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Variation of fibrinolytic enzyme activity produced from Bacillus subtilis by gene cloning. Lee, Hong-
Seok!, Cheon-Kwon Yoo?, Chul-Su Lee', Sang-Mo Kang". 'Korea Health Industry development Institute,
Seoul 156-050, Korea, “Department of Microbiology, National Institute of Health, Seoul, 122-701, Korea,
93-1 Mojin-dong, Guangin-Gu, Department of Microbiological Engineering, Kun-Kuk University, Seoul
143-701, Korea — The transformation of Bacillus subtilis K-54 and J-10 was carried out with constructed vectors
containing structure and enhancer genes of aprN and prtR, to increase their fibrinolytic enzyme activity. Bands for
the aprN and prtR genes were identified from B. subtilis J-10 by PCR that was carried out with the constructed
primers for the genes. In addition, the gene fragments contained promoter site based on the results of analysing their
nucleotide sequence. The two gene fragments, aprN and priR, obtained by the PCR, were, then, inserted to vector
such as T-vector and E.coli/Bacillus shuttle vector. The constructed vector were designated as pAPR2 (aprN),
pENC2 (preR) and pFLAL1 (aprN and preR), respectively. The constructed vector was used for transformation of the
strains of B. subtilis J-10 and B. subtilis K-54 and the fibrinolytic activity of the transformed strains was invest-
gated. The introduction of the vector, pAPR2 and pFLA, resulted in the increase of fibrinolytic enzyme activity in
B. subtilis J-10 by 27.3 % and 16 %, respectively. However, the introduction of pENC2 to B. subtilis J-10
did not seem to induce increase of the enzyme activity. The strain of B. subtilis K-54 transformed with pENC2
showed an increased fibrinolytic activity by 5 folds compared with that of the original strain of B. subtilis K-54.
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o] Foiz glom 607l olm|:Ale® FAW AR
serine protease®] AJArell positive regulationS 3= en-




hancer® 31 20u47}x] EAe] AARS /A FIvkT Hu
H3ict.

oty B dTeMe T2 Rzl 24 AR
fibrinolytic enzyme activityell ®]X|3&= ¢33ES ZA}SA}
PCRE °] &3} o FHAES cloningdled AxF
plasmidE RFE3l ©]v] alkaline serine proteaseq] fibri-
nolytic enzyme activity”} Q® B subtilis K-54 %
J-108 HHFZAIA fibrinolytic enzyme®] A WH3E
ZAsl9dch. =3 A2 DNAY GrIMd= ¥Asidde

WE ¥ gy

A2 =3, plasmid, HIX| ¥ Alef

AFH 3L vy EF el M EAsIIL 9 fibrinolytic
activity® YFeMI= Bacillus subtilis 45 5, UM
Azg AFANA 2217 B subtilis K-54 F5[22]%
B NattoollM 2218+ B. subtilis J-10 55 A2
AgslAct. AL TFEE E coli NovaBlue
(Novagen, USAYS AH&-3lgdc}h. AME3F vector2% pCR
2.1 TOPO(Promega, USA)®} Bacillus/E.coli shuttle vector
¢l pHY300PLK(Takara, Japan)E AF&38}gic}l. EcoRl,
Xbal, BamHI1 72 A|8EEA= Promegarl (USAYE AR
3150 ligaserx Takara*b(Japan) #|E-g AM8-3l¥d)
WA= LB WiRE ARESER 2w 7]l ARRAleR B
< ARkl

Fibrinolytic activity % cell growth =&

Fibrinolytic activity + o-casein® ©]43t plasmin
casein unit (PCUYE ZA 38} 2™[22] cell growth™
660 nmol| A FF=E FA 3

MR 3! plasmid DNA £2]

