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Identification of a Bacillus sp. Strain with Fibrinolytic
Activity and Primary Study on Fermentation Process

LIU Zhu  HUA Ying JIANG Bo® MU Wan-Meng

(State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122)

Abstract: An extracellar fibrinolytic strain was isolated from fermented shrimp paste. In addition to general
physiological and biochemical properties, the strain was identified by 16S rDNA sequence and systematic
analysis. The results showed that 16S rDNA sequence of the strain had high similarity with AY601723 and
AB195282, suggesting that the strain is a subspecies of Bacillus sp. It was named as Bacillus sp. nov. SK006
by CCTCC. The medium composition and fermentation conditions for fibrinolytic enzyme production were
also optimized in the research.
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E

B- (Streptococcus hemolyticus)

>

(Actinomyces thermovulgari)
[4,8,9]

(Bacillus sp.)

(Fusarium oxysporum)

16S rDNA )

1 MEETH%

1.1 il E
SK006
1.2 EFRE5EN
(g/L) 10, 10,
5, Na,HPO,-12H,0 12, MgSO47H,0 0.3, pH 7.2
(g/L) 15, 15,
Na,HPO,4-12H,0 15, NaH,P0,-2H,0 1, MgSO,-7H,0 1,
pH 7.2

Plasmin (3.9 U/mg), Sigma (St Louis,
MO, USA);
1.3 HAREENEE
[1e] 1.5mL
0.75% (W/V) 100 pL
(42 U/mL) 8.3 mL 0.1% (
) 40 ) , 6 cm
, 1 h~2 h
, 2 mm, Plasmin
, 37 18 h Plasmin s
150 pug (3.9 U/mg) (Plasmin)

, (20 mmol/L, pH 7.4) ,

, 37
18 h (mm),
y=-2.205
x+7.0378, y: —logU, x: logd®, U ,
d (mm)
U 37 pH 7.5 R o-

, 20 min 5
mL AAy7s 1.0
, U
14 EEZF. £EBEVFN
SK006, 37 18 h,
[11] (Bacillus sp.)

1.5 =#kAY 16S rDNA F5| 57
5'-AGAGTTTGATCCTGGCTCAG-3' (

), 3'-GGTTACCTTGTTACGACTT-3' ()

DNA 5ng, STR 2 uL,
100 ng, dNTPs 2 uL, Tag DNA 0.1 pL,
20 uL
94 1 min, 55 1 min, 72
1.5 min, 30 ;72 5 min
Qiagen PCR )
16S rDNA
NCBI
Blast s ClustalX
1.6 REEFEETR
.61 HHMEME: 05 mL )
20, ODso0,
1.6.2 ZEZENE: 3,5-

[12]
1.6.3 mBEFEHEMBE:
37 180 r/min ,
Bacillus sp. nov. SK006

1.6.4 EFFHBEFRIEMERIRE:
, ( 0%~4%, 1% )

( 0%-4%, 1% ) Na,HPO, 12H,O
( 0%-2%, 0.5% ) NaH,PO,2H,0 (
0%~0.2%, 0.05% ), MgSOy4 7H,0O( 0%~
0.2%, 0.05% )

Lis(4%) > 3
1.6.5 BREEFRFHHHE: ,
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30 mL/250 mL , 1%
2% 3% 4% ,
R 250 mL
20 mL 30 mL 40 mL 50 mL
60 mL 70 mL ,
pH 5.0~10.0
) pH

2 ZEREHH B 1 EHk SK006 EEHA

Fig. 1 Colony of strain SK006
2.1 FASFIEKHEHE

37 18 h
2 b 2 2 2
r
) ) 1
b b b
2
(2 v,
, 1
, (
SK006 £
) ’ 2 E# SK006 F KA
> 16S rDNA 5 Fig. 2 Morphological characteristics of strain SK006
* 1 HEE SK006 BIEMEBE LR
Table 1 Biochemical and physiological characteristic strain SK006
Characteristics Results Characteristics Results
B- B-Cyclodextrin + Dextrin +
Glycogen = 40 Tween 40 -
80 Tween 80 = D- D-Mannitol -
Amygdalin = L- L-Arabinose -
D- D-Arab alcohol + Arbutin +
Cellobiose —/+ Fructose =
D- D-Galactose = a- a-Cyclodextrin i
Gentiobiose = L- L-Asn =
a-D- a-D-Glucose = D- D-Glucose acid -
a-D- o-D-Lactose = M- M-Inositol -
Maltotriose + Maltose +
a- -D- a-methyl-D-Glucoside = N- -L- N-acetyl-L-Glucosamine -
D- D-Allulose = D- D-Raffinose -
e = D- D-Ribose -
L-Rhamnose
Mannitol - D- D-Sorbitol -
Sucrose + Trehalose -
Turanose - Xylitol -
D- D-Xylose - Acetic acid -
L- L-Glu I L- L-Ser -
Adenosine - Glycerol -
Inosine - a- a-Ketoglutaric acid -
UDP - Pyruvic acid -
D- D-Galacturonic acid - - - r-hydroxy-Butanoic acid -
+: D=

5

Note: +: Positive; —: Negative
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SK006 16S rDNA PCR
SK006 16S rDNA s
, GenBank
DNA , )
AY601723 AB195282 R
100%, )

