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Cloning and High Expression of Nattokinase Gene from Bacillus subtilis BB-1. Young-Hoon Lee,
Sung-Ho Lee!, Ki-Hoon Park’, Young-Ju Choi’, Yong-Kee Jeong' and Sang-Wan Gal*. Department of
Microbiological Engineering, Jinju National University, 150 Chilamdong Jinju 660-758, Korea, 'Department of
Biology, Gyeongsang Natinal University, 900 Gajadong Chinju 660-701, Korea. *Department of Applied Life
Science, Gyeongsang Natinal University, 900 Gajadong Chinju 660-701, Korea. 3Deparbnent of Food and
Nutrition, Silla University, San 1-1 Sasanggu Goebeopdong Pusan, 617-736, Korea. ‘Department of Life science
and Biotechnology, Dong Eui University, San24 Jingu Gayadong Pusan, 614-010, Korea. — A fibrinolytic
enzyme gene was isolated from Bacillus subtilis BB-1 by PCR method. Primers for PCR cloning were
designed according to pre-identified gene for fibrinolytic enzymes from B. subfilis. The primer
sequences were 5-CGG ATC CGT GAG AGG CAA AAA GGT G-3' and 5-TGA ATT CTT AAT GIG
CTG CTG CTT GTIC C-3 as concensus sequences of the fibrinolytic genes of Bacillus species. The PCR
product was 1,145 bp -and the sequence homology was 99% with nattokinase gene isolated from
Japanese natto. The cloned fibrinolytic gene was reconstructed in Bacillus-E. coli shuttle vector, pEB
for bulk-production. The fibrinolytic enzyme was purified by FPLC from the cloned B. subtilis 168.
The optimum pH and temperature of the enzyme were 7.0 and 35C, respectively.

The fibrinolytic enzyme did not show any activity toward to skim milk, gelatin, casein and blood agar
plate. The enzyme specific polyclonal antibody was prepared in rabbit for further assays such as

detection of the gene expression in plant cells.

This means that the enzyme may be used for health-care such as thrombosis without any hamful

effects in the blood vessel.
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Q1 tH3,15,17).

AL fibrino] dell A $H3] BaHA 42 Ho] F
flele22], o]AL &a)3tr] Yat AAAE fibrinolytic
enzymeo|2til oo, E2) H LA o2 74A7} AEH
1 el B ME & urokinase (UK)[6,19,21,24], 7o)
o A= streptokinase (SK)[4]7} AwFALE Fojgln glo
™, o] &Jo)| staphylokinase[19], tissue type plasminogen ac-
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tilis BB-1 (KFCC11344P) 2 %- =
Bacillus hostol] oty 2 4R ysln §49 E4L 2
Absted o]8hz o] &7}

Chromosomal DNAZ| £2|

iNIRONALS] Genomic DNA Extraction kit (Cat. No
7121)2  AVeshe]l AN HaS Bacillus  subtilis
BB-1(KFCC 11344P)& OD 1.00] A wjokst & 353 7
A& 50 ul pre-buffer (added 20 mg/m{ RNase A)Z @&
lysozyme 3 ¢ (100 mg/ml)E H7}3le] 37CoA A 152 %
W A7,

8- 3 250 ut G-buffer (added 20 mg/mé RNase A, 20
mg/ml protease K)& 37}, 65Tl A 1587+ w2 A Ak 1k
&o] B F 250 w0 binding bufferE #7}3te] binding Al
71 ¥ columng o]&-sle] DNAZ 23 ¢iu

[e3 _10‘,

}

-

Polymerase chain reaction (PCR)0{l 28 DNA &%

PCRE 93 primerE & Bacillus subtilis2 B-E] o|n) 32
YE 8 as FHAAE T Y 924eM g9or
YE forward 5-CGG ATC CGT GAG AGG CAA AAC
GGT G-3'¢} reverse 5-TGA ATT CTT GTIG CTG CIG CTT
GTC C3E ZZ 25 merE 43593, oW PCR & =ZZ
32 Aste] forward primerd] BamH1 1 1 reverse pri-
merd] EcoR1 restriction siteE Z+z} AMslgoh. ZE o) A}
2% Perkin Elmer-24009] %78 %7] denaturation T4l
A 95T, 3025 #2181 21, annealing 55C, 30%, 121
TGS 72T, 302014 30 cycles A F HF &
?l DNAZA2 72 CTolA 10852 dAste FZ35 90

