially biological sanples, such as
liquid derived fromblood, e.g. serum of6+n urine do not disturb, which

avoi ds the usey c S
N—nethylphena2|§?u%$%e E@gﬁdugﬁgﬁﬁﬁé;biﬁggﬁnno oxyg %giﬁe ggégploand
whi ch thereby 8fs§ ﬁaﬁé‘aﬂdst@i it ¥hepinresaune %@Wa@mtfev@nacﬁephercase
of high substrghg 8@‘&6@?1‘1@1:’1%15 oEWK@ﬁ@m?rle %{@e @oﬁ%feca’ﬁeﬁr

avai |l abl e an agent % he col or n | on an analyte by

enzymatic oxi dhPFBATIOD; B8 ReASHRE orthe ABRPGH okithe caRelite #Rd a

col our - fornﬁngwﬁiebt&Qﬁu@mmgmawtidg;ﬂbspbéﬂélkyﬂKydﬁﬁ%é@epéﬁbkidéngUthOf
as extends thnhe

t he above- Lon Loce
choi ce of thoséegﬁﬁngﬁggéaﬁﬁé§?33¥§Q§ﬂ %é#%n*ﬁ;%ﬁ%ﬁi?%n acceptors,
can be used foespbela&ﬁwomamh&gmnaissampkgﬁynsunhsﬂsﬂlmhwb@véerihedtask is

solved by the rRYENbIARAAS o 'g.! Bkt £ A QLB 1 (6 C

- Accordi ngly, ere was dun process for the colbrinetric %eternlnatlon

of an anal yte Ublﬁréaﬁéméﬁseﬁilﬂmkﬁ% ofikitRAUVHLO ealea by esnabt BE
presence ofoand£hpbbiraled®ie M.t Y iR A1 it Qﬁbﬂioé\i@p Kegegedor30

el ectron acceptg g col our farmation as netgﬁ éﬁ t he un of .the
analyte, whi ch"PLCRCRG SXVEEJF HPTesREThS éfeﬂ& Eh%";"( sBUSRith a
flagjne dependrakeopiotaibler refidcsimntand dedine®geves einnthBecpsesence
of an aronatlcoglhég gﬁgggg%@%%?%%#ge&%ﬁggg r|c 35 equival entioxinme as

direct electron ac anm agent® has been found for the

color- inettic detEuwth@mm@weaftmenﬁumgntptheenﬁgenavailabhatannagenthe

anal yte, wp5chegAngabne ol otitiéttic determination of an analyte by
enzymatic oxidation of the analyte, containing an
oxidoreductase and a colour~-forming electron acceptor

\i, which is suitable for the carrying out of the above-
- mentioned process. : -
20 In particular, the task extends the cb01ce of those _

substances which, as colour~forming electron acceptors,
can be used for the improved process and agent as
stated above. _ *
o The task is solved by the invention as it is
N 25 characterised in the claims, '
Accordingly, there was found a process for the
colorimetric determination of an analyte by means of
enzymatic oxidation of the analyte in the presence of
an electron acceptor and determination of the reduced.
30 electron acceptor by colour formation as measure for
the amount of the analyte, which is characterised in
that the analyte is oxidised with a flavine-dependent
oxidase or_é PQQ~-dependent dehydrogenase in the presence
of an aromatic nitroso compound or of a tautomeric
35 equivaleut . oxime as direét electron acceptor. .
Furtheﬁmere; an agent has beén found for the color-
imetric determination of an analyte by enzymatic
oxidation of the analyte, which contains a flavine-

P



dependent oxi dase or, a PQQ dependent dehydrogenase and a col our-form ng

el ectron acceptor, which is character- ised in that the col our-formng

el ectron acceptor is an aromatic nitroso conpound reacting directly with 5
t he anal yte/ enzynme system According to the invention, by "analyte" is
under- stood such a substance which is enzymatically oxidised. In many
cases, the analyte will be that subst amPe. which is to be directly detected

ot 2| Wb YonieoRt Thhedodd bE B2ORAERIBANE dINRRIdAM AL S

exanpl e, glucose can be oxidised ect ucose “oxli
det er ni ned coI%r¢ﬂ%PﬂPCﬁPP?lnﬁbQEQQtPDPtap§e&t9?4uﬁﬂ%Qﬂ(i&rﬁhanaﬂtﬁmalyte

is first fornmegsédofhapnRbbethsueslaieeriyming ¥l dBY P RAEH TG rBact i ons.
and thus, fromthe 15 %ese ]ge and concen%nrg% OB Jof I'fbhe anal yi{%? 5

concl usi ons caAR LA PRFELE B FELE Py CPEBAPHLN
centration »f tihe shalytoedeawpséangstedhus, e.g. glycerol can be so

toanc. o olvcoror BhOSHHLRE ool B8 BhEBRFASHC! hn NGNS 42 Rl (50 P
phosphat e and skieedsswuehdd pa@bphaneeanblphensSmg@mmqqz,ly mmd:maﬂnd
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concentration 2% t%fb%hgéﬁeﬁblye@ﬁgﬁ§§e@oOﬁhﬁﬂaﬂtqﬂﬁ¥¥ﬁﬁiﬁeﬂﬂi?ﬂﬂinﬁﬂ

det er ni ned,0 naie! yh@xep1e! to Wﬂﬁﬁesbegateuqozﬁ‘dﬁ%x%ww e dluddr
conpound which is deter

colori-_netricall In the present. i nvention,
the anal yte is® ?%é?e3ﬁxnéﬁ§§? %EeﬁEthWF§% %d%ﬁﬁ A% of the
parti cul ar oxidkizéermiaedyecelorimetrdicalhyt, ﬁlweamaj,yum iz @lisb zerksible

el ectron acce%ﬁe”gﬁ% | Qﬁaﬂ&ﬁ” ié”f Hé%yf%ﬁ%‘aﬁfﬁ’&# %'?m%e:s e@é}eété&be%

electrons from |c pation o
"col our-forn ey ome unnemgr@ourenaﬂmaer@aé&am @G‘iﬂeﬂm?fs saffieam ehfuct i on

i's either 15sed»vje@éﬁ@étéuap&s&@eht%tmea o2 eWe cyx{afl%rwt doriiBddedndef ore
the enzymatic égﬁdbélggdg 1na1rec€i§t§e§£r59§%'ﬁﬁé'E%é#?%le and con~
centration of the starting substance. Thus, ©.g. glycerol
L can be so detectéd and determined that, in a first
~ reaction, glycerol is converted by means of glycerol

20 kinase and adenosine triphosphate into glycerol-3-
phosphate and adenosine diphosphate and then subsequently,
in a second reaction, glycerol-3-phdsphate is oxldlsed
with glycerol-3-jthosphate oxidase. In this case,

L - glycerol-3-phosphate is the analyte, the concentration
A\ 25 -of which corresponds to-that of the substaunce to be
|  determined, namely glycerol, However, here, too, the
analyte is that compound which is determined colori-
metrically. . _
I, the present iuvention, the analyte is that

30 substance which is accepted as substrate of the
parficular oxidising anZyme.'In order t hat the analyte
is oxidised, an electren acceptor must be simultaneously
present which takes over the electrons from the analyte
with participation of the enzyme.

35 By "Colour—fofming" is understood that the electron
acceptol after reductidn is either itself directly
present with a colour different from that before the

. enzymatic oxidation of the analyte or that the reduced



acceptor itself, admittedly does not lead directly to a col our production
but, in a follow ng reaction, causally |leads to a col our change of the
reaction nixture. Colour change hereby includes not only the 5 change from
colourless to coloured but also fromone colour to another. For the col our
formati on by sub- sequent reaction, many possibilities are. known to the
expert from which he can sel ect, dependi™§ upon the circunstances. For

exarrbl e, there ere . e tion t hose ré&ac |o s_in which the
reduced el ectrgggégg %rﬁglafdon}}eeccq@#g’? 0°F (nof Le’d direatidntisund,

such as oxi dat aveoamsqm |p‘xg>d1mumr’tmt,l-lmlua\aarfol:bbwﬂu.igf@ém;agoﬁgbsequent
reacti ons can ectron acgceptor, due to .
its reducing agt%?(%’r?@'?gt tl%%aénoq:t er su ‘H&ance §% %‘t fl&e r%%?gﬁg change
thereof. By oxPaZFtURS «Cajeuss clheanass themehy dnclides wat uenipi the

characterisgs thangs %ot ollodrd s %&%&1&&5@& t?l\iﬁ’géié‘oaff@ BHQd’ whi ch
can be a neutral . nol e Ie or,.a ch%wg'ed conpl ex . rm na

oxi dation st agG9isgr ERShRere diar Shsecrol aYist r%@i’m%%oﬁobytﬁebdet erm n-
ation of this Baqalendalre\aQiUimﬁ,r @alry lifbdsilbﬂiﬁhé@%ﬁe bRt ot ﬁﬁébOOKS

such as "Anorg frrann & Rudarff, Ver F. Ve & Sohn,
Br aunschwei g, ggpﬁ%@dlfge?nw%ﬁ:@g% R EGLE ffGBLJ%%’ de_%em EIBPHZ

gnolr gani gclzhgn @gggg@;;amasenﬂuzlm@e Weitiearp \Mdy eh!elds bé—h!lﬁﬁbio&e@o ]
erlin, $ nj .

