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Paenibacillus sp. JB-13 Cyclodextrin Glucanotransferase XX}
E. coli O|Ae] ad ol XX A#A}
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L-ascorbic acid (AA)2] 2] $1X] ¢} $=A17) o] 39| B-o| 4 @A & B Paenibacillus sp. JB-13 -2 2] cyclodextrin
glucanotransferase (CGTase, EC 2.4.1.19) % A cgt gene)E pEXP7 0¥ vectordl] E23 31 A=Y F+FE F
&34 A2 T39 CGTase A HA A& A E 3} £ A3} LB W) A 9] 0.5% glucose, 3.0% polypeptone,
03% K,HPO,, 0.5% NaClo| 5| £& 371813, 27] pH 7.0, H 5% 2%, 719 0.1 vm, ¥ o} & 37°C, W] o A]
7t 142 78] =AM H §A4 & el el A2 FF9) 71 € 359 CGlase AL v 2% A3 A2
TFE Wl F 142 4 640 units/ml2] FA-& 71A] 718 FFo] vl 8] 70% ] FAE Fepl A gt ]} A1 S 14
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2254 ¢ Y= o) o] 5

& el e). A2 F571 JAHE CGTase B AA-2G TA o] A 4-31o] AA-

2GE $48IZ HPLCZ ¥4 ¢ A3 B peak T &1 ¥ 5 3% 2L o-glucosidase & 2] 2] 3he] Fe1 3 A7} AAs}

glucoseE ¥ HE ¥ T 4 s
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vlelgl Cc3lar® ¥#F L-ascorbic acid (AAYE Q17tolu} &
£ AAA P FUAR Zga, HZoe JdF, A%
BE 4F, 3PE, AF A7 2 EEA T okt §E2
g A8 ok M) desknth B AAS A AL
AR Tl o] AT Z|UEHI ATk, 24). ©1H S -8
Aoz E7alal golu A Atslel] o} Rigsie] g4 #3)
HEE AF Foll BoF oS Avisor 3 BE 9 FHFl
T I3 ug Fort a7 EHE @ol . ol sashy] s
B A8fRpEo] it st ks Fod Al At 22 7]
55 7 £ e 98 7Y fEAE d7s) Yok oy
E22 7] 315t ol Q&S ghon, wkgo] Bsia
AA T3 TS AEslolle AR gt =3 Fo &
A JellX AAZA 2] B4 23S provitaming] 7)5-S
7 & A9 1L

o)l8st FAH AL A3 B2 =98 V)L Ax v
19901 YE-2] Mandai 5-°] 2-0-0-D-glucopyranosyl L-ascorbic
acid (AA2G)EHTL 3h= A7 #F=AS dAsaTi14). o) 23
S AAY 29 9A|9] 447171 glucose 1HALZE o-XEE Ao
2 4 9 39} 22 radical S-S W] ofE e TERAAM 4
3} 2 8 Follx] ¢HP3I. 53] AA-2GE AASH 28] Fe
58 cue] EA) sl E Qs ascorbate oxidasedl] A
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T AFAAE 2E=thes). T3 Al vIsiM WA= W3A @
K)ol ZA ZhElo] 100°C, 308 EHe] JHEoE BajE A
B =T AP Fd F4E AT IAE FAT AlzEt
EX) Aol Ty 11 Lol E)FH= a-glucosidased]] &JFA
A3 AAY glucoseZ w3 FHO AAY) TRIRZ P EH
Z1-8-24)°12R2A] collagen®] 4 F71(22), WG oy 2HE,
|y 23 2825 59 Al S EF5h AadAe A
HA) sk A AL S AEo] lvke 2R BEAT Bt
ofz}t AA2GE T4 &9 FolA HAF] wiFo] FAIY
ZA 3 AZ ol Me] aae] Ae)d 715 A= 7Fssit

AA2GY] tHEt BRI 28 AT AT F Shvks Bacillus 4:°]
Aakste @Ro] 421 cyclodextrin glucanotransferase (CGTase,
EC 2.4.1.19)9 9J3) §HAo] 7Fs3ichs Aoltke, 7). CGTases
starchtt amylose, amylopectin, maltooligosaccharide 5] 7] <]
ZHg3te] cyclodextrin (CDy& g8k -2k W B3lo] ¥hg<l
cyclization RF&-(16)# Az Fo] ¥EE?) coupling ¥H-(21)
% disproportionation ¥H8-& W78l thrle &do|th4). 314
T CGlase®] $2H8-2 CD @4 W22 starchZ%-E glucose
6~8707} o-14-glucosidic 202 4 AZd vjgdAel o,
B, +CDE ARAF3}. CGTases
circulans (15), B. obhensis, B. megaterium, B. coagulans, B.
Sfirmus (11), B. stearothermophilus (2, 19), alkalophilic Bacillus
sp. 20) 52 2 Bacillus < Allgo] A= Aow dex
ot AL Ago] Tz B4 R3F Aol

