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Abstract

A microorganism capable of producing high level of extracellular cyclodextrin glucanotransferase
(EC 2.4.1.19 ; CGTase) was isolated from Kimchi. 2-0O~-a-D-glucopyranosyl L-ascorbic acid(AA-
2G) was synthesized by transglycosylation reaction of CGTase using starch as a donor and L-ascorbic
acid as an acceptor. The isolated strain S-6 was identified as Bacillus sp. S—6. The maximal CGTase
production was observed in a medium containing 0.5% soluble starch, 1% yeast extract, 126 NaCQOs3,
0.1% K2HPO,, and 0.02% MgSO: with initial pH 8.0. The strain was cultured at 37°C for 40 hr with
reciprocal shaking. Using the culture supernatant as crude enzyme, the optimal pH and temperature
of the CGTase activity of this strain were 7.0 and 40°C. In the effects of pH and temperature on the
stability of the enzyme, the enzyme was stable in the range of pH 6.0~ 10.0 and up to 45°C, respectively.
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AA-2GE U CGTase7t 344 912 2991 %
2] OH7|oll 25247 & Ao A o2 Ak CGT-
aser AEE Easle] 6~12709 glucose®A7} a-
1,4-glucoside 2322 42 83 A3 €l (26)9] cy-
clodextrin(CD) %l 4] glucose 6, 7, 37N & -4 = o] g)
=a-, B-, H r-CDE AA S, AR CD et ==
A3t =4 A o] Aol A7 &40tk & CGTases
=4 cyclization, coupling®} disproportionation, 718
I hydrolysis®] A7} 2H8-& Fnfdl= Ao E o
2] 9)th(26-29). 5] AA-2G2] A7} HA = coup-
ling reaction A Foll 4 FAH CDE H3stw o2+
& A ES F5aAed el A 7] Az el
S-(intramolecular transglycosylation reaction)& 2]
olght}, g e w3 o] g e vk A 9
7 7}E vo) o]8-5 v CGTase? coupling reaction
1834 F3 27t oh & 2 galo] A ES A
g 4= 9l th(30-34).
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AdFE £ $43k2, CGTased] #HAH Q424
SA4& AR B ozl AA-2G2] Akl A
&3te] A9 A7} 7] A 9] Algo] H4Ao] o2 starch
| ot
Fsic).

o o
[+

=)

L

CGTase2] glycosyl donor specificity S &A}F

o

CGTase ditmze| 22| A MY

£l

ZAAA 85 ZFHol d=sle] 1% soluble starch,
0.5% yeast extract, 0.5% polypeptone, 0.1% K-HPOy,
0.02% MgSO4 - TH20, 0.02% congo red, 0.01% methyl
orange, 19 Na:COs 28] 3 1.5% agar’} £33 =
2] (35)0]] B A FAg o g v2tdl ohe 37°C 2
vl el oA 2 7E wioFA 7] F =3k E-S 3 A g colony
£ Festgch
&2 colony - § wiA] ol @d&3}ho] Al ufFsld
, B4 k) v dsle x3Ee] 3|7l 23 =
38 colony®] Z719ke} Adwlr & #FE o
Z o2 A3 3 25mM AsA(Junsei Chemical Co.)
5mM a-CD(Sigma Co.)& 7] 2 8t] AA-2G 34
%= HPLCZ #alslsich 3bshg A sta FA]
AA-2G 4 5o] sl 55 ] iAo A congo
red®} methyl orange”} Al & d &4 AAFE9 2] 5milo
48A17F A wl kgt ¥ CGTase EAdo) 713 -3 &
FE FFH R Agsddch

Pl koo

AA-2Ge| M 2 24

38 A £+ 25mM AsA(Junsel Chemical Co)E,
71" 2 a-CD(Sigma Co.)$} starch(Yakuri pure ch-
emicals Co.)& 247 5mM2| ¥ %2 100mM phosphate
buffer(pH 7.0)¢l] =<1 F 218314t} ol & 2z 712 &
o 300ule} 5.4 50015 40°Cell A 1412} vb-5-41 71 )
0.5M acetate buffer(pH 5.0)¢l] 10 unit/mi7} = A =4l
glucoamylase(Sigma Co., from Rhizopus mold)2E- 500
Ul A 71shed 55°Cell A 3087 vk-3-A1A AA-2GE ¥4
&9 0] 3HAJAHEL Table 18] 27 8}e 4 HPLCE

3t ZHE w2 o] A o] wjokAe] &
o] Az] sk 9 Ay3}skA A4S Bergey<] Determina-
tive Bacteriology Manual A|9%3} Bergey2] System-
atic Bacteriology Manual Vol.2o §3lo] A 3s}¢dc).

