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ABSTRACT 

Glucosyltransferase activities, produced by batch culture of 
Leuconostoc mesenteroides NRRL B-1299, were recovered both in the 
culture supernatant (SGT) and associated with the insoluble part of 
the culture (IGT). A total glucosyltransferase activity of 3.5 U/mL was 
measured in batch culture. The enzymes from the supernatant were 
purified 313 times using aqueous two-phase partition between dextran 
and PEG phases, yielding a preparation with 18.8 U/mg protein. It 
was shown that both SGT and IGT preparations catalyze acceptor re- 
actions and transfer the glucose unit from sucrose onto maltose to pro- 
duce glucooligosaccharides. Some of the glucooligosaccharides synthe- 
sized (Ln series) contain oL-(1--6) osidic linkages and a maltose residue 
at the reducing end. They were completely hydrolyzed by glucoamy- 
lase and dextranase. The other glucooligosaccharides synthesized (Bn 
series) resisted the action of these enzymes. The tetrasaccharide of 
this series has been characterized by 13C NMR. Its structure was deter- 
mined as 2-O-o~-D-glucosylpanose. The oligosaccharides synthesized 
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by the maltose acceptor reaction with the SGT and IGT preparations 
only differed in the relative amounts in which they were produced. 
The difference may arise from diffusional limitations appearing when 
the insoluble catalyst is used. Under the assay conditions, the glucan- 
ase resistant oligosaccharide yield was 35% with both glucosyltrans- 
ferase preparations. 

Index Entries: Glycotechnology; glucosyltransferase; Leuconostoc 
mesenteroides; acceptor reaction; oligosaccharide; o~-(1-2) osidic 
linkages. 

INTRODUCTION 

Oligosaccharides have attracted more and more attention in the last 
few years. Besides their traditional use as a source of energy or sweeteners, 
they have found new applications in the food and feed industries as 
stabilizers, bulking agents, or dietary compounds stimulating the growth 
of beneficial bacteria of the intestinal microflora (1-3). The improvement 
of knowledge ~concerning the role of the cell-surface carbohydrates and 
the development of glycotherapeutics also increased the interest in oligo- 
saccharide molecules and has opened new potential applications in im- 
munology, human, and animal health (1,4,5). Although such a wide field 
of applications for oligosaccharides greatly stimulates glycotechnology, 
oligosaccharide production processes remain limited because of the high 
structural complexity of these molecules. The main industrial processes 
consist of plant extraction and acid or enzymatic hydrolysis of plant or 
microbial polysaccharides. Recent progress in enzymology have demon- 
strated the potential use of hydrolases in the catalysis of reverse reactions 
for the synthesis of glucooligosaccharides (6) and galactooligosaccharides 
(7). However, the reaction yields and the limited specificity of most hy- 
drolases in reverse reactions limit the application of this technology. 

Another enzymatic approach for oligosaccharide production consists 
of the use of transfer reactions catalyzed by transferases. Industrial enzy- 
matic processes are used to synthesize cyclodextrins (8) and fructooligo- 
saccharides (3). Glucooligosaccharides can be synthesized using gluco- 
syltransferases (EC 2.4.1.5). These enzymes catalyze the transfer of glucose 
units from sucrose onto acceptor molecules, mainly sugars, resulting in 
the synthesis of glucooligosaccharides (9-11). In the absence of acceptors 
the main product of the reaction is dextran, a polymer composed of 
a-(1---6) linkages in the linear chain and o~-(1~2), o~-(1---3), and/or 
o~-(1---4) branched linkages (12,13). The chemical structure of dextran was 
shown to be highly dependent on the glucosyltransferase producing 
strain (12). The most studied dextran, which is produced by the strain L. 
mesenteroides NRRL B-512F, contains 95% o~-(1--6) linkages and 5% 
~-(1-~3) branched linkages (14). 
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Our research work has been directed toward the design of processes 
for the production of glucooligosaccharides via acceptor reactions using 
the glucosyltransferases from L. mesenteroides strains. The synthesis of 
controlled mol-wt dextran by the acceptor reaction using dextransucrase 
from L. mesenteroides NRRL B-512F has been described and the enzymati- 
cally synthesized dextrans were shown to have less branched linkages 
than the dextran fractions produced by acid hydrolysis (15,16). More 
recently, we focused our attention on the production of oligoalternans 
and o~-(1--3) branched oligosaccharides using the glucosyltransferases 
produced by L. mesenteroides NRRL B-1355 (17,18) and NRRL B-742 (19), 
respectively. These glucosyltransferases were shown to display a specific- 
ity in the acceptor reaction close to that observed in high-mol-wt glucan 
synthesis. As part of this research dealing with the enzymatic synthesis 
of oligosaccharides having dietary properties, we also studied the synthe- 
sis of oligosaccharides having o~-(1--2) glucosidic bonds (20). In the pre- 
sent paper, we report oligosaccharide production using the acceptor reac- 
tion in the presence of maltose catalyzed by the glucosyltransferases from 
L. mesenteroides NRRL Bq299. 

