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ABSTRACT

A fructosyltransferase from Aureobasidium pullulans was immobilized onto a polystyrene—type anion-
ic ion-exchange resin and the production of fructo—oligosaccharides was investigated by the immobi-
lized enzyme. The optimum pH and the temperature of immobilized enzyme were found to be pH 5.0,
55 C respectively. The thermal stability of the enzyme was greatly enhanced after immobilization. The
reaction profiles of the immobilized enzyme was almost identical to those of the free cells and the solu-
ble enzyme. The immobilized enzymes were stable up to 20 cycles without loss of initial activity in a re-
peated-batch operation at 50°C.
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t}. #A FelA= fructo—oligosaccharidesz}
A3tA AAEE low, Aureobasidium pullulans
71949 fructosyltransferaseS whole cell Arej=
Ca-alginate gelell A3g F ZAHY we71E
o3t A& FA ] HF A |} (8).
Ca-alginate 59] gel matrix& ©]43 243} v}
e 54, ' AN Fo 78 gel 5402
s LA;FF B A7} o]FoA §hort(9,10),
F4A R dE=F wgr] SAAA Jehe o
2] 71X EAA dol AA AsE A= ¥R o
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o} 53] 243 celld] 2t Az, wher] 33
A8 AF A, 2Ex A" 243 celld F)7)
A & v HARE S sTsE $8%
GHe g A= g}, olyF FAE FE3})
A% woz o kA FEA oA (support)E
FACE I BA 243 Wl B A7) ¥
Eoigtedl, o] Wl 23 pilot ¥ AbdA 29
w87] 4] 4EHe2 89 dr} ¥3H7 9
o}(11, 12).

AS7HA] A3} F4E o]8% fructooligosa—
ccharides AJAFZA2 Ca-alginate gelo] whole
cell& 2A3}Z} ub (3, 8)3} porous glassol| ¥+
AAY 825 IAE & (13, 14)7} BaEe] 9]
£, Az AgE oln AistEe glov F3)
£ Azl vl A=) 2ASE 549 Az
AYEo| = sttt

#Z Hayashi S(14)2 3] dFal
Shirasu porous glassol| Aurecbasidium pullulans 7)
A9 fructosyliransferaseS H-¥-AAste 7A3}
g A H37)E o83l /RY Ax A3}
Al fructo—oligosaccharides& A<A4Absl gty B
sty A, 2] A e (silanization)v} £4 A
AT B34, 4% 71He AL T AA A4S
45 dalde 2 7ied, FAH TARS 7}
A3 ek,

uelr] B Q7oA A pullulans 7199} crude
fructosyltransferaseS A Ae]3}A] ¢4 Lol &
Ao fA nAIA A F, 14 B4 ubg
EA3 AAE 1A o 2 fructooligosaccha—
rides Y139} A4 she e ARRAL 89
o}

A& 8l

AEx|E

A3 ABE AHEE Z4F oA ¥
Ho2 dEAAET Qe AEFS AMEx
(Table 1), a484 54 2 w7|d2 A9
sucrose= food grade(AMUAIF)E A14-3tgdon
3 0]9) 9] AFEe dut AYFFE AMEERL).

=4 MM

Aureobasidium pullulans KFCC 102455 raw
sugar 10g/ ¢, yeast extract 2g/ ¢ (pH 5.2)2] wj
A4 30CAA 2207 weke Tk, 50mle] i)
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Table 1. Enzyme adsorption on the polystyrene-
type iom-exchange resins)®.

functional  matrix adsorbed enzyme

resins . .
structure®  type  (unit/g ° resin)

non-ionic
XAD2  HCHX porous 23.59
XADH4 —CH)X porous 16.03
anionic
SA-11A N-HCH)X gel 16.28
SA—20AP NHCH)X gel 1757
PA—408 NACH)X  porous 24.36
PA—12 -N-CH)X  porous 27.53
WA-30 -NR porous 15.64

9 15ml of 0025 M of sodium citrate buffe(pH 5.5), Sml of en-
zyme solution, at 25°C, 1.5hr, 180rpm. '

¥ X and R indicate the functional groups of polystyrene supporcX
= CHACHYCH/OH, R=CHA{CHa)

(sucrose 200g/ ¢, yeast extract 10g/ ¢, K,HPO,
5g/ ¢, MgS0, - TH,O 0.5g/ ¢, NaNO, 10g/ ¢ ;
pH 6.0)7} §-6-9 250m! flaskE o]g-3tod 307l
A 547 wiokstgdel. HE 540 AL cell
#49 7% S0unit/ml, cell] 42 7% 30unit/
ml A= g}

B4 Yol 53

Fructosyltransferase @42 AR (15)4<} &
A we g EAsiqly, 55CelA 187 1y
moled] glucosed AAa=d HoF F49 &
lunit2 A 9s}gc}.
322 B4
BE 4RE(ZH) Y £4L Aminex HPX-42C
(300mm x 7.8 mm, BIO-RAD,USA) columne] ¥-
#-5] HPLC(Varian, USA)E A3}l o H, detec-
tor2x= RI-4 refractive index detector, o]&Are.
2 2 A4 (Iml/min)3lge™ columne 85C=E
dAsHA A Fct.

