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Summary

A glucose oxidase (8-D-glucose:oxygen 1-oxidoreductase, EC 1.1.3.4) sample
purified from Aspergillus niger by a previously reported method was subjected
to isoelectric focusing and gel electrophoresis, and found to be composed of at
least six component enzymes. The isoelectric points of the component enzymes
ranged from pH 3.9 to 4.3. Analyses of the enzymes indicated that they all pos-
sess an identical protein moiety, since the amino acid compositions, the C-termi-
nal sequences, the catalytic parameters, the quantitative and qualitative immuno-
logical properties and the electrophoretic patterns of the peptide fragments, ob-
tained by the CNBr-cleavage, were practically the same. On the other hand, the
carbohydrate contents of the isolated component enzymes were found to be
different, and these differences were associated in the main with a particular
peptide fragment. We suggest that the multiplicity of the enzyme is due to
variation in the carbohydrate contents and their structures, rather than in the
protein moiety.

Introduction

Several purification procedures and the general properties of fungal glucose
oxidase (8-D-glucose:oxygen l-oxidoreductase, EC 1.1.3.4) have been reported
earlier [1-—6]. The preparations were regarded as homogeneous by ultracentrif-
ugation and electrophoretic analysis. The enzyme contains 2 mol FAD/mol M,
153000 [7]) and 10—16% carbohydrate [4,5,8—10].

In the course of the studies on various glucose oxidase samples, it was
noticed that the protein on an isoelectric focusing gel was stained as multiple
bands, indicating the microheterogeneity of this enzyme. In order to gain
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insight into the cause of the multiplicity, various analyses have been performed
on the isolated component enzymes.
Parts of these data have been presented earlier [11].

Materials and Methods

Materials. Acrylamide, N,N'-methylene bisacrylamide and DEAE-ellulose
were obtained from Seikagaku Kogyo, Tokyo; N,N,N',N'tetramethylethylene
diamine, riboflavin and Coomassie brilliant blue R-250 were from Nakarai
Chemicals, Tokyo; and ampholytes were from LKB-Produkter, Sweden. Chemi-
cals were of reagent grade.

Crude samples of Aspergillus niger glucose oxidase, Lot No. 93 005, were
purchased from Kyowa Hakko Kogyo, Tokyo, and purified as described else-
where [5]. The concentration of the enzyme was determined spectrophoto-
metrically by the use of the extinction coefficient: €45, = 21.6 mM™! - ecm™ [5].

Polyacrylamide gel electrophoresis in cylindrical and slab gels. These were
performed according to Davis [12]. The cylindrical were 7.5% acrylamide, run
at 3 mA/tube. Slab gel electrophoresis was in the presence of 0.1% sodium
dodecyl sulfate (SDS) with a gradient of 10—20% acrylamide, and the current
applied was 30 mA/plate (137 X 110 X 2 mm).

Isoelectric focusing in polyacrylamide gel. Isoelectric focusing was carried
out as described by Doerr and Chrambach [13] with slight modifications. The
polymerization mixture contained the following components (final concentra-
tions): 3.36% acrylamide/0.14% N,N'-methylene bisacrylamide/0.13 uM ribo-
flavin/6.6 uM ammonium persulfate/1% carrier ampholytes/12.5% glycerol
(v/v). This mixture was deaerated under reduced pressure for 2 min and then
20 ul N,N,N’' N'-tetramethylethylene diamine/10 ml gel solution was added.
1.8 ml of this solution were pipetted into a glass tube (5 X 100 mm) which was
closed off at the bottom with Parafilm. A 1-cm layer of water was carefully
placed at the top to ensure a flat surface and to complete polymerization. The
solution was allowed to gel at room temperature under white light, in order to
accelerate polymerization. After polymerization, the upper gel surface was
rinsed with distilled water and dried by blotting the top of the gel tube with
adsorbent paper. The enzyme solution was diluted with 25% glycerol and 10—
20 ul of this mixture were layered onto the gel surface, followed by ‘over-
layering’ with 100 pul 5% glycerol and 0.2% sulfuric acid up to the top of the
gel tube. The best results were obtained when no salt or buffer was present.
The gels were immersed in electrolyte solutions: 0.2% sulfuric acid at the anode
(upper reservoir) and 0.4% ethylene diamine at the cathode (lower reservoir).
Voltage was applied and gradually increased to a maximum value of 200 V, at
which it was maintained for 8—9 h.