In 1954, L. mesenteroides NRRL B-1299 was first reported as producing a 
highly o~-(1~ 2) branched dextran (12). Two fractions were isolated by etha- 
nol precipitation, the L fraction (less soluble) and the S fraction (the more 
soluble), which contain 27 and 35%, respectively, of oL-(1--2) branched 
linkages (21-23). Five fractions of L. mesenteroides NRRL B-1299 dextran 
differing in their solubility and mol wt were analyzed by Kobayashi et al. 
(24,25). They were shown to contain high percentages of ol-(1~2) link- 
ages, as well as a small amount of c~-(1--3) linkages. Few authors have 
studied the glucosyltransferases from this strain. Results from Kobayashi 
and Matsuda (26) showed that 40% of the glucosyltransferase activity 
was recovered in the supernatant and that 60% of the activity was linked 
to the cells. A lysozyme treatment allowed the solubilization of almost 
40% of the insoluble activity. They reported an initial extracellular activity 
in the supernatant of 0.028 U/mL. The extracellular glucosyltransferases 
of the supernatant were separated either as a monomer or as highly 
aggregated forms having different pH and temperature optima (27). Two 
other forms were isolated from the insoluble part of the culture (28). 
These insoluble glucosyltransferases were shown to be closely involved 
in insoluble dextran synthesis (29). Smith reported that 95% of the activ- 
ity produced by the strain was associated with the cells but he failed to 
solubilize this activity (30). 

There are, surprisingly, no reports dealing with glucooligosaccharide 
synthesis using the acceptor reaction catalyzed by the glucosyltransferases 
from L. mesenteroides NRRL B-1299. It has, however, been shown that 
these glucosyltransferases were more efficient in catalyzing the transfer of 
a glucosyl residue coming from sucrose onto lactulose than the dextran- 
sucrase from L. mesenteroides NRRL B-512F. The structure of the acceptor 
reaction product was shown to be the same (31). 
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In this paper, we describe the production and purification of two en- 
zyme preparations with glucosyltransferase activity from cultures of L. 
mesenteroides NRRL B-1299. We report the study of the acceptor reaction in 
the presence of maltose catalyzed by the two enzyme forms and also the 
structural characterization of the maltose acceptor reaction products. 

MATERIALS AND METHODS 

Glucosyltransferase Production 
Glucosyltransferases were produced by culture of L. mesenteroides 

NRRL B-1299. The culture medium composition was: sucrose (40 g/L), yeast 
extract (20 g/L), K2HPO4 (20 g/L), MgSO4.7 H20 (0.2 g/L), MnSO4.H20 
(0.01 g/L), CaC12 (0.02 g/L), NaC1 (0.01 g/L) and FeSO4-H20 (0.01 g/L). 
The phosphate buffer solution was prepared and sterilized separately 
after the pH had been adjusted to 6.9 using orthophosphoric acid. The 
batch culture medium (1.5 L) was inoculated with 100 mL of a 15 h precul- 
ture. Temperature was maintained at 27~ The culture was stopped at 
the end of the exponential growth phase when the pH was 4.5. 

