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zAe] Zaty gl Q4ke 7 E3}elch Fructosyltransferase?] &4-313H4 B4l glucose A& FAHS glu-
cose isomeraseoll &3 $Fo] FoYLolx B e Lejvge] IS A Z7kAH 5 glddch
o] &Ahg AW3ly) 217 FEd mdS Aoksty A3S Tl &eld A3 fructosyltransferase thd & A e}
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glsdel. Glucose isomeraseol] 23] A% fructoset= fructosyltransferaseol| 2] Mo 2] ¢lo} Zte 2-gf
53] e 2 ZypA A 2] Bl AO 8 Moy ety g ygte] A 4ahub-3-2 fructosyltransferase 2] selftrans-

fer wh&oll Sjafxnt YA Scke 222 2ot

Abstract—The production of fructo-oligosaccharides having new composition was investigated using the
mixed-enzyme system of fructosyltransferase and glucose isomerase. Despite of decrease in glucose concen-
tration which acts as an inhibitor of fructosyltransferase during the production of fructo-oligosaccharides,
the concentration of fructo-oligosaccharides was not high due to the altered kinetic parameters in the mixed-
enzyme system. To confirm these results, a mathematical model for the mixed-enzyme system was proposed
and compared with the experimental results, which showed good agreement with experimental data. Surpris-
ingly, the K, values and inhibition constant of glucose(Ki;) for fructosyltransferase in the mixed-enzyme
system were different from those of fructosyltransferase alone. The fructose isomerized from glucose by
glucose isomerase did not act as a sucrose acceptor, which meant the isomerized fructose did not play a
part in the production of fructo-oligosaccharides.
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AT 27} A A% Ao me} del, AEg

71& Ariae dHE FEs= FAld B2}
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fructo-, galacto-oligosaccharides 52| ) £.¢- 2-2]7 o
o} HEL o] &3 malto-, isomalto-oligosaccharides
9 Sela FFe] el F3o] Rolxa glEd|[3-
7], ov] dEAME o] 5 A Fo) A9 FrE YAl
2 ¢t A S ol A= fructo-oligosaccharides( FOS)
7} Frd sAl W ArEl 2 9l e, Aureobasidium pullulans
7]139] fructosyltransferase S whole cell &) 2 Ca-al-
ginate geloll A31qt $ 21543 HH-3-7)8 0)&3}o]
A&k FHo] dfEH o} 8].

A& vpe}t 7ol FOS9| 71540 e B7
3t Al AslAe2 AAbEar 9l FOS Alg-g o)
uh-2-3 sucrose(10-15%) ¢} 30%(w/w) ©]4+¢] glucose
& sl qle] AA FOS9 geke 55-60%(w/w) ol
£ 34351033, 8-111. ] H-& FOS A 4r& 49l fructosyl-
transferase(FTase) 9] & 43}82] E4 & upg Bal
£-9l glucoseol] &Jsll FTaser} s E uto} ur2-7)zlal
sucrose®] HFHEo| 85-90%c] T3t F ti o)4b ub
$o] AP Zahr] dFl AR odeA 9icH10].
meb £ AFAHE-E Flaseo| A4l & 2h4-8le ub-g-
FAFEA glucoseE ¥H-gF AAAY 1L FEE
3o F wilel o3 ngake] FOS g4tk HEd
A3}, I+ F79 glucose A& f 4, & glucose oxidase
(GO) s} glucose isomerase(GI) & FTases} A Al-&
g EFALAE o] 4o Fafo) -2 FOS A Aol
HAle A =k

A GOE o]43& Hu[12]d 9] A7 A3} glu-
cose7} $HA&] gluconic acid2 Hsh=e] 90% o] Are)
FOS #1&S A4 4 ek 28 o] A9+ glu-
cose 7ol 9Jg FF(total sugar) e} &AL =& 5
411, gluconic acid®] A7 FAo] K7l 5 AAH
FZol 4l 2 713 EAlHol «Akgd)

a}zba] B o o] A& glucose isomeraseS FTases}
A Ab&ste] glucose S fructose & U5 71341 A glu-
cose A& EAH(E FoFE 7, Glol o8 A==
fructose7} sucrose ] acceptori zH£-% o] FOS 3HakS
F7HAE F e 7He S HESE 541l fructose?}
oz Avzrt 4R A2 3 4 (sugar
composition) 2] FOS®] M4 7}54& 7HEstax 3}
Ak
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2-1. AlSF

