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Lelage] QAo o] o Wolgte] 3 Fel=lE disproportionation WHEWFI S-S BHHG,+G,
2G,-11G,e). WopFE 714 R B4Rk £ FHEH AAE AHEY A K, Vaes 247 1545 g/,
1275g/l-h2 vepwtom, w4452 panosest Exo]l BF AAA Az LA, o] o 7zt
a4 (Kig, Kip) & 153 g/l, 9.8 g/le1ich. Panoseol] &t Ky, Vaas ZH2} 556 g/l, 23.7 g/i-hojgl o, o]
Atz Txgo] AAA A2 431 A e 63 gloldch Alg vd& FHE3H] sty )9
5 71A%%, 300, 500 g/ oldg 7|AR Wk Sy FARA A9} vlay Ax}, BE g 9 A4
AEES FX profilec] M2 A& U3}k

Abstract—A mathematical model for the production of isomalto-oligosaccharides from maltose by transglu-
cosylation reaction of Aureobasidium pullulans was proposed based on the kinetic study, and the predicted
values were compared with the experimental results for two maltose concentrations. The formation of isomal-
to-oligosaccharides occurred from a consecutive set of disproportionation reactions(viz. G, + G,—G,-1+G,-1).
The Michaelis-Menten constants for maltose and panose were 154.5 g/l and 55.6 g/l, respectively at 50C.
Competitive inhibition by glucose and panose was observed from kinetic analysis for the substrate maltose
where the inhibition constants were 15.3 g/, 9.8 g/, respectively. In a similar manner, glucose was also proved
a competitive inhibitor when panose was used as substrate, in which the inhibition constant was found to
be 6.3 g/l. The predicted carbohydrate profiles of the proposed model gave good agreements with the experi-
mental results.
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A=} %l 33} 218 (high fructose corn syrup) 5]
Fd9 FuEe HZ Aq8 7 7jedE dehe
LG {7t NUHAAARE oA R AR
FHE WA ook 2ZEgejng(15], (¢]li)de
28] %(6-7], &2 28] F9 Selngfiv 7|
E9 Fv)art #3 JY BAHES FEIe FA
32 A9l AN F4 ATy F4[10], A B2y
[11] 59 48] 7} §43 AHCOEADE A
7] wsEell A2 Al F AR EA BAle] FrbEta gl
AR ddH oz dizfF Qatee] B slA ol 2w
ot} £3] o] 2t E.2-2] 7.3} (isomalto-oligosaccharides,
IMO)& AFo28E axna Ay 33), &=

25 el A 7 Az AAHe] A dEgen
33 A d8e el Al g & F8E8
FAsta glci12]. IMOe 2 938 2 o, glucose
FA}E0| a-1,6 23S o]F i ¢l isomaltotriose, iso-
maltoteiraose 52| 22| 1FHFE A= AHo)xut,
AA 23 o] 354l isomaltose #7F ohe} a-1,6 A3}
a-14 Ao 2 o]FoIx 9l panose, isopanose E
2 A4 £GFE BF LFPAFIE o] kA
o]t}(6-7]. IMOS] Mz FAHL c}&3} o] ZA 37}
A2 Y ek 3, ARl g-amylase, (neo)pul-
lulanase, a-glucosidase 52 A A4S 2H4A)A
A z3k= 9p13], A, ol a-glucosyltransfe-
raseS 2H4-A1#H Agakshs wi[14], A, pullulang
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FHFEFE 016 2 a-ld4 A Sejads FAAE
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B QoA AHE3E B9 FHo|F dFAA pul-
lulansv= MFZx A, B3] 24299 £/ 9} induc-
tionEi= A4 9 57} ol2coh Hels sagdo g o
o)dt 79 Melomue zgEge|gdd A=
o)A & & (fructosyltransferase) & 54317 | 2
a3z, oldul 2ol A wll F 75, Mold o 2 HE IMO
£ A sh= Tk o] & A (transglucosylation) A&
Fulgche AMS Ad v 9lel17, 18]

IMO<9] vzl Fel dij A7+ amyloglucosi-
dasedl] 9)8] xxho 2 H-E A= 7ol A

2 oiF Sl 9 RuE uf gle{19-21], Wo}
22 vzl TeHolgAd o) = A

381338 mM32A HeE 19944 128
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ol & &S A F7hA] BaE wir) gl

