A 3 83] 7]
Korean |. Life Science, 8(3), 326—332, 1998

Bacillus stearothermophilus KJ160| MAMSH= Cyclodextrin
SAE

Cy
Glucanotransferase2| |2t E4EM
HHT - LY - UBH - SETH - 2B - 2R

Foga o gEs
SRELEEEELE
S EEL TR EE LY

Purification and Characterization of Cyclodextrin
Glucanotransferase from Bacillus stearothermophilus KJ16

Hyun-Ju Kwon, Soo-Wan Nam, Kwang-Hyun Kim, Seong-Koo Song*, Jong-Won Yun** and Byung-Woo Kim'

Department of Microbiology, Dong-Eui University, Pusan 614-714, Korea
*Department of Chemical Engincering, Pusan National University, Pusan 609-735, Korea
**Department of Biotechnology, Taegu University, Kyungbuk 712-714, Korea

Abstract

Cyclodextrin glucanotransferase from B. stearothermophilus KJ16 that can produce both cyclodextrin glucanotransfe-
rase and cyclodextrinase was purified by ammonium sulfate precipitation, DEAE-cellulose chromatography, Sephadex
G-100 chromatography, and FPLC. The molecular weight of the purified enzyme was about 65,000 dalton by SDS-
PAGE. The optimal pH and temperature were 6.0 and 60C, respectively. The enzyme was stable at 50C for 1 hr
and in the pH range of 5.5 and 8.5. Mercaptoethanol and dithiothreitol inhibited the enzyme activity stronly. The
enzyme produced 60% cyclodextrin(CD) from 5% soluble starch with the %, £-, ¥-CD ratio of 42 : 46  12. Amylo-
pectin was the most suitable substrate with 67% conversion to CD.
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Bacillus stearothermophilus KJ160] 42+ Cyclodextrin Glucanotransferase®] 4|9 2454

o F7hsa gl

CDE YA Eo] Matshe cyclodextrin glucanotransfe-
rase(EC  2.4.1.19 5 1,4-2-D-glucan-4-2-D-(1,4-glucano)
transferase, cyclizing ; CGTase)oll 98t AE % 1 #d
EA2RE BEAY CGTasers ARo2ZRE CDE &
A= cyclization ¥Hg-3 CDE /H &8t 2P +84
23S Ao|A71E coupling ¥H, 1#] T maltooligosaccha-
rided] ZHg&3te] o) 74A] ST oligosaccharide® A
A7) disproportionation ¥H8-% WA ol Ea
olty. ;1elA % ATFAEC] CGTased] FMEE 287
22 #9317 98t B. macerans®, B. ohbensis®, B. cir-
culans®®, B. megaterium®, B. stearothermophilus™>, B.
coagulans® B. firmus”, Klebsiella pneumoniae®, alkalophi-
lic Bacillus sp.>'V 59 CGTase H4HtFE H&3tn ol &
Aol AAehs EAEL AFAste 848E S48 4%
gte] Hagh up gick

B AT e EYA HElg, CGTased} cyclodextri-
nase(CDase) & #0| A= B stearothermophilus K16
12190 CGTaseS AL L 8233 E4S HEA
7lell Balske ulolot,

MEnz 3w

ARBTF o Zao M

B Jd¥e) AHEH dFe EYAAM £2E CGTasest
CDaseZ o] AAsh= B. stearothermophilus KJ16'Y&
AHgstel, 8482 1% soluble starch, 0.5% yeast
extract, 0.5% polypeptone, 0.1% K.HPO,, 0.02%
MgSO, * 7H;0, pH7.0& /& CsujA)'Pe] 45CelA
20M7 e F owF Aede B AAE AY
ZirAo T AU

CGTase2| EAEH

CGTased] 42 Leujeune5'¥l 28 AtE methyl
orange’§ 0.2 239tk &k ¥HE-& 5% soluble starch
£94(50mM ¢4t 5, pH6.0) 3 1mM methyl ora-
nge €4 (50mM ¢4 459, pH6.0)2 50mM %t
g ¢ (pH 6.00% & 412 o] Eftdd] a4 §A4S
7}ete] 60TAHA 1087 ¥HgAIATE ¥-g F 6N-HCIE

