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ABSTRACT 

Fractionation of the deacetylated acetolyzate of the borate-soluble fraction 

of the dextran elaborated by Lertconostoc mesenteroides NRRL B-1299 gave, after 
chromatography on charcoal-Celite, preparative paper-chromatography, and paper 
electrophoresis, four trisaccharide fractions and four tetrasaccharide fractions. The 
isolated oligosaccharides were characterized by their paper-chromatographic mobility, 
examination of partial acid-hydrolyzates of the oligosaccharides and their corre- 
sponding alditols, and methylation analysis. These oligosaccharides were shown to 
be (a) kojitriose (l), (b) isomaltotriose (2), ( ) c a mixture of 2-~-u-isomaltosyl-D- 
glucose (3), 21-O-ct-D-glucosylisomaltose (4), and 2-O-cc-nigerosyl-D-glucose (5), 
(4 6-O-a-kojibiosyl-D-glucose (6), (e) isomaltotetraose (7), (JJ a mixture of 2-O-a- 
iSOmaltOtriOSyl-D-glUCOSe (8) and 21-0-~-D-glUCOSyliSOmaltOtriOSe (g), (g) 6-O-a- 
kojitriosyl-D-glucose (lo), and (/z) 63-O-a-D-glucosylkojitriose (ll), respectively. 
Some of these oligosaccharides are newly isolated and characterized. 

INTRODUCTION 

In a previous paper’, we reported on the fractionation of Leztconostoc mesente- 
roides NRRL B-1299 dextran. The dextran was fractionated by solubility in borate 
buffer into two components, borate-soluble and borate-insoluble fractions, which 
might correspond respectively to the “water-soluble (S)” and “less water-soluble 
(L)” fractions reported by other investigators’. These two fractions were charac- 
terized by periodate oxidation, partial acid-hydrolysis, controlled acetolysis, inter- 

action with concanavalin A, and methylation analysis’*3. The same dextran was 
also analyzed by Bourne et CZ/.~, who reported on the types and percentages of 
secondary linkages in the fractions S and L of the dextran. They later reported’ 
the isolation and characterization of some oligosaccharides from an enzymic digest 
of the partially acid-degraded fraction S. Recently, we have isolated and characterized 

some oligosaccharides from the deacetylated acetolyzate of the borate-insoluble 
fraction of the dextran6. 
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Although isolation of the fragment oligosaccharides from fraction S of the 
Leuconostoc mesenteroides NRRL B-1299 dextran was attempted by Bourne et al.‘, 
most of the products were obtained only as mixtures, and individual oligosaccharides 
were not satisfactorily characterized. We now report the isolation and more-detailed 
characterization of the oligosaccharides from the deacetylated acetolyzate of the 
borate-soluble fraction of this dextran. Fragmentation analysis of another dextran 
by controlled acetolysis was attempted by Sakakibara et aL7, who used Leztcono.stoc 
mesenteroides NRRL B-1397 dextran, which is known to have a structure similar 
to that of the dextran used in the present study. 

RESULTS 

Preliminary characterization of the isolated oligosaccltarides by paper-chromato- 
graphic mobility. - Preliminary structural evidence for the isolated oligosaccharides 
(Table I) was obtained from the relation between the logarithm of a partition function 
CL’ and molecular size (d.p.), in which CC is defineds as R,/(l - RF). As may be seen 
from Fig. 1, a straight-line relationship is observed (line I) when loga’ values of 
glucose, kojibiose, and the oligosaccharide I (1) are plotted against their d-p. values, 

‘0g 

1 2 3 4 d.p. 

