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a_
*
1,2 1@ 3 2 3 2 3
(1. 210095; 2. 222005;
3, 266071)
(Thermococcus sp. HJ21) a-
9h , 60—90°C,
80C pH 5.0—9.0, pH 75 NaCl 0.5%—4.0%,
2.5% NaCl o-
51.4 kDa, 95°C, 100°C 60% 90°C
5h, 100°C2h 40% , Ca** pH 5.0,pH
4.5 80% ,pH 5.5—7.0 (80°C 4 h) 1 mmol/L  Mg** Co*" Sr*
B2 K' Na' _Cu®* Pb* Hg2+ 7n2t AP
> > 0= > >
TQ925
(Hyperthermophiles) glucan-4-glucanohydrolase EC.3.2.1.1),
80—110 (Archaea) , ,
80—115 , (Gupta et al, 2003)
4000 m o- (Geobacillus
stearothermophilus) (Bacillus licheni-
, formis), 90 pH 6.0,
) , , 100 pH 6.0
, Ca** (Marc et al,
, 2002)
80—110 , -
5 Q-
(Pyrococcus
(Vieille woesei) (P. furiosus)
etal, 2001) (Thermococcus hydrothermalis) Thermococcus pro-
a- a-1,4- -4- (a-1,4- fundus Desulfurococcus mucosus Pyrodictium abyssi
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(Staphylo thermus marinus)
(Dictyoglomus thermophilum),
(Thermotoga maritime)(Vieille et al, 2001; Bertoldo et

al, 2002), Pyrococcus woesei Pyrococcus
furiosus Thermococcus hydrothermalis Thermococcus
profundus  Thermotoga maritime o-
(Léveque et al,
2000a)
o- , o-
( , 2003;
, 2005), o-
( , 2005)
HJ21 a- )
1
1.1 Etk
(Thermococcus sp. HJ21),
1.2
YPS 1000 ml,
10 ml, 1% CaCl, -H,O 5 ml, N-P 10 ml,
500xFe EDTA 2 ml, 0.02% 5 ml,
PIPE 3.35 g, 3 g, 3g 5g,
5g,pH6.5 (g/L) NaCl 19.6, NaSO,
3.3, KC1 0.5, KBr 0.05, 8.8; (g/L)

CuS04-5H,0 0.01, ZnSO47H,0 0.1; CoCl,:6H,0 0.005;
MnCl,-4H,0 0.2; Na,MoO,42H,0 0.1; KBr 0.05; KI
0.05; H;BO; 0.1; NaF 0.05; LiCl 0.05; Aly(SO4); 0.05,
N1C126H20 001, VOSO42H20 0005, H2W042H20
0.002, Na,SeO, 0.005, SrCl-6H,O 0.005, BaCl 0.005;
100><N-P (g/L) (NH4),S0, 43.0, NaNO; 60.5,
KH,PO, 3.6; 500><Fe EDTA (g/L) FeSO47H,0O
1.54; Na-EDTA 2.06

1.3 BEFENFIEM-ELETE

> >

Na,S-9H,0 5% (W/V) 0.025%,
88 10 min,
5% YPS , 88

9 h(Jolivet et al, 2004)

14
14.1
YPS , 88 , 3h
14.2
, 9h
143 pH YPS
(10 mmol/L): 4.0—
6.0(MES ), pH 6.5—7.0 (PIPES ), pH
7.5—8.5(HEPES ), pH 9.0—10.0 (Tris-HC1
), 88 9h,

1.4.4 NaCl

NaCl, 0.5% 1% 1.5%
2% 2.5% 3% 4% 5%, 88 9 h,
145

0.5% 1% 2% 3% 4% 5% 7% 10%

146
, 0.5%
, 0.3%
1.5 Egry4giL
(Kwak et al, 1998) 65%
, (FPLC,
Bio-Rad, USA) DEAE
G-75
1.6
16.1 SDS
, 0.3% (W/V) 0.1%
SDS-10% PAGE( 4%, 10%)(Brown et al,
1964) ,
R-250(Bio-Rad, USA) ,
2.5% (V/V) Triton X-100 50 mmol/L
Na,HPO,4 (pH7.5) , 1 h,
(pH5.0) , 95 1—2h,
0.15% (WINL, 1.5% (W/V)KI 2 min,
1.6.2 50 100
( ) 110 ( ) , pHS5.0
pHS5.5 (50 mmol/L) 1%



