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Expression of Paenibacillus macerans Cycloinulooligosaccharide Fructanotransferase in Saccharomyces cerevi-
siae. Hyun-Chul Kim', Jeong-Hyun Kim, Sung-Jong Jeon, Woo-Bong Choi and Soo-Wan Nam®*. Department
of Biotechnology & Bioengineering, "Department of Biomaterial Control, Dong-Eui University, Busan 614-714, Korea —
The cycloinulooligosaccharide fructanotransferase (CFTase) gene (cft) from Paenibacillus macerans was
subcloned into an E. coli-yeast shuttle vector, pYES2.0, resulting in pYGECFIN. The plasmid pYGECFIN
(8.6 kb) was introduced into Saccharomyces cerevisise SEY2102 cells and then the transformants were
selected on the synthetic defined media lacking uracil. The cft gene expression in yeast transformant
was demonstrated by the analyses cyclofructan (CF) spots on thin-layer chromatogram. The recombinant
CFTase was not secreted into the medium and localized in the periplasmic space. The production of
CF was observed after 5 min of the enzymatic reaction with inulin, The optimun pH and temperature
for CF production were found to be at pH 8.0 and 45T, respectively. Enzyme activity was stably maintained
up to 55C. The CF was produced from all inulin sources and was most efficiently produced from
dahlia tubers and Jerusalem artichokes.

Key words — Paenibacillus macerans, Saccharomyces cerevisiae, cycloinulooligosaccharide fructanotransferase,

cyclofructan, inulin

Inuling =] 7+ (Jerusalem artichoke), XA #] (Chicory),
tht2lok(Dahlia) 52 =3 3HCompositae) HZ 9] ol &
£ polyfructan © 2 30~357)9] fructosez} B-1,2 Aol 23]
Agdo 2 d4s0] sl 2 2o Dglucoser}t a-12 AgHE
33 ot A As 7159 Bl dg 2343} w4,
WHEAd 2 WAl Ftn vs) B4 3 FHFE gobd
2 Ukl A Aejstr) s &old 4 g9 oty inulin
TheEelol o3 75% o] 49 fructoses M4+ & &
2o} glof 3hu] Ado] #&5F feivgM e By 73
& Znl Adog 8¢ & YoHL5] hulin E3) E4e 28
712+¢] A}olo) ulg} exo-inulinase (EC 3.2.1.26 ; B-D-fructo-
furanosidase)[12,24], endo-inulinase (EC 3.2.1.7 ; 2,1-3-D-
fructan fructanohydrolase)[3], inulin fructotransferase (depo-
lymerizing) (EC 2.4.1.93)[17], ¥ cycloinulooligosaccharide
fructanotransferase (CFTase)2 £ 575 o] 2t}

CFTase inuling ©]-8-3f) EAY B3o] vh-go] ofsf F2
fructose 23} 6~8 717} B-2—1) 2oz AAR HBAA ]
cycloinulohexaose (CF6), cycloinuloheptose (CF7), Z8]x
cycloinulooctaose (CF8)S A 2+3he dAoltHI9. HA) CFlase
& Bacillus circulans OKUMZ31B[9], B. circulans MCI-2554[11],
Paenibacillus macerans CFC1[10], P. polymyxa MGL21[7] ¢
F2 Bacllus £-9] o] Aakshe Ao ZelA Sk ol2@

*Corresponding author
Tel : +82.51-890-2276, Fax : +82-51-890-1619
E-mail : swnam@deu.ac.kr

v EEo] AAslE CFTased] E43 AL inulind} 22
fructan 718 el Z-g3te] CFE FAshe B Z3o] g2l
cyclization W83} B-(2—1) fructooligosaccharide A}o] 9] &4l
o] k391 coupling ¥Hg-, disproportionation ®¥H-8- == hydro-
lyzing 93¢ WlA3HE 7)% &4 (multifunctional enzyme)
o|t}. CFTase9] 289l 2}3) inulin®. £ %€ A4ts]= cydoin-
ulooligosaccharide (cyclofructan)= &4+ 513 F8 4] o]}, CF
9] FZ= bowlshape T2 2 o911, $¥-+= hydroxyl group
o] IFRQE YEhs, Wt dea Ao et 254
& 93 35, & CFE cydodedtring} 2213, 8402 44
# 722 s} YrH19] CF62 aysial 72 24014 1Bcrown-
6-skeleton 722 P ov[918], & B& Foled &Y
AE FAsTH21,22].

