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Arthrobactor sp. A-62| H 1} Chicory H2| FSE0|AM
Di-Fructofuranose Dianhydride(DFAIII)S| 244k
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Chicory 8]\ A Arthrobacter sp. A-6Z ¥J°¥3le] inulin fructotransferase® AJArslgl & o] 59 AL,
40 AiE AEEC 713 A= Bl inulin fructotransferase2] crude enzyme solution®-2 X )3}
9% 9 AAE+E di-fructofuranose dianhydride(DFA IID2] 2}& chicory 8] 7} 341 o] w2 x}o] S v] w3}
A $-A standard WjR|oA AArE H4H 02 10%9] inuline] E§E standard inulin$-2-& #2844, 1.14
mg/mi®] DFA III7} A= Si5}. Chicory H]9] AAjelby ol uje}, 22 2702 Hlg-& APA7|E= AP T3
Z} wj Ao M) AR w3l Chicory H2]S washings} extractiondhA-2 AAA] 3 a2 WA &
7%, 2.29 mg/mi2] DFA 1IZL AALE o] A o] 7H4 ke dl, ol AHAA A inuline] FAHR) goma,
AAZ 248 inuling] o] 1 ¥ & o sQske Aoz J2Es
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Inulin® glucose®] 35~40712] D-fructose™$] Ex7} f(1—2)
21802 o]FofR Ayt oFEAEA
chicory, Jerusalem artichoke(Helinthus tuberosus L.), Compesitae
% Campalulaceae family9} 22 &9 A4 g@3lEolct
(1,3,19). Inulin®] EAFHHELS 2 259 A7 & Polz}
AHolA g FAENOH fructose?] FEAQ F2, F3 59
inulooligosaccharides®} GF2(ketose), GF3(nystose), GF4(fructofu-
ranosyl nystose)a9] fructooligosaccharide & fructose ¥ EA}7}
94 4%, 848 3§ di-fructofuranose dianhydride(DFAs)S ©]
B EE(1,11,12,17,20).

olyg EEjuFELS HIvh B, FX|9 oA} Bifidus
Fr&de] SARJARAE Ag38taL, ol9je A7 71X AejgAo]
< A0 E 4eA ik 7 Adete] oF 50%3 %01, 9l
of Falsieg At thal PrlsZ o8 = S Ao A
Hi ot o5 &YudF 53] DFA FHE inulin®] 7}E
=, F N fructose BRI B4 AEH dimerizationZH S
F3] e )23 DFACE dioxan ring®] JYLBE THE
fructooligosaccharide®} Bl 3le] 3}ata oz o] oFA% Fx7
g & Arh4,5,6,9). di-fructofuranose I(DFA), di-fructofuranose
II(DFA III), di-fructofuranose V(DFA V)5o| t]Ai&o] whgy}
A& Tt AAETE W8 o] tre] =R LEHNA
Th14,21).
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B AFoM 25 ALHEQl DFA I D-fructose 5 52+
9] 12:234FCE o]FoA Ut} Tanaka F(14)2 Arthrobacter
ureafaciens’} A°38}= inulase Il(inulin fructotrans-ferase(depoly-
merizing, E.C. 2.4.1.93))2] 28l &} A dch= W8-S s
B8, 1 o]F e ALE X238 Arhrobacter, Enterobacter
2 AXEE DFA [IE ANE + Slvks W&ol WAt
(7,13,15,16). ¥ @7-lX= ©]2|& Inulase 19} DFA IIE 74
AUA e Aidele AL Ndslaal 9t weld 2=
oA thek AuiEe] FE EH D H7)EE ByEE XA
WS w|AE2 AME3IATE A7 Arhrobacter sp. A-6S BJSk
S, ool AAFEE inulase IS ©]8-3}4] DFA MIE AYAks)
At

e 2wy
g ¥ AR 2F
B Ao AMSE Arthrobactor sp. A-65 LEthshul ARF
8h9l H47 o] ATANM EoRgton | chicoryd] Bl
RS QAT X7 E] ANA 7= werth wiR)o] AR&EH A]
k& Sigmarl, 71} 3 Ao AFEEE= 34 2 phenol T

A AREE AR BT 15 oS AFESIIY
HHX] A=

Chicory 28] extractll A Arthrobactor sp. A-69] A3-& &3
317] 9l8led £ chicory BEE] 10 goll 74 100 mi& A7}st
T 4oCo A 24417F HEXIEE B 8,000xgol A QA E-2](Beckman,
Avanti TM J25)5 A8t A7dHe wg|a JHEe oA 5
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T4 100 mbe 718t &8fEE AR AASIAT °1F 100
°Coll A 308 7tAE 60 wn meshe] AA|NA AasEHT.
ojmj Ao} ¥-37} 100 mI} HA FHTE HrFsIl ol
A B53 vilXE “washed extract”Z} “é%‘?&l:}. T TYUI
chicory?] Bglol] ZH<4 100 mie J7Fste 100°CAlA 302 7}
gsld 2o oz ARERTh ojiE HA Yo Fujr}
100 mo] HA ZH5E AVretdch olgA 53 wWiAE
“non-washed extract’2} $Th FHFW A9 AE-2 1 T
25.0 g, tryptone 1.0 g, (NH,),SO, 14 g, KH,PO, 2.0 g, CaCl,
0.3 g, MgSO, * 7H,0 0.3 g, tween-80 40 mi, FeSO, - TH,0 5.0
mg, MnSO, - H,0 1.6 mgOID}(IO).