ErgA 24 9 ukgriAd g A48 sucroset food
grade(AAAH) & Alg3lgdon] 2 o)ele] xetEe
dub A FeF-& Algsladc)

v

2-2. 84

Aureobasidium pullulans KFCC 102452 raw sugar
10 g/l, yeast extract 2 g/{(pH 5.2) &) v} x]o]] ] 30°C ol 4]
247 wj k& o}-&, 50 ml2) ¥l = (sucrose 200 g//, yeast
extract 10 g/l, K;HPO, 5g/l, MgSO,-7H.0 0.5 g/!,
NaNO; 10g/l; pH6.0)7} 5] S 250 ml flask & ©]
4-3ked 30T ol 547t i Fstsich vk 2kw W A pud-
lulans brothE YA E-2]3le] ZH/-43 23] A -3 o}
20%(w/v) EE2 A7) 1, Kitalase(Kumiai kagaku,
Japan) & 2%(w/v) ¥ =7} =4 713 o}5 45T o) A
2717k Fot WhHEAIFI L FRE R o 2)sle] FTase A4
2-Ng Axstgr}. ¥4 glucose isomerasei= G-zyme
998(Biosystem Co., UK)& TY3lo] AL&-3leich

2.3, B4 §Mo| A

FTase @42 #AR[10] e} FUdg wpgeon =
A3k 3L, 55T off 4] 183} 1umole?] glucoseE A
sl B3 E49 oS lunit® &Heshdc). Gl
g8 55T, pH 65004 187F 1 umole?) fructose S
Aibeled o B4 1unit2 Hosigich

2-4, BEEQ &4

2E RSB (F) ¢ ¥4 Aminex HPX-42C(300
mm X 7.8 mm, BIO-RAD, USA) columne] -25] HPLC
(Varian, USA) & A}&3}¢1 2™, detector 2+ RI-4 ref-
ractive index detector, o} A2 F& A&(1ml/
min) 3} column &%= 85C & A A 3}A] 53| 50

Fae12].

2-5. R HOIAH

FTase % Glel| o3} o8] 7}7] kinetic parameter(K,,
Ki Vie) 3452 50 ml 71" o] Eoi3l& 250 ml flask &
o]g-s}od 55T of| x| FTase2] 7-$- pH 5.5, 5 unit/g- sub-
strate, GI2] 7% pH 6.5, 4030 unit/g-substrate®] %
el 4 308 FoF WS S F 2] eSS
-5} Lineweaver-Burk plot2- o]-&3lo] Falsic}t =
deo] ztel AFe 250 ml AHA-EetA~=e] 650 g/l su-
crose £ 50 ml5 Y1 55C, pH 5.5 4 25| 7} E<F
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Fig. 1. Lineweaver-Burk plot showing the effect of fructose
on the velocity of fructosyltransferase using sucrose
as a substrate: (O); without fructose, (@®); with
40 g/l fructose supplemented.
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3-1. Fructoseof| 2|3t FTase inhibition 2ol A

Gldl 98 WA == fructose”}t glucosed] %52} 5
2}stA] FTase ub-g-<ll Aaf#44-& epierts A
stglch. Fig 1ol A Bed 3 ulel zo] ub-gr]alQl su-
croseell 40 g/[(0.22 M) 9] fructose s 7}t uh-3-4
EE 233 A, EagAd) obrsl <ddE el
A e Aog depyrh o] A= Gupta F[13]°]
Fusarium oxysporum 7)1 2] FTase & sucrose} vh-§-A|

< o, A719 fructose’} 0.1 M o)) FEoA&
AL AT 1M elAeliME Bo8A 6 ¥
sl Bustgded 5 A7) fructose Ao} A
o] A2 o} Ao g »walr) o) A} B uf FTase
whg-Foll A% E3 =)= As)A 2 glucosed GI7} fruc-
toseZ ATAA 1 FEE AW AR @FFo] Fo
24 FOS uhg 88 37144 5 A& 72z A4
H9dc). 22} AA 2 FTasest GI8] EZAE LA S o)
43lo] BRSAE 147 A Gle FOS &34
& 4 3g v Ealeich o] A4S | At
FTase®} Gl £ A& aA o tha 3H8 2d-g Aqks}
Art

3-2. Glucose isomerase®] kinetic parameters

%3 27l A glucose?} fructose s w7142 A}
238t} GIY K, Vaudtd 3HE 23S Table 1o
vehiglc). Glucose @ fructoseel] ¥t K,zke =zt
85, 156 g/l Jeb GI7} fructose 2t} glucoseol] th &k

HErEE H31d Mes 1993 128

g olu - FHT

Table 1. Kinetic parameters for the fructosyltransferase
alone and mixed-enzyme system of fructosyltrans-
ferase and glucose isomerase in fructo-oligosac-
charides production at 55°C?