Glucosyitransferase Purification 
The pH of the culture medium was adjusted at 5.2 at the end of 

culture. Cells and insoluble glucosyltransferases (IGT) were recovered by 
centrifugation, washed with 50 mM sodium acetate buffer, pH 5.2, and 
freeze-dried. 

Soluble extracellular glucosyltransferases (SGT) from L. mesenteroicles 
NRRL B-1299 were recovered in the culture supernatant and purified by 
aqueous two-phase partition between the dextran produced during the 
culture and polyethyleneglycol (PEG, tool wt 1500), using a process de- 
scribed by Paul et al. (32). PEG (50% w/v in H20) was added dropwise up 
to a final concentration of 18% (w/v). The mixture was then centrifuged at 
16,000g for 15 rain. 

One unit (U) of glucosyltransferase is defined as the amount of enzyme 
that catalyzes the formation of 1/~mol fructose/min at 30~ in 20 mM 
sodium acetate buffer, pH 5.2, with 100 g/L sucrose. The initial rate of 
fructose production was measured by the dinitrosalicylic acid method 
(33). Proteins were assayed using the method of Lowry et al. (34). 

Oligosaccharide Synthesis 
Reactions were carried out at 30~ in 20 mM sodium acetate buffer, 

pH 5.2, sucrose (100 g/L), maltose (50 g/L or 33.3 g/L), B-1299 SGT (0.3 
U/mL), or IGT (1 U/mL). Enzyme action was stopped after the total con- 
sumption of sucrose by heating to 75~ for 15 min. No modification of 
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the composition of the medium appeared after the heat treatment. When 
IGT was used, 200 ppm of sodium azide, which had no effect on glucosyl- 
transferase activity, were added to the reaction medium to prevent cell 
growth. 

The amount of oligosaccharides synthesized was determined from 
the area of the peak obtained by HPLC analysis on a C18 column (as 
described below) using isomaltooligosaccharides as standards. High-mol- 
wt dextran yield was measured by gel permeation chromatography on a 
Si 100 column (Merck-Clevenot). After reaction, the insoluble catalyst 
was removed by centrifugation, washed twice, and dried to weigh the 
amount of insoluble dextran synthesized during the reaction. 

Oligosaccharide Purification 
The acceptor reaction medium was first ultrafiltrated using an 

Amicon hollow fiber system (membrane cutoff = 100,000) to eliminate 
the endogenous or newly synthesized high-mol-wt dextrans. Afterward, 
fructose was removed by chromatography on a strongly acidic resin loaded 
with calcium (Duolite C-204F). Then, the oligosaccharides were hydrolyzed 
using the conditions described below. Finally, the separation of the dif- 
ferent oligosaccharides was achieved by preparative HPLC (as described 
below). 

Oligosaccharide Hydrolysis 
Two glucanases were used to ensure the hydrolysis of the linear 

acceptor products synthesized: The endodextranase from Penicillium sp. 
(EC 3.2.1.11, Sigma Grade I, St. Louis, MO), which hydrolyzes only the 
o~-(1-,6)-D-glucosidic bonds (35,36) and the glucoamylase from A. niger 
(EC 3.2.1.3, Novo Nordisk, Danbury, CT), which was shown to hydrolyze 
the o~-(1--4), c~-(1-~3) and o~-(1---6) linkages at respectively decreasing 
~ates to produce glucose from the nonreducing end of linear glucooligo- 
saccharides (37,38). The acceptor-reaction mixture was first diluted to a 
total concentration of sugars of 40 g/L and was then incubated for 15 h at 
37~ with the glucoamylase (3 U/mL) and/or the dextranase (20 U/mL). 
The amount of glucanases used was previously shown to catalyze the 
complete hydrolysis of a 30 g/L oligodextran solution in 2 h. One gluco- 
amylase unit is defined as the amount of enzyme that hydrolyzes 1/~mole 
of maltose/min at 25~ One endodextranase unit is defined as the 
amount of enzyme that catalyzes the hydrolysis of 1/~mole of isomaltose/ 
min at 37~ and pH 6.0. 