PCR 4t29| 324

A4 ¥ PCR 424 pGEM T-easy(Promega Co., USA) =L
29 e 2249 ¥ primer AZA AYHoz 4918
BamH13} EcoR12.2 Hth3le] pBluescriptll SK(-)ell sub-
cloningdle] DNA QZ2&AE sty A8 aa ek
28-S 98] DNA ©H9l 5-end o Ndel, 3-endol] BamHI
restriction siteE Z+zh A Al A Bacillus9} E. coli®] shuttle
vectorql pEB vector (BioLeaders Co. Korea)?] Ndelt
BamHI siteo] 1723} protease T4 o} k3t B. subtilis 168
of &M stk

Bacillus subtilis 1682| electro-competent cell HZX
B. subtilis 168 nutrient agar platecf M 37°C 12A] 7} v %k
g & AddE 3 colonyE AWea 10 mle nutrient
brotholl &3t 37T ol A 1247 Tk wj &kt o] % 5
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nbE F 5kl 500 e} QA whAje] thA] HE S £ 37T A
A% 0l K150 rpm) A OD7H 057 B Wh7kn] 2 ket
o} o] Hikdg 30 Tt Lol HAH I, 4T, 5000
rpmol A 1027 AR E 8] FT5AE A A FHE
ice washing buffer (0.5 M sucrose, 0.01 mM MgCl2 - 6H20,
0.01 mM maleic acid, pH 6.5)& 7}ato] =48t ¥tt. o] 44
& 39 kR vhA] et Ao A= 5 ml9] ice washing buf-
ferZ AHES 5o 40 ul¥ 15 mb eppendorf tubedl] ¥
sf] 80T BN AFESHITHIL]

Electroporation S&i0fl ofst HAXE

pEB WHA FAHGHEL A7 44Y®  plasmid
DNAE B. subtilis 168 competent cellol] 7}3te] 2o 108
7+ 92319t} Electroporator Gene Pulser? Ti(Bio Rad Co.,
USA)9] electric field strength (kV/cm)$} resistance (Q),
capacitance (¢f)& A&d & ST H cellS cuvetted] v]z]
37T & oM 7123k expression medium(4xPenassay
medium : 2xwashing buffer) 1 m{& 7}5t7 HEE B {4
A 959tk 2 F 770 Fearzd 32 S 0
3k th-& kanamycin (25 pg/mt)o] £ &% Luria Bertani uj 2]
o] murste} 37°Col A 2417 Wi FEFATHIL].

gHgdlas EMEH
g as 298 A8 98] Astrup2]H o] wa}
fibring 71AZ &} fibrin plate & &34tk 2 04 %

Fibrinogen (from bovine plasma. Sigma Co., USA)& 10 m{
9] sodium borate buffer (10 mM sodium borate, 160 mM
boric acid, 40 mM NaCl, Merck Co., Germany)o] =¢l & 2|
7 87x15 mm petri dishol] ¥ 31 thrombin (1 NIH unit/m)
20 unitE Hrhste] 429 30 ¥t WAEA $uAAY. &
19 fibrin plated] A 2E A2 loadingsla] 6 A|7FESH
37Tl wr3AA S8 FaHA S A TFEA
3 EAE 1 unite] plasming AF&3ked Bl wslgoh

o

WEg 2F HY Y 2HwH
AzF F5e wogl BE BALAELY BHEHS

%43}7) 98t4] kanamycin (10 mg/mt)o] EHH 10 w2
Luria-Bertani brothol] 23t} 37CoA] 12417+ S wj<
HTh ol% 5 mE skl 500 mie] A x| ThA] =
& F 37TAM A 150 rpm)shAA H3eA s
F47), A7, A9 AF 350 A4ste) SDs
PAGES] w4 #7195 dAlskel Felalglc.

NS0 HA I ST B0l

Ammonium sulfateo] 2]J8 849 =
NZG HFE 37CNA 1247 -
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ammonium sulfateZ 70% X 3A)17] & 4T A 4A7F Tt
AN 2 LA E (13,000xg, 30 min, 4T)5H] e AA
&$& 20 mM sodium acetate buffer (pH 5.2)0] &35} &
Y buffer? F4& AASA B4 & 0] 44 Bl
dol a4dg & FAGA A}

A2 e AN 08
g4

FPLCO) oJg a9 A4 @ G 3

Ammonium sulfateo]] ¢J3) &8 g4 iy
ZATAM o FA4& Pt & & Al =
M NaC]O] Z349 50 mM phosphate buffer (pH 7.0)2 9]