Isolation of component enzymes. The major component enzymes (I to VI,
see Fig. 1B) were prepared from the electrofocused enzyme sample by extract-
ing the sliced gels with 0.05 M acetate buffer, pH 5.4. Each of the extracts of
the component enzymes was subjected to a DEAE-cellulose column chromatog-
raphy after overnight dialysis against the buffer. The eluates were each concen-
trated by ultrafiltration in a Diafilter, MC-1, with a membrane G-10T, from
Bio-Engineering Co., Tokyo.
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Measurement of pH of the electrofocusing gel. After electrofocusing, gel was
cut into 5-mm thick slices and incubated with 1.5 ml distilled water for at least
6 h. The pH values of the incubation mixtures were measured with a Corning
pH-meter, Digital 112, equipped with a microelectrode.

Staining gels for protein. This was carried out by the method of Vesterberg
[14] with Coomassie brilliant blue R-250.

Staining gels for carbohydrate. To stain the carbohydrate moiety of glucose
oxidase, the periodic acid-Schiff method was used according to Zaccharius et
al. [15].

Amino acid analyses. Amino acid analyses were done using a JEOL amino
acid analyzer, JLC-6 AH, with the samples hydrolyzed by 6 N HCI for 22, 48 and
72h, or with those hydrolyzed by 4 N methanesulfonic acid for 22,48 and 72 h
according to Simpson et al. [16]. By the latter method, tryptophan and half-
cystine residues were determined concomitantly with other amino acid residues
by use of a single hydrolysate. The number of the amino acid residues per
enzyme molecule were calculated on the molar basis of the enzyme-bound
FAD.

Carbohydrate analyses. Total carbohydrate content of the enzyme was
estimated by the phenol-sulfuric acid method with D-mannose as the standard
[17]. Qualitative and quantitative analyses of neutral sugar components were
carried out by the use of a JEOL gaschromatograph, JBC-1100, after complete
O-methylation [18]. Amino sugar components were determined by the use of
the amino acid analyzer. Sialic acid analysis was performed according to
Aminoff [19].

Analysis of the N-terminal amino acid residue. The dansylation {20] and
leucine aminopeptidase methods [21] were applied to determine the N-termi-
nal amino acid residue.

Analysis of the C-terminal amino acid sequence. The C-<terminal amino acid
sequences of the component enzymes were determined by the use of carboxy-
peptidases A and B according to Ambler [22].

CNBr-cleavage of component enzymes. Approx. 1 mg glucose oxidase sample
was dissolved in 0.1 ml 70% formic acid, containing 1.15 - 10~ mol CNBr, to
provide a 400-fold molar excess of CNBr over the amount of methionine con-
tained in the protein (about 23 residues per molecule of enzyme, see Table II).
The reaction was allowed to proceed for 24 h at 25°C with stirring. The reac-
tion was found to be almost completed in this time period, judging from the
results of homoserine analysis. The reaction mixture was then diluted 5-fold
with 0.4 ml distilled water and was freeze-dried.

Immunological experiments. Antiserum against the purified glucose oxidase
sample was prepared as reported previously [10]. Immuno double-diffusion
tests were carried out by the method of Ouchterlony [23]. Quantitative
precipitin experiments were done as reported by McDuffie and Kabat [24].

Catalytic activity. The overall catalytic activity of glucose oxidase sample
was estimated by oxygen uptake at 25°C in a 0.05 M acetate buffer, pH 5.5, by
the use of a Clark oxygen electrode.

Densitometric measurements. A Fuji Riken densitometer, FD-A, was used
for scanning the stainings of the electrofocused gels with a filter for 570 nm.

Spectrophotometric measurements. The spectrophotometer used was a
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Hitachi double-beam spectrophotometer, Model 124.

Circular dichroism measurements. The circular dichroism (CD) measure-
ments were made with a Union Giken Dichrograph, III-J, at 25°C, which was
interfaced to a computer, Union Giken System-77.