Open-chain fructooligosaccharide= exo-type inulinasey
o8 4A FasE i), CF AL exotype inulinased)
o3 B A ka1, Aspergillus nigere] endo-type inulinaseo]]
)M inulohexaose 2 a5 o] AtH9]. CFe] &2 3%, 3187
548 AF, 9% ¥4, 8839 59 Aot &&
4 5 o1 CFe o2 829 54, slFdd 43 ads
UER 7] d ol W A2 A IR uhFo, 3 F Ev
gJoFolol A liposome Fofl AHEEH o A 4 gl& Wyt ohe}
AeA o dY of8d & U Az VY Auhs) FlaseE
ol-&% CFY A4k 2 3438 o7k A 7154 AF,
AAE & A FF e FAH Fa9 SHAA 1
F&A40] I QAT obAAA] CFE A A 22 Ats)



318 BB UHZIX| 2005, Vol. 15. No. 3

of FeiEA & Yotk
3HE, A FAY] Ao} ojobF oz ol f E F v HAEY
Sacchardmyces cerevisiged| A LHA|Z o8N B
FAF ALY 5] S48 AfEsEe A7t
1351 ot 8 G Al de3E
oMo Az Bgo #F d7E F2 plasmid
A A1E e A7HAE o] (autoselective mutant)
) W B84 AL, ¥¥l A% peptides] A

2
24
il
o o
td

1=
A

o
>

¢

i &

g

1

ro il e

S S S VR O
i w

£ HolF, Alxy A& HolF Y, gya
2& Wol|F MY T #F A2 JAFHT o
FAA A2 71ES A 81] GRAS (Generally
recognized as safe) TR ES &R S. cerevisigeo A A=F
ol g2 Pirste ol CF A4 343 AFaA,
SekFoz Ao A FH A frelsth
B Ao A A}8-8k CFTase: P. macerans CFC1 &2 ¢
oft frdAole], ORF7} 2,829 bpo| 1 Thild £x}3-2 107 kDa
oltHi0]. ¢t ER HHAE F5F F S. cerevisined] FBHFA
#A P. macerans$} P. polymyxa CFTase L&} 2] FA4< 1)
- ZAMSEE, CFO A e d3ALFA Ads 948
712 Ag2 &3tz 3ok

—
N

ME L

AMEZF U plasmids

B Ao AMSS AREFHET S, cerevisize SEY2102 (MAT
a ura3-52 leu2-3 leu2-112 his4-419 suc2-A9)[2]Z 4 invertase
A4 Wo| F(suc2-49) L uracil GURTA W o|F(ura3-52)0]
™ haploido]t}. Plasmid 7% 2 £2Z& Y% E ol §FHZE
DH5aE M3t} CFlase 282 4 plasmide pEl23a
P. macerans®] CFTase AAE cloningdt pECFIN[10}& A}-&
39Tt AR S. cerevisiaeo] A CFTase @& & 93 vector2 =
E. coli-S. cerevisiae shuttle vector$l pYES2.0 (Invitrogen Co.,
USAYE AH&-3tSith. P. polymyxa 2} €] CFTasete] &4 Wl
2 95t A 7oA AZH S. cerevisiee SEY2102/pY-
GCFTE o] -3 ATH13)

X8 plasmid H& ¥ HAME

ERAAY FEF BHE A3 2T plasmide] FFH L
P. macerans®} cft F AAE §H3 pECFINE Sacl/Xholo 2
A8t o7)A dojA ¢t FHA GHE Gel extraction kit
(Bioprogen Co., Korea)2 Atk LR oft BHE, GALL
promoterE &3+ Sacl/Xhol 0.2 ul2] AwE pYES2.09] A
%3%5to] E. coli DH500] #2488 AZF plasmid pY-
GECFINS 7&31%th. 758 A%3 plasmide E. oli DH5a
2R ZE 2330 LAYEOR &% $24E S. cerevisiae
SEY2102¢] #ZA&3H

55 SEMEN MY I HAeXA

AR gAARA ] HEe A3 w2 SD #A(0.67%
Bacto-yeast nitrogen base without amino acids, 0.5% casamino
acids, 2% dextrose)& AlE3l91, AZF CFTased] A4+
A A2 A wlke YPDG ujA|(1% yeast extract, 2%
polypeptone, 1% dextrose, 1% galactose)E Alg-31] Hl F3hg
o 4 343 §87 B8] wlxe 27] pH ¥ FLE
FES 2AR 98 YPDG #jA1E 100 ml -8k baffled-
flask2 A &3} Th

