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Isolation, Identification and Enzymatic Characteristics
of a Halophilic-amylase-producing Strain
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FEE LB B X0k 3 258 1 V8 58 JE M B LR TR, OF 0 AT B 2 MR oY . L YA VU R 2= 00 4 ) i g 4 2%
68 - 398 v 43 B A5 3 — Rk B 7 0k U B0 6 Y T Bk R 16S rRINA JF 1 %8 b R A7 38 28 , 25 4 A0 $12 J5 A 1y S 2 il
FEVEERTE R B R =T, [ RYE 16S rRNA ¥) 25 % 58 % W vk b B W 4T TS ( Enterobacter cloacae ), %
MR IR VB ERh bR Z0 AR A — D i Y E R VS R I . s M BB Y R WX TE NaCl 2k 4 dAmol/L B, B 1% )
o, ML N 5. Smol/L B, AT BE R 15 5 5 BT 59 60 % 5 KL MOPS-NaCl Bl 59 1% w] 3 P e 4 7 R R W
S, Hef ol S B o 50°C L il pH {Hl 6. 5. pH {HTE 4. 5~8. 5 B BEAR 5 60 26 L LAY AR XS % J1 5 78 35~
45°C B I 5 3 1B PN S 7S B 0 ) R M R G Tl O DR LR 80 %6 LA B L H YR BE SR B 50°C I L B IS 1 2UR) T B 5 Ca?t
e S X Tl LT A S s EDTA M BETE 10~140mmol/L B G 12846 R K, K F 140mmol/L Z )5 , BTG 71
BTN, (&0 Y% 08 bk = 75 38 Vg D Ak i J B0 00 L g 3 0 oy 0 e 81 10 87 ok , L 18k 0 o G 7 i R IR B R B
AR = G T,

KR . PAHITE  BIRIEHEE B R

RESES.Q939.97  NHIRIRAG. A  NXEHS:1005-9164(2014)02-0129-06

Abstract :[Objective]Screening and isolating halophilic-amylase-producing strains,and studying
on their enzymology properties. [MethodsJA bacterium which produced salt tolerance amylase
was isolated from the cow manure soil in the dairy plant of Guangxi University. The strain was
identified by 16S rRNA alignment, and extracted total intracellular protein via cracking the
strains'cell to study on the enzymology properties. [ Results] By analyzing of 16S rRNA se-
quence,the strain was initially identified as genus of Enterobacter cloacae . 1t is a non-halophil-
ic strain, but can produce a kind of intracellular halophilic amylase. Studies on enzymology
properties had shown that it had the highest enzyme activity when the final NaCl concentration
reached 4mol/L. It had still maintained 60%
relative activity at the 5. 5mol/L salt concentra-

Yfs B #:2013-10-24 tion. When MOPS-NaCl soluble starch was used
fEEIH#:2013-12-11

TEEB N FBEW (1987 2o W F s FEMNFMEYEY
AW,

o PTRRE B A F & B R GRS 11107008 gy, 2CtiVity maintained from pHA.5 to pH8. 55 the
x % MIRER . BEFH 9710, 9 542, T EMF AR S5 &  thermostability holded high stability from 35°C
J7 1) IR 9T to 45°C and the relative activity is more than

as substrate,its optimal activity was at 50°C and

pH 6. 5, while more than 60% relative enzyme
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80% ,however,when the temperature reached 50°C , the activity dropped sharply;Ca*"

concen-

tration had almost no effect on enzyme activity; the enzyme activity had hardly changed when

the EDTA concentration was among 10~140mmol/L,but decreased gradually above 140mmol/

L. [Conclusion] The experimental strains were found in the non-halophilic strain with halophilic

amylase gene,and the halophilic amylase has the very high enzyme activity in high salt environ-

ment.

