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Development of new functional food with fibrinolytic

activity from traditional food product
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fibrinolytic activity® 33 23 84S Jehd-g A3tk

L. 80l T 2dof
NF AR Beoe] I FAF, A3A S F GFT 4ED
THstel M2E ALAFOR 7154 FASAL, A& SYaA
o Wbt AEsE SBZ ALY 4 Uvh B oy WF BE
Pge FYssel & AW AF AAE YENFOS wig
Atk 22 ESE AF A Y3 59, AR DL, NG
97 F3% APE VA Qom AFHE A% A7 NYY F=A

o] Bzt

_5_
25 AZOREH HESHSS s M22 IS4 AE0| Yo 28 7. NS HELDA /..



SUMMARY

The production and purification of a fibrinolytic enzyme(BK-17) from Bacillus
subtilis BK-17 was studied for the commercial application of the enzyme. In the
flask culture, soybean flour was the best nitrogen source and the concentration
of 1.5% resulted in the highest enzyme yeild. For carbon source and inorganic
salt, 0.5% D-glucose and 0.05% NaHPO4 gave the best result. Optimal
temperature and optimal initial pH were 37C and 9, respectively. Enzyme
production was greatly enhanced with increasing agitation speed in the range of
100~300 rpm or decreasing flask working volume in the range of 25~100 ml.
The maximum enzyme production under the optimal flask -culture condition was
1400 unit/ml with urokinase as standard.

In the bioreactor culture, cell growth, enzyme activity, glucose concentration,
pH and DO were monitored. With proper preculture no lag phase was observed
in cell growth. During exponential phase, DO and pH rapidly decreased and the
maximum specific growth rate was 1 hr''. Enzyme production started at late
exponential phase and continued for 5~6 hr with rapid glucose consumption.
With increasing agitation speed in 400~800 rpm and air flow rate in 0.4~15
vvimn, enzyme production started earlier and its maximum activity in the culture
medium increased. Optimal medium composition was ; 3% soybean flour, 1%

glucose, and 0.1% NaHPQO;. Under the optimal bioreactor culture conditions, the

same maximum enzyme yield as flask result, 1400 unit/ml, was obtained.
For the purification of BK-17, culture broth was precipitated by
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55-709% EtOH. Precipitated proteins were fractionated by DEAE sephadex
A-50 chromatography in tris-buffer(20 mM, pH 7.5). Specific activity
increased by 139-fold. When the enzyme solution was further purified by
sephadex G-75 gel filtration, specific activity increased by 900-fold. The
molecular weight of purified enzyme as determined by SDS-PAGE was
31,000 Da. The enzyme was thermostable and had pH stability in pH 6.0
~90. The enzyme had a high specificity on fibrin and lysed fibrin
directly.

Solid fermentation using cooked soybean was also carried out. The
fermented bean showed a high fibrinolytic activity on fibrin plate and the
enzyme activity of the dried powder was maintained for over 80 days at
4°C. On nutritional analysis fermented soybean had a 20% more protein
and lipid than the unfermented one. It was possible to make tablet or
capsule from the dried powder with starch and some other additives.

For cloning the BK-17 gene, chromosomal DNA of B. subtilis BK-17
and plasmid vector pUC19 were digested by the restriction enzyme Hind
. These fragments were mixed and Ta ligase was added. After ligation,
the recombinant plasmid was transfered into E. coli sure cell, and the

transformant having a fibrinoytic activity was obtained. The size of

insert fragment in the recombinant plasmid was 1.4 Kb.
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ol ALs} FEolY AE Rl o7l Wl dF Hstrlol wf¢
olgm, E AL gt} & Eo AFHAE HLHAAZ AlHHR
E J4AEFANT SAMzAPL ZF AHole] A fHe 2
2 g8iA gtk g9 98 AYolE F widdte Ao SoldA o=
2 a7tz APeld 7R E d82ZRH dF Fdste A2 IA 3
o 9l FAGHAS A3tE vAES Mg EAL P A4S
AE ¥E 5 JE AFY 7HHE dFe AL BE, APo] HF F
Yol & 239 £AXE =Y F Ak

¢, AL AU WAl Yehdr] A Fde AR7F Wf o
& @A ok 2E2 AE FLATe HFolv 4FE A S
o Ao o AU viE]l Agdse o] HAHolq. A F A FUAH
dqrele oln] R g A7} ok A7tA A2 {FAFE o)EF fA
F 5 ATEEE vid HFLE AASE &371A9 HF3FE wnlg
Ago] W¢ FL ARE AT & AH HIZE 71F4 oligode 4=
A7tste] v AE AT AFS AL AT o dE& Fud &
W dAGHAELE YAdte VB ES ol &st HUPY G o]gatd
oM HFsste Zo| vi$ uiFHsnn At d

AYH Y HFeR d3F 83 715 ZAE AFL Sie €8 AAA
Ho 2 EAS A 4t IATF AF FAN¥=E Ida & 5 Ao i
A P8 715 e MEE HFS NI HE folM dF € ut
AE FAEE 28T FAFATFEE F)olU oligodE o|4F HF EXA
& FL ARRYA O] dgET

A2d AFALe 2AH @S

2 @7 YHEAELE HFYL-AAS A A7y AFLR NP
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RE HFEEE I dF YAt JAY A4LE HFO2 o837
o] A9 AEH 54 AL BE A¥E B SA4-FEY AL
AR 9o dFE FPdon v Y& LN 739 ML Qs
gene cloning & A=3tH 4.

