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Screening and identification of cold-active amylase
strain C2 and its amylase characterization
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Abstract: Strain producing cold-active amylase want to be isolated. Enzymatic properties of the strain
will be determined. Screening strains from The Black mountant. Determine its species by its morpho-
logical, the physiological and biochemical properties and 16S rDNA sequence analysis, to study its en-
zymatic properties. A strain C2 producing cold-active amylase was identified as Exiguobacterium sp..
Enzymatic properties showed that the optimum pH value is 7.5 and the optimum reaction temperature is
25 °C, but the thermal stability of the enzyme is relatively poor. The amylase activity was activated by
Ca’" and Fe*', and was inhibited by Cu*", Ni*" and Go*". By the identification of TLC, the product of
enzymolysis is glucose. It is indicates that the strain can product cold-active starch glucoamylase.
Amylase produced by strain C2 in line with the nature of cold-active amylase, it deserves to be further

researched.
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1.2 BEFREREFEH

12,1 BEEFRE(/L): AR 10, EEE 2
£ AE 1, K,HPOL 1, MSO,4-7H,0 0.05, FeSO,-7H,0
0.01, NaCl 0.5, 7K 1 000 mL, pH 7.0, 1x10° Pa K
30 min,

122 FWRHOBEFE@L): THEERE 4, EA
10, 4= & 5, K,HPO. 1, MgSO,7H,0 0.05,
FeSO,-7H,0 0.01, NaCl 0.5, Bifi§ 18, /K 1 000 mL,
pH 7.0, 1x10° Pa K& 30 min,

1.2.3 FFERFE(@L): EAM 10, FHEF 3,

ZjBE 1, NaCl 5, /K 1 000 mL, pH 7.0, 1x10° Pa K
30 min,
1.2.4 kREEEFE(L): ANFEMREN 10, EAMK S,
4 NE 5, NaCl 3, FeSO,7H,0 0.01, MgSO47H,0
0.05, 7K 1 000 mL, pH 7.0; 1x10° Pa K 30 min,
250 mL 1) = A, B 100 mL 3G FRIEE 20 °C,
PEIREEH R 140 r/min,
1.3 HEHFIRAE

B 5 g REER 5 mL ZKEEIA 50 mL A /N3
BRI T EK T, ARG EAERE R 2], %
WARWEEL | mL FVSWBONA S R E D, & T
20 °C. 150 r/min ¥ ZRIEEIRG #7555 . #5595 48 h
Jei 4 TR G B K AT AS [R) 4B E AR B (1070
107,107, 107, 107™) . FHRS WAt W BURG BV 0.1 mL
BAT TR EAR, T 20 °C [EIEEEFRA TS 60 h
JE AR B, AR v JE R A5 S B i i B R 2
% W K/ 20 °C R IE SR 48 h IR K& e ds 57
Jei W UE A BRI 0 Ry O BE R R o
1.4 FHEERAH &5

B K BEWAE 4 °C T 8 000 r/min 50> 15 min, B
VSR AR ROK BN, #E AR a1 B, TR
4 h#FH—oK, BN 24 h REBRRH PR TCHLELE
Fo G P BRI B U i A R R
1.5 EENERE