£ AFelAE A pullulans FAREE 329 52
2 2o ¥4 L o] &3t Wojo 2 RE IMO A
A £EgS AT £33 2dg Ao s
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2. A& Y gHYy

2-1. Ale}

HAankg-9] 714 9 HPLC B4¢) 35842 4143
maltose, isomaltose, maltotriose, isomaltotriose, pa-
nose 52 Sigma Chemical Co.8] &F AJefS A}4-3}
AL, 2 0] AlFEL Uut AeFF-E AMEsheich

2-2. ojAE byt

Aureobasidium pullulans KFCC 102455 0.7%(w/v)
sucrose, 8% = olt}, 0.3% yeast extract, 0.3% K.HPO,,
0.2% KC}, 0.2% MgS0,2} =] 50 ml7} &5 250 ml
flaskE o] g3t 25T oA 96417k Ft Wl o8,
LR (3000X g 3t FAF 3ealdk

2-3. §&

A2NE A7) Y8l seE FAE FHTE 23
Azl JAFe2 #2270 F lysozyme?) Kitalase
(Kumiai-kagaku, 4&)E 2%(w/v) T2 A3ty
45T ol A 907} Wh-3-A17) F o 3}siqich SN &
A (MWCO 12,000-14,000 membrane tube, Spectrum
medical Ind., Inc.,, »]5}) A7} 32, = Centriprep-30 con-
centrator, Amicon, ¥|=)-& |43l F&F o}g &
Ag-¥(crude enzyme solution) 22 AH4-3}¢ic}

2-4, Ao HH

500 g/l Mol 6.5 ml, 0.1 M citrate buffer(pH 5.5)
23 ml, B4 1mle) E§H4-4-& 50T o4 60%-7F vk
441712 100T ol A 10¥7F A4 ¥, HPLCE o]
4-3te] YA = panosed] FL AFyshoich 187 1y
mole?) panoseE AAjshed] g A4 %S 1
unit2 A 53]}

2-5. g2 MMEO| 4

e gFo] A2 Aminex HPX-42C(300 mm X 7.8
mm, Bio-Rad, ©|=Z)#gle] Aatsl HPLC(Varian, ©]
) & AH2-3hgl o, 712 7)+= RI4 refractive index de-
tector, °] 542 2 ££4(18 megaohm/cm)E AH4-3}
4 12(0.6 ml/min), A% 25+ 85T 2 YA A A
Tt
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Table 1. Kinetic analysis for model description

Concentration of reaction

Substrate products(g/) Molar ratio
Gu+1/Ga-1
Gu+1 Gy
Glucose(G)
200 g/l 0 0 -
Maltose(GG)
200 g/t 6.17 2.27 0.97
300 g/i 9.25 2.82 117
500 g/! 15.08 5.23 1.03
Panose(G3)
50 g/l 438 2.30 0.98
100 g/l 8.24 3.78 112
200 g/! 11.21 548 1.05

2-6. QIS E AH

Holdo]] gt F%3}A <lx}(kinetic parameters) S
AR s7] ¢lsted 83-333g/1 = $]e] Hol} 250 pl,
B2 50 ul(864 unit/ml, 0.1 M citrate buffer) & Ep-
pendorf tubeel] ¥ 50T o 4 ¥l-$- ey} AgHer
Z7hsh= W9l 10859 A A 20 WSS
T3tk § w3 AE] panose T ExgFl o7
Ak A LS 2@ Yk, Aeq v 2
o] mlolc}el] L=} £ panoses 47 33g/l F=7}
HA A7}t w42 E v]2stgicl. Panosedl] 3t
YA Qxpe AA AYAME 833g/ w2
panose 250 pl, &4 50 ul-& AMgslgion, 33g/9)
rxgg Arlste] M E Bt XE WS
2 277|149 #aE5xE 22893 Linewea-
ver-Burk plot& %3 o8] 7}x] T4 QAAES
T3kl et

2-7. 25io| HE

EHg dgo] glv ¥, HaureS ole}d 50 mig}
A2 10mlE 4% 250ml A E o) &8te]
ezl pH55 &% 50C e 2ASE 2543t
F s 2do HES H¥ A RAPA =
BASIC language® A3t dAginjdubAdA]e & &
T3 ch

3. dx o 1@

3-1. 2 & Y

IMO AA4uke w7 Ee] =g AHN3l7] $jsto],
3 71A] 71 A6 da) £7E-(107 o) 234
712 4h-¢ W AE-& HPLCZ ¥43le] Y4 EE2] By

4G —=2Gs+2G

2G; — Gy + G

Overall : Gp * Gn """““‘Gn-l + Gnﬁ

Fig. 1. Proposed reaction mechanism for the production
of isomalto-oligosaccharides from maltose by trans-
glucosylation activity of A. pullulans. G, G,, G; and
G, indicate glucose, maltose, panose and DP4 iso-
malto-oligosaccharides, respectively.

