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Arthrobactor sp. A-62| IRk} Chicory SH2| FEE0|M
Di-Fructofuranose Dianhydride(DFAIIT)2| A4At
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Chicory ¥-2el| X Arthrobacter sp. A-6Z ¥ %}3}e] inulin fructotransferaseS JAH}9L o) FF9) HLE,
Ea] A S AAEs19o). 7189 A=) Hel: inulin fructotransferase] crude enzyme solution® 2. X235}
%€ o Q4= di-fructofuranose dianhydride(DFA T2 %S chicory 2)9] 71Eub o] whe x}o] 2 v}
%=t A standard x|l A PAbE HAH 02 10%2] inuline] EFF standard inuling)-& X2lsb, 1.14
mg/mi®] DFA HI7} A= $ic}. Chicory H2]9) Axul o] wie}, 2he 27002 M-S AgA|7]|= AHL B4
7t ufA] oM 2] YALEE-S ¥l 2Tt Chicory #2]3 washing?} extractionZ& AHA] g1 T2 HhSAI €S
7%, 2.29 mg/mi2] DFA HI7} A= o] PatA o] 714 ke o), o] AH AR A inuline] S gomz
7142 243 inuling] o] 714 ¥ o 7dd: Aoz Ao
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Inuline glucose®!] 35~4071<] D-fructosesrg] BA7F f1—2)
glycosidic AF(18)22 o] FoW o] TFEAZA
chicory, Jerusalem artichoke(Helinthus tuberosus L.), Compesitae
% Campalulaceae family®} 22 429 A3 eglgo|t}
(1.3,19). Inulin®] EAFIHZL UFE 250 A7 9 Holz}
A HE TAENCH fructose®] FIHAA F2, I3 £
inulooligosaccharides 2} GF2(ketose), GF3(nystose), GF4(fructofu-
ranosyl nystose)s-] fructooligosaccharide 2 fructose T 27}

T A%, S F difructofuranose dianhydride(DFAs)S-©}
B 0k(1,11,12,17,20).

olfgt L NFEL HY P, FA)9) oA A} Bifidus
eI SRR AEs)a, o]9le] g 71x] HE)E4o)] )
= Aog dEjA Qo). ulne Aee of 5094 %0]1, Q1)
of FaStEE A8 il Pe|EE olgd 4 L Aow Wy
HaL 9Tt 018 &E|12F 53] DRA TR inulin®] T15E
A=, T Y fructoseEA7F B4 AT dimerizationZH Y-S
Sl AgE). o]21g DFAYNE dioxan ring®] $OEE T}
fructooligosaccharide®} Hlnlale] &&txo g o] oyt Fxa)
g 4 AvK4,56,9). di-fructofuranose IDFA), di-fructofuranose
HI(DFA 1III), di-fructofuranose V(DFA V)5o| wAJE-o] ®l§ 3}
& Folo] AREThs Ulg-2 olv] vl mRoA] uhiEg)
TH14,21).
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£ AN HA == A2HEQ DFA 1IIE D-fructose 5 H2F
9] 122232302 o]Fo)] Tk Tanaka S(14) Arthrobacter
ureafaciens’t A/’33HE inulase H(inulin fructotrans-ferase(depoly-
merizing, EC. 24.1.93))9] 28] o8] A= &S HS
s, 1 o|% B ATE B Amhrobacter, Enterobacter
% EAXEL DFA IS A4 ¢ ke ygo] Wit
(7.13,15,16). & Ao M= 02|18 Inulase 9} DFA [IE 7A|
AYA N Bdehe 3L NLslaal stdck. ek Adw
oM ok Ao} AF2 JHEE Hr1EE B EE 27
s w22 AMESIATh o710l Arthrobacter sp. A-6S W%
SlA, ololl AAEE inulase IZ ©]8-3}e] DFA M2 A2k}
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AR AM-E Arthrobactor sp. A-6= TEUNEw AL
HEZ W) APAloA] RAFHgrom | chicoryo] Hals
ZAE QAT A7) TRl 71% Bde). v o] ALR3 A)
k2 Sigmarl, 718N 9 A AHEHE Fib 2
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Chicory B*2] extractl X Arthrobactor sp. A-69) 438 =73
3171 913t %4 chicory BiE] 10 goll 254 100 mi& A7}3)
F 4CHA 2447 AT F 8,000xgol A Y4152 (Beckman,
Avanti TM 125Y5 AA|ete] Aol wa)a Yx o) i) =
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T 100 mis 31718te] SaEe AR AZSALE o1E 100
ocollA] 304 71HAEk 60 wn meshe] o BpAlOA ol skl