Bacillus sp. nov. SK006 (CCTCC

No. M 205071)
22 RBEAERBIME

Bacillus sp. nov. SK0O06  16S rDNA

GenBank , ClustalX

( 3 3 , Bacillus sp. nov. SK006
Bacillus subtilis MA139
GenBank ,

, ClustalX

Blast

>

16S rDNA

R ClustalX

B. subtilis strain MA139 (DQ415893)
938

B. sp. nov. SK006

643

11(3). &glezensis strain CR-14b (AY608741)

568 B. vallismortis (AB021198)

930—3. aquaemaris strain TF-12 (AF483625)

B. acidicola strain 105-2 (AF547209)

B. vireti strain LMG 21834 (AJ542509)
B. sp. KMM 3737 (AY228462)

B. akibai (AB043858)

B. arseniciselenatis (AF064705)

0.01

B3 ETF 16S rDNA FHIM RS LB
Fig. 3 Phylogenetic tree constructed based on 16S rDNA
gene sequences

23 ABEHEMTHR
231 ARR. RFEMFEEAE M. 2 ,

E b

24 h ,

3 Bacillus sp.

nov. SK006 s

[13]

x2 FRREXFEERF M

Table 2 Effect of different nitrogen source on fermen-
tation

Nitrogen Peak time Fibrinolytic
source (h) activity (U/mL)
Yeast extract 36 0.90
Beef extract 48 0.42
Casein - -
Soybean meal - _
Corn steep liquor 12 0.02
Tryptone 24 1.05
Peptone 48 0.70
Soy peptone 36 0.36
(NH4),HPO, - _

NH4C1 = —

Note: —: No fibrinolytic activity

%= 3 T RREX =R 520

Table 3 Effect of different carbon source on enzyme
production

Carbon Peak time Fibrinolytic

source (h) activity (U/mL)
Maltose 12 0.82
Lactose 12 0.96
D- D-Fructose 12 0.92
D- D-Mannitol 12 0.96
Sucrose 18 0.96
Glucose 24 1.04
D- D-Xylose 12 0.58
Soluble starch 30 1.00

R R B R [ % Bk B L Xt 7= g A R -
5 , 4,
2:3, 2%, 3%

232 HiE.

233 EFFHHERKESER:
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7H,0 0.1%
L16(45) 5

>

B

3.12%, 1.95%,

3%,
NazHPO4'12H20 1%, NaH2P04-2H20 01%, MgSO4

DPS5.0

=4

NazHPO4' 12H20

iR . RiRK C/N tbxf =g B 520

2%,

1.2%,

Table 4 Effect of concentration of C, N nutrients and

C/N on enzyme production

(%) (%) Carbon source
Nitrogen source 0.5 1 7 3 4
0.5 - 0.74 0.82 0.58 0.88
1 - 0.64 0.74 0.94 0.90
2 - 0.82 0.94 0.53 0.78
3 0.44 0.96 1.13 0.58 0.96
4 0.03 0.74 0.12 0.19 0.24
U/mL
Note: Activity unit: U/mL
234 EMEMEXREN AN
30 mL/250 mL 12h
,24h 4
, 3%
0.6
N 0.5
)
a A 0. Qo
z e
£ 03 2z
s g
= o 02 m
S o8 L —— Fibrinolytic activity
£ —— Biomass T o
= 0.7 F ’
0.6 1 0
1 2 4

Volume of inoculum (%)

4 EMENERIE

Fig. 4 Effect of volume of innoculum on enzyme produc-

tion

5 ;

50 mL

, , Bacillus sp. nov. SK006

>

>

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

[13]

Fibrinolytic activity (U/mL)

1.4 ~ —®— Fibrinolytic activity
—A— Biomass

0 1 1 1 1

Biomass (0D, )

20 30 40 50 60

Medium volume (mL)

5 EHEXNTEAID

70

Fig. 5 Effect of volume of medium on enzyme production

2.3.5 FFEAIR pH EMFE X PEERYF0E

10.

24

Fibrinolytic activity (U/mL)

6 , pH 10.0
0 pH 7.54,
; pH 7.0
pH 7.0
7 )
18 h

, pH

4L Ig Bacillus sp. nov. SK006 % E% i1 72 i 2%

24h ,

>

—— Fibrinolytic activity
—— Biomass

, 4h
2.63 U/mL,
1 1.0
A
0.8
0.6 @
Z
0.4 g
m
0.2

6 #1%A pH {EX F=E B 52T
Fig. 6 Effect of pH on enzyme production
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=)
E
2
2
3
g
.2
7:; —a— Fibrinolytic activity
5 —&— Biomass
z 05 F 702
0 1 1 1 1 1 1 O
6 12 18 24 30 36 42 48
Ages of inoculums (h)
7 P AEERY RN
Fig. 7 Effect of age of inoculum on enzyme production
—e— Fibrinolytic activity
—— pH
30  —®=— Biomass 7 16
—*— Reducing sugar
3 25 ~— 1
£z
32 11"
2 > 2.0 ]
S £ 10
2 &8 15 18
S 2
EZ 16
5 ) 1.0
g 4
2 0.5 !
= 0. 15
0 0
4 12 20 28 36
t(h)

8 MMILEMAERTIZdh Lk

Biomass (0D, )

pH, Reducing sugar (mg/mL)

Fig. 8 Fermentation curve of fibrinolytic enzyme produc-

tion
, pH 6.42 7.22,
36 h 0
3 gnhER#E
, 16S rDNA
AY601723 AB195282
100%,
(CCTCC No. M 205071)
s 2.63 U/mL,
(  Plasmin ),

=

=

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

(11]

[12]

[13]

) ,
, Bacillus sp. nov. SK006

% 3 W
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