(molar ratio) & v]3}ed Table 14 v}ehigic) Fig. 1
o =AIFE W7 EL 27]7]AQ HopF o 2 H-E] pa-
noses} E£xc}o] SE2 MAME T AYAE panoseZ
e} $3= 4(DP4) IMO2} Holdo] T-E= A=t
g Hub-g-& &13}r] $13te 589 panosed} Ex
3o EgAg AR FiHAIR] A el
=R g, Tegg 7]AR uEAIHE | ukg
AAREL JepdA] oottt F¢3sid, IMO UL
w3 A <Al A ol o 2 HE] panosest ELFo]
FEE MAEL46,>2G;+26), o dAeNA pa-
nose 2% DP4 IMO(G1-6G1-4G1—4G £+ Gl
—6G1>4G1—>6G 52] panose derived oligosacchari-
des: G glucosyl unite] %, 1, 4, 62 7}7}+ glucopyra-
nose ringell A& Ag¢ %))} HopFo] YA =(2Gs
—G,+G,) disproportionation ¥ ej<e] wHSv7h]E(2
Gi=Gu-11Gye) & 2 AR 7S 2dg A
stk duk-g AP ARE ZAR HARGY
o4 Qubg-g mestx] st} Table 18] =8 A}
gollA wHEAAEEY E¥(G/Gi-0 7 AHER 7]
Ao Fro FAIgle]l AY 12 Yehd HE B o, £
Aol A AHE-F BAENL 7} 3-8 A (maltase 5)
gAo] FA|F Ax g zto} TrEFdoldA ATAER
At Ae ¥4 F Aok

3-2. zgle] ®H

MAsHe k2] 4] (1)-(4)7h Arh(E7] 712 ol
FEE 4ME 1A,

dM_ Vot XM L2
dt ~  M+Kuw(1+G/Ke+P/Kp)  2X504
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Fig. 2. Lineweaver-Burk plot showing the effect of glucose
and panose on the transglucosylation activity of
Aureobasidium pullulans: (O) wmaltose substrate,
(0) maltose substrate supplemented by 8.5 g/I pa-
nose, (@) maltose substrate supplemented by 33
g/l glucose.

Table 2. Kinetic parameters for maltose and panose

Substrate K@) Vaulg/l'h) Kig@/h) Kilg/)
Maltose 154.5 127.5 153 9.8
Panose 55.6 23.7 6.3 -
Varp XP
X ——— - 1))
P+ K,p(1+ G/Kigp) ¢
dP _ 2X504 Viet XM
dt  4x342 ° M+ Kun(1+ G/Kic+P/Kpp)
Ve X
e XP @
P+K,p(1+G/Kyp)
max; ><
4G, 666 Vo XP (3)
dt  2X504  P+K,»(1+G/Kip)
dG _2x180 Voaars XM W
dt  4Xx342 M+ K, (1+G/Kig +P/Kir)

o714 180, 342, 504, 666-& 7}7} Ex o}, o} pa-
nose, 28] DP4 IMO¢) Bx}2ko)|c), wojrte it
5204 (D]edMe BAdEe X237} panosed] 7
A2 A el 3HG/Kg, P/Kip) & 7H2h ubed 819, panose
o et £xA[4] (2)]elMe TEG A7 HFYH

3538 H323 M6 19944 128

557

10° (b 1/g)
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Fig. 3. Lineweaver-Burk plot showing the effect of glucose
on the transglucosylation activity of Aureobasidium
pullulans: (O) panose substrate, (@) panose sub-
strate supplemented by 33 g/I glucose.

