J. Korean Soc. Food Sci. Nutr.
26(2), 351 ~357(1997)

LESETLELE R

Bacillus firmus Cyclodextrin Glycosyltransferase?| M % 54

< *
236" - AMof - Sedot - AW - 28F - Faof - 0|HY
Sgisn AEFUET

Purification and Characterization of Cyclodextrin
Glycosyltransferase from Bacillus firmus
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Abstract

The cyclodextrin glycosyltransferase(EC 3.2.1.19) from Bacillus firmus was purified by precipitating
with ammonium sulfate followed by, DEAE-Sephadex A-50 column chromatography and Sephadex
G-100 column chromatography. In this way, we were able to obtain the single band protein on SDS-
PAGE with a yield of 12%, whose purity was 49 fold. The purified CGTase was identified as a protein
having mo—-lecular weight of approximately 80,000 dalton and isoelectric point of 9.6. The optimum
pH and tem—perature for the enzyme activity were 8.0 and 65°C, respectively. The enzyme was stable
at between pH 5.5 and 9.0 and up to 50°C. After 24hr of enzyme reaction using soluble starch as substrate,
the ratio of a—, B— and Y~-cyclodextrin production was 0.01 : 2.90 : 1.00, respectively. And this CGTase

pro~-duced mainly B— and Y-cyclodextrin.
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)¢ & Aol A= 2], XE8 3 = AlF Bacillus
firmus(22)9] v-CD A4+8 CGTased A A8l Ei
2] EAS A Esg7d 2 AAE E3stE vlelr)

iz 3 ogey
ABEF

AR (22)ell A 2], w sl ul gl adA A AF
Bacillus firmusg AH-4-3¢ith,

2| iR B E=FAMe| XH|

F A4S A A x] 242 soluble starch 2%, yeast
extract 0.5%6, bacto peptone 0.5%, KoHPO4 0.2%, MgSOq
“TH20 0.05%, NaxCOs3 1% (M =2 A ¥ &3, pH
10022 3 A3, 1L A &eta = 470 ¢ 600mt
A& gel 121°C, 2087 7hdad @ o8, AR 7
FE AF et W= 30°Ceoll A 447k wiFatdch
wieFated -2 & 4o8-& Q41 8-2)(7,000 X g, 15min, 4°C)
8l A S A AF ob-& ammonium sulfateS 75%
E 25 7hsle 4°Cell A oF 2041 7 WA & o JA
2 g AR sigoh23). YA EREe Q&
Gl al A S Rof 2uko] Bo £3AA 54, &9
% % polyethylene glycol(M.W. 6,000) 2 0°Cell 4] 29
7t FEste] AAL 2ERAN R ALt

CGTase activity &3

CGTase B4 =42 Kato®} Horikoshi(21)9l] 2] A
95 Bromo cresol green(BCG) S % W 33} &34
st F, 9AReEEl FAS AAT AAY 0.1miol
109 soluble starch 0.5mi$} 0.1M KHzPO4~0.2M NazB4Or
buffer(pH 8.0) 0.4ml-Z- ¥ 32 40°C water bathel| 4} 60+
ZE 8- A1 71 thg o] uk-g-o o]l 0,025M BCG 0.1mi%}
0.2M citrate buffer(pH 4.2) 4.0ml-&- 7}5}e] 630nmeilA]
FAEE AT F ZFTA ) 9gAs AR »-CD
& A2t o] o) A lunitt 13 F lumole
98] 7-CDE QAste Zasos sigo)

DEAE-Sephadex A-50 column chromatography

4C2] 2464 29, 53¢ 5495 0.02M Na-
HoPOs~Naz;HPQ, buffer(pH 6.0) £ ®l12] F 3 A AF
DEAE-Sephadex A-50 column(1.6%50cm)ell 3913}
o FAA713 FLF buffer 250mit 0.5M NaClel
9 4 buffer 250mie] d¥E TIAE £-EA3