Fig. I. Paper-chromatographic mobilities of oligosaccharides obtained from borate-soluble fraction. 
Developed three times by the ascending method ivith solvent system A. 
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TABLE I 

FRACTIONATION OF THE ACETOLYZATE OF THE BORATE-SOLUBLE FRACTION BY CHARCOAL--CEL~ COLUMN 

CHROMATOGRAPHY 

Fraction no. Solvent used 
for e&ion 

Sugar component0 Yieldb 

Ig) 

1-13 Water 
14-24 2.5% EtOH 
25-42 5% EtOH 
43-57 7.5% EtOH 

58-71 10% EtOH 

72-87 

88-101 

102-l 14 

12.5% EtOH 

15% EtOH 

20% EtOH 

Glucose 
Glucose, kojibiose 
Kojibiose, isomaltose 
Kojibiose, isomaltose, 
nigerose, oligo. II-S 
Nigerose, isomaltose, 
oligo. I, oligo. II-F, 
oligo. II-S, oligo. III-F 
Oligo. I, oligo. IV-F, 
oligo. IV-S 
Oligo. IV-S, oligo. V, 
unidentified oiigo. 
Oligo. V, 
unidentified oligo., 
unidentified oligo. 

5.83 
0.46 
0.96 
1.08 

1.27 

0.96 

0.88 

0.91 

ROligo. = oligosaccharide. bAmorphous dry weight. 

sqgesting that these sugars belong to a homologous series. Thus, oligosaccharide I 
was assigned as kojitriose. Similarly, a straight-line relationship of the plot (line II) 
is also observed for glucose, isomaltose, the oligosaccharide II-F (2), and the oligo- 
saccharide IV-F (7). Accordingly, oligosaccharides II-F and IV-F were assigned as 
isomaltotriose and isomaltotetraose, respectively. 

When logrr’ of the oligosaccharides III-F (6) is plotted against its d-p. value, the 
point generated is at the intersection of the lines IIIandIV (Fig. I), which start from the 
points of isomaltose and kojibiose and are parallel to line I (kojibiose series) and 
line II (isomaltose series), respectively. The oligosaccharide III-F was thus assigned 
as a trisaccharide having a-(1+2) and a-(1+6) linkages. The oligosaccharides II-S 
(3, 4, 5) showed almost the same paper-chromatographic mobility as that of oligo- 
saccharide III-F and, hence, were presumed to have the same combination of linkages 
as oligosaccharide III-F. 

When loga’ of the oligosaccharide IV-S (8 and 9) is plotted against its d.p. value, 
the point generated is at the intersection of lines IV and V. The latter starts from the 
point of isomaltotriose and is parallel to line I. This result suggests that oligosaccha- 
ride IV-S is a tetrasaccharide having one a-(1+2) and two a-(1+6) linkages. 

When log& of oligosaceharide V-F (10) is plotted against its d.p. value, the 
point generated is at the intersection of lines III and VI. The latter starts from the 
point of kojitriose and is parallel to line II. Thus, the oligosaccharide V-F was pre- 
sumed to have one a-(1+6) and two a-(1 92) linkages. The oligosaccharide V-S (11) 
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TABLE II 

YIELDS AND PROPERTIES OF THE OLIGOSACCHAIUDFS ISOLATED BY CHARCOAL-CELITE COLUMN CHROMA- 

TOGRAPHY, PAPER CHROMATOGRAPHY, AND PAPER ELECTROPHORESIS 

Oligo- Fraction Ethanol Yield D-p. [a]~ Rcl@ Mob TTCc Hydrolyzates from 
saccharide no. cont. (%) (mg) (deg-_) methyIated prodacts 

I 
II-F 
II-S 

III-F 63- 64 10 
IV-F 79- 87 12.5 
IV-S 79- 87 12.5 

V-F 
v-s 

67- 76 10 -12.5 18.7 2.9 i120 0.52 0.25 - 
56- 62 7.5-10 40.9 3.1 0.30 0.58 + 
56- 62 7.5-10 293.0 2.6 t138 0.41 0.22 - 

92-101 
92-101 

15 
15 

40.7 3.1 -l-140 0.38 0.63 i 
70.0 i149 0.11 0.55 + 
71.3 3.9 5156 0.18 0.25 - 

15.0 4.2 +152 0.26 0.53 + 
18.6 4.4 t159 0.26 0.21 - 

2,3,4,6-tetra-O-Me-GIc 
2,3,4-tri-O-Me-GIc 
3,4,6-tri-O-Me-Glc 
3,4-d&0-Me-GIc 

2,3,4,6-tetra-0-Me-Glc 
2,3,4-tri-O-Me-Glc 
3,4,6-tri-0-Me-Glc 
3,Cdi-0-Me-Glc 

2,3,4,6-tetra-0-Me-Glc 
2,3,4-tri-O-Me-Glc 
3,4,6-tri-0-Me-Glc 

“Paper-chromatographic mobility (solvent A, relative to glucose). bPaper-electrophoretic mobility 
(relative to glucose). CTriphenyltetrazolium chloride reaction. 