Results

Isoelectric focusing in polyacrylamide gel

A glucose oxidase sample purified by the reported method [5] shows a single
and symmetric boundary either on ultracentrifugation or on the electrophoresis
in a Tiselius-type apparatus. It was further verified that it migrated as a single
band on polyacrylamide gel electrophoresis at pH 9.4, judging either from the
staining of the protein moiety or from that of the carbohydrate moiety (Fig.
1A). It was noticed, however, that the stained bands were rather broad as com-
pared with those of other standard proteins of the same quantity under identi-
cal conditions. This suggested that the glucose oxidase sample might contain
several microheterogeneous species. Isoelectric focusing of the enzyme sample
was then performed in the polyacrylamide gel, containing 1% carrier ampho-
lytes with a pH gradient of 3.5—5. As shown in Fig. 1B, at least six bands were
recognized by the staining for either protein or carbohydrate. The isoelectric
points of these components ranged from pH 3.9 to 4.3. It is to be noted that
the densitometric tracing for the protein moiety does not quantitatively coin-
cide with that for the carbohydrate moiety (Fig. 2), indicating that the carbo-
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Fig. 1. (A) Polyacrylamide gel electrophoresis of glucose oxidase at pH 9.4 with acrylamide concentration
of 7.5%. The gels were stained with Coomassie brilliant blue R-250 (CBB) (left) and periodic acid-Schiff
(PAS) (right), respectively. (B) Polyacrylamide gel isoelectric focusing of glucose oxidase in 3.5% acryl-
amide gel, containing 1% carrier ampholytes of pH 3.5—5. The gels were stained with CBB (left) and PAS
(right), respectively. (C) Polyacrylamide gel isoelectric focusing of the mixture of equimolar amounts of
the isolated component enzymes, The conditions were the same as in B. The gel was stained with CBB.
The amounts of the enzyme applied to the gels were 30 ug (A), 150 ug (B) and 30 ug each of the compo-
nent enzymes (C), respectively.

Fig. 2. Densitometric scanning traces of the electrofocused gels shown as Fig. 1B. , scanning trace
for protein; «----- , scanning trace for carbohydrate. The isoelectric points of the component enzymes
were: I, 3.88;11I, 4.08; 111, 4.17;1V, 4.25;V, 4.29 and VI, 4.33.
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hydrate contents of the component enzymes are different. The electrofocused
gels were sliced and the major component enzymes were extracted. The mix-
ture of the equimolar amounts of the isolated component enzymes were again
subjected to gel isoelectric focusing in the same manner as before. The results
are shown in Fig. 1C, together with those of the gel of the ‘non-separated’
enzyme sample. The isoelectric points observed with the isolated component
enzymes agreed well with those of corresponding component enzymes in the
non-separated enzyme sample. The densitometric pattern of the re-electro-
focused gel was, on the other hand, not quantitatively identical with that of the
non-separated enzyme sample, being indicative of an equimolar relationship
between the isolated component enzymes in accord with the amounts applied
on the gel. These results indicate that the multiplicity found by the isoelectric
focusing technique is not an artifact, arising from the interaction between the
carrier ampholytes and the protein, but the glucose oxidase sample, per se,
consists of microheterogeneous species.

Carbohydrate analyses

Since the stainings of the electrofocused enzyme sample indicated that the
carbohydrate contents of the component enzymes were different, the quantita-
tive analyses were performed with the isolated component enzyme samples
(Table I). The total carbohydrate contents of the non-separated enzyme sample
were approx. 9%, which was slightly lower than those reported previously [10].
The carbohydrate contents of the component enzymes were from 8 to 12%,
and it was revealed that the components with relatively acidic isoelectric points
possessed higher total carbohydrate contents as compared with those with rela-
tively basic isoelectric points. As in the non-separated enzyme sample [10],
mannose is the most abundant component sugar in each of the isolated compo-
nent enzymes. The contents of glucosamine were almost constant with all the
component enzymes while those of neutral sugar components, especially man-
nose, were significantly varied. No sialic acid was detected in any of the
enzyme samples.

Amino acid compositions

The isolated component enzyme samples were subjected to amino acid anal-
yses (Table II). Since the molecular size of the enzyme is rather large, we can-
not discuss the small differences in the figures of the amino acid residues. The
amino acid compositions of the enzyme samples should, thus, be regarded as
identical within the errors of analysis. It is then conceivable that the isoelectric
difference in the component enzymes may not be due to the differing amino
acid compositions.

Analyses of the N-terminal amino acid residue

The N-terminal amino acid residue of the enyzme samples could not be
detected by the dansylation method or leucine-aminopeptidase method. It
appears highly likely that the N-terminal residue of the enzyme is masked and
not accessible to these reagents.

Analyses of the C-terminal amino acid sequence
The C-terminal amino acid sequences of the non-separated and the isolated
component enzyme samples were determined by the use of carboxypeptidase A
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TABLE II
AMINO ACID COMPOSITIONS OF THE COMPONENT ENZYMES

The numbers of the amino acid residues were calculated on the basis of the amount of enzyme-bound
FAD. The figures are the averages of three to five samples of different preparations. All values are in
residues/mol.