Kol di tz VEB Dg tsiher atclr a gerwgglgr%#et%% &g hacé‘g?ﬂ;B hs
1972, page 4461v8@LE eoemetsaa Pamitt s @ cofrars mmme seabl @sfor the

prggess accordbﬁﬁdh@1&b€ddﬁ#&ﬂw &daatﬂdﬂ%(Nﬁdwéfgﬁr'ébr%ﬁfiﬂiﬁﬁiggn of an.
anal'yte are prguErabl 81t17h I ch cont ai.nt h%l troso radi cal. bound to an

aromatic group” ‘BEFEY Ifeﬁrc ORSe §3% @188 thosme wiishsbhes
donpounds. ,- surtdasedi plesdirenz ece eptdrmi tdlumdherﬁzlm\&'é:lﬁmi/@éla/@ﬁloﬁs

{"hter8?8522%92&%?%“%‘1%?% SEalSetr heUld A ¥ e tBE eRiraeE. "
- By oxidation stage is understood a numerical value
which characterises the oxidatien state of a particular

Ki/ atom in a compound, which can be & neutral molecule or

' @ charged complex. The d etermination of oxidation stages
° 20  is kdown to the expert. Instructions for the determin-
-ation of this numerical value are to be found in basie
chemical textbeoks, such as "Anorganische Chemie",
Hofmann & Riijdorff, Verlag F, Vieweg & Sohn, Braunschwelg,
20th editiom, 1969, page 216-219; "Lehrbuch der

25 anurganlschen Chemie", Hollemann-Wiberg, Verlag Walter
de .Gpuyter & Co., Berlin, 7lst - 80th editiom, 1971,
page 197-199, and "Aunorgenikum", ed. L. Kolditz, VEB

. Deutscher Verlag dér Wlssenschaften, Berlin, 4th edibion, .
1972, page -446.

30 Suitable nitroseo compeounds which are usable for the
process according to the "invention fer the colerimetric
determinatien of an analyte are preferably those which
contain the nitreso radical bound to an aromatic group.

Especially preferred are carbon aromatic nitroso

35 dcompounds, such as nitrosobenzene and nitrosobenzene
derivatives, As nitrosobenzene derivatives are hereby
guite outstandingly appropriate for the process

. according to_the'inventien all these which are




R B 828 6 et puten o m e d o e e

-9- converted by reducti-on into those conpounds which can serve for the
eolour formatiron in the sense of the previously given explanation. '

Ni t rosobenzene and nitrosobenzene derivatives are, 5 as a rule, weakly
col oured, yellow, green or brown col oured substances which, in the reduced
state, are not coloured. In order to be gble colorinmetrically to indicate
an analyte, they nust, therefore, |ead t@%a colour formation in a
subsequent reaction. This can, 10.for sanpl be™achi eved i .tﬁﬂt t he
reduced ni t r osSRPRHRFERMADY sFedupEionednfior b Iﬁ"é\mpsq%’gtsa Ghftan

col oured substs’»@@@elﬁo@btaenedlwohmclroqmmoms iheshee lerad ot rids® conpound
as partial structure. ative co I ng reactions are one possibility 15
for this type DFSELPRE yfﬁ?ﬁﬁ?lgﬁpi$ﬁ§ﬁ§qﬁ%a t hose nitrospbenzene
derivatives ar e esmftrei;bbenzeher sad frmtrtdsmqmm dardoradiinzps @arde

I nvention o] a tRf | enzymnes
but which T <O E‘gg%FeQLXkﬁﬁe% & [I.%Q ?%tq'g' o}@erﬂﬁ:ﬂéﬁ% coupling
reacti ons. Qﬂ@@ie@pedlaubytpﬂéﬂérmgigﬁuahﬂqu% Fedvcade shati®atdn@s of the

general formilg, 'cBEBﬁl'eH” i eRdBrSitdid ST leeirerdtle tFHLDy 86 am no
25 group, where

| ower al kyl an%ln@h%apgwgg g?‘ﬁgﬁ’%&’o ne(?gerlﬂ Sq SHﬁelro'see oncxésqor tJ\ié\ll‘édaby a
hydroxyl groupcoRBuantbemeteeR Swost isutisaduente myagtriren § iTteks byah pwer
bensene. del9vat PTEEaBpLenc bacAzhiRvas d $Yet AREH fed YEEr R0 LT 1y
I n, the above debimpoundnis| evereacih@d siigli fannther Hubatanen cthatigh 1 - 5
- cagbon atons. M ByleanduBBtafleldy 1A b teRAM AW Giitd Btk the
reduced nitroso compound as partial structure.
| Oxidative coupling reactions are one possibility
15- for this type of colour formation. Therefore, those .
nitresobenzene derivatives are especially preferred
_ for the process according to the inveuntion which act
g not only as electron accepters for oxidising enzymes
but which are also usable in the reduced state for
20 oxidative coupllng reactlons.
Quite espeeially preferred are nltrosabenzene
derivatives of the gemersl formula IT '

o | o yro o

in which R signifies a hydroxyl group or an amino
25 group, whereby the amino group can be substituted once
or twice by lower alkyl and the lower alkyl group can,
in turm, be substituted by a hydroxyl group, an amino
group substituted one er more times by lower alkyl,
Poaﬂé5 Soaﬁ.or CO,H. : - .
30 - Outstandingly suitable are especially those nitroso-
benzene derivatives of the general formula II which have
& low volatility.
In the -above definition, lower alkyl signifies an
allkyl raedical with 1 - 5 carbon atoms. Methyl and
35 ethyl are especially preferred.



- 10 - The acid residues [err], and [err] can be. present as such or in
salt form.as. ammonium al kali netal or alkaline earth netal salts. Amoni um
salts are those which contain the unsubstituted ammonium5 cation [err]

or those which contain amoni um cations substituted one or nore. tines by

| ower al kyl, aryl and/or | ower aIkyIaryI1£?d|caIs Lower al kyl neans, in
each case, an al kyl radical containing I=¥5 carbon atons. The aryl radical

is an aromatic rin yste | t:hyyl and et hyl
are preferred as | a&FE]yFeSE’E%E‘ %é%Hé}’y rﬁdbéc)rgir aé(9@hceé‘r\l.é;rjl‘lg'i'\l(wher eby
benzyl is a prphtesentl bewenchl byl dnylsadddifean 84 anmeniigh, aldeptors for

t he process ac&gﬁginﬁrg %éllhgeeh%¥§PHd¥%/té&iﬁ%E”Ehégﬂfﬁh(%ﬁfﬁgnd'ngly

sui t abl e p- hydroxyni am_nonj tro enzenge
p- dlethylan1noarerbbasenwbhéhaﬁ@nﬁaémh¢@ﬁbﬁﬂﬁﬂﬁﬁﬁﬁﬁ d ATRRYMRNzene. As

stated abovs, éﬁﬁlbﬁenﬁr ¢06§S tA08e YbidH @ Jdn Y anmteilin Wetions

ni trosobenzene or n|tro enzene deri vat. ves whi ch it en {s present
in the oxidati &8RP §F&§Et$§ 08P OF, MOxe, Hinas %E‘r W%OBM g? x\j'th t he
sanpl e to be iau@goirgdoweranlkslawyildirsdigadnry rikowdm aliey]camam t he
presence of an.analyte in the_s

substrate, ni t?‘BsSBéhzgﬁgedrgg %% \(géogéﬁ‘rzbeéne ‘g‘g&? 1‘?{{1\%% unc P%%s gg

el ectron accepatomardThe Bweﬂewwﬂm&ﬁlx&ftﬁﬁt%ﬁp%%ﬁ¥%s¥kmﬂl$xﬁ%ﬁﬂne. As a

rul e, thIS 6edH§5i%§ gf t&@ Ph%% unds does not suffice alone for a
colorinetric deterntrnation o

t he anal te 30 since elther niﬁxgolour
déctieases occur orméﬁbﬁér8@ﬁaﬁ§§3¥ﬂﬁ?Qnﬂgﬁ§ﬁ%&? PYeh| 2 wever, the
réduced e'eCtrQ@e&%%%@ﬁo%r%qnr%@mﬁékﬁisﬂﬁﬁémmm,nﬁhereby bonzgb bxi dative

partner . the 38 MEetoreled et HISAATEE BETLFARe ol dat i ve coupl i ng
reactions are knowast elidedronpedeepibrestor bede poocesampéeprdhngPta-0 175
250 or in g HyRi:8% ltsor IRt S SN fe  dRbsBdnaElely suitsble
p~hydroxynitresobenzene, p-dimethylaminonitresobenzene,
p-dieth&laminonitrosobénzene and p-dihydroxyethylamino-
W _ nitrosobenzene.
As stated sbove, for the process accordlng to the
20 1nvent1an, nitrosobenzene or nltrosobenzene derivatives,
in which nitrogen is present in the oxidation stage +1,
are preferably brought into contact with the sample to be
investigated and an oxidising enzyme, In the case of the:
presénce of an analyte in the sample which is accepted
et _ 25 as enzyme Substrate, nitrosobenzene or a nitrosobenzene |
' derivative functions as electron acceptor and is thereby
" reduced to the correspouding amine. As a rule, this
reduction of the nitroso compounds does not suffice
alone for a ecolorimetric determinstion of the analyte
30 since either ouly colour decreases occur or colour
changes are only weakly observable, However, the
. reduced elecktron accepbor can serve as starting
material fer an oxidativeucoupling reaction, whereby,
depending upon the choice of the coupling partner, the
35 most varied colours can be: obtained.
- Oxidative coupling reactiouns are known to the
_ expert and described, for exsmple, in EP-A-0 175 250
or in H. Hinig et al., Angewandte Chemie, 70, 215-222



