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Paenibacillus sp. JB-13 Cyclodextrin Glucanotransferase F&Xt2]
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Ushe! - A2 - ZHt - 21=T| - WHAY - HBI|!
SACHelm A Bake, 2AliCkeim AT, Olicher e,
'SjefTicstm agalstn)

L-ascorbic acid (AA)2] 29 $]2] 9] Ak7] of] 3-9] E0] & A& 2= Paenibacillus sp. IB-13 F-#19) cyclodextrin
glucanotransferase (CGTase, EC 2.4.1.19) -8 AHcgt gene)E- pEXP7 3 vectorol] 23t Ax§ FF5 T
3¢ ol AR T3] CGTase AL H A 2L A E 51 £ A3} LB iR o] 0.5% glucose, 3.0% polypeptone,
0.3% K,HPO,, 0.5% NaCle] ¥ =5 F7}3laL, 7] pH 7.0, B E% 2%, 5715 0.1 vwm, ¥l % &5 37°C, ¥l % A]
7 147 7H8] 270 A Hd) AL Jel e A2 FF9) 71E 759 CGTase A4S w3t A3 A =%
TFE vl oF 142 244 640 unitgmle] FA & 714 718 FFd v] &l 70% Y] 84S e A 5 Wl <k A 78 14
2422 9= ol o] UL F T A2 FF7) A CCTaseE AA-2G FA ¢l 2 -4-3l] AA-
2GE ¥4 L HPLCZ ¥4 3 A7 944 peakE FA T 4 U UL a-glucosidaseE- A 2] 3} Fldt A AAS)

glucoseZ EE€ & A 5 UK
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HEH cglis 2#R L-asccorbic acid (AA)YE QI7Foluk
Eo] AAA D JPArT Zg3h, HZoe JoBE,
Bz AF, sPdE, AF A 2 BEA] o USs 82
9] ARE T ok Aed e sntt B AAS AFE Ae
Frkelahg 5o oFE] AvtE 7=l JATHGE, 24). o]gt &
Qo= Eslal Doy AFE ksl ol migtsle] A 13
Hug AF Sol o oS Hrislol s RE 9 FHFol
T O v Fort 8EE 9ol ok o) E Ast] fd
Be Fopaiso] df Mgl eHgetn Fo] Al AA9 22 7]
TS 7 F e o8 7Y fEAE I8 stk v

e f7] 318 Aol <& ko, ko] HEidsia
A wE TIeiA Aol AgetA] gkl wEk Fo
A el A AAZA AE] B3-S I3]Sh= provitaming] 7]
71 AL A9 it

ol#fdt EAIH S 98 B xS 712 ZY vy
1990 YE-9] Manda 5©] 2-0-0-D-glucopyranosyl L-ascorbic
add (AA-2G)E}AL k= Al A=Al s Th14). o] -
& AAS 28 X)) $21717) glucose 1RALE a-X|8HE 7o
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st 9 78 Fo|A QFgsith 53] AA-2GE AASH ] Fe
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T AAE ZH=TH29). B8 AAC HIsiA AT WA (it
FtE)e]l A STiEe] 100°C, 307 Bt JMdd= E3E A
oL Egk AR A Bl BAS 7L A= fARE Azt
€A A FA=E 1 el EA3h= o-glucosidasedl] <J3iA]
F9E AASH glucosez Z3llF o] AAS PRZIAIR & EH
Z1-g-(24)°12H=A] collagen®] 373 £31(22), WU o 28,
e £X A8(25) 5o A BAS BFEH AAdAME T
=2 ok A AAF S ZHo] dtke A= HreiRT). Wk
ollz} AA-2GE T4 &9 FollA 3] wiFel FAAS
ZA L AIE Wellxe] AAS] BElF] 7l AT 7hsettt