Amino acid Component enzymes

residue
1 I 111 1a% v VI

Lys 359+ 0.5 35.8 £ 0.9 35.6 + 0.5 348+04 35.0 £ 0.3 35.3+0.9
His 31.3+0.2 316+1.1 296+ 1.1 32.8z0.3 32.2+0.7 33.1+0.6
Arg 475+ 2.8 50.0+1.2 47.8+ 2.5 51.9+1.0 51.0 £+ 1.0 50.5 = 0.8
Asx 149.5 + 3.3 1528 + 7.0 150.4 £ 3.9 150.5 + 3.5 151.9 + 4.6 1499 £ 2.4
Thr 840+ 6.0 852 + 2.0 85.5 + 5.7 878 +2.3 86.6+1.4 88.5 + 2.1
Ser 78.5 + 2.3 751 1.9 80.3+24 76.4 0.9 76.7 £ 0.8 75.8 £ 0.6
Glx 108.0 + 3.8 1104+ 2.4 114.8 + 0.9 1138+ 14 1124+ 1.0 111.8 £ 0.9
Pro 57.9 + 4.7 54.7 + 1.0 58.2 + 2.5 55.1 + 6.2 57.9 + 4,0 57.6 + 2.8
Gly 118.5 + 4.9 127.0 £ 5.3 121.8 + 6.6 124.2+ 0.8 124.7 *+ 3.1 1240+ 1.3
Ala 134.2 + 0.3 1349 + 6.1 134.6 = 6.1 134.6 £ 3.2 131.6 £ 4.5 133.8 £ 1.7
(llys * 4.6 6.0 5.3 5.0 5.0 5.9

Val 925 + 0.5 87.0+28 89.9+24 88.7+ 4.1 86.3 + 2.3 87.8+25
Met 26,0+ 3.5 22314 25,1+ 2.5 23.0 £ 0.7 23.3x1.0 22,6 £ 0.9
Ile 52.1+ 3.4 541+ 25 50.2 £ 0.7 53.1 £ 0.1 50.3 2.1 53.7+ 1.0
Leu 103.0 + 2.7 1058 + 4.4 104.6 £ 0.5 105.0 = 3.2 104.6 + 3.3 1049+ 4.2
Tyr 53019 53.8 £ 0.8 51.1 £ 6.3 53.0 £ 0.1 52.7+ 1.8 53.6 + 2,2
Phe 37.0+0.9 36.4+05 32.6 + 0.6 35.3 £ 0.6 356.56 1.2 34.9+1.3
Trp * 15.8 16.0 16.1 15.7 17.7 15.5

* These are the averages of two samples analyzed by the method of Simpson et al. [16].
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Fig. 3. Rates of release of amino acids from the non-separated and major component enzymes by the
action of carboxypeptidase A. The substrate protein (glucose oxidase) concentration was 1% in Tris-HCl
buffer containing 3 mM difluorophosphate, pH 8.0. The reaction was initiated by addition of carboxy-
peptidase A (enzyme/substrate, 1 : 100) at 25°C. Aliquots were withdrawn from the reaction mixture and
the reaction was stopped by addition of 0.01 M HCI, lowering the pH to 4. The samples were subjected to
quantitative amino acid analyses.
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(Fig. 3). The same C-terminal sequence, Ala-Met-Glu-COOH, is shared with all
the component enzymes.

These results together with those of the amino acid compositions and
N-terminal amino acid analyses strongly suggest that the primary structures of
the component enzymes are all identical.

Immunological properties

The isolated component enzymes were examined by the immuno double-
diffusion test against the antiserum to the non-separated enzyme. As Fig. 4
shows, the antiserum crossreacted with each of the component enzymes and
the precipitin lines fused well with each other. The results indicate that the
antigenic determinant is commonly shared by these component enzymes.

Quantitative immunoprecipitin test against the antiserum was also performed
with the major component enzymes (II, IV, V and VI). It is evident from Fig. 5
that the cross-reactivity of each component enzyme is quantitatively identical.
The immunological association constants estimated from the results by the use
of the doublereciprocal plots were 5.3 -10%, 6.7 -10°, 7.4 -10° and 4.4 -
106 M~! for the component enzymes II, IV, V and VI, respectively; and that of
the non-separated enzyme was 6.6 - 106 M1, It is therefore concluded that the
immunological properties of the component enzymes are all substantially iden-
tical.