(1958). In general, ,oxidative couplings are frequently used. for the
produetion of «dyestuffs. In this connection, they can be regarded as
reacti on between an electron- rich aromati ¢ conpound and an oxi di sabl e
coupling 5 conponent which takes place in the presence of oxidation agents,
such as e.g. sodium or potassium hexacyanq- ferrate (I111), copper salts,
mercury salts, iron (II1l) chloride |ead 'oxide hydrogen peroxide, |ead

tetra- t at [ t f h d, .10

por acet 1o aci dCLEBBYGUIS ERRFIAL o RRERTHE oM FLPEE r§7P of BRUREES 1Y) sgg
oxi dases can ahse-dbé’ulsémea$mdm:tmn eﬂ:]einestﬂ'flﬁs abbuettdscciobedction,

NI LrosobenzencnbePlatele ibdditida 'AIUGL 1 G poBlbeh LRSY1BRYGHACt ed as

el ectron accep In enz C OXI 1 ons unds wh
oxi di sabl e coupiehg ammt@mmmchmd &n eox:tﬁl%&b%latcoupéwa i ng

~reactions. gochﬁP%n%lﬂbeQﬁﬁch K18 FRadESin t g pyeéaﬁcéedse%maa%a@nbe
oxi di sed by oxidation a as are ntloned 0 exanple I n

order to form &868t&ur e“gmg%ataesr |%ﬂgw§qr’¥¥12§n ARR? S‘F}E‘ﬁ %B%BFVH OConponent s

s: mul taneOUSLyfebeat@t (TIDhe ooamin whlbs} wercury psalbsit froh (III)

el ectron-ric [o} t t e T

coupling comoﬁgz‘f%%l@%rf @E@aﬁlﬁeﬁcﬁ{%w&%&gn& %&%](Zé?r%%ago?’g%?aof t he

25 coupling predetbtebxaniism ar pritassiun @vlls, ephpeoktylphuric acid,

et hyl ene- 38 | ¥8raRIRANN dESFif‘éit:?éd:Yc I LT 620 BOTPOHTS @anAEeoe»aeagn

fromthe group of the ani. |né% | ant ran| c aci d
anlIAnophosphoﬁPcDEmAﬁﬁ |5§§x1939¢§3§§ aypbsp bgoused ag PEF@ﬁ@P°n

-]|90§§I bility fopg bh%sd.etm:f]énd@évawéséf@é@datﬁeﬁlosbbéhwaeéc@eptr@riselmb col our
OTRLLOD, PO S EREE e b LS g TREYE Bl B Dugpidlle
transition froecichetopdsiSedkdizym tie &6idakiored eomppundstuhnchqr@ﬁa
O o e T FSE b AT L A Lol ATES Do b8 b poBatngeEgro0d ot
col ourl ess int omﬂa@m%mwktrss@eaﬁhW%s Ber this purpose, the
amines resulting by the reduction can be oxidised by
L/ oxidation agents, as are mentioned above by way of
'example in order to form a coloured material with
20 electron-rich coupling components s1multaneously
present in the reaction mixture. .
A plurality ef electron-rich coupling components
‘are available to the expert These coupling components
ecan be chosen depending upon the desired colour of the
e 25 coupllng product. Examples are aromatic amines, phenols.
and methylene-active cpmpounds. Especially preferred
compounds ean be chosen from the group of the anilines,
Cee N4methylanthranilic acid, and the anilinophesphonic
acids mentioned im EP-A-O 175 250,

30 A further Pbséibility for the determination of’the
reduced electron acceptor by colou® formation cousists,
in the case of the nitroso compounds, in oxidising the
reduced nitroso comppunds by other substaneces which, on
the basis of this traunsitiom from the oxidised into the

35 peduced form, in turn form a colour, whereby, here, too,
by colour formation is to be understoo&.not only the
transitions from one eolour to the other but also from
the coléurless into the coloured stete; Examples of -




- 12- ‘such coleur fornming reactions are e.g. the oxidation of the reduced
el ectron acceptor by neans of netal salts which are hereby reduced to
coloured netal salts with the metal in a | ower oxidation stage or possibly
5 conpletely reduced to the neutral metal. Copper (Il) salts can, for
exanpl e, be converted into red copper (I)ﬁBflts and silver salts into
metallic silver. The reduction of phosphot ybdate to nnlybdenun1b|ue S
al so possible. 10 ad of aromat,i.c nitroSo conp ds % t he
process accord|ﬁﬁcpocPﬁQanggﬁH¥5$ EQﬁﬁE}Qﬁﬁ1%H%x?tﬁ? D%} ﬂ%%PE oXi Mes

as el ectron accept bhe teduenﬂyﬁﬂbatnnncknceptnrI%yrmﬁansombomaﬂalcan be in

2 tautorer o eQuLtElr INILH BeOKIRY,y Thdhdch PGThbYd hide casepuhen

for this purposge, "a~hydrdgen_atomi's “avali e a- pos
nitroso group .withrther mml:erl ancer rlesv{nmdmgimﬂmaﬁtm | OR DOSShbly

el ectrons ang pgghODasbyP9saliles 20 the gddtS ebUY!, tdgipox ES)Vhi Ch,

with nitroso” conpo funct i ectron acc, tor n enz natlc
oxi dation reactP3htsS €aR ssE€HFJ SXRWP Qﬂﬂ MVEH %Qx&ﬁ%&n%%ﬁeﬁﬂ??%ﬁrlum
CanI al Sozge usegdr) lnlsrames ‘and I%E.Qﬁi%‘isf thmamr dil vitgo tmbﬁd‘lﬂ.imvsillv@ﬂ. Thi s

appl i es espegi a Q4T o rmu

(FFI) I n mhlcﬁ éﬁPP 0% g (ﬁéhéiﬁﬁa rﬁfgﬁhiﬁ#Qéggﬁ B%P?tlvely

charged am no gisualsnh@mebabﬂba am no groups are substituted one or tw ce

by | ower 301§Ikyl Qqﬁ%ggdlﬁ %ﬂgﬂgglﬁ] ?éﬁl 6ﬂb6ﬁﬁéb bfofugﬁﬁltuted

one or nore times b -13 e above
definition, | omproaleﬁszl amm Ky§ne ammtwrih there aRpBLSAL Bfts.

~Meghyl and ethyhs@ﬂea%%ﬂ@%fﬂ|d&ﬂﬂé§‘§éf§hectron acceptors. for
- enzymatic oxidatiomns. Nltroso_compounds can be in a
tautomeric equilibrium with oximes. This is especially
15 the case wheu, for this purpose, a hydrogeu atom is
available in the a-position to the nitroso group:

~/ N/
o CH C
L/ ' ' n

or when .a corresponding delocalisation of the electrons
~ and protons is possible. - ' - o
--20 : It was found that oximes whicﬁ,.with nitroso
, " compounds which function as electron acceptors in
s enzymatic oxidation reactions, can stand in a tautomerlc
' | nltroso/oxlme equlllbrlum, can also be used in the '
process according to the inventien., This applies
25 especially to oximes of the general formula III

R =,® =N-OH (I1T)

in which R' signifies oxygen, a further oxime group
or a postitively charged amine groﬁp, whereby the
. amino groups are substituted one or twice by lower
30 alkyl and the lower alkyl group can, in turn, be
substituted oune or more times by lewer alkyl,

Pogg:Q . cqggt or. S_OB‘H'



The acid residues [err] and [err] can be 5 present as such or in salt form
as anmoniym_ alkali netal or alkaline earth netal salts. Amoniumsalts
are those which contain the unsub- stituted amoniumcation [err] or those
whi ch contain amoni um cations substituted one or -nore tines by 10 | ower

al kyl, aryl and/or |ower alkylaryl. Lower alkyl nmeans, in each case, an

al kyl radical containing 1 - 5 carbon atbfe. The aryl radical is an
aromatic ring systemcontaining 6 -10 carbon atohs. Methyl and ethyl are
preferred. as | owerIml kye . atbhoedeiefindbibngadowalr 23kyls melaars/lan wher eby

benzyl 1s 2 P fREFEdAonen Ak 120Y5 £adbon! arohelHRURGISRG the

ni trogen posses f he oxi dat|on he sare way“as
ni t r osobenzenesLthhk axe gEReially Pﬁ@fgﬁ'ﬁéﬁal formula 111 are also

col ourl ess or col ousps thﬁuwlpb?{l ngbie eedue }ptc%trp,beare not

col our ed. descrlbed above for nitros g g es as _el &gtron ceptors in
the process “acRFHERT 125 1 FRCR OB N7 oA RER; S0 RMROTL ULy, géi%r

function as 25 mdiegl ren alkebinsseapth hetblosgltst,o col our formation. Not
only nitroso conpo X S | e -
exhaustive reductlo‘gm%‘gﬂ%gl?%gggaégg Eg#gne’g&g 8?’ttaq'% Cﬁ)ﬁe glrsélcbess
according to trﬁtlknkﬁﬂlammOEUWUam%hLanlNﬁhhe0§a¢@e§@bsdmw&hncan§ﬁmn<3ns 30
are usabl e for ast t ni

Sur pri si ngly |étmv\?a&f¢oun%|{;9ﬁat %\?{S‘?;itﬁ%d %‘Eﬁio&fﬁg‘% Xi nes, do?thgﬁ are
descri bed %vé‘-"m by ks AT 2RE/ PBr W@reP @EY are
catal ysed 35 afesns Joigdegéinsesse rsﬁeémjﬁ rbhﬁ.y:a&rQo‘r‘dlexwhl & \aﬂere

b, o oot o th sk el IR SR oRah00T 94 USSdARANE aing
di aphor ase orr%yﬁﬁém1eomhannzn'|Gn?hﬁtbarbbpha&@msarﬁehhyilanﬂ ethyl
o B "% adTEr iRl gl LhasE Y ss sat AR a e
is phenyl whereby benzyl is a preferred lower alkyl-
aryl radical,
In such pximes, the nitrogen possesses the
N\ oxldatlon stage =-l.
_ In the same way as the nitrosobenzenes, the oximes
20 of the general formula IIT are also colourless or
coloured substances which, in_ﬁhe-reduced state, are
not coloured. As described sbove. for nitrosobenzenes
as electron acceptors in the process according to the
invention, aromatic oximes;'after their function as
25 electpon acceptors, can be brought to colour formation,
Not only nitroso compounds but also oximes give amines -
.in the case of exhaustive reduction. For oximes as
electron acceptors, in the process acdording te the
inventioun, fundsmentally the same subsequent reactiouns
30 are usable for the colour fermatiop as for the nitroso
compounds.