CGTasel SM&Y

CGTase?} 34222 100mM phosphate buffer(pH
7.0)¢ll 5mM a¢-CD<} 25mM sucrose® 41 30011 7]
A-gA7 49 50ulF 40°ColA] 1A 7F w5471 &
0.5M acetate buffer(pH 5.0)¢l| 10 unit/mi7} 5 A =<1
glucoamylaseZ 5001l 3 7}3}o] 55°Colj 4] 3087} uk-¢
Al 7 e}, o] uk-g-0-8- Nelson-Somogy™] (36)2 & f-&)
H s &3 38le] CGTase A2 vehdigich. 1
unitE 55°Cof| A 1% £k 1umol9] glucose S A 3l=
Ao ko g g

H CGTase HAHFT-2] AulFA & 1% 5
X2 50mlY vhA] & ¥ 500ml shaking flaskol A&

Table 1. Conditions for high performance liquid chro-

matography (HPLC)
Pump Waters 510(isocratic)
Detector Waters 484(UV 254nm)
Intergrator Waters 746 data module

Mobile phase 0.IM potassium phosphate

—phosphoric acid(pH 2.0)

Column uBondapak Cis
Column temperature Room temperature
Injection volume 10ul

Flow rate 0.5ml/min
Attenuation 32

Chart speed 5.0




x4 B-8l& Bacillus sp. S-62] Cyclodextrin Glucanotransferase®] 433 24 Axkx71 611

3o 37°Coll A Aedbm ksl A A2 A
|52 &4 sl ok {5 = spectrophotometer& A
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Fig. 1. Photograph of clear zone of CGTase-producing
isolated strain S—6 from basal medium containing
congo red and methylorange.
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FTAFFe FepghA, wjofsbd 2 AlsbsbA auk
EA12 Table 29+ 7t} FA| T S-62 Gram FAd 9] 7
HEekeZ 1 37]+= 06~08X14~2.0um% 2, T5
o] glel.om TSA sl & Aboll A wll F 5 F2}o A 5lod
#a3) B v A AHFig. 2)olA WA EAE JAIst
ek Colony & 530192 wetteddt™ F4471 &
E3} convexdolg.on AL olo] K] xuo]gdr,],. =
3} catalaseFA & vFeb &) .29 | nitrateE 3 A 7] A
Qe AoR Bot /I Fe] Wk dE & 7 3l
glch. g8, Voges-Proskauer test, indole test ¥ ur-
ease testoll & A4S Vel gl ey starch #38]5&
slodth FAF2) oo} b2 HAAE F313lo] Bergey
9] Systematic Bacteriology Manual Vol.2 ¥ Bergey
2] Determinative Bacteriology Manual 953} v] &
AEd Axp B ZAFFE Bacillusgoll sidsE A
o2 fdEdnh CDY A EAE Iy 48 A e
CGTasex Klebsiella pneumonia(37)5 | 2]k o
Fgo] gtk al BacilluslA f-al =Kt

Table 2. Taxonomical characteristics of the isolated

strain S-6

1. Morphological characteristics
Shape rod
Cell size(um) 06~08xX14~20
Motility motile
Gram stain +

2. Cultural characteristics
Colonies circular, convex, wetted
Colony surface entire
Colony color ivory color
Colony opacity opaque

3. Biochemical characteristics
Indole test -
Voges—Proskauer test -
Urease test -
Citrate utilization —
Gelatin hydrolysis -
Starch hydrolysis +
Salicin test -
Production of HoS -
Albutin test -
Tetrazolium red -
Potassium thiocyanate test -
Arginine decarboxylase test +
Lysine decarboxylase test -
Ornithin decarboxylase test -
Mendelic acid +
Oleandomycin —
2-Keto-gluconate test —
Gluconate -
5-Keto-gluconate test -
N-Acetyl-glucosamine -
Nitrate reduction -
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Fig. 2. Photomicrogram of spore staining of the isolated
strain, S-6.

ol & F AA-2G $4%5°] sl CGTased A4t T
F 2= B. stearothermophilus, B. circulans 2 B. ma-
cerans 3757} 48 A leh(38). & AT A
A 72 oA 2} AA-2G2) ¥4 =] Bacillus ¢5
o o] 3] AAb=E]l+ CGTase?} AAE 7122 A=),

