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Production and Characterization of Cyclodextrin Glucanotransferase
from Bacillus sp. JK-43 Isolated from Kimchi

Hong-Ki Jun*, Kyung-Mi Bae, Young-Hee Kim and Hyung-Suk Baik

Division of Biological Sciences, Pusan Natlonal Unlversity, Pusan 609-735, Korea

Abstract

A bacterial sirain, designaled as JK-43, producing extracellular cyclodextrin glucanolransferase
{CGTase)[EC 2.4.1.19] was isolated from kimchi. The C(GTase from isolated strain JK-43 showed the
transglucosylation activity rom soluble starch to L—ascorbic acid (AA) compared Lo Lhose obtained from
other strains. A main product formed by this reaction was identified as 2— 0 —e—glucopyranosyl L-ascorbic
acid (AA-2G) by testing its susceptibility to #—-glucosidase hydrolysis, the HPLC profiles, and through
the elementary analysis. The §—CD, y-CD, polato starch and corn starch were identified to be suitable
glucosyl donor for transglucosylation reaclion on AA by CGTase. Acceptor specificity on AA -2G produclion
was examined by usc of AA, Iso-AA and AA-2P. Transglucosylation was observed loward AA-2P
as well as AA and Iso—AA. The microorganism isolated from kimchi was identified as a strain of Bacillus
5p. JK—-43 based on the morphological, enliural, biochemical characteristics and partial 16SrDNA sequence
analysis. The maximal CGTase production was observed in a medinum containing 1.0%6 soluble starch,
1.0% yeast extract, 1.0% NaxCOs, 0.1% K:HPO4, and 0.02% MgS0Q, -7H20 with initial pH 7.0. The strain
was cultured at 37°C [or 26 hrs wilth reciprocal shaking.
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Fig. 1. OPLC profiles of transglucosylalion producls to
AA by CGTase from isolaled sirain JE-43.
AA-JG production was done for 21 hrs as described in
Matenals and Melhods, Then, 30 unils al glucoamyl-
ase was added (o a reaclion mixture and incubated
overnight al 55°C a No lrealment, b. Csadation by
ascorbate oxidase, ¢, Heat ireatment at 100°C for 30
mun, d e-Glucesidase hydrolysis
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Table 1. Taxonomical characieristics of the isolated strain

JK-43
L. Morphological characteristies
Shape rad
Cell size (um) 0.6~07%x22--31
Motility motie
Gram stain +

Spore formation endospore lormimg

2 Cultural charactensiics
Calonies
Colony surface
Colony color
Colony opacity

3 Biochemical charactenstics
Indale test -
Vopes-Proskauer lest -
Ureaze lest -
Catalase tesl +
{Osndase test +
Cilrate utilization -
Gelatin hydrolysis +
Starch hydrolysis +
Esculine hydrolysis +
Production of H:5 -
Ltihization of malonate -
Cuhzation of acetamide -
ONPG +
Arginine decarboxyvlase test -
Lysine decarboxvlase lest -
Ornithin decarboxylase tesl -
Growth on 0.2% p -coumaric -
Growth on 0.03% DP300 -
Growth on 0.02% planl mdican -
Oxidation fermenlalion lest +
Farmation of poly-Bp-hydroxybulyrate -
Nitrate reduction lo nitrite -

circular, convex, welled
entire

wory color

opaque
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Fig. 2. Electron micrographic of Lhe isolated strain JE-43
Incicator har represents 200 nm,

Table 2. Ellecl of carbon sources on cell growth and
CGTase production
Carbon sources CGTase activity Growth
(10248 {units/mL} Oy
Glucose 0 21
Fruclose 115 07
Laffinose 18.0 1.1
Sarhilol 75 0.9
Sucrose Q 26
Soluhle starch 379.3 20
Lartose 89 2.4
Xylose 4] 2.3
Mannitol 86 15
Tryptone g2 24
Mannose 0.4 15
Maltose 0 23
Dextrin 43.8 15
Inositol 72 2.3

var alkalophilus ATCC "17839] CGTase”| ©to-7 2 o]
R} starchellA] = A4 & vlebdl E=h3))
2} Akl "R 2:) P«] Bacillus sp. S-6TF7} sol-
uble starch 39t oluig}l 8ol glucosed| = L&
2 & el AT Abelgl #Eale|r
%+ soluble starch X o}2 T2 42
sp. 5-6¢] 0.5% 4 A FT=g viebhd A
d W 445 unit/mLE 71 B2 &4 4