Surprisingly, it was found that nitrose compounds
and oximes, as they are described above, can serve as
-colour-forming electron acceptors which are catalysed -

35 as oxidoreductases. Preferably, they are there usable
where, for the electron transfer from analytes to be
oxidised to the coloﬁr-fprming electron acceptor, no



5 as OX|d|5|ng enzynes. |f such enzynes are used for the oxidation of an
anal yte, the el ectron transfer’ can take pl ace directly, i.e. wthout
cooperation of a reduction catalyst, fromthe anal yte/ enzyne systemto the
above-mentioned col our-formng el ectron acceptors. 10 As analyte/entyne
system in this connection, is to be undgfgtood the conbination necessary
for the oxidation reaction of analyte and oxidising enzyne, as well as

Do LYt oaet fﬁa&ﬁ;b £00§881E8aaNGhen 66 haeEhorasuer Abantyhanl e
metal salts necessa r e _oxi | r oget her
with the enzynpheﬁﬁzlpﬁﬁmpméEB§§uiEEBSHPn&rﬁoéfﬁﬁﬁ’%ve%ﬁ%ﬁgaggﬂgh§

{1 avi ne- dependep, \pxhdasanaataatskacsel vs:absrtemrersecaremmeews; and
D-ami no aci d oxl dases, holester%b ? S| (ﬁya s are used

gl yceol - 3- phospWBe® S¥i §§8S 5 HRQe &P ase Jﬂgiruvate oxi dase.

Oxi dases whisgh, agcsgﬁaﬁ_ggngoeMgmes\Lemf @mcl’laremm{m&ﬂa ang arged QOBrE‘F%rred
are gl ucose OXIdasgﬁFgﬁéf ap a%% @gat%HQUéygg%rdﬁugfgﬁgﬂgrd@gﬁ and

pyruvat e oxi das8%

rrol odquingline- U|none
dependent dehydtagen@iaseaﬁer@§¢éﬂ,aMé;%uﬂkﬁh q ﬂéﬁ%&% ?gr 8t he
process accordi agghRtile icatellysd). rraned |anﬂylﬁé}éénziﬁhqobpgm§em s
very suitable for the colorlnﬁtrlc de ern1 tion of.ﬂ% Qg péesence
of aromatic nitEB88o2bOVSsHeREipnedy) OB S Y ¢%§$80n accéptors.
O o el e o rar
o ko T at?o

i n\/ent ion i s so e sanpl e vest | gat ed Jli
cofitacted with peseittian @mmmam‘e@mwwnm@scﬁst% as

aral e RO S SAESIaes s docssnips ol

0l qur- 1 or i ng. Guad m LA GABILS BOGARRREER 1 TAEST ShiYcHeBPEEPFY,

acceptor di gp a ﬁi“ﬁg(%ﬁldﬁﬁﬁﬁntéﬁﬂlWﬁﬁklﬁé tbgebheglwathethetB@ﬁyme-_

acceptor In Tts Oxu%é¥x%gcnggéheég accordipg to the invention,
flav1ne-dependent oxidases are especially preferred.
Examples are L~ and D-amine acid oxidases, cholesterol
oxidase, glucose oxidase, glyceaol-5-phesphate ‘oxidase,

20 lactate ox1dase and pyruvate oxidase. Oxidases which,
accordlgg to the invention, are quite especlally
preferred are glucose oxldase, glycerol-3- phosphate
oxidase, lactate oxidase ang pyruvate oxidase.

Furthermore, pyrroloqulnollne-qulnone (PQQ) -

A 25 dependent dehydrogenases are especially advantageously

' usable for the process according to the invention.

. Especially glucose dehydrogenase is very suitable for
the colorimetric determination of glucose in the
presence of aromatic nitroso compounds as colour-

.30 forming electron accebtors. In t he same w ay, PQQ-
dependent alcohol dehydrogenase can be used for the
determlnatlon of algcohols, such as ethaﬂol

The process according bto the invention is so
carried out that the sample to be investigated is
35 coutacted with a suitable oxidoreductase and one or
more of the above-descrlbed colour-forming electron
acceptors. If the sample coutains an analyte which



5 the électron.acceptor, due to the enzymatic oxidation procedure, passes
over fromthe.colourless state into a coloured one, the intensity of the
colour fornmed can be correlated directly visually, possibly by conparative
colours, or photonetrically with the concentration of 10 the analyte in the
sanple. If the colour of the reduced el ectron acceptor is substantially the
sane as that of the electron acceptor o¥il%#nally used or if a col our

| i ghit eni ng or conpl ete decol orisation takes plac®&, then a follow ng
reaction i s aisaokédised: by diey mutidorddwodaiee | obhe eaol dbwn-fbiofingeads to

| f t |yt
The sanpl e can opeEBpCBichbtis W HbddadOCELILES Felufoq SFp@lR0KC |1
process can bacegptioedddsPliaysa %cﬁ@enmédotfmrzbhane’shat e0f. the a cuvette
or as co-cal | pgiginaleslle@trdh HIIHH bilEn rf@@e@h&f«ééd eforﬁﬁ’“Sfe@i‘ the

necessary gesgaéea ents are present Id carrier, especia Iy an

absor bent | P SP@I'I‘PH‘t &q"ﬁpt%ﬁ{h%sﬁ" e | %?@%ﬁ@%n%daﬁlgn from
EP-A-0 016 38@robeddrs] $aseks oleiERErow t162cdidurledy-££85856n866a

oot of the prootBunkltEheL" HE SRR O B U UF +oFmed efBbbed i
t he cl ai ns, aﬂeraeleteﬂedmmqaﬁiy(ﬁlau&ilyumﬂmssmbkﬁuum Sémpana bijest

contai ns, deshgesy ng OF SURMLIASR AP SPREY LAC LOFSRENERL b, BF 1201 ON

of the an Iyte to *dete one col our m ng el ectron
acceptor #Ri chbparBalyber immdha EATRNR. | 3 eb e ceiolour hef chize bedtlﬁed

ox{ dati on di remébtrhhoabbagwlng %\ﬁ%fé@lfn%hé%éﬁe @4 d’bﬁéﬁgofnzy”es
and col our - fo%ge g € ﬁctoron acc tors; therﬁare u(ied t g rra(t:gio : _
desCrlbed aboV¥8es BFLePKE Br@ggﬁ?eﬂﬁxﬂ%ﬁngq Y iEsehv@httor? 98- For the
mai nt enance olighpeniaguersciomplletd adeddiorisayliog tukeofploee proheas, -
O eheteherasachuEtyfh bk UG, AULUERPI S, odifugfp! ccoroino
15 oxidation reaction whlch leads to a colour from the
intensity of which the councentration of the analyte in
the sample can also be determlned v1sually or photo-
N2 metrically. :
- The process can be carried out in a so-called wet
20 test, e.g. in a cuvette, or as co-called dry test on an
'approprlate reagent carrier, whereby the necessary test -
reagents are present on a solid carrier, especially an
o - absorbent or swellable material. Such test carriers are
A known, e.g. from EP-A-O 016 387, DE-A-BE 47 608
25 EP-A-0 .262 445 or EP-A-O 256 806.
' Agents for thée colerimetric determination of an
snalyte for the carrying out of the process according
to the invention, as they are characterised in the
claims, are also the subject of the invention., Such
30 an agent contains, desides the oxidoreductase necessary
for the enzymatic oxidation of the analyte to be déter=-
mined, at least one colour-forming electron acceptor
which takes over the electrons liberated in the case of
.. the oxidation directly from the analyte/enzyme system.
35 As exidising engymes and colour-forming electron
acceptors, there are used the materials described above
for the process accordigg to the inventioen.