% FPLC systemol| A 0.15 M NaClo] 39 %9 bufferz
#3470 superdex 200 HR 10/ 30 (Amersham pharma-
cia biotech, UK) columng Bsfe] 23 05 nf Az §&
0.2 gel filtrationdle] ¥g] AAstgon, AAE WA
Laemmiis 9] W[25]d] wegt Z+z2 01% SDSyt ==
12.5% acryamides & 9] Separating gel®} 4% acrylamide %
=9 stacking gel & A}£-314] SDS-PAGE gel Aol A A A2
vude 43 Sdsn.
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4 overnight A]7] % 3,000 rpmoﬂl\i 10
o 8HE dof polyclonal &= *}%o}%lﬁ}.
Western blot2 Towbin 5] #H[25]& ©] &3ty A7|d%E
o] ¢ AL nitrocellulose membrane (Mlllpore Co.,
USA)ell 250 mAE 1A 7t 3087} transferd}gjth. 1 & o] =
& pH 7.89] phosphate buffer saline (PBS)oll 584 53] A
A3 F 1% skim milk7} 349 PBS buffero]) 1A)7+ 30274
blockingstol 2 2 gt dhil o) 228 AR AT 2 F 1%
skim milk& X &3l PBS buffere] 1:5000 (v/v)& ¥l &=
primary antibodyE 3]4]3} & blotting wellsol] 4] rotator
E o] &stof Ao A 16A]7HE S EEWA ukgstdh v
o] Eu & PBS bufferg o] §-3}o] 1584 33 A Hstd]
1% 9k1m milk7} Z£FE PBS bufferd] anti-rabbit IgG
(Sigma Co., USA)E 1:2,000 (v/v)Z 8|4 &}o] 4A]7kE<t A
oA rotatorg o] §ste] EEWMA WHEAIHT o] & PBS
buffer® 153t 33] A ¥ 3k 5 15 mg 4-chloro-1-naphtol, 45
ne Tris-Cl (pH 7.4), 90 g H,0.2 A AL olo) 102
L HeAD & FRFEA NHstn AFste A4 H band
g Fgog BEsto AL #gsd

pH= fibrin plate& 2§ o 310} A fibrinogen &9 2} pH
g 242 5,08 9.0712 243 & thrombin 10 unitE 7}3}
o B 4888428 A9 F loadingdt 5 37C oA 6417
HEAA & E FAEH S SA5 G olu pH 4.0 of3}
o 100 o] oAM= Zaat }d 78 Q4] fibrin plater} gt
ol ¥tk HHEA £xe HA pH 70004 20T
B A0CTE wiA 228 23 T 6AZF uh3A1A Sojd £

AuA e 2359

71250l XA

AAE A& are) 7| AEN S ALY Y8ty 2}
% @9 4<) skim milk, casein, gelatin, blood agarg 7}2 &
g plate’del A 53, FAIZ dheate] 7)Ao Raokats u
skt

Az ¥ fibrin plateE 80Tl A 30%7+ Ex8)5te plas-
minogen$ &3} A7] fibrin plate (plasminogen-free fi-
brin plate}s} <Gzl 3l @& fibrin plate plasmi-
nogen-rich fibrin plate)o| A} FPLCo &js] ey A
SHELE WIAA 2 w3 FFE vla, BES plami-
nogen activator type¢lA] fibring 2% Halsle & A L43)
A2 HESA

PCROI j#t 8ESsaL §

=F

FH&aLE FEsA e B
11344P) 9] chromosomal DNAE 223t & B, subtilis2 ¥E]
olul BaE FEAQ YAEATL FAAEY AAEA
dH o2 e forwards} backward®] primerE 7tz 25mer
4 §H43te) 1,145 bpel PCRAVE-S Aeich(Fig, 1). oA A
Wak 2} 2ol 5% 37 kZo A AeE A BamHI1
# EcoR1 Ag] & o] §-3}e] PCR 4+ pBluescriptll SK(-)
ol subcloningd § Az DNAE agarose gelito] A &
At L(Fig 2) EHEHaL o A28 gFLHS 93}
o] Bacillus$} E. coli®] shuttle vector$l pEB vectorol] Z2
ate] FLAAE 75359 2L(Fig. 3) Bacillus hostQl B. sub-
tilis 1680 A4 A Fig. 43} 2o] 2 AL DA
S HEon, B fAAE BCF-122 H4ysq9t.

