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*
( 316022)
R Folin- ,
, DES
b 2 b
, Folin- , A20(
104.7U/mL), 16S rtDNA Streptomyces roseus
A20 (DES) , , 227.5U/mL,
117.3%,
50°C pH 9.0 72h
; ; ; 16S rDNA
Q936 doi: 10.11693/hyhz20140500138
(Alkaline protease) pH , pH
, ( , 2010),
, ( , 2001),

(Bhaskar et al,
2007; Wang et al, 2008; Jellouli et al, 2009),
65% (Banik et al,

2004), (Gupta et al,
2002)
( , 2005)
3
* , 31270160

8081@163.com

12013-11-23, :2014-03-12

(Kumar et al, 1999),
(Banerjee et al, 1999;
Johnvesly et al, 2001)
(Bacillus)

Sreeja (2011) Engyodontium

album BTMFS10 ,

, LY12C03003 S R , E-mail: lpqp381

R , E-mail: zswjx2575@163.com
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(60°C ) (pH 11
) ;

Anjali  (2014) Bacillus tequilensis
P15 )
1
1.1
1.1.1

(1 : 20g,

KNO; 1g, K,HPO, 0.5g, MgSO,-7H,0 0.5g, NaCl 0.5g,
FeSO, 0.01g, 20g, 1000mL, pH 7.4—7.6

) ( , 1999): 5.0g,
10.0g, 1.0g, 20.0g, pH 7.2—7.4,
,121°C 20min,
10.0g, , 115°C 30min
1000mL
3) : 4g, CaCl,

0.002g, MgS0O,4-7H,0 0.5g, K,HPO,-7H,0 1.07g, KH,PO,
0.36g, ZnCl, 0.014g, NaCl 0.16g, FeSO, 0.0002g,

0.05g, 18g, 1000mL, pH 8.0

(4) , 1—6
S5g, 10g, KH,PO, 1g,
1000mL, pH 8.5
10g, 5,

12H,0 4g, KH,PO, 0.3g, Na,CO; lg,
pH 8.5

5, NazHPO4'
1000mL,

10.0g, 3.0g, NaCl 5.0g, K,HPO,
2.0g, 1000mL, pH 8.5

4.0%, 0.5%, 1.0%

1.5%, NaCl 0.5%, K,HPO, 0.35%, NaH,PO,

0.03%, Na,CO; 0.056%, 1000mL, pH 8.5

( , 1999)
5.0g, 3.0g, 5.0g,
1000mL, pH 8.5 ( , 2006)
5.0g, 10.0g, NaCl 1.0g,
10.0g, 1000mL, pH 8.5
1.1.2 DNA
(TTANamp BacteriaDNA Kit) ( )
, DNA Marker TaKaRa
1.2
1.2.1
, I
I , 25°C 3—5d,
5 2—3 5
50
1.2.2
, 25°C ,
1.2.3
50/250mL , 25°C,
120r/min 3—5d
1.2.3.1 0—
100pg/mL , 275nm
275nm s
275nm , ,
1
680nm
(4), A ,
680nm A ,
1.2.3.2
5000r/min ,
2 , 2
1 2
Ing 1

U, = (Aeso™K*4) / (10*n)
> Up 5 A()SO
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Tab.1 Data for making standard curves

(mg/L) (mL) (mL) (mL) Folin- (mL)
1 0 0 1 5 1
2 10 0.1 0.9 5 1
3 20 0.2 0.8 5 1
4 30 0.3 0.7 5 1
5 40 0.4 0.6 5 1
6 50 0.5 0.5 5 1
7 60 0.6 0.4 5 1
s 40°C 20min
x2 NHEREEHTR
Tab.2  Steps of measuring enzyme activity in the samples
1 2 3
(mL) 1 1 1
(mL) 2 0 0
0.5% (mL) 1 1 1
, 40°C 10min
(mL) 0 2 2
, 40°C 10min,
(mL) 1 1 1
(mL) 5 5 5
Folin- (mL) 1 1 1
, K ( ), 4 1.2.8 A20
, 10 )
1.2.4 ,
1.2.5 A20 1.2.9 ,
, DES ,
R 1.2.9.1 2mL 6cm
s 30cm Imin,
1.2.6 A20 16S rDNA , R
DNA DNA, 30 60 90 120 150 180s
DNA PCR (Kunamneni et al, 2003), 100uL
PCR 1% , PCR , 10° , 0.lmL
1500bp  PCR , Seq ,3 ,
Forward Seq Reverse Seq Internal 16S R s =
rDNA R ( ) (1 0.ImL / 0.1mL )<
100% 3—5d ,
1.2.7 A20 Blast HC ( / )
, , 25°C, 120r/min, 50mL/ 250mL , 3
(97% ) ,
(Clustalx 1.8), 1.2.9.2 DES