Bacillus
Adhe e 1%

b wglch

10%2] soluble starch7} SolglE 71 E2af =] o] 712
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28 NELNOs, ENOs ¥ (NH)S043 #7178 4 9 (bac-
topeptone, bactotryplone, peplone, polypeptone, veast
extract @ heel extract)?] CGTase A4lef w2l &7
T 24 2 A 2 o)A ) T4 v

o AlalEe- Yol o] EE] yeast extractzF 332.1 units/
FohE A4 aje) Y5 5o nado)
(Table 3). Yeast exiract®] ¥ =% 0.2~20%74] 0.2%
AR g =dFe] £ PNE AEg D)
Bacillus sp, 3-6(25)3 =hxzlzhA] 2 1.0% X4 514.2

T

£

umts/mL2 7P 2 AakE wedch
=7lge] 20| B2 T

CGTase A4kE 18 NapCOy o KHPOWY 29 4
2-2-1.0% saluble starchet 1.0% veast extract?} I-§-%
T A A ] o) NaxCOa2 KeHPOs® 352 22 00~
12%, 0.0~015% 2 F38sted 37°Cel A 244121 A eda)
aFsle] 2alsbd ot 2 25 1.0% NapC0s, 01% KHEO,
|4 Z2k 500.2 units/mL, 449.1 units/mLE 717 £9lc).
CGTase® AWAsl= a4 A2 55 NalOs,
NaHCOs, KoCOs 23] 31 aCOq T A2 'husel
CGTase AJ4kel] ol Ao m W wEe] glvh3z-34)
JE-13-& Zdga] 4L ofu=) h NaCOy?} 3 7= 22
W AEE e Aadabdd mglt
g, MgS0:2] %5 001~ 006%?7}:4 ZEE e I
A A4 & HEIE A 002%2] FEelA] Eagalsk
o] 4884 units/mL2 FHHE Fehiglch

27| pH7} AAA4leke] vl A=
dafs FAgE 2l Table 45 7how] Az Al8 49 &
AAlabeto] I pH 709014 713 =gkt pl 7.02 A %)
T P A pHe A ] S A4k A EA| s o
o|# gt Hal= B macerans ATCC 8514(35), B. megater—
it Mo.5636) B B, cereus NCIMB 13123(30)] pH 7 0=
A FAme aAAAE 29 Ashe dHEE 9, B
cillus sp 5-6(25)e] pH 70 ¥4t o=l pH 80 2 9.04]

Table 3. Effect of nitrogen sources on CGTasc production
CGTase activity Growlh

Mitrogen sources

(1.0%) funits/mL) (ODsa0)
Diacte tryptone 556 15
Bacto peptone 124 4 19
Peptone H1.8 1.8
Polypeptone 1378 2.0
Yeast extract 3321 22
Beel extract 0 06
Polypeplone +Beel extract 9.2 08
Beel exlract+ Yeast extract 5lA 0%
Yeast extract + Polypeptone 1326 1.3
NN, 347 13
KNGO, 195 14
(NH1:50, 524 0.8

vl Bacdius sp. JK-43¢] A48l Cyclodextnin Glucanolransicrase] A4 =) 54 45

Table 4 Eflect of inilial pH of medium on CGTase pro—

duction
- CGTase activily Growth
e (units/mL} {ODkso)
] 154 05
G 235 0.7
7 561.2 2.3
8 662 0.8
9 381 0.7
10 246 a5

Mo B Qb S mel Qe el datela ¢
vl kel whe E A4S Table 5ol vhebyt #
o} Zre] Bacillus sp. S-6, B. macerans IFQ 3490(36) =
B. halophilus TNMMIA 3849(37)2} S 81A] 37°Cal 4]