ojf Adel B3|} 100 miZt WA FFHFE HrksiAch o1g
A G55 uH A& “washed extract’2} Yrgdc} L FUg %o
chicory®} ol ZH-5 100 miS F7kske] 100°Cel A 308 7}
g3t %—c o R et olwj = oA ofefof iyt
100 mio] SAl SRS FA skt oA 53 wAE
“non-washed extract"g} &ch FEEwEA o] AE-S | 4 inulin
250 g. uyptone 1.0 g (NH),SO, 1.4 ¢. KH,PO, 2.0 g. CaCl,
0.3 g MgSO, - TH,0 03 g. tween-80 40 ml, FeSO, - TH,0 5.0
mg. MnSO, - H,0 1.6 mgo]th10).
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Zb Ao A gAarAS FH38] Y8k, HEE Lurie-
Bertani(LB)broth®l] E3}a1. 24417k 37°CoA] Anfjoksle] U4
71l Qb= MEZ 1%% 25 mi ¥iA 7} %’t- J() m/°] s
2230 HESE 200 ipmO.E iy OIOjUr 0. 6. 12. 24,
36, 48, 60417l 1ot WFHS H3 }01 590 nmofl A
turbiditys E43IA AL o)& v 717 gEo g ghaksto] AlAkala

& Al
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Mae] el e TANE S8
uljFel je] Fake) ‘ﬁi]{% b s e I B EQEE Hfj gt
& 8}, 15.000xgel ] Qalpelate] A A n)jokal e
Zu Ao ALG-shTH %Eﬂrlg%}:ﬁ— phenol-sulfate(2)HS- AH&
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/H X] :_/\-]_\q, HHOEO}]Q]

(specific growth rate, p)
,ZH o}__‘: H] T H 1]— 7]1] cq o]—o H]Jﬂ o}
‘To}mdﬁ oju ARS-¥

o B]AJ A (specific growth rate) S
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EERERE Hl? FE)

w1 99 Ueside w 3 4] dstel FRAOE
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(fF AX: Hlze] = Hgloln], 4 wi A 7] o] Wale)
4 M EH

zZt 718l A AMAIE inulin fructotransterase] /448 2} AT
g SAsldeh. 5 ZF ARIoPE R AFgE viekelE 15,000
rpmel| A IRl et A S ZE A 08 AMESIGCh o] 2E
Aol 50 el v FElE 7)1 410% standard inulin, pH 6.0,
0.05 M phosphate bufferyS 60°CoI 4] 15%-7F ¥F&-& AL v
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& 5 30 B ol S0 9] 1SS T
HPLC(Water Co., Massachusetts, USA)YS A}
o} E4ellv= column.3 pBondapak NH, 125A 10 tum(3.9x300
AREE} I, elution bufferf2¥= acetonitrile
7} waterZ 75‘2501 HIE2, 1.0 mimin® elution rated] F710
A A=At oluf ARS8 DFA 1= aredofshal H-47 aide
A-radoll 4 1?‘#8 A& ARESIATE 18l 1 uMel DFA I
5 AT GAES | Uit Bolstan)
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Standard BR[O A} HAE G025 o] g8to], 71 e H3le]
& DFA I AA=Rs S48k chicory B 236 713 a3
¢l "E’“”Lm & ‘}L AP HAsT o) AREE V4R ‘:T
A ]7%

)5 M phosphate buffer 100 mie 7
16}01 8.000xgoll Al P4E-2)1 S m‘

2l 140 TFA] phosphate buffer(pH 6.0,
0.05 M) 1 At ol=A FhlE 714dE “washed-
non extract”" 2} 8} 31, %“%—1?‘: o2 FHlIgE 3 100°Cel A
A 7FAsk 60 wne] mesholl A filrations AA1EIEL. o]
o} filrae® F-37F 100 mi7} =70 phosphate bufferZ- 3713153

