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WRZED AR 2N | A AR 2 E
S TIREZ AN | BUERAE 2R SRR, o
ZRHE A AN TR T L AR B 1A W S VR At 1 R )
HAT, &M Luteimonas sp.”?!. Zunongwangia sp.®.
Pseudoalteromonas sp.®!, Nocardiopsis sp.Cl4# i 7
A AR 2R o-VERE , HLASURRR AL
PERT, AMRiRAESL . RS2 . RAFAY pH A EERR
SEMESET, T oA EEAR SR A AL T
AR 22 Tl A0 R S A Ry A ()

Pseudoalteromonas sp. i E ¥ 12 434 T
W, MBI C 53 B ARAT 2 0k ™ e A1 ity
MIZIE A , HED 2 & AR ) PT RETE RV E PR 5T
HiH T 2R EZSIAER, Pseudoalteromonas sp.
K8 /5 Bt Kongsfjorden M ISR Y, 54088
H 7 e ¥ K 1) B 2058 ¥ B Pseudoalteromonas
haloplanktis TAC125 (354 % 24P, ST P.
haloplanktis TAC125 & [K 2 2 #f, ®i# & M
Pseudoalteromonas sp. K8 i v [ ik T IE# /K
fRAHSCEE GHI3 MK o- AT HETTEE Pagl®Fn
GHO7 ZH Y o- i % BT i PspAGI7TANY, /R
MR AL RETE . S — 224 #Hr P haloplanktis
TAC125 JE[RAH R, FEFI4H pSHAal1357 nf fE
i H AT maltose alpha-glucosidase ¥ P i 2 11 .
FTF U, AWEFE I Pseudoalteromonas sp. K8
WRERE . SRS THA o-lEkEE Amy3, [
PR TR, Amy3 B RIS . mEER I
RFRE, 7EVRM. & 15 KBS A
TE L HIT 5

1 BB

1.1 e
Pseudoalteromonas sp. K8 Sk S 56 25 Fij 1] M b

% Kongsfjorden UL i BE 3R A%, KA AT
Escherichia coli BL21 (DE3) /%% 7 41 il )
PEASY-T3 #Hikl {Ib st X &AM BE ARG R
Al RIRHUK pET-220(+) WA LI ERAF . oy B,
y-IRWIRE I B A T AW A w), SCREVERY . ELAE
FEMII E Sigma A (St. Louis, MO, USA). /)
HVERY . FOKTEM MR BEIER W B AR
AR ], oA iRy [ 25 7 3 B i
1.2 o-VEBES Amy3 (75 RE B B 5 40T

J:F P. haloplanktis TAC125 JL:[K 20 ¥ 4143
Mr, LA pSHAa1357 A2 18, %1t EiiE5 14 5'-CATA
TGCCATCAACAAATACTAACACTA-3' (FRIZN
Nde I B§PIHLEL), 514 5-CTCGAGCAGTGT
GTTATTTAGTA-3' (FXIZk N Xho 1 FEVI(7 5), L
Pseudoalteromonas sp. K8 Jt K 20 kil 41 H )
H:[H, PCR =¥yi%4% pEASY-T3 # A )J55:1L & E.
coli DH50 J&&32 A5 20T, 7 126 FF: o B2 I P B i
Fe3ERGPE. LA Nde T Al Xho T EEBIBAYE 7E k%, IF
B ZE pET-22b(+) Kb 2 1A, 4 & 4 5k
PET-22b(+)-amy3, %4k = E. coli BL21 (DE3)/&Z
AL

£ NCBI %dz % (https://www.ncbi.nlm.nih.gov/)
KM BLAST 6% 5 Amy3 F5]—S 81 o-
FEWE 4 . R ClustalX LK GENEDOC #f,
X Amy3 5T o-TEM BT ST AT A L
XF43HT
13  a-TEMEF Amy3 I EHRE K4

¥4 pET-22b(+)-amy3 Fik# AR E. coli
BL21 (DE3)}% 7% % ODeo 4 0.6, JIIA 0.1 mmol/L
B IPTG, 16 °C 53¢ 16 h. Lk 6000xg £5.0> 5 min
W AE A, fd ] 50 mmol/L Tris-HCI 28 ik (&
500 mmol/L NaCl, pH 7.9)E kA, A mR:.