Kn(g/l) Vonae(g/1°h) Kic(g/h)
Substrates o le Mixed Single Mixed Single Mixed
Sucrose 330 560 130 130
GF, 750 773V 30 30
GF; 850 9307 16 16 302 6.08
Glucose - 85 - 36
Fructose - 156 - 93

“'Single and mixed refers to the enzyme system of fruc-
tosyltransferase alone and mixed-enzyme of fructosyltrans-
ferase and glucose isomerase respectively.
®.9predicted values

affinity7} 2 ZA2eZ FAHUL, V@S 247 36, 93
g/l-hg vyebytc} Takasaki S[14]¢] Streptomyces sp.
7149] GIE o] &8l T4 gtk Zol7t 9oyt Kor
[Kng B Viue/ Vo ¥l 0] 59] AF Ao} Ao {213
Rz vpepde,

3-3. FTase ¥ GI Z8IEAA0 st 3t 2

Jung®} Yun[10] 5& FTase$] &44Hs wl7lES
%3l FOS9 A2 uk-3-7]4al sucroseZ25-E] 7|0l
1-kestose(GFy: G; glucose, F; fructose) 2} glucose7}
A4 =)o} (GF+ GF—>GF,;+G) glucose= ¥h-g-5of A4
EFA =3, GFpx= t}A] FTased] 7142 ol 45 dF
9] disproporticnation ¥+3-(GF,+ GF,—GF,.,+GF,..)
o 2)sf FOS7t A4 5lcta waglh ul 9ok o] 2o
o} 2 inhibitorg! glucoses] F%7} Fo]5w FOS
A& =N FrVele] A 2 w852 FOS ghado)
Z7kstA & et} 22} FTase @ A2AE 4
2%t 7ol vlal FTases} Gl E3ta A5 )43l
HE-&-gt 7% ul-2-Z2] glucoseE glucose isomeraseol|
93 fructoseE 43% HE HFAA[15] FE5 ZA
@3o] Tl Sdlx Bt 79| 543 FOS H3ES
veldl g o] #Ae oo a2 A9 5 ok
FTase?} GI E£F&EAAZ o)43}9] sucroseZH-E
FOS7} A" ul 9] ¥l-g£ 5 2.2 Fig. 22} reaction ne-
tworkell mhet oh-go] AEE FE9E 5 Uk

s Vos-S | 2X342
dt [Kust+S+(Kas/K)G]  4X504
le\"K
T 1
(Knx+K) Y
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Fig, 2. Network of the proposed reaction mechanism for
the production of fructo-oligosaccharides by the
mixed-enzyme system of fructosyltransferase and
glucose isomerase.
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504 Van'N
+ —_
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J
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dN _2X666 VK VN

dt  4x504 (Kx+K) Kn+N ®
dP _ 88 VN ®
dt  2x666 (K.n+N)

dG _ 4X180 Vos+S L 96 o
dt  8X342 [K.s+S+ (K,s/Kic)G] dt

dF 4G’

dt  dt ®

o] 714 dG'/dtE glucose isomerase?] HF-3-4EA] 0
24 g3 e 7} &4 ¥HS schemeol] &) &
EAS ARsge)
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At Kojk_pt kst koks+ ky(K_o+ ks + k) G+ k_s(k-1+ke+k o)F

A (8)& &9 4 (10)-(13) 3} ZFo] kinetic para-
meter 52 Aot 7hds) Rt ohgeo] A (9)7)
ot