CGTase2| giH™olet30l| o8 AA-2G2| &4A

AA-2GE] gA ol Ffste FTdA R 4Rl A
o = a-CD, B-CD, 1-CD, maltose, maltooligosacch-
arides(maltotriose, maltotetraose, maltopentose, mal-
tohexose, ™ maltoheptaose), amylose “L2] 3L dextrin
o] 21oh(39). Bacillus sp. S-6°1 A4+s}= CGTase?]
glycosyl donor specificityE Fig. 39] standard peak
9} vl wale] A A} a-CD$} starcholl A AA-2G
A =80 7} ek} o] 24 Bacillus sp. S—62 a-
CD¢} starch® E&3 <l FFAR o] 8§ E o4 &
uslrh drbd o2 ¢ b, v-CDE AA-2G FA < 713
g FL TR A gled S-6 FFIAM =
B A 2 a-CDoll M AA-2GS] EA el S-p3tsdch
(Fig. 4(a)). Bacillus sp. S-6= a-CD ¥t oju] 2} starch
A= FHold AA-2G 455 B AtHFig. 4(b). &
23 o|A|ut Fig. 32] AsA ¥ AA-2G2] standard
peak$} vl EA 3t} 2 uf q-CDel|A Rt} starchell
A2l AA-2G T EFo] 22t ®okow oleg A=
AA-2Ge] T A kAakel gle] 71 24 a-CD
Al 2714 starchE o] 43 5= e 754 & o vidtcl

CGTase FAMdpt=2d

EiaRle| g

CGTase AAHFF2] #2]-8 9% % scluble starch
Al Z}E ek4%d (glucose, fructose, arabinose, raffinose,

-

sorbitol, sucrose, inositol, galactose, lactose, xylose,

AsA

AA-2G

OD at 254nm

Retention Time(min)

Fig. 3. HPLC chromatogram of AsA and AA-2G stan-

dard mixture.
AsA and AA-2G standards were measured with
HPLC combined with UV detector at 254nm. uBon—
dapak Cis column and mobile phase which consisted
of 0.1IM potassium phosphate~phosphoric acid(pH
2.0) were used.

mannitol, rhamnose, mannose, dextran, ~L&] i potato
starch)& 1%4 A 7}sle] 37°CollA] 48417 Alehu) <k
g & ool Avg 2y oel 7o AS= 2
E284e A o A3 242U 2 2 raffinose,
sorbitol, inositol % xylose7} A7 A$ollv= A%
Xoll B3 CGTase 4 -& 30 unit/mlo] 32 & 49 A
Ate] A Zs}iTh. o]l Hral glucose, dextran, potato
starch ¥ soluble starch& ®tAd 0.2 Al2-3]& ¢
etz vlsl A AFo] FA1E B o
CGTase AALE Z7FE o] 100~ 200 unit/ml A =<}
A& velllglel o] & CGTase F4H] A g2
soluble starch®A] o] wj 2] 2ol &4 PAkeke 199 unit/
ml T 7] A8 ODF-= 093Gt} O 5(40)2] B
ojsbH CGTaseE AAtste #5582 99 FEt=
R o Rl A T AAbES Hole Ao R o
2 9l S-67F= w4l glucosedl A X 104 unit/
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Fig. 4. HPLC chromatogram of transglycosylation pro-
ducts to AsA by CGTase.
A reaction mixture of CGTase was analyzed by HPLC
combined with UV detector at 254nm. pBondapak
Cig column and mobile phase which consisted of
0.1M potassium phosphate-phosphoric acid{(pH 2.0)
were used. (a) Glycosyl donor: a-CD, AsA(glycosyl
acceptor): 3, AA-2G(transglycosylation product): 4
(b) Glycosyl donor: starch, AsA(glycosyl acceptor):
2, AA-2G({transglycosylation product): 3

ml A=e] &
& Bk

&, soluble starch %o} o2& F 4 A4S 05%
o o 504 unit/mlZ 7Y & &4 A4S 25 e
o|# %t A3} = B, stearothermophilus No.2392] CGTase