http://journals.im.ac.cn/actamicrocn



338

Yi Xue et al. | Acta Microbiologica Sinica, 2018, 58(2)

22 R B AR T 12000%g 5.0 30 min,
Wk B, FIFH NI-NTA HsEfaifkEn, aifk
P2 B Novagen ff FHUEHIAS, 4lifb i (A1
SDS-PAGE #r 4 i )z 4y¥F-45t, FIH] Bradford
I B i
1.4  o-JEHTEE Amy3 BB I E

L 50 mmol/L Tris-HCI 2%k (pH 8.5)HC i
206 AT FEMETENS , kK 5 min fHL . 250 uL
50 mmol/L Tris-HCl Z& #h¥i(pH 8.5)5 300 uL
2% AN EVETE IR G 495), T 25 °C i E 3 min J5
FIA 50 pb 3 Y% B, 25 °C [ 5 min,
R4S, A 300 pL 3,5- — 7l 5k i ik
(DNS) & e 2 1k s g, Bk 15 min, dLGE vk
WAH, BB LR, T 540 nm W OGE ., B
I I B E SO RSB A 1 pmol ) 24 i i i
B
15 pH FIREXT o-VEHEE Amy3 BEE 77 R0

DAZCHR S 1% ATV HTERY IR, 43 il
50 mmol/L Na,HPO,-KH,PO, 2% /13 (pH 6.5-7.5),
50 mmol/L Tris-HCI & & (pH 7.5-9.0), 50 mmol/L
Gly-NaOH (pH 9.0-10) il =2 g 1 1, DA #fg &
Amy3 fELEGE pH. UGS & 19 &+ 50 mmol/L
Tris-Cl 22 i (oH 7.5-8.5), T 25 °C &4 P,
[E1) o i () ORI 5 0% 0, DA AR T TS T 4 R
100%, FHEARXTEEG J7, LABEE pH X R e 1k
FA 5L o

£ 0-40 °C (1B 5 °C)ZAF T , Wl AN 7] S it
BEXTBE S psem, A e rOKIR Sl 0 °C
SR BIREE J7 o IR EERRE M E ] 50 mmol/L
Tris-HCI ZZ vfif (pH 8.5), & UM BEIERG, 7EA
)3 8 (15-25 °C, [RIF% 5 °C) T ik, [AIBE T E
FEN S T AR , LARI IR BES 01 100%, 154

actamicro@im.ac.cn

X I T
1.6 &BEFIEE MM

e ISR 22 H 43 I BE A 1 mmol/L B,
5 mmol/L # MgCl,. ZnCl,, MnCl, . FeCl;, FeCl, .
CoCl,. CuCl, &k, AKX 0-3 mmol/L A CacCl,
VW, DARHREE N 1% AT HESER K, 1
IR I S N S T, W E 4 S B X Bl
AT
1.7 ERXTEGE J1 KRR T B

A3 MIAE R VAR Z HIA 0-1.8 mol/L fY NaCl
5, KCI W, DAZUREE D 1% AT S PETE R MK
Yy, TEBRE ST & BEE 1 o FESON AR R A
AEIHE NaCl (0-2 mol/L), T 25°CH5HE ., [mkE
N (B IBORE 00 TR AR TG 0, 0E Amy3 FEANH]
W NaCl A 7ERT i gee M
1.8 NaCl X} Amy3 =& ZEH K m

K2R MR YR E NaCl fF7E4%
PFF, Amy3 iR ) = a5 ARt 7R Ak
J& NaCl 55 8 mol/L JREAAAESAFT , 2R 280 nm
RV, K Amy3 BEEE F1A0PEEIERE . A I
ST, DU A AU EE NaCl 53 8 mol/L JR
R IIRAEJ X IR
1.9 izt

DARTEVEGER MY, 435I 5E 0-1.5 mol/L
NaCl f77E 4~ Amy3 i85 (sl 112380 LU
Origin 8.0 X[ & ATl G, MERMMEIN Ky )
Vimax, IR E B o &, JE Kea MABEALRIOR
(Keat/Kim)
110 Rk

