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We tried to prepare encapsulated whole cell cyclodextrin gluzanotransferase(CGTase} in order o produce glycosyl-xylital
using xylitol as glucosyl acceptor. The organic nitrogen saurce was more effective for the production of CGTase from
Bacilfus macerans IFO 3490 than the inorganic one. Most of the CGTase which had been produced during cultivation was
excreted to the growth medium. 8. macerans cells inocculated in the capsule failed to grow to the high cell density.
Adsarbents such as activated charcoal, Sephadex and Amberite resins could not adsorb efficiently the CGTase from the
broth salution. We obtamed successiully the encapsulated whole cell CGTase by immobilizing the concentrated broth solution
In the calcium alginate capsules. The encapsulated whole cell CGTase carfed aut the transglycosylation reaction which
canverts xylitol into glucosyl-xylitoi using dextrin as glucosyl donor.
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Table 1. Comnositions of growth medin for the Bacillis macerans (IFO
HI0).

Compostiion medium L medium 2 Agar
(gfL) (g/L) medium (g/L)

Soluble Siaich 20 20 10
Trypione 10 10
Na(l 10 10
Yeast Extract 3 5
CﬂCl'_- 3
Agar 13
NH.Cl 3
K-HPO, [t
MgS0; - TH-D 0.25
CalOs 5

air pump

Figure 1. Schemalic presentation of capsule formanon system
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Figure 2. Schemaic presentation for the in-ssittu preparation of the
encapsulated whele cell CGTase
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Figure 4. Effcel of pH of the prowth medmm 1 on the production of
the CGTase from Bacdlus sracerans IFO 3490 during cultivation.
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Figure 5, Effect of pH of the growth medmm 2 on the procuction of
the CGTase from Bacillus macerans 10 3490 during cultivation,
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Table 2. The excretion of CGTase from B mecerans during cultivation.

medium 1 medium 2
mhacellular  extracellular intracellular  extracellulas
¢tH activity aclivity rH activity activity
(umiymi)  (mitmiy (omiyml)  (umitfmi)
50 - - 50 0055 0.050
60 0.065 0504 6.0 0.052 0178
7.0 0.063 0.416 7.0 0062 0.333
R0 Q039 (0.233 #0 Q075 750
g0 0.052 0069 90 0070 Q713

0|ME9| caleium alginate Z|&L) &% o) ofjgf

W& 1Az FAZ Bhs 97 «]o}ai By 8l7-11,16)%)
2] B inacerans?h coredl BER LSy WelA wjuksl
b ok HjAE medinm 25 AMEEET e AF Ly
bk MAE e AES AFsie] 100 mLe] d)Ad 400500
A de ohe, 3704 200 pme] F3102 shaking incubator
of i Wks Ty et B ocob, 5. cerevisioe, C. glutamicum
= IIJJ—]-L‘ wo] Bacillus macerans®| FHfolle wAiEe] HA
Bl A gkglth 39zhe] wjeks AZ Fo

= H% LEL DR 7—3}21 Bgken, o AT MAE
aEEle] 298 ALex ZrletA] 9tk HEH B macerans
o) Aeunals

AFER dYEHA 2ae olje 7|EY
soluble starche] 227} #|thsle] &L E5)d 3 =
skl Eoizte W) ofEide] S &4 59 B
macerang®] 53] AL 4 ¢lE wHE Abbmde] Jo)dlA] &
5197 Wiy 4 gk

o5 Z3 siarche] 34ko] HEE B macerans®] A7) 23]
a¢el He v AESY] 95 mediom ILBS, LB +
starch}2] starch(20 gfl) w4l plucose20 glyE ALE3 LBG{LB
+ ﬂlucose)gl dextrin(20 gl)2 /\Plfﬂ- LBD{LB + dextrin) uj]
Sad BED AEY A FA3 39 FRo% 4
C’iE} A Agd g AZd e GeEe dextring =7
Table 3ol el Als} 2 2E A diale f4
Hed g o= HE APy REF ez RH o
o2 Aol vheha 2o %J”“ i nAESE Y 5
g FJES A A8 LR WiRvhe ALEE A
]DH*'L‘E Lty L&@ ﬂm:i NEEo. 43 ARy &
= soluble starchZ Eofl ¢MHEE amylase(Theramyl, Novo)E
o] B3led 100 mLY 285l soluble starchE 50 g2 Y& ol
amylaseZ 12.3, 25, 50 uL #7153 potato starche]® 25 uL
71 ohg, 121Te]A 1583F 7lEsle] A5 A, 2
g, 93 AR LB WA AR A= g gel
nAES #AFE) g 4 vk oM, B macerans© ?,J-r,;r
2o wekdz Esie e 7148 =77t & starchy] 2E
F§ G4 oFe] ohd Zod gz

