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Modification of Starch using Dextransucrase and Characterization of the Modified Starch. Lee,
Jin Ha', Doman Kim"**, Jin Sook Baek', Kwan Hwa Park’, Nam Soo Han' and John F. Ro-
byt'. 'Deparfment of Biochemical Engineering, Znstitute for Catalysis, Chonnam National Univ-
ersity, Kwangju 500-757, *Research Center for New Bio-Materials in Agriculture, Seoul National
University, Suwon 441-744, Korea, ‘Department of Biochemistry and Blophysics, lowa State Univ-
ersity, Ames, IA, USA.—Many enzymes catalyze a primary reaction and/or secondary reaction. Dextran-
sucrase usually synthesize dextran from sucrose as a primary reaction. The secondary reaction of dextran-
sucrase is the transfer of glucose from sucrose to carbohydrate acceptors. We have reacted dextransucrase
from Leuconostoc mesenteroides B-742CB with sucrose and starches; granule or gelatinized starches, and
Small or Potato starches. The yield of modified starch was ranged from 46% to 72%(s.d.<:5%) of
theoretical depends on various reaction conditions. Modified products were more resistant against the hy-
drolysis of o-amylase, isoamylase, pullulanase and endo-dextranase than those of native starch. Based on
the reactions from enzyme hydrolysis and methylation followed by acid hydrolysis modification of granule
starch was more efficient than the modification of gelatinized starch. After modification of granule starch
with dextransucrase, there produced a soluble modified starch. After modification the starch granules were
fractionated to small size. The positions of glucose substitution of the modified products were determined
by methylation followed by acid hydrolysis and analyzed by TLC. The products were modified by the ad-
dition of glucose to the position of C3, C4 and C6 free hydroxyl group of glucose residues in the starch.

Key words: Leuconostoc mesenteroides, starch modification, dextransucrase, TLC, methylation

Sucrose 24 gAEZS A YrEHSLIE)
A(EC 2.4.1.5)= T2 Leuconostoc mesenteroidesol] 23]
A A, 6, 7]. d2ESdFIAS A7) 9
slod o 38-2] LeuconostocdE-2 sucrosed A4 A4
71A el go] Fojolslr] olu] AALEE WAELTR}
Ae Y2ERT Aje] Hof glo] Ao AA o o
2% F9rh. Kim3} Robyt o33l 712) £9] Leu-
conostoc mesenteroidest-5(], NRRL B-512F, B-1142,
B-1355, B-742, B-1299) 2 ¥ sucroseZ 7] ] ¥x]
tolx 5-E3) dlaEgleel4] =& alternansucrase
£ AAbskE constitutive Eo] #FE-E sl
[5, 6,7, 8]. WekA sucrose?} obd glucose®} fructose
55 HAatoF olg3le AR WirEpIaziAlE
Ao B dAETRS] Qo] gl EAE AU
Al =t Leuconostoc mesenteroides B-742%
sucroseE ©]-8-3l 2572 Y2ERES A o]
IAEFEL 39%9] owtSs FAHE LY 9

*Corresponding author
Tel. 82-62-530-1844, Fax. 82-62-530-1849
E-mail: dmkim@pasteur.chonnam.ac.kr

EH 45% oerEolA AAE = SH daEsos
i 4 g, S¥e] dAEDLE 50%9] al — 6243
50%2] ol — 3712 ZA§E 7HAl9, L8 diEemte
87%21 al— 64 13%9] ol —4 7IAZEZE 714
2 etz 23 H4dri14, 15]. B JHATE g2
Qlsle] Sl drezte endo-dextranasedd] &3 7
3ol 3] vy =& APAAE 73 sl Kim#t
Robyt2 B-7422 Fe| A 7}A]¢] ©}2 constitutive
mutants(B-742C, B-742CA, B-742CB)& #&l3) Won]
[7], ¥ A7elA )43 B-742CB "xEdtymadE
2EFe dAEfpIeA e 2] al — 62 FEYE
I a1l —2, ol —3 283 ol — 42 JRFZRE ZE
dre7-S S 7]

B-742CB 92 E&m2}A & sucrose® HE YAE
2S4S o] 9], sucrose?] glucoseE BAHNV]
el ZR3AY w2 golF tfE &3t E Soll A
gz v X138l AR gEF ) olu wE o
& 5388 484 (acceptors)gt B20, o] ¥k~
2k-&- 4=8-A) uk-&-(acceptor reaction)o]2} gtk LA S
9] FH= A3 el B-512F daEgkyaetA)