Fl 50 mmol/L Tris-HCIl ZZ#hifi(pH 8.5)fc i
2% P VA METERY . N TERY . EOKTEM . RETER |
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BHEEVER . CHETER . E . oI B-
TR . y-PRRIRE . RIS, kKR 5 ming
HENT. 600 pl SRR , AFRAOHREE Hy 1% FIRJK
Yy, 1EUFBER, 250 ul 50 mmol/L Tris-HCI
2% i (pH 8.5), T 25 °C [ % 5 min. L 45
JIA 300 pL 3,5- - fifi% K72 (DNS) & (o i 2 11
JVE, WKV 15 min 5 KIER AT, BB
Wi, T 540 nm MG BEEE ) B E kR
AR A 1 umol # DB I S A BT

2 HERMAH

21 o-JEKIER Amy3 TERERE K FF T
TEEARAS ) amy3 42K 1656 bp, 4wfH Amy3
I 552 NEIEIRYN, SDS-PAGE 451 R
Hor 78 K%) 65 kDa (Kl 1), H5IEFEIELR) T
TR RELS T 63.9 kDa ML . R84 i i,
Amy3 53k A 7 Pseudoalteromonas sp.f) o-JE#;

Fit— 3Pk, 40 Pseudoalteromonas translucida

kDa M 1 2 3 4

116.0— ==

-~

=2
66.2 — w—
a— S <« 65 kDa
45.0— .
35,0 — s=—=uu a

25.0— -

1. SDS-PAGE ##f

Figure 1. SDS-PAGE analysis for the overexpressed
and Ni-NTA purified Amy3. M: protein marker; lane 1:
E. coli BL21 (DE3)/pET-22b(+) induced by IPTG; lane
2: E. coli BL21 (DE3)/pET-22b(+)-amy3 induced by
IPTG; lane 3: disrupted precipitation; lane 4: Ni-NTA
purified Amy3.

(—E: 99%) . Pseudoalteromonas sp. M175 (— £
1 99%) . Pseudoalteromonas sp. JB197 (—21: 86%)
&, HIXEPH R A L AW F, WA
1T RGN B P BLE T - o-VE B B Amy3 4315 H
5 P. haloplanctis TAC125 3% % % % 4 it 1
Pseudoalteromonas sp. K8 Fitk, 1H 5705 ARk
WA= P. haloplanctis A23 4 o-TERI il AHA B8
FUF S e 20 i 22 S kA

Amy3 A o-TEMTEERAA Y 4 IR IXEL,
PRAFIXIL . VA Asp FIERSF XTI Glu 8 a-JE#;
fi 2 SR DRk, Hh RSFIX IR Asp i
AIRERY SRR, PRSP IXTIAY Glu AT REAY ¥
HERDR F AN, fRSF XBE T AV AP 72 B R
SFLH A ERTR L (I 2),
2.2 pH FIEEEXT BT 7 A E 2R B i

a-FERIE Amy3 HoE L pH o 8.5, 7E pH
6.5-10.0 i [l PN S5 REAS I 2 Al 6 4, BRS04k 4F
1E 40%L) |- (/& 3). Amy3 7E pH 7.5-8.5 1 [l 194
SETERUT, pH 8.0 W AREMRLF, PRIk
F 4h (K 4).

a-VERY B Amy3 SR SOV E R 25 °C, Jf
H7E 0 °C W] LARFF 50%L RS 7, Bon RAFH
AR R 5). 5 RZARIEESERL, Amy3
TEAGE T Rfa e, 25°CEEHh 5h (& 6).
23 ERBTFX Amy3 BEE S KW

