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X}C’d?ﬂl"ﬂ W] EAshe BElE cellulosest €0 2124
oA =H 2 3Lt starchl} glucose®} o] AEEa] ofid
Yoz A )“‘:' B3 BB, v odsiAl 2= 2lh32),
o] & starchiz AAA £A8Rs 7P 243 Alxe A8 A
Aedgs 7 T2A QLT T o EEE fder, A
X el A Akt FAvh sl 2 A7),

Starch= FfFe 2 44 57 +2F 7HAE glucose A4
9] amylose®} plucose A+ Al w16 A 2715 752
£ 7HX= amylopectm® 2 FUE o] Rk, 2T starchE 77
R8s BA2EE o-amylase®} B-amylase, isomaltase, gluco-
amylase 5-°] ATH26, 3).

c-amylase(24,300s alErelns & ot g, AT
HEolFel ZAEY randomF FAl(endo-actng hydrolytic
mechanism)© 2 starch®] o-14 FE2AE A9 5EHE
Zv)&le] amylosed] A= maltose?] E2FFS A4S amyl-
opectn™ A= glucose} maltose Sl A4 2 B4 A3
¢] ohgosaccharide?] EFE-2- A4,

f-amylase(5,27,14y= B8l E4e s 319 oramylased} w}37}

AR o4 FEYIANZ A 23t vl el AR
maltose G = 26l5}7] W&ol amyloseZHE maltosedt 473
3L amylopectin®l] BHE-51AX = o-1,6 AT A0 A A8l
FAEER maltose} limit dextring A -HgT}

Isomaltase(§)E A4, F o-1,6 SEFAI= AFTE
519, glucoamylased)= o-14 L w-1,6 AT 5
o] #&) 100% glucosed A-4FHY,
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53], gramylase= FEA G A7, 74

9 ks 712E randomsl) #5540 Rli, =EA
o} el g W ol e ol e =2 3dE
_“iol» 97 Slok e EA Y A YUE %ﬁlb} —l% A2

Fogel wal WY 2EE 2] d@ge g A de T
Sith= el fef Aot ekE, A, ¥F, Fol 4§
gk AFE 3 -84 ok ]ITH(10).

FHH, S0l F9 veast(9) Ao, AN Bacillus amylohque-
Jaciens(29) W B subtlis(28), B. stearothermophilus(3l), B.
coagulans(213, B. licheniformis(2,23), 8. cireulans(13) 5225
B] f99 cbeks 2572 gramylase §-HR7) Escherchia coli®l
% *é%@ﬂ el o] darg vl 3ok

AT e B circudans KCTC3004 THE5E F44 o
amylase LA7E 225t E colf DHSo] BHEA1Z1 & 54
749 B0 BAS sk

Tz o g
ALE oF Y EElA0|E
B A7) AMRHE gamylase 3R] g d52 Bacillus
circulans KCTC30M4GG o, F2AES 98 T2 E coli
DH5o[supE4d  AlacU169(D8G  lacZ AMI15}  hsdR17  recAl
endAl gyrA96 thi-l relAl]l7} AFEE AT 9, clonmg B
subcloning vector=-= pUC19(1)°] ARRE QT

BHX] 2 ME =2

B. cirenlanse B ’ﬂ_&t]ﬂ])ﬂ Q%—‘ﬂ FAAD ﬂ/ﬂﬂHZ]?_] LN
Bl #[(0.3% becf extract®} 0.5% peptone, 0.5% yeast extract, 1%
tryptone, 1% NaCl SHHE AHE8te] 37ecel ] 2% HjskshE e
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], E cofic LB(0.3% veast extract®} 1% tryptone, 1% NaCl
T LN BR2 AR, oA 37°cel A A vkt Ent dd
Bl Ale] Zfels LNolu LB EiAlel #-S 1. 5%(wa)E A
A7lslden, dHAPAEL MacCONKEY &3 HA]9
ampicilling 100 pe/m=A THAA dEEYh a40898 1)
Bl 9@ AFA ] AE S M 7178 starch(0.3%) 2
ampiclin{100 ugimiys HrFste ARESIY-