B. subtilis K-542} B. subtilis J-10& 37°CellA] 250
pm g 53]k Aehiek F WAl A2 dAE
TE buffer (10mM Tris, 1 mM EDTA, pH 8.0)% 13]
A2l STE buffer (5 mg/mL lysozyme, 20% sucrose,
50 mM Tris, 50 mM EDTA, pH 7.6)% FeRrA 37°Ce)|
A 1AZE 30881 HREAIZIYE SDSE AV F A~
A A2 F F2 phenol/chloroform/isoamylalcohol S
gol SN AT A2AE Aok vhA]
chloroform/isoamylalcohol® 2. &3}t Flol| A52S- 3 ¥
5M NaCF} ethanols do] DNAE AAAFHT}. oA TE
buffer§ ¥ RNaseE *]2|3}e] ethanol® A A7 F,
AAA)Z) DNA E3ES speed vac (Heto, Denmark) S 2
ZAZFA7)L TE bufferdl] o] AM83lsde) 2)x3F DNAZ
A3 AF E coli NovaBlueZHE plasmids £2]3}7]
413l alkaline lysis & ARE-51ATH7.
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E. coli 2| competent cell M= % SEXg

E coli®] 3AAZS 218 competent celle GietzHH
S A3k em[4] A=Y competent cell2 -70°Col|A]
Baspar Alg3lsd).

B. subtilis?] competent cell MZE % HZEIXE

B. suntilisol] A Z¥ DNAE FAAS Aldede=
Spizizen [1615 ARSIt 315 wieFst 315 wioFst B
subtilis K-549} B. subtilis J-10 #53 TFI €<} (Spizizen
salt 2mlL, 2% casamino acid 0.2mL, amino acid mixture
IlmL, 5% glucose 2mL, 1% MgSO4- 7TH,O 0.5mL,
DW. 14.8mL)l| AHEs2 d522171471A] wilokstdt.
wjoksl HFAE TFII €< (Spizizen salt 3.6mL, 2%
casamino acid 0.18 mL, amino acid mixture 0.18 mL, 5%
glucose 3.6mL, 1% MgSO4-7H,O 051, D.W. 2844 mL)
o A F 127 30853t At} competent cell
S 99} AEFH competent cell 1 mLol pHY300PLK
vectorll prtR¥} aprNe] ligation®l #|Z§ DNA 10LE
]l 37°CelA 1A13F 3087 Ae wiekslal 1% skim
milk7} F13)% LB platee]] =3le] 315 wjofsie] £
gho] AAAEE= A=E A8l

Primer M[Z} & polymerase chain reaction

¥e|F B. subtilis J-105} B. subtilis K-5425-€| natto-
kinase2} enhancer f-31AFE cloningd}”] $18}d Genbank®
BEHE o] E fAAY A7IMEE el Oligomer®
program¥} amplify® programe ]-&3led Z+z+e] promoter
£ 7KH=E primerE AZ}sIAYt (Fig 1, Fig.2). A==
primer$t B. subtilis K-549} B. subtilis I-10004 E&]8k
chromosomal DNAE A}83le] PCRE $83lgo)
Enhancer 3 #A}Ql prRol|] w3t PCREZ-Z 94°Cel| A
182, 55°Col|A] 148, 72°Col Al 184 2T 25 cycle®
a19d.2m, nattokinase -FIAR] aprNell Hialed= 94°Col|A]
135, 59°Coll A 18, 72°CollA] 184 B5¥ 25 cycles
gladet. PCR A fehl= DNA F#ste] AAE o]-43}
o] T-vectord] pCR 2.1 TOPO vectorell 23 ligation
st

THZEF DNA2| Q47 |MiEA
pCR2.1 vector|] cloning® PCR fragment®] €744

apm™N 5" Forward primer 5 ATA GTT ATT TCG ATG CTC TAC G ¥
3" Reverse primer 5" TCA GAG GCA GCC ATC CTT C ¥

ortf 5" Forward primer 3 AGC GTG CAT CAG CTG GAT GAA TTC®
3’ Reverse primer 5" TAA TGT TGT AAA ACT CTA AAC TCAY

Fig. 1. Primers constructed for amplification and cloning of
the aprN, preR gene.
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Fig. 2. Gene structure of aprN and prtR in Bacillus sp. used
in primer design.