5 contaln further syitable additive materials usually enployed for such
agent s, such as for exanple wetting agents, stabilisers etc.If the

oxi dation of the electron acceptor does not |ead to a neasurabl e col our
change, for the calorinmetric determi nation of an analyte, the 10 agent
according to the invention naturally also includes the reagents necessary
for .a subsequent reaction. The agent aetbrding to the invention can be
present in the formof a solution or can be applired to an absorbent or
swel | abl e carri erfornthdansbnbensnaesofusi oH, veldushsuddeitl eprfafrertits y

contains al | sagenhs Beedss {06 biBoBERGIRIAN Aabiel Qe iant | on.

sol vents, there come into questio fer-sol u%le ordani ¢ sdl vents,
such as e.g. YRAMmakle, e’é%?]‘&%lthE@tBﬁédor &Pn@ﬂ@ﬂbf geo@rddae &o Hbe ures

oI wat eL Wi ; mmﬁtt 260 08 G366 LS 0b VBﬁf?erFQ{yft@@SO'Eﬁr%fhe&Wt k e it %@'a{ i t%/,

it can be ,advantaggeou ent.s ne e into two
or nore s lﬂ??ﬁﬁé&ﬁ gﬂng%Pf?9%¥aﬂ$§eﬁagﬁtﬁﬂg Jake @%ﬂﬁ I

i nvesti gati oremgheyédt fer swmhtmganbspesuehl;saﬁmhyemhmpleahbammmg dati on
25 of the a e tr e [ ur then t |n a
subsequent rg§%¥|€%’ £f%$f{%§£§% a?g EE @ﬁ%lﬁéﬂpgggp ? $h§ %ﬁ%c%
concentrat i o@thﬁhed@%cmw’@nla@@ebvoﬁsmegéurﬁlblﬁhood@@m czhamedl ng to

the inventionegkegnd. &élorﬂ@&cfmlééteemﬁm%y& lan a%il%éﬂ\/maé

Reagent s for subsequent reactjons are used | east “chi’omet ri c
reIatlongﬂPpﬁﬁﬁﬁtmﬁ%ﬁ%%Q¥%$ EBCEB?OFEVGBFépgrQﬁwymﬁglan daclades:ial |y
inka 2 -10 fdjige exsggentd Neecgesiriceordangubsecghentnyeaicitdonian al so be 35

t the f f 1 est t {
P age of enbodi mabie tefut SiethiiPe, PECRRbG by rkaRh Bah, I Whddpal
EP- A-0 262 44&n the 1formrofRs As0l@550800r ke becarpmlneﬂota:l laat hat t he -
reagents nee oFPbnt NGr Céx[rél’ié‘%“&a%:.&?e 49! fleMedrm o0 @ﬂ‘iﬁﬁ%xﬁre

present on_ sol 1'd carri er carrier |ayers, there conme | nt
quest i on ¥xp Quagent preferably contains all reagents needed fer

the process according to the invention. As solvents,
there come into question water, water-soluble organic
— solvents, such as e.g. methanol, ethanol, acetone or
dimethylformamide, or mixtures of water with such
20 organic solvents. For reasons of storage stability, it
can be advantageous to divide the reagents needed for
the test into two or more solutions which are first
mixed in the cese of the actual investigation. The
. latter can then especially apply when, after oxidation
-~ 25 _ of the analyte, the reduced electron acceptor is further

reacted in a subsequent reaction, e.g. an oxidative

-coupliﬁg reaction, Typical concentrations for the

elecéron acceptors used in the agent according to the

invention are: 0,01 ~ 100 mMel/l, preferably 0.1 - 25
50 mMel/l. Reagents for subsequent reactions are used at

least in stoichiometric relationship to the electron

accepbtors, preferably ig an excess, especially in a

2 -10 fold excess.

The agent accordidg to the invention can also be

35 présent in the form of a test strip. Such test strips

are known in many types of embodimént, for example

from EP-A-0 016 387, E-A-32 47 608, EP-A-O 262 445



5 absor bent and/ or swel | abl e materials which are wetted by the sanple to be
Lnvesti gated. .Exanples are gelatin, cellulose or synthetic fibre fleece.

The reagents are present in solid formin or on these carrier materials. In
the case .of application of the sanple liquid to 10 the test strips or

di pping of the test strips into the sa f liquid, aliquid mediumforns in
the strips within which the detectlon reaction takes place. The col our

formation causgg %.}_,L:, FAhe) ct &, Oﬁgt% &éﬂ“@tﬁg ] U-Eli]é)f £he

photonmetrical |y, nmetr ca speci al subj ect
of the |nvent|EﬁaﬁﬂnﬁﬂwnﬁadﬁdlﬁﬂrcﬁhQuﬂQﬁENEHQCOWWtOﬁsbhe@hﬁeumdnas di rect

el ectron accepu@s oif FAbAINY iR %(}sdstogy&a 1A SBALILR LAFURE System in

this connection there Is to be un d 20 | I nati on necessary for
an enzymatic oABISETFF4dAIWE of b Qﬁﬁﬁyﬁ?@%ﬁkP#Pquﬂ%tUEEeﬁGEﬁPlé}ﬂaase or

PQQh depe][lflea_t eBROILRGAN AR/ A5 g@i%mwm@byalggﬁhﬁe? lwréhwtéeteazyrres
SucC as aV|n ar,. C actor s e al _sa .
naturally nece aFy%R%a éﬁ? |%ﬁﬂ?%ﬁ%&éﬁ$§%3£¥%%gﬁﬁﬁraﬁ?tﬁeiﬁglgnzyne.
It has been fooedlulaises drstsyitee bic tfibry dikeade § HEhei repgentsnprvends and
O e A 2L PRBc i QRO G 40 W T UL P o S RELE OllaBEERRGLS

the case of the oxi of an anha an ox] doreduct ase
The present invent t&n tdrer Sase m%ﬁj@&%a‘?f neh¢ erEPlenldanaty s,

such as .di aghogase teistNgiipd ﬁdﬂﬁiﬁﬁiﬁglﬁmrﬁﬁéoﬁééﬁhﬁtﬁl 8 gneceneary
for the reductég%§ﬁ§ .col.our - f (ﬂéﬁiron acceptor,, T etreductlon

t her eof can no 31 :ﬂ§ uly SOLMS LR Rb 88t TI0Bem

Pogsi bl y distuwﬁtm;nmwkidbﬁthé(ﬂexenmnﬁﬁuneémtzwmlﬂaﬂes pléspecifhely in-
the case of th of ' AN 8f by
means of the ugglig)?lrt ﬁeo oaqnglound’jaiasc%:&c:r %TB{»%%GQ{&H b,8 @Qﬂlotrbgrrgt I on
of hydrogen peN@ﬁu@él¥5Qﬁwﬂhnﬁnﬁetﬁ1Q§¥iY:cﬁuSW|rﬁil$%tEQ@ePhﬂﬁarlon i s

avoi ded. ?s ne¥MR1qy J educes the disturbing influence of

reduci ng-acfin -
uel ng- ! g. A speclal subject of the invention concerns the use

of an aromatic nitroso compound as direct electron
acceptor of an analyte/enzyme system, As analyte/enzyme
system, in this connection there is to be understood
20 the combination necessary for an enzymatic oxidatien
reaction of analyte and flavine-dependent oxidase or
- PQQ-dependent dehydrogenase, as well as possibly together
with co-enzymes, such as flavime or PQQ aud/or co-factors,
_ - for exemple'metal ealts,'naturally necessary for the
N 25 oxidation working together with the enzyme. It has been
found that substances of the group of the nitrpso
compounds and oximes can be used quite generally as
colour~-forming electron acceptors in the case of the
oxidation of aun analyte by means of an oxidoreductase,
30 - The present. invention offers the advantage that no
reduction catalysts, such as diaphorase or N-methyl-
phenaéinium methosulphate, are necessary for the
reduction of a colpur-forming electron acceptor. The
reduction thereof can now take place directly by the.
35 analyte/enéyme=system. Possibly disturbing side
reactions can thus be avoided.



conpounds. Finally, the conpounds enpl oyed according to the invention offer
a true alternative everywhere where 10 the admi ssion of atnospheric oxygen
is limted or undesired. Oxygen can, as el ectron acceptor, be replaced by
t hese conpounds in the case of enzynatic oxidations. This offers quite
speci al advantages in the case of agents cording to the invention in the
form15 of test strips.Wereas these hfﬁﬁgrto especially in the case of

hi gh anal yte conce tratlo had ,t.o be so ¢ t rouct ed f hat n case of
enzymatic oxidatio Q‘?@’ 3 flis@se a?ﬁo@b%e‘t‘?% ?Ji %dﬂ'ﬁa agPrFssi on

to the reagentthéxEnzgmmhﬂa<nkmdatinntm£taualytss,tbﬁtméﬁMssbflphecan now

be constructed, r t $E@§

wher eas preV|ou§Fy8?n%t e%%% e 0 tg%%&g after applica %lbn 0 the
test strips théog@gbiethaf dmdnegan @Wﬁeﬁ A2 RRREWrSP¥ePLaacertain tine
in order that g¥YgeAmeddhié¢ WtdtaRimitLon B lavHded heﬂﬁf§tréﬁ16b8§ okhi s

nmeasure i s not necessa ase of e of th ctyon acceptors
according to tHESPH9§nF£@nﬁléﬂﬂﬁéb¥qﬁa*q ﬁ€h¥e 1EERET B3R 6ggoxygen
into the test gbmppands.avoi ded, in the case of ki netic nmeasurenents of
the reaction speed nde ong t I n

the case of end po?ﬂ‘ggﬁé'gs'url%gﬁerﬁosdﬂ)?%‘i%ee%%%ﬁ? ec%?z?ﬁéé tchﬁSn speeds
i ndependent of inNen&dany of feaneerires i akbenwa binai ereerywhere pehere :
et el i Nal 18N BRECEARTS AN R uihiatio %gpfé‘dfﬂxfté‘@d §i mpl er than

was 35 previous possi omnn s show sone, of the
pOSSJ bl e proceggdﬁﬁirﬁﬁt-s xyaate “(ﬁﬂorﬁ-’neﬂ‘?%tmeﬁ?ﬁ%t?Bn be _19.- of an

