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Fig.1 The degradation position and the action of alginate lyase
in alginate acid 10g, 10g, 1000mL ;
: 5g, lg, 10g,
’ 10g, 5g, 1000mL ;
(Li et al, 2011) (Singh et al, 2011), : 5, g,
(Rahman et al, 2011) ( 5g. 1000mL :
, 2017) 10g, 5,
’ K,HPO,3H,0 2g, FeSO4 7H,0 0.1g, MgS0,47H,0 lg,
; (Miyake ez al,  NaCl 30g, 1000mL
2004): 20—35kDa ; 1.1.3 (Oxoid );
40kDa; 60kDa , ( ) 3, 5-
: (CAZy)
(polysaccharide lyase, PL) 27 ,
PL-5 PL-6 PL-7 PL-14 ( )
PL-15 PL-17 PL-18 7 , poly M ( ) (
PL-5 , poly G ) (
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) ) 1.2
, 1.2.1
) ,55°C 2d,
-80°C
, 1.2.2 2%
50mL 150mL
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, s DNA , 27F
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1.2.4 3,5- pH , 100pL
(3,5-Dinitrosalicylic acid, DNS) ( , pH (pH 5.0 7.0 9.0)
2008) ImL , ImL0.3% 65°C , 65°C 180min, 30min
pH7.0 - 15min 100%
, 3)
1 (U) ImL 65°C  pH 10mmol/L (KCl1 NacCl
7 , lmin 1 umol ZnCl, MgCl, CaCl, FeSOy) (ethylene
diamine tetraacetic acid, EDTA) , pH7.0 65°C
1.2.5 1L Aly-B5 15min, ,
4°C  7500r/min 20min,
80% 100%
, , (4) 900uL 0.3%
(20mmol/L pH7.0) 0.3% 0.3%
36h DEAE-Sepharose FF 100pL , 65°C
(2.6cmx30cm), 0—0.5mol/L NacCl 15min DNS Aly-B5 s
(20mmol/L pH7.0), 1.5mL/min
280nm (5) 900puL 0.3%
, DNS 0.3% 0.3%
Sephadex G-100 100puL , 65°C ,
(1.6cm*30cm) , 20mmol/L (I5min 30min 45min 1h 2h 3h
(pH7.0) 0.3mL/min , 7h  12h) (Li et al,2011)
, 36h , 12h ,
, 4°C, (MS)
1.2.6 (N 6320 ,
100uL 900uL  0.3% Amicon (Ultral5, SkDa) ,
(20mmol/L pH7.0) , (ESI) ( Agilent ),
(45 50 55 60 65 70 80°C) 15min, DNS 1.8kV, 4L /min,
, 325°C, m/z 300—700
, 55 65 75°C
180min, 30min 100% 2
2) pH pH 21
(pH 40 50 6.0 7.0 8.0 9.0 10.0 ) 12
11.0) 0.3% , 100pL , ) 1
65°C 15min, , Aly-B5
F1 HDERARHRTPEFHERBEEEKRIITER
Tab.1 Screening of thermophilic strains having alginate lyase production activity
1 Aly-Bl1 Pseudoalteromonas sp. + 7 Aly-B16 Bacillus sp. +
2 Aly-B2 Bacillus sp. ++ 8 Aly-B17 Colwellia sp. +
3 Aly-B5 Bacillus sp. e+ 9 Aly-B19 Bacillus sp. ++
4 Aly-B7 Bacillus sp. ++ 10 Aly-B21 Bacillus sp. ++
5 Aly-BS8 Pseudoalteromonas sp. ++ 11 Aly-B25 Shewanella sp. +
6 Aly-B13 Bacillus sp. ++ 12 Aly-B26 Bacillus sp. ++
“q ; “4 ; 4
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2.2 SDS-PAGE R
DEAE-Sepharose FF Aly-B5 40—50kDa ,
Sephadex G-100 ( 2), 45kDa
*2 BRREMES Aly-B5 AL R
Tab.2 Purification results of alginate lyase Aly-B5
) (mg) (U/mg) (%)

