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Enzymatic Synthesis of New Oligosaccharides Using Glucansucrases. Baek, Jin Sook, Doman Kim
% Jin Ha Lee, Pahn Shick Chang’, Nam Soo Han’, and John F. Robyt’. 'Department of Bio-
chemical Engineering. 'Institute for Catalysls, Chonnam Nafional University, Kwangju, 500-757,
2Department of Food Sclence & Technology, Seoul National Polytechnic University, Seoul 139-
747, Korea, *Department of Blochemistry and Blophysics, lowa State University, Ames, IA,
50011, USA - Dextransucrase hyper-producing Leuconostoc mesenteroides B-512FMCM and dextransucrase
constitutive mutants B-742CB and B-1355C catalyzed the transfer of glucose from sucrose to other car-
bohydrates which were present or were added to the reaction digests. When the acceptor was a maltose,
gentiobiose, lactose or raffinose, there was produced a series of oligosaccharide acceptor products or sin-
gle product based on the kinds of enzymes and reaction conditions. To obtain the quantitative in-
formation about the yield and the distribution of acceptor products and dextran .two experimental
parameters were studied: a) the ratio of acceptor to sucrose and b) the amount of enzyme at constant
carbohydrate concentration (100 mM). As the amount of enzyme increased, the synthesis of acceptor pro-
ducts (of maltose or gentiobiose) increased, and the formation of dextran decreased. As the ratio of ac-
ceptor to sucrose increased, the amount of dextran and the number of acceptor-products decreased and
the amount of acceptor-products increased. When maltose or gentiobiose was an acceptor, the glucose
from sucrose was transferred to the C-6 hydroxyl group of the nonreducing-end glucose residue of ac-
ceptors to give a homologous series of isomaltosyl dextrins. In case of lactose or raffinose, there was
produced only one acceptor product from B-512FMCM dextransucrase reaction. In the lactose acceptor
reaction, the glucose from sucrose was transferred to the C-2 hydroxyl of the reducing end glucose resi-
due of lactose. To get a series of oligosaccharides from lactose or raffinose acceptor reaction we used B-
742CB dextransucrase or B-1355C alternansucrase with 500 mM sucrose in reaction digest.

Key words: Leuconostoc mesenteroides, dextransucrase, alternansucrase, acceptor, acceptor reaction, accep-
tor product, oligosaccharide
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Fig. 1. TLC of acceptor reaction of B-512FMCM dextrans-
ucrase in different ratio of maltose to sucrose at constant total
carbohydrate(100 mM) and 45 U/200 pl of reaction digest
Thin-layer chromatography was conducted on Merck K6 plates
using 2 ascents of 2/5/2.5 of nitromethane/n-propanol/water. P3
to P7 represent panose, 62-(x-D-isomaltosylmaltose, 6%-0t-D-iso-
maltotriosylmaltose, 6°-o-D-isomaltotetraosylmaltose, and 6’-0-D-
isomaltopentaosylmaltose, repectively. Mn and IMn mean stan-
dards of malto- and isomaltooligosaccharide, repectively. Lane 3
is dextransucrase reaction products with sucrose, lane 4 to 10 are
the acceptor reaction products in different ratio of maltose to
sucrose (the values indicate the ratio of maltose to sucrose). Lane
11 is dextransucrase reaction product with maltose.

Table 1. Relative percentage of dextran and acceptor pro-
ducts® formed by B-512FMCM dextransucrase as a function
of the ratio of maltose to sucrose
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Fig. 2. TLC of acceptor reaction of B-512FMCM dextrans-
ucrase in different ratio of gentiobiose to sucrose at constant
total carbohydrate (100 mM) and 45 U/200 pl of reaction
digest

Thin-layer chromatography was conducted on Merck K6 plates
using 2 ascents of 2/5/2.5 of nitromethane/n-propanol/water. P;3
to P,7 represent 6°-o-D-glucopyranosylgentiobiose, 6°-0-D-isoma-
ltosylgentiobiose, 6’-0-D-isomaltotriosylgentiobiose, 6>ct-D-isomal-
totetraosyl-gentiobiose, ande 6’-0-D-isomaltopentaosylgentiobiose,
respectively. Mn and IMn mean standards of malto- and isomal-
tooligosaccharide, repectively. Lane 3 is dextransucrase reaction
products with sucrose, lane 4 to 10 are the acceptor reaction pro-
ducts in different ratio of gentiobiose to sucrose(the values indicate
the ratio of gentiobiose to sucrose). Lane 11 is dextransucrase reac-
tion product with gentiobiose.

Table 2. Relative percentage of dextran and acceptor pro-
ducts” formed by B-512FMCM dextransucrase as a function
of the ratio of gentiobiose to sucrose .