TABLE III 

HYDROLYSIS OF THE 0LIGOSACCHARlDE.S OBTAlNED EROM THE BORATE-SOLUBLE FRACTION OF DEXXRAN 

NRRL B-1299 BEFORE AND AFTER REDUCTION 

OIigo- Structure Partial acid hydrolyzate 
saccharide Before redaction with NaBH4 After redaction with NaBH4 

(detected by AHPa) 

I 

II-F 

II-S 

III-F 

IV-F 

IV-S 

V-F 

v-s 

1 Glucose, kojibiose, original oligo- 
saccharide I 

2 Glucose, isomahose, original oligo- 
saccharide II-F 

3,4,5,6 Glucose, kojibiose, isomahose, 
nigerose (faint), original ohgo- 
saccharide II-S 
Glucose, kojibiose, isomahose, 
original oligosaccharide III-F 

7 Glucose, isomaltose, isomaltotriose, 
original oligosaccharide IV-F 

839 Glucose, kojibiose, isomahose, 
isomaltotriose, trisaccharide having 
J&xc 0.40, original oligosaccharide IV-S 

10 Glucose, kojibiose, isomahose, 
kojitriose, trisaccharide having 
Rot= 0.38, original oligosaccharide V-F 

11 Glucose, kojibiose, isomahose, 
kojitriose, trisaccharide having 
RGZc 0.40, original oligosaccharide V-S 

Glucose, kojibiose 

Glucose, isomahose 

Glucose, nigerose (faint), 
isomaltose 

Glucose, kojibiose 

Glucose, isomahose, 
isomaltotriose 

Glucose, kojibiose, kojhriose 

Glucose, kojibiose, isomaltose, 
tisaccharide having Role 0.40 

%niIine hydrogenphthalate. 
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TABLE IV 

I 

II-F 

II-S 

III-F 

IV-F 

IV-S 

V-F 

v-s 

STRUCTURES OF OLIGOSACCHARUXS ISOLATED FROM BORATE-SOLUBLE DEXTRAN 

Oligosaccharide SIructurea 

G+G-+G 
2 2 

G-tG-tG 
6 6 

G+G+G 
6 2 

G+G 
6f2 

G 
G+G+G 

3 2 
G+G+G 

2 6 
G-+G+G+G 

6 6 6 
G+G+G-+G 

6 6 2 
G+G+G 

6 6f2 

G 
G-G-G-G 

2 2 6 
G+G+G-+G 

6 2 2 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9 

(10) 

01) 

Kojitriose 

Isomaltotriose 

2-0-a-Isomaltosyl-D-glucose 

21-O-a-D-GlUCOSyliSOmBltOSe 

2-O-a-Nigerosyl-D-glucose 

6-0-a-Kojibiosyl-D-glucose 

Isomaltotetraose 

2-O-a-IsomaltotriosyI-D-glucose 

21-0-a-D-Ghcosylisomaltotriose 

6-0-a-Kojitriosyh-glucose 

63-0-a-D-Glucosylkojitriose 

“G = )-a-D-GIcp-I-(. 

had the same RGIc value as that of oligosaccharide V-F and, hence, was presumed to 
have the same combination of linkages as oligosaccharide V-S. 

Further characterization of the oligosaccharides. - The oligosaccharides were 
further characterized by examination of partial acid-hydrolyzates of the oligo- 
saccharides and their correspcnding alditols, and by methylation analysis. Mobility 
in paper electrophoresis and staining with triphenyltetrazolium chloride (TTC)g 
served to distinguish a-(1 +6) and a-(1 +2) linkages at the reducing end. The results 
of the structural analyses of the isolated oligosaccharides are summarized in Tables 

II-IV. 