144 Lee et al.

2] A= 1007HA] oAk ©pslE-Eo] & At ol
= 935, ol oligodi 18 2 H27]8] YAE
o] 3= 4AY TRl vl Ay o A xe
TEAZME] ¥R &ES vERATH2 4,11, 12, 16].
GlucoseE ©]-&3}e} constitutivedtAl A4Hs Qe
FAA = Bl dAaEZe] AjtEE o] 1A dof 84
Hhgol o] & dojudr}[7]. B AFolAE 4424 o}
o] g E£7]] AE(HE A, 33k AE)S o] 43}
MzE Fo} BAle] BAS AikslaA} 31y e, o]9}
FEsle] 240 Whe-27A-S A skt s

Mz ¥y

Tt AR A

Leuconostoc mesenteroides B-742CB2] wjok-& €k4dd
©.2 29%(w/v) glucosed E3H3 LMl (1 Lo &7
3 4 g yeast extract, 2 g peptone, 0.2 g MgSO,- 7H,0,
0.015 g CaCl,-2H;0, 0.01 g FeSO, 7H;0, 0.01 g Na(],
2 g KHPO,, 0.01g MnSO,-H,0)& AR5, A%
SEE2F 28°CE A8k el 7]

M=

AE-e were 2 H¥YF Small starche} Ak3} wjeke-
2 3% Potato starch[13]E AHE-3lgl o, o}E A]eF
2 GR 539 728 AA glo] AF8-3hadc).

£ [0
> B

g e384 membrane filtration (30K cut-
off)¥oll Kim? Robyte] W [5]22 ¢ 23l
E4 97Fe fructoseE RFEA R 3l copper-bicin-
choninate ¥4 o2 #elslglem(13], 1 Unite= +
% #g] 5= fructose?] pmols& A o)ttt

MEC| HA

AEE 0.5% 1.0%. 1.5%, 2.0%(w/v)2 =2 20
mM Na-acetate buffer (pH5.2, 1 mM CaCl,, 0.02%
NaN;, 0.01% Tween80)ll HEAATA 33} A)7] +
84 U/ml, 4.2U/ml, 1.7 U/ml =& 0.8 U/ml¥ EAE
YolF 3 100 mM2)  sucrose® A3 Hrlskadd
Sucrose® Yol F= 45 Y= vkEA7E ol U3}
= AE9 glucosed TAAA £ F e SEE Ao
Foh YolE sucroser}t oF 0] EHolE o] W AHES
3|l on, 84 AHE-2 2ul9] ethanol(v/v)& ¥
A 2713 acetoned} ethanol® A7 Fol 40°C
oA AZAA FZ 9 54 4 Agel ARSIl

0.5%(w/v)e] W3 AL 100 plo] 1% o-amylase
(0.2 U/ml) (humany salivary®} Bacillus amyloliquef-
aciens o-amylase)$} Pseudomonas amylodermosa iso-
amylase(0.2 U/ml), Klebsiella pullulanase(0.5 U/ml),
18]35 Penicillium endo-dextranase(0.3 U/ml)E& 22t
50 ul Mgk sbeEd AAaNEF RIAEES
Thin layer chromatography(TLC) A2 MYALE
9] BxE zARIATE TLC plates MerckAM] silica
gel 60 aluminium sheetsoll 1 wl% %4 3}d nitrome-
thane:1-propanol:water(2:5:1.5) &42] A/NEw=2 2
H ANAIZ F, 0.5%(w/v) a-naphtol, 5%(v/v) H,S0,
£ 33 vehE-& o] 8-3to] LAY A} o] Ak ukHE-
AANES W3R 2 AR e Gl g
A3 v asfsict.

HE MEO| lodine3A4

Wy AEYAEL 1 mg/mle] FEZ o FEsle
121°CellA 1587 7193 ¥ 50 plE microsample plates
o] tJ8] 53 iodine/iodide A12F (0.2 mg 1,2} 2 mg KI/
ml §-28)-& 25 ul gol & Fol| 630 nmolH FH=E =
AstAcH9l.