AA-2GOl gk ZP| 2% A7 23 F9] sh= Badillus £50]
Aaksh= Bao] 491 cyclodextrin glucanotransferase (CGTase,
EC 24.1.19)°) °J3l] gl 7Fsslthe ATk, 7). CGTasee
starcht} amylose, amylopectin, maltooligosaccharide 5] 7129
2+8-3te cyclodextrin (CD)S 33k 4F Wl ©3o] w31l
cydlization ¥+5-(16)2 EA}7F Fo] ¥-8-21 coupling ¥-8-(21)
2 disproportionation ¥H-3-2 wi7|gHE tThrls Eaolth4). 314
Tt CGTase?] F2H4-& CD 34 W22 darch25-F glucose
6~8717} a-L4-glucosdic 222 34 JA% HIFAAZY o,
B, ¥CDE AJAksIt}y. CGTase= Bacillus macerans (1), B.
circulans (15), B. obhenss, B. megaterium, B. coagulans, B.
firmus (11), B. stearothermophilus (2, 19), akalophilic Bacillus
P. (20) 52 FZ Badllus & AMlito] Akl Aoz g
RO ALt F&o] 1] =R 13 Aot

FHT 2 Aydo] #Este] 543 Paenibacillus sp. JB-13°]
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7120 Ba1E Bacillus & @52 CGTaseR Tt AA-2G A4 &
Aol we AL FAAFAE 9) KA FIHH IIHE At
CGTase F-3AE AzFste] d49 i Aike Al=3HATh
TS AA-2G 449l CGTaeE AR 24 ofn] 55 o 3]
E AA2G A - AA A=HS B3 AA-2G T AL 71EA
< golstgit).
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cgt gene®] DNA TS £5317] 918 PCR BE-2 2 A7
oA Bzl FAH3I Paenibacillus . B-13 (3, 99
genomic DNAE template® 3}3L, forward primer (CGTase-F2;
GGA GGI ATA GIA TGA AAA GA) % reverse primer
(CGTase-R-Pstl; CTG CAG TTA AGG CTG CCA GIT CAC
ATT C)2 AH8-3te] predenaturation 94°C 5% 3] ¥, denatura-
tion 94°C 20%, anneding 58°C 20%, extension 72C 1% 7%
< 303] whESte] Pttt 5% DNA A=& pGEM-T
Easy vector (Promega, USA) S 243l DNA 471XES 2
Ao, 11 A7) 2,142 bpE 7137]9] ojn|ieaks: 9F5 3lE)
STHGenBank accession No. EU572721). ©] & N-ETk H2l9]
277 ohn):=2ke- sgna sequence® 2 A 0.1 (18), E. coli
A FPA77] 98l olE A FE-S forward primer
(CGTase-F-Sall; GTC GAC ATG GCG CCG GAT ACC TC) ¥
reverse primer (CGTase-R-Pstl)E A18-3}e] ¢ PCR 27102
DNA ZHES 5319 Pdl, Sl AlStaiE AFES] cgt
geneS U vector?]l pEXP7 vector (13)9] S 243l E. coli
DH50 (Promega, USA)ell B A8kt (8) CCTases A4t
%3 E. coli 52 T30}

AR
o R=
= =37

CGTase &4 &3

cgt gene®] WS F1Et] 9l o E E. colioh AEF E.
coli 5 28]a 8] 752 Paenibacillus sp. JB-13S 217} )
Fate] thea 28 W o2 CGTase B34S 79319

WA 71E F5<) Paenibacillus sp. JB-13 ¥l 57 A=
o) W FE, WY e Zete] mEeow
Agstel gl Agstgon 9 gwe test o
Sampledl]l 712 [5 mM o-cyclodextrin (Korea food materials
Co., Korea), 25 mM surcrose, pH 7.0] 300ulS ¥-& 3 45°Co]]
A 3 AIZE E<t vkEEk T 100°Col A 5EZE 7HEEt S
AAA1Z] 3 glucoamylase solution [99.5 mg  glucoamylase
(Sigma Co., USA) in 05 M acetic acid 200 ml, pH 5.0] 500
uE H71ste] 55°Coll A 30 Bt WHE-AIFTE. BHE-H-S Somogyi-
Nelson'] (17)& A&t 540 nmoll X 355 =331 #2ld
TS SG3HATh aao] 43S unitymlE FAISEAL, 1 unit
< 12l 1uMe] FAFE Agehs aLgo s Hefsiilon,
U] 2oz AikslTh