DISCUSSION 

Preliminary examination of the borate-soluble dextran from Leuconostoc 
mesenteroides NRRL B-1299 has shown the preponderance of an a-(l-+2)-linked, 

branched structure in this dextran 3. Characterization of the water-soluble dextran 
elaborated by the same strain was also performed by 13C- and proton-n.m.r. spectra- 

scopy. The n.m.r. studies indicated that the a-(1 +2)-linked side-chain branches 
have a comb-like structure”. 
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Boume et aZ.5 have demonstrated that the average repeating-unit of NRRL 
B-1299 dextran S, containing fifteen D-glucose residues, possesses five branches. 
The branches consist mainly of single (1 +2)-a-D-glucopyranosyl groups, and some 
appear to be terminated by an a-nigerosyl group. 

Sakakibara et al.’ have obtained 6-0-cc-kojibiosyl-D-glucose, 2-O-ct-isomaltosyl- 
D-ghcoSe, and 21-O-a-D-glucosylisomaltose by acetolysis of the dextran of L. 
tnesenteroides NRRL B-l 397. 

Acetolysis” -I3 of dextrans has been widely used to isolate oligosaccharides 
containing a-o-(142) and -(1+3) linkages, as these linkages are more stable to 
acetolysis but less stable to partial acid-hydrolysis. In this work, therefore, acetolysis 
was adopted for partial degradation of the borate-soluble fraction. Fractionation of 
the resulting, partial-degradation products of the borate-soluble dextran by charcoal- 
Celite chromatography yielded eleven kinds of oligosaccharides. Of these oligo- 
saccharides, kojitriose, isomaltotriose, a mixture of 2-0-a-isomahosyl-D-glucose, 
21-O-a-D-glucosylisomaltose, and 2-0-a-nigerosyl-D-glucose, 6-O-u-kojibiosyl-D- 
glucose, isomaltotetraose, a mixture of 2-0-cc-isomaltotriosyl-D-glucose and 21-O-a- 

D-glucosylisomaltotriose, 6-0-a-kojitriosyl-D-glucose, and 63-0-a-D-glucosylkojitriose 
were isolated and characterized. 

Kojitriose, 2’-0-r-D-glucosylisomaltotriose, 6-O-a-kojitriosyl-D-glucose, and 
63-O-a-D-glucosylkojitriose were newly isolated and characterized. 

These results demonstrate that some of the consecutive secondary linkages 
[a-(1+2)] are located in the linear portion or in part of the branch chains of the 
borate-soluble dextran. The branches consist mainly of single (l-+2)-a-D-gluco- 
pyranosyl groups, as reported by Bourne et al.‘. 

The occurrence of consecutive sequences of a-(1 -+2), linkages was suggested 
by methylation analysis, as 1.6-9.0 % of 3,4,6-tri-O-methyl-D-glucose was detected3. 
These results were confirmed by isolation of kojitriose, 6-0-a-kojitriosyl-D-glucose, 
and 63-O-a-D-glucosylkojitriose. 

From the results of structural analysis of the oligosaccharides isolated from 
borate-soluble dextran, it is demonstrated that fragments (A) and (B) exist in NRRL 
B-1299 dextran S, in addition to the average repeating-unit of this dextran reported by 
Boume et al.‘. 

-+Glc-+Glc+GIc+ 
2 

1 
1 

Glc 
2 

r 
1 

Glc 

(A) 

+ Glc+ Glc--+ Glc- 

2 

t 
1 

Glc 
2 

t 
1 

Glc(l+6)-Glc 

(B) 
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MATERIALS AND METHODS 

Preparation and fractionation of tlze dextran. - Preparation and fractionation 
of the Leuconostoc mesenteroides NRRL B-1299 dextran was performed essentially as 
reported previouslyl. The borate-soluble fraction was purified by reprecipitation 
with methanol and used without further treatment. 