HPLC Analysis 
Gel permeation chromatography (Si 100 column) as well as analytical 

reverse phase chromatography (C18 column) were carried out using a 
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Millipore-Waters system (Millipore Waters, Milford, MA) consisting of an 
M 6000 A pump, a U6K injector, and an R-410 differential refractometer. 
The ultrapure water eluent had a flowrate of 0.5 mL/min. 

Preparative chromatography was carried out using a C18 column 
Partisil 10 ODS3 M40/50 (Whatman, Maidstone, UK). The system con- 
sisted of a Gilson 303 pump (Gilson Medical Electronics, Middleton, WI), 
a Gilson 131 differential refractometer, a Rheodyne injection valve 
(Cotati, CA), and a Pharmacia F300 fraction collector (Uppsala, Sweden). 
4 mL of the oligosaccharide solution (150 g/L) were injected and eluted 
with ultrapure water at a flowrate of 15 mL/min. 

laC NMR 
The ~3C NMR spectra of the oligosaccharides (75 to 100 g/L in 

deuterated water) were recorded at 303~ in a Brucker AC 80 spectro- 
meter (20.1 MHz). The spectral width was 5 KHz, the acquisition time 
was 3 s, the number of transients was between 3000 and 10,000. The 
chemical shifts were expressed in ppm relative to acetone in water. 

RESULTS AND DISCUSSION 

Glucosyltransferase Production 
Batch culture of L. mesenteroides NRRL B-1299 was carried out under 

standard conditions. The behavior of the culture parameters is presented 
in Fig. 1. At the end of the culture, glucosyltransferase activities were 
recovered both in the supernatant (SGT) and with the cells (IGT) and a 
total glucosyltransferase activity of 3.5 U/mL was harvested. The fraction 
associated with the cells called, in the literature, "'intracellular activity" 
(28) is designated, in this report, as "insoluble glucosyltransferase 
activity" (IGT). Addition of maltose (20 g/L) and Tween 80 | (10 g/L) to 
the standard medium reduced the amount of insoluble material formed 
during the culture and increased the amount of SGT by 60% (Table 1) but- 
had no effect on the total glucosyltransferase activity produced. 

Glucosyltransferase Purification 
IGT activity reached a maximum of 0.5 U/mg for the batch culture in 

the presence of maltose. A combined treatment using lysozyme digestion 
and milling with glass beads resulted in 18% solubilization and in 54% 
loss of the insoluble activity. This high loss of activity led us to use the 
crude insoluble material to study the glucosyltransferases. In this case, a 
preservative was added to the reaction mixture to prevent cell growth. 

SGT were purified using aqueous two-phase partition between dex- 
tran and PEG. After two successive extractions, 79% of the activity was 
recovered in the dextran-rich phase with the elimination of 99% of the 
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Fig. 1. Production of glucosyltransferases from L. mesenteroides NRRL 
B-1299 by batch culture under standard conditions. 

Table 1 
Production of Glucosyltransferase Activity 

by L. mesenteroides NRRL B-1299 Using Different Culture Conditions 

Batch culture conditions Standard 

Standard with 
maltose (20 g/L) 
and Tween 80 

(10 g/L) addition 

Culture time, h 
Soluble glucosyltransferase 

activity, U/mL 
Insoluble glucosyltransferase 

activity, U/rag 
Insoluble material, g/L 
Total activity, U/mL 
Soluble activity, 

percent of total activity 

5.5 

0.37 

0.4 
7.9 
3.5 

10 

5.5 

0.58 

0.5 
5.2 
3.2 

18 
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Table 2 
Purification of the Soluble Glucosyltransferase 

