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Production of Cyclofructan by Cycloinulooligosaccharide Fructanotransferase Expressed in Saccharo-
myces cerevisiae. Lim, Chae-Kwon', Hyun-Chul Kim2, Kwang-Hyun Kim', Byung-Woo Kim', and Soo-
Wan Nam. Department of Biotechnology & Bioengineering, ' Department of Microbiology, *Department of Bio-
material Control, Dong-Eui University, Busan 614-714, Korea — The cycloinulooligosaccharide fructanotrans-
ferase (CFTase) gene (¢ft) from Paenibacillus polymyxa was subcloned into the E. coli-yeast shuttle vector,
pYES2.0 (GALI promoter). The constructed plasmid, pYGCFT (9.9 kb) was introduced into S. cerevisiae
SEY2102 cell and then the yeast transformant was selected on the synthetic defined media lacking uracil.
Based on the cyclofructan (CF) spots on thin-layer chromatogram, the ¢ff gene under the control of GAL! pro-
moter was successfully expressed in the yeast transformant. The recombinant CFTase was not secreted into the
medium and was predominantly localized in the periplasmic space. CF was started to be produced after 3 h of
enzymatic reaction with inulin. The pH and temperature optimum for the CF production from inulin was pH
8.0 and 45°C, respectively. Enzyme activity was stably maintained up to the pH of 10.0. The examination of
the inulin sources revealed that a dahlia tuber and Jerusalem artichoke were the best for the production of CF.

Key words: Cyclofructan, cycloinulooligosaccharide fructanotransferase, expression, inulin, Paenibacillus
polymyxa, Saccharomyces cerevisiae

Cycloinulooligosaccharide(cyclofructan, CF)3 inulin® &
HE AALE = gHg g2 aigdeo| vl CF: cycloinulooligo-
saccharide fructanotransferase(CFTase)9] Fxhi] w2 o] uh-g-
o ol FZ fructose ¥A} 6~8707} B-2— 1)V E AA
¥ wlg A 2] cycloinulohexaose(CF6), cycloinuloheptaose
(CF7), 28] 3 cycloinulooctaose(CF8)2] 3 e 2 A AlL=|
[8], AAF H]-8-2 CF6(80%), CF7(20%), CF8(<1%)°2-& X
%9 vH9]. CFTase2] 44 EAL jnulin? 22 fructan
71- e 2Hg-3sle] CFE A43te FA 23 o] uks-al
cyclization®} B-(2—1)-fructooligosaccharide A}e]2] @& o]
uks-9l coupling ¥hS-, disproportionation ¥hg- FE= 7}5E
3 Hk-e-& wPlshe )% Ed (multifunctional enzyme)
o] tH[10]. ] &gt vr]5 EA A8 cyclomaltodextrin
glucanotransferase(EC 2.4.1.19; CGTase)9} FA}slct. =3,
CFTasex= #AR] FAo] v-& cyclization®2gt opEl, B-(2
—1) fructosidic 25 38} B-(2—1) fructosidic 2
5 Esl= 849l B-fructofuranosidase(invertase, sucrase)
(EC 3.2.1.26), levanase ¥ inulinase -5-3 amino acid
sequencecll A 32 homologyZ- 7IX12 ¢Jvt. 224 CFTase
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%= B-fructofuranosidase family 2 -5 o] 2¥u} oh]g}
[11], =iz F-z2o) Zal7]2t e w]sst 7oz FEu]eixd,
CF9] Fx%* bowlshape TEE HoJglx, o=
hydroxyl groupe] #43E vieplin, ¥ ofe|2 e
2 Qlgte] A5AS g3 gt} & CFE cyclodextrin®} &
A, 3k o2 AL F22 ¥ 18] CF62l
crystal 7% ¥4 18-crown-6-skeleton T2 8532
(8, 17], =3t CF6-> T4 ool &3 BA & Ao
[20,21]. o] 22 CF2) &2lH, #sby SA2 AF, 2o,
4, 3 59 oY FoklM 885 o4 € 5 3l
18], CFe oAy BA2] F4, slgel <98 538 et
W] of-Zell W Az LA v}, FE e 2o
off-oFol| A liposome 5ol AHE-Eo] A 4= Q1S 124 oy
g} Akl A o2 Jge] o]8d 4 9lg ALr Zd=Eu 7).
CF2] AAbell o] 45 jnuline 3| X%} AF(Jerusalem
artichoke), *]7]2] (Chicory), vF2]ok(Dahlia) 2] =3}
(Compositae) 2] 52| 7ol TH-% polyfructan®.2. 30-35
M9 fructose”} B-1,22 3ol o3 Aslitez dAd= 2l
L 22 dedel] D-glucose?} o-1,228Rs 31 glot. AX)3=}
7150 Bofoll st H-ga wAlE, WA 9 |FA
o] Zhalx ¢l WA F FEE wolr fElvllA A
wjal7| 7} G-olgt AlE Ui ok}, inulin Z7HE3lel 23
75% ©]49] fructoseS A & o Uk B e gle]
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¥} CFTase:= B. circulans OKUMZ31B[8], B. circulans
MCI-2554[13], B. macerans CECI[11], P polymyxa MGL21
(6] 39 FZ Bacillus %2 Aol Al Hoz e
glc}. 8, CFTase gene(cfty B. circulans MC1-2554, B.
macerans CFC1, P polymyxa MGL21 5 2.2%-F| cloning
=lo} 7M1 o] wedATHGen BanK/EMBL/DDBJ accession
no. D87672, AF222787 and AY077612). Kanai S{71&
B. circulans MCI-2554 -2 ¢] CFTaseE Saccharomyces
corevisiaed| M o-factor BRA T E o] £3le] EapF o= Wb
A7 uf glek gk A A 2F 7)ES AHEsle
CRAS(Generally recognized as safe) P|A&¢ &R S
corevisiael A A 23 A e Pakshe Hle] CF A
AR At AEAA A oA #i g 1e @A) Ul
Aol ZA Fefsiet.