=
AT

q

g4 U9 H=

wjoF ¢ ¥ A pullulans brothE YAIF-e)s}ed
FHTE 23] AT o 20%(w/v) FEE g
A7), AAE F237] Y3 lysozyme(EC.3.2.1.
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17)<Ql Kitalase(Kumiai kagaku, Japan)& 2% (w/
v) =7 HA 7R o 45CHA 2417 B4t
WA T FEEE dofsto] magAE Azag

%l crude enzyme £4-2 Y3 180rpm.o.
2 akepdA 25TAA 2417 Fob A AL
U EEAE ane oadex Ei@Ao] HFEA
& W7t buffer g0 A Hsto] A|Astc}.

240 HIZ BN M

34 vh3 pH AA A= 15ml glass tube
o] 800g/¢ sucrose 49 75ml, 0.IM citrate
buffer(pH 3~6) =+ phosphate buffer(pH 7~
8) 23ml, & £ 02ml ®= wAF 4 1g&
Ztzt g3 55CelA 1AZF Bk wheA)R kg
HPLCE ¢] 43} 1-kestose ¥525 Az L34
ANEAE wluwsidc). 9 HA wger Axy
Age A= 15ml glass tubeel] 800g/ ¢ sucrose &
o 7.5ml, 0.IM citrate buffer(pH 5.5) 2.3ml, &
A 29 0.2ml == 73} F4 1g& 7247 Yo 7}
S2oA 127 ok vheA1Z) e B4 4L &
Astdct. AN Ao HA uksen AR
Aol Mo} U3 o R A8 & Fn|3 o} 7+
L2 oA] 127 Bl 71 o8 AF 54 84S
A3}

Az 8 2%

DHS} A ME

AdAo® AfET Qe oy 7hA] Lol Wi
T2 9l wle]2A WAl th& fructosyltrans-
ferase®] &35 APE 43W3 23}, Table 14
o} #o] styrened gol@ &L (-NH,)al
Diaion® PA-412(Ak}Al, 3)7) 7bg 903 &
2 FA5E vl geba olFe] AgeHe
PA-412¢] t)alA] fructo—oligosaccharides AJAHE-
A A 7HA] 24 ukeA APL St
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Fig 1. Effect of pH on the fructosyltransferase
activity of soluble enzyme(QO) and immobi-
lized enzyme(@).

2 =& pH

24 = whol cell& A3 st w43 279
2] - 54 S40) o8| 243 A aae )
243} wael A4 g pHol WSk A7) B
tH(16). HR(8)9 A74x, & Ca-alginate gel
ol whole cell AFe) 2 74315 fructosyltransferase
o A% 1A43t A% 2R kg 34 pHr) 558
EWdtgl oy}, Fig 194 8o F= njel 7o) sol-
uble enzyme$] 79+ pH 5594, PA-412¢) &
Asld Z4E pH 50904 Hz 43¢ Jehygs
o] <]2{gt pH shift #§ARS- PA-4129] functional
groupe| o]2AE vehi7] wlEel Aoz Aty
ot 39 aAs F a4 S 2A3 Aol v)§
B} 52 pH Welelo #R)=%0x}.

oS ¥R

Ca-alginate gelo] 243 = fructosyltransfe-
rase®] 7-9-= 13} A2| free cello) nla) 743}
& F 8 HAHLE} 60TAA 65CE 5T 37}
&A1 (8), Fig. 201412} 3te] soluble enzyme2)
7499 PA-412¢] A3 a4 BT uke 33
+E& 55TE vyt o|2jdt zlo|l: Ca-algi-
nate gelell A3 E celle] A$9 PA-412 ¢]&
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285A el 2AHE F4 2 microenvironment 2
Apolite Al o= AL Aold| |elFitia
AbE Er}

THE 549 HoMEY

dubdo g F4 59 biocatalyst® FA33I=
Fo8 24 Fol i 28 F A9 3
7bR Qg 49 d5A M-S & 5 e,
Fig. 39| Asol A Hof F= e} zFo] free cell
9 soluble enzymedl B]8] A& 2l8) detAA
o] A F7tetaict.

D3 g0 HI8 &Y

Ca-alginate gelell 1A% =l fructosyltransfe-
raseS o]83t fructo—oligosaccharidesAHA] vk
714 9 AREEY gel WA e] EAALA G
2 Q3 HF uhEEY FAe] ZebAs @4l
velb=dl(3), o172 uks-7]-al sucrose, BH3-A
A&l glucose, 1-kestose (GF,: G; glucose, F;
fructose), nystose(GF;), fructofuranosynystose
(GF,) o] ¥xlg 1000 o]3}2] #iat EAld|=
sl asE P(sugar) el xe] satAS}
o) @7] w ol gel WA olE © e &

Korean J. Biotechnol. Bioeng.