2B a-TEMBEAT S Ca® Ky, Ca® ARk
BTV F) KR T B SE R, fE Ca®t
WG a-JER B, Ca®* TR 2 e
Z A B TS O B, 38 R 5 A DG S R R R A Y
YEMARR B S M B0, 45 B 1R iy, S5 M5
B, MR IR E TR HE > 7 5 IR i AH B
VEFIRS , 520 T HE SR Es &g, HIRh
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* 180 * 200 *
CAA31218.1 YDGAG.)SEDYSVF EFSSQDYFHPECHIONHERQ TOVEDCH LGDNT-————-~— - 191
AAA32708.1 YDGAGS S|YDYSVEKIFFSSODYFHPECLIONMERQ TOVEDC|) LGDNT - —————— 0 191
Amy3 DAY 1)\ S SOHDWFQQSEKQQA PESDY FVWRDDMPKAGSGWGH SlNDKPEAV&HWSETRKQYYYG 1 204
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ADE44086.1 SFN-———————— QSVF QRASSQGG-————————— (JYDMRRLEDCTWSRHPEHAV VENHDTQ : 361
r a 5g¢
A
B 2. o- B Amy3 RFX ST
Figure 2. Multiple alignment of Amy3 with other known a-amylases. CAA31218.1: a-amylase from Aspergillus

oryzae; AAA32708: Taka-amylase A (Taa-G1) from

Aspergillus oryzae; ADK21254: a-amylase from a marine

metagenomic library; ADE44086.1: a-amylase from Bacillus amyloliquefaciens; Amy3: a-amylase in this study. A:

conserved amino acids important for catalysis.
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=3
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= 40 —=—50 mmol/L Na,HPO,/KH,PO,
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20 ——50 mmol/L Gly-NaOH
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E 3. o-E#EE Amy3 BIRIEEL pH
Figure 3. Optimum pH of Amy3. The data presented

are the average values from triplicate measurements.

actamicro@im.ac.cn

120 —=-50 mmol/L Tris-HCI pH 7.5
100 —=—50 mmol/L Tris-HCI pH 8.0
e ——=50 mmol/L Tris-HC1 pH 8.5
2 80
B
2 60
2
g 40
2
20
0
o 1 2 3 4 5 6
t/h
4. o-EHES Amy3 B pH B2 EM

Figure 4. pH stability of Amy3. The data presented
are the average values from triplicate measurements.
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5. a-iEfEE Amy3 RiEELIEE
Figure 5. Optimum temperature of Amy3. The data

presented are the average values from triplicate
measurements.
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= 15°C
100} 395K
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40t
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20¢

0
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t/h

6. o-EfEE Amy3 BIEETRE M
Figure 6.  Thermostability of Amy3. The data

presented are the average values from triplicate
measurements.

Ca® AR I e b B AR T8, Wk R
Streptomyces strain A3™F1 Bacillus thermooleovrans™®
1 a-JEREG, Ca®REAIIHIAIELE o-TE kY
B 71, A#FsEH, 1.0 mmol/L CaCl, Al A 3% T+
Amy3 il 1% 2 300%LA |, 1881 Amy3 Jy HiL I Ca?t
IR o-TE K B (2 7).

Zn* | Mn?* il Cu*xf Amy3 iS4 30 Ve
Fe**. Fe¥. Mo im0 mEG A (2 EVE I (35 1),

400 -
350+
300+
250+
200+

=
S
‘

Relative activity/%

(=)
(=]

wn
<

00 05 10 15 20 25 3.0
¢(CaCl,)/(mmol/L)

7. Ca¥'% Amy3 BEiE HRIE I
Figure 7. Effects of Ca®" on enzyme activity. The

data presented are the average values from triplicate
measurements.

*1 SEBEFEEHINZN
Table 1. Effects of metal ions on enzyme activity
Relative activity/%
Metal ions
1 mmol/L 5 mmol/L
zn* 14 6
Mn?* 94 32
Fe? 134 124
cu® 64 31
Fe* 127 112
Mg* 134 118
Co* 108 13
Control 100 100

2.4 ERXIEHE 7 R AR 2 MR

NaCl fE#RA RO IE Ut Amy3 RORES J1, 4
R HR T A R E T . 800 mmol/L NaCl fEfg R T+
Amy3 i 71 % 5.88 U/mg, ANl NaCl (1) 3.1 1% 5
KCI [FIFEA] DA F RS A 427, X2 KCI i
1Y 1.69 £5(&1 8). 53— i, NaCl REEA &k
T EERFREYE, 7E 2 mol/L NaCl /875 &4 F,
Amy3 T T E PR B A R T, 25 °C 23zl
ikF) 80 h AL, A NaCl /4 16 £ (14 9).
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0 200 400 600 800 100012001400160018002000
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8. hxt Amy3 EEiE N EIR MR

Figure 8. Effects of salt on enzyme activity of Amy3.
The data presented are the average values from
triplicate measurements.

