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1
1.1
1.1.1 Bacillus sp. B-60
1.1.2 NA
NB 8
15 /L. 15 ¢/. MnSO,- H,0 3.4 ¢/I. CaCl,

3.3 /L K,HPO,- 3H,0 0.8 ¢/l KH,PO, 0.2 ¢/L
MgSO; 7H,0 7.4 ¢/L.
1.1.3

fibrinogen

thrombin PMSF  EDTA
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leupeptin aprotinin
SBTI Chiken ovomucoid
CHOM  Sigma trypsin
pepsin 10

Roche

DEAE Sepharose Fast Flow

Amersham pharmacia

Christ
Bio-Rad
1.2 Bacillus B-60
1.2.1 Bacillus B-60
85°C ~90C 15 min 100 pL NA
37C 1~3d
1.2.2 9 Bacillus B-
60
1.2.3 16S DNA 0
DNA 16S rDNA
PCR PCR
16S rDNA GenBank 16S rDNA
1.3  Bacillus B-60
50 mL 200 r/min
32C 10 h 3%
32C
pH6.5~7.0 250 mL 50 mL
2% ~ 6% 55h
1.4
! 3 mm
10 pLL 18 h
1.5 Bacillus B-60
1.5.1 Bacillus B-60
20%
85%

1.5.2  Sephacryl S-100
pH 8.6 10 mmol/L Tris-HCl
85% pH 8.6
10 mmol/L Tris-HCI

1.5.3 DEAE-Sepharose Fast Flow
pH 8.6 10 mmol/L. Tris-HCI
DEAE-Sepharose Fast Flow 1.8 e¢m x 20 em

NaCl 0.05 0.1 0.2 1.0 mol/L
NaCl 1 ml/min
1.5.4
Mr 12%  SDS-PAGE 12% 4%
12
1.5.5 Bacillus B-60 N-
SDS-PAGE PVDF
PROCISE
Applied Biosystem USA  Edman N-
1.5.6 B-60
Bradford
13
= U/
mg/ml X mlL
1.5.7 Bacillus B-60 BpFE
5 pL BpFE
SpLpH3~10 37C
2 h pH3.0 pH4.0
pH5.0 pH6.0 pH7.0 pH8.0 0.1 mol/L
- pH9.0 pH10.0 0.1 mol/L

5 uL BpFE 5l
4°C 18°C 37°C 50°C 63°C 75%C

2 h
1.5.8 Bacillus B-60
BpFE 14 10 mmol/L
PMSF 5 mmol/L. 20 mmol/l. ~ EDTA 5 mg/mL
leupeptin = 10 mg/mlL. aprotinin
30 mg/ml.  SBTI 30 mg/mlL CHOM
6 PMSF EDTA  pHS8.0
NaOH
5pL 5 pL BpFE 37C
2h
1.5.9 Bacillus B-60 BpFE
15
10 mmol/L NaCl KCl CaCl, MnCl, MgCl,
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1 B-60

494
ZnCl, CuSO, 5 pL 5 pL BpFE
37°C 2h
1.5.10 Bacillus B-60
BpFE 16
2.0 mg/mL Trypsin
pH3.0 0.1 mol/L -
6 mg/mlL Pepsin
5pL 5 pL BpFE 1 mg/mL
Trypsin 37°C 2h
3
2
2.1