Has Hh Aaeg wge

L
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[+]

T

RHQEA|ZHON TR S AHALA

Fig. 38 E2A448 HFujaldxe F49) F4.
CGTase 4k ez v<f<ie] pH WS vispdl Ao
ok Al FAlE HEF A FHE AR S0
A tste] 26 7bol] o] A2 gl e 1 o)l M=)
7|2 Folzltl CGTase AATFE 5 vh7} starchE
A% o2 lyg ol 40~50417F o]l AR]el T2
#ol] AL Wl A2g)akE ] TK-439] CG-
Tascs 124788 264 547l & Asle] F8) 2
luled on, 262 7ol T ] =49 el 2 0 &

Tablce 5. Effect of temperature on CGTase aclivity pro—

duction
Temperature CGTase activity Growlh
{°C} {units/mL) {ODws0)
25 236 0.8
30 653 15
37 556.8 1.8
40 278 4 1.2
50 1127 1.0
1200 4 3

1000

BOO

3

abo

400

1]
=3
S
1
Cell growih {Abs al 660 nm) —C—

CGTase activity (univml.) —@—

=
L
=]

0 1a 20 30 40 50

Tiume (hour)

Fig. 3. Tune courses of CGTase production and cell growih
by Bacitlus sp. JK-43 at optimum culture condition.
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AL w9 pHe] HEE dgF2] )y 3)
aslrir} A7) o] F A Frlele] o] Fel= 719 o
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E7(gfe| Mt o2 g

CGTase 442 413t #4220 & d3sk7] 8 5he] 500
ml shaking flagkel] #f %] 2 50~300 mL7}A] 3 7bebe] 37
°Cel| A 264 3 Bl oFsled o] AL E e} CGTase T4 &
S she] |k Gue HEsich o A5 o o=
=50 ml A7 S o 5922 uts/mL 2 P 8 &

2o A2k S 2o geration®] & B 5 Bacllus sp. JK-
430] 2o} &2 0 2 CGTases A& &+ slddvh
olAbe] wlekz=14 gk A9 CGTase A4k& 519 &
A vk &AL Table 63 o] A gttt

VS BRI a2 ARG ditd 3B

JK-43e] A3bsles CGTased] chokal 23ed A
g AA-2G AA4EE ARk o 29 Fig. 4¢l el
il ulg} o] B-CID, v -CD, potato starch =22]3% corn
slarchel] A 2£-& AA-2G AATA S
meltosest ZF2- k- °]"J’ o & v
el gt} elelg dsb= o CDellA] ) gatsks B
b glucoseel| A& A8 AA-GE F4kslA| &9 B
stearothermophilus?] CGTasedl= Abo]dh Z3fe]r(2d,
38). B8], JK-43-2 A& A = Hal 0‘17] T3}l (dia-
statc solution from malt, hexose % 74 mp/mL) 2 /b
FE 26 mes

Beler glucose 4
125 AA-2G Ak

r° r%ﬂ

b ol (diastatic solution from rice, hexose
mL)el A= v 523 EE AA-2G 148 P AA-2GY]
AL A] o] A4 7)) 2 ) -2 o] & 5 3l Aol
el giv) o]} Al A =9 <g] o] &-& AA-2GE] T
ghAlsle] ale] %l 5ol wrbE el =] 7] g Aelr)
33l AA, Tso-AA B AA-PPE AlEsle] AA-2G A
Aol gl g4 Sl AL Falslg o Table 7). JK-
439 CGTase= AAS Isc-AA= A B o)) AA-ZP
ol A= Faie] W& Sty on, ol a dab JK-
430] AA®] 29l $95] o] 29| ThE B¢ % whe] 24