DNA2| 22

Doi2] ¥ (2512 #A3] 71448} chromosomal DNAS £
). ZElAns DNAE 1 45 oE) A% T Tek]
rapid  alkaline lysis® (1833  WizatdTM  minipreps DNA
purification system'H]-S- ]85} 2]t}

=g ELtA0|= 4% & FEFE

Bo) A% B circulans®] chromosomal DNAS Psid AZLE
22 Adste] Z7] 1-10 kbe] DNAS 9& &, CIPE #F3
pUC197} 14°Cel 4] 16413 BS) ligationA)# E. coli DH5a%] &
AR o FAAE-LS Hanahano] 293 3348 #"H3) §
Hated HAISHETHS,16).

o-Amylase FE2| M4

Ampicillin (100 pg/ml) $HF MacCONKEY 9| A elA] AJ-5-3}
= A 2FARH 2 20T Hol 32 Fekealony)d B4
BT AETS AEeAT o]5E 0.3%Y starchS} ampicillin
(100 ugimfe] H71e 3kd HEapa]o) toothpickingdt F 37°CH
A 18417E B2k Wl ¥EtATt. 18T Todine W (Mo R FAE
F(halo) B4 75 BEASt FES AHIAC

44 =X

HAAPAES 10 mi2) LB(ampicillin 50 paiml ) 1A
37°CE 13A17F 54 e ke & 14,000 goll A 1087 A4
sk Agdls gSsta, 3L UA XA 3 Perae
Z5 3 AE T4 7| {Heat Systern Inc. Co. Type XL2015)% 20
kHzell A 387 2830 Azldh v 14,000 golA 108 €94
Eelste] ATRE A o] F A aadE BEAEA S
starch 7F=iE2l 4FE ER18 $13 5400 7 AMBEE,

B4 &3

1% starch7} F7Fg AIEZAF AF890.05 M, pH 3.6/% 5
g 7hge ok, 12,000 ge A 108 ¢ 9RElEe] de
AENE Fh gl 71WE ARSI 1E £ 035 mid]
AN 05 miE Ak 45°ColA 1027 ¥R2A)# T Starchy )
TFEIE AAHE T 3,5 dintrosabieylic amd(DNS)] 23
W19 Wk 550 mmell Y FE=E g5 v EYe ¢
Faturh fig7)d vhgo)A 18 7t 1 umole] IS A
Ao BAHE 1 wnit® HAS 0

SDS-PAGE ! Zymogram(Activity staining)

B. circulans @ -amylase®] 324 113

ma wRd 2 ¥ 4U2 P Ead AREL
Laemmi 53 15)%] whel 4213430},
HRAPEA

1€ 10 mie] &A4-84F FHFafA] oA 37°C, 24417F
E9F el kg T 14,000 oA 1087 DRSS ME
AAE 1 mi2] SDSPAGER sample buffersl] 591 o2 587
wBaD 91& 0.5% starch? E71HE 12.5% polyacrylamide gel&
AREERed 200 VOlA 607 AZ|AES F FUT gl WS
o & 7= Coomassie blue FJeko= G430 Zymogram
S 1A gel€ 0.25% starch?t FH71E pH 682] 10 mM
Trs-HCIZ A&% & thA] FY 589004 a7C, 1243 &
oF 54-7)d WhE-2 ABAIFT o]0 iadine E-HL® 30E1E
Aatdka B AN (haloys BEEHD