1 o- 21
1.6.3 ( , 1 mmol/L
Ca™, 5 mmol/L) (80 90 5 mmol/L, ,

100 ) 5 h, 05 1h , 100%
4 , 1.6.7
, 100% s 95 10 min,
1.6.4 pH pH 1% , Ky Vmax(Li et al, 2007)
o L LT EMEENMNE
pH 50 mmol/L 10ul 190 pul 1%
(pH3.0—4.0); 50 mmol/L (pH4.0—6.0); 50 (50 mmol/L, pH 5.0) . 95
mmol/L (pH6.0—7.5); 50 mmol/L Tris- 30 min, 3,5- (DNS)
(pH7.5—9.0) : Ire
1.6.5 pH
50 ul 200 pl 0.04 mol/L 2 ZR545
pH  Britton-Robinson (pH4—11) 21 Wk P
(Rauen et al, 1964), 80 90 100 21.1 pH NaCl
1h, , 100% , 3h
50 ul 150 ul pH ,9h HJ21 ,
, 50 mmol/L ,
(pH4.0); 50 mmol/L (pH5.0—5.5); 50 ,
mmol/L (pH 6.0—7.0)50 mmol/L Tris- 60—90 60 90 ,
(pH8.0—9.0), 80 80 ( 1la); pH 5.0—9.0, pH
, 05h 1h 2h 3h 4h 4 10 , pH 7.5( 1b);
, 100% NaCl 0.5%—4.0%, 2.5%
1.6.6 NacCl ( le); 5%
, 1.0 mmol/L 2.1.2
5.0 mmol/L, 95
100} . 100}
< 80p < 80t
;E 60 ::f 60F
; 40} ; 40
20t 20
e o“ . . L L !

1o 120

60 70 80 90 100

SEORE o
un .l)(_ C

|

100F

80F

60F

40}

A B35 1%

0 1 2 3 4 5
S BN 1 %

J
5 6 7 8 9 10

pH
1 (a) pH(b) NaCl (c)
Fig.1 Effect of temperature(a), pH(b) and

NaCl(c) on a-amylase production
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> > kDa M 1
(D
116.0 | —
66.2 | -
, ( 2),
HI21 45.0 N
22 BEFMR
22.1 HI21 a- 35.0 | -
DEAE
G-75 ¢ 3 25.0 | m—
SDS-PAGE
R 51.4kDa( 2)
2 SDS-PAGE
2.2.2 HJ21 Fig.2 SDS-PAGE of the a-amylase
a- pH 50 55, .2, .
95 , 100 60% (pH 5.0)( 3a), M.
F1 BHREPRIFEXNEEARN
Tab.1 Effect of nitrogen source on a-amylase production
(%) 100 75.5 46.3 21 20.8 323
F2 EFEPEORX RN
Tab.2 Effect of carbon source on a-amylase production
(%) 50.8 14.1 13.6 30.1 100 10.8 32.3 81.5 17.2 22.6
#3 o-EMEBAULER
Tab.3  Purification result of a-amylase
(U/mg) (mg) (U/mg) (%)
300 000 600 500 1 100
65% 242 000 400 605 1.2 80.7
DEAE-Sepherose Fast Flow 112 000 114 982.5 2.0 37.3
65 000 62 1048.4 2.1 21.7
G-75 27 000 18 1500 3 9
8 8
z =
jusng jusng
£ <
Q
EY
05 0 6IO 7IO 8IO 9IO 1(I)O 1 i 0 IZIO é
g/ C I 18] /h
3 (b)

Fig.3 Effects of temperature on enzyme activity (a) and stability (b)

5 mmol/L Ca* (

),

5 mmol/L Ca*

)