120 , —=— (0 mmol/L NaCl
——400 mmol/L NaCl
——800 mmol/L NaCl
100 + —— 1600 mmol/L NaCl
- +_—*2000 mmol/L NaCl
e i
=
3 60}
o
2
= 40t
o
o
20t
0l

0 10 20 30 40 50 60 70 80
th
9. NaCl % Amy3 & E M HI 820
Figure 9.

The data presented are the average values from
triplicate measurements.

2.5 NaCl X Amy3 B§%E H =R =

JERFE NaCl 271 Amy3 Fa g bl , R
PENCIERTI NaClAAAESRAF T Amy3 =20 4514 1)
ARAEDO FEREI M NaCl 4408 F, SR RSk
JLFABE), Fom 5 HWRREEITEAR B AR K,
A RRY], NaCl AN2xi il Amy3 B [ =92
FY 2220 (K] 10).
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Effects of NaCl on thermostability of Amy3.

3500, — 0 mmol/L, NaCl
— 400 mmol/L NaCl
3000t — 800 mmol/L NaCl
2 — [ X
~ L — mmo al
z 2300 — 2000 mmol/L NaCl
::: 20001 — 8000 mmol/L NaCl
E
8 1500}
5
2 1000
3
2 500t
s
0 L
250 300 350 400 450 500 550
A/nm
10. NaCl 3 Amy3 = R4+ HI 5200
Figure 10. Effects of NaCl on tertiary structure of
Amy3.

2.6 NaCl Xt Amy3 3 /1 ¥ S5 KR
DAATYEVETERS M ICH , 7€ NaCl X Amy3 3l
B, 31550 o, NaCl fA7E 2%
R, ALY K BRI, ke 5505 FHorh, 7E
800 mmol/L NaCl e 7E451F T, BHiEAL Y Ky 5RAK,
HEALRCR Koa Ko K, TN BENS fo A RO F
Amy3 IS 11 (3R 2)-
2.7 o-TEMEG Amy3 Y HL RS RV R S
PARRMETER MY, o-BERYEE Amy3 Y HLTE
570 13.92 U/Img, 5[]J&f4EY) Pseudoalteromonas
arctica GS230 HY{IRIE o-JiHs MBS /1 AER, (H
T Nocardiopsis sp.!)#1 Zunongwangia profunda’®
SEFPE IR o-TERY (3R 3).

£ 2. NaCl 3 Amy3 Eg{& 1Lz h F B &

Table 2. Effects of NaCl on kinetic parameters of
Amy3

NaCl/ K/ Vinax! k(s Keat /Kin/ .
(mmol/L) (mg/mL) [mmol/(L-min)] [mL/(mg-s™)]
0 4.4152  0.39055 0.248  5.63x107°

400 3.7973  0.44284 0.281  7.42x107?

800 2.8966  0.59013 0.375  0.1295

1500 3.1057  0.50448 0.321  0.1033
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%* 3. EMEIR o-TEMEEESE N LR
Table 3. Specific activities of cold-active a-amylases and Amy3

Strains Optimum temperature/°C Specific activity/(U/mg) References
Clostridium perfringens 30 34.6 [17]
Zunongwangia profunda 35 270.6 [3]
Nocardiopsis sp. 7326 35 548 [6]
Pseudoalteromonas arctica GS230 30 25.5 [5]