1

o} ol 853 7)H S ~washed extract 2} G}

S8k chicory®2] 10 gol) phosphate butfer 100 mis- 371sled
“non washed-non extract’2} HHslH L. FAskA RIS
ol 100°Col} \‘} ?(J“ st} 60 um®l meshol M filtration S 4
EiA=a | ojehe] BS7F 100 mi7} ¥ 5% phosphate
buffers # } }'?iﬂ. o]z 853k 7] 4L “non washed-extract”
o} st

HANEES 218 7142 10% standard inulin(pH 6.0, 0.05
M phosphate buffer) &8-S A-8-8lt} o]# A FnH sEH2
sample 950 miell 33 inutin WA AR P Y F2)elA] A4
‘f‘l ZEAY 50 wWE A7 60°Col A 30EE v-g A1 F

“Coﬂ’ 5vw7) Fekelod Whg-g FHE o5 HPLCH A

53}kl DFA 11 A4S Rlnsbglvt.

MEZM U [nulin fructotransferase@| A&t

7] ©f& Hl A}, non-washed extract. washed extract, standard
mediumol] A B8t F52] Afaks ”5_13 rlu 13 gk A =
Aol 745 standard®} washed extract Bl A A= 12A13F o] &£
E]. non-washed extractol] A= 244171 0]a 2B t)g=717) A A
et o]+ standard-2F washed-extract B} Ao} A= Ul §-F-2] ¥4

kRe Ml‘ﬂ inulinoJ bA | pon-washed extract Hi#)e] 4, Al

A BEES

> Azsle] AA)e] Ml HapAe] ek glo 2 (4

- R 5 st Ak AdEE 2
HEE. L,Tﬁoﬂ/ﬂ; inulin ¢ol & ofe] &59] ¢
L & S ol el v dlejglere | gl o

e T Ag7I70] the wiAe) A9n
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Fig. 19149} 2o] %7] washed extract®} non-washed extract
o $HrElelols & Bake] AAH Aozt ths AL, 2HAE
o AHIGel A Heloll Eshs 84 Bt Ao B &
55 inuline] THE A A7) Wizl Aoz AlgETh uiAuy
o] FF% WslE Fig. 190419} 2ol Alxe] Aol wle} 7hAsh
peima=y

Table 1914 TA o] WIS T (b ), TAS] FE(Yg) B
Ao FE(Y, )5S AU Arthrobacter sp.2] BIAg<:
T standardi] RloA 02608 7P E=kal, d#Al9] 894
standard BR[| A 0572 7HE ko), EAAAREE-S washed
extract BRI A 15108 71 =9)t)

Zh )R]l A A3 E Eao] B9 Fig. 20 YRS nle) Zo]
non-washed extract HJZ|o| A 180 UmiS.2 717 & E9&
HRA, standard BIR|NA] 2305 7 Golt) o]5 60AIZITH
ol A B3P non-washed extract HiR|o| A o] &AEA 18.0 U/
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Fig. 1. The growth curve of Arthrobacter sp. A-6 in the media pre-
pared with various sources of inulin and the total amount of residual
carbohydrate in the media. n, Cell concentration in non-washed
extract; w, Cell concentration in washed extract; s, Cell concentration
in standard medium; n(s), Total carbohydrate in the non-washed
extract, w(s), Total carbohydrate in the washed extract; s(s), Total car-
bohydrate in the standard medium.

Table 1. Specific growth rate and yield of cell mass and enzyme in
various preparations of chicory root

Specific Yield of Cell Yield of
Medium Growth Rate Mass Enzyme
(W hrhy Yys 2/8) (Yis 2/2)
Non-Washed 0.25 0.22 0.26
Extract”
Washed-Extract” 0.34 0.40 0.57
Standard® 0.97 1.51 0.39

a) Non-washed extract; chicory roots were extracted in 100°C water
for 30 minutes without prewashing

b) Washed extract; chicory root were washed in 4°C water for 24 hours
and extracted in 100°C water for 30 minutes