BCF-19] 9714 ¥ AL T7, T3 primerE o] -§3}o] o
o2 A7) EL 8915l DNA assemblyS 2 A5t &

TEHe dZeAd g AAXA Ar1gE 23
S thFig. 5). ZHE 714 F-S NCBIFS] GenbankE E3)
searchdt Z ¥} nattokinases} & AAF7F 99 %o]AF FAFSHS

ubtzlzs BB-1(KFCC

[od

of



#18tAthFig. 6). Nattokinase= Sumi 5[22]0] o]y
AR Y B S BaF Aok o] a4

Ziste] AP & oldetgy, wekA natto AHAE
FEeS BuEn glAg o] AAe F 4z}i ELARE
%3 DNAZ 03 2847 AU & & 98tA o] &
& AR AFOE B AFgA o]& AH%?ﬂ azysta
Bacilluso) A} vl @A) 7| = sbgch

M A

Fig. 1. PCR product of a fibrinolytic enzyme gene from chro-
mosome of Bacillus subtilis BB-1.
Probe sequences are 5-CGG ATC CGT GAG AGG
CAA AAA GGT G-3 and 5-TGA ATT CIT AAT
GTG CTIG CIG CIT GTIC C-3' - .
M lane: Hindlll markers of A DNA
A lane: a PCR product of fibrinolytic enzyme gene

pBSK (3.0kb)

BCF-1 (1.1kb)

Fig. 2. Cloning of a fibrinolytic enzyme gene from B. subtilis BB-1.
M lane: Hind [ markers of A DNA
A lane: pBluescript II SK(-) containing fibrinolytic gene
B lane: recombinant DNA digested with BamH1 and EcoR1
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Fig. 4. Fibrinolytic activity of pEB-BCF-1.
Fibrinolytic activity assay on the fibrin plate(0.4%)
with the culture supernatant of B. subtilis 168 contain-
ing pEB-BCF-1.
A: B. subtilis 168 containing pEB
B: B. subtilis 168 containing pEB-BCF-1
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BamH 1