2 #13l7] ¢35l Automatic sequencer (ABI, USA)E
ARE-8EEH12]). PCR AFEQ] prtR¥} aprNe| cloning®
Az2E plamide]l pAPRIZ pENCIS E. coliz ¥ 52
3 ¥ AmpliTaq FS®7} o] $¢l¥ terminator ready
reaction mixture2} PCRZ HF-A|Zt} ¥k-e-F 28X € DN
= AAEK 10 A7 A7195E AREL 1 AAE
ABI prism® program3} Navigator® program$ ©]-8-}<
A3

T=El DNA M= 3 gaNs

PCRE LA agprN3} prtR QoiZ PCR fragment:=
Z+zk APR# ENCR %73t ¥ pCR2.1 TOPO vector
o ligation ¥ E. coli NovaBlues A 3s}e] |23+
vectore]l pAPRIZ} pENCIE A|Z31.2H, aprNat preR
F%x12] DNA <HHE B. subtilis/E. coli shuttle vector
¢l pHY300PLKe®l| subcloningdle] pAPR2¢} pENC2E
Aglet. oAl ANFF vector B. subtilis J-108 332AF
ghslg e, pAPR2:= ATEA BamHIE} Xbal2E 2|3t
% pENC29|| ligationd}ed pFLA1E o] B. subtilis J-10
E FAAFSlo] fibrinolytic enzymed] AFse] WIS
ZAbstE o &3 B subtilis K-54= ANEF plasmide
pENC2Z 3231 385te] fibrinolytic enzyme?| AAHs-2
H3E 2k

apNZt prRe| polymerase chain reaction

Enhancer 32k preR3} nattokinase 512k aprve]
A2k 9714 9E GenBankEH-E #9)sle] primerS
Azbsled B, subtilis J-102+ B. subtilis K-542] chromo-

someol] W3} PCRE 3ldc}. aprN <39 cloning® $13t
primer= TFEFA2F ¥4l ou|®} signal sequence,
promoter site® E&sT AAF F hairpin T-Zel &8k
modification®] 7Fs3}%5 stop codon °]¥ downstream
22 o 100bp7hA] AEste] AlAtElAS. E3E prere]
o8t primer= start codon®} upstream HWFEESE F 60
bpElE #9], stop codon>ZHE] 2F 30bp downstream
S E3IEF A3Idek. PCR 23 B. subtilis 1-10
NME prRZ}F aprNe] AR Z7)9} YA|FR= 600 bp,
1.4 kb®] DNA =Hd& A& 4 Qlgl2vl, B subilis
K-54F¢] chromosomeol| M= priR3} aprNe|] A AE
geld 4+ ¢l (Fig. 3). |5 29 B subtilis K-54
T prRTARE A2 A $Rd7F =X primer A2t
o] Al4-% aprNF-3 &S] untranslated region -]
B. subtilis J-103+= A2 v127] wlE<g] 7Hlo2 Azdc}

=B} vector2| ME H A7 MY &l

Nattokinase ARkl aprNFHA2] PCR ©HH (1.4 kb)
< PCR Al TEeiAe & H2 AAC < ddde] TTE
Z2}® pCR2.1 vector (3.9kbyll 274 Iligationdle] pAPR1
< JdAdd (Fig 4). oA AFF vectors ¢ 53 kbE
ampicillin WA F3AAE 72 e lacZz A}
W =]2] it} o] vectoroll AMUE aprN FRALE el
37] $3led @71MES Ak A primer H7IM G
ALA  promoter, shine-dalgano sequence, start codon,
stop codonS EIsIHT @7 IME Bl F o] FAAE
B. subtilis J-102} B. subtilis K-54° 20237 ¢}

Fig. 3. Gel electrophoresis of PCR fragments on prtR and
aprN genes of B. subtilis J-10 and K-54.

The DNA was applied to the sample slot in 3 pl volumes contain-
ing 9% glycerol (W/V). Electrophoresis was carried out at 100
volts for 25 minutes in 0.8% agarose gel(Tris-acetate buffer).
Lane M, 1kb ladder; lane 1, prtR primer PCR of J-10; lane 2,
aprN primer PCR of J-10; lane 3, prtR primer PCR of K-54;
lane 4, aprN primer PCR of K-54.



Fig. 4. Gel electrophoresis of single cut pCR vector and
recombinant vectors.