AZT B2 25 AAFE SD A2 SR flask ¥
BEZ WF A AERE 5% (v/v)2 Atk Flask #ope
500 ml baffled-flask (working volume; 100 ml)el| ] 30°C, 170
rpm¢ Wz AN FPsH o, A=2F CFTased] a4
e 8u3}7] 93 uHiZ(KoBio Tech Co, Korea) 3]3ujoke
YPDG H] x| 2 working volume, 2 L; 2%, 30C; 27] pH,
55 wEHEE, 300~500 rpm; 7|4 %, 1~15 vwme] 273}
A F33A

oH Sk, ZHEEAY Y Plasmid Y

A sov AT AHG wjFd S AFE &R
8 5te] B335 (Shimadzu UV-160A, Japan)E A}-8-3}o]
600 nme] 4 F2E(ODen) 2 Z783A ) FY-& 3,000 rpm
oA 5% < AEYH F wjd 45 9E 93, dinitrosa-
licylic acid ¥[14]& AHg-3to & #947 ¥2 & SH54H
k. Plasmid QM8 v ¥l 33| 34ste] YPD H3ujA|
o] =23 & =gt 100~200 719 colonyE SD M| A 2 too-
thpickingdt th 8AF colony 9] B(ME-8)2 ZHskgch

TH 28 U CFTase &4 53

A AHE-E Zymolyase 100T (Seikagaku Kogyo, Japan)}
glass beads (04-0.5 mm)E A}-8-3te] periplasmic space £ &7}
WAEEHS Aglonl[l6) oS EUF Y A5AE 183
o 2 £ A9} CFTase@ S A3ttt CFTased] &4
2742 2% dahlia tubers inulin (Sigma Co.), 2% chicory root
inulin (Sigma Co.), 2% Jerusalem artichoke inulin (Sigma Co.)
2450 mM U4+ 2, pH 8.0)7} 45Tl A 0.1~12A]7F
BeA7) F AL W5FIN 582 AR F 3 AS
045 ym filter2 78 & TLCE B8t TH7]. TLCY spote
image analyzer (FluorChem 5500, Alpha InnoTech, USA)E
ol gkl BT

MX8t CFTased pH 2HEM 3 o ObHY

$#ZB0 7 pH 4.0~50 WA 50 mM 24 g3,
pH 6.0~8091 4 & 50 mM Q4+ 39, pH 9.0~100 B =
50 mM Tris-HCl 9348 AHE-StATH & 8442 30~65T
Aol ¥R



Thin-layer chromatography(fl 28t S2HISHME
2olat CFe| HA|

B APAgM 5auE YA EL thinlayer chromatography
(TLOR &4t 51, CFY B A8 5302 ihg &
E2Z¥H CF T4 AASIATH13].

=g plasmide 7§ ¥ S YAMEH My

£20A CFTase $ AT W77 s 424 2
AL FEHhFig 1). ot FHAE TH3= pECFINE
Sacl/Xhol 0.2 A &3t oft 384 98-S d1, o|E pYES20
9] GALI promoter 3}579)| subcloning3}e] pYGECFIN (8.6
K)E 72390 729 oft B4 plasmid (pYGECFIN)S

Xho 1 Suc 1

dc“ GA“P

T
-]
é’ pYES2.0

Sac 1, Xhol
(5.9 kb)

Nde 1

Nde1 Pinl
ot

Hindl PECFTN

(6.4 kb)

_~y

Fig. 1. Schematic diagram of recombinant plasmid, pYGECFTN.
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Fig. 2. The effect of cellular fractions on the hydrolysis of dahlia tubers inulin with yeast cells SEY2102/pYGECFIN cultured at

the indicated time.

S, inulin hydrolysate; C, CF6; F, fructose; G, glucose; GF, sucrose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fructosyl Nystose.
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Fig. 3. The effect of culture time on the hydrolysis of dahlia
tubers inulin by periplasmic CFTase.
(A) S. cerevisine SEY2102/pYGCFT, data from ref.(13).
(B) S. cerevisine SEY2102/pYGECFTN.
S, inulin hydrolysate; C, CF6; F, fructose; G, glucose; GF,
sucrose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fructosyl
Nystose.
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Fig. 4. The effect of reaction time on the hydrolysis of dahlia
tubers inulin by CFTase.
(A) S. cerevisize SEY2102/pYGCFT, data from ref.(13).
(B) S. cerevisige SEY2102/pYGECFTN.
S, inulin hydrolysate; C, CF6; F, fructose; G, glucose; GF,
sucrose; 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; F, fructose; G, glucose; GF,
sucrose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fructosyl
Nystose.
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Fig. 6. The effect of reaction temperature on the CF production
by CFTase.
S, inulin hydrolysate; C, CF6; F, fructose; G, glucose; GF,
sucrose; GF2, 1-kestose; GF3, nystose; GF4, 1F-Fructosy1
Nystose.
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Fig. 7. The effect of inulin source on the CF production.
Lane 1, Dahlia tubers; lane 2, Chicory root; lane 3, Jeru-
salem artichoke. S, inulin hydrolysate; C, CF6; F, fructose;
G, glucose; GF, sucrose; GF2, 1-kestose; GF3, nystose;
GF4, 1F-Fructosyl Nystose.
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