1 TAGAACTAGT  GGATCCGTGA  GAGGCAAAAA  GGTATGGATC
AGCTTGTTGT  TTGCGTTAAC

61 GTTAATCTTT  ACGATGGCGT  TCAGCAACAT  GTCTGCGCAG
GCTGCCGGAA AAAGCAGTAC

121 AGAAAAGAAA  TACATTGTCG  GATTTAAGCA  GACAATGAGT
GCCATGAGTT  CCGCCAAGAA

181 AAAGGATGTT  ATTTCTGAAA  AAGGCGGAAA  GGTTCAAAAG
CAATTTAAGT  ATGTTAACGC

241 GGCCGCAGCA  ACATTGGATG  AAAAAGCTGT  AAAAGAATTG
AAAAAAGATC  CGAGCGTTGC

301 ATATGTGGAA  GAAGATCATA  TTGCACATGA  ATATGCGCAA
TCTGTTCCTT  ATGGCATTTC

361 TCAAATTAAY  GCGCCGGCTC  TTCACTCTCA  AGGCTACACA
GGCTCTAACG  TAAAAGTAGC

421 TGTTATCGAC  AGCGGAATTG  ACTCTTCTCA  TCCTGACTTA
AACGTCAGAG GCGGAGCAAG

481 CTTCGTTCCT  TCTGAAACAA  ACCCATACCA  GGACGGCAGT
TCTCACGGTA CGCATGTCGC

541 CGGTACGATT  GCCGCTCTTA ~ ATAACTCAAT  CGGTGTTCTG
GGCGTAGCGC ~ CAAGCGCATC

601 ATTATATGCA  GTAAAAGTGC — TTGATTCAAC  AGGAAGCGGC
CAATATAGCT GGATTATTAA

661 CGGCATTGAG TGGGCCATTT CCAACAATAT GGATGTTATC
AACATGAGCC  TTGGCGGACC

721 TACTGGTTCT  ACAGCGCTGA  AAACAGTAGT  TGATAAAGCG
GTTTCCAGCG GTATCGTCGT

781 TGCTGCCGCA  GCCGGAAACG  AAGGTTCATC  CGGAAGCACA
AGCACAGTCG  GCTACCCTGC

841 AAAATATCCT  TCTACTATTG ~ CAGTAGGTGC  GGTAAACAGC
AGCAACCAAA  GAGCTTCATT

901 CTCCAGCGCA  GGTTCTGAGC ~ TTGATGTAAT  GGCTCCTGGC
GTGTCCATCC AAAGCACACT

961 TCCTGGAGGC ~ ACTTACGGCG ~ CTTATAACGG — AACGTCCATG
GCGACTCCTC ACGTTGCCGG

1021 AGCAGCAGCG ~ CTAATTCTTT  CTAAGCACCC  GACTTGGACA
AACGCGCAAG TCCGTGATCG

1081 TTTAGAAAGC ACTGCAACAT ACCTTGGAAG CTCTTTCTAC
TATGGAAAAG GGTTAATCAA

1141 CGTACAAGCA GCAGCACATE \GAATTCGA TATCAAGCTT
ATCGATACC o cEeoR T

Fig. 5. Nucleotide sequence of the cloned fibrinolytic enzyme
gene from B. subtilis BB-1.
- The boxes are start codon and stop codon of the
gene, respectively
- BamH1 and EcoR1 sites are underlined

At} o] x| E o] &3t B. subtilis BB-1, ) &3 vectoro

A2y " B subtilis 168 73 £5EdE &
blottings A3} & ) Fig. 99} Zo] ¢k 30 kDa2] B. sub-
ilis BBAAZ Z2dE 7 223 4 29 wu A £
3k band7} Q) =HS

western

=Py AHAI- _7}:_]7:1 pH al 2
Gores BAgsas 429 43 pHet 2

52 A%
o] pH 70, £ 3BCAN 7% 5 B

Bacillus subtilis clone YF038 nattokinase precursor, gene, complete cds
Length = 1327

Score = 2216 bits (1118), Expect = 0,0 Identities = 1136/1142 (99%}, Strand
= Plus / Plus

Cloned gene : 17 gtgagaggcaaaaaggtatggatcagcttgttgtttgcgttaacgttaatctttacgatg 76

A T R RN RN R R R R RN RN RN N R R R R AN R AR RN
(RN R R RN N R R R SRR R RN R R R RN N AR RNN]

nattokinase @ 182 gtgagaagcaaaaaattgtggatcagcttgttgtttgcgttaacgttaatctttacgatg 241

CHCLCT R R i rererenen

Cloned gene @ 77 gegttcageaacatgtotgogcaggotgoceg agtac 1136

tacat
tacat

nattokinase : 242 gcgttcagcaacatgtctgcgcaggctgccggaaaaagcagtacagaaaagaaa acatt 301

137 gtcegratttaagcagacaatgagigecatgagt tecgecaagasaaaggatgttatttet 196

TOLCCR T e OO i L e e
RERAR R RN RN R R R R RN RN RN R RN R R RN AR R RN A RN NN RRN]

nattokinase : 302 gtegeatttaageagacaatgagtaccatgagt tocgecaagaanaaggatgt tatttct 361

Cloned gene :

Cloned gene & 197 gaaaaaggcggaaaggttcaaaagcaatttaagtatgttaacgcggccgcagcaacattg 256

nattokinase : 362 gaaaaaggcggaaaggttcaaaagcaatttaagtatgttaacgcggccgcagcaacattg 421

Cloned gene : 257 gatgaaaaagctgtaaaagaattgaaaaaagatccgagcgttgcatatgtggaagaagat 316

nattokinase : 422 gatgassaage tgtaaaagaattgaaaaaagatccgagcgttgcatatgtgg;aagaagat 481

Cloned gene : 317 catat tgcacatgaatatgegeaatctgttect tatggeatttctcaaat tasagegeeg 376

CLUL e 0T i U U i i bbb
PEUUU DO U i L e el

nattokinase : 482 catattgcacatgaatatgcgcaatctgttccttatggeatttctcasattaaagegecg 541

Cloned gene : 377 getctteactcteaaggetacacaggetctaacgtanaagtagotgttategacagegga 436

nattokinase : 542 getcttcactctcaaggctacacaggctctaacgtanaagtagetgttategacagegga 601

Cloned gene : 437 attgactcttctcatectgacttaaacgtcagaggcggageaagettegttect tetgaa 496

nattokinase : 602 attgactcttctcatcetgact tasacgtcagaggcegagcanget tegttoct tetgaa 661

Cloned gene : 497 acaaacccataccaggacggcagt tetcacggtacgeatgtegeeggtacgattgecgct 556

nattokinase : 662 acasacccataccaggacgecagttctcacggtacgeatgtegecggtacgattgocget 721

Cloned gene : 557 cttaataactcaatcggtet totgugestagegecaagegeatcattatatgeagtasaa 616
T A R A R R R AR A T A A

nattokinase : 722 cttaataactcaatcggtgtictgggcgtagegccaagcgcatcat tatatgeagtasaa 781

