Kor. J. Appl. Microbiol. Biotechnol.
Vol. 25, No. 3, 277-285 (1997)

o|5t

Kluyveromyces marxianus var. marxianus IFO 17350 2]
Inulin Fructotransferase2| A§At 2 0|20 &St AP

ZAMS* - B
AYESietn AZAUD), "KEFIASR BB BALYILEH

Studies on the Production of Inulin Fructotransferase by Kluyveromyces marxianus var. marx-
ianus IFO 1735 and Its Application. Jae-Keun Kim* and T. Sakai'. Deparfment of Food and
Nutrition, Keimyung Junior College, Taegu 705-037. Korea, Department of Applied Chemistry.
University of Osaka Prefecture, Osaka 5§91, Japan — Kluyveromyces marxianus var. marxianus iso-
lated as an inulin-assimilating microorganism produces inulin fructotransferase (inulasell) which ca-
talyses the conversion of inulin into di-D-fructofuranose 1, 2" :2, 3’ dianhydrde (DFAIII). The DFA
produced by the organism was isolated by using active carbon column, and identified as DFAIIl by
high performance liguid chromatography. The culture medium giving maximum inulasell production
was found to consist of 1% sucrose and 0.75% yeast nitrogen base (YNB). The inulasell production
was induced by inulin or sucrose as a carbon source and increased by addition of YNB as a nitrogen
source. Optimal initial pH of the culture medium, culture temperature and medium volume for the en-
zyme production were pH 4.7, 30°C and 140 ml, respectively. Under the optimal conditions described
above, the enzyme activity in the culture supematant reached 4.2 units/ml after cultivation for 36 h.
The DFAIIl was accumulated at 13.25 mg/ml after 48 h of culture in the Jerusalem artichoke tuber
medium.
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Fig. 1. Paper chromatograms of the reaction products produced by the Inulm fructotransferase from Kluyveromyces marxianus
var. marxianus 1IFO 1735 (A) and Kluyveromyces marxianus var. marxianus IFQ 1777 (B).
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Fig. 2. HPLC chromatogram of the culture broth incubated
for 24 hrs at 30°C in the basal medium containing 1%
sucrose and 0.75% YNB(A) and of the active carbon column
eluate of the culture broth(B).
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Table 1. Separation and yield of DFAIII

Culture broth and eluate (ml) Ketohexose (mg/ml) Total (mg)  Yield (%) DFAIIl (mg/ml) Total (mg) Yield (%)
A 880 0.120 105.6 100 3.85 3388 100
B 46 0.086 2.429 23 4.05 186.3 5.5

A: Culture broth incubated for 24 hrs at 30°C in the basal medium containing 1% sucrose and 0.75% YNB. B: Eluate from the active
carbon column on which the culture broth had been charged.

Table 2. Effect of carbon sources on inulasell production by K. marxianus var. marxianus 1FO 1735

Carbon pH Cell growth Inulase I activity Protein Specific activity
source (0.75%) after culture (cells/ml) (units/ml) (mg/ml) (units/mg)
Control 7.20 6.50x 10 8.908 0.096 8.427
Inulin 2.70 3.45 % 10° 1.213 0.090 13.478
Inulin® 6.40 4.57% 10° 1.118 0.108 10.352
Xylan 7.10 1.85 x 10° 0.880 0.203 4.335
Solulbe starch 7.10 3.82x 10 1.023 0.095 10.768
Cellulose 6.95 5.30x 107 1.095 0.078 14.038
Levan 2.95 3.20% 10° 0.738 0.115 6.417
Raffinose 3.30 2.00x 10° 1.047 0.225 4.653
Sucrose 3.15 3.40x 10° 1.999 0.129 15.496
Maltose 6.95 1.40% 10° 1.018 0.200 5.090
Lactose 2.90 8.60x 10/ 1.666 0.140 11.900
Cellobiose 6.72 6.00x 107 1.428 0.208 6.865
Glucose 2.82 4.10x 10° 1.618 0.140 11.557
Fructose 3.00 2.70x 10° 0.952 0.178 5.348
Fructose® 6.00 4.60x 10" 1.523 0.258 5.903
Xylose 3.25 1.80% 10° 0.976 0.650 1.501
Glycerol 5.75 3.14 x 1¢° 0.714 0.109 6.550
Acetic acid 4.88 ND ND ND ND

Cultivation was carried out for 2 days at 30°C in the basal medium containing 0.7% YNB as a nitrogen source and 0.75% various car-
bon sources with the initial of pH 5.0, "CaCQ, was added to the production medium at a concentration of 15 g/l. ND: Not detected.