L E57 - e - oA

th olwle] £24 5 Bmihrolgdon & tubed
7ml¥ £33t 7 33 9 protein 3 =E 280nm
oA 24383 CGTase BA & &%)

Sephadex G-100 column chromatography

DEAE-Sephadex A-50 column$- €3] £&% &
49 Zo)| A CGTase@A & Hebi= #8-& 2o} poly-
ethylene glycolM.W. 600002 535417 o8, 0.02M
NaH:PO4~NazHPO; buffer(pH 6.0) 2. wlg] RS AAF
Sephadex G-100 column(1.6 x90cm)oll F+i 3t F-2
A7 ¥ 29 buffer 250mlE gel filterationd £&4
= 25ml/hr. 2 8k} 280nmell 4 2 £39] protein
FP5E &43) 3 630nmo) A CGTase &4-& &3
o] TATAAL Jehile 2388 2gith
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AL Lowry 2] W (24)9l] ndel bovine serum
alburnin(Sigma Co.)& EFE4 2 A}8-3}e] 540nmel]
A FEEE A5
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SDS-polyacrylamide gel H7|HE5n} 2X}2k

A

Phast system(Pharmacia Co.)¥] 0.1% SDS& ¥3%
&} 7.5% polyacrylamide gel-& AF-§-3}o] pH 8.19] Tris
2398 A o)) 4] Phast system% ©]-&-3t] 471958 4
Alsle e s A71dE & 04% silver nitrateol|x] G 43t
% 25% sodium thiosulfate®} 3.75% Tris-HCIZ &4
sl AN F Aol 5-A = o whet FEFAE o]
£-3le] Exleke 24 81ch olv] 2F 2 2+ Bio-
Rad }e] SDS-PAGE standard molecular weight ma-
kerq! myosine(M.W. 200,000), B-galactosidase(M.W.
116,000), phosphorylase BOIM.W. 97,400), bovine serum
albumin(M.W. 66,200), ovalbumin(M.W. 42,700)-& A}
431t
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Phast system?) IEF-Gel& A}-8-3l4 A7195& 4
Asted o BEF<HAlL isoelectric focusing marker
kit(Sigma Co.)A 2k 24 amyloglucosidase(pl 3.6),
trypsin inhibitor(pl 4.6), B-lactoglobulin A(pl 5.1),
carbonic anhydrase B(pl 6.6), myoglobin(pl 7.2), L-
lactic dehydrogenase(pl 8.6), trypsinogen{(pl 9.3)&
AHg-3te] Ao o) E-A ] ¢} plgk+ plotdted CGTases)
plE T4
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FaMke-2 3 A pHE A Esbr] $)38)ed AA)® CGTase
S oh&o] 43 A& ARE-3te] 40°Coll A 6087E HH-EA]
2 F 2284 & A3t nlasigch A4 b
-2 pH 4.0~5.5% 0.2M succinate-0.2M Na:B4O; buf-
fer, pH 6.0~9.02 0.IM KH:PO4-0.2M NazB4O; buffer,
pH 9.5~11.02 0.2M NaxC03-0.2M NazB4O; buffer,
pH 115~12.0& 0.IM NasHPO,-0.1M NaOH buffer
£ A3t

FMzE

Z A g &4 0.1mlell 0.1M KH:PO4-0.2M NazB4Or
buffer(pH 8.0) 0.4ml, 10% soluble starch 05ml& 7}
gte] 30~75°C7HA| 5°C A2 L2E W3t A 7Y
A 6087 Whg-A 7] o2 B A4A & &4 3] ulas)

st

pH QFRIA

AAE E4Y 0.05mle) zHE pHE buffer? (pH 4.0
~12.0) 0.2ml-& 7¥3}ed 40°Col| 4] 3087k wb) & IM KHy-
POs~0.2M NapB,O7 buffers}(pH 8.0) 0.25ml& pHS
dAsA 2R FEEALBHNL 245ty