1 o- 23
Ca™’, , 90 , 105—110 5 min
5h,100 2h 40% ( 3b)
2.2.3 pH pH HJ21 pH 105—110 , pH
o- pH 5.0, pH 4.5 80% 4.5—5.0 105
. ( 4a) HJ21 , pH
o- pH Britton-Robinson o- (
80 90 100 lh,pH 5.5—6.0 Geobacillus stearothermophilus Bacillus licheni-
( 4b), pH , 80 2h,  formis) 90 , pH o,
pH 5.0 ; 80 4h, pHS5.5-7.0 100 pH 6 (Marc et al,
,  pH6.0 ( 4c) 2002) pH 4.5,
2.2.4 pH 58 , 9
1 mmol/L  Ca* , 5 mmol/L Ca2* )
Ca*" ( 4 1 mmol/L ,
5 mmol/L Mn®" Ni*" Ag" AP" Fe** Zn®" 60 , pH4.2—4.5,
Cu’" Hg” , Zn*" Cu*’ 90 60 , pH 42—4.5,
Hg* 1 mmol/L pH > )
(Vieille et al,
, 1 mmol/L 5 mmol/L N- 2001)
(61% 13.5%)( 5)
2.2.5 Ko Viax
1.6 mg/ml  0.347 mg/(ml-min) 1983 Vuleano
o (Zillig et al, 1983),
3 it 16S rDNA Genbank 180 ,
30  ((Jolivet et al,
100 a 100} b
< 80t < 80f
e 0 pH3.0—4.0 =
& o0r ® pH4.0—6.0 & oor
= o pH6.0—7.5 =
= 40r o pH7.5—9.0 = 4or 0 80°C,1h
® 90°C,1h
207 / 207 0 100C,1h
0 R L 0 " . . L .
2 3 4 5 6 7 8 9 10 4 5 6 7 8 9 10
pH pH
10
- 80 e
\::: A RIRFF B IR-FT BB A 22 v i pH 4.0
& O0f A KRR CR-LRRNGE T pH 5.5
= O RN R EEZEPH B pH 7.0
= 40r o IR Tris-HCIZE M pH 9.0
2ok ® LINLIB-LIRM I pH 5.0
® KR R Eh 2 0 pH 6.0
0 & A —4 v %78 Tris-HCIZE 31 pH 8.0
0 1 2 3 4
I i)/
4 pH (a) pH (b.c)

Fig.4 Effect of pH on enzyme activity and the stability
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F4 ERBFFo-EMETRN

Tab.4 The effect of metal ions on a-amylase activity

(%) (%)
1 mmol/L 5 mmol/L
100 100
Ca** 101.0 91.6
Co™ 120.5 71.8
Ba®* 110.5 89.7
Hg> 86.8 0
K" 110.1 104.9
Pb** 58.6 1.3
Mn?* 84.7 36.9
Ni** 82.8 74.4
Mg** 125.1 108.7
Sr*t 115.1 102.2
Li* 101.2 97.5
Ag' 88.7 75.8
AP 54.1 11.8
Cu™ 49.0 0.6
Na® 106.2 115.6
Fe** 60.3 51.3
Zn** 71.3 8.4

x5 WFRANNa-EHMEEERIZ M

Tab.5 Effect of chemical reagents on the amylase activity

(%) (%)
1 mmol/L S mmol/L

100 100

92.2 87.1

95.4 78.3

84.9 81.6

91.3 83.7

78.6 54.9

N- 61 13.5
89.4 61

2004; Cambon-Bonavita et al, 2003; Atomi et al, 2004;
Kuwabara et al, 2005; Bae et al, 2006; Kuwabara et al,
2007; Pikuta et al, 2007 )

Thermococcus sp. HJ21,

a- >

(Gupta et al, 2003),
HJ21 (Thermococcus),
s 55—94

88 pH 5.0—9.0, pH
6.5; NaCl 1.0%—5.0%,
2%( ) , HI21a-
pH NacCl
a-
, Kwak T. profunds
(Kwak et al, 1998)

HI21 ,

> E

(Bertoldo et al, 2002; Léveque et al , 2000)
16S rDNA
Genebank 180 s o-
T. liter, T. guaymasensis , T. aggregans, T. celer, T.
profundus, T. fumicolans, T. hydrothermalis T thi-

oreducens (Léveque et al, 2000; Chung ef al, 1995; Lee
et al, 1996; Bernhardsdotter ez al, 2004"),