This supports the view that the protein moieties of the component enzymes

0.7 T T

'Absorbance at 280 nm

1o® Topd Topd
Glucose Oxidase Added (M)

Fig. 4. Agar immuno double-diffusion experiments of the component enzymes with the antiserum against
the non-separated enzyme sample. A, I, II, III, IV, V, and VI represent the antiserum, component
enzymes I, I, III, IV, V, and VI, respectively. Antiserum, 0.38 mg; each component enzyme, 43 ug.

Fig. 5. Quantitative immunoprecipitin reactions of the nonseparated and major component enzymes with
the antiserum against the non-separated enzyme. The antiserum was incubated with varying amounts of
the component enzymes in 0.1 M phosphate buffer, pH 7.0, for 3 h at 37°C in a total volume of 1.1 ml;
then the precipitates were collected. After washing with 0.85% NaCl, the precipitates were dissolved in
0.5 ml of 0.1 M NaOH and the absorbance at 280 nm was measured. Reactivities of the non-separated
enzyme (®) component enzymes II (4), IV (&), V (0) and VI (©), respectively. 7.5 mg of the antiserum
were added.
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TABLE 111
APPARENT KINETIC PARAMETERS OF THE COMPONENT ENZYMES

Activity was measured at an oxygen concentration of 260 uM,

K for glucose Vieg *
(mM) (min™1)
Non-separated enzyme 26 20200
Component enzyme
I 26 21 000
II 26 21 000
Ir 25 19400
v 27 20 600
v 27 18 500
VI 25 18500

* €gs total enzyme concentration.

are identical, since the antigenic site of the present enzyme is considered to be
located on the protein moiety rather than on the carbohydrate moiety [7].

Catalytic properties
The overall reaction catalyzed by the component enzymes was investigated
100
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Fig. 6. SDS-polyacrylamide slab gel electrophoresis of the CNBr-cleaved enzyme samples with 10—20%
gradient of gel concentration. N: non-separated enzyme; I to VI: component enzymes I to VI, respec-
tively. Each of the CNBr-cleaved samples was dissolved in 1% SDS solution containing 50% glycerol, and
an equimolar amount (150 ug each) of the sample was applied to the gel. The gels were stained for protein
(A) and for carbohydrate (B), respectively, The other conditions were the same as in Fig, 1.

Fig, 7. Typical examples of densitometric tracings of the CNBr-cleaved glucose oxidase samples (compo-
nent enzymes I and VI in Fig. 6). Stainings for protein ( ) and for carbohydrate (~--- - ), respec-
tively.
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in the presence of varying concentrations of glucose, and the apparent catalytic
parameters were estimated by the Lineweaver-Burk plots (Table III). No signifi-
cant difference was detected in the Michaelis constant for the substrate as well
as in the turnover number, V/e,;i.e., all the component enzymes possess essen-
tially identical catalytic properties.

Cleavage of the enzymes by CNBr

The non-separated enzyme and the isolated components enzymes were sub-
jected to CNBr treatment, and the cleaved samples were applied to slab gels in
the presence of 0.1% SDS, with a 10—20% acrylamide gradient (Fig. 6). Some
10 peptides were identified on the gel in accordance with the number of
methionine residue per subunit of the enzyme (Table II) [25]. Important find-
ings were that the staining patterns of the peptides were practically identical
with all the samples tested, indicating that the primary structures are identical,
while those of the carbohydrate moieties were quantitatively different. Espe-
cially, the peptide indicated by an arrow was found to contain different
amounts of carbohydrate depending on the component enzymes. These facts
are more clearly demonstrated by the densitometric tracings (Fig.7), where
those of the component enzyme I, the most acidic component with the highest
carbohydrate content, and VI, the most basic component with the lowest car-
bohydrate content, are exemplified. These figures evidently show that the car-
bohydrate contents of some peptides located in the central region of the gel are
dramatically varied depending on the component enzymes.

Discussion

The present investigation has demonstrated by the gel isoelectric focusing
technique that the glucose oxidase sample, which was purified from A. niger
according to practically the same method as currently used in various labora-
tories, consists of at least six microheterogeneous components. This may be the
first report concerning the multiplicity of the present enzyme.

