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INTRODUCTION

There is an increasing interest in the appli-
cation of dextransucrase for the synthesis of nov-
el sugars and oligosaccharides that have special
linkages or branched structures’’. Robyt and
Eklund showed that when the acceptor is a mon-
osaccharide there usally is produced a series of
oligosaccharide acceptor products®?., Many ac-
ceptor products using various acceptors were
produced but acceptor products containing a-(1-—
2) branched linkages are not well known®. Amon-
g the acceptors maltose was the best acceptor in
the dextransucrase reaction?, Remaud-Simeon
et. al.* reported on the synthesis of oligosacchar-
ides containing a-(1—2) branched linkages. They
reported the synthesis of branched oligosacchar-

ide using acceptor reaction catalyzed by the dex-
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transucrase from Leuconostoc mesenteroides B-1299.
They proposed the structure of branched oligosac-
charide B, (d.p. 4) in accordance with the results
obtained from enzymatic hydrolyses and !'3C-
NMR. But they could not propose the structure
of branched oligosaccharide Bs(d.p. 5) and the
formation pattern of acceptor reaction products.
Novel maltose acceptor products containing a «
-(1—2) branched linkage synthesized by a reac-
tion with dextransucrase from Leuconostoc mes-
enteroides M-12 were examined in this paper. The
main purpose of this research was to elucidate
the structure and formation pattern of novel bran-
ched oligosaccharides synthesized by acceptor re-
action. The structures of three branched oligosac-
charides, B4, Bs, and D,(endodextranase digestion
product, d.p. 4) were proposed and the formation
pattern of acceptor reaction products was also
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examined,

MATERIALS AND METHODS

1. Dextransucrase production

Medium for the production of dextransucrase
from Leuconostoc mesenteroides M-12 consisted of
5g of Bacto-peptone, 5g of yeast extract, 20g of
K,HPO4, 20g of sucrose, and 10mL of salt sol-
ution per liter. Salt solution consisted of 20g of
MgSO, + 7H,0, 1g of NaCl, 1g of FeSO, - 7TH,0,
1g of MnSQO;, - H:0, 1.3g of CaCl, - 2H,0 per liter.
The culture media were sterilized by autoclaving,
sugar and salts were autoclaved separately from
other medium components and added asceptically
after sterilization, Inoculated culture was incub-
ated at 30C without shaking and the culture was
stopped at the end of the exponential growth
phase. The culture supernatant was recovered by
centrifugation and the enzyme was precipitated

by 80% (NH,),SO,. The precipitant was then har-

vested and dialyzed against 20mM acetate buf-
fer, pH 5.2, ImM CaCl,, 0.02% NaN, at 4. The
activity of the enzyme was determined by radioc-
hemical assay method”. Assay was conducted
using [U-1*C] sucrose at 25¢C and pH 5.2 with
20mM acetate buffer containing 1mM CaCl,. The
amount of radioactive glucose incorporated into

methanol insoluble dextran was determined by lig-

uid scintillation spectrometry. One [U of dextran-
sucrase was determined by the amount of enzyme
necessary to incorporate 1umole of D-glucose into
dextran for 1 min,

2. Oligosaccharides synthesis and separation

Acceptor reaction was conducted at 37C in
50mM sodium acetate buffer, pH 5.2, 100g of su-
crose, 100g of maltose per liter, 20mM CaCl,, and
0.21U /mL of Leuconostoc mesentervides M-12 dex-
transucrase. The reaction was stopped when su-
crose was consumed completely, Purification of
branched oligosaccharide By, D, and Bs was done
with silica gel column chromatography using
70:30(v /v)
with glucoamylase and endodextranase digestion,

acetonitrile-water and confirmed
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For the production of D; second acceptor reaction
was carried out using acceptor products as accep-
tors. The second reaction was done after remov-
ing acetone precipitant and glucose from the first
acceptor products. Glucose component was com-
pletely eliminated by yeast fermentation using

Saccharomyces cerevisiae.