Paenibacillus sp. JB-13 CGTase #%Ix}e] 29 2 ¥ 75

(Sample &3 = 3 - Blank 33 %= 3t ) x 49.96
1477

SRR

CGTase 2| i = HE

HiA g B S 2aE Ao 2N CGTased] 4 A
A 208 ARSI, WA AR EME 77t adl, Aa
€, e 3 A(NaC)e] T=E Feste] Rk & 37°cellA
A wjgste] i sl 1 e pH B a4 B S
AT AF 2A0FNE 7] pHe} 571%, FEFS 29
sto] 37ColM AR vt = 1t Ko} 1 v e] pH H
CES N

CGTase?| HA| & AA-2G it

T5E AZXY E coli #75 A8E HA A Lud
3 F ol wjdl g acoln 24122} (15000xg, 20 min)3
T F5AE 50% (NH,),S0,2 FAska F43le] AA-2G Aat
< 9 2EAN 0 ARG AES T2 E. coliz} AL
= CGTaseoll 213k AA-2G A4 A 4L olv] Rag
AA-2G 9 X1(12)S o83t AL AA-2GS] A4S
HPLCE A&t Fastlom, 7 2318 okt 2ot Pump:
Waters 515, Detector: Waters 2487 (UV 238 nm), Mobile
phase 0.1 M potassum phosphate; phosphoric acid (pH 2.0),
Column: Capedllpak C,4 (Shiseido Co., Japan), Injection volume:
20ul, Flow rate: 0.5 mi/min. AA-2G %532 Y& Kinki thet
AEetate] sakai wWAFENH FH o ARSSFATHO).
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A o oE
cot Gene 47| MY &A™

R E cgt gened] G71HES GenBank (NCBI; http:/Avww.
ncbi.nim.nih.gov)ell ===o] = CGTase A4t Badillus &
7] cgt gene?t Holl 98%°] FEA S HERNATHA S HIAA)).

CGTase M4t &0l

LB brothol] CGTaseE A4kl AZE3J E. codli d55 HE3)
o] 37°ColA 9AIZE RSt wlgdS ARSI A
Sz FA2 2Esle] CGTase B4 24 A7 ASHgXE
gAdo] YehtA] ekskor #A) shdol] SAjo] Flxo] B
57} A4Fehs CGTases AIE W 42 ATE AT}

CGTase &M MM = HE

ANZ3 E. coli #52] CGTase A4+ A2 218 24317] 9
3] ghAel, A4, QA do] 3 2 A7te] RE 2
ste] il AIZE Aol W o] S " g4 S o

I} o] HESIH

(1) ©adle] 33
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718 8= LB viRlel| 25 ©AYe 1.0% H71e & 37°C
oA ek wste] HEdt Wl we) 84 S48 2 o A
T2 =239t 2 A9 9490 ZE glucoeE AHENS
o 7P =8 SA4S JdelItk(Table 1). &4 ¥ I
< glucoseE 05%elA 209714 sl &4 848 A
Aok L A 05% wEY W 7P =2 248 YE
(Fig. 1A).

=
32
o

(2 A9 ITF

LB wi#]ollA] 1.0% tryptone®} 0.5% yeast extract thAl z}%
AAYE 10%Y "7t SF3dY. 1 29 1%
polypeptonedl| A 71d =& &S YeEItK(Table 2). 249
Tl 93-S glucoseE 05% 371 wiA|dl polypeptonesS
10%eIA 5.0%7HA H7tete] a4 S48 248t 1 A3
50% =Y o 7P #2 E4S JEIO Y 3.0%, 4.0%9]
Adkel mluste] & W 2 Ao|rh wHSIER 3.0%9
polypeptoneS- 34 AA9o g A3 THFg. 1B).