Activity from L. mesenteroides NRRL B-1299 

Purification step 

Specific 
Volume, Activity, Protein, Total activity, Yield, 

rnL U/mL mg/mL activity, U U/rng percent 

Crude supernatant 1,200 0.38 6.1 456 0.06 100 

Dextran phase after 
two extractions a 120 3.0 0.16 360 18.8 79 

aExtractions were carried out using 18% PEG (w/v). 

contaminating proteins (Table 2). The complex formed between SGT and 
the dextran allowed the use of this method, already described for use 
with the B-512F dextransucrase (32), for the purification of the NRRL 
B-1299 SGT. The freeze-dried preparation of SGT had a final activity of 
0.12 U/mg dry material. The specific activity obtained was 18.8 U/rag, 
which favorably compares with 12 U/rag and 9.5 U/rag for the soluble and 
the aggregated forms of the NRRL B-1299 glucosyltransferases purified 
by Kobayashi and Matsuda with a 2% yield in a four-step purification 
method (27). 

Oligosaccharide Synthesis Using IGT 
We carried out the acceptor reaction in the presence of maltose acceptor 

(33.3 g/L) and sucrose (100 g/L). As shown in Fig. ZA, the NRHL B-1299 
IGT catalyzes the synthesis of oligosaccharides. One series of oligosac- 
charides was readily identified as linear glucooligosaccharides exclusively 
composed of a-(l--6) linkages and a maltose residue at the reducing end. 
They are similar to those synthesized by dextransucrase from L. mesenter- 
oides NRRL B-512F (15,19). They were noted Ln, the subscript n corre- 
sponding to the degree of polymerization (d.p.) of the oligosaccharide. 
When the acceptor reaction mixture was incubated with glucoamylase 
(Fig. 2B), the Ln oligosaccharides disappeared and hydrolysis resistant 
oligosaccharides were isolated. A plot (shown in Fig. 3) of the log of 
retention" time of the glucoamylase resistant oligosaccharides vs the 
degree of polymerization suggests that all these oligosaccharides belong 
to the same series: They were noted Bn. 

The concentration of oligosaccharides B4 and Bs, which were directly 
synthesized by the acceptor reaction, increased after glucoamylase hydrol- 
ysis. Incubation with glucoamylase and dextranase gave almost the same 
results except that oligosaccharide B7 was hydrolyzed and a peak corre- 
sponding to another oligosaccharide, noted B~ appeared (Fig. 2C and 2D), 
probably resulting from the endohydrolysis of B7. 
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Fig. 2. HPLC analysis of the oligosaccharides synthesized with IGT from 
L. mesenteroides NRRL B-1299. Acceptor reaction was carried out with 100 g/L 
sucrose, 33.3 g/L maltose, and 1 U/mL IGT. HPLC analysis was carried out on C 
18 column using ultrapure water as eluent at 0.5 mL/min. Products noted Li 
represent linear glucooligosaccharides of d.p.i composed of oL-(1-6) linkages 
and a maltose residue at the reducing end. Products noted Bi represent oligosac- 
charides containing o~-(1-2) linkages. (A) acceptor reaction products; (B) acceptor 
reaction products after glucoamylase hydrolysis; (C) acceptor reaction products 
after endodextranase hydrolysis; (D) acceptor reaction products after gluco- 
amylase and endodextranase hydrolysis. 

S t r u c t u r e  of Oiigosaccharide B4 
Oligosaccharide B 4 w a s  purified using preparative HPLC (Fig. 4) to 

reach 98% purity as calculated from the area of the peaks observed on the 
chromatogram of the purified oligosaccharide. The preparation was then 
examined by 13C NMR (Fig. 5). The chemical shifts reported in Table 3 
were assigned to a given carbon by comparison with the spectra of 
maltose, panose and B-1299 dextran. 
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Fig. 3. Plot of the log retention time versus degree of polymerization of the 
oligosaccharides of the Bn series resistant to glucoamylase hydrolysis. 

