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ABSTRACT

Dextransucrase was treated with [*C]sucrose, and the product applied to
gel-permeation columns. In the absence of the detergents SDS and Triton X-100,
poor tecovery of enzyme was observed; however, that enzyme which was reco-
vered was labeled. In the presence of detergents, recovery was increased, but the
material appeared to be a large aggregate (mol. wt. >>5 X 10°). In addition, the
ratio of D-glucose to enzyme suggested that a polymer had been formed. Disc-gel
electrophoresis in the presence of a mixture of SDS and Triton X-100 showed simi-
lar results, and indicated that the aggregate was disrupted upon treatment with
dextranase. Native enzyme that had been immobilized on hydroxylapatite could
also be labeled with |'*C]sucrose, and the labeling followed saturation kinetics.
The labeled protein could be released from the gel with 8M urea, but was aggre-
gated. Radioactive sugars, free from protein, could be relcased by heating the
labeled enzyme. The sugars released consisted of a mixture of D-glucose with
oligosaccharides having an average chain-length of 17 D-glucosyl residues. The sig-
nificance of these observations is discussed.

INTRODUCTION

Dextransucrase |EC 2.4.1.5] is a D-glucosyl transferase that catalyzes the
transfer of the D-glucosyl group of sucrose to a growing chain of dextran’. Two
models have been proposed for the pathway of dextran formation. One proposal
suggesls that new D-glucosyl groups are added at nonreducing termini®, and ecvi-
dence in support of this hypothesis has been obtained from the study of reactions
in the presence of acceptors® or, in their absence, by using an analogous enzyme,
amylosucrase®?. The alternative proposal is based on the idea that chain growth oc-
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curs at the reducing end. while the growing chain is covalently attached to the en-
zyme™*_ In support of this concept. Robyt er af. " have shown. in a pulse-chase ex-
periment with dextransucrase from /.. mmescrteroides. that new Deglucose residues
are situated at the reducing terminus of the developing chain. and thev suggested
that two active sites are mvolved. one of which i occupied by a4 monomeric »
glucosyl residue, while the sceond has the growing dextrany! chain covalently at-
tached. They propascd that the two sites alternate with cach cveie of propagative
SIS,

The isolation of a D-ghacosylated form of dextransucrase. and the demonstra-
tion that it is an intcrmediate in the reactions which 1t catalyzes, are central to an
understanding of its mechanism. The data presented by Robyt o7 af. are consistent
with a covalently bonded intermediate; however. direct isolation and investigations
on its properties have not been reported. The studies reported employed impure
enzyme. and the cffect of contamination on the results is unknown. Fuarthermore.
the experiments utilized cnzyme immobilized on Bio-Gel P2 by chemicul cross-
linking, a procedure that resulted in a 99% loss of enzyme activity. It is unclear
whether this loss was due to an alteration in the catalvtic properties of atl ot the en-
zyme molecules, or to complete mnactivation of Y9%¢ of the population.

We considered that reliable results could only be obtained n experiments
that emploved highly purified enzyme. and utilized procedures that resulted in little
or no loss of enzyme activity. We have emploved highly purificd preparations of
dextransucrase trom Streptococcus sanguis ATCC 10558 in order to prepare a D-
glucosytated form of the enzyme. In this and the accompanving paper . we report
on the procedures for its preparation, and on its properties.

FXPIRIMENTAL

Materials. — Dextransucrase was purified by a moditication of the procedure
described by Huang ¢ /", The enzyme was homogencous by the criteria of
poly{acrviamide )-get electrophoresis conducted 1n the presence” of SDS and Triton
X-100. Multiple forms (usually two) of dextransucrase were present, and rhe
specific activity ranged from 80 to 100 unitssmg. Dextranase from Penicilfiom
(Grade 1) was purchased from Sigma Chemical Co. (St. Louts, M) as were
hexokinase., phosphoglucose isomerase, and giucose-6-phosphale dehvdrogenase.
Pyvruvate dehydrogenase was a giti from Dr. P A Frey.

