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BOE M b A 608 KIS M A Alicsclobacillus acidocaldarivs ¥ E B oK #8500 K B {amy ), 1 A H £ K 3003bp, & &
1301 A A8, iy T F49 140kD. HAE amy 5 5 LB E XN H B E.coli L H pET-2b( + )R E A8 E P pastoris £
AHR pPICOa, B KB H B kS B PR T AL, AAPHEFEHBGEE. THFTREOBES AMY #4777
B HNFRLTCOSEFHA, COWARE pHI.2, A pH25~4 6 RAA, HEFRFRE 0% AL L, C6IREREHE 65T,
BETOCTFHIE I min, GEB RS SO0 L A ARG TEAABE OO AR, £ TEH any A + 1174 -
+3288bpt A B B B amy’ &K 2115bp, %A 705 M RAM A £ ool AR RARA R B EIL.
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Abstract The g-amylase( EC 3.2.1.1) from the Gram-positive Alicyclobacillus acidocaldarius was one kind of thermoaci-
dophilic enzvme, with optimal temperature and pH of 75°C and 3, respectively. The nucleotide sequence of the gene amy was
cloned by PCR. The gene amy was 3901bp long, comprising one open reading frame encoding a polypeptide of 130amino
acids. The caleulated molecular weight of the a-amyvlase AMY was about 140kD . The gene amy was expressed in £ . coli BL2]
(DE3) and Pichia pastoris tespectively, and both of the cloned proteins had bioactivity. The activity of amylase expressed in
P. pastoris was further testified by amylase activity staining. The a-amylase expressed in P. pastoris had been purified and
characterized. The apparent molecular weight of that was about 160kD acénrding to SDS-PAGE. The optimum of pH for the enz-
yme was pH 3.2 as the native enzyme was; but the optimum of temperature was 65°C and a little lower than that of the native
enzvme . Above 50% of relative activity remained after incubation for 30 minutes in 70°C.. So the enzyme expressed by P. pas-
toris was also thermoacidophilic. Moreover some sequence was cloned by PCR, which ranged from + 1174 bp to + 3288 bp in
the gene amy . encoding 705 amino acids with the calculated molecular weight of 79kD. The truncated gene amy’ was expressed

in E. coli BI21{DE3) induced by 1 mmol/L TPTG, and the expressed enzyme also retained a-amylase activity.
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a-TE KB (L, 4-«-D-H K BEH KB 85, EC
3.2 L DBREBBLLIE M OV Y, A TE B BE G R OK
La-oD-EEEHE. HOCHEMH EHMBEENL
B OHEFTHMEERARAEECE REN
T TEFRENRREEIESERET TR
FHFR OBRTARE S UALBRNADR «&EH
Wi H #5385 pH &4 pHS.0 LA | ETRBE1E & (4 (pH2
~A)TREERR . R R IR D,
EABUTFENE. FEERYE o EHBEHTE,
TAe & T R HAE Rk R HR B TR Ry 7 T LM
B R IT % 5 L A (8 R # Bl S F R R L

B 3h 0% 31 BE AT B Alicvelobacillus acidocaldarius
( Bacillus acidocaldarius ) & —FF i = 18 BT R
WY EEHCESERN IR ZHEEYE il
R - MBI EW L — . HBISZM B.
acidocaldarius Agnanol017  104-1A" #1 A-2" | Baci-
Hus sp. V1-18° SH R or B2 T JL# o-TE #9188 , iX
Yo o B EGE fEF pH 3.5 A h  BRAGIRE 70 ~
5°C . 4r F B 4E 50 ~ 70kD. (G Ah 4. acidocaldarius
ATCC27009 %7 73 B B 4 — - Fb o B 1 o3 B AT AMY .
G F R 160kD. M EE o E BRSNS ML AT B
WA BT RTEEAGTE A B AT pH3L0 RAE R B
BCEMAKE T Ca . HiEH L — T
EE BELNEXEO-SEEEEN. BELIS
[ fEf T N-SEF Aspd66 3K C-¥ A Ey 100 BT
B % ~EBBENEA an £ 3903bp, 45 1301
S ECEERE, B A FA S R 140kD I EEE
ZIERGHEPHEEEE RETYEA KN
WEE

