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ABSTRACT 

A mod&&on, utihsmg mutarotase, of an enzymrc, colonmetrlc system for 
determmmg D-glucose with D-glucose oxldase, peroxldase, and ABTS was satisfactory 
for the assay of the anomers of ~-glucose m aqueous solution The time required 
for a smgle assay is N 10 mm, and the lower hmlt IS 0 4 ilg of D-glucose The method 
ts applicable to the anomer analysis of D-glucose released by enzymlc hydrolysis of 
D-glucosxdes 

INTRODUCI’ION 

Assays of the anomers of D-glucose based on the specificity of D-glucose oxldase 
(8-r>-glucoce oxygen oxldcreductase, EC 1 1 3 4) for /3-D-glucose have involved 
D-ghlCOSe oxxdase-peroxldase and manual colonmetry (3@ mm for a smgle assay’) or 
complex, automated colonmetry’ We have used D-glucose oxldase and a polaro- 
graphic oxygen electrode wlfh or wthout mutarotase (aldose I-eplmerase, EC 5 1 3 3) 
which catalyzes the mterconverslon of D-glucose anomers3-S, an assay time of 5 mm 

wa: possIbleA 5 We now describe a modlficatlon of this method which utkes D- 

glucose oxldase, peroxldase, and mutarotase, and provides a rapld and sensltlve 

assay 

MATERIAJ_S AND METHODS 

Crude D-glucose oxldase from Penrczllmm amagasa~tense, kmdly supphed by 
Nagase 2% Co Ltd , Osaka, Japan, when partially punfied as described prevlously5, 
was free from catalase and mutarotase, and had a specclfic acctrvlty of 180 I u /mg 
Mutarotase, parttally purtfied from hog--iudney cortex accordmg to the method of 
Okuda and MlwaS, had a smc activity6 of 500 umts/mg One unit of our mutarotase 
assay6 corresponds to -35 umts of the method of Badey et al ’ HorseradIsh perox- 
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ldrsJe (245 umtsjmg), a-D-glucosldase (a-D-glucoslde glucohydrolase, EC 3 2 1 20) 
from yeast, and /I-D-glucosldase (j?-D-glucoade glucohydrolase, EC 3 2 1 21) from 
almonds were commercml preparations 

Pure a- and #I-D-glucopyranose were prepared by usmg the method’ for 
prepanng a- and /I-D-glucose-l-t The anomenc purity was >99% as shown by 
polarography (oxygen electrode) 4 5 2 2’-D~azobls(3-ethylbenzothlaohne-dsulphomc , 
acid) (ABTS) was purchased from Boehrmger 

Treatment dsamples - In order to decrease the rate of mutarotation of D- 

glucose, and to chmmate mterfermg materials such as hemoglobm, catalase, and 
glucosldases.. samples were added to 20 vol of Ice-cold chloroform-methanol (10 l), 
shaken vigorously, and then centnfuged for 2 mm at 1,700 g The supernatant (assay 
solutlon) was stored at moo, and used for the assay of the anomers of D-glucose For 
aqueous solutions of D-glucose (up to at least 500 mg/dl), recovery from the super- 
natant solution was complete When I ml of an aqueous solution of D-glucose was 
treated by this procedure, 1 65 ml of supematant solution was obtamed Thrs dllutlon 
ratio (1 O/l 65) was employed m calculatmg the total amounts of D-glucose III aqueous 
samples 

Determrnatzon of the anomers of D-glucose - 0 02~ Sodium phosphate buffer 
(PH 6 0, 1 ml) contammg ABTS (1 mg/ml), D-glucose oxldase (10 ~1, 8 mg/ml), and 
horseradish peroxldase (10 ~1, 1 1 mg/ml) were added to a cuvette (IO-mm path- 
length) When 5-150 ~1 of an assay solution (contammg 0 4-3 pg of D-glucose) was 
added, only /I-D-glucose reacted, and the ABTS was oxldlzed by the hydrogen 
peroxlde generated The methanol present did not interfere with colour development, 
which was recorded using a Hitachi Perkm-E!mer Double Beam Spectrophotometer 
(Model 124) at 420 nm When the colour development (X, due to P-D-glucose) had 
ceased, mutarorase (2 ,~1,2,0OO dmts/ml) was ir .lded (Fig I), this mused Instantaneous 
a+ /I converslon, and total colour developmeJlt (23, equwalent to the total D-glucose) 
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Fig 1 Tracmgs of the colour development m the anomer analyses of the assay solut on contammg 
0 1 mg/ml of D-&KOSe (16pl ahquot) The dotted lmes represent those parts not actually recorded 
because of the mvang of the solution ~rl a cuvette 
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at 420 nm was deterrmned The percentages of a- and /3-D-glucose m the assay solutlon 
are lOO(B-_)/S and 100&B, respectrvely 