The possibility that the observed heterogeneity is an artifact, arising from
the interactions of various degrees between the enzyme and the ampholytes,
can be eliminated by the fact that each of the isolated six component enzymes
possessed the same isoelectric points as in the non-separated enzyme sample. In
addition, the intensities of the stained bands on the gel were not like those of
the original sample, apparently showing an equimolar relationship in accor-
dance with the amount of the component enzyme used in the re-electrofocus-
ing. Otherwise, the mixed component enzymes may again be separated to yield
an identical densitometric pattern on the second electrofocusing, with that on
the first. If bound ampholytes are present, the hydrolysates of the component
enzymes will give a ninhydrin-positive peak at a position between those of pro-
line and glycine, when applied to an amino acid analyzer [26]. Since no such
peak was observed with the hydrolysates, there cannot be any significant inter-
action between the ampholytes and the protein. In supporting this, Hayes and
Wellner [26] demonstrated by using tritiated ampholytes that little interaction
was present between L-amino acid oxidase and the carrier ampholytes in the
isoelectric focusing processes. Another possible argument will be that the
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multiple species in the glucose oxidase sample may be formed through the
action of contaminating glycosidases and/or proteases in the course of the prep-
aration. This is not considered as likely, however, since it is known that glucose
oxidase is rather resistant to exogenous glycosidases [7] or proteolytic
enzymes [8]. Furthermore, the fact that the amino acid compositions of the
isolated component enzymes are essentially identical (Table II), also excludes
the possibility of proteolytic attack.

It is therefore possible to conclude that the glucose oxidase sample originally
consists of microheterogeneous species.

The microheterogeneity of a glycoprotein, in general, can be ascribed to the
difference either in the protein moiety or in the carbohydrate moiety. An
example for the former case is L-amino acid oxidase purified from snake
venom, which was well investigated by Hayes and Wellner [26]. This enzyme
can be separated into at least 18 components by isoelectric focusing tech-
niques, and the multiplicity has been attributed to the variance of their amino
acid compositions. Typical examples for the latter case are bovine and porcine
pancreatic ribonuclease studies by Plummer and Hirs [27,82] and Reinhold et
al. [29], respectively. The multiplicity of the bovine enzyme is due to the pres-
ence and absence of a single oligosaccharide moiety; and that of the porcine
enzyme is to marked variations in the carbohydrate content.

In the case of glucose oxidase presently being investigated, the former possi-
bility is less probable, since no significant difference was observed with isolated
component enzymes in: (1) the amino acid compositions, (2) the C-terminal
sequence, (3) the gel electrophoretic pattern of the CNBr-cleaved peptides, (4)
the quantitative and qualitative immunological properties, and (5) the catalytic
properties. In addition, it was found that the CD profiles in the far ultraviolet
wavelength region of the component enzymes were practically identical (data
not shown). All these results strongly suggest that the protein structures, both
covalent and steric structures, of the component enzymes are identical.

The latter possibility that the microheterogeneity arises from the variation in
the carbohydrate moiety of the enzyme is worthy of consideration. The com-
ponent enzymes were shown to possess a variety of carbohydrate contents
(Table I). Especially the amount of the major neutral sugar component,
mannose, was found to differ depending on the isoelectric points of the compo-
nent enzymes; and this difference can be mainly ascribed to a particular pep-
tide obtained by CNBr-cleavage (Figs. 6 and 7). Although it seems hardly con-
ceivable that the isoelectric point of a glycoprotein is determined by the con-
tent of a neutral sugar component, there are several examples which imply this
possibility [30]. In such cases, differences in the structures of the carbohydrate
moieties may affect some dissociable groups of the neighboring amino acid
residues to varying degrees, resulting in the observed isoelectric multiplicity.

It should also be taken into consideration that the difference in the isoelec-
tric point might be brought about by the presence and absence of charged
groups, such as phosphate, sulfate or amide groups, attached either to the pro-
tein moiety or to the carbohydrate moiety of a glycoprotein. In the present
case, however, we could detect neither the phosphate or sulfate group in any of
the isolated component enzymes, nor find any significant difference in the
amide contents. Accordingly, the possibility that the isoelectric multiplicity
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comes from these causes is considered very unlikely.

As hitherto described, various methods, as many as possible, have been
applied to differentiate the multiple components of glucose oxidase. On the
basis of the results, our tentative conclusion is that the microheterogeneity
found is most probably due to the difference in the content of the neutral
sugar component, mannose, and the structures of the carbohydrate moiety
rather than to the difference in the protein moiety.
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