The DNA was applied to the sample slot in 3 pl volumes contain-
ing 9% glycerol(W/V). Electrophoresis was carried out at 100
volts for 25 minutes in 0.8% agarose gel (Tris-acetate buffer).
Lane M, 1kb ladder; lane 1, pCR 2.1/EcoRI; lane 2, pENC1/
BamHI; lane 3, pAPR1/BamHI.

E. coli/Bacillus shuttle vectorql pHY300PLKel subclo-
ingdtd vt aprN FHAE 2 FEFAA| EcoRl,
Hindlll 2] A7 EAFHE 73 glemz A"
aprN 2712 FF 2 $1X|8F pCR2.1 vector AFA] A|FLE
5920 BamHIF} Xbal 915 o431 xS Aeh
%ok =3 pHY300PLK vector 9 A] BamHIZ} XbalZ
Zbehl §- calf intestinal phosphatase (CIP)E 2] ¥
pAPRIIA Zehd DNA w3} ligationdled 6.3 kb =7]
9] A=3} Fg2n|= pAPR2E whEe] B subrilis J-100]
A ZA]|FI

=3}, enhancer H3AR] prR A&l o3k PCR =
& pCR2.1 vectorel|l ligationd}ed pENC1 (4.6 kb) S
THEe] (Fig.5) 971M9S 2Asks EMEI AA
promoter, stop codon, start codonS E1E ¢ glglem
Genbank® ] 454 B4 A3t prr Aol
$AHSIT prR FAAE SRR Ul AREAE
292 AAT oA Qo= E AR iR H7
sz el St EcoRl %913 olgste] Hehd F
Al EcoRIF} CIPE 2|3t pHY300PLKe) ligationdle]
pENC2 (5.5kb)E 9HEo] pENC2E B. subrlis J-103} B.
subtilis K-542. AxK 85t B subtilis J-10 (pENC2)3}
B. subtilis K-54 (pENC2)YE i}, =3t whEolzl Az
g vectordl pENC2E BamHIZ} Xbalo 2 X 2]3} H-¢o)
pAPR2Z BamHIZ Xbal©-Z A2} o}zl aprN $AAS
ligationdled F FAAE B5 2H= AZF vector pFLA1
< A=telde} (Fig. 5). o] AEF vectorZ B. subtilis
J-105 #AAgs AT, ozl AEF vectors 2t 4
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Fig. 5. Gel electrophoresis of single cut E. coli/Bacillus
shuttle vector and recombinant vectors.

The DNA was applied to the sample slot in 3ul  volumes
containing 9% glycerol(W/V). Electrophoresis was carried out
at 100 volts for 25 minutes in 0.8% agarose gel (Tris-acetate
buffer). Lane M, 1kb ladder; lane 1, pHY300PLK/Xbal; lane 2,
PAPR2/Xbal; lane 3, pENC2/Xbal; lane 4, pFLA1/Xbal.

wjt} Z}zke] primer® PCRE}e] 3=
982 st

d#Ho| cloning ¥

B subtilis KB54F2| fibrinolytic enzyme SFE Xt}
B. subtilis J-102] enhancer FHXI2| 7MY £A

B. subtilis K-547} AJAFS}=  fibrinolytic enzymeol]
A F2 TRk 971MEe B8 A Bacillus 49
TFlMe FEFAAL] start codono]l ATGERF ope}
GTG, TTG, ATT ¥ CTGE 7Fsslchs A& 1=s)
2 wj[23] GTGE Al=t=e] ATTZ Erl= HA 1,149 bp
o] #FAAE I 4 9l (Fig 6). GenBank®l| A
d71MFol ofu] Hezl FAF 2] DNAMET 454
< ®|3F A3} DNA access no. K02396%1 B. amyloliqui
facience®] alkaline protease®= 95%2] AHEAS HS
] subtilisin DNA (access no. KO01988), subtilisin J<]
DNA, nattokinase DNASF= 85%2] AFE-AlS- subtilisin
carls-berg DNASI= 81%2] AMFAS Xyt E3] B
subtilis K-549] fibrinolytic enzyme2] §7)1¥1g-& 95%2]
AFEAlS Z= DNA access no. K02496 §4-2] DNA%}
HlE w849 bpEl 930bp 7HAS H7IME 4670%
107074 22t 9& F-9lo) vls] |7de] Zol7| Alslsd
o}, =E3Y, B, subtilis J-102] enhancerf-A AL BEAA3}
o= B. subtilis var. natto®| 9% enhancer 52k} FYU
3leic} (data not shown).