(PhyloDraw V8.0) 1 , S50mL/250mL
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,25°C  120r/min 5d
5000r/min 10min,
s 10mL 0.1 mol/L (pH 7.0)
2, pH 7.0 >
10 /mL( ODggo = 0.5 )
4mL 16mL (pH 7.0) ,
0.2mL R 10 20 30
40 50 60min, 0.5mL 25%
10 20 30 40 50 60min
107 , 3 ,  0.lmL 2 A20
, , 25°C Fig.2 Shape of Strain A20
5d( ,2008) x3 MHBLEREAERBERX/)
, , HC Tab.3 The size of diameter of transparent zone
( ), 3 ’ (mm) (mm) /
A8 4.93 17.99 3.65
1.2.9.3 A20 2.52 11.84 4.70
10 ,
1.2.10 , OD¢30nm R
28 37 45 50 55 60°C ,
1.2.11 pH 4
pH 7.5 8 85 9 95 10 R (4) ,
, 3 y =
1.2.12 0.0088x 0.0111, R* = 0.9977,
pH7.5 ,28°C 24 36
48 60 72 84 96h
x4 TREAENMIARRALEEER
2 Tab.4 Results of different levels of tyrosine absorbance
21 (ug/mL) 0 10 20 30 40 50 60
2 , A8 (4) 0.0 0.068 0.161 0.253 0.335 0.445 0.515
A20 1 2 b
3 06 y=0.0088x — 0.0111
2.2 05¢ R =0.9977
2.2.1 100pg/mL

1 A8
Fig.1 Shape of Strain A8

50 60 70

i 10 20 30 40
BRIRSE (g/ml)

3
Fig.3 Standard curve of tyrosine

2.2.2 A8 A20
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Tab.5 Results of alkaline protease activity

(U/mL) (U/mL) ]
A8, 38.06 36.4 m\\
A8, 34.67 \\
A20U;, 104.42 104.7 . \..¢
A20U, 104.93 -
A\/ A Y -
A20 5 A20
DES 4 A20
’ Fig.4 Hyphal morphology of Strain A20
23 A20 F 6 BEHREFEEFELER dMEKER
: Tab.6 Strain A20 in different culture media on the
A20 , , , growth after 3d
4 Strain A20
2.4 A20
A20 3d o
+++
6 , 7 ,
1 N
8 +++
, A20 o+
, PDA +++
R 7 EH A2 AR RRAF AER
Tab.7 Strain A20 on the utilization of different carbon sources
A20 + + + + + +
®8 HEH A0 MEBENRBER
Tab.8 Physiological and biochemical tests on Strain A20
H,S
A20 + +
2.5 16S rDNA 2.7 A20
16S rDNA A20 1—6 A20
1361bp, 9 1 (
NCBI GenBank GU263841 ) 1
2.6
Blast s GenBank 2.8
> s 5 2.8.1
A20  Streptomyces roseoviridis 10 , 60—150s
JS-9( ) Streptomyces roseus JS-18( 120s HC
) , 99.8%, A20 (HC 5.3) R
5 PDA 182.8U/mL 104.7U/mL,
5 A20 74.6%, DES
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7% Streptomyces venezuelae HBUM174005
69 Streptomyces tanashiensis HBUM173179
78 Streptomyces sp. KJ-72
Streptomyces venezuelae GY1
43 8 Streptomyces sp. clone 2458
Streptomyces sp. XAS588
58 89 Streptomyces tanashiensis HBUM174077
Streptomyces tanashiensis HBUM175153
84 Streptomyces tanashiensis 173004
65 Streptomyces tanashiensis HBUM174095
[ 3 Streptomyces roseoviridis JS-9
9 Streptomyces roseus JS-18
% _6,— Bacterium Ja 7
6 Streptomyces bikiniensis 13661V
85 Streptomyces sp. 82737
Streptomyces roseoviolascens
6 Streptomyces filamentosus AS 4.1871
8 Streptomyces roseolus
Streptomyces roseolus AS 4.1872
Streptomyces sp. XAS585
Streptomyces roseofulvus AS 4.1847
L 9 Streptomyces roseofulvus NBRC 13194
&9 Streptomyces roseofulvus NBRC 15816
— A20
93 Streptomyces polychromogenes subsp.
o3 Streptomyces laurentii JW02-6
89 Streptomyces laurentii LMG
9 Streptomyces laurentii
Streptomyces roseus
"000t
5 16S rDNA A20
Fig.5 The NJ evolutionary tree based on completed sequence of Strain A20 16S rDNA
*9 WHEEAMENNELER 2.8.2 DES DES
Tab.9 Alkaline protease activity measurement results 1 30—50min
1 2 3 4 5 6
(U/mL) 1047 818 230 63.8 957 913 # 11 DES Q1&g
Tab.11  The result of DES mutation
Fz 10 ‘éfﬁl\éﬂ%iﬁﬁéﬁ% ' PE
Tab.10 The result of ultraviolet mutation (min) (%)
(s) 10° (%)
0 206 206 0.0
0 186 186 0.0 10 160 116 27.5
30 190 150 21.1 20 150 82 45.5
60 179 42 76.5 30 176 55 68.8
90 198 21 89.4
120 182 18 90.1 40 150 32 787
150 188 2 98.9 30 176 1 93.8
180 173 0 100.0 60 182 0 100.0
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50min HC 2.9
(HC 5.9), DES 227.5U/mL  A20
227.5U/mL, 51.8% , 10 , 12
F 12 FR 10 XMEEENRER