Amy3 25 13.92 This study

Amy3 7K fiff 5% TE A 0 AR T S S 50% LA T,
T B (HIXTERG 7.2%), I H A A0tk
fifR/INAZ TERD  FORTERS R BETE R , FEXT T > 90%
DA Eo EAMTHEN , Amy3 fRIF/K % o-1,6 S
BT (FR 4). Amy3 REEKSE 22 | B-ERRRS | v-
PRGSO o BRI FIORE R A /K R BE 1855

x4 o-iTHEE Amy3 KRN
Table 4. Substrate specificity of Amy3

Substrate Specific Relative
activity/(U/mg) activity/%
Soluble starch 13.92 70.1
Wheat starch 19.85 100.0
Corn starch 19.31 97.3
Cassava starch 18.12 91.7
Amylose 1.42 7.2
Amylopectin 10.20 51.4
a-Cyclodextrin 0.77 3.9
B-Cyclodextrin 0 0
y-Cyclodextrin 0 0
Pullulan 0 0
Glycogen 1.55 7.8

3 Wit

T AN A VR o~ T8 3 8 174 oo Ak S
YRLEEAE 50-90 °C, Ik T 50 °C B 77 i 3 F el
— B3R AVFPERUAE IR o-TE K AL i TR
ZAE 40-60 °C 47U, M, (RIS EHE
R T R A AL R Y, SR R = 1Y
FiEE . Wik @ % VEA Y Nocardiopsis sp. a-TEK)

fiti 1 #1 Zunongwangia profunda 1Y o- VE ¥ i
AmyZ® | Pseudoalteromonas haloplanctis A23 [ a-
TR EE AHAIY D DU ARBFSEARAR R o-TE ) il
Amy3,

BRI VE R B BE 98 A SO IR AL, (B2
ZHEAE 0 °C B RYMEMLAE B % FRE, Z
profunda 1) a-JE ¥ i AmyZ A] {45 39% B AkIE
41, P. haloplanctis A23 ) a-JEH# i AHA A] {5
20% /- A5 RYBEE 1 o AR, a-TERY T Amy3 78
0 °C /57T LAfREF 50%LL FREE J7, o T RAFH)
TR A AR

HEEREE I Eh M 298 3.5% (£ 0.6 mol/L) =,
B PO L e I Al A s R B M T R B
FEERRIE, o B R BB ER A M R
U TR R AL R ) MR e RO,
Mevarech Z5:fiff 57 & B8, 7E 1-4 mol/L NaCl g%, KCI
FETERAET , KRG ER N /R S A AL R
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Cloning and characterization of cold-active and salt-tolerant
a-amylase Amy3 from Pseudoalteromonas sp. K8

Yi Xue"®¥, Mei Wang"**, Zemin Fang"*®, Wei Fang"**", Yazhong Xiao™**

! School of Life Sciences, Anhui University, Hefei 230601, Anhui Province, China
2 Anhui Key Laboratory of Modern Bio-manufacture, Hefei 230601, Anhui Province, China
¥ Anhui Provincial Engineering Technology Research Center of Microorganisms and Biocatalysis, Hefei 230601, Anhui Province, China

Abstract: [Objective] The present study was to clone a novel alpha-amylase from marine bacterium
Pseudoalteromonas sp. K8 isolated from the sediment of Kongsfjorden and characterize the enzyme. [Methods] We
cloned a cold-active and salt-tolerant a-amylase Amy3, from Pseudoalteromonas sp. K8. The protein was expressed
in Escherichia coli, purified by Ni-NTA and characterized. [Results] Using soluble starch as substrate, the optimum
pH of Amy3 was about pH 8.5, and more than 40% of the maximal activity maintained in the pH range of 6.5 to 10.
Amy3 showed the maximum activity at 25 °C, and retained more than 50% activity at 0 °C. It exhibited improved
catalytic activity and thermostability in NaCl solution, with maximal activity occurring at 800 mmol/L NaCI/KClI,
and more than 50% of maximal activity retained after incubation in 2 mol/L NaCl for 80 h at 25 °C. NaCl did not
cause significant change of the global tertiary structure of Amy3, whereas influenced the catalysis efficiency. Amy3
hydrolyzed amylopectin preferentially, and could also hydrolyze wheat starch, corn starch and tapioca starch.
[Conclusion] The results indicated that the alpha-amylase Amy3 is a cold-active and salt-tolerant a-amylase with
potential use in basic research and industry.
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