3. Oligosaccharide hydrolysis

The endodextranase (E.C. 3.2.1.11) from Peni-
cillium sp. which hydrolyze only a-(1—6) linkages
and the glucoamylase from Rhizopus niveus (Seik-
agaku Kogyo Co., Ltd.) which hydrolyze a-(1—
4) and a-(1—6) linkages from the nonreducing
end of linear glucooligosaccharides were used to
hydrolyze linear oligosaccharides synthesized.
Partial acid hydrolysis of oligosaccharides was
conducted by adding HCI to final 0.3N followed
by boiling in water at 100%C for 30min in a sealed
glass vial,

4. Chromatography

Thin-layer chromatography was conducted on
Whatman K; plates using two different solvent
systems: four ascents of solvent 1, 85:15(v /v)
acetonitrile-water; two ascents of solvent 2,
1:2:3:4:5(v /v /v /v /v) nitroethane-nitrometh-
ane-ethanol-water-1-propanol. The carbohydrates
were visualized by dipping the plates into 5%
(v /v) H,SO, in methanol containing 0.5% (w /v)
a-naphtol, followed by drying and baking at 120C
for 15min, The densities of the carbohydrate spot-
s on the TLC plate were determined by using an
Uniscan densitometer (Analtech, Inc., Newark,
DE).

RESULTS AND DISCUSSION

1. Synthesis of branched oligosaccharide

Using dextransucrase from Leuconostoc mesenter-
oides B-512FM, homologous Ln (Ln is an oligosac-
charide acceptor product of d.p.=n composed of
an isomaltodextrin chain linked a-(1—+6) and a
maltose residue at the reducing end of the olig-
osaccharide) series of acceptor reaction products
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were known to be produced®. Oligosaccharides
different from Ln series were produced as a re-
sult of acceptor reaction with dextransucrase
from Leuconostoc mesenteroides M-12 (Fig. 1). The
products were thought to be branched oligosac-
charides in that acceptor reaction pattern was
similar to the pattern with dextransucrase from
Leuconostoc mesenteroides B-742 and B-1299*%. By
increasing maltose to sucrose ratio of the ac-
ceptor reaction the synthesis of oligosaccharide

Fig. 1. Acceptor reaction products from various
Leuconostoc mesenteroides strains. Lane 1: Isom-
altodextrin standards (glucose, IM,, IMa, IM,, 1Ms,
Mg, IM7, IMg: from the top): lane 2: oligosacchar-
ide products from Leuconostoc mesenteroides M-1.
lane 3: oligosaccharide products from Leuconostoc
mesenteroides M-8; lane 4: oligosaccharide products
from Leuconostoc mesenteroides M-12; lane 5: oligosac-
charide products from Leuconostoc mesenteroides
B-512FM (glucose, sucrose, panose, Ly, Ls, Lg: from
the top).
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with d.p. higher than 5 was decreased (Fig. 2).
When the acceptor reaction was conducted using
maltose to sucrose ratio of 1, followed by recover-
ing supernatant from 2 volume of acetone precipi-
tation, oligosaccharides smaller than d.p. 9 could
be obtained. It was also shown on Fig. 3 that
when the reaction temperature of dextran syn-
thesis was increased from 10%C to 35 using 0.
51U /mL of the dextransucrase the total amount
of synthesized dextran was decreased by 50%.
From the results the optimum temperature and
the reaction conditions for the acceptor reaction
in the production of branched oligosaccharide
were thought to be 37°C and maltose to sucrose
ratio of 1. It was also shown in Fig. 5 a novel
branched oligosaccharide, D, could be produced
as a result of the digestion of second maltose ac-

Fig. 2. Thin-layer chromatogram of sucrose ac-
ceptor reactions using different ratios of maltose
to sucrose at 100mM constant total carbohydrate
and 0.5 TU/mL dextransucrase from Leuconostoc
mesenteroides M-12, The chromatography was con-
ducted on Whatman K; plate using 3 ascents of
1:2:3:4:5(v /v /v /v /v) nitroethane-nitromethane-
ethanol-water-1-propanol. Ln is an oligosaccharide
acceptor product of d.p.=n composed of an isom-
altodextrin chain linked a-(1—6) and a maltose resi-
due at the reducing end of the oligosaccharide. Lane
1 and 12: 1somaltodextrin standards (IMn); maltose
to sucrose ratio of each lane, from lane 2 to lane 11,
1s 0, 1:5, 1:2, 1:1, 2:1, 5:1, 10:1, 20:1, 40:1, 100:1,
respectively.
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Fig. 3. Production of dextran from Leuconos-
toc mesenteroides M-12 as a function of tempera-
ture. 0.2 U /mL of the dextransucrase was added
to the same volume of 300mM sucrose.