Hui7E e B P pastoris F 3K TE ¥ B B 4R E
ERE R AWk R T AR o AR IR
AHF 5T IR IE TR M B P pastoris H IR T A
acidocaldarius VGRS TE - TE ¥ BE AMY . LI R #151H)
CTEMBMEFERFRIET «ERMBEHEN
amv ZEBBEXKEBTEE. coli PRy FR IEE R
KT E K B e B A

1 #EAeF %

1.1 #H

1.1.1  EF RS A& M R R P G 0 B R
Alicvelobacillus acidocaldarius HALBRERT RE
K K% A 2.5¢L (NH, ), SO,,
MgS0, - 7H, 0,3.0g/L KH, PO, ,0.25¢/L CaCl, . 5g/L F¥
RHEECYD B R A U Y B 3R B pH3.5, 60°C (L FE

0.2g/1.

3. KBATHE E. coli JM109 F1 BL21(BE3) | 5 o B
B P pastoris GS115 ¥ ALK ERIF .
1.1.2 #iE KB B REKE pET-22b( + )W B
Novogen %3 7 , 2 7% BB R R R R K pPIC9-o A
1.1.3 FERAHN AIEHEES IPTC X-gal W B Sig-
ma 7S RE A EEE. RABRKS TEITEWRE
Bio-lab 2% &, Taq B8 #) H TaKaRa 2 A, P ir T & 5
AEARHZN A EE A Amersham Pharmacia 237 .
B FREEEARYW A EEmRRRERTIARS
7, HE Ny At Al
1.2 ki
1.2.1 o YE¥ B E MM E R A Somogyvi-Nelson 7
L o VE W ERTR MR (TU)E LN HE 60°C,
pH3.5 B9 &(F F. B8 « T8 TR
P Lamol W FE CAE FEE BiD) WHEAEE A
“ATEME AT E R IE B b A 20mmol/L £ ME
1 . Smmol/L CaCl, F1 Immol/L MgS0,, HiKZ B8 %
pH3.5. MY & MWl & 2 Wil E MO KT 1%
(W V)L A3 R R RIS 8] 10 min . R &
2ml. & ImL EP A Iml ¥ BB R
1.2.2 «E¥MEREHA amy i) 70 [ . 2 B Alicveloba-
cillus acidocaldarius 5 DNA FHAR 5 Koivula % 3R
EEGT P A 3 gl o Bl PL 0 P2ZLPS
Pe. P7 1 P8, H F Fl A: P1: 5’ gatctagactagie-
catggalgeacgigaagtggaca, P2: 5 atacggeeget-
cactttticgagagegalagg, P5: 5’ tggagelcageitgaagg, Po: 5
cgtegacggeglggtgel . P7: 5’ acagtgtaatgaactace, P8: 5" -
gegictgaaatceeeg - 7+ B 3ETT PCR 7748, 7 8 A B.C
R EE LR BITTRE S R pUC19, IR I R - B
EALEER anv B amy 7 1% 9) F A BUE pET-
22h( + ) k-
1.2.3 amv ERBHEITHREIN ~EHENE
WM RRIER & pET-22b( + ) F pET-22b( + )-amy 7
S L% E . coli BI21(DE3) .3 FRE AESY PTG
BIYE R N Tmmal/L.30CREHEEF 3 h,5000g #.L 5
min W05 B A, R E P RS R R E R A
ML KSR TR EER AR, A SR F R E
BT R, T RS E
1.2.4 amv {£ P. pastoris )RR HREE emv %
R 2] BB 22 TR B 1A pPICO-«, BEERANMIAYSE 4L A
BRI BEHBENEFRENESE hito-
gen F1E T-HE. WBMEAMEESBREETE
B L.
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B1 FEHARE pPIC9%-emy ZHHREE

Fig. 1 Construction of recombinant plasmid pPIC%- amy

1.2.5 o GEMBRHEAN . HE «EWMHE P. pes-
toris K BEW 5000g B0 15 min, {# FI 8 38 2 VIVA-
FLOW 50(#&H Sartorius 2 A] ) ¥k 45 b i Wi 3 3 4%
PP, BB B 732 8 A8 HiTrap Q Sephrose XL 43
EER.eSH TR, X 10mmol/L Z. 8B 7 45
Vi ARG TH, 83 - EHEHS.