26l ZA

W AR 44 g AHEE 22T Bl 1A% =
ol & A1 E2](8000¢g, 15%)3, AR AF] 7144
ehe3}E-8- A gl 3]

Scanning Electron MicrographsE£ 0|28 B8 &g
o] A+

wadol 7 o] %o HERIRE 50%, 60%, 70%, 95%,
100%2] Agel 1024 Hrre] 35 943 AA
A17] 32 Ton Sputter (JEOL, JFC-1100)E- o]8-3}e gold/
palladium -2 coating(20 mA, 4 min)A17] ¥, YAy
vt 219 Bokg AR} Hu|H o2 A gk}

Methylation=24d
GlucoseZ} 218 X & A3)7] 93k, Wiy AE<
HakomoriAl|2f 2 2 methylationd}3, 2M trifluoroa-
cetic acid® At 7}&3] 3 3 sle8] AHES TLC
(A 7)¢-H; Acetonitirile:Chloroform:Methanol=3:9:1)

2 #A3tsicH10].
2 o

&

R

daeglegalde] 88 AT AEQ free-
OH7|E sucrose®] glucose® FAl3le] A2 FF2
Wy A¥g Ve HgRAE AT & Ay



dxht 531 A8 glucosed ©FE glucoseZ 4
23 713 As At 720 Zebal ARg
I A Wyl doid AES AABtIAS=
2,088 9be-F AEE 84T B44es B
o] AHEES A EHE o MY A= 55 A

PO )

& ot [o

(
-

HMEO| HE

WE ARl M 88 733k 0.37%(w/v)S A
(At £ 33" AR)F 220 F=F 0.1 U/ml
A3t v pHeF 2=+= ZH7 5.29) 28CE 413K
o} W3 AR 88 Small starch®} Potato starch®
42F He 2 AT A A AHES Ao 7
o] 24 &9 26%9} 34% Hom, B84 AME-E 20%
o} 22%%Ac}. F4ES W¥ Small starche] AS$E
46%, Potato starch®] Z-tol= 56%F 2Ath(Table
D). vkF 54 ubgrdledle slad S84y 244
o5 el oL FAAAF)) 8L i, ol
7 22 7719 gejagse] AJakse] ovkg XA
£A =Y 33 A7l AR SEA 2 ARSEE 9o
FEL YRS A3 AR oA Fol -84 A
9] 7-%- Small starch= o] &4 +&2] 52% 18|32 £4
A A9 A9 11% 92, Potato starchs 444
APES] 8] 619 2 B84 AHES) A8 1199t
(Table 1).

HE M2 JI-E20l S0 st BtS
Hi& Small starch 2] W3 o A3 B-742CB
greztemetAed s FAdE LB B AT

oA ARSR} ZhEal Ehol o3 EIEA st}
(Fig. 1, lanes a-d). Small starch® buffer-§-jol} o]
AY FHAA R ZAER ARy Ad o

amylase®] &34 = F=Z glucoseZ +d= 32, mal-

Table 1. The yield of modified starch

Small starch’'

Potato starch’

Yield (%) Granule  Gelatinized  Granule  Gelatinized
starch’ starch’ starch starch
Soluble 26 52 34 61
Insoluble 20 11 22 11
Total 46 63 56 72

'The yield of modified starches using Small starch(soluble, pre-
pared by Robyt et al, 13) as an acceptor

*The yield of modified starches using Potato starch(soluble, pre-
pared by Robyt er al, 13) as an acceptor

>The types of starch used as acceptors for modification reaction
*Calculation of yield; The amount of modified starch(soluble or
insoluble)/(the amount of starch used as acceptor+0.48X the
amount of sucrose)x 100.

**Standard deviation; less than +£5%
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Fig. 1. TLC analysis of a-amylase, iscamylase, pullulanase
and endo-dextranase hydrolyzates of native Small starch, B-
742CB dextran and modified Small starch prepared from
reaction using granule starch as an acceptor.

Mn and IMn are series of maltodextrins and isomaltodextrins,
respectively. Lanes a-d, the hydrolyzates of B-742CB dextran
by o-amylase, isoamylase, pullulanase and endo-dextranase;
lanes e-h, the hydrolyzates of native Small starch by o-amylase,
isoamylase, pullulanase and endo-dextranase; lanes i-l, the hy-
drolyzates of modified soluble Small starch prepared by ci-amy-
lase, isoamylase, pullulanase and endo-dextranase; lanes m-p:
the hydrolyzates of modified insoluble Small starch prepared by
o-amylase, isoamylase, pullulanase and endo-dextranase.
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Fig. 2. TLC analysis of a-amylase, isoamylase, pullulanase
and endo-dextranase hydrolyzates of native Small starch, B-
742CB dextran and modified Small starch prepared from
reaction using gelatinized starch as an acceptor.

Mn and IMn are series of maltodextrins and isomaltodextrins,
respectively. Lanes a-d, the hydrolyzates of B-742CB dextran by
a-amylase, isoamylase, pullulanase and endo-dextranase; lanes e-
h, the hydrolyzates of native Small starch by «-amylase,
isoamylase, pullulanase and endo-dextranase; lanes i-l, the hy-
drolyzates of modified soluble Small starch prepared by o-amy-
lase, isoamylase, pullulanase and endo-dextranase; lanes m-p:
the hydrolyzates of modified insoluble Small starch prepared by
o-amylase, isoamylase, pullulanase and endo-dextranase.
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Fig. 3. TLC analysis of c-amylase, isoamylase, pullulanase
and endo-dextranase hydrolyzates of native Potato starch, B-
742CB dextran and modified Potato starch prepared from
reaction using granule starch as an acceptor.