Thin-layer chrematography

Starch 7[528] 2HE-2 thin layer chromatography® S @18,
AEEr 29 0.5 mit 1% starch §9 1 mie] TEAS
45°Cell A 12417F B2 24403F E2t 9hR-A1Z] 3 Silica Gel 60
TLC plate(Merck A% loading3lth ©] Wl isoamylaloohol :
ethano] - ammonia : water(50 * 60 ' 1 : 30, v/v) £ & Sujz &}
o AT & FrIEAA ARAIF|D, 5%2] 4-methoxybenzal-
dehyde(C,H,0,, An822314, MerckA]), 5% H,80, 4 %9
glacial acetate 2|2 00% 2] ethanole] EFH £S5 FHAlS)
Z120°CA A 1081 A FTE

g

o-Amylase FEAS| LHEZUES] 224

B. cireulans KCTC3004 =285 B2 A#E chromosomal
DNAE P s AYst ¥ 37] 1-10 kb BHEH Pl ® &
A5 Adsle cpE JE§E puc1sS ligationAZ] oS, E
coli DHSeo] BEAEAA oF 10,0007 FAAGA S B35}
Ak o]+ starch ¥ HohwjA|d]) 25 toothpickingd}h
iodine GAHe = Hds)] B Za s AF RS dA43)
€ T A9 S8 EeE st o] FAMBA=RH S
£0= DNAE #2I8le] WA &5 753 £ coh DHSeo] A
HAFGAA B A3} 2% gramylase SIS G539 o] A
Z% Fepan| Sl &5 gadld)A] obEEA & ARES 3
Al ampreillin &2 8F = A spel|A] A ATiEl R &
s Hle 4 ARt

g A 54A

o-Amylase T eER)E dZAAERA R oE2R Y Az
T Zefir] = DNAS Rejele] prlo MU § H79eS
% 23 58 kb9 DNA band7} A5k 922 1Esdw,
o] AEH ET0 =T pALSS0S 2 HrEgh

=g E2tA0|=o HBtEx R
o-Amylase 84S LFERAE pALSSO AZE THAr|EE o
2 7hA AdEAR dddte] Agad xS AT 29
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pAL850
(8.5 kb)

a-Amylase gene
fragment (5.8 kb)

Fig. 1. Restriction map of recombinant plasmid pAL830. The thick
bar represents Psfl fragment of B. circufuns DNA inserted into the
pUCL9 vector. Symbols: Ap, ampicillin resistance; B. BamHI, Bg,
Bgill; E, EcoRT; H, HindIIl; MCS, nultiple cloning site; P, Psi; Py,
Pvull;, Sa, Safl; Sm, Smal.

PHENQOTYPE
m H By 4 P
pAL850 +
Me8 5.8 kb MCS
E Bg ﬁz E
pAL780 _
B
Bi pALBO0  _
;& pALE60  +
3.9kb
Sm 8
— pAL690  +
4.2 kb

Fig. 2. Subcloning of c-amylase coding region from the cloned
pALRS0. Symbols: B, BemHI; Bg, Bglll; E, EcoRJ; H, Hindlll, MCS,
multiple cloning site; P, Psil; Pv, Pwull; Sa. Sall; Sm, Smal; +/—,
plasmid conferring or not c-amylase activity.

Fig. 13 &gt} A% DNA T@H = Bamtl, Bgll, EcoRI,
Hind, Pyull, Sall T2) 1L Smed 121771 EASFHT Kpnl,
Sacl 2238 Xpal SIAF-H= EA1817] BT

Subcloning

pAL&502] c-amylase B33} BEE 58 kb DNA THHE 4t
ditakg dolr s BAFs 58 5] Hste S AR
A2 Hekslo] WA subcloningS A=Y CHEE. 2). pALSS0
& BgMz Hrala] 0.7 kbl Belll HHS B2 & 78 kb
7] FHE selfligationAH 2 gramylase /45 HolX] oF

Kor T Microbiol

Table 1. Activity and localization of an o-amylase wn E. cofi
transformants and B cireulans

Activity(mU/m! of culture broth)

Strains Culture Cell . Halosize
supematant extract on plate
B. cireulans KCTC3004 10¢100) 000y 10(104) +

{gene donor}

E coli DH50t 106(100)  ++
(PAL8SD) 363(90)

Numerals in parentheses represent relative distribution of the enzyme.