%vte by neapgplbcedz) ttﬂtres@(ldbﬁ Sund SXPapt e da@d@tcteﬁzymétmctroso
conpounds by gl uc

aci d/ NaOH buff8?‘18 Elé’n@ -z%%’tser? %g%ous‘f‘f’o"s%A%\P?\?’a‘tO%e% %E?#%Ae%t %hﬁ/l in |

case of agents according to the 1nvent10n in the form
15 of test strips. Whereas these hitherto, especially in
the case of high analyte concenﬁrahions, had to be seo.
constructed that, in the case of enzymatic exidation
by means of oxidase, atmospheric oxygen had admission
_ to the reagent mixture applied to the test strips, test
'20  strlps can now be constructed which operate especlally
o quickly and dependably. Thus, whereas previously 1n the
‘case of test strlps, after application to the test
strips the sample had often to be wiped off again after
a certain time in order that oxygen could diffuse at _
o 25 all into the test strips, this measure is not necessary .
| ' " in the case of use of the electron acceptors according
to the invention, Since the time-dependent diffusion
of oxygen into the test strips is avoided, in the case
~ of kinetic messurements,of. thelreaction speeds dependent
30 upon the analyte councentration and, in the casecof .end
.point measurements, in the end point of the reaction
speeds independent of the analyte concentration are
obtained which permit determination processes which
are quicker, morée dependable and simpler thanwas
35 previously possible.
‘The following Examples show some of the possible
procéss varliants for the color;metrlc determination



Rl T R

et hanol 100 [err] glucose oxi dase (EC 1.1.3.4) (2500 ILMn1) or glucose
dehydr ogenase .(EC 1.1.99.10) 10 ~ 200 T[err] of sanple wth .known

gl ucose content a) 5mMMb) 10 nMc) 15 mMd) 20 nM 15 e)
50 MM in water were m xed and incubated at [err] for 2 minutes. There were
then added thereto 250 [err] N-nethylanthranilic acid, 0.1Min ethanol, 125
[err] potassium hexacyano- ferrate (I1).16-.2Min water and 125 1 potassium
20 -‘hexacyanoferrate (l111), 0.2Min water. After™a further mnute, it was
di luted 25 fol chfansh tdwa ey i BgaRé bPReehgfmbiae Hhskdetdonthich is green
coloured in th% casa oflt presence of glucose, neasured at 710 nm agai nst
a bl ank (above = sa=mi xture without glucose). 25 The results obtained
gave a line. TRedxiionioh nDEféscieompoﬁnﬁerbk_gmmcdsélnxmﬂésy t he
detern1nat|on(g i iV gl ucose concentrations in solutions. B) If, in the

case of the. n A p-nltroso- 30 dinethylaniline was replaced
by a) p-nit &sdphe?mo b)}ﬂp Qi IM csbt ke deeidyNaRH buwffer, pH 6.0

p-ni troso- NN-di et haggh anii i ané?é@BﬁﬁaNLQEm@%ﬁﬁ&%hﬂﬂ i DcﬁﬁmFg. £t al.
J.-Arer. Chem Soc. 81 59 [ 35 in the ‘case of th

presence of glucose, due toe?h%nE%upllng mnth N-net hyl anthranilic aC|d a
col our change of 16@06&3)§Mtw@et6xﬂﬂugeblmem AWF e (2800 QU Al) ow to

green was obser ved §r bubbSe 38hy8bobanadd’ od $°1.99.23)

N net hyl. -
10 200 pl.of sample with known glugose content
N a) 5 mM -
hl b) 10 mM
' ' c) 15 mM
d) 20 mM
15 e) 50 mM
in water were mixed and incubated at 25°C for 2 minutes.
. There were then added thereto 250 pl N-methylanthranilic
\%

acid, 0.,1M in ethanoi, 125 al potassium hexacyano-

ferrate (II), 0.2M in water amnd 125 Ml potassium
20 hexacyanoferrate (III), 0.2M in water., After a further

minute, it was diluted 25 fold and the absorption of

the reaction mixture, which is green coloured in the

case of the presence of glucose, measured. at 710 um
;g; against a blank (above reaction mixture w1thput glucose).
25 The results obtained gave a ITine. The extinction _

coefflclent of 5:710 = 24000 M~ -1 mfl can be used for

the determlnatlon of unknown glucose concentrations

in solutions, .

B) If, in the case of the sbeve test, in A) p-nitroso-
30 dimethylaniline was replaced by

a) p-nitrosophenyl

b) p-nitreso-N,N-diethylaniline _

c) p-nitreso-N, N-diethanolaniline (preparation according
, - to D'Amico et al., J..Amer. Chem, Seoc. 81, 5957/
35 1959)) :

then, in the case of the presence of glucose, due to

the coupling w1th N.methylanthranlllc acld, a colour

change of .




anthranilic aci.d was replaced by a) N nethyl-N nethyl enephosphoni ¢ acid
ani |l i ne b) |-hydroxynapht hal ene-2-carboxylic acid c¢) aniline-2-sul phonic
acid 10 than, in the case of the presence of glucose, due to the coupling
wWith p-nitroso-N, Ndinmethylaniline, a colour with a) [err] 735 nmb)
[err] nml[err] 15 c¢) [err] =640 nmwas observed. In the case. of the
use of p-nitroso-N, N-di net hyl - aniline -@@ N net hyl - N- net hyl enephosphoni c
acid aniline, there was found the dependence shoWn in Fig. 1 of the 20
change of the |Bghbrawsohst ibdwmeat 735 nm upon the gl ucose concentrati-on

For this purpos?éip%glgm;Qgp%%ggﬁyas measured after (1 + 24) dilution in
E |

citrate buffer and pl otted against the glucose concentration in the
test batch. 25 © Low B9 @@ n of gl ucose by formation pf netallic '
silver The. bat ghgobbgieidvaige, buffer, p-nitroso-NN- di nethylaniline,

| ucose, oxidas d sanpl.e was in ted.for m nut es errl,as in
%xarrpl el ang 3§; i&Xe&n\rXR’tbﬁ pasivaa| ﬁ%%@%%ﬁf% » Mt rgie SIBP%WZH in
ma}e{, ES Yell aath&@@ﬂﬁi&ﬂaqﬂﬂ(waﬁﬂeriauH&be(The prepatatiog Qr_gold
sol took place ggc o | re,s 30 . oi ling
distilled wat e_rggr g'g]lt?c%gl s:,LsiNt/e fhﬁ&fgﬁwﬁw&c}% %%9#35 of
water; 0.2 nl b)li-RySooexynaphthelene-R-anbaxydi¢ eeeddin water. After 10

mnutes, it is L9flantq iGRAI-sulphichic Wdiw the results obtained without
' g) d 1300 nm_ther re obtained the

internedi ate dilytion . at 700, 850 an .
‘curves showioi ntgﬁé‘m &nz.tz’Pné’;?s@arPié?% DRESSAGS ot | HHIR PP G esABeOF Ot he
determ nati on othehe oupliiewn wi t o lpsaniter iy N-d imebhyl anbtine, a
\ eolour with |
a) A= 735 um

b) .
;\maur.'== 590 um

15 ¢) A nax = 640 nm.
was observed, _

In the case of the use of p-nitroso-N,N-dimethyl-
aniline and N-methyl-N-methylenephosphonic acid aniline,
there was found the dependence shown in Fig. 1 of the

20 change of the light adsorption at 735 um upon the
glucose concentration. For this purpose, the extinction
was measured after (L +'24) dilution in citrate buffer
(pH 6) and plotted against the glucose concentration

s in the test batch.

25 Example 2 - : -

Detection of glucose by formation pf metsllic silver
Phe batch of citrate buffer, p-nitreso-N,N:
dimethylaniline, glucose oxidase and sample was
incubated for 2 minutes at 25°C as in Exemple 1 and

30 mixed with 250 ml 100 mM silver nitrate solution in
water, as well as 250  pl gold sol in water,

(The preparation of gold sol took place according
to the following procedure: To 100 ml beoiling distilled
water are successively added O.4 mg HAuCL, in 0,4 ml

35 of water; 0.2 ml O,1M NaSCN in water and 0.5 ml 0.1M
Kgﬁ@; in water. After 10 minutes, it is: left to cool);




Exanpl e 3 Detection .of glucose by nol ybdenum bl ue formati-on To a sol ution
of 200 .ng 2; 18- phosphonol ybdi ¢ acid (preparation e.g. possible according to
G Brauer, 10 "Handbuch der praparativen Anorgani schen Chem e",

Enke- Ver| ag, Stuttgart, p. 1278 (1954) or A Rosenheim A. Traube, Z.