A obMA

AAE B4 0.Imle 22 0.1M KH:PO,-0.2M
NayB4O7 bufferd (pH 8.0)2 30~75°C7HA] 5°C k3 &
2 HIAFEA F oA 3087 BEAEF oS
F4Y3l1 10% soluble starch 0.5mlE 7}8te] &4}
SA F A2 LTHL 2AsYT)

CGTase 28 M4E29 thin layer chromatog-
raphy

10% soluble starch 0.5ml¢} 0.1M KH:PO4-0.2M
Na2B4O7 buffer?d (pH 8.0) 0.4mlel| &4 % 0.1miS 7}
3te] 40°C water bathol| 4 WH-A1 7194 A4 0.2
3o Silicagel 60 Fosa Plate(Merck Co.)oll Sul € spo-
ttingdlsl o, o] v EEEA 2= 1%9) a-, 8-, Y- CDY
(Sigma Co.)&- 5ul4 spotting 341t} ©]17< n- butanol

: n-propanol : water=3 1 5 : 49] /|-Gl 2 ALl 2]
AANAZ] & FA3}3L 5% jodine/acetonedd & 53}

o LA FTH25).

Cyclodextrin®] 24 3 Xzt

Cyclodextrin®] EFNML o-CD 0.25%, B8-CD 1%,
y -CD 2% 2229 © 2 o] Kitahata S(26)2] vk o]

w}g} HPLCZ £4] 8} calibration curve® 24 8t
E k8- 2] CDE 8, A %3l v HPLCE model
6,000A, Waters Co.(U.S.A)E AH4-3190 2, column
carbohydrate analysis column(@4.0 X 250mm), %%
v 4= acetonitrile : HoQ=65 : 352 3}%].2.1, injector}
detector:= Z+7+ 7125 Rheodyne injector, Differential
refractometer model(R-400)& A8-3le] 73 A 315 v},

Aot 9 13

DEAE-Sephadex A-50 column chromatography

A4S 4 A ulR] (soluble starch 2.0%, yeast extract
0.5%, bacto peptone 0.5%, KaHPO; 0.2%, MgSOs * 7TH0
0.05%, NazCOs 1.096, pH 10.0) ¢l A &3}3 30°CellA] 4%
7h wloFate] o3& &4 2,170mlE 75% ammonium sul-
fate® 94, @433 1 559 DEAE-Sephadex A-
50 columnel| F#FA17) F 05M NaCl 5% A=
2247 A3}(Fig. 1), AHA YA peak] 43~60%
FF 4] CGTase BA& e 3490 &5
o o)} & 49 specific activity+ 2.8units/mg protein
oldet.

Sephadex G-100 column chromatography

DEAE-Sephadex A-50 column$- 3143 - CGTase
3478 43~601 F2-& ol ubFT} tubeol]l W2 &
4 523 7218 thA] 0.02M NaHPOs~NaHPO, buffer
A (pH 6.0).2.2 7 33} A7) Sephadex G-100 column
A T buffer® €%, £ A7 A7 (Fig. 2), 79
A} A peak?) 21~29W £-3 ol CGTase®Ad & 2
= FAsde) 4259t AR 549 specific activi-
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Fig. 1. Column chromatography on DEAE-Sephadex A-
50 of the crude CGTase.
Column: 1.6%X50cm, Flow rate: 25ml/hr
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Table 1. Purification summary of the CGTase from Bacillus firmus

Purification step

Total activity Total protein Specific activity Yield Purification

(units) (mg) (unit/mg) (%) (fold)
Culture supernatant 381.7 3,300 0.1 100 1
Ammomium sulfate precipitation 286.2 179.2 1.6 75 16
DEAE-Sephadex A-50 column chromatography 100.9 3.7 2.8 26 28
Sephadex G-100 column chromatography 47.0 95 49 12 49
1.5 " . r T 50 A Std MW.
Q : Absorb
- C(.;zs:;f::lv:ky I. (kD)
12k I \ 440
b ~
: £
08 -4 30 E‘
8 ) =
]
g \ b «— 200
£ 0.6 | (e} - 20 2
8 \ [ ] E!:S
2 o)
< o s o
03} / O‘O ¢ 2 d10 e 116
o]
0° . *Q-0—0-00 < 974
oolannne aned 1 Ny 4 aglo
0 10 20 30 40
Fraction No.(X7ml)
Fig. 2. Column chromatography on Sephadex G-100 of 66.2
the partially purified CGTase.
Column: 1.6X100cm, Flow rate: 25ml/hr
- 427