7hate] Whe-g ARAFL AL 16T 303 B
A8 ¥ 505nmolM FFES 2H3Yc) 5AEHL 9
9} Ze ZAdA B 14mole? aCDE A= BEL
e 1 unit® APk

el g4 HH

vl opEd o) (NH,).80.8 70% S5/t HEZ 7hstn
317 B F AL Ee deAS AAsL, FHE
50mM 94 AFA(pH6.0) S HAF Jlete %9 &
Ze 3o 33 RAYch FANL 50mM MY
¢34 (pH6.0) &2 H ¥ 3471 DEAE-cellulose column(2
X20cm) 9} 0.508/min® %22 0.05M, 0.1M, 0.15M,
0.2M NaCl 552 AR §3A7Y 549 84 &
3& polyethylenglycol 20,000(PEG) A& §%3%th
24 50mM Q4 $EA(pH6.0) 02 B s
Sephadex G-100 column(2X45cm)o} 0.2mé/min®] %
o8 B g4 didS £E3gch SRS PEGHT
2 Ax=d 3 HAFHeF FPICE ¥8YY. FPLCE
FPLC system(Pharmacia Biotech. Co.)& AME-3t%2H,
column Superose 12HRS AH-3l4] 0.15M NaCle] ¥
38 50mM 94 @5l (pH 7.0) 2.2 0.4n¢/min® &
£o02 8&3|Lh

CHHE Hat

Aol 2L Smiths'®9 BH-E S48 BCA(bI-
cinchoninic acid) @4 A kit (Pierce Co.) & bovine
serum albumin® F¥F0 2 AFsATE FAA column ¥
3o g AFe 280nmolA FHER FAH}AG

SDS polyacrylamide gel M7|A4&E

SDS-polyacrylamide gel X17]%%-(SDS-PAGE)2 Laem-
mli*” ) "o ©a} 12% acrylamide gel & AHE31oH
Gl AL Coomassie brilliant blue R-2502.2 3%
o Exg 2L A% gFEN A2 X3 marker(Bio-

Rad Co.) & AH&-3t4th
CDe| =24 4l Mgt
AA 29 CD S ¥A37] $1% vhgE 50mM

o] AetE A (pH 6.0)9] 7142 5% (w/v) soluble sta-
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BEF - @ 29Y -

rchet A EA(2 units/ml) & TFF WAL 60TAA
A7 ¥ AA4E CDE HPLCE H43d. HPLC
(WatersAH9] LC Module I) column& TSKgel Amide-80
(Tosoh Co.)S.Z acetonitrile : H,O=60: 409 &2
T 1m §402 £%319 RI detector(Model 410,
Waters) 2 733191tk

k-

Zn} o
CGTase2| M|
2 24389 FATFY B. stearothermophilus KJ162] o
Ao A& ZAAN BEAL ARPM RIFYE CS
Wi Aol ] SR kAl FA%7] oF 20417 AF) CGTase
7 71 %ol AtErh olule] wibdE (170 units/1.
79L)& 70% (NH,),S0.2 IAA71 JHEL 13m89
50mM Q1439 (pH 6.0)9] ¥ 3, DEAE-cellulose
column®| &F2tA7]1 NaCl gradient® £&A1Z ) NaCl
FE 0.1-0.2M9 ¥8o)A CGTased #4E vehiigle
m, o] GEYE F53t4 Sepadex G-100 columnO 2
A RE g A B8 45-609014 CGTased) B4 U
3= 9 9 peakE AU L FAE 3k o)
BAHEYL As2sle F2HoZ FPLCE &P 2
A3} Table 19 JEPd 2AF £ 10%, HIEA 314
units/mg, AT 78.5M 2 HA|E CGTaseE Ao o
f4E SDS-polyacrylamide gel #7]19% Ao v
band& HYO2H ¢E H& ©d vAdgde & £ 9
Atk (Fig. 1).
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Fig. 1. SDS-polyacrylamide gel electrophoresis of the
purified CGTase from B. stearothermophilus K]16.
The sample was loaded on a 12% gel with the
following standard markers ; phosphorylase b
(MW. 97,400), bovine serum albumin (66,
200), ovalbumin (45,000), carbonic anhydrase
(31,000), and soybean trypsin inhibitor (21,
500). After electrophoresis, the gel was stained
with Coomassie brillant blue R-250.