Anorg. Chenmie, 65,. 99 (1910) in 920 - x [err], 0.1 Mcitric acid/ NaCH
buffer pH 5.5 mere added 40 [err] 0. 1M[}3ﬁiroso N, N-di nethylaniline (in
ethanol), as well 15 "as 40 [err] gl ucose oxidas€. (6250 U water). 1
Mnute after additWibhothe fesnlltex cbtmimed yithow intamediate

gl ucose- cont i 345 3BPLE. SLOIBYEY Ui AR Ul ekndle Mord Lobgisbauted (o

50 m and the absorption chande er measlr e result,
there was 20 obbai ﬂudveﬁeS@@Weléh&mqﬂﬁ =) T@?Iqaféaﬁﬁ%‘éﬁv%sas curve for

the detern1natbamlaiakh%nueh&%w% @dﬁﬂﬁﬁb(Eﬁﬁé¥ﬁ1ﬁ§t§6HL6fO@ﬁe whenewy C
represents oncent- r n.nt sa | e before the dilution carried

out for thes- uGPEReROR ?@%E%%nﬂ ic deternination of glucose by
means of non- B&ﬁﬁﬁledgpendent glucose dehydrogenase The foll ow ng
A ff

gglutlons mereDg%e:“WT o3 By ‘ hy gl d@ fméglgﬁggtoPH g ?
M p- ni troso- N, N-dlﬁntbmeMWUmum|0feﬁQQuﬂ8 2flﬁt@MQﬂPhQEQEN@mb@pﬁ@h@lybd|c

d, / 868206
501t tost ARPRENORIOLE.GL 0 “”F‘*’yé"! o o 4 Chineh i asm b)

72 my gl uedSe/ GHaRdREE By derPTAPERAL ?@%ﬁ iS¢, dg%?%%ﬁa’d) 360 ng
gIUcose/dl hungﬁkBngﬁagé, Stuttgart, p. 1278)(Ygﬁuhgoglmgdagédﬁhbmman

bl asmm 1) 1440, 1000505 "1 ANoT. RSTo 965000 L9165 OF Gho iR,
: 0.1 M citric acid/NaOH buffer pH 5.5 were added 40 pl
0.1M p-pitreso-N,N-dimethylaniline (in ethanol), as well
15 as 40;&1 glucoese oxidase (6250 IU/ml water). 1 Minute
after addition of x ml (x =0, 1,2, 3, 5, 7, 10) of
. a glucose-containing sample of known glucose countent
\“/ - (1 M), it was diluted to 50 ml and the absorption
” | change .( A E) méasured at 820 nm. As result, there was
20 obtained the curve shown in Fig. 3. It can serve as
curve for the determination of the unknown glucose
content of solutions,:whereby C represents the concent-
ration in the ssmple before the dilution carried out
U for the. measurement. | |

25 Examgle 4 o
Kinetic determlnatlon of glucose by means of non-

NAD(P)-dependent glucose.de;ydrogenase
'The:tollowing selutions were prepared:
test buffer: 0,1 M- tris/hjdrochloric acid, pH 7.5
30 - - containing 1% bovine serum albumin
electren aceceptor: 0,1 M.p-nltroso-N N-dimethylaniline
in ethanol- S
indicator: 2 lB-phosphomolybdlc acid, 100 mg/ml water
enzyme: glucose dehydrogenase (EC 1.1.99.17),
50 IU/ml test buffer




N

In a 1 cmcuvette. wer e placed 1740 [err] buffer 10 250 [err]

et ectrron acceptor 250 [err] indicator and 19 [err] glucose dehydrogenase,
the m xture thernostated at [err] and then 250 [err] glucose sol ution added
thereto. Wth the addition of 15 the glucose as starting point, the
absorption change per mnute ( A E/mn) m@gﬁrecorded at 820 nm The

fol I'ow ng values wer e obtalned gl ucose centration (end concentration

in [err 0 t est / dl

0.20 7.2 ny/dl g{ucose solutlon'0a§8§§4m$/ﬁ3/§ ﬁgn éié“% 0.57 36
ng/ dl 1.00 25 = b) 72 mg Flucomy/dl human plasma 1.60

144 ng/ dl . 2.24 36 3. 13 Exanpl e

5 Test strips for glucose detectlgﬁ g§4n§%y é@ﬁ&ﬁq{qhBQﬁF%QN ﬁQﬂ11.g

sodi um al gi nate (e.g. Al gipon of &gl 360 agvgiu@msmVGWHhumam(ﬁiasmaenk New
Jersey, USA)545 g pol yvinyl propignaygo(ged fa
Ludvmgshafen!5 Federal Republic of gb?n%ny% %%68%%% |un1 ny quhate
10. 15 g pot assi.um di hydrogen phosBhatét Qn335819qyﬁﬁﬁﬁ Ihﬂﬂﬁﬂmﬁlﬂsma -23- 4

g Aerosil COK 84 (Degussa, Hanau, §953@oyth@lw@ugéyaywHaﬁéﬁ)ﬁm@g%ga
honbgeneous nass agf adj sted t 10 .N caustic soda sol ution.

Subsequent |y, ther ?e aﬁﬁeﬁuYﬂgF%tHe§°6§Eﬁﬁe&Iucose oxi dase (250 | U ng)
260 ny p ni troso- NN-di net hyP&0i |pbebhfBey .2, 18- phosphonol ybdi ¢ aci d.

10 . 250 s electren acceptor
L _ o 250 a1 indicator and
N : "19')L1 glucose dehydrogenase,

the mixture thermostated at 25°C and then 250 nl
glucose solution added thereto. With the addition of

15 the glucose as starting p01nt the absorption change
per minute ( A E/min) was recorded at 820 nm, The
following values were pbtalned.

lucose concentration

end concentratiom in AE/min
.20 : the test batch) '

3.6 mg/dl . . : - 0,20

’ 7.2 mg/dl | » 0.38

| | 4.4 mg/dl : - 0.57
— 36 wmg/dl - 1,00
" 25 ' 72 mg/dl | -~ 1,60

' 144  ng/dl 2,24

360 mg/dl 3413

 Example 5 )

Test strips for;glucose detection by molybdenum blue
50 formation -
1 g sodium alginate (e.g. Algipon of Kelco, division
of Merck & Co., Clark, New Jersey, USA)
45 g polyvinyl propionate (e.g. Propiophan. 70D .of
--BASE,.Ludwigshafen,'?ederal Republic of Germany)
0.75 g :sodium nonyl sulphate '
10.15 g potassium dihydrogen phosphate and
'58.5 g distilled water




The mass was raked out in 320 [err] layer thickness in a 1 mmthick

pol ystyrene. foil and dried at [err] for 10 1 hour. In the case of applying
a drop of glucose- containing solution, a distinct green coloration
occurred within one mnute. The intensity of the coloration increased with
I ncreasi ng glucose concent- ration and can be evaluated visually on the
basis of a 15 conparison scale or reflgskion photonetrically. Instead of
the el ectron acceptor p-nitroso-N, N di nethyl aniline, there could al so be

used p-benzo- gqui b0 é%ﬁﬁ o-¢ E R@g. | p the
case of storagg_ﬁ%{é%egsg"alr )I?G?}? %Q t gg%?f %ﬁbg u?g?ﬂtgﬁ??gl@gration S
stabl e forseveP¥e Wddiereqd Lo gLy OHIREERANPE B2 EF2PEpLEIES 8 t r 0sO0-
NN di et hyl ani ligh@HEd)s Serigilane N 108ustic 208ds Useintaed ,phosphonol ybdi ¢
acid by 3,3 ,5,5" - e&;aqﬁégili ba€§ydyne éBOOQﬁg%’ hen,one obtains an
oxygen- 25 depend&WPEf WY esthene verg fdteer SRPERE prior art.
However, in5cofb agy gliuvedsenoxbdabe GPHOeIUfmg)pl e, the sanpl e sol ution
after applicati he .t Je RN . W\ off in order that oxygen
can diffuse i nb%@d%%)ﬁph'&*ﬁ%%?olﬁl’lteod{%é{éhﬁ%ecﬁéﬂg ®all. 30 In addition to
this di sadvant dg3, g I, heokosphemdlybdie haebdparatively high glucose
concentration is aq*u-ee\ﬁ%’sév‘%sn%ﬁeale%yiangabg?aoha%rpmmgss | ess

storage stable. The advantages of the replac of oxygen %y‘ﬁ tron
accept ors accoid fg % 3 Heh iﬂ?%%??%ﬁeﬁ?ef% and dggefy gt EQHM-IRT t he
sanpl e aft @ applhctat) din ttohé heasesbf skpphybageasdryp of- glucosyH cker

I.on dependent

oRC o0 - 11 g o L0 b BCASEBLRCE: cBRERC, BRI, JoPon s

the end poi nt Becurymkbdwithiwacteoninntepecfieninbbnsidyand gthe concent -

ration - ”Dre'éﬂﬁ%ﬂé%i%ﬂc&ﬁé?%@@égrﬁﬁﬁh increasing glucose concent-
ration and can be evaluated visually on the basis of a

15 comparison scale or reflection photometrically.

- Instead of the electron acceptor p-nitroso-~N,N-

dimethyléniline, there could also be used p-benzo-
quinone dioxime or p-nitrose-N,N-diethanolsniline.

Ip the case of storage in the dark at room temper-

20 ature, the c oloration is stable Ffor several weeks.

If, in the above Exemple, one replaces p-nitrose-
N,N~-dimethylaniline by peroxidase (100 mg; 200 IU/mg)
and phosphomolybdic acid by 3%,3',5,5'~tetramethyl-

;&g | ' benzidine (300 ng), then one obtains an oxygen-

25 dependent glucose test, as is known from the priof art.
However, in contradistinetion te the above Example,
the éample solution, after application to the test
strip, must be wiped off in eorder that oxygen can
diffuse in and for coloration to take place at sll.