, T. profundus,
T. hydrothermalis T Thioreducens(Kwak et al, 1998;
Chung et al, 1995; Lee et al, 1996; Bernhardsdotter et
al, 2004") a-
(Pyrococcus furiosus)
(Thermotoga maritime)
( , 2003 a,b; , 2005;
(Thermococcus)
HJ21 o- 51.4 kDa,
T. hydrothermalis (53.6 kDa)(Léveque et al,
2000), T. profundus(42 kDa)(Kwak et al, 1998;
Chung et al,1995; Lee et al, 1996)  T. thioreducens(43
kDa)(Bernhardsdotter et al, 2004")

, 2005),

HJ21 - (THJA)
T. profundus, T. hydrothermalis  T. Thi-
oreducens , HJ21
1) THIA 95
100 60 ,

T. profundus (80 ), T. hydrothermalis (75—

85 ) T thioreducens (90 )
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(Kwak et al, 1998; Léveque et al, 2000; Lee et al,
1996; Bernhardsdotter et al, 2004") THJA

9 ,5h 100 2h 3h 40%
30% , T. profundus
( 90 , 10—75 min)(Kwak ef al, 1998; Lee
etal, 1996) 2) Ca* (Gupta

et al, 2003), Ca**
T. profundus

T. hydrothermalis

(Léveque et

al, 2000), ,1mmol/L Ca®" THIJA
,5mmol/L  Ca*"
THJA Ca*',
3) THJA pH 5.0
, pH4S5 80% ,

T. profundus T. thioreducens (Kwak et al,
1998; Chung et al,1995; Bernhardsdotter ez al, 2004")

Thermococcus
, T. sp. HJ21
, T. hydrother-
malis T. celer 10 100 (Kwak et al, 1998,
Legin et al, 1998; Canganella et al, 1994)
a- ,
(PCR) Thermococcus
sp. HJ21 a- (1164 bp),
388 Swiss Model
, o- (b/a)s
HJ21 a-
Geobacillus
stearothermophilus Bacillus licheniformis
o- , 95 pH 5.0 ,
Cat
HI21 o- )
Q- >
- -
( ),
, , , 2005. a-
E-coli ,32(4) 25—30

, 2005. a-
. ,45(4) 547550
, 2003a

> > Pyrococcus furiosus
o- . 5
30 (3) 22—25
s s , 2003b. Pyrococcus furiosus
a-
,293) 10—14
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PRODUCTION AND CHARACTERIZATION OF THERMOSTABLE AND
ACID-STABLE a-AMYLASE FROM HYPERTHERMOPHILIC ARCHAEON
THERMOCOCCUS SP.

WANG Shu-Jun "%, LU Zhao-Xin ', QIN Song *, LU Ming-Sheng ?, LI Fu-Chao®,
LIU Hong-Fei’, DENG Xiang-Yuan’

(1.College of Food Science and Technology, Nanjing Agricultural University, Nanjing, 210095;
2.Jiangsu key Laboratory of Marine Biotechnology, Huaihai Institute of Technology, Lianyungang, 222005;
3.Institute of Oceanology, Chinese Academy of Sciences, Qingdao, 266071)

Abstract The production and characterization of a-amylase from Thermococcus sp. HJ21 are studied. The maximum

enzyme production is achieved after 9 h cultivation. The ranges and the best points of a-amylase production are 60—90 , 80 ;
5.0—9.0, 7.5 in pH; and 0.5%—4.0%, 2.5% for NaCl concentration, respectively. The result shows that adding yeast extract,
peptone, glycogen, starch, and maltose could enhance the enzyme production, and the strain HJ21 could produce extracellular
thermostable and acid-stable a-amylase. In addition, the molecular weight of the enzyme is estimated 51.4 kDa by sodium dode-

cyl sulfate-polyacrylamide gel electrophoresis. The maximal activity of a-amylase occurs at 95 ; the half-life of the

; and over 40% of them remain active 2 h after incubation at 100 . Meanwhile, no Ca®"is required for
thermostability. The enzyme remain stable in a wide pH range of 5.5 to 7.0 (at 80 4 h), and best in 4.5—5.0. Moreover, the
enzyme can be activated by Mg2 ,Co*", Sr? , Ba*", K , and Na', and inhibited by Cu® ,Pb? , ng ,Zn? , and A’

Key words

enzyme is 5 h at 90
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