43(10)

Table 2. Substrate specificty of the a-amylase produced in E. cofi
{pALSB30)

Substrate {mUiml ?; ct:u‘iltlt?rc broth)
Starch 406
Laminarin 0
Lichenan 0
CMC 0
Pustulan 0
Mannan 0
Xylan{oat spelt) 0

All reactions were carried out at 45°C n 0.05 M citrate bufter, pH 3.6.

it} 58 kb PARHE BamHl EAE EUSe] 2
13 kb TS pUCIO® subclonng?t 2T} HA] o-amylase?]
&gE& vehiA] gl

58 kbe] Psfl AUDAE B3l SallT} Smal E45Z ©F
Hebgk ok paLssoe] sl AYeEad ZUdg o m
subcloning3FHHY c-amylase B8 BHTH 22 wPHo = 53
kb2 Psg AHE HindllIS} Sall A2 0)ZH TGO R 39 kb
H@HE THEo] pAL’s0e] Psd T WIRIEEO R subcloning
gt A3} gramylase Z4o] vjehdol

Do MME sS40 M=g FHETEHIL diske &
20| S vl

HE REE FA48AE dolir] f8] ARE v Yt
ME Z22E2 U E 718 starche| e FA8E 7ET
A= Table 13 2T} =, B cirewlans B8] d-amylase &
A wAWe 24517 Yo AR gl E EolEdch 2e]a
pAL8S02 93k £ cofi?] wramylase H-Ave T AlE]of] ©F
90%7}F FHrElel AT F 10%Fte] AELR EHIHST ®
3h, pAL8SOS FHiEH B colis Eaol W3 oF 4l AT B
BAE FEAMSEC S, pALSs0S TRl E conid] 714
EolA S DNSHS o838l Aoz AN 2 g 3
starch 7)Ao hajAet B35S Hgloen, Sfl=)/deag]
1odine G He] olsfiAxx FY3 42 HAKTable 2)

A HHFAIZH| WHE WSz S Aol #E
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Fig. 3. Production of an ¢-amylase by B circulans KCTC3004 and E.
calt DH5ct (pALLES() transformant during growth. The two strains
were grown aerobically in LN medium at 37°C. Culture supernatants
and whole cell extracts were prepared periodically and c-amylasc
activities of them were assayed. Symbols: O - O | activity ot B.
circulans; @ - @ , growth of £, coli(pAL850Y, & - A | growth of B.
circulans; A - A | activity of E. cofi(pALBS0); X 13, enzyme activity
magnified 13 times.

TS TF B circulons®} E. coli{pALE0YE LN Hf =]l A
ITCE 15417 BF wiFE wjokolE 10 miS] LN HiA ¢
1%{wiv) B2 247} HFate vjeba|dtel] me fae] 845
AANF e v HESYC fhig 39 vERd vie} Ze] g
ciraulansSt E coli DHSo{pALS50)e] AJA=Z AbHHEY B
circulanst HF F 14270, E coli DH3a(pALSS0)S] 45
ol A& F 1247bete) FA)7]e) xeeralth a-Amylased]
o 2 LS B ocirowdans® AS 164 7E9H), E coli DHSo
(pAL850)2] BRelli= 1441710 HEAdol =L2E F o E

& FREKIY &, B484E ASdxe A v &
Vet AEAS A7) o]F ELAE 2 FUES &
AT}

Relative Activity(%)

2 4 6 8 10 12
pH
Fig. 4. Effect of pH on activity of the o-amylase. The enzyine reactian

was cartied out at 45°C for 10 nun i 0.05 M citrate(pH 3-6), 0.1 M
phosphate(pH 6-8), and 0.1 M bicarbonate(pH 9-11) buffer.