Table 3. Effect of the concentration of sucrose and inulin on inulase II production by K. marxianus var. marxianus 1IFQ 1733

A —
P

Pt e

Sucrose
Carbon sources

concentration (%) pH after Cell growth [nulase Il activity Protein Specific activity
culture (cells/ml) (units/ml) (mg/ml) (units/mg)
Control 6.63 3.20x 10/ ND 0.060 ND
0.25 5.20 5.71x 10 ND 0.063 ND
0.50 2.75 6.79 x 10 0.809 0.085 8.340
0.75 2.94 7.00% 10 1.071 0.074 12.600
1.00 2.94 7.25x 10’ 2.141 0.110 16.992
1.50 2.68 7.60% 10 2.379 0.150 13.912
2.00 2.80 8.00% 10’ 0.761 0.148 4.530
Carbon sources Inulin
concentration (%) pH after Cell growth Inulase Il activity Protein Specific activity
culture (cells/ml) {units/ml) (mg/ml) (units/mg)
Control 6.63 3.20%x 107 ND 0.060 ND
0.25 6.83 5.03% 10" 0.528 0.090 5.388
0.50 4.46 6.77x 10" 0.666 0.093 7.161
0.75 4.20 11.54 < 10" 0.808 0.080 10.101
1.00 3.52 10.50 % 10° 0.833 0.073 11.411
1.50 3.58 9.56x 10" 0.952 0.070 13.600
2.00 3.61 8.35x 10" 1.213 0.085 14.271

Cultivation was carried out for 2 days at 30°C in the basal medium containing 0.7% of YNB as a nitrogen source and various con-
centrations of sucrose or inulin incubated in the table. The initial pH of the medium was ajusted to 5.0. ND: Not detected.
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Table 4. Effect of nitroger sources on inulasell production by K. marxianus var. marxianus 1FO 1735

Nitrogen pH after Cell growth Inulase II activity Protein Specific activity
sources culture {cells/m]) (units/ml) {mg/ml} (units/mg)
Organic (1.0%) 0.088
Control 7.23 7.61x 10 ND 0.600 ND
Yeast extract 4.65 1.12x 10° 1.380 0.200 2.300
YNB 2.90 5.56 <10 1.075 0.970 5.375
Corn steep liquor 5.05 5.85x 10 0.905 0.158 0.933
Malt extract 6.25 3.17x 10 ND 0.756 ND
Polypeton 4.80 2.03x 10 ND 0.600 ND
Meat extract 6.25 1.17x 10 ND ND
Inorgainc (0.2%) 0.088
Control 7.23 7.61x10 ND 0.050 ND
NaNO, 7.75 5.19x 10’ ND 0.160 ND
NH,H,PO, 5.30 1.08 % 107 ND 0.148 ND
(NH.,),HPO, 4.95 3.65x 10 ND 0.115 ND
NH,NO, 6.05 541x10 ND 0.098 ND
KNO, 6.75 5.56x 107 ND 0.139 ND
NH,CI 6.60 4.88% 107 ND ND

Cultivation was carried out for 2 days at 30T in the basal medium containing a $.75% of inulin as a carbon source and various con-
centration of nitrogen sources as described in the table. The initial pH of the medium was adjusted to 5.0. ND: Not detected.