General metllods. - Evaporations were conducted under diminished pressure 
below 40”. Optical rotations were measured with a Nippon Bunko Model DIP-SL 
polarimeter. Paper chromatography was performed on Toyo No. 50 filter paper by 
the multiple ascending or descending method with the following solvent-systems: 
(A) 6 : 4 : 3 (v/v) butanol-pyridine-water’4; and (B) water-saturated butanone”. 
Preparative paper-chromatography was carried out on Toyo No. 526 thick filter- 
paper with solvent system A. The zone corresponding to the desired sugar was 
excised, eluted with deionized water, and the solution evaporated. Paper electro- 
phoresis was performed on Toyo No. 50 filter paper at 15 V/cm with 0.1~ sodium 
tetraborate (pH 9.2). Preparative paper-electrophoresis was conducted on Toyo 
No. 526 thick filter-paper at 13.3 V/cm with 0. IM sodium tetraborate. The zone 
corresponding to the desired sugar was excised, and eluted with deionized water. 
The eluate was treated with Amberlite IR-120 (Hf form) resin and evaporated. 
Methanol was then evaporated repeatedly from the residue until borate ion was 
completely removed. Sugars were detected by aniline hydrogenphthalate16 or silver 
nitrate reagent (dip method) 17. The degrees of polymerization (d.p.) of the oligo- 
saccharides were determined by the method of Peat et aZ.l*. 

Partial acid-hydrolysis of the oligosaccharides and their corresponding alditols 
was performed by heating 1-2 mg of the sample with l-2 mL of 0.1~ hydrochloric 
acid for 90 min at 100”. The hydrolyzate was made neutral with silver carbonate 
and then treated with Amberlite IR-120 (H+ form) resin. Reduction of the oligo- 
saccharides to the corresponding alditols was performed according to a standard 
procedure’ ‘, using l-2 mg of the sample. 

Acetylation2' of the de.utran. - A suspension of the purXed dextran (5 g) 
in formamide (250 mL) was shaken overnight at room temperature. After addition 
of pyridine (110 mL), acetic anhydride (75 mL) was added dropwise with stirring_ 
The temperature of the mixture was maintained at 20 o until all of the acetic anhydride 
had been added. The mixture was agitated for an additional 6 h at 45-55” and then 
poured into water. The mixture was kept overnight at room temperature, and the 
precipitated product collected by filtration and washed with water. The acetylated 
dextran was resuspended in water, collected by centrifugation, washed successively 
with methanol and ether, and finally air-dried. Six such runs were made, and 38.0 g 
of acetylated dextran was obtained from 28.3 g of the purified dextran. 

Acetoiysis ’ ’ - 1 3 of the acetylated dextran and deacetylation of the acetolyzate. - 

The acetylated dextran (38.0 g) was treated with a mixture of acetic anhydride, 
acetic acid, and sulfuric acid (24 : 16 : 3, v/v) (327 mL) for 24 h at 27 o and the resulting 
mixture was poured into ice-water. The mixture was kept for 24 h at room tempera- 
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ture and then extracted with chloroform. The extract was dried with anhydrous 
sodium sulfate and evaporated to a syrup; yield 36.1 g. The acetolyzate was de- 
acetylated twice with 0.05~ sodium methoxide, and then treated with Amberlite 
IR-120 (Hi form) resin, and evaporated; yield 14.5 g. 

Fractionation of the deacetyIated acetolyzate of the dextran by charcoal-Celite 

chromatography. - The deacetylated acetolyzate (14.5 g) was dissolved in 145 mL 
of deionized water. The solution was adjusted to pH 6.2 with sodium hydroxide and 

applied to a column (30 x 9.5 cm) containing 300 g of charcoal (Takeda Pharma- 

ceutical Co.) and the same amount of Celite (No. 545). The sugars were eluted 

stepwise with water, and 2.5, 5, 7.5, 10, 12.5, 15, and 20% ethanol. The eluates were 
collected after each 1000 mL, evaporated, and examined by paper chromatography. 
The results are shown in Table I. Eleven kinds of oligosaccharides were detected, 
in addition to the disaccharides, kojibiose, isomaltose, and nigerose. 