FH B dyde] BEsle £4E Paenibacillus sp. JB-139]

Bacillus  macerans (1), B.
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7% B31% Bacillus 4 059 CGTaseRTH AA-2G A4t &
Aol T& AL Fst3, 9 FH FIH 7HE A
CGTase F+AAE A2Fst] TAo tF AhS A=At
T3 AA2G Ao CGTaseS AMSOEN ofn| F5E o] 3]
T AA2G B4 - AA Al2EE B]F AA2G Ui AL 74
< RIS

Mz o 2

cgt RN E2Y Y M HH

cgt gene®] DNA TS F=317] 913k PCR ¥HE-2 2 A7
Bolx B3l 5 Paenibacillus sp. IB-13 (3, 9)9
genomic DNAE templateZ &}3l, forward primer (CGTase-F2;
GGA GGT ATA GTA TGA AAA GA) 2 reverse primer
(CGTase-R-Psfl; CTG CAG TTA AGG CTG CCA GIT CAC
ATT O AH2-31 pre-denaturation 94°C 5% 478 <, denatura-
tion 94°C 203, annealing 58°C 20%, extension 72C 1% 343
S 303 WHEEt aEgich. 53 DNA AHES pGEM-T
Easy vector (Promega, USA) Z23}] DNA 97 |MES 2
Astgen, 2 A7)E 2,142 bpE 713749) olm)iAkS: 95 3l3}
A THGenBank accession No. EU572721). ©] & N-Z& 799
277) o}u| AL signal sequence® LA JUJLW(18), E. coli
oA LEAZZ] HS ol A FES forward primer
(CGTase-F-Sall; GTC GAC ATG GCG CCG GAT ACC TC) =
reverse primer (CGTase-R-Pst)E AME3t] 9 PCR RS2
DNA 2HES B 53191t} Porl, Sall AQEALE AHE3HA cgt
gene2 L& vectorQ! pEXP7 vector (13)0l E2Y33L E. coli
DH5c. (Promega, USA)| 347 8135}ed(8) CGTaseE AY2tsh=
AZ3t E. coli 55 T340

CGTase &4 &3

cgt gened] WL A5 3 oMAF E coli® AZF E.
coli ¢ 1831 58] dF%! Paenibacillus sp. JB-13= 212t o
okale] a3} 28 HPHO & CGTase 42 SA5IYTH

HA 712 @59 Paenibacillus sp. JB-13 ¥l A5} )=
3 o] W AT, wd NS Zzte] xEAgow
dARste A Ao 24 e oSH 2o
Sample®l] 712 [5 mM o-cyclodextrin (Korea food materials
Co., Korea), 25 mM surcrose, pH 7.0] 300 pIE ¥ & 45°Co
A 3 AIZE 59 vhSET) 100°cel A SETE 7FEEke] whe-S
HAAIZ] §F glucoamylase solution [99.5 mg glucoamylase
(Sigma Co., USA) in 0.5 M acetic acid 200 ml, pH 5.0] 500
WE A7l 55°ColA] 30 B2t vESAIZ T W8-S Somogyi-
NelsonH (17)& AHE31 540 nmoll A FH=E S431 f2€
A4S ST G40 AL unitymlE FAISEL, 1 unit
2 17 1uMe] FhE Agse Ao R Aosqien,
2o} Aoz Akt

Paenibacillus sp. JB-13 CGTase 32ke] €24 2 &3 75

(Sample §F = 7} - Blank ¥4 = 3} ) x 49.96
1.477

x 3] 4 w2

CGTase 2| 44t = HE

uiA] g 2 S 208 HH3o 2N CCTased] HH A
238 ARG iR AR oEAME 4] gad, A
A, 2 2 AWNaChe F=E st H71gE & 37°ClAM
A wjgste] o szt @ widde] pH H 5 BHE 5
Folanh. A% 2H0IAME 27] pHs} BV1F, JFHFE €
atod 37°CellA] & widet & & A9 7 uideel pH 2
B 84S S

CGTase2| | H AA-2G YLt

759 AZY E coli #HE BRY 2 22 A
g F Gy wjFAE 4ocolX AL (15,000xg, 20 min)FH
T A5HE 50% (NH,),S0,2 H48la F43l AA-2G A4+
< A% zELN o2 ARSI AET dF E. coliZ} A2t
3} CGTaseol] 93 AA-2G A HA 2Ae olv] BExd
AA2G B4 ZA(1DE o18SIUTh BAE AA2GE) BHL
HPLCE AH831 381900, 2 248 B85 2T}, Pump:
Waters 515, Detector: Waters 2487 (UV 238 nm), Mobile
phase: 0.1 M potassium phosphate; phosphoric acid (pH 2.0),
Column: Capcellpak C,; (Shiseido Co., Japan), Injection volume:
20 ul, Flow rate: 0.5 ml/min. AA-2G ¥(5F5F2 Y& Kinki THE}
21 Z1}8l1}e] Sakai WFZHE FFEoL ARSSIATHO).