CGTases A4 4+ 9= HE2)olEL Bacilius maceranss

BY2E1Y Bacillus megareruum, Bacillus cereus, Bacillus ohbensis,

_nr

—|0§~D‘+-Hfbozﬂilf‘
7‘»1

Ir = 29 Jﬁ o fwon

=

Klebsiella  puewmoniae. Micrococers  Iwieus, Bacillus  circulans.
Thermoannerobacterium  thermosulfurigenes 513,102 <44
AT} ¢|F T thermosulfurigenestho] 74 0| AlEo|F 2 Bacillys
maceranss Wgo] 1ATLE wjfEty] HEAME AhALE
WAFE Ao dasith £ Syddae] o AT £

Table 3. The size distribution of the comumercial dexirin used in <his
experitnent.

ude G1 G2 G3 GF G3 GA G7T GE G >Gl0 wl

% 163 628 955 567 690 1156 866 3.85 498 4092 100%

coli(0ye} 8. cerevisiae(T)2] A%, o] F
HEEM 5714 Z=doht 714 23 2R AEE 5 5]
EEHE R 419} Al BE9 B9YAE Agsle] A
- Q7] e Ul AEEke] 100300 gllelwtR] o)
U, C guamenm{15)2] A4os 22 yeast exfract &
SelME Fvte}7|7 g o]esle dAHES YA oF 45
gL AR UF AzFEe 9& F T B 50 4
Aslel AgHol 43 A7 EL AMEE] E coliE 1L
A3 st Aews 75 AxADAT W BE FRA
2 % A0, W E BFANE BAAY B 57
o2 7R S 2vn% AU ES AlLste] LBSRE
starch), LBG(2% elucose), LBMdextrin 2, 5%), LB H|AE A&
dol Ao MgEE vEER 148 09T 5 94
oh kg g AF = O E o E aitlift reactor V)4
A B maceransE ZAEY WS w|okslyoh Anlift reactorZ
A}»—‘lﬁl B sha]\mg incubatorZ AR AL g 42 a4
F7he} 6]73! 9 FAcle] o Sy g Fo| ol5H
Hade zdE A £ 94 501 Hg f BE b
B oopue), F1dd Agn o8 4 ’F 9{171 i
of 9] aitlifl reactorE o]&E- o
f -galaclosidase 8] EA41Z=715 #Ha
glutamicum 8] 7AS-ofl M2 HzFEke 15%, Llysine Y22 58%
8 Z7= ELS{imE}{lS) k) E— Ao ALE-E B macerans
9] FHeAMT e R m4Ee] 24 £
macerans TEE i?]*o%_‘ el oflE} starchE o) E8lE A
%

vl 22 facultative W)

-{> n r|r

RN

=

oif, 4 o o8 o
o pl

A
28 - »1 E(IO),

T
1}

oA CGTase HA) ¥
coupling, disproportion 2.2 u|-% B3l oFe]An] o i
w82 7122 AHshks AR df 53T Ac=E A5 7
datA] s oy A9 EGg olf2 fidd EFH o3}
PEFelr] e HH‘%}EJZ] male Ro=m Al s,
Ismail 5-(14)2 Ca-alginate, agar, gelatin, polyacylamideZ o] 23k
gel entrapment®| 22 B macerans= J."qi}ﬁ}&] kel =)
o]58] ATdHE free culue#E] T4 acivity2 719% whole
celld 9x] Ealgs W oz}, gelatin®] ¢ AT celld]
o1&} geolatin bead?t WIHAE Sho) B macerans T IH
g wige - e Al Aoz AlEHnh

.:r
+-2- mechanisi®] hydrolysis, cyclization,
gy

Oﬂ HEato] dl9er] o $RE,
&% Azaly] st ujgdea] ol
Zlabel Mestel mEas Al S,
w2 51_7g§}a} } S5hed wickd 1 L{100 mL, 10 bach)Z
AR50 50 mLe] L&wv)% CaCl, £ Wi kel
£ T8, w2 918 sodivm algmate 0.6(w/% £de)
2 BojEd capsules FHESFFCE olg) cellg] dko] We} 2
A FEHE §RF] o)HAT sodium alginate 4o A
718 non-ionic surfactant, nonoxynol?] FT=& 05~10 L&

=
o

e,
LS
U?.“_J, i
g
o

%
HE poc'

)f

Q_.