Tab.12 Results of enzyme activity test after ten times of subculture

1 2 3 4 5 6 7 8 9 10
(U/mL) 227.5 230.4 228.7 235.1 2252 229.1 220.5 222.1 209.8 208.9
10 10 250
1)
208.9U/mL, 8.17%, , 200
2.10 2 150
6 =)
9 100
50°C , 227.9U/mL
2.11 pH 50
pH 7 pH 9.0
020 40 60 80 100
250 ¢ BEFEENE (h)

8
200¢ //\ Fig.8 Testing for the optimal culture time

£
é 150 3
100}
50t A20, 16S rDNA
1 1 1 . . 1 1 ) Strept , Strept
025 30 35 40 45 50 55 60 65 promyces Toseus repromyces
BE (°C) roseus A20, -
6 2
Fig.6 The optimal temperature test 60—120s, 76.5%—
260 90.1% R
, 182.8U/mL,
- 2401 74.6% 30—50min DES )
S o 68.8%—93.8% :
%g 227.5U/mL, 104.7U/mL 117.3%,
. 200
, 10
180 ' : s :
7 8 9 10 1"
pH o
50°C pH 9.0, 72h
7 pH
Fig.7 The optimal pH test
2.12 : ,
36h , ) )
b b 48h b 2
, R 72h R

, 228.5U/mL 8 >
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(70°C ),
) ) , Iram
, (2012)
, (Stenotrophomonas sp.) R
Ahmed  (2013) (15°C) ,
EMS Penicillium
chrysogenum NRRL 792, ,
EMS-1, (Anil, 2010),
(pH, ) (Madhuri et al, 2012) Feng (2013)
Kocuria kristinae F7
Wang (2010)
Pseudomonas , Vijay (2011)  Bacillus altitudinis GVCI11
sp. PCR s ,
1443bp OFR 463 ) )
Escherichia coli Jasmin , pH
(2010) Engyodontium album ( ) s
(Eap), ,
Tsuyoshi  (2004) ’ ’ » 2001. XE22-4-1
K , , 41(5): 611—
, unamneni 616
(2003) PE-11 , ; . 2008.
, 60°C 350min L- . ,03:217—219
100% Sudhir  (2010) ) ) , 1999.
Paenibacillus tezpurensis sp. nov. AS-S24-11 ,45—46
WANG ,2006. . , 75—76
> s , 2010.
(2012)
. ,50(1): 54—59
o o
Brevibacillus sp. PLI-1, 70°C , ’ . 2005.
. ,35(4): 613—617
Raja  (20006) Ahmed F Afifi, Heba I Abo-Elmagd, Manal M Housseiny, 2013.
Improvement of alkaline protease production by Penicillium
’ . ’ chrysogenum NRRL 792 through physical and chemical
124 Subramani  (2009) mutation, optimization, characterization and genetic
MML1614 variation between mutant and wild-type strains. Ann
’ . Microbiol, 35: 147—156
’ ames- Anil Kumar Singh H S, 2010. Optimization of protease
Kocabas  (2007) production by Streptomyces sp. A6 using statistical approach
MAI1-1 pH 9.0 50°C for reclamation of shellfish waste. World J Microbiol
’ ' o Biotechnol, 26: 1631—1639
Jignasha Anjali Bose, Vishal Chawdhary, Haresh Keharia, 2014. Produc-
(2009) Mit-1, tion and characterization of a solvent-tolerant protease from
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Microbiol, 64: 343—354
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BREEDING OF A MARINE ACTINOMYETES STRAIN PRODUCING
ALKALINE PROTEASE

LI Peng, MIAO Zeng-Liang, WANG Jian-Xin
(Marine Science & Technology College, Zhejiang Ocean University, Zhoushan 316022, China)

Abstract Marine actinomycetes able to produce alkaline protease were isolated from an intertidal zone in Zhoushan
Islands region. Enzyme activity was determined by the Lowry method, and the strain of highest enzyme activity was
studied. After ultraviolet and DES mutation, a marine actinomycete Strain A20 in high yield of alkaline protease was
obtained. We found that Strain A20 was more capable of producing alkaline protease. Morphological, physiological, and
biochemical characteristics, as well as 16S rDNA sequence homology show that Strain A20 is relative to Streptomyces
roseus by sharing 99.8% in the sequence under phylogenetic tree. The result of mutation shows that enzyme activity
increased by 117.3% from 104.7 to 277.5 U/mL. Genetic stability test showed the Strain A20 had good genetic stability.
The optimal conditions for producing alkaline protease was temperature 50°C, pH 9.0, and culture period for 72h.

Key words alkaline protease; phylogenetic tree; mutant; 16S rDNA
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