Key words: Enterobacter cloacae ,halophilic amylase,enzymatic property

[(FAREXYEE o UK 82— Fp F 2 Tl ]
filg- L 2 R R Tl RS Tk
WP PR 3 | K I DA K 5 SV 2 AT, b TE R o
VE Y A T T VE A AT A R Y s R T K b B L O
A0 8 b B A A5 T T R A AR L B A
SR8 RE 7 e R vE R B 09 A W ROA R E
I £ TR A5 RETE (= Sh W PR T A K A= 4, H AR
PR UM R 1A N A AR 22 B RE TR R O T R R AR
SE o PR B e 1) 6 i 52 4 00k A LI 5 Y
W R B A 7 AR R R A T R R
oK AT 2 A e e A T v vk B T
BLER K Tl B 11 (AT AR BRI TR
RIS NATTxr 3 iy HLER B 9% H 5 A B 35 I
TSR 2> 7K I B E T 5B E R
Y& BUEAR A RIS D, 1990 45, Javed ™ & B
L3 A5 3 0 v B A IS B A M — PR R 5 T
K, XTI ER il 1) 43— 25 R W 58RI Sy Ok B A T R
FHANEL ) W8 5 Tl 4 1R B At , 4 2 8 3 g 1) T A
[AH T YIN =Y H 1l BF 5T 14 18 £h il R 22 02 G R
o R Y AT 0 BN AR g R T P Sk B g
it , D THT A B TR B4 BF 5 g 4 Tl AL 2 2 £4 557 14 D 1)
Figte, [ IR B 5 82 18] L YA ST P K27 5 2F
(05 A 20 - 58 vy B A B — R AT UE R RS Y
PR 28 16S rRNA )45 %58 1 8 vk 38 19 4 18 s
( Enterobacter cloacae ), "EAFFMEMIY B~ 1% B BR
Je AR g R TR AR (H AR Y TE K B 2 — R NaCl
Y - VE K B, 3 A DN AR 8 3 T b - 4K 08 4R B R
AR AR . I, X% T R T 7 G AR o VE K B R AT W)
A ) il 2 P S5

1 #MHE5RFIE

1.1 SEI#8
BEdh NP0 R0 4 T i 208 4 o b R 4R
+HE
B HF . MOPS I B Amresco A A, IPTG g B
CALBIOCHEM /A #], Yeast extract 55 Tryptone ¥
T OXOID 2+ H ,rTaq DNA R4 B 0 KiE 5 4EY
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(TaKaRa) /A A,

X% . PCR X (5 Biometra) , 16 #& #% JK (ZH-
WY-211B) , # I % L (SYNGENE PTC-200) , %
R0 HL (Universal 320 R), 7K 8 8% (SHEL LAB
W20M-2) , 43 36 E T (Bekman Coulter DU8S00) , 8
%5 (CLEAN BENCH ZHJH-C1109B) , ik i vK 44
(Thermo Forma), & 3 & .0 ¥l (Eppendorf Centri-
fuge 5415D) . iR (U Quamt TM) ,

1.2 Fik
1.2.1 #Hma#

¥ 5g BREIMASUEA A5mL JCH K I A B
PR = MR R IR 2 20min, i H 58 40 40 B, FH B 4G
b VB IS L RS AR W 0 AT R R R R .

1.2.2 WA EE DNA R

WAL A CTAB 47 1 7 5. DNA 1942
HUL ARG B 4L 72 0. 8% 11 35 i M 6 e b 1k 17 H bk
I3
1.2.3 H#k 16S rRNA X K 55 547

VLA 3 FF 56 5 DNA B A, B 16S rRNA
518, I 1 504 P1 (57 - ATGCGCAACCCAA-
CACTTTT-3") Ml & Inl 51 ¥ P2 (57 - TTA-
CAGCGCGTCCTCAATCA-3") #k 47 PCR ¥ 4,
PCR W & & (5011) : 10 X PCR buffer 5L, 1E [ 5]
Y P1 1L, 0514 P2 1,1 ANTP(25mM) 4L .45
M 0. 5uL,ddH,O 38pL,rTaq M 0. 5.1, KMER.
94°C 2min,94°C 45s,45°C 30s,72°C 2min, 3t 30 4
PEF,72°C 10min, ¥ =YL 0. 8 %0 TR EEE I
VKA I 5, 2 A7 B R0 e, o 1T 7 ) % A pMID19-T
FARJG 5 A DHSo JRAZ A0, 7 W 1 BE 07 358 - A
b BRECBH PR TR T 3% TR KA R AR A BR A ]
i
1.2.4 AHEGER 6 H &