Further separation of the oligosaccharides. - Further separation of the oligo- 

saccharides from the charcoal-Celite chromatography was performed by preparative 
paper-chromatography and paper electrophoresis. Four trisaccharide and four tetra- 
saccharide fractions were purified to chromatographic and electrophoretic homoge- 
neity_ Although several other oligosaccharides were detected by paper chromatography 
and paper electrophoresis, these were obtained in only minute amounts and were not 
examined further. Yields and some properties of the isolated oligosaccharides are 

listed in Table II. 
Methylation anaZy.si.s. - The oligosaccharides were methylated by the method 

of Hakomorizl. Methanolysis of the methylated oligosaccharides was performed by 
an established procedure22. The methanolyzates were analyzed by gas-liquid chro- 
matography, under conditions reported previously3. 

REFERENCES 

1 M. KOBAYASHI, K. SHISRID o, T. KIKUCHI, AND K. MAIXJDA, Agric. Biol. Chem., 37 (1973) 
357-365. 

2 C. A. WILLIAM, B. H. ~DER, AND A. JEANES, Arch. Biochem. Biophys., 59 (1955) 61-75. 
3 M. KOBAYASM, K. SHISHIDO, T. KIKUCI-II, AND K. MATSLJDA, Agric. Chem., 37 

2763-2769. 
4 E. J. BOURNE, R. L. SIDEBOTHAM, AND H. WEIGEL, Carbohydr. Res., 22 (1972) 13-22. 
5 E. J. BOURNE, R. L. SIDEBOTHAM, AND H. WEIGEL, Curbohydr. Res., 34 (1974) 279-288. 
6 T. WATANABE, K. SHISHIDO, M. KOBAYASHI, AND K. MATSIJDA, Carbohpfr. Res., 61 (1978) 

119-128. 
7 K. SAKAKIBARA, M. TORII, A. MIZSAKI, AND H. Iv&-m, Curbohydr. Res., 25 (1972) 443-451. 
8 D. FRJINCH AND G. M. WILD, J. Am. Chem. Sac., 75 (1953) 2612-2616. 
9 G. AVIGAD, R. ZELIKsoN, AND S. HFiVRIN, Biochem. J., 80 (1961) 57-61. 

10 T. USUI, M. KOBAYASHI, N. YAMAO~, K. ~XXJDA, K. TSUZIMURA, H. SUGIYAMA,ANDS.&'ro, 
Tetrahedron Lett., (1973) 3397-3400. 

11 K. ~~ATSJDA, H. WATANABE, K. FUJIMOTO~ AND K. Aso, Nature, 191 (1961) 278. 
12 K. FUJIMOTO, K. MAT~UDA, AND K. Aso, Tohoku J. Agric. Res., 13 (1962) 55-59. 
13 L. ROSENFELD AND C. E. BALLOU, Curbohydr. Res., 32 (1974) 287-298. 
14 A. JEAB, C. S. Wrs~, AND R. J. DIMLER, Anal. Chem., 23 (1951) 415-420. 
15 L. BOGGS, L. S. CUIZNJIET, I. EHRENTHAL, R. Kocx, AND F. SMITH, Nature, 166 (1950) 520. 
16 S. M. PARTRIDGE, Nuture, 164 (1943) 443. 



ACETOLYSIS OF DEXI-RAN 

17 J. ROBYT AND D. FRENCH, Arch. Bio&m. Biophys., 100 (1963) 451467. 
18 S. PEAT, W. J. WHELAN, AND J. G. ROBERTS, J. Chem. SOL, (1956) 2258-2260. 
19 M. L. WOLFROM AND A. THOMPSON, Methods Carbohydr. Chem., 2 (1963) 65-68. 

20 E. L. H&ST, J. K. N. JONES, AND A. J. ROULXFX, J. Chem. Sot., (1948) 1779-1783. 
21 S.-I. HAKOMOFU, J. Biochem. (Tokyo), 55 (1964) 205-208. 
22 P. J. GAREGG AND B. LINDBERG, Acta Chem. Stand., 14 (1960) 871-876. 

127 