U 
~q 

Inject Time 

Fig. 4. HPLC chromatograms of oligosaccharide B4 after preparative chro- 
matography purification. The preparative separation was carried out using a C 
18 Partisil 10 ODS3 M40/50 column (Whatman). 
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Fig. 5. 13C NMR spectrum of oligosaccharide B 4 produced by acceptor reac- 
tion using the glucosyltransferases from L. mesenteroides NRRL B-1299. 

Table 3 
Chemical Shifts of Oligosaccharide B4 

Peak Oligosaccharide Dextran 
number Assigment B4 Maltose a Panose B-1299 b 

1 C-1~4 100.7 100.7 100.7 
C-1~6 99.1 98.7 

2 C-1~2 97.1 97.2 
3 C-1 fl 96.8 96.8 96.8 
4 C-1~6 96.5 96.4 
5 C-1 o~ 92.9 92.8 92.9 
6' C-4 ~ 1 78.5 78.5 78.6 
6 C-4~ 1 78.3 78.2 78.3 
7 C-3c 77.1 77.1 77.2 
8 C-2-- 1 76.5 76.5 
9 C-5 c 75.5 75.6 75.5 

10 C-2 c 75. 75.0 75.1 
11 C-6--1 67.1 66.9 66.6 
12' C-6 61.8 61.8 61.9 
12 C-6 61.4 61.6 61.6 61.4 

aAccording to the assignments given in the literature (39-41). 
bAccording to the assignments of Seymour et al. (42,43). 
CChemical shifts corresponding to the free carbon of the glucose residue (fl anomer) 

located at the reducing end. 

Applied Biochemistry and Biotechnology Vol. 44, 1994 



112 Remaud.Simeon et al. 

Anomeric Region, from 101 to 90 ppm 
No signal arises downfield of 100.7 ppm indicating that oligosacchar- 

ide B4 is only composed of a-D-glucosidic linkages. By comparison with 
the maltose and panose spectra, the resonances at 96.8 ppm (peak 3) and 
92.9 ppm (peak 5) were assigned to the C-lfl and the C-lo~ carbons of a 
glucose residue substituted at C-4. The signal at 100.7 ppm that corre- 
sponds to the anomeric carbon of a residue bound through an a-( l~4)  
linkage also appears on the spectrum. It comes from the maltose molecule 
used to carry out the acceptor reaction. 

Peak 2 at 97.1 ppm, also encountered on the B-1299 dextran spectrum, 
is characteristic of an o~-(1--2)-linked residue. This resonance indicates 
that oligosaccharide B4 contains an o~-(1---2) glucosidic bond. Peak 4 at 
96.5 ppm, which also arises on the spectrum of dextran B-1299, comes from 
an a - ( l~  6) linked residue substituted on its C-2 carbon. This is another 
element that confirms the presence of an ~-(1--, 2) glucosidic bond. 

The resolved resonances observed in this region present about equal 
intensities (the resonances owing to the a and /3 configurations being 
added) and thus account for a reducing tetrasaccharide as expected from 
the HPLC retention time. 

Region from 75 to 85 ppm 
_ The resonances associated with the bonded C-2, C-3, and C-4 of the 

glucose residues as well as the resonances of the C-2, C-3, and C-5 of the 
fl form of the reducing glucose of the molecule arise in this region. By 

-comparison with maltose and panose spectra, peaks 7, 9, and 10 are attrib- 
- uted-to carbons 3, 5, and 2, respectively, of the/~ form of the reducing 

glucose residue. Although they partially overlap, two resonances, com- 
ing from a bonded C-4, are distinguishable at 78.5 and 78.3 ppm (peak 6 
and 6'). The splitting of the resonance shows that the carbon is affected 
by the o~ and ~ configurations of the molecule, as in the case of maltose, 
and confirms that the cr linkage (coming from the maltose accep- 
tor) is located at the reducing end of B 4. An additional proof of the 
presence Of the ol-(1---2) glucosidic bond in oligosaccharide B4 is given by 
peak 8, at 76.5 ppm, which is associated with a bonded C-2 carbon. 