H M IE B B ER T 37°C . 220rpm IR TR
B I LA S Bl 1 B 200, L 4280 T4
200mL LB(% 0. Img/mL Amp) K FE R A &
9 500mL =AM, 37°C  220rpm FEIRKE FE 2~ 3h,
M ODy 153 0. 8 ZEABE, INA LM E A Immol/L
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B IPTG #4715 5 235, 78 37°C L 220rpm $% K 4k 42
i 9% 10h,

B F R B SR WAE 8000rpm Y B O AL AP B 0
10min JFUWE R IR TLTE, FHZL WA N 0. 1mol/L AY
MOPS 28 i (pH {H R 7. 0) T840 Ve I F IR UL IE 2
WL B0 I 1 S S 2 MOPS 28 vh i & A, 78
PKK TR G Vs v R A7 o 75 D52 T L 8 P 8 B 198 A A )
7s, [A] B} [A] 10s, B T AF B[] 25min, 2% 200W,
Wi M5 AE 4°C \12000rpm AY B0 HLH B O 15min, K
VG BT K TE R R AR R
1.2.5 Bg&Eegm e

E B il 3G 100 52 2 B Bernfeld 3. B 3501
1% W/ VDA ERE R A 1. 5mL Eppendorf 5 Hr,
B 50, L 3 25 56 R A i, 10 25 1 0 BRAE o A
50pl © 2K T 0 B W, 7E Bl Y 25 8 R R 10min
J& A 800 L DNS PAZ (1 [ 5, B /K ¥ 6min, if
T s K S S L 520nm AT OD {8, BEG
IR SOh i B Bl pH fE S L4 b
TR KR, A4 B A B 1 pemol 3 JFORE BT T A B RO —
ANEFEAL (10D,

1.2.6 BEFHRHHR

()5 EDTA # 4 )5 RGN 16 00 BOE 4 B 5
AR W 50 L A1 28 24 0. Imol/L B EDTA
A G W B TR A% B ML S0, 23S 3501
F MOPS BC il 1) 1% 7] %5 M 5 B % W RV 10min J&
DN e 5 1 100 L P MR B O 0. 1mol/L 9 EDTA
A 5 Wi R AR [E] A% By L v S50l 5 350
MOPS-NaCl Fe il 19 1 %6 7] 3% PE 3E #3 #  10min
e 10t 9 1 O

(2)FE A [ 22 vl ™ B 5 1 0 . B 50, 35 Y
i BE e AR R 23 01 5 350 L FAS [ 2% o8 ( Tris-
HCI.MOPS-NaOH Fl#7 45 iR - & F A 4 - £ 1R Tic il
(81 96 AT VS T TR VS AR S o T 2 Tl % D L P A Tl 4%
KR Z A 3mol/L # NaCl J& , I 52 o 15 45 0

(3) WG Eh il 1) F5038 NaCl ¥ B . BUE 24 7 B 10
FLEG 50pL 5 350 Fi MOPS-NaOH FIv& B 43 5
N 2. Omol/L. 2. 5mol/L. 3. Omol/L. 3. 5mol/L.
4. 0mol/L.4. 5mol/L.5. 0mol/L.5. 5mol/L # NaCl
VA VRTRC Y 106 AT I PR VE R U MRAE 50°C TR T E il T
735 VA f i % 32 100 96 23 il NaCl ¥ B % il 3 )
AT