(3) Ak FTF
0.5% glucose®} 3.0% polypeptone®] -2 v R]ol] 25 21
AL 01% F78led S8 01% KHPOIAM 713 &=

flo

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

Carbon sources Cell growth Fina CGTase activity
(1.0%) (OD 660) pH (units/ml)
None 043 7.59 84.6
Glucose 2.60 497 2165
Fructose 215 5.86 1005
Maltose 1.96 6.98 89.6
Galactose 2.29 5.37 1285
Soluble starch 1.86 7.08 100.2
Corn starch 167 722 86.2
Potato starch 159 7.23 88.6
Trehdose 157 7.22 89.6
Inulin 144 7.32 92.3
Arabinose 147 7.33 914
Raffinose 146 7.36 92.3
Sucrose 199 7.25 103.6
Inositol 133 7.44 98.4
Lactose 221 5.40 1036
Xylose 1.99 7.22 88.4
Mannitol 162 7.33 87.3
Dextran 152 7.36 90.1
Dextrin 225 7.19 1319
Mélibiose 1.86 7.06 9.1
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A4S Yepdth(Table 3). 49 w5 JF2 glucose
0.5%%} polypeptone 3.0%= H718E vix]oll K,HPO,Z 0.1%01A]
05%7HA H7ksted A3kt 1 A9 05%Y W 7MY =2
24 RO Y 0.3%el4 05%7kA]2] tol7t mim|stR s
03%= 32 -2 245 tHFig. 1C).

(4 A(NaCl)2] JgF

0.5% Glucose, 2.0% polypeptone ¥ 0.3% K,HPO,°| ¥
Hizlell NaCls 2+t ke w52 3riste] S48t 1 23
05% =4 uf 71 =2 €498 JEMIUTH(Fg. 1D).

HA 2108 EUE AT 759 7€ oY 7 S5 ¢
CGTase 84S 39138 A3l= Fig. 29 23Utk AxF =+
71& o792 CGlase 42 vludt A7 AxF d5+= o
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Table 2. Effects of various nitrogen sources on cell the growth and
CGTase production

Nitrogen sources Cdll growth Fina CGTase activity
(1.0%) (OD 660) pH (units/ml)
None 154 6.22 100.6
LB media 315 492 250.9
Beef extract 267 494 190.8
Yeest extract 3.09 497 256.9
Tryptone 314 484 260.4
Peptone 2.98 523 124.3
Corn steep liquor 244 533 122.3
Polypeptone 329 4.96 286.7
Casamino acid 212 512 1108
(NH,),S0O, 166 6.01 104.7
KNO, 175 6.11 943
NaNO, 150 6.10 98.7
NH,NO, 151 6.17 1004
NH,CI 162 6.20 100.6
CH,COONH, 153 6.19 9.3

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 253 5.67 270.8
K,HPO, 3.06 6.33 329.3
Na,HPO, - 12H,0 264 514 280.7
NH,H,PO, 259 5.10 2815
NaH,PO, - 2H,0 277 5.22 296.2
KH,PO, 244 5.18 248.0
(NH,,HPO, 2.02 514 226.3
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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).

Paenibacillus sp. JB-13 CGTase A1) S22 2 ¥ 77
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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 Capcdlpak C,g 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).

1471717 640 unitgmie] B9 7HA 712 5ol HIs) 70%°]
F4E JEATH SR cgt genes directed evolution Fef
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AA-2G it 24

ANZF FFoNH GAE CGTaseZ AA-2G A 270 24
3lod AA-2GE AAHSEIL HPLCE ALg-sle] 4931 At AA-2G
REEFFH FE AA-2GE TLT peakE UERASITHFG. 3).
ESE AFE AA-2G HHS ARE 20l 1 unit o-glucosidases
Aelsted AASE glucose® FElEE HRIT 5 AN o=
AA-2G7F AA el EA8= a-glucosdased] ]3] AAS}
glucose® &= o] AAS] AE]F 75 UERHS Wsee 4
Fo|t}.
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ABSTRACT : Expression and Optimum Production of Cyclodextrin Glucanotransfer ase Gene of Paeni-
bacillus p. JB-13 in E. coli
Hae-Yun Kim?, Sang Hyeon L e?, 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, 2Department 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, Dagjeon 301-832, Republic of Koreq)

The purpose of this study isto clone cgt gene from Paenibacillus sp. JB-13 and to overexpress the proteinin 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 cgt 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 vwwm. The synthesis of 2-O-0-D-Glucopyranosyl L-Ascorbic acid (AA-2G) using the CGTase
expressed in E. coli was identified as AA-2G by HPLC and HPLC confirmed that tresting AA-2G made by
cloned CGTase with a-glucosidase substantialy produced AA and glucose.