© B AAEE Rof o] ok ol 2

(41)7} soluble starch®] 2% FxolA Fx A4S 12
dobE Bue} oFzke] zpolE Byith
AR HEf
2z 4 al Ao 8kA 9 2.2 05% soluble starch® &

|

7hsla 2] 3 A A4l yeast extract®} polypeptone
thAlell Z+E §-7] A 49 (tryptone, bactopeptone, pe-
ptone, ¥ beef extract) ¥ F7] 244 (NaNO;, KNOs,
(NH4)2S04, ¥ NH(CD2 1% = A A 7Fshed 37°Cell 4]
48217k Zledull o3t F o o] o 4=} CGTase
FAe A stgdr}. o At F7] AUl A= KNO;
9} NH(Clell 4] 2] A-8-59} CGTase BAJo] vl aA
$-gobA Vel end, 7 5 8 CGTasedd & 20|

7] A A2 NILCLe 2] o] w2} &4 Aibek2
511 unit/mio] gtk A& e AL£E 7] A A4H T4
+ bactopeptone, polypeptone, yeast extract, beef ex—
tract 59 Z-$7} vlay &Ade] EA Vet e 1
Zol| 4] yeast extract”} 832 unit/mlE el 4 A
AEg o] A £ A4sYe 2 B ). Yeast
extract®] =22 vhokslA 2A43le] a4 AAAES 2
AFgE A5t 1.0~1.5% & Eoll4] 206.7~206.5 unit/ml2
74 %9kt

2719 skof E A
CGTase AAHS 918 NaxCOs 2 KHPOs2] 559
o 3F-2 (0.5% soluble starch$} 1% yeast extract”} 3
45 &4 A2l A o NaxC0:2F KoHPO,Y 555 74

0.2~18%, 0.02~0.12%2 24 5}o] 37°CellA] 484]
7y Al oFslod zAbalgd ) 21 A7 1% Na:C0s, 0.1
% KoHPO A 7+2 453 unit/ml, 244 unit/ml2 7+3F
Fgkr}, =3 MgS048) 558 0.01~0.06%7H4] =4
slo] #o A{-% Y CGTase TA S EAHH S 35
o= 0.02%9) FxellA &4 AAkske] 152 unit/mlE
HAE el

HiQEET| pHe| At

olake] Axt& oA E 05% soluble starch, 1% yeast
extract, 1% NaxCOs 0.1% KHPO4, 0.02% MgSO4 &
Ao FAAAE HHu|AE pH 5.0~100 HAZ =
A 3ko] 50417k wloFgt 23 Table 394 Rz ule} 2
o] A AB-EL pH 7.0 & AAAHE pH 80014 7}
Z+ &gkt pH 5, 6, 1004+ Ao TA4E A &
sloic), upeba] wjoked o] pH 242 CGTase AA4kel

e 2 e E 4 b 9998 4 4 gk

o
N
lo,
lﬂ

2 AkE 2 A iR o] pHE pH 8022 2
Xéff& the 20~50°C W ¢ 2 5047 vhekat 23 A4
A L F A S 3TCAA A = A LE e
woh(Table 4). |23 A2 B. stearothermophilus

Table 3. Effect of initial pH on the production of

CGTase

o . CGTase activity  Growth
Initial pH Final pH (unit/mD) (ODs0)

5 5.0 0 0.05

6 58 3.1 0.03

7 6.2 692 1.24

8 76 746 0.68

9 8.0 625 0.19

10 9.0 0 0

Table 4. Effect of temperature on the production of

CGTase

Temperature . CGTase activity  Growth
co Pl pH " nivm)  (ODaw)

20 7.8 13.2 0.68

30 76 19 1.16

37 74 692 1.23

40 72 203 0.91

50 78 0 0.10
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No0.2399| CGTase(41)7} 55°Cell A & LA A4 & 1.l
the BaehE Aelstglet

BHREAIZIOH TR EAAIARM

F A AARE F AR 50mlZt o] )+ 500ml sha-
king flaskell At 72 1% A £+ 37°C, pH
80014 A H o2 wljofgt 3 o] ufe] o] MS et
pH 2 CGTase 84 & 4315t} 2 Z 7} Fig. 514
B vle} o] EAMAML-E 40417kl 71 Egkoh
wketd] Bacillus sp. S-62 54 AR 71 A 219 &
A AAE Vel & o 5= 9k o] 2] & A #= alkalo-
philic Bacillus sp. YC-335(42)2] CGTase”} vl 124]
e H A F718)7] AlAFsle] 48~604] 2ol A F T
o] &4 & Hal A FASIH 2\, B, stearother-
mophilus No.239¢] CGTase(41)7} 6A]12F -6 12417+
7MA = F43] F7Fsled 2} 184 2k o) F ghuigt 7]
E ¥ A= gol Hiich