(4) W8 b il 1) F5 38 B I B . B 50,1 35 Y # R
Je R 5 350 I MOPS-NaOH B il i 1% AJ
VMR TE MV A I AE 35~ 65°C (a1 B 5°C) &4~
SE GG 7 LA i e G TR 100 96 22 i L BE X6 il 76 g
JEMFE 2014548 F21EF 28

AT

(5) W £5 [l 1 e 35 F v pH A . B 50,1 385 Y 76 B
JE WALEE R S 350 L H MOPS-NaCl Bl i pH {i
351 4.5.5.0,5.5.6.0,6.5,7.0,7.5.8. 0(pH 7£
FOR T W) Y 190 T I M T VU TE R IR
50°C 2T 0 5 BTG 7 DA B i TS 1O 100 %04
pH B XF il & 7 10 52 i i 2%

(6)FEER M Y pH FasE Pk . R TH pH A (4. 5~
8.5, I8 [ 0. 5) B MOPS 2 i i 1 Rt W I 4
P4 (9 WG W AE 4°C JCE 12k J5 . 45 B 50l fin A F
350p L I MOPS-NaCl BL il 9 126 W] 35 1 5E B i WA
50°C KR 10min, DA A Ak B 5k i) iV 7E ) 45 45 F I
JO7 A5 A BTG 1M 100 %21 pH Fa g P £k .

(7) W 0 it 1 PG M K R B 43 S0 T 35~
65°C (A1 BR 5°C) 7K 1% 1H IR IRV 30min J5 75 % 2
I 21 A% # B 50 L 3l A 350 HH pH fE K
6.5 1) MOPS-NaOH ¢ th i e il 19 1 %6 14 7] 35 vk v
WA TR L o LA 28 3 18 38 7K I Ak T %) Rl 980 A ) 25 4%
PF T BT A5 B T S 100 % 287 R sE Pl

(8) Ca”" Xif Mg £h M 1% 1 1 5% Wi . 40 1) FH e
Ommol/L., 0.5mmol/L. 1mmol/L,
3mmol/L.4mmol/L.5mmol/L.6mmol/L ¥ Ca®" -
MOPS ¥ WA B 18 24 A8 [] A5 45000 L 6 L 98 5 0 JL i
BAE 4°C 12h, B 50, L #i B 00 BE WO A 3] 3501
i MOPS-NaCl(pH {54 6. 5) fic il /5 1% v] % H:
WY WAE 50°C KR 10min, LA 200 2 B 14 7 8 IR)
SRR B DN AR 1 i S 7S 100 %6 22 ] Ca® " X il
T P 5 ) 1 T4

(9EDTA Xf g £8 B 1% M52 o EDTA 23k
B 2y % & Ommol/L. 10mmol/L. 30mmol/L.
50mmol/L., 80mmol/L, 100mmol/L, 120mmol/L,
140mmol/L.160mmol/L.180mmol/L.200mmol/L.
500mmol/L WF5 BERGIR T 4°CALPE 12h, SR 5 43 5l HL
50 L AbFRAYEFI S 35001 By 1Y% AT I 0 1 T A
eI A5 1R T DN 5 BR A G 6 7, LA I EDTA 1Y i i
T[] 55 45 41 TR BRI A5 19 il T 1A 100 % 4 il ED-
TA XF g Eh il 1% 7 152 ) (1 A T B

(10) W8 E8 [l 15 AN 5] IS W B 07« 43 S B 1L Ve &8
RTINS E N U N S T N VAN
Wl 22 2 2 2F OB RERE L o TORIRE L B- R L
B 28,5 100, L v SR EEMLEG /) 12h, # ) HPLC
0] s 6 g 55 A [ RS 4 1) g A L
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2.1 FA#EE DNA REUK 16S rRNA £7F

rE 1 TR AT R DNA KN 23kb, P
I AL DNA B4R #E4T 16S rRNA %78, #4815 1
16S rRNA JFFI 4222 F] NCBI $04 FE 47 L % 5347
W R Y Enterobacter cloacae subsp. cloacae
NCTC 9394 draft genome BY—FPE R 98% , i & 1Y
WARWI 2 Y2 N Enterobacter cloacae R,

