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Production of Inulooligosaccharides by Endoinulinase Expressed in Saccharomyces cerevisiae. Kim,
Hyun-Chul', Hyun-Jin Kim, Byung-Woo Kim?, Hyun-Ju Kwon?, and Soo-Wan Nam*, Department of
Biotechnology & Bioengineering, ' Department of Biomaterial Control, *Department of Life Science & Biotech-
nology, Dong-Eui University, Busan 614-714, Korea — The endoinulinase gene (inu, 2.733 kb, EC 3.2.1.7) from
Paenibacillus polymyxa was subcloned into an Escherichia coli-yeast shuttle vector with GAL! promoter for
the expression in Saccharomyces cerevisiae. The constructed plasmid, pYGENIU27 (8.6 kb) was introduced
into S. cerevisiae SEY2102 cell and then the yeast transformant was selected on the synthetic defined media
lacking uracil and on the inulin-containing media. The recombinant endoinulinase was predominantly local-
ized in the periplasmic space of the yeast cell. The total activity of the endoinulinase reached 1.81 unit/ml by
cultivation of yeast transformant on YPDG medium. The optimized conditions determined for the inulooli-
gosaccharides (10Ss) production from inulin were as follows; pH, 8.0; reaction temperature, 45°C; inulin
source, Jerusalem artichoke. Enzyme activity was stably maintained up to the pH of 10.0. Under the optimized
condition and with endoinulinase of 36 unit/g-inulin, IOSs started to be produced after 10 min of enzymatic
reaction. By the reaction with inulin, 10Ss consisting of inulobiose (F2), inulotriose (F3), and inulotetraose
(F4) were produced and F3 was the major product. Consequently, these data would be used as a fundamental
parameters for the production of functional sweetener I0Ss from inulin by recombinant yeast endoinulinase.
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Fig. 1. Schematic diagram of recombinant plasmid, pYGENIU27, used in this work.



284 KmMetal

Supernatant " Periplasmic space Cytoplasm
i <F2
gy <€ F3 €F3
sEE <€ F4

-"—‘uuouuuo

100000

i Ree]:] |

S 12 18 24 30 36 42 48

S 12 18 24 30 36 42 48

S 12 18 24 30 36 42 48

Culture time (h)

Fig. 2. Time profiles of thin-layer chromatogram of the reaction products from inulin by the recombinant endoinulinase from S.
cerevisiae. S, inulin hydrolysate; GFn, glucofructooligosaccharides; Fn, inulooligosaccharides; F2, inulobiose; F3, inulotriose; F4,

inulotetraose.

FH-E] A Eo] 48A127HA] Al Waigke] sk WA
= YeRHAAL(Fig. 3), W% 48A17FlA ODgyo = 42.39] +
Aol =ZslArt. wloF 48471 periplasmic spaceol|A]
A 1.28 uniymlE LT, cytoplasme) A= 0.53 unit/ml
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Z A2 181 unitymbE A<dv). Plasmid SHAAL 344
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7} Ze FA 48X M E 90% o)Ak Rl
o] ®IleA Bacillus®] endoglucanaseE FLZollA] &
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transferase (CGTase)s EXoM MaAA 90% o]4ke] B1)
B8-S de A9 [201= AHA signal peptides A3t
ol A7 AANEE AR ¥RIAZN Bacillus AHA| )
2571 A4 E 4 USE BAFHY =3, a-factor 58]
AIMFal)E | 83te] S cerevisiaeo| X B. circulans
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Fig. 3. Time profiles of cell growth, sugar consumpsion, and
endoinulinase expression in the batch fermentation of S.
cerevisiae SEY2102/pYGENIU27 on YPDG medium (1% dext-
rose, 1% galactose). Symbols : (A), cell growth; (M), residual
sugar; (@), endoinulinase activity in periplasmic space; (O),
endoinulinase activity in cytoplasm.
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Fig. 4. Effects of pH and temperature on the activity and
stability of recombinant endoinulinase. Dahlia tubers inulin
(5%) was used for the substrate. (A) Enzyme activity in 50 mM
acetate buffer (@), 50 mM phosphate buffer (M) and tris-HCI
buffer (@) were measured at 45°C at the indicated pHs. pH
stability in 50 mM acetate bufter (O), 50 mM phosphate buffer ((3)
and tris-HC! buffer () were measured by incubating enzyme at
the indicated pHs for 1 h at 45°C, and then the residual activity
was measured in 50 mM phosphate buffer (pH 8.0) at 45°C. (B)
Enzyme activity (@) in 50 mM phosphate buffer (pH 8.0) was
measured at the indicated temperatures. Thermostability (O) was
measured by incubating enzyme at the indicated temperatures for 1
h in 50 mM phosphate buffer (pH 8.0) and then the residual
activity was measured at 45°C.
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S 2o} o]e} 22 AFM CFTasel: B8l 71l o))
ek o] F7EE Ao AlsRu. BEe| S cerevisiae
W endoinulinase®] @aR7lol 23k deltAlAd o] REA|
AL o]f2x= N3 FH57) 71 §-9] [-Asn-Xaa-Thr (or
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Fig. 5. Effect of inulin source on the inulooligosaccharides
(I0Ss) production. Lane 1, Dahlia; 2, Chicory; 3, Jerusalem
artichoke. I0Ss production in 50 mM phosphate buffer (pH 8.0),
50°C was measured at the indicated inulin source.
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77.2%, dahlia¥= 96.1%% “}ebtt}. Jerusalem artichoke®}
dahlia7} &34 o]} o] AFAZE Jerusalem artichoke2}
dahliaZ AR 22 8717} A9} iR FAMARE inulin
& IRIPEA] AEAA AARIES 10Ss Al 83 A
22 AlgElt} Ohta 52112 9 ZA3tel] w2 fructose
HAdZE =7} dahliax= 40.3, chicory:= 33.6, Jerusalem
artichoker 40 o]A+ 2.2 ilelydel, Jerusalem artichoke?]
=2 fructose BT TE cell growthE F7FA17]1 2 10Ss
o} ofekg Aol A o2 ePdri(13,24]. E3F inulin,
Jerusalem artichoke powder2} Jerusalem artichoke juiceZ
A. ficuum- endoinulinase®} ¥FS-3F 77} Jerusalem artichoke
juiceE 7|A =2 s o kg 72417 o 7} 2 10Ss

8(79.8%)S AAcH9].
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inulin % 36 unit & o] )lA ¥k 105 F5E] 10Ss7}
AAE=7] Alzbeleiet. AAE 10Sse] FAIE-S 2. inulobiose
(F2), inulotriose (F3)2} inulotetraose (F4y7} AAAFL, o]
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