2%BY AT AR TE AL 2.0 mL A F] 25 mL
HEEW O, TN pH 6.4 F7 45 R Fr 58 iR -40 2% i
2 mL, 30 °C i #4 10 min, JIA 1.0 mL i, F 30 °C
fE R 4R % (180 r/min) 2 B 10 min J5, fLA DNS 5]
2 mL &bk #85), B KPS S min, BUH
JE TR EN, INZEIE/KEZS 2 20 mL . LUK BB
AR N2 IR S, TE 520 nm KT H @I 5E O
JEMEDY, S AN S FEAMHTAAE TR, 1 min B
1 pmol FYA JEUR I 75 1A i 28 SR 1 Al ) A
1.6 ERFTEFED
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B TR BB MR ) N WS B A AR
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Iy A D, R DNA, AT 16S
tDNA 5¥): Em 514 Pl (5-AGAGTTTGATCCTG
GCTCAG-3")FIZ M54 P2 (5-AAGTCGTAACAA
GGTAACC-3")#i 47 PCR "%, PCR & W 1k &
(50 uL) : Ex Tag (5 U/uL) 0.25 pL, 10xEx Taq Buffer
5.0 uL, dNTP mixture 5.0 uL, F2Ji# Primer 1.0 pL, T
I Primer 1.0 pL, %Ml ddH,0 F] 50 pL 4 L F N
94 °C 5 min; 94 °C 1 min, 52 °C 1 min, 72 °C 1 min
30 s, 30 MEER; 72 °C 5 min, PCR F=#¥) B %1% L
AT A TRRB AR MRS A B G A 1 424 bp
) 16S tDNA BN IRIT 5, fii A GenBank %4l
i, #£47 BLAST LEXF, 3REL 16S tDNA K 751 #H
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ik MEGA 4.1 R 9 R G EE =,
% JHl Neighbor-Joining ¥ 2 4t AL
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TR AT ) 36E 251 o
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W'E T 25°C, 35°C, 45°C, 55°C, 65°C, 75°C
AW 1 h, 7RIV A Bl o
1.8.3 pH XIEEE N RIEME: 20 5002 KR 7E pH
45,.50,55. 60,65, 7.0, 7.5, 8.0. 85, 9.0,
9.5 GZ PR R N S M

1.8.4 BB FXEENBISM: 7/ N AR
AN 0.01 mol/L i Na™, K™, Ca*", Mg*", Cu*",
Fe’'. Mn™" . Ni*", Co™ 9 Fi &)@ i+, i EAM
SR BT UL, AR5 E A A

2 BR50W

21 EMHIDBES5EE

2T 4 BRYERY K i B AR S R 7K HAR T
BRI E, SRMAERE T, 8 —ReEiEEr
AR I U A9 T TR AR 2, ek o R 3R 3k o 3, T ¥ X6F
T S5 AR AT AR JS 78 T i 5 5k v il 0PI s 3]
23.7 U/mL, HAHAE RS L3R 1,

C2 B FRFE 15°C, 20°C, 25°C, 30°C, 35°C
T Y B S R R AR HE (mm) 2 B 4.0(8/2).
7.3(22/3). 5.0(20/4). 3.7(11/3). 3.0(9/3), HibpidE4 K
MREETE 20 °C 7oAy, o iRIEmBERA: P HAK 10 °C
Ao, 5 SCHRAR T Y 7 A0 I UE 53 2 AR B A
ARKEE -2 TBAEWEREZIREMA, AR
PHG WIRFRR, A4, APURR, 422 IRP AR
C2 TR FIAHOCTRIAR Y R R WA 1,

R1 Eik C2 WEMERE LK IHFE

Table 1 Tradition taxonomical properties of the strain C2
Y TEFR TR Y TE SR Y TEFR D Y e BE R
Indentification index Indentification result Indentification index Indentification result

PEnTTT _ WA B

Gram test Glucose acid production

EE _ ek N
Spore stain Gelation hydrolysis

2| : ZEHE
s e i G, :
B0 N R 2K N
Catalase test Casein hydrolysis
AR AL ) HERE 00 N

Nitrate reduction Sucrose test

SR 5L 5 N e FL M ST N

Oxidase test

Galactose test
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Feo 35 53R, Btk C2 9 16S rDNA J751)
2K 1 424 bp, ¥FF4i A GenBank #E47HI{LLE b
¥, Y Exiguobacterium indicum (AJ 846291.1)3E
GMEIR B 99.37%, 454 TR PR IR 248 R A AR b Ry
Ik, BARW) % %E R Exiguobacterium sp..

22 (KIREMEBEFERIOVITHAR

2.2.1 BEREMBEYIANT: W RO, 2 IR
T8 A 7 IR e AT A SN, DAV R AT 2 0 Tl A
PR, A AU A AR (R PR ERE B, B A1
fil 7=, C 4022 ZERE (PR ERE i, S5 5R ILIA 2.