M |

1 dikls
v Sk
| Tkh

> b

K1 RS DNA
Fig.1 Total DNA of Enterobacter cloacae
Lane M:ADNA/ Hindlll Marker Lane 1:totalDNA

2.2 EEHMAEEMER

2.2.1 5 EDTA ¥4 B¢ 8EHE L
SEAE R LW, 5 EDTA ¥4 o B %A 5

EDTA A WG . 76 5 7 % M Ve B g i, B33

S L EDTA 26 B9 5 A NaCl i ] 55 P 3

Ky SN B 3% B A S L R DL 9% g R R LA

NaCl B IE LT A A B (s 1,

x1 FEHHS EDTA BESEHEERERL

Table 1 Enzyme activity of halophilic enzyme with EDTA che-
lation

Different reaction system Enzyme  activity

ac Sys YN

it —+ TV T VE x

Enzyme- Soluble amylase (N)

EDTA i -+ 7] % P 3 4 x

EDTA+ enzyme—+ Soluble amylase (N)

EDTA+ i + NaCl+ AJ % #: & il

EDTA+ enzyme-+ NaCl+ Soluble amylase Y)

2.2.2 EFRRZN}RTHEESHEIL

mk 2 Frw, W EAE Tris- HCL F1 MOPS-
NaOH AR 2 i & A7 BT L 76 77 8 1R - A Ak -3
PR S N A4 7 v A T L 1) 45 R RO NaCl 5, g3k
it 35 3¢ I 14 WO L UL W] P R AE Na ™ Fil CL [R) A7 7R
I A T
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x2 EREZERETHEBEBRL

Table 2 The enzyme activity under different buffers

O wpl 2T A NaCl Jin A NacCl
Buffer type Without NaCl With NaCl
Citric acid-NaOH-HCI HOD HOD
Tris-HCl T (N) YD
MOPS-NaOH J&(ND YD)

2.2.3 v #HBaeyRiE NaCl R E
W 2 Fros, AT 8 g R il AE 5 AN [R] NaCl v B
f9 1 %6 AT PEVE R I R BN, 2 NaCl 9k B2 2y 2~
4mol/L B EEIE 2 P, HAE 3~3. 5mol/L
Z ) b T BE e B, 7E NaCl 29k B2 38 3 4mol/L B
B 3% 77 B M AE Amol/ L Z )5 #2218 F B L (H & 7E
5. 5mol/L B 38R 4 60 % LA L AR XT3 77 .
1204
100
L oo
2 60

S 40+

AT BN 71
Relative activity (%)

20

i T T T T T T T T T
A 25 30 33 40 45 510 55 6.0

MNaClimoliLy
& 2 NaCl ¥ B X5 B 5 M (9 5%

Fig. 2 Effect of NaCl concentration on enzyme activity
2.2.4 vEHLBEMRER PIRERLRAAT K
Hi [l 3 W] UL, g Eh W AE 35~50°C B, i 1% ) &2 B
28 ot Higib i oy 50°C H27E 50 CZ)E
D it 3 g T TR 5 I R AR A R U R TR 35 ~
A45°C Z ] PR A X 55 14 B 0, 78 50°C Z2 Ji DU il 3%
TREAE 55 CZIRLF A TR 1 (i 3,

1004

¥
[

)

HIATB i
3

Relative activity(%e

3540 45 50 55 60 65
% B lemperture{ T

&3 e BE X i I 7 B 5 e
Fig. 3 Effect of temperature on enzyme activity

2.2.5 vEHEEdyRE pHALA K pH A&

W 4 UL B AT R v SR AE pH {H 4. 5~6.5
ZIE Al O L LT, B B FE pH E
6.5 BEIA R T AR s, 0l L RE b B A S pH (E R
6.5, 027 pH T 6.5 ZJa il d FRET ., M
pH {EX] #1498 &5 1 00 F2 E MOk B L 7 pH [ N
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4.5~8.5 WM T HREIRFETE 6020 LA I,
2.2.6 Ca” stok BB E G h