ty= 4.9units/mg protein®. 24 EAEAIL 40u] Z
7Vt 3z B8-S 12%°1dcH(Table 1).

Hrgae &Y

ERIZF

HARALS] EAGS AA )7 99814 75% poly-
acrylamide gel-& A48l SDS-PAGEE s=8s}5i}.
71953 A (Fig. 3), CGTase?] #2}=-2 80,000
dalton®-2 34 = gic}. o} Bacillus macerans(10),
Bacillus subtilis No. 313(21)9] £x}ake] z+z}+ 65,000,
64,00081 7 ol] B]s}e] 27k ZHo)w, Bacillus circulans
(14), Bacillus sp. E1(19)2] EA}gke] 742+ 93,000, 114,000
1 Aol wjsled= Aot

I=5 S

AR AL SAHAL 7] ¢35} Phast system®)
IEF-Gel& A}-8-3te] 339945 37 CGTased A
718F% AF, 5x] FHAHL 962 AL FAH
% v}H(data not shown). Bacillus subtilis No. 313(21)¢]
7y -CDAAELE S 7124 & 849 AolE 1
st

Fig. 3. SDS-polyacrylamide gel electropholysis of the
purified CGTase.
A: CGTase, STD: Standard molecular weight marker

A& U2 25 2 HorEy

0.1M KHzPO4-0.2M NazB4O- buffer(8.0)% #-&-&
soluble starch®]-& 7] A 2 g} 30~75°CollA 5°C 74
22 FANF-S XA CGTase B4 & 543 A7 65°C
oA 7} B4 o] Eheh(Fig. 4). ¢ A= ol &
(14)el @84 B 3% Bacillus circulans$} A 5(15)9]
Bacillus sp. YC-335 &l CGTase2] 34 £%7}50°C
o] Kobayashi $(10)2] Bacillus macerans7} 60°C<l
Aol vlsled vha Totoh 28y Katoe} Horikoshi(21)
2 Bacillus subtilis No. 313& 65°C7} 3 £522 B
s B aiel dx3lgch

=3 AAE E49L 0IM KHoPOs-0.2M NazBiOr
buffer(pH 8.0)& AH-3}4] 30~75°CellA 5°C 7tH 2.2
Zt x4 3087t W §@ )& soluble starchE 7]
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AR st AANEAR) F A2 a8 S SHT AT
(Fig. 4), ¢} CGTase+ 50°C7}A| & 4 akA 31 2}
55°C o] Aol A = 55% A =2 EAE& Yetigla 1 F
FA3] oA 65°C o1Ae XA = A Al s
4t} o]+ Bacillus sp. YC-335(15)9} Bacillus subtilis
No. 313(21) f# CGTases] g atAAd o] 50°C7HA] el A
L2 ByFe fARE A4S By

X €S pH R pH 28y
AAR ALAL pH 40~12.0%) &58A o] 713t
soluble starchS 714 & 3}o] 4184 t+& CGTase

120 .

T T T T
Q 1 Thermal stabiity
W : Optimum stability
—
100 - O0—0—0-0 O /l B
/I
§ 80 | . 4
&
E .
=}
S 60 -~ .
< u o
2]
: /
B .
& /
n
20 - / Q i
. \
o]
0 1 1 | | &
20 30 40 50 60 70 80

Temperature(°C)

Fig. 4. Optimal temperature and thermostability on the
activity of the CGTase.
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Fig. 5. Optimal pH and pH stability on the activity of
the CGTase.