2.1.1 Bacillus B-60
Bacillus B-60

2.1.2 Bacillus B-60
1 1 Bacillus B-60
2.1.3 16S 1DNA Bacillus B-60
16S rDNA EU746686
Bacillus B-60 16S rDNA
B. anthracis 99.38%
B . pseudomycoides  99.38%  B.cereus 99.31%
B . thuringiensis  98.84% B . mycoides  98.29%
1 110 263
AF290547 AGAG ... ACICIGCATGGAA ... C
AF290545 AGAG ... CATGGAA ...
AM747226 AGAG ... CLIGCATGCAA ... C
AB190217 AGAG ... CICGCATGGAA ... dQC
60# AGAG ... GAACLCIGCATGGAA ... C
958 996 1053 1069
TTICTCCT G .. GTAGT ... ATICIT ... T
TTICTCCT G ... GTIAGT ... AT|C
TTICCLCTTCGGAGW| ... G T..A
TTICTCCT G ... GTIAGT ... ATC
TTITTCCTTITGGGH]... G T..A
1215 1229 1255 1305
A C..T C..C C...GTGA
A C...T C..C C ... GTGA
A C...T C..C C ... GTGA
A C..T C..C C..GTGA
A C..TTIrC ...C C..GTGA
1 Bacillus B-60 4

Fig. 1

T
T ... TTIAAGTTGGG

T ... TTAAGTTGGGCALCT
T ... TTWAGTTGGGCALT]
T ... TTAAGTTGGGCLCT

Table 1

The physiological and biochemical characteristics of Bacillus B-60

Characteristics

Bacillus B-60

Hydrogen peroxide enzyme

Growth no oxygen

V-P mensuration

V-PpH<6

pH>7

Acid production D-Glucose
L-arabinose
D-xylose
D-mannose

Glucose Gas production

Casein hydrolysis

Gelatin hydrolysis

Starch hydrolysis

Tyrosine hydrolysis

Phenylalanine Deaminase

Yolk lecithinase

Nitrate reduction

Indole production

Need of NaCl and KCI

Growth at lysozyme

Growth at pH6.8

Growth at pH5.7

T L T

4+ o+ o+

o+ o+ L+ o+ o+

B . wethenstephanensis 98.29% B . luciferensis 94.79 %

B . acidicola 93.89%

Bacillus B-60 4 16S rDNA
|
Bacillus B-60 2
16S rDNA
B-60 Bacillus
pseudomiycoides

GTTGGG

16S rDNA

The 16S rDNA sequence alignment of Bacillus B-60 and four related type strains
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BFAF004589 Marker BpEE
A flavithermus kD 5
AF547209 B.acidicola
Gi—
AJ419629 B.luciferensis 66.2— -
= ”AM747226 B.pseudomycoides
100 BacillusB-60 A=l
) 35— . e
AB190217 B.anthracis
63| |AF290547 B cereus 20— -
63|| AF290545 B.thuringiensis 60— &
60| |AM747229 B.mycoides 0.01
100 AM747230 B.weihenstephanensis 44— %
2 Bacillus B-60 ' .
Fig.2  Phylogenetic tree showing relationship between Bacillus B-60 4 B. pseudomycoides B-60 BpFE SDS-
and related strains. PAGE
Fig. 4  SDS-PAGE of B. pseudomycoides B-60 fibrinolytic enzyme
2.2 Bacillus B-60 BpFE .
2.2.1 DEAE Sepharose FF pH
8.6 10 mmol/L Tris-HCI 0.05 0.1 0.2
1.0 mol/L NaCl DEAE
3
2.2.3 B. pseudomycoides B-60
1 SDS-PAGE
34 kDa BpFE 4 )
y =0.5209x + 0.0065 R" =0.9929
600
y = 1243.4x + 2.826 y-
é 500 | x-
T 400} 2
=i
2
g 300 - 2 B. pseudomycoides B-60
3
E 200 -
é Table 2 Protein concentration and specific activity of extract and BpFE
-:é 100 |
. . ) . ) . C Area of  Comparative Concentration Specific
OO 20 s %0 120 150 180 n;):tlpn_ hy.drulyzed2 activ.ity to OD of enzyme/ activity/
. circle/mm urokinase/U mg/mL U/mg
Elution volume/mL
Extract  989.1 0.793 0.284 5.330 14.878
3 B. pseudomycoides B-60 BpFE  285.7 0.228 0.040 0.324 70.284
Fig.3  Anion-exchange chromatography of B. pseudomycoides B-60 2.2.4 Bp FE B.
pseudomycoides B-60
2.2.2 BpFE N- sA s5p
PROCISE Applied Biosystem 5.A BpFE  50C
USA N- 15 N-VIGIN  spq 255C
AVGTG KGVLG NCBI PSLBLAST  ppg
Position-Specific Iterated BLAST 15 5B BpFE  pH5.0 pH6.0
15 pH3.0 pH10.0
bacillolysin neutral protease hydrolase BpFE