SAMBIAHIC| fibrinolytic enzyme AMAks
Alkaline serine protease?! fibrinolytic enzyme activity
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1 GIG AGA GGC AAA AAG GTA TGG ATC AGT TTG CTG TTT GCT TTA GCG TTA ATC TTT ACG ATG
61 GCG TTC GGC AGC ACG TCT CCT GCC CAG GOG GCA GGG AAA TCA AAC GGG GAA AAG AAA TAC
121 ATT GTC GGA TTT AAA CAG ACA ATG AGC ACG ATG AGC GCC GCT AAG AAA AAA GAT GTC ATT
181 TCT GAA AAA GGC GGG AAA GTG CAA AAG CAA TTC AAA TAT GTT AGA CGC AGC TTC AGC TCA
241 TTA AAT GAA AAA GCC GTA AAA GAG CTG AAA AAA GAC CCT AGC GTC GCT TAC GIT GAA GAA
301 GAT CAC GIT GCA CAG GCG TAC GCG CAG TCC GTG CCT TAC GGC GTA TCA CAG ATT AAA GCC
361 CCT GCT CTG CAC TCT CAA GGC TTC ACC GGA TCA AAT GTT AAA GTA GCG GTT ATC GAC AGC
421 GGT ATC GAT TCT TCT CAT CCT GAT TTA AAG GTA GCA GGC GGG GOC AGC ATG GIT CCT TCT
481 GAA ACA AAT COCT TIC CAA GAC AAC AAC TCT CAC GGA ACT CAC GTT GCC GGT ACA GTT GCG
541 GCTC'ICAATAAC'ICAGTCTI'I‘GTAHAGGCGTTGCGCCAA(X'DGCA'ICTC'[TTACGCTGTA
601 AAA GTT CTC GGC GCT GAC GGT TCC GGC CAG TAC AGC TGG ATC ATT AAC GGA ATT GAG TGG
661 GCG ATC GCA AAC AAT ATG GAC GTT ATT AAA TGA GCC TCG CGC GGA CCT TCT GGT TCT GCA
721 GCG TTA AAA GCG GCA GTT GAC AAA GCC GTT GCT TCC GGC GTC GTA GTC GTA GCG GCA GCC
781 GGT AAC GAA GGC ACT TCC GGC GGC TCA AGC ACA GTG GGC TAC CCT GGT AAA TAC CCT TCT
841 GIC ATT GCG GTA GGG GCA GTT AAC AGC AGC AAC CAA CGA GCA TCA TTC TCA AGC GTA GGT
901 TCT GAG CTT GAT GIC ATG GCA CCA GGC GTC TCT ATC CAA AGC ACG CTT CCT GGA AAC AAA
961 TAC GGC GCG TAC AAT GGT ACG TCA ATG GCA TCT CCG CAC GTT GCC GGA GCG GCT GCT TIG
1021 ATT CTT TIT AAG CAC OCG AAC TGG ACA AAC ACT CAA GTC CGC AGC AGT TTA GAA AAC ACC

1081 ACT ACA AAA CTT GGT GAT GCT TTIC TAT TAC GGA AAA GGG CTG ATC AAC GTA CAA GCA GCA

(1]
1141 GCA CAT TAA

Fig. 6. The nucleotide sequence of fibrinolytic enzyme strue-
ture gene of B. subtilis K-54. The numbers referred to the
nucleotide positions. The start codon was underlined and stop
codon was marked by asterisks.