B. coculans @ -amylase®] S24 115

S2840 0|x| = pHe| HE

pALRS0E E#43k E coli DH3o} A4F6HE aramylase™]
vk 9] HAS dolRgt) g-Amylase B4ol THAEE pHE| 9
FRE Fig, 49} 20}, o] Hae pH 160M AP HAde] &2k,
pH 11 ool Ms 5L7) Ao B8A98kE 9t

2 oMM Y O|X= =22 YE

Zbe] 25 gamylases] S48 Fst] FA4AF0] v)A
= 2Ee 9L AES A= Rg 59 2oh o] 548 HkE-
A 2mr 45°cdrt o] A4 d <A Wis) 24k A
= Fig. 65 794 Bi= ule} Zdo] 40°C o5l ME 100%2]
k492 Bl HhEd] s0ecellAs G AFE Uit 70°C o
Aol A BEAQsEE & 5 ok

TLC% S5 2alAtEe] &9l
ZAH 9

AN 05 mid 1% starch B 1 ] EFYE
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Fig. 5. Effect of temperature on activity of the a-amylase. The enzyme

reaction was carried out at various temperatures for L0 min in 0.05 M

citrate buffer(pH 3.6).
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Fig. 6. Thermal stability of the o-amylase The enzyme reaction was
carried out at optimal condition after preincubating of the enzyme
solutions at various temperature for 1 hour.
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Fig. 7. Thermal stability of the ct-armylase. The enzyme reaction was

carried out at optimal condition after preheating of the enzyme

solution at the indicated temperatures for the different time periods.
Symboels: O - O ,55°C; @ - @, 50°C; & - A 45°C; & -4 40°C

1 2 3 4 5

Fig. 8. Thin-layer chromatogram of the products released from the
hydrolysis of starch by the c-amylase in £. coli DH5a{pAL8S50). 0.5
mi of whole cell extracts were mixed with 1 m{ of 1% starch(0.05 M
citrate buffer, pH 3.6) and incubated for 0, 3, 12 or 24 hr at 45°C, and
each sample(lane 1, 5 ¢; lanes 2-3, 10 uf) was applied to the thin-layer
chromatography plate. Lane 1, standard glucese(G1) and maltose{G2);
lane 2, oi-amylase reaction for 24 br; lanc 3, -amylase reaction for 12
hr; lane 4, o-amylasc reaction for 3 hr; lane 5, before start of o-
amylase reaction.

45°Co A 32171, 1274138, 2E|T 244)2F ¥R2A1A TLC Adell A
I AAES A A maltotriose(G3) o] TER ol
g BalabZe]| 3 0m™, maltose{G2)2} glucose(G11E A& B4
HA] 28-S o4 5 UAKEg 8). HE 22HE amylases
AP gramylased S o 4 23t

Kor. J. Microbiol

Fig. 9. SDS- PAGE analysis and zymogram of o-amylase produced by
E. eoli transformant. Lanes [, 2, Coomassie blue stained gel, Janes 3,
4, Todine stained gel; lane 1, high molecular weight markers(200, 97.4,
68, 43, 29, 184 kDa); lane 2, 3, E coli(pALE5Q); lane 4. F.
eoli{pUCI19) as a control.

=XHeF £ 9 processing 017 &2l

pALBSOE #Higt tidd EFES0] Adske & dYAES
Y £330 =2 SDS-PAGES sl wild 27 ¥ |43}
zymogramS MIn - BHShgch 2 FA o] 549 EAREE
550002 2 FHHHO™  zymogram| band?F pALB50e] 2+
lanerit} Byl wEb 2R )3T periplasmii A
processingS oW FeTha AR THFg 9),