Eﬁi = VK + VoiKcF

- 9)
dt KniKone + Knr G+ KicF
K- k- o+ k- ks + koks
Knr= (10)
T ka(ko ket ko)
Kok, + ko ks +k,
k= Kokt an
Ky (k_o+ ks + kz)
Eokeok:
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Fig, 3. Lineweaver-Burk plot for the comparison of inhibi-
tion constant, K;;c between fructosyltransferase sys-
tem and the mixed-enzyme system of fructosyl trans-
ferase and glucose isomerase: (C); without glucose
in fructosyltransferase system, (@); with 40 g/l of
glucose supplemented in fructosyltransferase sys-
tem, (a); with 40 g/! of glucose supplemented in
the mixed enzyme system.
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Fig. 4. Reaction profile for the production of fructo-oligo-
saccharides by a fructosyltransferase alone(A) and
by the mixed-enzyme of fructosyltransferase and
glucose isomerase(B): (O); fructose, (@); glucose,
(0); sucrose, (A); GF,, (B); GF3, (—); model pre-
dictions.

Table 2. Comparison of typical sugar compoesition of reac-
tion products with fructosyltransferase and mi-
xed-enzyme system of fructosyltransferase and
glucose isomerase at 55°C%

Composition(%, w/w)" 2

Sugars Single ~ Mixed
Glucose 31.36 1759
Fructose 0 14.63
Sucrose 12.11 8.55
GF, 39.20 37.55
GF; 16.00 20.36
GF; 1.33 1.34

;: GF, 56.53 59.25
n=2

“Reaction was carried out with 650 g/ of sucrose at 55C
for 25 hrs.

PSingle and mixed refers to the enzyme system of fruc-
tosyltransferase alone and mixed-enzyme of fructosyltrans-
ferase and glucose isomerase respectively.

wA g A= 30.2 g/l e vhelyt o), FTase, Gl &
FaZANANE 2 gtol 608¢/E 5u) AT G 1}
i} M2 §ALRE 7]l BolAe e T A A7t
A A AHgo} Exjsted GIZ} FTaseol ths) negative
interactiong el Aow B 4 9t} HEHo T
EHALAZ o] &3lod 9hg-Fel inhibitoral glucose
level& 3o F9-Soll = £ 3}T sucrose, GF,, GF,
ol 3 FTases] K,3tel 719} Kip3te) 242 o
ste] FOS Pg34tolls 2 3-8 viebuA] Ealqn
(Fig. 4, Table 2).

B33t HM31E H6E 19934 12%

3-4. TEof g0l Ay

Table 114 73§ kinetic parameter£-g 2dAE
off H83te] 7 RS g % profiled &3l 1
(BASIC language), %) 2] 2] 7] sucrose 5% 650 g/loll
hatel A9} wlwy A}E PFig 4ol ehigich
FTase iAol e BE AR U3 % pro-
fileo] =ellzks} A&7 A2 & odx)35hel e 10],
EdEAA 2] 2% sucrose, GFy= T4 9 data scatter-
inge] Ao 2oje] HEEe s N2 & o
Alsteeh. @9 GI7b AsHe fructosedl o 4+
FTase®] Ho]& A (fructose-transferring activity) ¢) 4l
= Zled Halth o] AR 2E] Flase: HHE7] A
sucrose & 7}p4-s) Al A WAL fructoseer-e Ho) A7)
=, & selftransfer BF-g-o) 2)a)xqt FOSE A Absl=
& ¥ Uk Fujita $L16]& 2 Aol 4]
AR Eael fabgk A 713 Arthrobacter 7)909)
B-fructofuranosidase & ©]-8-3}o] oj2 7}7] 7} Ao} o 5t
selftransfer 543-& ¥ 13 v} 9li=d, raffinoses} su-
croseol] T3} selftransfer ¥h3-4 57} c}2 7| Ao u]3)
Tl 2argk wp ogioh

o

3-5. IS E9| =MH|m

gt vlel o] EJJALAZ FOS AAFE A of
¥ 35 EHELAL] S4ez s FOS A%
F7A) 7} 2l 8hed o) Table 260 4] B 5o
8- YF2] sucrosed} glucose?] ¥ EE 3ol
£ 5 UNL fructose’} 15% A% FHFDoaw 7ty
Er e AS 7RI e 712 zadg gela
ol vlall MEe Fulws) 35% A Zsi®l Q2o
249 FOS Aite] 7hssleint.

rlo 2

o o

B {4 op
ol 2

4.4 £

Fructosyltransferase 2} glucose isomerase®] &t &
ZAE ZYE Fejucde] PAF o) H4g A o}
3 2e AEE Ak

(1) Fructosyltransferase ¥h-3-Z-o) ub-g- a8 =t
£-8}+= glucose %2 glucose isomeraseol] )& o+
FTEE FAH Foovt Zate 2 igke) kg T?-
A F7VvshA SEghok

(2) EZRLAE ©) 88 fructo-oligosaccharides A
Aol gk 813 mdl Aobsla Age S 229
g;} fructosyltransferase §tel 2749 7499} vl 28

& TFELANA B w39 Yty 45(K,,
K,) ol Haghe o $ iz Add mde Ay
Ao} A A= 3lgird.