B oA A8 CFTase= P polymyxa MGL21 =)
o] ¢ft $A A o™, ORF7} 3999 bpo] L gkl al E-xpak2-
148 kDao|t}[6]. cft £% WA E F53 5 S cerevisiae
o] 3AAIA|IA CFTase 33} Fa) oS AWK, CF
2] AAAE AT NS S AR E 2
szt i

R

AI82F % Plasmids

B ol AMS-3 SFMERE E coli DHSo(sup44
Llac Ul69(@lacZAM15) hsdR17 vecAl endAl gyrA96 Tri-1
relA}; S, cerevisiae SEY21025- ARS81AT). S cerevisiae
SEY2102(MATo wra3-52 leu2-3 leu2-112 his4-419 suc2-
£9)[2F= invertase A<= Wo|F(suc2-A9) X uracil 4T
2} ¥o)F(ura3-52)°11 haploide]th. Plasmid 75 2 5
- 98} E coli S5M| = DH502 AREslgict. CFTase
21724 Fo] plasmidx pUCI8l P polymyxa MGL219]
C'FTase 422 cloningdl pDEP6S AHE-31givH6). B2
S. cerevisiaee| X] CFTase &8 & $38F vectorZ+ E. coli-
S. cerevisiae shuttle vectorq] pYES 2.0(Invitrogen Co.,

USAYE A3+

Sl

=g Plasmid MZ& 3 SHAEXME

APMe] f =4 e-S 93 A=2F plasmid®] 75
P polymyxa®] cft 570928 €73t pDEP6S EcoRUXholS-
2 A Elste] dolAl ot FAHA EHE Gel extraction kit
(Bioprogen Co., Korea)2 A A stH e} HoiAl oft B
GALI promoterZ 3-8 pYES 2.0(EcoRl/Xhol 2.3 wlE]
eyl Azsted E coli DH50el 3 A gste] ) 23
plasmid pYGCGTS(9.9 kb)y& 33t 7-59 A=
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plasmid= E. coli DH5So25E] 5%, F&3)e] LiCH[5}>
2 W SFHE S cerevisiage SEY210201 A8}