inulin

oMNE éi’é*:'—*

Z; wix)ol e AFLHE FA3)] Hete], @FE Lura-
Bertanl(LB)brothoﬂ Az}, 24X7F 37°ColA FHujusle gig:
71 d= NES 199 25 ml WiX7}F Y= 250 mie] A2bEEt
270 HEZSA 200 pmeE WREFTH 11 F 0, 6, 12, 24,
36, 48, 60AIZHANA 1 mi¥ wiFRE FHdtd 590 nmollA
turbidityS 2431513, 015 Al A HoZ gibste] A=A
< At

LY

Az AR W @alE V12 BAE SA3] $Isted
okl o] Fduke] wals wAsIGTt. 2 AIME R u oy
#3kaz, 15,000xgoN A °J"L‘dﬂ“4'5‘]'°4 AZE AAS FdE
ok Ak ALt Y%L phenol-sulfate(2)HS AHE-
slgon, FFEAZE fructoseS ARE-SIITE.

o

H[MZI T (specific growth rate, )

3233} vk Exshs Al A3 7189 4L st
o] B AAEE (specific growth rate) pE TSI oluf ARS-E
2]

21 (8)y2

dX
dt

(© X8} X 22} ARk ¢ 22]3 =0 o149 A
EE 4% WAL e T AR %0}04

= puX, X =Xjatt =00t}

0_2‘#9&

B A9 58 ANNE
Yyx/s= —%{
(& 4X: AIES] Bk Haolr, 4S: wjA 7]2e] Hsl)

&2 B8y =¥

z} 718 ABAY inulin fructotransferase®] AL 7+ A|7E
ez SAAG. & 24 AER AHS wigdE 15,000
pmol| A YRR S AN g holoR AREEIET) o] ZE
2o 50 mioh vlE] £8l" 7]2(10% standard inulin, pH 6.0,
0.05 M phosphate bufferyS 60°Coll A 1587 ¥H3-8- A|Z{ T}, vb
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2 3 A BFE BN 58D FHI WS T3 £ olE
HPLC(Water Co., Massachusetts, USAYE AREEIe] A A 519
T}, 240E column®E pBondapak NH, 125A 10 pm(3.9x300
mm)S, RI detectorS AFES}SI, elution bufferZT acetonitrile
2} waterS 75:259] HIEE, 1.0 mi/min®] elution rate®] Z79
Al A E AT ol AP%EI DFA IIE 2aithsa {2 wee
AT A 71% Lo 73S Abg-EtETh. 180 1 umel DFA I
g A 84S | U/mlE]- Aolstart.

712 Sy &4

Standard H}]XMW AP g8 o] 83)d, 712 sl
Z DFA I *@M =S 2338k chicory S| 2RE 7Y €95
Q) ASHE e AFES AT ol AE TEEE
-4 KAZERZ] 10 goll 0.05 M phosphate buffer 100 mi< 3
71 F 4oColl A 24413 A Ek] 8,000xgoll A A ERIE A
3 & AkRBe wg a1 HAE] tHA] phosphate buffer(pH 6.0,
0.05 M) 100 miE 2713190} o18A F91E 714E “washed-
non extract’® 3FFI, TYZ Yo R FR|F F 100°CH A
3087 74gEkd 60wl meshollA filtrationS: AAISIH T ©]
) filrate®] $3)7} 100 mZ} E| A phosphate bufferS: 371313
t}. o]E A 853 7194 “washed extract’2} SFH T}

T3}, chicory®#] 10 goll phosphate buffer 100 mFe 7}t
©]Z “non washed-non extract’e} B3I, FUsIA FHIS
o 100°ColA] 30 713l 60 ume] meshollA] filtrationS A
Astat. oluf ool Bzt 100 mi7b === phosphate
buffers 71818} o8 A 53t 718-& “non washed-extract”
2} shalu.

FANES 998 7|AEE 10% standard inulin(pH 6.0, 0.05
M phosphate buffery& %S AR&8l5c}. o)A EniE sE5rel
sample 950 mio] FF inulin BRR|HE 2 Y ZPZ)OM A3
B Z2A2N 50 uE J7Iskd 60°CoA 3087 HHe-E A1 &
100°Col A 5%-7F SR8l W& 83T ©l8 HPLCEY
< 53] DFA I A4S Blasoict.