2 7R3 9l &5 AlAkghch

Tablc 6. The optimum culture condition for CGTase pro-

duction
Medium (g/L)
Soluble starch 100
Yeasl exiracl 10.0
NazCOs 100
K:HPO, 10
Mg50Qq TH20 0.2
rH 7.0
Other concitions
Temperature 37°C
Culture time 26 hrs
Agiltation 120 Rev.#6 cm stroke, 30 mL

of medium per 500 ml. flask
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TFig. 4. Glvcosyl donor specificily for AA-2G produciion.
2 mL of reaction mixlure consisting of 3% of AA. 7%
of glycosyl donor and 244 units of CGTase was mmcu-
hated at 35°C, pH 55, far 24 hrs AA-2Gs were hydro—
iyzed hy glueoamylase, and HPLC analysis was dong
with the pBondapak Cig column, 55, Secluble starch;
CS, Corn starch: P3, Potato starch, 3, Starch. AD, a-
Cyclodextrin. BD, B-Cycledexlrin. RD, v —Cyclodex-
L Glu, Glucose; MT. Mallose, DI, Dextrin; DA, Dex—
lran, DM, Diaslatic solution from malt: DR, Diastatic
solution from rice

Table 7. Acceptor specificity of CGTase on AA-2G pro-

duction
Retention ume’ Retention time!  Amount
Acceptor  of acceptor of new product  of new
(min} {rmun) product
AA 7.230 7782 369 mg
Iso-AA 7.438 7735 80.8 mg%
AA-IP 6.820 7.223 722 mgls

2 mL of reaction mixlure consisting of 7% of soluble starch,
3% of glycesyl acceptor and 244 units of CGTase was
incubated at 55°C, pH 5.5, for 24 hrs, Then, 30 units of glu-
coamylase was added to a reaclivn mixture and incubated
at 55°C for 24 hrs.

"Retention time on HPLC.
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Table 8& soluble starchS ZFo A2 g & o

H o] uh-Soll A 8] JK-432] 825 A3 ﬂﬂ"] L3
S48 A EF 7o)}, Table 8ell A Bi= ule} 2] su-
crose, inositol 2.8] 2 mannitolellA =14 =& w3 4 o]

€4 70~90%%S el dk9 glucose, xylose, sorbosc
= rihoses] G-d-Ho e LA Rl FEe] =4 ¥
skrt, E3), fruclose, maltose, sorbitol 28} 77 lactosed)
A= e ghalo] vkl doi)r] ole} JK-430] A xbsk
= CGTase= o) 2§ G54 F&42 o837 £
£ 4 ol olel g 23 B firmus®] B-CGTase
7} maltoseel| 41 50.88%AH 2] vy =& T T8
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Table 8. Acceptor specificity for transglycosylation re—
aclion of CGTase from Bacilius sp. JK-43

Acceptor Conversion Acceptor Conversion
(5%, wiv) vield (%) (5%, w/v) vield (%
Glucose 151 Inosital 83.9
Xylose 5.0 Manmitol 7M.l
[ructose ND Mannose 442
Sorhose 3.7 Arabinose 22.2
Malwoge N.D Lactose ND
Sucrose 71l Rallinosc 528
Sorbital N.D Ribose 148

Reachons were carried out at 50 g/L of each acceptor, 30
g/L. of soluble starch as glycosyl donor, oH 78, 55°C, for
2 hours Degrees of transgly—cosylauon were estimated hy
the decrease ol each accepter. N D., not detected.
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HoldA-& 717l CGTase W4lF5-5 otz 2
T2 s, wlekdhs, A2l 41 2 18s-rDNA.
sequences = =AFEE A3 8 ok g FHE e E 74
olnd WA EAZ & A8l e Ay 224 Bacillus sp.
JK-432 2 A = vk Baolius sp. JK-43¢ CGTase=
AA-IG W o2l AA-GGER FAHE B2L T 4
ekl eon], &4 A A44k3271E 1.0% soluble starch,

1.0% yeast extract, 1.0% Na)COJ, 0.1% KoHPO, 28l 2

0.029% Mg504 TH:207} 345 al =] o4 pH 7.0, 37°Cel
A 26417k 59 gl el of sl & v o) DE el 4o
w2 Bacillus sp JK-4329] AA-2G A41A4-& A4 A
T B-CDell A 7hg =& AA-2G WA S welowm 4
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