M/S" Dextran P3 P4 P5 P6 P7 P8

10/1 10.6 66.8 226

4/1 8.6 563 250 101

1/1 11.6 347 251 161 8.4 4.1

1/5 19.6 228 196 175 129 7.6

1/10 28.3 165 150 142 121 8.1 58

512FMCM dextransucrase (45 U/200 ul of digest) was incubated
with various ratios of maltose to sucrose at a constant total car-
bohydrate (100 mM) at 28°C for 20h. “The percentages do not in-
clude D-glucose incorporated into leucrose(acceptor-product of D-
fructopyranose) and unreacted maltose. "M/S, the ratio of the
concentrations of maltose to sucrose. P3 to P7 represent panose,
6-0.-D-isomaltosylmaltose, 6°-a-D-isomaltotriosylmaltose, 6°-0-
D-isomaltotetraosylmaltose, and 6-0i-D-isomaltopentaosylmaltose,
repectively.

G/S° Dextran Pg3 P4 P55 Ps6 Ps7
1071 157  69.0 15.3

41 204 5838 16.3 4.5

11 254 442 18.5 8.7 3.2

1/5 347 332 16.1 9.4 4.4 22
1710 441 283 13.6 8.1 44 1.5

512FMCM dextransucrase (45 U/200 pl of digest) was incubated
with various ratios of gentiobiose to sucrose at a constant total
carbohydrate (100 mM) at 28C for 20h. "The percentages do not
include D-glucose incorporated into leucrose(acceptor-product of
D-fructopyranose) and unreacted gentiobiose. °G/S, the ratio of
the concentrations of gentiobiose to sucrose. P3 to P7 represent
6”-0-D-glucopyranosylgentiobiose, 6°-a-D-isomaltosylgentiobiose,
6’-0-D-isomaltotriosylgentiobiose, 6’-0-D-isomaltotetraosyl-gen-
tiobiose, and 6’-0-D-isomaltopentaosylgentiobiose, respectively.
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Fig. 3. TLC of acceptor reaction of B-512FMCM dextrans-
ucrase in different ratio of lactose to sucrose at constant total
carbohydrate (100 mM) and 45 U/200 pul of reaction digest.
Thin-layer chromatography was conducted on Merck K6 plates
using 2 ascents of 2/5/2.5 of nitromethane/n-propanol/water. P;3
represents 2'-0-D-glucopyranosyl lactose. Mn and IMn mean
standards of malto- and isomaltooligosaccharide, repectively.
Lane 3 is dextransucrase reaction products with sucrose, lane 4
to 10 are the acceptor reaction products in different ratio of lac-
tose to sucrose(the values indicate the ratio of lactose to sucrose).
Lane 11 is dextransucrase reaction product with lactose.

Table 3. Relative percentage of dextran and acceptor pro-
ducts’ formed by B-512FMCM dextransucrase as a function
of the ratio of lactose to sucrose

L/S° Dextran P23

10/1 421 579
4/1 471 529
17 57.1 429
1/5 734 26.6
1/10 77.8 22.22

512FMCM dextransucrase (45 U/200 pl of digest) was in-
cubated with various ratios of lactose to sucrose at a constant to-
tal carbohydrate (100 mM) at 28°C for 20h. *The percentages do
not include D-glucose incorporated into leucrose (acceptor-pro-
duct of D-fructopyranose) and unreacted lactose. "L/S, the ratio
of the concentrations of lactose to sucrose. PL3 represents 2'-o-
D-glucopyranosyl lactose.
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Fig. 4. TLC of methylated and acid hydrolyzed acceptors
and acceptor products.

Thin-layer chromatography was conducted on Merck K6 plates
using 2 ascents of 3/9/1 of acetonitrile/chloroform/methanol. A,
B, and C represent methylation and acid hydrloysis results of
maltose, gentiobiose, and lactose, respectively. Al, B1, and C1
are the methylation and acid hydrolysis results of acceptor pro-
duct using maltose, gentiobiose, and lactose.
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Table 4. Relative percentage of dextran and acceptor pro-
ductsa formed by B-512FMCM dextransucrase as a function
of the different amount of enzyme at the 1/1 ratio of maltose
to sucrose

Enzyme Dextran P3 P3a° P4 P5 P6 P7
(U/digest)

0.45 129 386 302- 139 4.4

45 11.7 381 263 16 79
45 81 357 243 165 9.7 57
90 78 353 254 158 103 54

450 50 414 86 252 134 6.4

Various amount of 512FMCM dextransucrase was incubated
with 1/1 ratio of maltose to sucrose at a constant total car-
bohydrate (100 mM) at 28 for 20h. “See footnotes to Table 1.
*P3a, 3z-a-D-glucopyranosylmaltose. Pn represents the same sac-
cahrides to Table 1.