1.2.6 oM BBFERNE: 457 pH 2.2,
3.0,3.2.3.6.4.0.4.6,5.2 M 5.8 B&MH TN ERE
%, wEHEAMERE pH. 2 B 7E 30C.40C.
60°C \65°C . 70C.73C.76°C .80C 1 90C F il £ H
MiEH, BERFERAMNBEERE. ERBONTE
EENE T ER : B2 HIFE 70C .80C 90 CHRIE 2.
5.10.15.20.30 min, XK f5 7E 60°C \pH3.5 M &K T
W € RS T

1.2.7 EH 8IS SDS-PAGE Bk & o fE
BIEAMY, EREKFEHE 0. 2% MR FHIER, B
K AMEANEEMBERIRSHE 1 h,E
BFEHERS IV CHRBIE, BB RABBE S
BE AREEFAERTILABEARBRRENIER
MRABEKF.

1.2.8 XAl K @R B a0l E - R s wp
ERESELTYRREMA EKWME AMY 3
UE ) B K R B, M 8 58 MR & B {1 Somogyi-Nel-
sontE ER, MBI 2.000g JIEHEY.ET
100mL /9 8§ 15 14 30 5E 22 vh itk , W0 BB 20mL 3 $ 3
Y SoL o FEMEF AMY MBI (BIEHERA 8 u)iR
H.600C TR, BR—B &R 0.5uL, | FiF
[E¥E. BE 10mLEBHE®, T 100CH T 30 h, 18
ERWETYRNRE.

1.2.9 EHEH B amy HREMEZ S AL Aliey-
clobacillus acidocaldarius . DNA N, § I T
P10: 5" pegaaticatgeaagegtatgeacatg f  P11: 5§
getctagactegagteacgtcaccaaaatggeacett, ¥ 17 PCR 18 B B
HM A B amy’ , 588 3 B BL pUCL9 3F 47 FF 5 i
SE LW amy’ SLEE B B R B Rk pET-22b( + ),

amy WESFREAMNBANEHAESHRRS 1.2.4
MR,

1.2.10 7E E.coli RIEMIINRERREF=YRKG
WEREE: 7B EELEDR E. coli BI21(DE3)
BIER amy IEBER B aomy’, EEMELETAE
HEIBMS 1.2.4 A EAER, 5000g FL 5 min f5
BERE,#HEOCH 30CHEB —EREEHE L
HHRTRE MRS

2 BR 5N

2,1 o-EMEBARBER aomy HEBIERERR
amy’ W52 B

FRERR o E MR HIBENE amy, ZHEHELK
3901bp, %4 6% 1301 N E AR, Mt o+ F & 4 140kD,
5 Koivula F'" R XM EHBRFFI LB, LR/ amy 8
+3556 MED GCTN C,RBEERERFFF
Ala1186 TR Prol186.

REINNEBERE any NN TEHE amy BT
+ 1174 ~ + 3288bp, £ < 2115bp, H ¥ 705 & £
M, B0 4N T &2 79kD,
2.2 f# E.coli PFix o-8 ¥ 5§ AMY

o-JE ¥ B 4 65 3 [/ amy 1 A B F ik RIK pET-
22b( + ) LS BIEH K pET-22b( + )-amy, LK
BHERRIELA T, BREAF. AR EHNEMR
£ 10% M SDS-PAGE LIk 2+ &, HHA— & FRY
HI40D MFEFHEAT(H2), SKEBHNEESF
BMY., KEHEEF EHERPEARR BN
W EAERERARS T EBANE R R
PRARMBENEES SEEARNBRENE
R LW EM BTG N 0.04w/nmL, KARENH
amy EKGITHAKRABRREL, BEABEAR
HEPFEENE.