(3) Ega A A glucose isomerasell 2j3] A
g fructose2 213t Zvlerh F7Hd M2 249
zZE g2lu17s 2% 7 Utk

(4) Glucose isomeraseo] 2js fz =
fructosyltransferaseol] 2]s o] =] =]

e o] gl

slof, Zete gejute] Y4H-e fructosyltransferase ]
selftransfer ®F-3-ol sl Aut PAEHE Aoz vl 4

=

ABI1E

: initial enzyme concentration

: fructose concentration [g//]

: total glucose concentration [g//]

: glucose concentration during the reaction by

glucose isomerase [g/l]

: 1-kestose (GF.) concentration [g//]

: reaction constant in Eq. (8) [h™1C

: competitive inhibition constant for glucose [g//]
: Michaelis constant for fructose [g//]

: Michaelis constant for glucose [g//]

: Michaelis constant for 1-kestose [g/l]

: Michaelis constant for nystose [GF; g/l]

: Michaelis constant for sucrose [g//]

: nystose(GF;) concentration [g//]

: fructofuranosyl nystose (GF,) concentration [ g//]
: sucrose concentration [g//]

: time [h]

: maximum velocity for fructose [g//-h]

: maximum velocity for glucose [g//-h]

: maximum velocity for 1-kestose [g//-h]

: maximum velocity for nystose [g//-h]

: maximum velocity for sucrose [g/!*h]

fructose+

—

851

)]

it

. B2 Food Chemicals(Japan), Oct., 10(1989).

2. WA HE PH(EE), 26(10), 23(1990).

10.

11

12,

13.

14.

15.

16.

. Yun, J. W, Jung, K. H., Oh, J.W. and Lee, }J. H.:

Appl. Biohem. Biotechnol., 24/25, 299(1990).

. Hidaka, H., Hirayama, M. and Sumi, M.: Agric.

Biol. Chem., 52, 1181(1988).

. Hayashi, S., Nonokuchi, M., Imada, K. and Ueno,

H.:/J. Industrial Microbiol, 5, 395(1990).

. Kohomoto, T., Tsuji, K., Kaneko, T., Shiota, M.,

Fukui, F., Takaku, H., Nakagawa, Y., Ichikawa, T.
and Kobayashi, S.: Biosci. Biotech. Biochem., 56(6),
937(1992).

. Jung, K. H,, Lim, J. Y., Yoo, S.]., Lee, J. H. and Yoo,

M. Y.: Biotechnol. Lett, 9, 703(1987).

. Yun, J. W, Jung, K. H,, Jeon, Y.]. and Lee, J. H.: J

Microbiol. Biotechnol, 2(2), 98(1992).

. van Balken, J. A. M., van Dooren, Th. J. G. M., van

den Tweel, W. ]. ]., Kamphuis, ]J. and Meijer, E. M.:
Appl. Microbiol. Biotechnol, 35, 216(1991).

Jung, K. H,, Yun, J. W, Kang, K.R, Lim, J. Y. and
Lee, J. H.: Enzyme Microb. Technol, 11, 491(1989).
Yun, J. W, Jeon, Y.]J., Lee, M. G. and Song, S.K.:
FEAEF A, 8(3), 266(1993).

Yun, J. W. and Song, S. K.: Biotechnology Lett, 15
(6), 573(1993).

Gupta, A.K. and Bhatia, 1. S.: Phytochemistry, 19,
2557(1980).

Takasaki, Y.: Agric. Biol. Chem., 31(3), 309(1967).
Hemmingsen, S.H.: Applied Biotechnology and
Bioengineering vol. 2, p. 157, Academic Press Inc.,
New York(1979).

Fujita, K., Hara, K., Hashimote, H. and Kitahata,
S.: Agric. Biol. Chem., 54(10), 2655(1990).

HWAHAK KONGHAK Vol. 31, Ne. 6, December, 1993