S5 FEMeH| MY o sjL=EA

v AR AEe 48 wiRZE SD wi#|(0.67%
Bacto-yeast nitrogen base without amino acids, 0.5%
casamino acids, 2% dextrose)s ARE-5191al, ANF3}E CFTase
9] AALS I8k Az A RO] wiekS YPDG X (1% yeast
extract, 2% polypeptone, 1% dextrose, 1% galactose)E-
ARgste] wiokslade). #A S A Bl v 2
7] pH g wikex9) 33k A7) 18] YPDG wiAlE
100 mL 3-31= baffled-flask® A 3}oich st o=
dextrose?} galactose®] ¢33FS ol 7] 2l|AlE YPuiR]el|
dextrose®} galactose® X E 718 WA S A3

Azgt v FFe] AujofE SD WA Z 31l e flask
wloF 2 fermentor MoFA] A 0.1 ODgoo/miE 3131
Flask ®]¢Foll A= 500 mL baffled-flask(working volume;
100 m)E 30°C, 170 mpmellA F3Pstd o], Axg
CFTase®] Z&40& #Hsl7] 918 WEZ(KoBiotech Co,,
Korea) 3)Hvjeke YPDG A= working volume, 2 /; &
X, 30°C; Z7] pH, 5.5; 4k, 300~500 rpm; 571&5,
1~1.5 vwm®] 278l M ekt

oH 5T, =Y Y Plasmid Y

T == 9AA 7 AF g wjekdS At vlE
2 3]43}e] B33 H (Shimadzu UV-160A, Japan)E- A}
43814 600 nmell M FEE(0Deoo)2 S35 i<
3,000 rpmell Al 53 F<t AAEEst F o AEAS
17, dinitrosalicylic acid(DNS) HPH [14}& ARS-8lo} AFE 3
A} =2 239} Plasmid FEAS Wk S A
3] 34s}e] YPD ghujx|ofl =03k F A=F 100-2007H2]
colonyZ SD AHuiA| 2 toothpickinggt T #A3% colony
0] v (E-E)2 F43

A 28 % CFlase &4 &3

A AAEE Zymolyase 100T(Seikagaku Kogyo, Japan)
9} glass beads(0.4-0.5 mm)Z A}8-3}¢] periplasmic space
EY7} AA| 2 85E dalowm[le], olF £33} vt
4 AHgsted 7 #3 oM CFTase B4+ S48+
CFTased] &4 &A 2 2% inulin%+<4 (50 mM phosphate
buffer, pH 7.0 45°Co|A 0.2~124]7F ¥bg-A17] - Hhg<H
& w5l 5E3k 05@34 gk $.9RglE 0.45 um fiter
= o=k F TLCZ ¥ Siiet6].

X{z=g CFTasee| pH ot&Yd A & oY
ko2 pH 4.0~5.0 Mol 50 mM acetate buffer,
pH 6.5¢]413= 50 mM phosphate buffer, pH 8.0~10.0 ]
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= 50 mM Tris-HCI bufferS AMS31ct. 4 A2 30~
65°C MNA =43}t

Thin-layer chromatography0ll 2|8t S2RISHMES
2ol

FA40ME AAEL thin-layer chromatiography®. ¥ 3}
oo}, F£48MES 50 mM phosphate bufferel] ¢l 2%
inulin?} CFTase 2EANE 1112 45°ColA wkSAIZ e 3t
SN v 5ol sEZE AAE] ¢ F 2o uhee) 5l
A& TLC plateMERCK)! %43t § butanol:isopropanol:
water(3:12:4, vivyE A/N8wl2 33] AN A ES
urea sprayZ 110°Cell A 1037 71 sfed WA A Z1TH6).
Urea sprayx- 1 M H;3POy(water-saturated n-butanol 93.22
ml, H3PO, 6.78 m)el] 5 ml ethanol®} 3 g ureaS A7}
dlod A 23} v} Standard: 2% inulin &< 3 50 mM~
100 mM®] FeCl2, AICI3 §0& 1112 E33}e] 5~1083
100°C %= EollA 7152allsted AR5t