Mn and IMn are series of maltodextrins and isomaltodextrins,
respectively. Lanes a-d, the hydrolyzates of B-742CB dextran by
o-amylase, isoamylase, pullulanase and endo-dextranase; lanes e-
h, the hydrolyzates of native Potato starch by o-amylase, isoa-
mylase, pullulanase and endo-dextranase; lanes i-l, the hy-
drolyzates of modified soluble Potato starch prepared by o-
amylase, isoamylase, pullulanase and endo-dextranase; lanes m-p:
the hydrolyzates of modified insoluble Potato starch prepared by
o-amylase, isoamylase, pullulanase and endo-dextranase.
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Fig. 4. TLC analysis of a-amylase, isoamylase, pullulanase
and endo-dextranase hydrolyzates of native Potato starch, B-
742CB dextran and modified Potato starch prepared from
reaction using gelatinized starch as an acceptor.

Mn and IMn are series of maltodextrins and isomaltodextrins,
respectively. Lanes a-d, the hydrolyzates of B-742CB dextran
by «-amylase, isoamylase, pullulanase and endo-dextranase;
lanes e-h, the hydrolyzates of native Potato starch by o-amyiase,
isoamylase, pullulanase and endo-dextranase; lanes i-I, the hy-
drolyzates of modified soluble Potato starch prepared by o-amy-
lase, isoamylase, pullulanase and endo-dextranase; lanes m-p:
the hydrolyzates of modified insoluble Potato starch prepared by
o-amylase, isoamylase, pullulanase and endo-dextranase.



Table 2. The solubility comparison between native and mod-
ified starch

Small starch (0.5%)' Potato starch (0.5%)'

Native Modified starch Native Modified starch

starch  Granule Gelatinized St Granule Gelatinized

160 320 220 200 100 100

'The condition of modification was that 0.37%(w/v) starch was
reacted with 48 mM sucrose and 0.1 U/ml enzyme under pH 5.2
and 28C.
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Fig. 5. Visualization of Small starch granules using scan-
ning electron microscope(SEM).

A; SEM pictures of native Small starch granule (X 500), B;
SEM pictures of modified Small starch granule (X 500).
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Table 3. Proportions of the methylated D-glucoses from the
methylation and acid hydrolysis of Small starch, B-742CB
dextran and modified Small starch by B-742CB dextransucrase

Relative amount (%)
B-742CB Native Granule starch' Gelatinized
Dextran Small SOL* INS? SOL INS
2,3,4,6-tetra- 24.6 11.2 15.0 208 209 7.1

0-Me-D-
Glucose

2,3,6-tri- 6.7 65.7 16.4 81 362 815
2,4,6-tri- 24.4 100 152 8.6
2,3,4-tri- 24.0 410 368 196

2,3-di- 12.3 23.1 127 199 84 114
2.4-di-

2,6-di- 4.9 9.2 6.3

3,4-di- 8.0

"The type of starch when dexiransucrase was treated.
SOL and INS mean soluble and insoluble reaction products.
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Table 4. Proportions of the methylated D-glucoses from the methylation and acid hydrolysis of Potato starch, B-742CB dextran
and modified Potato starch by B-742CB dextransucrase

Relative amount (%)

O-Me-D- - 1 s 1
Glucose B-742CB Native Potato Granule starch Gelatinized starch
Dextran starch SOL? INS? SOL INS
2,3,4,6-tetra- 23.7 12.9 14.2 14.8 21.1 10.0
2,3,6-tri- 52 52.6 17.0 60.4 341 66.2
2,4,6-tri- 21.2 94 11.8 7.0
2,3,4-tri- 229 38.8 19.2
2,3-di- 14.8 343 13.6 13.0 10.2 23.8
2.4-di-
2,6-di- 7.0 8.4
3,4-di- 12.2

'The type of starch when dextransucrase was treated. *L. and INS mean soluble and insoluble reaction products.
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HAx al — 67HXFFE 2,3-di-O-methyl-D-glucose
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Fig. 6. TLC from methylation and acid hydrolysis of mod-
ified Small starch using B-742CB dextransucrase.