27 9 0@

cgt Gene 7| M HE

BRHE cgr gene?] 7] 82 GenBank (NCBI; http://www.
ncbinlm.nih.gov)oll =5 = CGTase A4} Bacillus & 1
F2] cgr gene HU 98%2] 354 UERRATHAT PIAIA]).

CGTase 2t &0l

LB broth®ll CGTase® AAi¥sl= AZH E. coli TFE HE3
o 37°Col| A 9A7 e Tt vl S AR st A
SA7 A2 288t CGTase B4 24 23 Agdoxe
o] YAl ggtow A mhajdel] &Ao] FlEe] &
TF7} AAFSlE CGTases Al U 4% #eh=Qdch

CGTase & H Y& = HE

ANZZL E coli TF2] CGTase A4 HF 274& AA37] 9
3l A, A, 4, 99 9% 2 A4 B8 2
slo] wiQk AIZE Aol e o] 4 ¥ 854 S o
7} o] AESIY .

(1) B4 9
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712 wiF|Ql LB ¥iA|o] ZHE eA-AE 1.0% 7R F 37°C
olx ZE wigste] Hest el e 24 4 o F S
TE S O A9 AP0 2 glucoseE AMEFES
g 7Y =& 848 JERlAtkTable 1). ©4Y T I
< glucoseE 0.5%NA 2.0%7H4] H7Vele &4 B4E& 273}
Aok 2 247 05% =Y 9 7P B2 A4S U
(Fig. 1A).

() 2a99] I

LB WA A 1.0% tryptone} 0.5% yeast extract THA Z}&
d29E 10%% 7Pl FEAT. 2 2AF 1.0%
polypeptone®ll A 7Fg =& 848 ERHRICKTable 2). A4
T G glucoseE 0.5% FH7HsF v A9 polypeptones
1.0%NA 5.0%74A A7Fetd a4 848 SAsIvh 2 d
50% =2 W 7P 22 848 YEhIRNOY 3.0%, 4.0%9]
Aol vinde & o 1 Ao|rt wlWIERE 3.0%9]
polypeptone2 HZ AAsYo g HG3H9rhFig. 1B).

(3) et FIF
0.5% glucose$} 3.0% polypeptone®] E-1-¥ HjA|o] 245 Q14
& 0.1% F7I SA3AT 0.1% KHPOIAN 71 &2

Table 1. Effects of various carbon sources on the cell growth and
CGTase production

Carbon sources Cell growth Final  CGTase activity
(1.0%) (OD 660) pH (units/ml)
None 043 7.59 84.6
Glucose 2.60 497 216.5
Fructose 2.15 5.86 100.5
Maltose 1.96 6.98 89.6
Galactose 2.29 537 128.5
Soluble starch 1.86 7.08 100.2
Corn starch 1.67 722 86.2
Potato starch 1.59 723 88.6
Trehalose 1.57 722 89.6
Inulin 1.44 7.32 92.3
Arabinose 1.47 7.33 914
Raffinose 1.46 7.36 2.3
Sucrose 1.99 725 103.6
Inositol 1.33 7.44 98.4
Lactose 221 5.40 103.6
Xylose 1.99 7.22 88.4
Mannitol 1.62 7.33 87.3
Dextran 1.52 7.36 90.1
Dextrin 225 7.19 131.9
Melibiose 1.86 7.06 99.1
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BA4-& JePAATKTable 3). YArEe] 5 F3S glucose
0.5%%} polypeptone 3.0%% 718t wix]e] KHPO,E 0.1%4]
05%7HA A7Fet] SR 71 AR 05%Y W 7P =&
&42 Jelsiou 03%0A 0.5%71K19] zpolrt vlnjslag
03%= H3 sx== A3 AhFe. 10).

4) ENaCH] I

0.5% Glucose, 2.0% polypeptone 2 0.3% K,HPO,°] FF#
iAol NaCle& 22} thg w52 Hristed S43deh. 2 25
0.5% ¥=Y o 7 2 8498 el AttFig. 1D).