Pextran T-10, Sephadex G-750 Sepharose ClL-68 200, and Blue Dexiran
2000 were purchased trom Pharmacia Fine Chemicals (Piscataway, N1 [VC|su-
crose, from New England Nuclear Corp. (Boston. MA); Insta-Gell from Pachard
Inst. Co. (Downers Grove. 1) : and hvdroxylapatite and Biogel P-200, from Bio-
Rad Laboratories (Richmond. UCA),

Dextran was prepared enzymically from sucrose by using purified dextran-
sucrase from §. sanguis 10358, The product was initially treated with Pronase. and
precipitated in 507% cthanol Precipitation was repeated 3 times. and a suspension
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of the product in water was dialyzed for 2 d, and lyophilized. Dextran T-10 was also
extensively dialyzed, and lyophilized prior to its use.

All other reagents were purchased from commercial sources.

Procedures. — Dextransucrase activity was measured as previously de-
scribed®. A unit is defined as that amount of enzyme which catalyzes the formation
of 1umol of D-fructose per minute. Protein was measured either by the procedure
of Lowry et al.'¥ or Bradford'!.

Disc poly(acrylamide)-gel electrophoresis was conducted in the presence of
SDS and Triton X-100 as described®. The gels were stained for protein by using
Coomasie Brilliant Blue®, and for enzyme activity by soaking the gels in sucrose
and observing zones of opalescence where dextrans were formed”. Paper
chromatography was performed in the descending manner in solvent system 1,
6:1:3 (v/v) 1-propanol—ethyl acetate—H, O, or system {7, 9:1:1 {v/v) butanonc¢—ace-
tic acid—H,O saturated with boric acid. Radioactivity measurements were made in
a Model 460CD Packard Liquid Scintillation Spectrometer. Agueous samples (3
mL.) were counted in Insta-Gel (5 mL). Paper chromatograms were cut into 1-cm
strips and counted in scintillation fluid (10 mL) consisting of PPO (15.2 g) and
POPOP (380 mg) per 3.785 L (1 gallon) of spectral-grade toluene.

RESULTS

Preparation of D-glucosylated enzyme: isolation by gel permeation. — Initial
experiments, designed to permil 1solation of a D-glucosylated form of dextransuc-
rase, utilized gel permeation as a means of separation. Fig. 1A shows the results
obtained when native enzyme was pulsed with [*C]sucrose for 30 s, immediately
diluted with cold water, and applied to a column of Bio-Gel P-200 maintained at 4°.
The enzyme was eluted in two peaks, one at the position of the native enzyme, and
the second (major) pcak at the exclusion volume. The shift in the elution volume
of the major peak suggested that a change in molecular weight had occurred.
Radioactivity was associated with this peak, and, based on a molecular weight!? of
155,000, the ratio of D-glucose to enzyme molecule was estimated to be 120:1. It
must be noted that only 3% of the enzyme activity that had been applied to the col-
umn could be recovered. Both the radioactivity and the enzyme activity were found
to be associated with material at the top of the column. This behavior was similar
to that encountered in earlier work, which showed that aggregate forms of the en-
zyme are filtered out at the top of poly(acrylamide) gel-filtration columns.

Similar experiments were performed in which the enzyme was subjected to
dissociating conditions using” SDS and Triton X-100 prior to the ['*Clsucrose
pulse. Following the reaction with sucrose, the enzyme was chromatographed on
Sepharose 6B in the presence of the detergents. The results (see Fig. 1 B) indicated
that the pulsed cnzyme was in an aggregated state, whereas the native enzyme was
not. The recovery of the pulsed enzyme was 109% with respect to activity, and
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Fig 1 Gel filtrauon of dextransucrase JA P00 Mative enzyme (38 units) was appled to o column
€15 > 33 5 ¢cm) of Bro-Gel P-20K0) and eluted with O (HM phosphate bubter, pH 6.0 ( 7= 0 A sample
ot the shuted enzyme (12,3 unms) was meubated with 1 gmol ot {7Clsucrose {5 = 100 0 p e ), and |
pamol of phosphate buffer, pIT At 1 a rotal volume of [0G gl Afrer 30 <, HLO (0 2 mLy at 3 was
added, and the mixture was immediately apphied to the same column of Bie-Giel P-200 and cluted as just
described  Radhoactivity (@ —- @) and enzyme activily (Ce——0p were measured, B Sepfuarose 085-
CI wath S8 Tricon X-T00 Sceparste samples of destransucrase {2 3% units) were nuxed wirth 55 mg
each of 128 and Triton X-100 11 the prescace of T mL ot (0 Iy sodium phosphate butfer, pH oU and
allowed to stand o T hoat room temperature One sample (-—--) was applied diteetly to g column (1}
# 24 ¢m) ot Sepirarose 6B-CL. and the column was eluted at # with (F 1M sodium phosphate bufter,
contamig 00057 SDS and 3 0037 Friton X-100 The second sumple (———-) was added to [MC-LTsu-
crose (1 [ gmol, 11 x 100 d pm b a final volume of 1O ml. The nuxture wus smmedsately appled
tes the same column, and chited 1 the same way  bBnoeyime activary @00 and radoactary () were
measured  Peak fractions were pooled. and total 1ecovery ol activity and of protein were determined
The arrow indicates the elution vohime of pyruvate debydrogenase complex! imal wr 45 < 100