ceptor reaction products with endodextranase.
The major digestion products of the second ac-
ceptor reaction were Dy and Bs. Secondary ac-
ceptor reaction using acceptor products smaller
than d.p. 6 followed by an endodextranase treat-
ment revealed that the branched oligosacchar-
ides, Bs and D4 could be overproduced. After re-
moving glucose from the second acceptor prod-
ucts the composition of D, and Bs was 15.36% and
16.87%, respectively. After treatment with endod-
extranase the resistant products to the enzyme
was not shown as a homologous series.

2. Structural analysis of branched oligosacchar-
ides

Structural analysis was carried out using par-
tial acid hydrolysis and enzymatic hydrolyses pat-
tern of acceptor reaction products (Fig. 4, Fig. 5,
Fig. 6, Fig. 7, Fig. 8). Kojibiose standard was
used to elucidate a-(1—2) linkage. Acceptor prod-
ucts from maltose to sucrose ratio of 1 were dig-
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ested with glucoamylase and endodextranase and
the digestion products were analyzed. As shown
in Fig. 4, Bn (Bn is a branched oligosaccharide
acceptor product of d.p.=n, linking glucosyl unit
as a(1—2) to the nonreducing end of oligosacchar-
ide L,—;) series of branched oligosaccharides was
remained by digestion with glucoamylase. These
series of oligosaccharides was shown to have a
branched linkage at the nonreducing end in that
they were resistant to glucoamylase which digest
a-(1—4) and a-(1-+6) linkages. Bs was a major
product (65.99% after removing glucose) of all
branched oligosaccharides produced by glucoam-

Fig. 4. Digestion of acceptor products with
enzymes. Acceptor reaction was carried out using
the same maltose to sucrose ratio and dextransucras-
e from Leuconostoc mesenteroides M-12. Lane 1: Isom-
altodextrin standards (IMn): lane 2: acceptor reac-
tion products using dextransucrase from Leuconostoc
mesenteroides M-12; lane 3: acceptor reaction prod-
ucts digested with endodextranase; lane 4: acceptor
reaction products digested with glucoamylase.
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Fig. 5. Enzymatic digestion pattern of oligosac-
charide acceptor products. Lane 1: maltose ac-
ceptor reaction products of dextransucrase from
Leuconostoc mesenteroides M-12; lane 2: maltose ac-
ceptor products of panose: lane 3: maltose acceptor
products of panose digested with glucoamylase:
lane 4: maltose acceptor products of L;: lane 5: mal-
tose acceptor products of Ly digested with glucoam-
ylase: lane 6: maltose acceptor products of Bs; lane
7: maltose acceptor products of Bj digested with
glucoamylase: lane 8: second maltose acceptor reac-
tion products using lane 1 products as acceptors fol-
lowed by a digestion with dextranase: lane 9: isom-
altodextrin standards (IMn).

ylase hydrolysis of the acceptor products. As
shown in Fig. 5, Bs, L, and panose were good mal-
tose acceptors and acceptor reaction products
using purified L, and panose as acceptors were
completely digested with glucoamylase. But gluc-
oamylase could not completely digest the ac-
ceptor products of maltose acceptor reaction us-
ing purified Bs as acceptors. Therefore, the gluc-
oamylase resistant portions were thought to be

branched oligosaccharides. Purification for stru-

1>
o

]

%
of

Fst8lA]

,
o

=

Fig. 6. Thin-layer chromatogram of partial acid
hydrolysis products of purified oligosaccharides,
By, Bs, Ls, and D, conducted on Whatman K;s plate
using 4 ascents of 85:15 acetonitrile-water. The con-
dition of final 0.3N HCl followed by boiling for
30min at 100C was used to partially hydrolyze the
oligosaccharide. Lane 1 and 9: standard saccharides
(glucose, IM,, IM,, IM,, IMs: from the top): lane
2+ partial acid hydrolysis products of branched olig-
osaccharide By (B4, 6-0-a-D-kojibiosylglucose, pan-
ose, isomaltose(IM,), kojibiose, maltose, glucose:
from the bottom): lane 3: partial acid hydrolysis
products of branched oligosaccharide Bs (Bs, Dy, Ly,
IMs, 6 O-a-D-kojibiosyl glucose, panose, IM,, koj-
ibiose, maltose, glucose: from the bottom); lane 4:
partial acid hydrolysis product of oligosaccharide L4
(L, IM,, panose, IM,, maltose, glucose: from the
bottom): lane 5: partial acid hydrolysis product of
branched oligosaccharide Dy (D, IMs, 6-O-a-D-koj-
ibiosylglucose, IM,, kojibiose, glucose: from the
bottom): lane 6: oligosaccharide standards, Bi, Ly,
Dy, and Bs (from the top): lane 7: D-kojibiose; lane
8: maltose and panose standard.