Ao 3 (Kicp) & wbodsladtth. 38l 7123 8 @ AH(sub-
strate inhibition)& A¥FEWH el 83-333 g/lolA=
vehdz) ekgtom wd e wkedabz] elgirh

3-3. S3&H ¢lxlel Y

A Bl Nell gt FR A E 317 Hate] dA
Michaelis-Menten 4<(K,), #HHNuh$-45 3 (Vo) &
5 74A) 71" (Mo}, panose) ol thal ztzt bt
Fig. 2 IMO A Auk-goll 4 Z7]71AQl Holtg 7|14
2 HAREAFHE o, 743 F 1R HsAAAES
2597 panosed 2}7t A71H9-E AS ubSEEd
ulx£ 3L WolF+= Lineweaver-Burk plote]ct.
F=3 panoseE Woled s1Ae| bzt 33 g/l HrE
g% o 2% AAA A& A (competitive inhibitor) 2
A5S-S5 o) Fig 22 5€] 73 ol
h&t Ko, Voo 28130 2= 92 panosedl] & 3
A5 K, Kipg 27} 73] Table 24 Aejslgict kA
IMO2] A uk-g-o| X+ panoseE 7] A2 o] &35l DP4
IMO7} A==, o] #AY =88 nasly| ¢
5lo] panoseE E7|7| AR Al&5t TEe i) 33
g/l Arhste] S e E vwd A7, Hoptg %)
714 0183 759} viAtR 2 X E o] o] ub-So
Az AAA AAAR 243195 4 F ddz(Fig
3), ©)2%F panoseol| th¥ FHH QAAES A7
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Fig. 4. Comparison of the carbohydrate compesition of
isomalto-oligosaccharides produced by transgluco-
sylation activity of Aureobasidium pullulans between
the experimental and the predicted values: (A) 300
g/l maltose as an initial substrate, (B) 500 g// mal-
tose as an initial substrate; (O) maltose, (@) pa-
nose, (M) glucose, (a) DP4 isomalto-oligosaccha-
rides, (—) model predictions.

T8t ch(Table 2).

3-4. 2ol #HB

Ay 2dg 7AFs7] 9)5ted oo F ol
%, 300g/ % 500 g/l cHEte] EAMKES 573
Are 2o i3 SR} v]iwdld o). Fig 4=
2ukg Fo] uhe 9 YA EEY 2H(HANE 4
3 2

@ 92g)e AYASh PARARE vash

-3
]
-

a

vy Ee] g4 #3d + dd

Jung 5[22]& B AT +et FU3 = AE 7|l
s}e} A o] & A (fructosyltransferase, EC. 2.4.1.9) o} 2|3+
Hero 7 Be| Teke -2 od(fructo-oligosaccharides)
o} QA FhIEE F9E vl gled, o] B 9= IMO
PAiurg-o] 7 %9} o}tz 2 disproportionation 3
e} kol 74} = (GF, + GF,—~GF, .+ GF,. : G, glu-
cose; F, fructose)oll o) WA Hch R 3k v} A}

4.4 £

Aurcobasidium pullulans®) TS FHo|8A AnE
o] gsled wojto @R o|iuESejud YPuHE
] £x2 AFE File ohgr) g HES 44

(1) £22 443} Hold& 7]AR o] 43 4 ¢
w2 A A B-q) panoses} EErto] B5 FAA HaA R

2} 2-5]9] 7, panose?] A-$olE EExwdo| A A s
A2 245k

(2) olawt® gewde] HAHh-s-2 disproportiona-
tion e o] wHE-mFIIE(G,+ GG 1+ Gy ) ol 1l
2} panoses} FE 49) o]hwE S| to] HAIH<]
c}. '
(3) 29} 7 Aol Fx= 300, 500 g/l sl =
A5 AYS £ Ax BE vk 2 AEESS
5% profilee] A &A} Ao} A U=)shedch

AFE7(Z

G :concentration of glucose [g//]

G, :concentration of isomaltooligosaccharides of DP
4 [g/l]

Ki; :competitive inhibition constant of glucose for
maltose [g/l]

Kicp : competitive inhibition constant of glucose for
panose [g/l]

K;» :competitive inhibition constant of panose [g//]

K.y : michaelis constant for maltose [g//]

K..» :michaelis constant for panose [g//]

M : concentration of maltose [g/7]

P :concentration of panose [g/l]

t :time [h]

Voant: maximum reaction rate for maltose [g//-h]

V,uep - maximum reaction rate for panose [g/l-h]
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