120% with respect to protein. The molar ratio of D-glucose to enzyme was cesti-
mated to be 192 umol of b-glucose per wmol of enzyme.

Enzyme that had been treated with sucrose was also subjected to disc-gel
electrophoresis under disaggregating conditions in the presence” ot SIS and Triton
X-100. The gels {sec Fig. 1) showed that, with increasing concentrations of sucrase
(gels A—D). there s aggregalion, even n the presence of detergents. However,
when the aggregate form is treated with dextranase {gel E). an clectrophorenc pat-
tern similar to, but not identical with, that for the native enzvme igels A and G is
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Fig. 2. Disc-gel clectrophoresis of sucrose-pulsed enzyme. [Dextransucrase (0.31 unit, 3.7 wg of pro-
tein} was incubated for 15 min at 25° in the presence of 0.005% SDS. 0.01% Triton X-100, and ZmMm
sodium phosphate buffer, pH 6.0, 1n a final volume of 0.5 mL, with the following additions: (A) none;
{B) 0.01mM sucrose; (C) 0.05mM sucrosc; (D) 0.1mM sucrosc: (E) 0.1mM sucrose. followed by 10 units
of dextranase for an additional 15 min, (F) 10 units of dextranase:; (G) nonc; (H) 0.1 mg of Dextran T-
10/mT.. (I} | mg of Dextran T-10/mL; (J) 1 mg of Dextran T-10WmL, followed by 10 units of dextranase
for an addittonal 15 min: (K) 0.1 mg of dextran from §. sanguis 10558/ml.; (L) 1 mg of dextran from
S. sanguis 10558/ml.. At the end of the incubations, glycerol (1 drop) and 0.05% Bromophenol Blue (1
p#L) were added to the solutions, and the samples were applied to 5% poly(acrylamide) gels. subjected
to electrophoresis, and stained as deseribed in Mcthods. |

observed. The pattern obscrved in E is also seen when native enzyme is treated
with dextranase (gel F).

As controls for this series of experiments, the mobility of dextransucrase in
the presence of added dextrans was evaluated. The electrophoretic behavior of the
enzyme after exposure to two concentrations of Dextran T-10 (gels H and 1), which
is primarily a linear dextran, is virtually the sume as that of the native enzyme. This
means that aggregation did not oceur, and that the enzyme does not form a tight
association with this polymer. A similar study with dextran from §. sanguis 10558
(gels K and L) showed that the enzyme was distributed over a broad segment of the
gcls, suggesting that the enzyme binds more tightly to this dextran than to Dextran
T-1(. However, the clectrophoretic pattern was entirely different from that ob-
served with sucrose (gels C and 1), as all of the enzyme had moved from the ori-
gin.
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The results of these studies indicated that multiple residues of D-glucose be-
came bound to the enzyme during a brief exposure to sucrose, and that this form
of the enzyme was completely immobile. However, mobility was not lost upon ex-
posure to preformed dextrans, which indicates that a unique association is formed
between the enzyme and newly synthesized polymer. The aggregate formed by ex-
posure to sucrose could not be dissociated under conditions known to dissociate
aggregate forms of the native enzyme.