24g 2% F7HFig. 5), pH 65914 % 773t peak
7} B35 g) o1} pH 8.0 A 714 ket o] A%
= Kato$} Horikoshi(21)®) Bacillus subtilis No.3134]
#A pHa 803 Fd3dch

w3 ZHE pHe| 94359 (pH 40~12.0)0 AAE &4
-8 7}3}ed 50°Cel| 3082 ¥ ¥ 1M KHoPO4-0.2M
NasB4O7 buffer? (pH 8.0).2-.& pHE 434 =43
o] AEEAYAE 24§ AF(Fig. 5), AAYA L pH
55~9.00 41 = w$ stA 8l 3 pH 10.014 %= 75%
o] 227 2342 1ot} o)+ Bacillus subtilis No.
313(21)¢] pHeHAdel pH 6.0~8.0% A= @ 7
adyle| A E A QAT EAYS g5 AR

CGTase Y2 MME9| thin layer chromatogra-
phy

0.1M KH;POs~0.2M Na:B4O; buffer® (pH 8.0) 0.4ml
o]l 0.1mle] &4 A5} 10% soluble starch 0.5mlS 7}t
o] 40°Coll 4] 2447 S-ak uFS- A1 7| A A AT A 0.2 F 3}
o] silicagel platesh spottingdte] 7, A 8o W1
A EL A A3 (Fig. 6), ¥l 2ELE a-
CD: A&9A] ggred, F2 4-CD%} r-CDRrel A
25} AAst ¥ EaE AL A o
H| 224 o-CD7} 23 AEH o B ALEF2 4,
y-CDE AAbst= 349dE 44 gtk

MM cyclodextring] &4 4 Hzk

10% soluble starch 2.5mlolt AR £ 94 0.1mlF
A 7)3ke] 40°Coll A 2447 vH-8-A1 7] a2 100°Cell A 5%
7+ 284 A AA glucoamylaseZ )& F AR

02612‘240 8 v 0 2 6 12 24thn
Std(CD)

Crude Enzyme Purified Enzyme

Fig. 6. Thin layer chromatography of reaction products
by CGTase of Bacillus firmus.
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Fig. 7. Typical HPLC chromatogram of reaction mixture
by CGTase of Bacillus firmus.
A: Standard CD, B: Reaction products

CDE HPLCZ A %3 A3 (Fig. 7), ih-&-A17ke] 244
Z AAYE d9 - : - : y-CDY AAU 8001 :

2.90 : 1.00¢1%i e}, Bacillus macerans(10)2] CD AA3H]
€°) a: B :v=27:1:1, Bacillus stearothermophilus
(187} 1:135 048] A viwsig e o) B 757} A
48kE CGTasex £ AACDA 98 y-CD2) AAjv)
o] vl a2y} Bacillus subtilis No. 313(21)¢]
CGTase?} 7 -CDE -2 AAths A= ol & 1
At

2 o

Bacillus firmus7} A84+81= cyclodextrin glycosyltran—
sferase(CGTase)E ammonium sulfate 3, DEAE-
Sephadex A-50 ¥ Sephdex G-100 column chromatog-
raphy 2 2], Al o] Wk oz 582 12%, A
A %= 499 Q) SDS-PAGE A}l A 44 band¥] &4
A& 94 4 94lok B AR CGTase: Phast sys-
tem®] SDS-polyacrylamide gel 7)°3-59) &35} &
Arek-2 80,000dalton, isoelectric focusing 2.2 534
29622 345 gAolgl). o) Ao A A4
pHe &%+ 80, 65°Col§i2 o, pHe}t |<kAA-& pH
5.5~9.0, 50°Ce] Q. t}. Sohible starchE 7] A & 8}« 24
A7t 23R A9 o- @ 8- @ y-cyclodextring] A
A9]-8-L 001 :290: 10028 8- ¥ r-cyclodextrin
< F2 Qasigrl.
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