FAo| 2xjg

AAE Bxe e wedRe BAEs S5 93
o} SDS-PAGEE ¥ ZTF Figl1d #o] gd oud
band’} Gy FFUNAZRE T3 CGTased £7b

Table 1. Purification of the CGTase from B. stearothermophilus KJ16

Total protein ~ Total activity =~ Specific activity  Purification Yield
Procedure . .
(mg) (units) (units/mg) fold (%)

Culture supernatant 383.4 170 0.4 1.0 100
(NH,)280; precipitation 18.4 107.3 5.8 14.5 63
DEAE-cellulose 4.8 49.1 10.2 255 29
Sephadex G-100 0.97 22.8 235 58.8 13
FPLC 0.56 17.6 314 78.5 10
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Bacillus stearothermophilus KJ160] 44+3h= Cyclodextrin Glucanotransferase®] A1} A48

#E 65000 daltonolth. ol¢h & ZAFe 7|2 B & 60T ARBAE Jehdom, 40Tost e 100

9 B stearothermophilus $r#] CGTase*'®59 BAF % PEAS Holn 50C-70CH A Ate] 733l
75000 daltonFe 2 3}o]E Hol: whA, Akimarus®  wWE IEZAo] o= Ax FAFE RYATW 50C
ol B B. coagulans ¥2 CGTase?l 65,000 dalton
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MH|Z CGTases &8N EA 100} 9
AR Ahe HFWS pHe pH HFA, FFS & O/O

=9 g AES A (Fig 29 Fig 3) HAuS sor o
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Fig. 3. Effect of temperature on CGTase activity(A)
Fig. 2. Effect of pH on CGTase activity(O) and stabil- and stability(B).
ity (@). (A) The enzyme activity assayed with 0.5% so-
The buffers used are 0.05M sodium acetate buf- luble starch(pH 6.0) for 30 min at various tem-
fer (pH4.0-5.5), 0.05M sodium phosphate buf- peratures. (B) The enzyme in 50 mM sodium
fer (pH6.0-8.0), and 0.05M glycine-NaOH buf- phosphate buffer was incubated at indicated te-
fer (pH8.5-10.0). To determine the pH stability, mperature, and at appropriate time intervals, an
the enzyme was preincubated at various pHs for aliquot was withdrawn for assay of the remai-

1 hr and the remaining activity was assayed. ning activity.
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oA 1AZAAE AR, 70CHA 2447 AH s}
A% 60% o) FEEAS Bole v YdAol &
& 529

ZHE 2£0|2 Y chemicalse| dt

484 vAE 4% 4 o]2(10mM F5)F che-
mical(10mM F%)°) & 4 2AF 3 (Table 2)
EABAL Cat2of o8] thh 37beka Hgt 2o 98] 23t
A AAGQY 2 99 o] 2o g FFL UUTh EF
p-chloromercuribenzoate$} #-& thiol reagentt N-bro-
mosuccinimide$} Z-& indole At8HAlo] 3 FFo| §le
Aoz Bol AAEA Rl sulfydryl”lV tryptophan?t
717} BEA g Aog F2Hrh 1YY mercaptoe-
thanolo|t} dithiothreitol? 2-& EA o) Jeixe &L
#A4o| 7t A#Eo] disulfide bond?} HAe] T2l
A 71esn de Ao Alsd.