2o D8
MZEEM W nulin fructotransferaseS| A4

Z}7] t}E vl A, non-washed extract, washed extract, standard
mediuml A I FF0) 4SS Fig 139} 2t 4G 5
X9] A9 standard®} washed extract B A A& 1247} o] 5L
E], non-washed extractol X 24417t o|FHE U477} A12tE
At} o= standard-$} washed-extract i A= 2] g
32 7)do] inuling] ¥FH, non-washed extract BiA|S] 79, A
Al Aargg L A7t XV‘]E]—/] ARl A AL T Z (A
A A= AFEA 5 aBstd AAEAEE AEHE 2
Heahs Zas|9e & 011"‘]) inulin 2ol = oA TFHe] &
5, S gy F 5 o8] g Adgleng, 5%t o]
=9 vz wjgE FHE A37zIe] hE v HH
o 71 Ao g Alg ")
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Fig. 19149} o] 27] washed extract®} non-washed extract
o dEANE F Bl AAEA Aol7t v A, AFE]
o] AFEIAGANA Bl ERSlE -84 T A2 o
= inulin®] THF AAER] HE<) Aoz ALt wiAu)
o] T3 W3l= Fig. 191419} o] Alxe] Aol whe} 743}
AE=Th

Table 19044 A1) H13HSE e, FA] &Y, o
FA9] FE(Y,05S AXSIAT). Arthrobacter sp.o] B4
EE standard XA 02602 71 B}, THS] FE9A]
standard BRSO A 0578 7V =0, EANAE-2 washed
extract Aol A1 1.510.2 7} =9kt

ZF iAol A AAdE FAo] 42 Fig 20 YUehd e} 2]
non-washed extract B |4 18.0 UmiC.E 717 =& 4L
X1, standard HRR|IA 2302 7P Qi) o] 607
of|A] B]3}H non-washed extract B || X2 &4%A] 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
(, hr") Yye 88 (Ygg /8
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 03 gin 1 / D.W.

A F2|ZHE DFAUL o Ak 71
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6 12 24 36 48 60

Time {hr)

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.

A

ml2 2 washed extract B X0 A 2] A2 9.3 U/mi Hr} <
2, standardil] #|o| A 2] EAJQ) 23800} < gufl 7lke) we g
A& BA)

£-5], non-washed extract B}A]2} washed extract Hj X0l X ¢]
HAEALS AR Ao ot tedo g2 71 HYe),
ole & AT v TS Hnd ATHAE A|A|
3} o= standardil A+ ©AYCE inulingt E3E 9=
o] Bl3l, washed-2} non-washed- Ao+ inulin 9ol ©@3-5-9)
SejagEo] thFetA EA8kaL, 53] washed-#] 2|9} H] w3
non-washed-Bj 2| 4] &4-9] Ao ¢ A Vehd AL non-
washed B X|9] 7% FoA &2, WS Arthrobacter sp7F A
2}7)ol] Ak AEEo] o o] IHEHAUE o Gl A=
Ao g Alg®d)

HIGAEES} AIXE 8, B4 QNS v 138 1 7]
A2 AHBslel, AT} AASHE AES| SEot, MAAEEE
standard Bl XA 713} =& b @l =
washed extract WiA|ol|A12] 7397} 7Pt £2 Aoz vehyith
Zejuk XA 840 788 788 o P DFA M
9] AJAbol| Qo)X= non-washed extracti A S AHg-ste] @&
vjFeles Aol 71¢ A Aolg} sl

o
o
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718 diSy 53

Standard 8R4 AakEl 2ELANG o] g3le] 2] ol E 7]
A3} vh3-AlAH DFA I A4ZE vlwsded 1 3= Fig.
33 2t} o] A= 4 mgimi®) standard DFA IIE 7|& o5
HPLC #4437 30| WAl oigk A< gk 53led A4
9 DFA NMIEHS 43 Aoltt olu] 10% standard inulin(pH
6.0, 0.05M phosphate buffer)¥} 3047F2] ¥l2-¢]] 23t DFA III

A2k 114 mgiml ©)QL, “non washed-non extract” 7|2 o]



72  Gi-Eun Kim e al

25

2 .
1.5
1
) ] l
0 . l L : .
W-E

W-nE nw-g nW-nE S
Type of substrate

Fig. 3. The amount of DFA I 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, wypton 1.0 g, (NH,),SO, 1.4 g, KH,PO, 2.0 g, CaCl, 0.3 g,
MgSO, 7H,00.3gin 1/ D.W.

DFA H{mg/mL)

A 229 mgimlZ standard inulini}2] RHS-oAM BT} oF o) o]
Aol T AdFS HATE 7Y BA vehd A2 044 mgiml
o] AAS BQl “washed-non extract” 7]Zo|S{T}. o] Az}el|A
Wzkpd| o3 AFAANA AAEE 84 7 F ol
FAQ) HheE £ e inuling Ao 2 FAHT 4 Qrh &4 &
o] B E& “non-washed extract” BiR|o| A AAtE 2FABS
o] 831 Fig. 39| AxHtt B ] DFA s A 3o
2 g
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ABSTRACT: Cultivation of Arthrobactor sp. A-6 and Production of DFA II(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 III was produced. The enzyme reactions were processed with various preparations of chicory
root extracts in the same conditions. The highest yield of DFA III 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.