1 2 3
kD
h M
170— — —AMY

116— wsssss

EH2 oEBMBEN amy 7 E. coli P ERIER SDS-PAGE
Fig. 2 SDS-PAGE analysis of a-amylase expressed in E . coli
1: Standard protein molecular weight; 2: E. coli with plasmid
pET-22b( + )5 3: E. coli wilh recombinant plasmid
pET-22b( + )-amy.
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2.3 {& P.pastoris P RX a-TE ¥ AMY

HEHERRT R TSPEIES 48h )5, 0 E
BEEFHR Y o EMMIENE, HEDNRE «EHE
WEATF, FEEKTFL, HbPEAXERENEL
FABH o TERBEIS T LLESR 0.3 w/mL BLE, 1
Btk A. acidocaldarius (751 0.085 w/mL 5
IfELLE . B3R M A9 SDS-PAGE 45 & , 7 160kD
EHNGEE EHRBREE (B 3A) Bl TR
X 20kD, o-TEM BRSO R KA 3B), #H
MU BERMES «ERNBEHEOEART,IEX o
WMEE L amy 1€ P. pastoris PEBB T REM S
W, MERAMEARAGEDFREE.

1 2 3 4 5

E3 o ERMER oy EEABEEHEEN
SDS-PAGE(A) Fl i #E B £2.(B)
Fig. 3 SDS-PAGE analysis{ A) and activity detaining( B)
of a-amylase expressed in P . pastoris .
I: Standard protein molecular weight; 2 and 4: expression
of a-amylase in recombinant P . pastoris; 3 and 5: Proteins

secreted by host P . pastoris GS115.

2.4 o EWE AMY AR sEFEER

T A B R B A S S SR P A B R AL o-TE
8 BB BB, X o TE ¥ B M
WYL, P.pastoris FiEH o TEH BHEE
R T RAKE A QSRR R, EREEE
FB pH o 3.2, 76 pH2.5 ~ 4.6 (7 [ N RB 5 tE R &

50% L4 E (B 4A). ERISEFERBESR 65C(H
4B), BE SR BE TN, £ 70C T4 Smin, K
EVEREE 0% b, EKHARZE 30 min, M
KRG8 50% LA E (B 4C).
2.5 o-JEHE AMY XA EERBRKERE
o-TEMYEE AMY 7K A) B PESE 8 , 18] R A R A (]
Bk B E PR EMN SR, £BEN 60T,
YR EHE R 0.5g BRI T, SuBBIER 6 h
B, B EERES TYRERRK 50%,40 h LIS
B 95% , WIS RS AMY B4 G 45 1 i K AT
BB (K S).

W
g

Maltose
concentration/%( /W)
3

0 10 20 30 40 50
tth

B oEHE AMY KEBEHBHEFES TYRNES
Fig. 5 The portion of reducing sugar to solids

in the hydrolyzed soluble starch

2.6 o-RHE AMY (EE KB amy & E. coli
*ik

SDS-PAGE %5 &£ (E 6) &, RFEMMEHI T
B% 80kD, SEMEAER S TEMY. KB
HEAFLEFAEERARE BEER EETHE
BEETE TN 0. 11uw/mL, T X 98 B4 B8 1A 0 o o K B A~
PIEHEIENE, X—FREYW, XHE omy £8ER
HEBKREBEMBEEE.
2.7 E.coli G BRBREFHENBHNRER

ARG R LT E. coli BL2I(DE3)RIEE
amy MEEE K B amy’ , A FIZE OCH FR(30C) T
B, MERETYRBOEEE T, £OTHEH
THRE.EQ AMY BEEM¥ERE 224 E
HAMY BEH ML S HE 1 h EA, TE30CKRH
THE,EH AMY BEHREERE I h AR &
H AMY'7E 1 h A¥R 80% Bi& 1.

£ 100 A g 100 B £ 10 - 70C ¢

2 g0 X 2 80 —a—80°C

£ 6 Z 60 Z 60 ——90C

& 2 &

e 40 2 40 v 40

s 20 = 20 s 20

E‘: 0 4 | ::; ol L 1 1 1 I 'I;: 0 1 1 L I
2 3 4 5 6 30 40 50 60 70 80 90 100 0 10 20 30 40

pH Temperature/'C 1/min

Bl 4 a-amylase AMY fERi5iE pH{A) EERE(B)HABEL(C)
Fig. 4 The optimal pH(A) , the optimal temperature(B), and the thermostability(C) of a-amylase AMY
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B — AMY'

6 amy 7L E . coli P FILH SDS-PAGE
Fig. 6 SDS-PAGE analysis of amy’ expressed in E . coli
1: standard protein molecular weights 2: E . coli
with plasmid pET-22b( + ); 3: E . coli with recombinant
plasmid pET-22b{ + )-amy’ .