CFe| Hx|

E Ao CFo Aol AMSE £ o= ks 35
EHE] CF 2F24E AAsIH. CFTase ZEAMS 6%
inuling 45°Col A 3A17F ¥bg-A171 ¥ %S inulin ¥
fructooligosaccharideZ- A Asl7] $1ste] £ APl £
) AAEE exo-inulinaseZ 37°Col A 3417k AEisisich
FAol| A AR dFF-E A AB] fA5ke] el 3% F
E2 calcium oxideZ H718k 80°Col|A 105 53t vRA|
71 ¥ pH7} 9.00] 2 wj71A] CO, gasE Eol@det. ol F
A ARG 94122(12,000 rpm, 10 min)E A A3
o 948e] A5Aedl 100% X7 ethanols 3:7 H]| &=
Zahsle] €412-2](12,000 rpm, 5 min)dted AAES 3¢
3lde}[6]. Ethanol X2]#44-& 2, 33} ¥HE38} § evaporator
2 Azl B3 AG. olgA AR CFE & 439
CF 5 E4= A3

[«
—

=& plasmidel 7= 3 ZRHEMEN MY

f oA CFTase FAAHME FrEA22 W3 7)7] $
SO oft 3RS E8381 pDEP6E EcoRUXhol22
He)ste] PoiAl oAb Eujalseid £ S pYES
2.02) GALI promoter 3}F-°| subcloningdled pYGCFT
9.9 kb) T3tk Fig. 1). 755 L3 pYGCFTE 82
o] =d5ted SDEiR|eA 12} A, 13} APHE T5E
A8 wjek T cell lysates?} 2% inulinZ ¥FSA[A BRSAE
ES TLCE ¥M3led 1 F CFo AT A5 ¥
2 AN ZFFFH(S. cerevisiae SEY2102/pYGCFT #6)5 A1
sldvh(data not shown). & AEE 23 F452] vkl

Xao |

C‘f. Cﬂ Gyp 1p
S

ey
=

pYES29
(5.9Kkb)

Ampr

(9.9kb)

Fig. 1. Schematic diagram of pYGCFT plasmid.

A GALI promoter] F-=AIQ] galactose 718l PgH L
2 CFTaseZ} 3 - AAbgs 1 4 Ao

Bt 0l CHEH HE

Bt 02 dextrose?} galactose®] °33-S ZES] 43}
o] YPulA]ll dextrose®} galactosed 5582 AH7)sled 48
AZb ek F- FAFAH CFe] =S 2Abs) 2 A
dextrose?} galactose?] ol whe 415219 Wzl= s
3, CFY] AAANME zpe]H-E Beo]A] ok3krh(data not
shown). WHebA] o] 2] A2 dextrose?} galactose?] 5=
£ A7t 1% st wiesialet.

=2} CFlase &3

A= FF S, cerevisiae SEY2102/pYGCFTE £7] pH
5.5, 30°Ce] 2728 YPDGHA|A 48475t flask i
oFgt Ml FAFE AT cell lysates® HH-AIA CFe| S &
Qlgt A3}, CFTase: TA Wollgk EA13t 1, £44HE 3
AZEE CF7F A= (Fig. 2).

TASA], CFTased] L&, ¥n|5#A 5ol sl A8}



A)

F.G
GF1

CFé

3 CO0513 59 12(h) 8 C051 3 6 912(h

Fig. 2. Thin-layer chromatogram of the reaction products
from inulin by CFTase of S. cerevisiae transformant #6. (A)
R::action with the supernatant of S. cerevisiae 2102/pY GCFT #6;
(E) Reaction with the cell lysates of S. cerevisiae 2102/ pY GCFT
#6 F, fructose; G, glucose; GF1, sucrose; S, inulin hydrolysate C,
C-e.