S 25 B W R B g R I AR A R VR B Y
Ca® &M F WA AR e . Bl 0E ) YRR AR R 7E 0% LA I
B Ca®" e B8 X 36 1 JL-F- %A 52 m (i 5),

1044

o =3
= =
1 1

FH e i
Relative activity (%o
+
i

1] T T T T T T T T |
4.0 4.5 540 55 60 63 7.0 7.5 80 RS
pHAT pH value

Bl 4 pH E X EEE J1 095

Fig. 4 Effect of pH value on enzyme activity

Z o0

f==}
T

£ 40

A TgE I
Relative actvily (%)

2 20

{ T T T T T T T T
0 _] 2 3 4 5 5] 7 8
Ca™ ¥ rConcentration of Ca’ (mmeol/L)

5 Ca®™ X RRAGE T 095
Fig.5 Effect of Ca®" on enzyme stability
2.2.7 EDTA *¥v§ 85 7% M09 %0
LR LG R F W] FE 10~ 140mmol /L Y & 15 [l
WL EDTA X 0 R BEE J1 09 30 78 AR K, 2k B K
F 140mmol/L Z 5 ¥ FE B &, 2 T 180mmol/L
I G 7 JLF- % (e 6)

1504

100

FH AT B IR T
Relative activity (%)
LA

Control
L1¥TA i BEConeentration of I TA mmol 1)

Kl 6 EDTA X J) 0952 m
Fig. 6 Effect of EDTA on enzyme activity

2.2.8 kL85 RE R B

22 HPLC R . w8 R B mT LLUFN AT 35 1 0E # L 42 2F
VUM 22 2F FOH (22 28 S B SO0 L IS R RN 22 2R 0l L 22
ZF W R | o FOMIORG | B- PR MRS B 22 B S (L
e 3), UL U I g R il B MR 1Y o TE B B RRAE
JEMFE 2014548 F21EF 28

®3 BHEBSRERKRYREER
Table 3 Halophilic enzyme reaction with different substrates

7] R G /)
Substrate Reaction(Y/N)

A P E K Soluble amylase +

Z ZF M Maltose —
7 2F = B Maltotriose —
# ZF U BE Maltotetraose +
F ZE TLHE Maltopentaose +
#% 2E 7N B Maltohexaose +
JEHE Sucrose _
o M WIHE Alpha-cyclodextrin —
B- MK Beta-cyclodextrin —

A2 22 4 Pullulan B

R RN BE N, — F R ASHE Y 5 Note; + said reaction, — said

no reaction

3 Hig

W R VE B Tl BE T = R Y AR F T R AR TE L I A
T B TR R B R TS R b B A A
B, AT A W8 3 V€ b B O 220k [ W i B £ T
o B W L . W Halomonas meridiana ™7,
Halobacillus sp. Strain MA - 21, Halorhabdus
utahensis """, Haloarcula hispanica ""*', Pseudoal -
teromonas sp. Strain CP76""*) A58 i & 21 1Y BH 1
W E B ¥ Enterobacter cloacae ) J& T-AE T £ i 3
T TR LG 7 A B U R A 2 — b i B I £ VE A
Fit , 2 Tt 1Y) B 365 0 il S 2 50°C L il pH {EM 6.5,
Beif NaCl ¥ % 52 4mol/L, 2 #£ ¥ £ % 5. 5mol/L
B, TS R R 45 B e B 19 6006 31X d ] g 4k UE ) il
0] LU g E8 T8 34T T — A0 4K 22 00 12 18k 1 i R
VE A il e R AR AT B O X L [R] UR  EAT LL A4 AT
PRV AT BE A HE AR IR,
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