H PET 2 A R e b A R e B, B O o
Az TG T TR 3 T R R T U M U oy I SR i A 2 AR
RVRH B & A AR VE R WAL B4 4 o BE AL HL A
Z R, B [F— bR 2 A 2 A A B b AL, O

WAL Hrh — AN R, e A R 45
B, BT DL RE A W 30 U R ORI R E A K A
B

222 EEERASERE: HE 3 WTLIEH, AR
TE AR FHIRE N 25 °C, 45 °C LU % v 2l R R, 18
15 °C-30 °C Ju[El N, BTSSR R 80% LA |, BA
IR B RetE . EIRRAIE T, AT g TR B A =,
oK AT R R 9 P il IS I ST e B ) e 1O, s
AV T A9 i ) o2 FH R

2.2.3 EEHAREME: M 4 T, ZER IR
AR e R 22, IREEART 45 °C MTE oL T B
JI Y, (A& IR T 45 °C LUR, B )ik
TR 7E 65 °C AL FZAKIREE 1 h, A 20% MBS
JIFIA, 75 °C B, FlTE A EhEk
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94
63

100 84

65

78

99

C2
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Exiguobacterium sibiricum (CP001022.1)

0.002

Exiguobacterium sp. (DQ531644.1)

1 EHk C2EFERZEABH LK

Fig. 1

Phylogenetic trees for 16S rDNA sequence of C2

T KERY A ECT 7R Bootstrap (25 1000 1K), 55 AT /ETE GenBank [ IIFFIE RS, ZiB 0.002 43K 1/500 HEALIE B FLAL.
Note: Numbers at nodes present bootstrap percentages (based on 1 000 samplings). The numbers in parentheses are accession numbers of
sequences in GenBank. Scale bar: 0.002 nucleotide substitution per 500 nucleotides of 16S rDNA sequence.
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Fig. 2 TLC profile of the end product of soluble starch hy-
drolysed by the enzyme

A RN B B C Z AN

Note: A: Glucose; B: Enzymatic hydrolysate; C: Maltose.
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Fig.3 The effect of temperature on relative activity
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Fig. 4 Thermal stability of cold-active amylase
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2.2.4 BEER&RIEpH: EMR N ERIERIET, 425
F pH A 45, 5.0, 55, 60, 65, 7.0, 7.5, 8.0,
8.5. 9.0 F1 9.5 MATAGEIRER 22 M, +% REATK IRLTE 493 il
ARG O D0 T, HCI R 45 SR ] 5 s

& S AT, AR D R T el S v pH R 7.5
16 pH 7.0-8.5 Z A4 80%L) b (%, 0 B I il
I H T P IR AR ) ) N A EE . {H pH FHZE 9.0 B, il
T SR N B, 150 U AR T 2 2%
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Fig. 5 The effect of pH on relative activity
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A, Ca | Fe 4 B 1 AT AN AR 1) s A,
Horpr Ca* IR BCRECKR, Fe? s T Cu®, Ni™™,
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Cu®" 45 1] LA BRAR VR FH DX 3t & A TTAN0 h  Fr 1 14
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Fig. 6 The effect of metal ions on relative activity
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() %%, Wk C2 B TH/IIHKEE
(Exiguobacterium sp.), [E M/ LA 1% & F K =GR
TER BRI HGE, LR C2 ARSI LS IR v
o3 Tl 65 38 ) 5 DR TR AR R, Uk 0 o il P 1 S T
AEARE EERE L Wk C2 FidEKIREE 20 °C,
J& T RARBYARIR A, AR IR R v i i th T, R
5 E Y B PR AT R SR A o AR 9 e 40

(2) kR C2 BHE JIREALILF) 23.7 U/mL, [F][E
DA 2 3 AR O O A9 T o PR AT L, BT — S IS
ES xR C2 ILAA AR Bk S R e B R,
dE— 3R S LR IS O, SR T Tl AR . Bk
AT T il AR A5, T R R A e Ak P s R T B TR O 4
H) B DTN A R B8 A A T R 7 T A A X K i
ﬂ}[lo—ll]o

(3) &R I, 2 AR IR UE K W 5 3 S
TRk 25 °C, Heili pH A 7.5, H pH7E 7.0-8.5 Z [
RIS PERRA BT, (IR TE B REOE  Ca™  Fe™
W, Cu® L NUTAEREI R L M, 2 TLC A
B oy AR VE R AL . VERY I — 2R AR
T B, S M H TR B Wik, 7F
PR iU RA T, I AATHY H R AR TR R AL TR
Z P BN S A R W R L, S R I
Tk B Al Bl P R S5E 0 R P, JC A B AR AT A
Ak H KB B 1

2 % XM
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