100

@
80 b
I\.

A —
® 6o
2
=
Z ( J
o o)
o
-
= 40 —=
z e\-a
g

20p

o 1 1 I 1 1 1 1

45 50 55 60 65 70 75 80 85 90
Temperature('C)

Fig, 3. Thermal stability of free cells(@), soluble en-
zyme(O) and immobilized enzyme(H).
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Fig 4. Typical reaction profiles of fructooligo-saccha-
rides by free cells: (M) sucrose, (1) glucose,
(@) 1-kestose, (A) nystose, (O) fructofurano-
sylnystose, () total fructooligosaccharides.

aste] A& A7 9] Apolo| A vehs oz te
AH(17). 22t ol 2udpAle A sihe
oj¢} da] EAALG Ao} FAE Hrg Ao} free
cello]t} soluble enzyme?] 7-$-9} 72| FU3} uh-$-
EAE vehligla (Fig. 4-6), weba 25ake+2
ZAE Ao T 7o 2 velydri(Table 2).
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Fig 6. Typical reaction profiles of fructooligosac-
charides by immobilized enzyme: (M) su-
crose, ([J) glucose, (@) 1—kestose, (A)
nystose, (O) fructofuranosyl nystose, ()
total fructo-oligosaccharides.
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Table 2. Comparison of typical sugar composition
of reaction products with free cells, soluble
enzyme and immobilized enzyme.

composition (%, w/w)?

Y0 fiecds solube enoyme inmoblizrd enzyme_ immobilzed el
glucose 2773 26.10 25.66 300
sucrose 1554 1902 19.49 150
GF; 3988 4049 39.00 260
GF; 1528 1379 14.21 19.5
GF, 125 060 129 78
GF;s 0 0 0 1.7
2GF, 5671 5488 54.50 55.0

? reaction time : 20hrs, enzyme dosage : Sunits/g * sucrose, substrate

: 50ml of 770g/ ¢ sucrose, 50°C
Y from ref. 3

o) w2 fLo2 SAHYSE o) 1-kestose Al
Aoz A 4 vt Bad v} sledl, o)A
< B A7 BFHMAYH FFA FAl nAsE
fructosyltransferase7} wH3-714 % whe- P Eo)
el SAADAEGE A B2 7] o whgz
A X2 A FARR el 7] Wiql e Yzt

0ys 540 7|2 oY

Aed 2704 A2 243} 245 A uke
7] systemel] Z-&3}7] 943} Au|AAZH 770g/ ¢
sucrose(%7] pH 6-7, not buffered) & w722
olg3ted 1143t 549 AN HILE st
250ml flaskel] 770g/ ¢ sucrose & 40ml, A3}
A4 10g (16unit/g)S 9L, 50CA 24X)17F &
ot batch ¥H3-& 33 ¥ 143} 485 oujslo
3%k H A4 A repeated batch Hej2 uk-3-&
A4 o 2 388 A3}, 20 batches7}A] 233 &
a9 AEglo] Aapge] bsstdodt 1 & 4%
R0 Age] vehyrh(Fig. 7).

£ A7elA 1A FAZ M PAA412E §
A AETAANA FE EAEY 94 45T 0|4y
£ Fold 2EpARA, 8471 Bl ez A3}
Hloke dubdel vAs 549 BHAXRE ohy
2t w8714l sucrosedo] Hagh 4413 F2hEof

[+

AT nA3 iae 23y &4 AHas: 4
TE o] A 540 b4l e wF A
© 2 #erEe}.
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Fig 7. Long-term stability of immobilized enzyme
in a repeated-batch operation at 50T.
Dashed line indicates 55% conversion of
fructo-oligosaccharides.

Mansfeld $(18)& £ AT 2183 vA3}
gAe} FARRE FF2 styrened| S0l Ao
invertaseS 1A3}3}e] invert sugar syrupe A4k
3= ZANA sucrosed vlE] ©HA A st kg7
AR o]l 8o zH nAs} F4 ARSI =
o 4 gy Bwg v} Qo)

2 %

Polystyrene#] &ol€ #3<px]ql Diaion PA-
4129  Aureobasidium pullulans 71932] fructo—
syltransferase® crude enzyme A‘e| 2 314 3}3}e]
fructo-oligosaccharides 2] Q4+-g- 7AE3}c}. 23
3 el #A e pH 9 &x& 724 pH 5.0,
55Cel A3t sl dMAA ol AA F7t8t
gk, A3 &6 93§ fructo—oligosaccharids
Aol a4 dbg %L free cell ¥ soluble en-
zymest A9 SAkho] HE AT 32 o 24
o] %ol3lolrt. A3} &4 E repeated-batch WhY
02 $AH3}lo fructo—oligosaccharides AJAFZA] )
43l & Az} 50CAA 209744 AL HA5}
ek, '
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