40

zHgogy gx r8E oF ¢ Utk AR Ped B35
d 10 mLe] 200704 ¥z A-CD FALAHE AT A-
CD ¥4 4 AL 93 Wke4ole 3 mlLe] Tris-Malate-
NaOH LuffertpH 6 )0 5% dextrin®} soluble stchZ ¢l 44
5 mLE 404 Zhz} FHlsch B celd nEAY o
stoch 7.5(w/v)%, yveast extract, hyplone 1 25(w/v)%S @9 17
B 3 A5 dalAd ZEel whgel diElM® EAEATh ¢
é]ﬁ]oﬂjﬂ | ;;1435;}3;] nAEe 3-CD ¥4 g4 2 oA
o] @AL kA 9k Freecell A3elAd ¢ 10~20%2
AE LH Fh BAS e e capsules] 2AEE AL 2
#ado] LA 2okl o9l e #4e 40D FAlEbgolA

slarch®d BF2 Sodo@ ALRE AL starch?) capsule WEE &

A

Akt BoiztA Bal] el AU, dewning] - AL
GROARE starche) Flwkg BEAERE sixjn glovz R

E

A qff do & o ¢

o] deld H2E A gERT ”“”‘LHTC‘WW HdE 7D
A F3g ez 9kl capsule ¥ £4] paeE HA B
5he] oighe s 1per] Rale Zlez IS b #{de)
g Bk WheAl B oolL)EL capsuled ER)E 03’}5:,7'—3- 2;:971
H|, starchd wHE-Ed0R g AL PFsles

i Fen, Ze weje Basks Aww Ak dc_xumgl

ME2| CGTase E#&F

ANza]| DARE B omaceransd] A5 wAHS Agko] &7
2o B macerans?} A2 CGTaseE Fabale] Fzkal7|32
ol2 Fdd LPHSLA 3 W—F #498h Amberite TRA 900,
DEAE-Sephadex & 0|83l Ti4e FAE ARsdth 0IN
HCIZ 0.IN NaOH= %ﬂéil%lﬂ Pogehg ALgETh ok
2. Tris-Maleic-NaOH bufferfpH 70. 20 mM)3 o] &3l pHE
ThE 7 0. 2wivi% succinic anhydrideS o]-8-3la] G olx] 30827

CGTaseE succinylationA)#] o-& wjokdls)] B2 S 37kele
RERIRTREEE FER L lEélEM %4 %9

Amberite IRA 900, DEAE-
T e 59l activation IS

Fadrt wjokdl Zo) el gle CGTase?d] 4-CD T4
% Feo} 7 Z2AEe] Table 4o Jehsich
succinylation 714 = 4 Asts A9
2o elgt gie HAeln Zae Ay
. Uik Amberite IRA 9002) #F-ofwt 20% A
el GTdse?]— FdE= los vekydth ol wjekd o

priil
o
il
hr
=
< —|~ =
E[Ufl
14 @

TAGe oty ofed FAEY AP 2 ez AlsH
o, ZAS A te] UE oless] AA golE £ad
494 FEL odva ¥REn.

5% djeelel A nRs 2 B
0& L]

d)gFalszg] o) Boji} OGTascE EAHA7 BEU R 1H
£ il 5 '331'34"5 )‘157]' ?:]?‘H o] Folg 4 gl

Karcan [ Biotechnal Biveng., Vol 13, No. |

Table 4. The poduction of Z-CD by the CGTase which temams in he
broth sclubon befgie and aflet the adsorphon of CGTase on each
adsorbent

£-CD (ing/mL) A-CD (mg/mL)

Adsoibent befole adsorplion after adsorption
Aclivated chaicoal (14 113
Ambewie IRA 900 110 087
DEAE-SEPHADEX 0.82 0.82
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Figure 6. HPLC chiomatogram of the product solution obtamed by (he
transglycosylation reaction which was carried out using xyliwl as glueosyl
acceptor aud dextum as glucosyl donor by the capsules comtaining the
concenirared bioth solution Reachion conditon  pH 60, 50T, 150 1pm,
100 mL rxomixtwef250 mL flask, 2.3(w/v)% dexirin, S{w/v)% xyhol
Fame & before reaction, b : alter 12 hours reaction peak | deatrose
2 malse, 3+ maltoriose. 4 maliowenaose, 5+ maltopenlaose, x xylitol.
« + glucosylaylilel(G1-X .G2-X G3-X).
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