Table 2. Effects of metal ions and chemicals on enzyme
activity of CGTase
Metal ions or chemicals

Relative activity

(10mM) (%)
None 100
MgSO, 105
FeSO, 98
NaCl 95
NaNOs 95
MgClL. 103
HgCl, 65
KCl 98
CuS0, 96
BaCl, 98
CaCl, 124
p-chloromercuribenzoate 96
N-bromosuccinimide 97
Mercaptoehanol 82
Dithiothreitol 76
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A=l CGTase2| CD AAHIST}
RAE CGTased) Azt @& CD A4S HAES})
93 5% soluble starch® TS 89 2mé(50mM
QakgkEel pH 6.0)ol AAAEA 0.204(5 unit/md)E
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1, 24X w8 F 5% 9] soluble starch2%H ¥ 60% 9|
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24X 7 Fo= o B rCD AAulgo] 42:46: 128
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71E 5014

71 A ke o4 S HER] AFA 2 712
5% (w/v) 52 89 pH 6.0, 60T 24417 ¥H3-A]
7 3 449 CDE HPLCE ZA3t9ch. 1 43 Table 3
7} o] & CD A#E amylopecting 7)1AZ 3HE W
67% 2 718 B2 amylosed o 51% 2 71§ W
olg} & Av:= CD AN HA 7142 A 529 alkalo-
philic B. circulans CGTase®] 7% sweet potato starch%}
comn starch, Akimaru 5% 9] Bacillus coagulans +# CG-
Tase®] potato starchehc Aotk £, CD A4 Ml
&2 amylopecting 713E %<& W 49 43 ! 82 solu-
ble starch(42 : 46 : 12)°] H3| @-CD9| 4/du) &0} S
Hoz %7189 2m amylosed W= 3946 158 -
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Bacillus stearothermophilus Ki16ol A4+l Cyclodextrin Glucanotransferase ) %)} 2454
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Fig. 4. Time course of CD formation(A) and the ratio of @, A, 1.CcD(B).
5% soluble starch in 50 mM phosphate buffer(pH 6.0) was reacted with purified CGTase at 60C. CDs for-
med were measured by HPLC, Symbols - O, eCD: [, AcD ; A, -CD; @,total CD.

Table 3. Production of CDs from various substrates
CD formed( %)
Substrate \\\
aCp B.CD 7-CD Total CD
Soluble starch 25(42)! 27.4(46) 7.1{12) 60

Potato starch 25.5(41) 29.3(47) 7.2(12) 62
Sweet potato starch 26(42) 29(47) 7(11) 62
Corn starch 30(48) 27(43) 6(10) 63
Amylose 20(39) 23.5(46) 7.5(15) 51

Amylopectin 32.5(49) 29(43) 5.5(8) 67
*( '3 production ratio of CDs

Fach substrates of 5% (w/v) in 50 mM phosphate buffer(pH 6.0) was reacted at 60C for 24 hr.

A of & 5.5-8.59] Weo) 4 g, e abgae 50C9)

A 1IN e sgl T 7ote)A 24417 Azl x

CGTaseS} CDaseZ 37 ] - Aaras B stearother-  60% o]4e] HEER S VeI aa 232 mercap-
mophilus KJ16 w32 CGTaseE ammonium sulfate =3 toethanol°\} dithiothreito]# 2 BAA o) g ma
%, DEAE-cellulose, Sephadex G-100 column chromatog-  &4o] 7sA) AAHAD. 5% 9 soluble starchE 7]3 =z
raphy, % FPLCZ 3A|3] SDS-PAGE 4 9 band® 2447 Wg A7S 9 CD 4¥Fe o 60% gn o 6.
AU BAE CGTased) #xpzpo % 65,000 dalton o] , 7.cp ABIgo) 42:46: 122 HERRIT. 7)ae
AL Y HF pHeY v 6.0% 60CRY. pH A A amylopecting AH-819S o cp Agse 6722 213
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