=712k Hstol| mE A

CGTase 44H& 913 49 =48 A3~ $)st
& 500ml shaking flaskell #] A} & 50~300mi7}#] %7}
3}¢ 37°Cel| A} 4841 7k w ofsted o] W&o} CGT-
ase ¥ & A sle] Briake) gL ey o
A7} Table 594 2= vle} 2] wie} wiz] & 50ml 3
7Feld & o o] &4 B4 aerationo] A H4E

4.0

A Aadad 1s
54 A «‘\A AA’A ] 2500

3.04 /;.
o \ . 42000 s
0-0-8-¢-
2 L .‘.\.
204 [
[ ]
154 41000
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Fig. 5. Time courses of CGTase production and cell
growth by Bacillus sp. S-6 at optimum culture
condition.

The strain was cultured at 37°C for 55 hrs on circular
shaker.
—@—, Growth; ——, CGTase; —a—, pH

521 - w7l

Table 5. Effect of aeration on the production of CGT-

ase

Volume of Final pH CGTase activity Growth

medium(ml) (unit/ml) (O.D.gs0)
50 7.2 690 1.29
100 72 607 1.18
150 74 488 1.06
200 7.4 454 1.10
250 7.4 121 057
300 8.0 108 056

Table 6. The optimum culture condition for CGTase
production by Bacillus sp. S-6

Medium(g/L)
Soluble starch 5.0
Yeast extract 10.0

NaxCOs3 10.0
K:HPO4 1.0
MgSOq 02
pH 8.0

Other conditions
Temperature  37°C
Culture time 40hrs
Agitation 120Rev. X 6cm
stroke, 50ml of
medium per 500ml
flask

Bacillus sp. S-6°] Bt} 883 © 2 CGTases A4H3H
< o 4 k.

ol Abe] ek AL HEF A3} CGTase BAHE ¢
5t 22 wloF 278 Table 63 Ze] AR st}

.

CGTase 8d#H pH % pH otdd

Bacillus sp. S-6°] A48} CGTased] &40 ol o
g pHe| 43S <tolr 7] 98 pH 3.0014 12,0747 <)
zfe 71441 a-CD sucroseZ 541 ok, 40°Col
A #5243 AE Fig. 60 vehdgleon, 74
3} pH 7.0 phosphate bufferollA] & 22] &4 S vehy
At

w3k AYAHE A9 pH A A S =AM 9384 0.1
ml9 FFE 492 09ml¢] pH 3.0~12.04 o] =+ 100
mM 2] hFA 3 4L ohg 20°CeollA] 244 7 WA
F 100mM phosphate buffer(pH 7.0).2 2 5uf 34 &k
F =g S EAsi9oh L A3 Fig. 7oA 2& 8
2} o] pH 6.0~10.07+X] & <A st 2 pH 10 o4+
T pH 6 o] 3}l A &= 7F45e] pH 113} pH 40lM = A
= 9]} &3] 100mM glycine-NaOH buffer2] pH 9.0
oAlA 7} kA F Hom vhebyir)
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Fig. 6. Effect of pH on the CGTase activity.
The activity was measured from pH 3.0 to pH 12.0.

——, citrate buffer; —@—, phosphate buffer; —&—,

glycine-NaOH buffer; ——, K2HPO4-NaOH buffer.

100 _A
& \
80 / A
9 o
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2
g
2 ol ° *
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[}
& J
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o m— s
v 1 7 T T T LI LI T
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pH
Fig. 7. pH stability of the CGTase activity.
—8—, citrate buffer; —@—, phosphate buffer
—a—, glycine-NaOH buffer; —4—, K:HPO;-NaOH
buffer.
CGTase ZMzM2r Y dotdy
AALE 20| FA o g x20] F kg dolr ]| 9
3 100mM glycine-NaOH(pH 9.0)¢ll 45 %<l &
30~75°Coll ol 2 X oA AL A3 AL Fig
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Fig. 8. Effect of temperature on the CGTase activity.
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Fig. 9. Thermal stability of the CGTase.

8oll vhebliglow], 1 A7} 40°CollA H e} 844
28I Eel=s

AAE A0 25 by AE Z2AME7] 98 100mM
glycine-NaOH buffer(pH 9.0)o] £4% =4 ¥ 30~
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