Region from 60 to 70 ppm 
This region is characteristic of the C-6 carbons. From the analysis of 

the anomeric region, B4 should contain one bonded C-6 and three free C-6 
atoms. The peaks corresponding to these carbon atoms effectively arise 
on the spectrum. Peak 11 is assigned to a bonded C-6 atom. From the re- 
spective intensities of peaks 12 and 12', we can conclude that they account 
for three free C-6 carbons. 

Only one struture, given in Fig. 6, fits with the 13C NMR analysis of 
B4. The oligosaccharide is linear and has an o~-(1~2) glucosidic bond at 
the nonreducing end. This is why it is highly resistant to glucoamylase 
and dextranase hydrolysis. 
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Fig. 6. Structure proposed for oligosaccharide B4 in accordance with the 
results obtained from enzyme hydrolysis and lsc NMR. 

Comparison of the Insoluble and Soluble 
Glucosyltransferase Preparations 
Maximal glucosyltransferase initial rate was observed at pH values 

ranging from 5.0 to 6.5 for IGT and from 4.5 to 6.0 for SGT. Acceptor reac- 
tions were therefore carried out at pH 5.2 for both preparations. 
Although a temperature of 40 ~ was found to be the opt imum tempera- 
ture of the two glucosyltransferase preparations, we carried out oligosac- 
charide synthesis at 30 ~ since a better stability of the two catalysts was 
observed at this temperature. 

When maltose was added to the reaction mixture, a fourfold increase 
in activity was observed with SGT, but almost no change appeared in the 
initial rate of IGT. When studying the B-512F dextransucrase, Paul et al. 
(15) suggested that in the presence of an efficient acceptor, the transfer of 
glucose to the growing dextran chain is no longer the limiting step of the 
reaction; the presence of the acceptor allowing the continuous transfer of 
glucose and increasing the reaction rate. When maltose was added to the 
reaction mixture of IGT, there was almost no increase in the reaction rate. 
In this case, there may be a new rate-limiting step in the reaction mecha- 
nism, which is the diffusion of maltose from the bulk solution to the in- 
soluble catalyst. This diffusional limitation could mask the increase of the 
initial velocity observed with SGT. 

A reaction with 100 g/L sucrose and 50 g/L maltose was carried out 
with 0.3 U/mL SGT and 1 U/mL IGT. After 8 h, almost all the sucrose was 
consumed. Oligosaccharide analysis (Fig. 7) showed that both enzymes 
produce the same type of oligosaccharides with differences only in their 
relative concentrations. The amounts of B4, Bs, L4, and L5 oligosaccharides 
obtained with SGT and IGT after 1, 4, and 8 h of reaction are reported in 
Table 4. The B 4 concentration always remained lower than that of L 4 (IGT 
giving a higher yield of oligosaccharide B4 than SGT), whereas the B5 con- 
centration was always higher than that of Ls. 
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Fig. 7. Comparison of the oligosaccharides synthesized with the SGT (A) 
and IGT (B). Acceptor reactions were carried out with 100 g/L sucrose, 50 g/L 
maltose, and 0.3 U/mL SGT or 1 U/mL IGT. HPLC analysis was carried out on C 
18 column using ultrapure water as eluent at 0.5 mL/min. 

Table 4 
Concentration of Oligosaccharides B4, L4, Bs, and L5 After 1, 4, 

and 8 h of Synthesis with SGT and IGT from L. mesenteroides NRRL B-1299 ~ 

Acceptor 
reaction 

Oligosaccharides synthesized 
with SGT, g/L 

Oligosaccharides synthesized 
with IGT, g/L 

time, h B4 L4 B5 L5 B4 L4 B5 L5 

1 0.5 4.5 1.2 0.5 1.7 2.8 1.9 0.5 
4 1.4 17.6 10.6 5.8 3.9 6.8 9.8 2.8 
8 2.1 20.0 17.8 9.4 5.2 8.9 15.2 4.0 

a Concentrations were determined from the area of each oligosaccharide observed on the 
HPLC chromatograms. 
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Table 5 
Yield of Maltose Acceptor Reaction Products Synthesized with SGT and IGT 