Table 5. Effect of the concentration of YNB on inulase II production by K. marxianus var. marxianus IFO 1735

YNB PH after Cell growth [nulasell activity Protein Specific activity
concentration (%) culture (cells/ml) {units/ml) (mg/ml) (units/mg)
Control 5.15 1.82% 10 ND 0.395 ND
0.05 4.88 2.08x 10’ 1.628 0.188 8.606
0.10 4.89 2.35% 10’ 2.736 0.158 17.316
0.20 4.90 4.73% 10 3.141 0.098 32.051
0.30 4.89 4.75% 1(¢ 3.212 0.088 36.500
0.50 4.85 7.00% 10’ 3.188 0.073 43.671
0.75 4.80 1.29x 10° 3.850 0.075 51.333
1.00 4.68 6.89 x 1¢/ 3.379 0.083 40.711
1.50 4.73 6.80x 107 3.141 0.083 37.843
2.00 4.77 6.27 % 10 3.188 0.098 32.531

Cultivation was carried out for 24h at 30°C in the basal medium containing 10.% of sucrose as a carbon source and various con-
centrations of YNB. The initial pH of of the medium was adjusted to 4.7. ND: Not detected.

o] v| B EE Heplw 7pAe] vl A# € sucrose
5 FHA Bador HABg o o]F8 FEE F7A
#H H7He 2 inulasellA S =4 vehllar gleo] &
3ol & inulasellAAF2 o] Eel 23] g &
= el o|= Arthobacter sp. H65-7(13)3} Entero-
bacter sp. S45(24)°l 2138} inulasell A2 inulin® 715
ks ¥ uelE Abe]dk Aol

SR AHEF TE ALHE T W {7 B EFF
o inulagsellAbell v]x]= 92 ZAME B Aal £
A4 A7 FA = FAFE AT A a4t dA
gl x 8] 25 viehd o (Table 4). #7340 e] AH$
inulin A 7] &ej 2| ol] ZHF {-7] AAaUE 1%8 S 7t
sl B AEALE A% 23 Table 40 vield vpe} 2
o] YNBollA2] 8]&8A % (5375 unit/mg)7} 7 =7

¥

vhepd o o] yeast extract(2.300 unit/mg)x¥c} 2F
ol =2 nv|g8X colydt. Arthrobacter sp. H65-7(13)
% Enterobacter sp. S45(24)2] 74-%- yeast extracteh
corn steep liguorollA Z+z} g4 AJAke] 7H3F =gl
B ot oA 2fpolr) qlsict. & YNBE X wE &
AeFe] zle| & XA v} Table 5042l %e] YNB
0.75% A7 7M=& Eag4ES 48 5 e
2% °olitell M= FAFA B A AoAgAbEre] 23] Fha
it wetr] FAlFoll @’ inulasell A4t A A
AYFEEE 0.75%2 AA s}

pH & BHZ250| A&t
Sucrose 1.0%, YNB 1.0%% &8 uj=x]9 z4+ pH
of wh& 404452 =T 27 Table 63 o] 34




282 RHHKX 5

Table 6. Effect of initial pH on inulase II production by K. marxianus var. marxianus IFO 1735

Initial pH after Cell growth Inulase II activity Protein Specific activity
pH culture (cells/ml) (units/ml) (mg/ml) (units/mg)
3.6 2.33 4.9x 10° 2.141 (.107 20.009
4.2 2.33 3.6% 10" 2.380 0.080 29.738
4.7 3.13 3.7 % 10° 3.212 0.083 38.700
5.0 2.58 4.1x%10° 3.070 0.090 34.100
5.2 2.60 4.9x%10° 2.904 0.095 32.256
5.5 2.85 45% 10° 2.666 0.108 24.676
5.7 4,70 2.9% 10° 2.274 0.130 19.096
6.2 3.10 2.4x% 10" 2.236 0.169 13.217
7.0 4,50 2.6x10" 1.952 0.162 12.070

The culture medium contained 1.0% of sucrose and 1.0% of YNB and pH as described in the table 6 was adjusted with 1N NaOH or
HCI, Cultivation was carnied out for 2 days at 307C.