100% 15 100%
2.2.5 BpFE
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Fig.5 Heat stability of BpFE A and pH stability of BpFE B . l A B BpFE

B . pseudomycoides B-60

Fig.6 Influence of protease inhibitor A and influence of inorganic salts

B on BpFE. Leu indicate leupeptin apro indicate aprotinin PMSF

6-A indicate Phenylmethyl sulfonyl fluoride SBTI indicate soybean trypsin
6-A PMSF BpFE inhibitor CHOM indicate chicken ovomucoid EDTA indicate ethylene
SBTI EDTA diamine tetraacetic acid CK indicate control.
PMSF BpFE
5 mg/mL leupeptin = 10 mg/mL PMSF 50%
aprotinin 30 mg/ml.  SBTI 30 mg/mL BpFE EDTA
CHOM BpFE
2.2.6 BpFE BpFE BpFE
B . pseudomycoides B-60 6-B
6-B Ca’* Mg* Mn’" BpFE
2+
Cu B . pseudomycoides B-60
2.2.7 BpFE
BpFE  pH3.0
17
BpFE  pH3 NK
40%
BpFE " NK BpFE
BpFE 50%
BpIE BpFE
BpFE
3
BpFE N- 15
1 Modi NB Eppler S Breed J. Pharmacokinetics of a slower
100% clearing tissue plasminoge activator variant TNK-t PA in
BpFE patients with acute myocardial infarction. Journal of

Thrombosis and Haemostasis 1998 79 2 134 — 139.
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Identification of a fibrinolytic enzyme producing Bacillus pseudomycoides and
purification and characterization of the enzyme

Changling Gu'  Xiaojun Guo' Jia Li' Xiaoyu Zhao> Baocheng Zhu'
"College of Life Science Agricultural University of Hebei Baoding 071001  China
2College of Life Science Hebei University Baoding 071002 China

Abstract  Objective To purify a single fibrinolytic enzyme from Bacillus pseudomycoides B-60 and to determine its N-terminal
sequence and to characterize the fibrinolytic enzyme. Methods We examined the fibrinolytic enzyme activity by fibrin plate
and purified fibrinolytic enzyme by ammonium sulfate fractional precipitation and DEAE anion exchange chromatography.

Results Obtained a single protein fraction with fibrinolytic activity BpFE from B. pseudomycoides B-60. It appeared as a
single band in the SDS-PAGE with a relative molecular weight of 34 kDa. The fibrinolytic activity of the protein was stable at
4 ~50°C and at pH 5 ~ 10. The activity sharply decreased above 50°C  and the total loss of activity at pH 3.0. The enzymatic
activity was slightly enhanced by the ions of Ca’* Mg?* Mn®*  whereas strongly inhibited by Cu®* ion. Phenylmethyl
sulfonyl fluoride PMSF could completely inhibit its activity. In addition the activity improved when the protein was
enzymatically hydrolyzed using trypsin and pepsin. The first 15 amino acids of the N-terminal sequence of the enzyme were
determined to be VIGTNAVGTGKGVLG. The partial amino acids sequence alignment study of the enzyme from B-60 strain with
bacillolysin neutral protease and hydrolase which were from B. cereus B. thuringiensis B. anthracis and Lactobacillus sp.
was carried out and there is a 100% homogeneity between them. Conclusion We obtained a single fibrinolytic enzyme.
Through its N-terminal sequence alignment study a plasmin with high homogeneity to this protein was not found yet. This
provided a basis for further study of new thrombolytic drugs.
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