7} &lE B. subtilis K-54 W J-10 (data not shown)S]
FAA 3] w2 fibrinolytic activity?] WIS AR,
nattokinase H5A+S5 zH= 2)F3} vector pAPR2, enhancer
fAALE 4= pENC2, & 7 fAAE 7 z=
pFLA1E 7M. FF5 HHAFIAZ] F fibrinolytic
enzyme®] AJAFs-S- ¥| 23T (Fig. 7, 8). =3t B. subtilis
K-54¢} B. subtilis J-1079 2373 Aol @k fibrinolytic
activityZ plasmin casein unit (PCUYE F33led AlA]
845 v|azsldet (Table 1).

pENC2ZE o]-83ld B subtilis 1105 FAAIs)IH L
734 plasmidE ZEX|9¥= B, subtilis J-10 oY Tl

Table 1. Comparison of fibrinolytic activities* of B. subtilis
K-54 and J-10 having the recombinant vectors

B. subtilis K-54

Recombinant vector B. subtilis J-10

- 1.00 1.00
pAPR2 NT 1.27"
pENC2 5.21 1.01
pFLA1 t 1.16

+ : Not tested

* : The activity was estimated by using PCU described in Materi-
als and Methods.

** : The values were relative activity comparison with the wild
type hosts.

v)sle) BAZ71= glglovl, pAPR2E HAA SIS
7% oF 273%8] BAo] FUsIgi e, pFLALE 33
3192 7ASole Aol oF 16% AX F7I8Id. o3
452 B. subtilis 1-109] 735 A55471 A17HE &
29] #Ajo] FlEle] AR|7] HWel 19417 F2lA Hd
9] AL Hyth pAPR2E ZHe AR A1
H5FA717) ARkl 13A17HRE AR 7] Bl oFF
TFE ot FejeAdAge] 3ot w2bA plasmid FA)=
olsled AAte] A AHE & 4 Ut BT 79
= FAT 1= BolA] gkt 1947 HZellA Fd
$E A, 79 deFIrE 24 e 2
A Z3 DNAS] ol Azle] A8%E B 4 e
8] nattokinase = AR FEo g o] gzt
e o 7 A+

a2, pENC2E ZH= JAA3TE 54 84 HHo
TAZHEE AlRbE] ofE o] SAIZEEe 1A vebd
S Bglov), B4 849 TPt o8 Il vl F7t
HA dsket. =3 pFLAIE A e FFE 94
TAZHEE BA A9 Z1E Belr] AlAEle o] APE
716l Eol7be 217174 Hd 4E B A2
¢k 16%2] 712 Hol F Z-$ E5F enhancerd] prR
frdake] =del] whE J3kS B 4 ol

o]742 PCR cloning® 47} A promoterE 714
3 glE AHOo= Hol olu]l B subtilis J-1057}F chromo-
somed] 7RI Sl prR FAANIA T EE Ao
Z3PdeoA AR AR B enhancer®] ¥4 F7H
£ fibrinolytic enzyme Aol °J3-E wIX|A] X3 AL
2 Alaso

B. subtilis K-545F2) 7% B. subtilis J-103} 7o
q552]7] Skl SAIZHRE Ba #A4de] FUsl] A1z
sl 17717kl FH el o] 23w}, 18} pENC2E 7HA|3L
B. subtilis K-547F<l 3{AAR3NGE d= 7A0RF-E
A o] FIstd H Aol A Ba o] St
slod oF s Axe] EAFA] FUISIHAG. ol prR
AR} Bacillus T2 Ei S S7HIAHE B
o vlE & E of =" prR AR B AARF
Z7kell 7led 3 AL B 4 glovt BA Akl
40-40040[8], 15-60v[19] 273l R ol= & z}o] 7}
alglet. olx= B subtilisoll MZE =UH prR FAAE
AR Bacillus Tl wel Baw Akl 7=
HE7F o E Aoz Az

e o
TZ2F A2} enhancer FAAFE cloning 3ted fibri-

nolytic enzyme2 AAFS}= B. subtilis K-54¢} J-109]
fibrinolytic enzyme®] AJAF 52L& Fol7] 93l o] A
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Fig. 7. Time courses of growth and fibrinolytic activity by
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(A), B. subtilis 1-10 (wild type); (B), B. subtilis 1-10 (pENC2); (C), B. subtilis I-10 (pPAR2); (D), B. subtilis J-10 (pENC2/pAPR2).
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Fig. 8. Time courses of growth and fibrinolytic activity in B. subtilis K-54.
(A), B. subtilis K-54 (wild type); (B), B. subtilis K-54 (pENC2). —@— cell growth, —O— relative activity.
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