30 In addition to this disadvantage, the end coleration
with comparatively high glucose concentration is
achieved ever more slowly and .the colour produced is
less storage stable, The advantages of the replacement

. of oxygem by electron acceptors according to the

35 invention are thus: _

| - ﬁo“wibing off of the sample after application to
the test strip necessary




Exanple. 6 Determ nation of |actate with |actate oxidase and 10 nitroso
gonpounds. as el ectron acceptor In a cuvette, 2240 [err] of test buffer
(0.2 Mcitric acid/sodi um hydroxi de, pH 6.35), 5 [err] of electron acceptor
(0.1 MN,Ndimethyl-p-nitrosoaniline in ethanol) and 250 [err] of sanple

wi th known | actate 15 concentration wer i xed and thernostated to [err].
The - test was started with 5 [err] of en?@ ® solution (lactate oxidase from

Pedi’ococcus sp.) st buffer) and extinction change AE/ min
recorded at 390 Hug’ggﬁw Trld%ﬁq%vmoﬁg results were obtained: 20

[err] O - in theocepse of kinetpi@gsedsurement, spe@d 182 veaction
0.250 25 ependent updh “he analyteOcdddedtP tion 0.443 3.0
0.508 [err] is hergb t he ﬂg%tate concentration t % present in the

cuvette in- the=caBetdr &89y eht Qﬁl?ﬁ)m?ﬂ%“ﬁ%%%%?eﬂ%ﬁtth?hén@e§91@§uld
be accel eraged ogpsbawR? dede o idesendént hef etret 4041, ﬁ@ebbﬁbent-

concentr.ati on, enz§g$ concentration, observation wavel engt
t enper at ur e. %n acceptor, tHere coul d al so be used N N— 35
diethyl-p-nitresnamelshablﬁI%diﬁnerbmgtbnigbthyl) -p- nitrosoaniline,

benzfuroxane a@%eﬁﬁiéuﬁ Patent Ctains 1. Process for the

determ nati on yte by_neans of enz natlc OX|dat|on of the analyte
in the presencg X 20 i AL pxbage 806t he reduced

eLectron aQ@gphﬁ%é@éd“@dﬂﬂoﬁﬂ&émﬁéQ@l@étﬁﬁﬁsﬁééeﬁﬁbrthe angunt gf anal yte,
gxfagggegisgy gnP[ & NS %Lﬂ@éggOX|gsgglﬁegﬁab Eé%gg@ 2? ﬁg%FBﬁatlc
ni {roso. COWpOUﬁdlﬂVs@Hth hydroxide, pH .6.35), 5 a1 of electron
geceptor (0,1 M N,N~dimethyl-p-nitrosocaniline in
ethanol) and 250 al of sample with known lactate
15 concentration were mixed and thermostated to 25°C.
The test was started with 5 gl of enzyme solutiom.
(lactate oxidase from Pediococcus sp.), 200 U/ml of
w test buffer) and.extinction change AE/min recorded

S
at 390 nm, The following results were obtained:
?0_ Glaétate‘ M sz/min
18] 0
. 0.1 . 0,093
. S , 0.2 0¢182
' : 0.3 ' 0.250
25 | . 0.5 - 0,343
' 1.0 0.443
_ " 3.0 0,508 |
Glaetate is hereby the lactaté concentration which is

, present. in the cuvette in the case‘of carrying out of
30 the measurement.
The test could be accelerated or slowed down by
 changes:: of the electron acceptor cencentration, enzyme
concentration, observation wavelength and temperature.
As electron accéptor, there could also be used N,N-
35 diethyl-p-nltroseaniline, N N-bls-(E-hydroxyethyl)-p-
' nltroscanlllne, benzfuroxane ‘and resazurin. =



10 tautonerlcally equi val ent oxide as direct el-ectron acceptor 2.. Process .
according. to c¢laiml, characterised in that, as aromatic nitroso compound,
there is used a conmpound of the formula I 15 - [err]

(1) in which R signifies a hydroxyl grd&p or an amino group, whereby the
am no group can be substituted once or twice by lower. alkyl and the | ower

al kyl group can in turn be substituted by _a hydroxyl group, an am no group
20 ‘substituted one or nor e tlneélﬁﬁﬂﬁbiéﬁﬁﬁéiyr [err] [err] or [err].

3. Process acc _dig to cI chafa erised int a& %he aromatic
nitroso conpourte r g?%?@ﬁt #98 8?¢eqﬂ34%) %%n? n@p 8ndly

p- di met hyl am nc'xméanssoﬁéanewmatp.c 5 i.dchi teitdry | @i hbelanaiylbenz.anekher

p- di hydr oxyet hy, Niter QS0 s c | el -
characteri sed |é?€%g€c? b% ggu%g%%ele %%ﬁf 6%% %?ﬁlgégb? %95&53 g?

oxi dati ve cdﬁplth@ rééaﬁﬁdne&Pﬁ&@“@uﬁQﬁﬁDﬁﬂ? eploygr ﬁP§@§§§°§c@@rd|ng

Ej Ot cl ?i 31 % - mé%‘éﬁi‘ét bes%ﬁte' '%mkﬂih%tvt\:h tdlﬁ dfr%il{y:?él eéﬁébéeﬁe?i%at Qn i S
etected by reductjo anges i.C col . the ca
changi ng from tﬁé %XEHFS@ tends é’a‘}@é‘tfqﬁr‘w gg“@“ﬂé@ﬁ@“ﬁ&fﬂ% he -
colorinetric depgiddset oen b a PQOdaipdriidnt edelyydregenabdatinothel the
anal yte, contai I t ependent
dehydr ogenase dg%ech g\f ?g‘r %%%%gqﬁq'e%ctn%enld%ég <%m QE@ ﬁgr ggt %I’I sed in
that the ch@urtabtﬂmﬁglsaédUr@qnmmﬁiﬁnﬁ Qxiéﬁl%@oﬂa?ﬁétneﬂﬁ@§@°@onpound
-reacting dlrectégc@gggrthe anal yte/ enzyne system 7. Agent according to

|

clain16, characteri1sed In that the aromatic, nijroso conpoynd _re ents
coypound 10 of 2¢ HRTPEPAS 2CCOTEARE 49 WAAHP KL n| GRPFPEEORIAGH: 4Ry PRGoLp

or an amne grosp, apbaBELY niveows mwelmﬂ,cantlbereubst ubeticd cempound
' of the fermula I '

B o @

in which R.signifieS'a-hydnaxyl group er 3n amine group,
whereby the.amiho-greup can be substituted once or
twice by lewer . alkyl and the lewer alkyl group can in
- turn be substitutéd'by'a hydrexyl group, an amino group -
20 substituted one or more times by lower alkyl,.P03E2, '
"_SO3H or GOZH. : _ » _
- 3, Procegs accerding to clalm 1 er 2,. characterlsed in -
'ggé _ that the aromatic nitroso compound represents p~hydroxy-
| i nitrosobenzene, p-dimethyleminonitresobenzene,, pQ
25 diethylaminonitrosobenzene-er p~dihydroxyethylamino-
‘nitrosobenzene, :
4, Process according to claim 1 - 3, characterlsed in
that the reduced electron acceptor is detected by an
oxidative coupling reaction by colour formation,
30 5, Process according to claim 1 - 3, characterised in
that the reduced electron acceptor is detected by
- peduction of substances which form a colour in the case
_of changing from the oxidised to the reduced form,

———;—___~____~___;;

A



er twice by lower alkyl and the |ower alkyl group can 15 in turn be
substituted by a hydroxyl group, an amihe group substituted one or nore
times by lower alkyl, [err] 8  Agent- according to one of clains 6 or 7,
character- ised in that it additionallqe contains an oxidative 20 coupling
reagent for the reduced el ectron acce&*%r. 9.. Agent according to one of
clainms 6 or 7, character- ised in that it additionally contains a substance

2ﬁfgﬁf?féfhmnggéféi'&eoﬁéﬁ‘@;ﬁ%ﬁ?”ﬁ#ﬁ%ﬁ%ﬁEﬁén%g?&é?%ﬁ%s-d'wﬁiféby the
enzyme represefpstainiag e Llapnrrderendent coxidasPQord8p FAent :
dehydrogenase. ggpendent dehydrogensse and 8 colour-forming electron
5 acceptor, characterised in that the colour~-forming

electron scceptor is an aromatic nitreso cempound

reacting directly with the anslyte/enzyme system.

7. Agent sccording to clsim 6, characterised in that

the sremstic nitroso -  compound represents a compound

10 eof the formuls I _
R—@—NO | | (D)

in which R signifies & hydroxyl group or 2n amine
group, whereby +the amine group can be substituted once
er twice by lower alkyl and the lewer éIkyl group c¢an-
15 in turn be substituted by s hydroxyl group, an smine
. group substituted one or more times by leower alkyl,,
S ROH,,, SO,H or GOLH, |
: .8.. Agent accerding to one of clasims 6 or 7, character—
‘ised in that it additionally contsins sn oxidative
20 - coupling reagent for the reduced electren acceptor,

" 9, Agent accerding to one of claims 6 or 7, character-
iged in thet it additionslly centeains & substance which
forms a colour in the case of changing frdm_the

| oxidised to the reduced form, o

. 25 10, Use of an srematic nitroso compound as direct
coleur—ferming electron acceptor of an analyte/enzyme
system, whereby the enzyme represents a flavine-
'deﬁendent oxidase or a PQQ-dependent dehydrogenase,

-
~

-
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