Cloned gene : 617 gtgcttgattcaacaggaagcggocaatatagetggat tat taacggeat tgagtegace 676

e
IR R RN AR R R R RN R RN R R R R R RRRREREN]

nattokinase : 782 gtgcttgattcaacaggaagcggccaatatagctggattattaacggcattga.gtgggcc 841

Cloned gene : 677 atttccaacaatatggatgttatcaacatgagect tageggacctactggt tetacageg 736

PO TR e U LTt U s st
RRRRE R KRR RN AR R R R R R RN R RN R AR R R RN NN RN RN RN ERARRRN|

nattokinase @ 842 atttccaacaatatggatgttatcaacatgagcct tggeggacctactggt tetacageg 901

Cloned gene : 737 ctgaaaacagtagtt@taaagcggtttcca.gcgtatcgtcgttgctgccgcagccgga 796

nattokinase 902 ctgaaaacagtagttgataaagcggtttccagcggtatcgtcgttgctgccgcagccgga 961
Cloned gene : 797 aacgaaggt tcatceggaageacaageacagteggetaccetgeaaaatatect tetact 856

R R RN R N R N N N R R N NN AR R AR AR A
RN R R RN E R R R R RN RN RN R R AR R R RN R R RN RRRRANARN

nattokinase : 962 aacgaaggticatccggaageacaageacagteggetacectgeaaaatatecttetact 1021

Cloned gene : 857 attgcagtaggtgcegtasacagcageaaccaaagagetteat tetecagegeaggttet 916

nattokinase 11022 attgeagtagstecegtaaacagcageaaccaaagaget teat tetocagegtagettet 1081

Cloned gene : 917 gagcttgatgtaatggctectggest gtecatecaaageacact tectggaggeact tac 976

R T T
[RRRRE R AR RN RN R R R R RN RN R R R A R R R RN R RN AR ANA NN

nattokinase :1082 gagcttgatgtaatggctectggegtgtccatocanageacact tectggaggeacttac 1141

Cloned gene : 977 gececttataacggpacgtceatggegactecteacgttgocggageageagegetaatt 1036

nattokinase :1142 gecgcttataacggpacgtccatggegactecteacgt tgocggageageagegetaatt 1201
Cloned gene :1037 ctttctaagcaccegact tggacanacgegcaagtocgtgategt ttagasageactgea 1096

R RN R R R N N N R N N N R NN R RN N A NN AN
EERRR RN AR R R R R R RN RN R R R R R RN R R RRARNNNNN]

nattokinase 11202 ctttctaageaccegacttggacasacgcgcaagtocgtgatcgtt tagaaageactgea 1261

Cloned gene :1097 aéat'aééttggaagctctttctactatggaaaagggttaatcaacgtacaagcagcagca 1156

nattokinase 11262 acataccttggaagctcttictactatggaaaagegt taatcaacgtacaageagetgea 1321
Cloned gene 1157 ca 1158
nattokinase :1322 ca 1323

TFig. 6. Sequence alignment between the BCF-1 and nattokinase
in the Genbank.



A St s20$3 B M s1 s2 s3
s 3 3 o
2
15 !
g
< 10
5
0 f . : .
4 8 116
hrs

Fig. 7. Production of BCF-1 enzyme during the growth of B.
subtilis 168 containing BCE-1 gene.
A: growth curve of B, subtilis 168 containing BCF-1 gene
B: electrophoresis analysis of the culture supernatant of
B. subtilis 168 containing BCF-1 gene

Fig. 8. SDS-PAGE analysis of the purified fibrinolytic enzyme,
BCF-1.
M: protein size markers, C: purified BCF-1 enzyme
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Fig. 9 Western Blot analysis of fibrinolytic enzyme.
A: SDS-PAGE, B : western blot.
m: western blot standard markers
a: culture supernatant of B. subtilis BB-1
b: culture supernatant of B. subtilis 168 containing BCF-1
gene
¢ purified BCF-1 enzyme
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Fig. 10. Effect of various pHs and temperatures on the fi-
brinolytic activity of the fibrinolytic enzyme, BCF-1.
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Fig. 11. Substrate specificity of the fibrinolytic enzyme BCF-1.
,A: blood agar plate, B: skim milk plate, C: casein
plate, D: gelatin plate
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Fig. 12. Comparison of the fibrinolytic pattern of the fi- -
brinolytic enzyme between plasminogen-rich fibrin 2.
plate and plasminogen-free fibrin plate.

A: plasminogen-rich fibrin plate

B: plasminogen-free fibrin plate 3.
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