Preparation with immobilized enzyme. — The focus of these studies was
preparation of a D-glucosylated enzyme in a form that could be utilized in studies
of its characteristics. The fact that the D-glucosylated enzyme isolated by gel-
permeation techniques was extensively aggregated meant that it could not be used
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Fig. 3. Binding of D-glucose to immobilized enzyme. [A. As a function of sucrose conceniration. 1m-
mobilized dextransucrase (1.8 units) was included with [1*C-Ulsucrose (12 % 10° d.p.m.) at concentra-
tions of 0.05, 0.5, 5.0 and 50mM in the presence of 10mM sodivm phosphate buffer, pH 6.0, in a final
volume of 0.5 mL. After | min at room temperature, H,O (5 mL.) at 4° was added to each mixture, and
cach was immediately centrifuged. The pellet was washed twice with H2Q (5 m1.), and resuspended in
H,0 (0.5 mL). The amount of 1-glucose bound to the pellets was determined by liquid scintillation
isotopic counting of 50-u1. aliquots of the suspension. B. As «¢ function of time, lmmobilized cnzyme
(1.8 units) was incubated with ["*C-Ulsucrose (60 % 10® d.p m.) at a concentration of 0.55mM, in the
presence of S0mM sodium phosphate buffer, pH 6.0, in a total volume of 1.0 mL at room temperature.
Aliguots (200 L) were transfered to HxO (5 mL) at 4° at 0.25, 0.5, 1.0, 2.0 and 5.0 min. The mixtures
were immediately centrifuged, washed as described for 3A.and counted for radioacuvity (—O—) as de-
scribed for 3A. The resuspended pellets were heated for 10 min at 93°, and centrifuged. The amount of
glucose releascd (—@—) was measured by counting 50-g1. aliquots of the supernatant fluids. |
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for these types of studies. In order to avoid aggregate formation, the use of im-
mobilized enzyme was examined. In such a system. enzyme molecules would be
fixed to a matrix in a dispersed manner. which would prevent aggregation. In addi-
tion. such a system would permit rapid removal of substrates. either by centrifuga-
tion or filtration.

Dextransucrasc has been immobilized on hydroxylapatite, and shown to re-
main active' . Before such an immobilized preparation could be employed for the
intended studies, 1t was imperative to determine the level of activity that could be
expressed in the bound form. Table [ describes a series of experiments in which the
recovery ot activity in the immobilized state was measurcd. Followmg mixing with
hydroxylapatite for 30 min. and centrifugation, the activity in the supernatant Hud
and in the pellet were measured. Little if any activity was observed o the supernat-
ant fluids, whereas between 77 and 1009 ot the original actuvity could be detected
in the pellet. indicating that the enzyme is highly active in the bound state. In addi-
tion. 1t appears that a loss of activity resulted from the immobilization procedure.,
This may be secn in the last two columns of Table [, which describe the enzyme ac-
tivity in the supernatant fluids and resuspended pellets obtained after elution ol
dextransucrasce with 0.5M phosphate buffer. The sum of the activities mn the two
fractions ts. within experimental error. equal to that observed 1n the immobihized
enzyme. These data indicated that dextransucrase immobilized on hvdroxyvlapatite
might be emploved for the preparation of a D-glucosylated form. which would be
in a disaggregaled stale.

In order to explore this possibility, enzyme was immuobilized on hydroxylapa-
tite as described in Table 1. and then treated with ['*Clsucrose at room tempera-
ture. At the end of the reaction time, phosphate buffer (5 mL.) at 47 was added. and
the mixture was centrifuged. The pellet was washed twice with H,O (3 mL) at 4 .
and resuspended in H,O (0.5 mL). The data shown in Fig. 3A indicated that. as the
concentration of sucrosc is increcasced, the amount of isotope bound to the hydro-
xylapatite reaches a maximum, and appears to follow saturation kinetics. Fig. 313
shows the binding of the radio label as a function of time.