—0—07C —#-30C

1 1 1
0 20 40 60 80 100 120
t/min

Relative 3>
activity/%
oB8382888

w

-—0C —#-30TC

Relative
activity/%

......

o2 3288

7 E.coli AMEERNFIET P AMY(A)
1 AMY (B)BEG M E
Fig. 7 Stability of the cloned protein AMY(A) and
AMY'(B) after sonication in E. coli

3 Wi

P .pastoris RIERGUHSN BRERZEE 7~
METENT ABREABBRBASR SHERE
REK, BREEFA P. pastoris RIEAKBETHY .
Y HEE o EHET  BRER AL RES
hRIAERIE T - EREHEGE, EABRT,
WERR P T 4 o-JE YA AMY TE P. pasioris ) KA
BEBARBIERMK A, acidocaldarius BT 3 FLLLE,
BHEABEREMY, M FXHLFRERHER
PRI AE, M S REHXER . FHT
#— BRI,

AR S EKBHF AR REN o T8 B
KW FHESY 140kD, SHE > TRM L, i &
P.pastoris P RIEW o« MBI RN Y TRAN
160kD, K F w4 7B, AR REFTOMEMLE

WG R . WiZo- BB EERFIISITRYE
11 MEER N-BEAD S, — 8L P.pastoris T
BRI REAONBESH 8~ 4 M HEWK, EN
FAOH EM N S A EEBRE R

EMREFHEKXBFRAAERBSPREY o
W EERNBRERE LBREMOBERERE A
FIRE N FFE, Mazke 5 B 8 T HEH AMY
TE E.coli PRKBEHBERERA TR, AHTHL
BRALMMERFEEARRR), HBFEETEEX
BB FRikay AMY RBEAL, T A. acidocaldarius
SHBEI AMY B—EB . AR KB, % P. pastoris
hRIAH AMY AT EED THRELES, HE
MEMNERSTERYS A. acidocaldarius 73 W ) AMY
MY, BEEERELXARBHEBK 15CTRE
65C, HIEH R ARIEREAEN X ERK.
A . acidocaldarius 5} 69 AMY BERAL T X2 O- % #
PEDO,MAE P.pasioris PRENIBESHEE
R — R N-EERES, RALEE 0-B&
BEA, #MEAKNEELU REREAR A TE
R MY EREFEAEBEN—1TEER
£, BUMEEAERHE—-FPR,

A . acidocaldarius [ B4 43 3% — ¥ 53 F & 90kD HY
o-TERY RS, BE T N 8 MMM E XS, H
T NSREEMED-I-N-D-Y", 23 F AMY Bk &%
EEBFTIAL, XEACTER AMY X8RS
EEMEHRMT . WK B AMY 1 & 28R FF 5
HMUESHEREA BTN KREREREN T
WIER - EBRMEERN (R) MBEHIE A LR
ZEHBE B f4E MR ' AT REIF AR W & N 3R C 3R
R ER, XEFLERN o HE AMY KR4 F
FI AR B M REE AR LT, RITHTEERR
By, AMY £ N ¥ 391aa I C %5 205aa J5 fEMRHE &
BTRKREF NG, AMY EHARNBEFER
fEH—LEHHRRZE.,

W EEERENIEETEREMN. LER
BroE & B, i BR P B A P Al fA L IR A R
MRESHETRENED 0%, MILERE o &8
B AMY HEXBRFHHITNEREN, EWIESR
MERENEERSISEERAELN 102 M
5%, BL7E 11 0 4 1 4 3 9 A ST AR K, 5B 41 AMY I
BERFIRITSEREXNE R BB, XTHES
EREEERAX . X—ARE -SRI THELT
#HIT KB RFRITIE,
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of a gene encoding acidophilic amylase from Bacillus acidocaldarins .
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