a0

B. circulans KCTCI0MERE F3) o-amylase -4 DNA
TS 7 AR FERAN|E pALSSeS EAFS] B A, 58
kb Psd DNA ©dc] HY=o] lglen, o] UH-g §-u]s
dutsto 2 AT A ST SmalO.F o)FH Sl 42 kb
3 wAS TEe] pUCIsY] AL = subcloningd)A v,
HindlI$} Salo® o|5EHTEe 39 kbl dHE TEY
plIC199] &delidko 2 qubcloning®tH ek 4] a-amylases] £49
o] VJeRRTH (Fig. 2). ©1HY £239% DNA @FHo] g =7
9 gwigke 2 Sof7lAY, 7|7 SolEWA g e ouEke
2 Al nse dgddeada s FEE oamylaseE TEAE
% qithe AL ZE4E DNA 22 WEe] 152 promoter7}
231 Q13- AlAlE] Tt

£ coli DH5u(pAL8S0Y| 25 B crcnlans B T A9 E
oF qouf] AL Holi AE(Table 1) FE £ coli DH5oA
FAS T A=Y S =Y copy ol FukE fraAke] 2%
of m Aoz AR

3, £ coli DH5opALES0)7} AIEL2] A7A 7)ol T glo]
A AT HaHos e HEsts A0R HolFi.
3B Aol F2YE A AAAVEE AEA 94 =
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Table 20]| 4 432 vlol] 931 Besrculans KCTC300490 4]
F72Y ¥ o-amylases starchitE Q15 £33l A=A Q)
amylase®] 7|2 F0]/408 Ko ¢}

SREHE FHAo HA pHY £5= 22t pH 169 45°CHE
B(Fig. 4, Fig. 5) ¢] 2= FEYEH 547 Kim S01)7
Nishizawa 5(22)0] B3k 24 Fe Gde]d aihSas 2
581 A4 pH 9ol A PAEE Bo] 3 Qo)

Thin layer chromatography<ll 4] T-&€ ZAAE n|Fo] B o
(Fig. 8) B. circulans®l X F#13 o-amylase?} soluble starchS
FHEE sl AlA  maltotriose(G3) o428 TRAES AAFED
maltose{G2) H=+= glucose(Gly= B3R Xt o2 g &4
2 Kim 5(12)% Na S20)c] Badl ble} -falae), ol 22
HE 5247 acamylased= ViEbdTk w4 ¢l

E. coli DHSa(pALBSOEN-H €L H4 A|&F 7F=]T SDS-
PAGES} zymograms T3131538 of &40 @47} 27 ¢
FollA ehbe Aog Hol B colidlolA] @) FE
73t processingS YofupA] 928 Ao w 22 HATHFIg 9).

grom B @34 T Velr} pALS509] o-amylase F-2A}
ool FPIME A, 2484 2 Adg 54 1pd, 283
U type®] amylase B4ETY] F5E-E 93 ey 7
& e 2obd fap e, Askery nea 845 39
M FaF AHE o dg ¢ U Aoz AlgE)

#dAle| 2

2 G 19989 ARYw ey Al o
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ABSTRACT : Cloning and Expression of an Acidophilic c-Amylase Gene from Bacillus circulans in
Escherichia coli

Jong Seok Lee,! Ji Yeon Kim,' Han Bok Kim® and Dong Seok Lee*(Departiment of Medical
Laboratory Science and 'Biohealth Industry Upbringing Center, Inje University, Kimbae 621-
749, Korea, Department of Life Science, Hoseo University, Asan 336-795, Korea)

A new gene encoding an acidophilic o-amylase of Bacillus circulans KCTC3004 was éloned nto Escher-
ichia coli using pUC19 as a vector, The gene localized in the 5.8 kb PsA DNA. fragment was expressed inde-
pendently of its orientation in the cloning vector showing enzyme activity about 40 times greater than that
produced by the original B. circulans The optimur pH and temperature of the cloned enzyme were pH 3.6
and 45°C, respectively. The enzyme hydrolyzed starch to produce maltotriose and maltooligosaccharides.
The SDS-PAGE and zymogram of the enzyme produced in £. coli{pAL850) indicated a molecular weight of
55,000.