Table 7. Effect of cultural temperature on inulase II production by K. marxianus var. marxianus IFO 1735

Temperature pH Cell growth Inulase II Protein Specitic activity
(T) after culture (cells/ml) activty (units/ml) (mg/ml) {(units/mg)
20 4.50 6.0 10’ ND 0.083 ND
25 4.15 8.9 10’ 3.902 0.083 47.012
30 4.25 9.6 % 10’ 3.997 0.075 53.293
35 4.25 7.5% 10’ 3.950 0.080 49.375
40 4.40 6.0 10’ 3.569 0.083 43.000

Cultivation was carried out for 24h at temperature described in Table 7 in the basal medium containing 1.0% of sucrose and 1.0% of
YNB with the initial pH of 4.7. ND: Not detected.

Table 8. Effect of aeration on inulase II production by K. marxianus var. marxianus 1FO 1735

Medium pH Cell growth Inulase II Protein Specitic activity

(ml) after culture (cells/ml) activity (units/ml) (mg/ml) (units/mg)
20 4.23 1.35% 10" 2.022 0.310 6.523
50 4.18 2.10% 10° 1.903 0.269 7.074
80 422 2.53x 10" 3.783 0.119 31.790

110 4.28 1.96 % 10" 3.783 0.070 54.043

140 4.28 1.44x 10" 4.021 0.068 59.132

170 4.28 1.38x 10" 3.807 0.066 57.682

210 4.28 1.24 x 10" 3.759 0.066 56.955

250 4.28 1.00 x 10° 3.450 0.068 50.735

The strain was cultured in 500 ml of shaking flask with the indicated volume of medium containing 1.09% of sucrose and 1.0% of
YNB (pH 4.7) at 30°C for 24h with shaking (120 strokes/min, amplitude 5 cm).
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Table 9. Effect of metal ions on inulase II production by K. marxianus var. marxianus IFO 1735

ye—rrreeereyrap—y e A e e era A

Metal pH Cell growth Inulase 11 Protein Specitic activity
ion after culture {(cells/ml) activity (units/ml) (mg/ml) (units/mg)
Control 424 8.70x 10’ 3.902 0.075 52.027
KCl 1 mM 4.25 1.12x 10" 3.854 0.070 55.057
10 mM 422 1.19x 10" 3.474 0.075 44.826
CaCl 1 mM 4.25 1.10x 1¢° 3.878 (.080 48.475
10 mM 4,20 8.38 % 10’ 3.640 0.110 33.091
FeSO, 0.1 mM 4.25 1.18x 10° 3.902 0.095 41.074
1.0 mM 4.22 7.63%x 10 4.283 0.113 37.903
MgSO, 1 mM 4.21 7.35% 10’ 3.878 0.063 61.556
10 mM 4.13 9.70 % 10/ 3.664 0.093 39,398
MnCl, 1 mM 4.20 8.13x 10’ 3.783 0.124 3(1.508
10 mM 4,70 2.50x 10’ 0.952 0.125 0.448

Cultivation was carried out for 24h at 30°C in the basal medium containing 1.0% of sucrose and 0.75% of YNB with the initial pH of 4.7.

Table 10. The optimum medium compositions for the inulase
II production by K. marxianus var. marxianus IFO 1735

Ingredient

Sucrose 1.00
YNB 0.75
0.1 M Sodium acetate buffer (pH4.7) 50
H,O 50

Concentration {%)

1 35408

i
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Fig. 3. Time course of inulasell production under the op-
timum conditions,

Cultivation was carried out for 4 days at 30C under the op-
timum conditions described in the table 10. A :inulasell ac-
tivity, [ : cell growth, X : ketohexose, A : reducing sugar, O :
DFAIII, & : pH.
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Fig. 4. Time course of DFAIII production and cell grouth in
the four different media. .

@—@ : Jerusalem artichoke tuber medium, DFAIIl produced,
@ @ ; Jerusalem artichoke tuber medium, cell growth, O— |
Burdock root medium, DFAIII produced, O~ ; Burdock root
medium, cell growth, A=\ ; Sucrose-YNB medium, DFAIII
produced, A\ ; Sucrose-YNB medium, cell growth, >—x |
Inulin-YNB medium, DFAII produced, >-—x ;Inulin-YNB
medium, cell growth,
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