Two techniques were found to be effective in removing the labeled material
from the support. In the presence of 8M urea bufferced at pH 6.0 with U.01M phos-
phate buffer. 53% of the enzyme activity, and 70% of both the protein and the
isotope could be recovered in the supernatant fluid. When the released material
was applied to a column of Sepharose 6B, an elution pattern similar to that in Fig.
1B was observed; this indicated that the enzyvme had aggregated when it was re-
leascd from the hyvdroxylapatite. Fig. 3B shows that a major portion of the bound
1s0tope can be released by heating tor 10U min at 937, however. only 0.6% of the
protein was detected in the supernatant fluids, leading to the conclusion that the
isotope had been released from the protein. The muterial released by heating was
characterized in several experiments. A sample was chromatographed on
Sephadex (G-75 (sce Fig. 4). in order to estimate the size of the material, Two peaks
were observed., both of which were included in the column matrix. The first peak
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Fig. 4. Gel-filtration of heat-released material. [The heat-released material (see Fig. 3B}, 17,000
d.p.m., was applicd tu 2 column (1.1 x 46.3 cm) of Sephadex G-75 that had been pre-cquilibrated with
0.1M potassium phosphate buffer, pH 6.0, and eluted with the same buffer. Aliquots (100 uL.) were
counted as described in Methods. ]
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Fig. 5. End-group analysis of pcak I. [The matenal in peak 1 (sce Fig. 4) was pooled, and cvaporated
to dryness. Sodium borohydride (0.01M; 100 xL, pH 12) was added, and the mixturc was kept for 15
|k 2t 50°, made neutral, evaporated to dryness. and subjected to hydrolysis in M HCI (0.5 mL)} for 5 h
at 93°. The sample was cvaporated to dryness, resuspended in H>O (100 pL), and analyzed by paper
chromatography on Whatman No. 1 MM paper in solvent [, The chromatogram was counted as de-
scribed. ]

(I), which accounts for 73% of the applied radioactivity, was eluted at a position
consistent with its being an oligomer. The second peak (I1), which constituted 26%
of the isotope, was eluted at a position that corresponded to monosaccharides.
Paper-chromatographic analysis of peak II in solvent [ indicated that it was entirely
D-glucose, whereas peak I material was non-mobile.
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TABLEIT

I ND-GROUP ANALYSIS OF HE AL-RI L FASABLEMATERIALY

Sample Origre Glucose Crlcitol
{prenaf) {prvic) irmali

I lieatreleased 53.2 6.0 0l

2 Redueed 51 04 s "

3 Reduced, hydrolyzed s S0 0f 172

“Matcnal released by heating the pellets (69 pmol, 173.000d p m ) was delivered to cachi ol 3 tubes, and
cvaporated to dryness. Sodium borohvdrnide (0 1M, 0.1 mL, pH 12} was delivered to tubes 2 and 3, and
allowed to react for (5 h at 307, The solutions were made neutral, and evaporated o dryness M HCL
(05 mL) was added to tube 3, and this was heated for 5 h at 957, cooled. and evaporated to drvness

Each sample was dissolved i FEO {100 mL) . and chromatographed on Whatman Noo | MM paper,
with sobvent system £/ The chromatograms were counted as deseribed 1in Methods. “A <mall amount of
an anhydro-p-ghiwose was formed durmg hvdeolvas, and icincluded in the < ajue for gho ose

The matertal in peak I was subjected to end-group analyvsis. & saumplc was re-
duced with sodium borohydride. followed by acid hydrolvsis. The products were
analyzed by paper chromatoeraphy as shown in Fig. 5. Only glucose and gluciud
were abserved. and they respectively accounted for 94.3 and 5 77¢ of the total
isotope. From these data. the average chain-length was obtained by using the fol-
lowing expression.

glucose (7)) + glucitol (%)  1007% 17 5
glucitol (70 5.7

In a similar experiment, the entire material refeased by heuting was sub-
jected to end-group analysis, Sumples werc chromatographed as described in Tabte
H, before (line 1) and after reduction with NaBH, (line 23, and after subscquent.
acid hydrolysis (line 3). The increasc in glucitol observed alter hyvdrolysis is taken
o represent that formed trom the reducing termini of the oligomers: using this
value, an average chain length of 34 was obtained. The data obtiined in this study
may not be as accurate as those from the experiment desceribed m Frg, S, as the
number of end groups was determined by the difference between two large num-
bers. However. the two sets of data are in general agrecment. and mdicate that an
oligomer of D-glucose had been formed and was present on the CAZVIMNMC.

It may also be seen from this experiment that there are fewer oligosaccharide
chains than monosaccharide residucs [by comparing the glucitol formed after re-
duction (line 2} with that derived from the reducing termini of oligomers (hne 2
minus line 2)|.

DSCUSSION

[nterpretation of the results of experiments on the mechanism by which
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dextransucrase catalyzes the formation of polymers has been unclear®. It was
suggested that, during the course of the reaction, the enzyme becomes D-gluco-
sylated®-®; however, the experiments supporting this premise employed enzyme
that had lost 99% of its activity. The direct isolation of this form of the enzyme, and
an examination of its properties, were not reported.