Table 5. Relative percentage of dextran and acceptor pro-
ductsa formed by B-512FMCM dextransucrase as a function
of the different amount of enzyme at the 1/1 ratio of gen-
tiobiose to sucrose

Enzyme Dextran P53 P4 Ps5 Ps6
(U/digest)
0.45 326 50.1 12.9 44
4.5 28.0 48.5 15.5 6.2 1.8
45 19.3 46.9 19.6 10.6 3.6
90 13.6 437 233 131 6.3
450 7.9 53.2 22.4 114 5.1

Various amount of 512FMCM dextransucrase was incubated
with 1/1 ratio of gentiobiose to sucrose at a constant total car-
bohydrate (100 mM) at 28°C for 20 h. See footnotes to Table 2.
Pn represents the same saccahrides to Table 2.
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oA} 82 2R gEA] oAl & AR Y] 8-l
2 AA3E7] wFolck(Table 6). 18y} &E4oko] 450
U/digest o422 Z71sPd Y2EZS] oL 34502
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A ZaEA "ddm Addgsizglol. B dTellA
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Table 6. Relative percentage of dextran and acceptor pro-
ductsa formed by B-512FMCM dextransucrase as a function
of the different amount of enzyme at the 1/1 ratio of lactose
to sucrose

Enzyme Dextran P3 P 3a P4
(U/digest)
0.45 59.6 40.4
4.5 56.5 435
45 57.3 42.7
90 529 32.0 5.9
450 34.5 27.6 59

Various amount of 512FMCM dextransucrase was incubated
with 1/1 ratio of lactose to sucrose at a constant total car-
bohydrate (100 mM) at 28°C for 20h. a See footnotes to Table 3.
P3 represents 2'-c-D-glucopyranosyl lactose; the structures of P
3a and P4 are not determined.
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Table 7. Relative percentage of dextran and acceptor pro-
ducts® formed by B-742CB dextransucrase as a function of
the ratio of lactose to sucrose

L/S® Dextran Pc P3 P4 PS5 P6 P7 PS8

N 294 70.6

1/1 50.6 49.4

1/5 447 157 243 80 50 23

/10 363 159 154 154 73 83 6.1 107

B-742CB dextransucrase (1.2U/digest) was incubated with vari-
ous concentration of sucrose and 50 mM lactose at 28°C. a, b
See footnotes to Table 3. PL3 repesents 2'-o-D-glucopyranosyi
lactose. The structures of P;° and P,4 to P,8 are not determined.

Table 8. Relative percentage of dextran and acceptor pro-
ductsa formed by B-742CB dextransucrase as a function of
the ratio of raffinose to sucrose

R/Sb Dextran PR4 PR5 PR6 PR7 PR8 PR9 PR]0

51 491 509

1/1 60.7 393

1/5 448 398 89 65

1/10 342 241 66 57 78 34 108 173

B-742CB dextransucrase (1.2U/digest) was incubated with vari-
ous concentration of sucrose and 50 mM raffinose at 28C. *“The
percentages do not include D-glucose incorporated into leucrose
(acceptor-product of D-fructopyranose) and unreacted raffinose.
®R/S, the ratio of the concentrations of raffinose to sucrose. P4
represents 2’-o-D-glucopyranosyl raffinose. The structures of Py5
to Pr10 are not determined.
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Fig. 5. TLC of dextran and acceptor products formed by B-
1355C alternansucrase as a function of the ratio of raffinose
to sucrose.

Thin-layer chromatography was conducted on Merck K6 plates
using 2 ascents of 2/5/2.5 nitromethane/n-propanol/water. P4a
represents 3°-ot- D-glucopyranosy! raffinose, PiSa to Py7a repre-
sent glucose, isomaltose, isomaltotriose linked a-(1-6) to the non-
reducing end of glucose of 3%-0-D- -glucopyranosyl raffinose, Py
4b represents 2’-o-D-glucopyranosyl raffinose, PpSb to Py7b
represent glucose, isomaltose, 1somaltotnose linked o-(1-6) to the
nonreducing end of glucose of 2-a-D-glucopyranosyl raffinose.

Dextran
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Table 9. Relative percentage of dextran and acceptor pro-
ductsa formed by B-1355C alternansucrase as a function of
the ratio of raffinose to sucrose

R/S’ Dextran Pgda Pgdb Pg5a Pi5b Pg6a Py6b P7a

5/1 589 278 133

1/1 593 237 170

1/5 46.2 237 225 76

110 392 214 173 38 44 53 46 4.0

B-1355C alteransucrase (1 U/digest) was incubated with various
concentration of sucrose and 50 mM raffinose at 28C. a, b See
footnotes to Table 8 and Figure 5.
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