Enzymolys ,- - A 0 2.5~ solution (100~1) qf substrate In 002~ phosphate 

bclffer (pH 6 5) or 0 02hr crtrate buffer @H 4 5) was added to the same buffers (40 ~1) 
contammg 1 25 r;ruts of a- or /3-D-ghrcosrdase After mcubatron for 1 mm at 25” 
(for a-D-glucosldase) or 37” (for /3-D-glucosrdase), the reactron mixture was treated with 
chloroform-methanol as described above, and an ahquot (50 ~1) of the resultmg 
solutron was assayed for the anomers of D-gkcose 

RESULTS AND DISCUSSION 

The rate of mutarotatron of D-glucose m an assay solutlon at -0” was neghgrble 
during at least 1 h Altaough the treatment of samples with chloroform-methanol 
caused drlutron (X 1 65). thus slowed mutarotatlon durmg the storage of samples, 
and denatured enzymes and protems present m reactron mrvtures of enzymolysls 

Assay for the /I anomer of an equlhbrated, aqueous solutron of D-ghrcose gave a 
meau and standard deviation for 21 values of 64 1 &O 74%, a value which agrees well 
~:!th that obtained by polanmetryg 

As the total absorbance at 420 nm was dlrectiy proportronal to the amount of 
D-glucose up to 3 /~g, ahquots of assay sohrtrons should contam t3 pg 

The rehablhty of thus assay was assessed by using standard aqueous solutrons 
(0 1 g/l) of D-glucose freshly prepared from pure CL- and &D-glucose and mixtures 
thereof (Table III Whereas the percentages of a-n-glucose obtamed for a-abundant 
solutions were shghtly lower than the theoretrcal values, those for P-abundant 
sohrtions were accurate 

TABLE I 
ANOMER ANAL-. SIS OF STANDARD D-GLUCOSE 

Waght of anot?zer (tng) Anotners (%) 

a B 

Calc 

a B 

Found0 

a B 

100 >99 0 <I 0 970 30 
85 85 15 826 174 

362b 63 ET 359 641 
20 80 20 80 195 805 
10 90 10 90 106 894 
0 109 <IO >990 10 990 

aAverage of dupkate detemunauons Analyzed wrthm 30 mm of the preparation of assay solutions 
Walue for an eqwhbrated, aqueous sohmon of D-ghCOSe 

The assay was apphcd to the D-glucose produced by the hydrolyses of varrous 
D-ghrcosrdes wrth CL- and B-D-ghrcosldases Each D-glucosrde was hydrolysed to grve 
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D-.&COSe of the same con&uration (Table II) (cf_ refs 10 and 11) Semenza et al ’ * 

ldentlfied the anozenc form of D-glucose released by rabbit-Intestinal sucrase \Ivlth 
the D-glucose oxldase-peroxldase reagent1 ‘, but they could not determme the propor- 
rlon of each anomer m the reaction mixture 

TABLE II 

ANOMER ANALYSIS OF D-GLUCOSE PRODUCED BY ENZYMDLYSIS GF VARIOUS D-GLUCOSIDES 

Enzyme Subsfrote 

a-D-Glucos~dae Phenyl a-o-glucopyranoslde 960 40 
j-D-Glucosldase Phenyl j&D-glucopyranoslde 10 99 0 

Methyl j?-D-&Icopyranoslde 20 980 
SallClIl 23 977 

“Averr-ge of duplicate determnatlons 

The colorlmetnc assay for the anomers of D-glucose described herem 1s rapxd 
(10 mm) and accurate, and IS the most sensltlve of the methods reported hltherto usmg 
D-glucose oxldase It IS apphcable to whole bloodI and plasma, but not to &sues 
and organs, because of the presence of certain reducing substances which probably 
influence the peroxldase reaction 

o-Dlamsldme’ 3 and 4-ammoantlpynne (with phenol)’ ’ were tested as chro- 
mogens instead of ABTS m the assay Although o-dlamsldme gave accurate results, 
it IS a carcinogen and the colour intensity IS decreased to one seventh CAmmo- 
antlpynne did not ,olve satisfactory results, because of the rap,d decrease of the colour 
mtensity 
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