ctural analysis was done with branched oligosc-
charides, By, D, and Bs. All the three branched
oligosaccharides were resistant to endodextran-
ase and glucoamylase digestion.

Purified oligosaccharide products, Bi, Bs L,
and D, were partially hydrolyzed with HCI and
the hydrolysis pattern was analyzed (Fig. 6, Fig.
7. Fig. 8). From the partial hydrolysis pattern it
could be suggested that B,, Bs, and D, contained
kojibiosyl unit, As shown in Fig. 6 branched olig-
osaccharide B, contained 6-O-a-D-kojibiosylgluc-
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Fig. 7. Thin-layer chromatogram of partial acid
hydrolysis products of purified oligosaccharides,
By, Bs, Ly, and Ds conducted on Whatman Ks plate
using 2 ascents of 1:2:3:4:5(v/v/v/v/v) nitroethan-
e-nitromethane-ethanol-water-1-propanol. The con-
dition of final 0.3N HCI followed by boiling for
30min at 100%C was used to partially hydrolyze the
oligosaccharide, Lane 1: standard saccharides (glu-
cose, IM,, IM,, IM,: from the top), lane 2: partial
acid hydrolysis products of branched oligosaccharide
B, (By, 6-O-a-D-kojibiosylglucose, panose, isomaltos-
e(IM,), kojibiose, maltose, glucose: from the bot-
tom); lane 3: partial acid hydrolysis products of
branched oligosaccharide Bs (Bs, Dy, Ly, [Mj, 6-0-a
-D-kojibiosylglucose, panose, 1M, kojibiose, malt-
ose, glucose: from the bottom); lane 4: partial acid
hydrolysis product of oligosaccharide L, (L, IMj,
panose, 1M, maltose, glucose: from the hottom):
lane 5: partial acid hydrolysis product of branched
oligosaccharide Dy (D, IMj, 6-O-a-D-kojibiosylglu-
cose, IM,, kojibiose, glucose: from the bottom):
lane 6: oligosaccharide standards, B,, Ly, D4, and Bs
(from the top); lane 7: D-kojibiose : lane 8: maltose
and panose standard.

ose, panose, isomaltose(IM,), kojibiose, maltose,
and glucose units. And it proved that Bs contain-
ed Dy, Ls IM; 6-O-a-D-kojibiosylglucose, panose,
isomaltose(IM,), kojibiose, maltose, and glucose
units, It seemed hke that IM, and B, had the
same Rf value but from the glucoamylase diges-
tion results (Fig. 8) it proved that Bs; contained
IM; not B, Therefore it was clear that B; was
not derived from B,. For the clear verification of
the presence of kojibiosyl unit, another solvent

dEgreacid o] w2 A MEoR P MRS ¥R

geluge] 12 54 107

Fig. 8. Glucoamylase treatment of partial acid
hydrolysis products of purified oligosaccharides
Bs. The condition of final ().3N HCI followed by boil-
ing for 30min at 100C was used to partially hydrol-
yze the oligosaccharide. The chromatography was
conducted on Whatman Ks plates using 2 ascents of
1:2:3:4:5(v /v /v /v /v) nitroethane-nitromethane-
ethanol-water-1-propanol. Lane 1: oligosaccharide
standards, Bs, Ly, Dy, Bs (from the top): lane 2: par
tial acid hydrolysis products of branched oligosac-
charide Bs (glucose, maltose, kojibiose, isomaltose
(IM,). panose, 6-O-a-D-kojibiosylglucose, TMj, Ly,
Dy, Bs: from the top); lane 3: glucoamylase treated
partial hydrolysis products of branched oligosacchar-
ide B; (glucose, kojibiose, 6-0-a-D-kojibiosylglucose,
Dy, Bs: from the top): lane 4: standard saccharides
(glucose, maltose, IM,, IM,, IM,, [Ms, IMq).

condition for the chromatogram was applied (Fig.
7) to separate the acid hydrolysis products. From
Fig. 7 and glucoamylase digestion results(Fig. 4
and Fig. 8) it could be clearly verified that bran-
ched oligosaccharides, By, Bs, and DD, were con-
taining one kojibiosyl unit at the non reducing
end of the oligosaccharides.