M; and Gen mean the methylation and acid hydrolysis products
of maltotriose and gentiobiose, respectively. Lane a and b are
the methylation and acid hydrolysis products of B-742CB dex-
tran and native Small starch. Lane ¢ and d are the methylation
and acid hydrolysis products of soluble and insoluble type of
modified Small starch prepared from reaction using granule
starch as an acceptor. Lane e and f are the methylation and acid
hydrolysis products of soluble and insoluble type of modified
Small starch prepared from reaction using gelatinized starch as
an acceptor.
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Fig. 7. TLC from methylation and acid hydrolysis of mod-
ified Potato starch using B-742CB dextransucrase

M; and Gen mean the methylation and acid hydrolysis products
of maltotriose and gentiobiose, respectively. Lane a and b are
the methylation and acid hydrolysis products of B-742CB dex-
tran and native Potato starch. Lane ¢ and d are the methylation
and acid hydrolysis products of soluble and insoluble type of
modified Potato starch prepared from reaction using granule
starch as an acceptor. Lane e and f are the methylation and acid
hydrolysis products of soluble and insoluble type of modified
Small starch prepared from reaction using gelatinized starch as
an acceptor.



S S Helow, 33 AlAH W AR ALES B
44 AHE9] methylationZ = 32| Small starch
o} zo} W3o] kel AHE-Y-S s (Fig. 6, Table
3). Bol& 72 g Fel 2 w3 A7) HkgellA deixl
AHE F B84 AHE2 methylationE#E Ho} ol —
4723 A ]l aFo] 73 A 912 glucose”t 3h-HY
$2]01%l 2,3,4,6-tetra-O-methyl-D-glucose®] <ol o}
£ AEnc ot §eAde] AL 7o ol AEe
43de] A sHATFZe] FA HEleRt ks W
AL ot AZt=Ew ofFFe] SaiAd o F3ted= AHA
gt A7) d 8 stElet A=

H8 Potato starch®| methylation} &t 7 15~E25H

Potato starch®] 7-5-= WA AL FHFLE
ol — 4725 714 2,3,6-tri-O-methyl-D-glucose”’} 5
AL o]R 3 glor, YRATFEERE 2,3-di-O-methyl
-D-glucose”} A= e}, dxpe} 5.8 A7 A= W
HAZ g AEF 84 AR AS 2,3,6-tri-0-
methyl-D-glucose= €151 ol — 643 elA 7]Ug
2,3,4-tri-O-methyl-D-glucose %7]¢} ol — 3723¥H] 2,
4,6-tri-O-methyl-D-glucose= F7F= 912w, 2,3-di-0-
methyl-D-glucose®2 E1E3, 2,6-di-O-methyl-D-
glucose®] oF2 Eolytt}. Small starcho}e= 2] HY
Potato starch®] 7% A3k &9 ez} gixle]A
32 53} AR ARoJZAZ ] AAY0) A2 AR FZ
7} BolA] ekskeh(Fig. 7, Table 4).

2 ¢

drefdL g2 A= sucroseS o]&38te dwAEe
iHd-& F318l=v sucrose o]9]dl ofE Bp3lEe] &
11871 Sl A5 73$-9l+& sucrosed] glucose”|
g o] B3l Addhe uhe-g &8ty A28 ¢
x| AHE-S QAR Leuconostoc mesenteroides B-
742CBE FE] @& H2ERpIHAE o] 83l A}
¥ 33} AHE sucrose?] glucosed FAFLEH
Wy E AlxstRnt ARS-gE A8-2] FF(Small starch
¥+ Potato starch)ell whg} 223 Z-E-2] A= (])AF &
2 38l Abe)el wet o] 24 82 46-72%(s.d.<*
55 dgich W3 A¥-L a-amylase, isoamylase, pul-
lulanase 22| i endo-dextranase® 2] d}e] W3 29
AET 7heie) AAE vlagt A3 Hygde] AHE
vlE o] & 7l Aol dia) *3AE Bk Wy
4] doizl AHE-E2] methylationZ 3} A} AE-L o]
43 {3y ukse] AHEe] Wy A} o] glown, Wy
AAHE SEMes #Fshd B A% =7)9 2 27t
2] AHES A" 4 )ik ¥ HH-2.2 sucrosed)
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glucose?} A& glucose®] C3, C4, 282 C6 A9
free-OH groupell +A1% M2 7-22] Wy AHES A
AF8} 3 o]+= iodineol] 9 A AEE FA FHaAH
onf 34 & SV Th

ZiAe &

2 A7 H3)EeA] 9% (FR)A=EE TS
AT TG AEA A NG ATAE & £33
Ate] A& o} 3 9l 0 o] ol ZAL=FH ),
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