The present article describes experiments in which enzyme exposed to
['*C]sucrose was isolated by gel filtration on two types of support (Bio-Gel P-200
and Sepharose-6-B). In each case, the enzyme formed a large aggregate under con-
ditions known to disrupt aggregates of the native enzyme. The data also showed
that the enzyme had become heavily D-glucosylated, because between 120 and 193
D-glucosc residues per enzyme molecule were found to be tightly bonded to the
protein. The same properties were noted when sucrose-pulsed enzyme was
examined by poly(acrylamide)-disc gel electrophoresis. The aggregation observed
appears to be due to interactions between protein and dextran chains, as digestion
with dextranase disrupts the aggregate. However, the complex-formation cannot
be due to simple intcraction between enzyme and dextran molecules, a conclusion
drawn from experiments in which enzyme mixed with Dextran T-10, or the native
dextran isolated from S. sanguis 10558, was subjected to electrophoresis. In both
instances, the electrophoretic pattern was entirely different from that of the suc-
rose-pulsed enzyme, which remained entirely at the origin.

These observations suggest that the nature of the bonding in the complex
formed during reaction with sucrose is quite ditfferent from that formed between
the enzyme and preformed polysaccharide chains. It is possible that dextran chains,
formed during the pulse with sucrose, are covalently bonded to the enzyme, as
suggested by Robyt er al.®. Tt is also possible that growing polysaccharide chains
bind to other enzyme molecules in a non-covalent manner; this type of interaction
would provide for a more stable complex than one that is entirely noncovalent, as
is that between the enzyme and exogenously added dextran. The fact that the ratio
of D-glucose to enzyme is very high supports the concept that a polymer is formed
on the enzyme. Polymer formation was established when the products bound to im-
mobilized enzyme during a sucrosec pulse were examined and found to contain
oligosaccharides of moderate length.

It was considered undesirable to use aggregated enzyme for mechanistic
studies, as it 1s important to know that all sites are equally accessible to substrate,
and catalytically competent. Thus, for the preparation of D-glucosylated enzyme,
methods other than by gel permeation were explored. Data are herein presented
that demonstrate that dextransucrase immobilized on hydroxylapatite is fully ac-
tive: this must mean that all of the active sites are available for reaction, assuming
that the enzyme is fixed on the solid support in a dispersed manner, so that the
molecules may not interact with one another, and thus cannot aggregate. This im-
mobilized enzyme has been used in experiments that demonstrated the formation
of a h-ghucosylated species by reaction with ['*Clsucrose. The radioactive substrate
could be rapidly removed from the enzyme by centrifugation or filtration. Labeling
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of the enzyme followed saturation kinetics. and an approximation of the concentra-
tion required for half maximal rate was similar to K,, values for sucrose'*, Tt was
possiblc to relcasc the [M*Clsaccharides from the immobihzed, pulsed enzyme by
heating for 10 min at 93°. The sugars were shown to be a mixtira of D-glhicose and
moderate-size oligosaccharides. as had been noled by Robyl vt ' . Chain-length
analysis showed (he latier to be — 17 D-glucosyl residues in fength, and the fact rhat
these could be refeased by boiling suggests o relatively $abile bond. The nature of
this bond requires [urther investigaton,

It may be conciuded that, during the exposure to | Clsucrose, the enzyme
becames labeled with maonomeric D-glucosyl groups and oligosaccharides, The
oligosaccharides must have developed during the pulse. which helps to explain the
high ratio of p-glucose to earyme. and why the lahching of the vazvme continuces
over an extended penod.

The fact that monomeric D-gluceosy! residuces are observed on 1he enzyme -
of interest, because. if the mode! for destransucrase action praposed by Raby (e
al." is accurate, 1t would suggest that any monomendo D-glucoss ] units which be-
come bound o the cnzyme ought to undergoe polvmerizagion, Farthermore. thetr
model would predict that there would be an cqual number of 1-glucosyl residues
and polymer chaing on the enzyme. The data presented o Table JT indicated that
there are substantiatly fewer oligosacchuride chiains than D-glucose dosklues The
reasons [or this are at presentunclear

The results reported herein demonstrate that, when dextransucrase reacts
with ["Clsucrose., isotope becomes bound to the cnzvime in two (91ms: monomeric
and olippmeric D-ghicose. In the accompanying article”. the charactenstics of the
monomeric D-glacosyl residues are cxamined.
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