A8 B EenekE g AAE Fig. 3 3 Fig. 4ol viehigl
-. CFTase®] W82 dextrose &% F galactosed ©}-8-3}
- 124]7F o] F5E] HhE|o] 48x]7171A] Al whsgo]
7 -8k e VeSS, 48417 wi e Al TAl s =]
ODgpo7} 43590 CFY AAlE  periplasmic space$}
cvtoplasm F-& o)l A LFeldal, periplasmic spaceol] &4}
wo) EAYE AT+ Aeh AL Fol Jaha
CEH A=A Shob AT CTasci= A28 29157 5}
25 ohA] Feld 4 glgdvh. Plasmid eFAlS A3
o WjeEEAYE o4 o8] R SELE FAT} 3
9 FAal 4TSI 80% oL el

AHA| signal peptide-& AF-8-3Fed Nam §[15]2 Bacillus
macerans cyclodextrin glucanotransferase(CGTase) S &5
oAl WEHAA 90%e] 4] FH| RS U, Han 531>
Bacillus2] endoglucanases T Fol|A A Z o) 9] A7
25L &RC| YA 2o Bacillus A F81A1 571 H4€
4+ &g HolFdn}, w3k, a-factor BR]AE(MFal)E o
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Fig. 4. Thin-layer chromatogram of the reaction products from
inulin by CFTase. (A) Reaction with the periplasmic space frac-
tion of S. cerevisiae 2102/pY GCFT; (B) Reaction with the cyto-
plasmic fraction of S. cerevisiae 2102/pYGCFT. S, inulin
hydrolysate; C, CF6; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fruc-
tosyl Nystose.

438tod Kanai S[7] S. cerevisiaeol| A1 B. circulans MCI-
2554 §2l19] CFTaseE WAAA AWZEF CFTases Ak
o} 2 Az}l w2 A CFTase F-0AHN-Ztol] 3712
repeat region3} C-Z=tol] 1789 repeat region, L2 1
Alolel| invertase$} 7 core region® E. FA)E N-Etwhe]
3l repeat regiong AH|78F ¢F 3 kb ¥HEAT} o-factor £4]4]
35 QG310 1 Abo]ol] Kex2 protease 1AM LGS AMIg)
223 & 84S 7 CFlased EHHOE 74
Al R}t 28]y} ©hek3t signal peptides(o-factor, invertase,
acid phosphatase, Bacillus amyloliquefaciens o-amylase)=
AW8-3)ef B subtillis F212] levansucraseol] W3 E Rl A
o] ¥R EEE 2ARE Scotti (19 BTN A% 2
W] 2 N-=e+o] net charge®} signal peptide®] A=A core
o ool A whil HA 9] net charge 5ol 7HAE oo
2k ERAA GolgiAl 2., Golgidlell A Fwl#g o=, F0]2
HollA Mzrteze] de) HHHE F &5 E 4
& ol ARAoZ FHled PHE F e AR
Alekstodet. wepA] & Ao A" P ploymyxa CFTase

Sup ernatant Cell lysates

S € 121824 30 364248 () § € 121824 30 3642 43 ()

Fig. 3. (A) Time profiles of cell growth and residual sugar in the batch fermentation of S. cerevisiae SEY2102/pYGCFT. Symbols :

(@), cell growth; (M), residual sugar.

(E) Time profiles of thin-layer chromatogram of the reaction products from inulin by CFTase. S, inulin hydrolysate; C, CF6; GF1,

stcrose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fructosyl Nystose
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Fig. 5. The effect of reaction pH on the CF production by CFTase. S, inulin hydrolysate; C, CF6; GF2, 1-kestose; GF3, nystose; GF4,

1F-Fructosyl Nystose.

2] N-whgt BI9] repeat regione] A FH2e} o7
signal sequence® ©]-&3ld A Fol|A] HtA|FIThE EH|E
£o] =2 A F3 CFlaseE WA & 4 9l& Aoz Ag

ot

HIS X pHel HXRT

AxF CFTase?| E4RMg2] 2484 pHE pH 4.0~10.0
o] W9l A A3 A, Fig. SellA] B uie} ZFe] pH
8.0°1M #A A& Badch pH 4.0914% inulin®] Ak 7}
FE3e) s Sejarge] P W FAEA o] A e}
VA 48k3L, pH 5.0~10.0014 HESAIAE BAEA] o] ol
FollE AL Hol HRoA W CFlase: W W9
o] pHIlM = vl A A g A2 oJAtE et A2
CFTase®] &Aukge] HAH LTS 30~65°Ce] HjollA 24
gk A3}, Fig. 6ollA 9} 3Fo] 45°CelM HA &AL Holot
TS}, 55°C o)kl Al BAgA o] ZHAF UL, 65°C o] Adell
M EadAde] vrehdA] okt ol P polymyxa el
CFTaseZ AME3}e] Jeon 5[6]e] tATol|A WHAIZE o
9} zpo]H-g BolA] skt E dAFo) A AM-ZF CFTaseod|
= oF 10719 N-§ 257} 7s §-91[-Asn-Xaa-Thr (or
Ser)-PF A8 6, 12]. 23y 55°C o) Ake] aLeeA] &
A3 o] FhAdl= o2 Hol Ao WHd Az
CFTase®] @57k o] FoiA|A] k2 7oz Atgsic}