34 242 Bl AxF #39 VIE #59) F 49T ©
CGTase 4% BT Ashe Fig. 29 LSk, Az BF9t
71E #59 COTase B4 ML 27 AZY F5E W%

Table 2. Effects of various nitrogen sources on cell the growth and
CGTase production

Nitrogen sources Cell growth Final CGTase activity
(1.0%) (OD 660) pH (units/ml)
None 1.54 6.22 100.6
LB media 3.15 492 250.9
Beef extract 2.67 4.94 190.8
Yeast extract 3.09 497 256.9
Tryptone 3.14 4.84 260.4
Peptone 2.98 5.23 124.3
Corn steep liquor 244 533 122.3
Polypeptone 3.29 4.96 286.7
Casamino acid 212 5.12 110.8
(NH,),S0, 1.66 6.01 104.7
KNO, 1.75 6.11 94.3
NaNO, 1.50 6.10 98.7
NH,NO, 1.51 6.17 100.4
NH,CI 1.62 6.20 100.6
CH,COONH, 1.53 6.19 99.3

Table 3. Effects of various phosphorous sources on the cell growth and
CGTase production

Phosphorous sources  Cell growth Final CGTase activity
0.1%) (OD 660) pH (units/ml)
None 2.53 5.67 270.8
K,HPO, 3.06 6.33 329.3
Na,HPO, - 12H,0 2.64 5.14 280.7
NH,H,PO, 2.59 5.10 281.5
NaH,PO, - 2H,0 2m 522 296.2
KH,PO, 244 5.18 248.0

(NH,),HPO, 2.02 5.14 226.3
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Fig. 1. Effects of various concentration on the CGTase production
and cell growth. Reaction was carried out for 9 hr at 37°C in Luria-
Bertani medium supplemented with various materials. Optimal
conditions for the CGTase production by recombinant E. coli was as
follows : 0.5% glucose (A), 3.0% polypeptone (B), 0.3% K,HPO, (C),
0.5% NaCl (D).
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Fig. 2. Time course of CGTase production and cell growth on
optimum culture condition. Reaction was carried out at 37°C in LB
medium with 0.5% glucose, 3.0% polypeptone, 0.3% K,HPO,, 0.5%
NaCl.
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Fig. 3. HPLC chromatograms of the AA-2G purified from reaction
mixture produced by recombinant E. coli CGTase. AA-2G were
analyzed by HPLC with Capcellpak C,; column. (A) Standard AA-
2G, (B) Purified AA-2G by recombinant E. coli CGTase treatment,
(C) Product of a-glucosidase treatment (1 unit, 37°C, 20 min).
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AA-2G A9 BY

Az3 FFoAM HAE CGTaseS AA-2G AXF Z70) 2 &
3l AA2GE A4FeESL HPLCE AHE-8led B413 Z1} AA2G
EZF FAE AA2GE FY3 peakE YERATHEg. 3).
S AE AA2G YRS AHE 2019 1 unit o-glucosidaseS
Azt AAS glucoseZ EE|HS FAE 4= A ol
AA-2G7} A o EA3lE a-glucosidaseo] 2]3] AALb
glucoseZ. ¥ o] AAQ A7 V)5S YepdS wsee d
Fo|t}.
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ABSTRACT : Expression and Optimum Production of Cyclodextrin Glucanotransferase Gene of Paeni-
bacillus sp. JB-13 in E. coli
Hae-Yun Kim', Sang Hyeon Lee?, Hae-Nam Kim®, Bokkee Min*, Hyung Suk Baik'*, and
Hong-Ki Jun’ ('Division of Biological Science, Pusan National University, Busan 609-735,
Republic of Korea, “Department of Bioscience and Biotechnology, Silla University, Busan 617-
736, Republic of Korea, *Department of Beauty Care, Masan College, Masan 630-729, Repub-
lic of Korea, “Department of Biomedical Laboratory Science, Eulji University, 143-5, Yongdoo-
dong, Joong-gu, Dacjeon 301-832, Republic of Korea)

The purpose of this study is to clone cgt gene from Paenibacillus sp. JB-13 and to overexpress the protein in E.
coli. For this purpose, the cgt gene was amplified from Paenibacillus sp. JB-13 genomic DNA by PCR using
degenerate oligonucleotide primers. The sequence analysis results showed that the cgt gene from Paenibacillus
sp. JB-13 has 98% homology with the cgt gene of Bacillus sp. To overexpress the protein, the cgr gene was
cloned into pEXP7 expression vector and transformed into E. coli. The production of CGTase by recombinant E.
coli was optimized under following conditions: 0.5% glucose, 3.0% polypeptone, 0.3% K,HPO,, 0.5% NaCl,
and 7.0 of initial pH, 2.0% of inoculum, 37°C of culture temperature for 14 hr. And the optimal agitation was
found at 0.1 vvm. The synthesis of 2-O-¢-D-Glucopyrancsyl L-Ascorbic acid (AA-2G) using the CGTase
expressed in E. coli was identified as AA-2G by HPL.C and HPLC confirmed that treating AA-2G made by
cloned CGTase with o-glucosidase substantially produced AA and glucose.