4.14 119.89 0.04 1 100

80% 2.27 30.34 0.08 2.17 54.89

DEAE-Sepharose FF 1.27 291 0.44 12.62 30.68

Sephadex G-100 0.72 0.61 1.18 34.08 17.40
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Fig.2 TheAly-BS5 separationby DEAE-Sepharose FF and 3
Sephadex G-100 and SDS-PAGE of the elution part of alginate Fig.3 Effect of temperatures on enzyme activity
lyase activity
M ;1 DEAE-Sepharose FF
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2.3 S
2.3.1 Aly-B5 -
3, 45—65°C B
65°C, 65°C ,
70°C 75% ol \ s . s ) s
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Aly-BS 55 65 75°C 180min §& (min)
4 65°C ,
180min; 75°C R . 4 .
Fig.4 Effect of temperatures on enzyme stability
90min; 55°C 180min 60%
60min, , Aly-B5
2.3.2 Aly-B5 pH pH 5
, pH 7.0 pH , 2.3.3 EDTA 7
pH 7.0 , , , Na* K’
pH 7.0 6 ,pH 7.0 Ca* ;o Zn*t Mg* Fe*
; pH 5.0 90 pH9.0 ;

, 130min,  pHS.0 EDTA , ,
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Intens .
105 +MS, 0.2-2.0min#(30-60), Background Subtractd (CAZy, http://www.cazy.org/) 80
3 351.05
2
} ,  16S rDNA
0 335.2 476.3
300 350 400 450 500 550 600  m/z (3
10 12h (Kraiwattanapong et al, 1999; Preston et al,
Fig.10 ESI-MS analysis of the main product at 12h 2000; Xiao et al, 2006; Li et al, 2011; Zhu et al, 2015)
100 p=— 5.0 (Ma et al, 2008; Duan et al, 2009; Li et
N TENBE 145 al, 2011; 2017) (Matsubara et al
~ —o- RHHE ' ) ; ) )
80 14.0 1998), (Song et al, 2003; Hu et al, 2006; Wang et
e 1398 al, 2006; Fu et al, 2007) (Nakagawa et
X L i
i 1°08 al, 1998),
e 125<
=
>
a 40F 42.0
=~ 15 30—50°C
20 110 ( 3),Singh (2011) Aspergillus oryzae
- {05 ; pH
olet T 35°C pH 6.5, 50°C 30min
0 15 30 45 60 120 180 240 300 360 420 720
. o
[ Rz67E) (min) ; pH7.0 , pH  70%
Li (2011) Pseudoalteromonas sp. SM0524
_ b o . 4 , aly-SJ02
Fig.11 Viscosity reduction during enzymatic degradation of
alginate pH 50°C pH 8.5, 40°C
x3 HOBERABENSRESEREERKYESY
Tab.3 The optimal temperature and substrate specificity of some alginate lyases
Q)
Bacillus sp. Aly-B5 65 poly M/G
Aspergillus oryzae 35 poly M/G (Singh et al, 2011)
Pseudoalteromonas sp. CY24 40 poly M/G (Duan et al, 2009)
Pseudomonas sp. QD03 37 poly G (Xiao et al, 2006)
Pseudomonas sp. Os-ALG-9 30 poly M (Kraiwattanapong et al, 1999)
Pseudomonas syringae pv. syringae 42 poly M (Preston et al, 2000)
Vibrio sp. 510 35 poly G (Hu et al, 2006)
Vibrio sp. QY101 30 poly M/G (Song et al, 2003)
Vibrio sp.Y WA 25 poly M (Wang et al, 2006)
Vibrio sp. YK W-34 40 poly M/G (Fu et al, 2007)
Pseudoalteromonas elyakovii 30 poly M/G (Ma et al, 2008)
Streptomyces sp. A5 37 poly G (Cao et al, 2007)
Streptomyces sp. ALG-5 30 poly G (Kim et al, 2009)
Corynebacterium sp. 55 poly G (Matsubara et al, 1998)
Pseudomonas sp. E03 30 poly M (Zhu et al, 2015)
Pseudomonas fluorescens HZJ216 35 poly M/G (Lietal, 2011)
Pseudoalteromonas sp. SM0524 50 poly M/G (Lietal, 2011)
Pseudoalteromonas sp. BYS-2 45 poly M/G ( ,2017)
Bacillus sp. Strain ATB-1015 37 poly M/G (Nakagawa et al, 1998)
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41min, 50°C 20min, pH Nakagawa (1998)  Bacillus sp. Strain ATB-1015
7.0 pH 60% , 37°C,
Aly-B5 65°C, Immol/L EDTA 15min
, 10% Aly-B5
b b 4
, , Bacillus sp. Aly-BS,
) (Li et al, 2011;
Singh et al, 2011) , pH 7.0, 65°C, , 75°C
pH , 110min; pH 7.0, pH 6.0—11.0
, 60% ; poly G
) Aly-B5 Aly-B5 pH
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, > ) , 2017.
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> > 574—583
: : : , 2011, —
’ > s , 2015.
> . , 19(1): 75—79
Aly-B5 , , 2016.
Aly-B5 ,33(6): 95—98
s , , 2008. 3,5-
’ ’ . ,29(8): 534—536
> , , 2006.
, ,29(9): 993—996
7n2t Mg2+ Fe2* s s , 2017. BYS-2
’ ( ). 45(3):
446—453
EDTA s , , 2017.
HB12274 . >
’ http://kns.cnki.net/kcms/detail/45.1369.Q.20170920.1644.00
R EDTA Aly-B5 6.html
.htm
, 10mmol/L EDTA , ) , 2017.
15min, 90%, , 44(5):
1074—1080
EDTA R ’ , . 2003,
(2017) rAlg738 45°C, , 35(5):
Immol/L EDTA 473—477
15min 67.91% Cao L X, Xie L J, Xue X L et al, 2007. Purification and
’ ' ’ characterization of alginate lyase from Streptomyces species
Smmol/L. EDTA > 56.93%; strain A5 isolated from banana rhizosphere. Journal of
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BIOCHEMICAL CHARACTERISTICS OF THERMOSTABLE ALGINATE
LYASE OF A STRAIN FROM AN INDONESIAN HOT SPRING