Glucosyltransferase activity Soluble Insoluble 

Sucrose/Maltose ratio, w/w 
Total oligosaccharide 

yield, percent a 
Glucanase resistant oligosaccharide 

yield, percent b 
High-mol-wt dextran 

yield, percent c 

2 2 

90 70 

34 37 

0.2 15 

a Oligosaccharide yield: 
Oligosaccharide (g/L)/[0.474 sucrose (g/L) + maltose (g/L)]. 

b Glucanase Resistant Oligosaccharide yield: 
Glucanase Resistant Oligosaccharide (g/L)/[0.474 sucrose (g/L) + maltose (g/L)]. 

CHigh-mol-wt dextran yield: 
[high-mol-wt dextran soluble (g/L) + high-mol-wt dextran insoluble (g/L)]/ 
[0.474 sucrose (g/L)]. 

The total oligosaccl~aride yield was higher wi thSGT and the high- 
mol-wt dextran yield was very low, 0.2% (Table 5). With IGT, we observe 
a higher high-mol-wt dextran yield (15%) probably because of diffusional 
limitations, which favor polymer synthesis at the expense of maltose glu- 
cosylation. By increasing the temperature from 30 to 40~ it was possible 
to reduce high-mol-wt dextran production (measured at the end of the re- 
action) from 15 to 8%. This is another element supporting the hypothesis 
of diffusional limitations. 

Although the acceptor reaction is less efficient with IGT, the yield of 
glucanase-resistant oligosaccharides (Bn series) is similar to that obtained 
with SGT (37 and 34%, respectively, Table 5). This shows that the two 
glucosyltransferase preparations can be efficiently used to produce oligo- 
saccharides of the Bn series that contain o~-(1~2) linkages. In addition, 
this study emphasizes the differences encountered in the acceptor reac- 
tion catalyzed by the glucosyltransferases coming from the different 
strains of L. mesenteroides. It was not possible to obtain o~-(1~ 3) branched 
oligosaccharides having a degree of polymerization inferior to 6 with the 
B-742 glucosyltransferases (19), whereas tetrasaccharides containing 
o~-(1~3) (12) or o~-(1-~2) linkages were synthesized with B-1355 and B-1299 
strains, respectively. 

CONCLUSION 

We describe the production and purification of SGT and IGT from L. 
mesenteroides NRRL B-1299. The two glucosyltransferase preparations dif- 
fer in their optimal pH and temperature. The presence of an acceptor did 
not increase the reaction rate of IGT unlike for SGT. Diffusional limita- 
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tions, appearing with IGT, could explain this as well as the results con- 
cerning the different proportions of high-mol-wt dextran synthesized by 
both fractions. 

We demonstrated that the two glucosyltransferase preparations can 
catalyze the acceptor reaction in the presence of maltose leading to the 
synthesis of oligosaccharides. At least two series of oligosaccharides were 
identified: The Ln series, which can be readily hydrolyzed by glucoamylase 
and dextranase and corresponds to linear oligosaccharides exclusively 
composed of o~-(1--6) linkages with a maltose residue at the reducing end, 
and the Bn series corresponding to oligosaccharides having an c~-(1--2) 
glucosidic bond. The s tudy revealed that very original and new oligosac- 
charides of low degree of polymerization can be obtained with a high yield 
using the glucosyltransferases from L. mesenteroides NRRL B-1299. We 
showed that the specificity of the glucosyltransferases observed during 
the acceptor reaction is close to that observed for high-mol-wt dextran 
synthesis.  

In addition, oligosaccharides of the B~ series were recently shown to 
be highly resistant to glycolytic digestive enzymes while they are fer- 
mented  by beneficial species of the intestinal microflora (44). These very 
attractive properties, that are a result of the presence of the cr link- 
age, suggest that these oligosaccharides, now under industrial develop- 
ment,  may find interesting applications in human  or animal nutrition. 
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