Kanai S[7]2 S. cerevisiae®| X B. circulans MCI-2554
2] CFTaseZ o-factor ©H|A Z(MFal)S o]&-38}e] ut
HAA WdAd o] ke A2 CFTaseZ QARSI 1
ATFoll A 3= CFTase: 5 7d19] 2437} 3971 2A)
3}, endo-H X2 &l¥ 57t A=r} 3A et

30T 45C
e , - FG
<= GF)
&R
<= (K4
<= CF6

55¢C

-H

SCO051 3 6(h

3 6 (h)

S Co051

Fig. 6. The effect of reaction temperature on the CF produc-
tion by CFTase. S, inulin hydrolysate; C, CF6; GF2, l-kestose;
GF3, nystose; GF4, 1F-Fructosyl Nystose.

A dkot 256 W3k A A o] 70°Cell A 30 A=
Foll = oF 62%2] A=A o] ot AT ey Tt
7} HA] o2 AEF CFTase: °F 10%2] AHEEA o] do}
i3, pHell A3t QAL B. circulans®] CFTases} 2 2}
o] & HolA] ¢iglet.

Inulin0l| CH3H ¥t M E9| Him
Inulin®] <(dahlia tuber, chicory root, Jerusalem
artichoke)ol] whe FAMES-9] }o] S v w3l TH(Fig. 7).
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Fig. 7. Effect of inulin source on the CF production. Lane 1,
Chicory root; lane 2, Dahlia tuber; lane 3, Jerusalem artichoke; F,
fiuctose; G, glucose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fruc-
tosyl Nystose; S, inulin hydrolysate; C, CF6.

vRSAAES A A 25 B eR CFE A,
Jerusalem artichoke?} dahlia tuber’} &34 o]gle}. Kim %
[11]9] dF Aol W= CFTase®] 7]1H E-o]Ad o] dahlia
tuber, Jerusalem artichokeol] AFdlA 22 =7 Jelydc}. ul
ghA o] A= 7]AQ fructose FFE =7} chicory root
M} =2 Jerusalem artichoke®} dahlia tuber”} A2 22
CFe] Al £ Aoz Alado.

e %

Paenibacillus ploymyxa S#12] cycloinulooligosaccharide
fiuctanotransferase(CFTase) % AHcfH)S  Saccharomyces
czrevisiae SEY2102¢] W& A1 7)7] 3] | A-F3 B9
sittle vectord] pYES 2.0(GAL! promoter)¢l] subcloning
tedvr. 3% pYGCFI(9.9 kb) plasmidZ S. cerevisiae
SEY2102¢] 33441848} 1, uracile] A% SD wiA|ol|A]
A st ADER PR IAS. cerevisiae SEY2102/
pYGCFT):= galactose 7)ol o8] A2 22 el = o]
cyclofructan(CF)S AAEE TLCE Eelslgdst. v ¢
Az B FulE o] FofAA] U3k cytoplasm Erh
periplasmic spaceol] Wo] Ez}slAvt. B AukE 34| ZHE
CF7} A2 S galskal, X259 24 pHy 27t
45°Ce} pH 8.0% veltom] pH 10.00A% E48HA 0] gk
73M oz A=) Inulin 7186l whE vhgAE 4 2
5}, Jerusalem artichoke®} dahlia tuber2%¥] CF/} 7F &
sh ez AAEA

HAtel 2
E ol A01E ®YslE sEl (Korea Science

and Engineering Foundation, }#|®%: R05-2003-000-
12381-0)ll ZHAF=F
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