GAO Yang', LI Jiang’, SONG Yi-Min'
(1. Qingdao University of Science and Technology, Qingdao 266042, China,
2. The First Institute of Oceanography, SOA, Qingdao 266061, China)

Abstract A hot spring strain producing alginate lyase, Aly-B5, was screened on a plate using alginate as the sole
carbon source and was identified by 16S rDNA sequencing. The alginate lyase Aly-BS was purified by ammonium sulfate
precipitation, and DEAE (diethylaminoethyl) -sepharose Fast Flow and Sephacryl G-100 column chromatography. The
biochemical characteristics of Aly-B5 was determined by dinitrosalicylic acid method, including the optimal temperature,
pH, thermal and pH stability, metal ions, substrate specificity, and enzymolysis product. The results show that the
high-yield alginate lyase strain from Indonesian hot spring was Bacillus sp. The molecular weight of purified alginate lyase
Aly-B5 was about 45kDa by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The optimal
catalytic activity of Aly-B5 occurred at 65°C and pH 7.0 and it can maintain half of initial activity at 75°C for more than
110 min. The alginate lyase was inhibited by Zn*", Mg®", Fe*', and it was insensitive to EDTA (ethylenediaminetetraacetic
acid). Aly-B5 showed activities toward both o-L-guluronic acid and B-D-mannuronic acid, indicating that it is a
bifunctional alginate lyase that prefers a-L-guluronic acid, and the product is mainly disaccharide. The high tolerance
toward high temperature implied that this enzyme might be an interesting candidate for seaweeds industrial processes.

Key words hot spring bacterium; alginate lyase; biochemical characteristics; thermostability