¢) Standard ; inulin 25.0 g, trypton 1.0 g, (NH,),SO, 1.4 g, KH,PO,
2.0 g, CaCl, 0.3 g, MgSO,-7H,0,-7H,0 0.3 gin [ /D.W.
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Fig. 2. Activity of inulin fructotransferase in each medium prepared
with various sources of inulin. n, non-washed medium(chicory roots,
extracted with 100°C water for 30 min without prewashing). w, wash-
ed medium(chicory roots; washed with 4°C water for 24 hours and
extracted in 100°C water for 30 min.); s, standard medium; inulin 25.0
g, trypton 1.0 g, (NH,),SO, 1.4 g, KH,PO, 2.0 g. CaCl, 0.3 g,
MgSO,-7H,0 0.3 gin 1! D.W.

mlO. % washed extract B &A1l AQ1 93 U/mi HT} oF
24, standardvl Ao A 2] 4990 2360} oF gl 7lFe] w2 &
4E& 51yt

53], non-washed extract WA} 9} washed extract Bl ][ A] 2]
AL AR A i} gieH o S Be,
ol @40 3T wjekAITe] 88 HwE ATHAE A
3t} o] standardif Aol EHAYOE inulindt EE U+
o] 18], washed-9} non-washed- W&ol inulin £Joll ©FF-2}
S agGEo] st EA5aL, 53] washed-Hi A 2} B )
non-washed-Hl| Aol 4] &2:9] 4ol ¥ =4 YERE AL non-
washed ¥JA19] A-¢ ZollA] ¥, AFH Arhrobacter sp./b A
Z7lell Age FE-so] o gol diEoldls o 9ol e
202 AlEH

HAEES) A g, B4 ALES vl aEd w7
AE AHgate, A7 sk 2] golu, At RS
standard WIAOIA] 7P e wbE, G40 gl glojME
washed extract HiZ|oX2] A7} 7P £ o2 YRt
ey AR} Eae] 488 1eE w A2l DFA 111
o] AJ2ko) 9lojA = non-washed extractil A S AME-Ele] FEE
gk slo) 7H A A ele} sz

71" Sy &3

Standard WiR|oll A AP2bEl 2 FABE o] &ate] Zby] THE V)
A7} ¥kAIA DFA I A 8-S vlwsllsd 1 23 Fg
37 2} o] A= 4 mg/mi®) standard DFA IE 7|3 0.2
HPLC #4237} 1=0] WAof gt a2l ke St 444
% DFA IS 7438 zolth olm) 10% standard inulin(pH
6.0, 0.05M phosphate buffer)i} 30&%}2] ®¥F-g-o 23 DFA I

AYAFEL 114 mghml ©1%3L, “non washed-non extract” 7|2
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Fig. 3. The amount of DFA III produced with various preparations of
chicory roots. W-E. cold water washing with hot water extraction, W-
nE, cold water washing without hot water extraction; nW-E. hot water
extraction without cold water washing, nW-nE, without cold water
washing and without hot water extraction; s, standard medium: inulin
25.0 g. trypton 1.0 g, (NH,),SO, 1.4 g, KH,PO, 2.0 g, CaCl, 0.3 g
MgSO,7H,003 gin I / D.W.
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ABSTRACT: Cultivation of Arthrobactor sp. A-6 and Production of DFA III(Di-Fructofuranose Dian-
hydride) from Chicory Root Extract

Gi-Eun Kim*, Chang-Hun Shin!, Yong-Jin Choi', and Chan-Wha Kim'(*Department of
Bioengineering, Seokyeong University, Seoul 138-704, Korea, 'Graduate School of Biotech-
nology, Korea University Seoul 138-701, Korea)

Arthrobacter sp. A-6 was cultivated and DFA III(di-fructofuranose dianhydride) was produced with inulin
fructotransferase from the chicory root. The specific growth rate, yield of cell mass and yield of enzyme from
the culture in variable chicory root extracts were studied and the results compared. Standard inulin solu-
tion(10%) was treated with the crude enzyme solution of inulin fructotransferase from the cell culture, 1.14
mg/ml of DFA I was produced. The enzyme reactions were processed with various preparations of chicory
root extracts in the same conditions. The highest yield of DFA I1I production(2.29 mg/ml) was obtained from
the chicory roots without washing or extraction. The yield of DFA III from the washed chicory roots without
extraction was at lowest(0.44 mg/ml). The production process of inulin fructotransferase and DFA III from
the chicory root without prewashing or extraction steps were more efficient.