From these results the proposed structures of
B4, Bs, and D, were postulated. The structure of
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Fig. 9. Structure proposed for the branched
oligosaccharide B4, 6°-0-a-D-kojibiosylmaltose.
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Fig. 10. Structure proposed for the branched
oligosaccharide B;, 6*-0-o-D-kojibiosylpanose.

B, was shown to be 62-0-a-D-kojibiosylmaltose

(Fig. 9), B; was shown to be 63-0-a-D-kojibios-

ylpanose (Fig. 10), and the structure of D, was
62-0-a-D-kojibiosylisomaltose (Fig. 11).

3. Synthesis pattern of oligosaccharide in the ac-
ceptor reaction

When using maltose as a glucosyl acceptor
with sucrose as a donors, it was known Ehat the
first product appeared in the reaction mixture
was panose, which became itself an acceptor to
form 62-0-a-D-isomaltosylmaltose, and so on”.
Formation pattern of branched linkage in the ac-
ceptor products was analyzed based on the res-

ults of structural analysis of branched oligosac-
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Fig. 11. Structure proposed for the branched
oligosaccharide Dy, 6°-0-a-D-kojibiosylisomaltose.
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Fig. 12. Postulated acceptor reaction products
synthesized by reaction with dextransucrase from
Leuconostoc mesenteroides M-12. ¢ ;reducing
end, O:glucose residue, —.a-(1—4) linkage, |:a-
(1—6) linkage, /;a(1—2) linkage.

charides through enzymatic hydrolyses and acid
hydrolysis pattern of the products. The postul-
ated pattern of oligosaccharide synthesis was
shown in Fig. 12. As shown in Fig. 12 oligosac-

charides of d.p. 5 consisted of Ls, Bs, and Bs". Bs’
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Fig. 13. Maltose acceptor reaction with oligosac-
charides, B;, Bs, and panose. Lane 1: maltose ac-
ceptor products of By; lane 2: maltose acceptor prod-
ucts of Bs; lane 3: maltose acceptor products of pan-
ose; and lane 4: isomaltodextrin standards (IMn).

was produced only a smear amount because By

was proved to be a poor acceptor (Fig. 13) and

was digested with glucoamylase to produce glu-

cose and B,. Therefore the major products of d.p.

5 in the acceptor reaction were L and the 63-O-a -
-D-kojibiosylpanose(B;).

Further research will be focused on the struc-
tural analysis of branched oligosaccharides higher
than d.p. 7 and the mass production of branched
oligosaccharides, Dy, Bs, Bg, and their application
to food industry.

ABSTRACT

The structures of novel branched oligosacchar-
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ides synthesized by the acceptor reaction with

dextransucrase from Leuconostoc mesenteriodes

M-12 were proposed in accordance with the res-
ults obtained from enzymatic hydrolyses and a
partial acid hydrolysis. The structure of branched
oligosaccharide By was shown to be 62-0-a-D-koj-
tbiosylmaltose. Branched oligosaccharide Bs was
shown to be 63-0-a-D-kojibiosylpanose., By react-
ing the acceptor reaction products with endod-
extranase a novel branched oligosaccharide(D,)
could be produced. D; was derived from the re-
sult of endodextranase hydrolysis of oligosacchar-
ides synthesized by the second acceptor reaction
with dextransucrase and was resistant to endod-
extranase and glucoamylase. The proposed struc-
ture of Dy was 62-0-a-D-kojibiosylisomaltose. For-
mation pattern of the acceptor reaction products
smaller than d.p. 6 with linear or branched link-
age was also shown.

Key words : Leuconostoc mesenteroides dextran-
sucrase, branched oligosaccharides, acceptor re-
action.
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