AR, Bacillus subtilis BK-17 @57} A2 Fulsle YAGHALE 7
Hog Y537 sty EFep23 widE T wiAzEH §R3xAE F
AzstAeh. ALY, ¢424, BUEHFYE 59 A 28¢ HHgsiAen, &
T, pH, 2 &5 59 73 20| Hd AN pNE 9FE AFIG. &
g3 FroA HHT AFPIZAE G AENEIdME AL
Had TaxA9 HAHJE A=HA.

A, 2EYINA AFH5E GRASAELE oiFee] AAGPL AA
AFANAY dFFLZ ALY F ASF H&HA dFRHA WL AL
Fua YL BEZ se EFL S¥EA FAE puredt FHo] ofYox
Fong FARAEL F dAE £9 AANE wol1 A&A4L SdgEe
Aol 242 23en AW AL BE QHYAY T Hgix A5
A EAL RAEIAY. 22 AESR olgso] A 1 HTE Y
Elfjojol dtuz FAE Ao A 548 ZABAL FHE ol&®
FEAYo s YYdA AL Tl YEIYEAE #ASAUT

A, £ A7 FFHU BEFE AL E 7R A7 HAFEA
g Ngste Rolmz AFos JRLY v Ad AL EhPs: ¥AH
43819 7153 tEo] AEFYYEFoRE XE VM HFLE e
1A Y. FAYFY AJAE3} Fe) 2 tabletd} capsule®] F7HA FEHZ
Azsgoen 2uA7 BF A3 F AEE FUALL A=A

A A, Bacillus subtilis BK-17 %9 H2330A §4RE shot-gun LH
g o]23l9 cloing3tgth. Vector2% plasmidE °| &3 4T £F HEXIZE 9

X,
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N2EX  ME LS AECZPH HAEENSS s M2 JIs4 AS N0 &8t

d 2§99 E coli € A-¢33t.

A 38 A AT TF

u]2e] Sobel 50| AHY £ F29 = FolM AT urokinase(l~7)
e dA7NA Y FALGoZ Al#, AHE-H3 ok 28y urokinasew 7t
Zo] nrtolnn FAA R AHEHT, F§ FA AT AREo] FHHD 3
=2

Fletcher 52 8§84 Q37 (Streptococcus sp.)oll 3t AAitsE
EA FoAd AL AHIT Ue  streptokinase(®)E B A A
Streptokinasex A& Y Eddte 4L 71 Re] oha Y F
plasminogeng 8433}l plasming 714 3o THHez aHE g
A, 22|y, streptokinasee &8 F9 F38¢] & A2 ¥&A UAth

Aol A F49 melanoma F# 9] tissue plasminogen activator(®] &
AL 8 WAHARES e A AAAEAME AR TPA=L £33
)7 A SALAAZA Gl AHEHI ATH9). TPAE A9 st
gol| 23r fibrin 3] 2 Aol FAolY F FelA w377t #3 7t
Zol rtel7] W& ZAAAYel FEAlZE Ao <& A A
Genentech& HIXE o8 7YX 7t7o] AYstn ¢F4go] SHE TPA
frede /MEe AEsin Qoo HI AFH WA geHRez LA
ATH(10).

FHZol A& Mihara%ol Aol AdHA2 2y PH Lo e
548 EAASY Bag v} QoH(11~13). Lumbrokinase(LK)2tal =3
B ool Ade FHLHFET ZA3tAT gwt A BaFgo] 1 ol
2% ez RuHy Qg ageg JEAME Bzt UEA g 3l
oy sl Me gdEos o fujrt srtsEn iok @A FU9

%
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27} Ak3AL AFLZ 72 AR Fo AUk

T3, Ao Y8 Sumi 5 BRI AFH HFHAM EHE
SEAE AA8A nattokinase(NK)2} B3] GHEF u} JoH(14). NKe
a48A ATt AFRAANY B3 gME A7t Eusn oy
(15), o] EAZRE 715 AToly A4F Jdel B JRE o3 Yok

#HA FUelME YALHAZ ALY =o)X FAE urokinaseE BYF
A NEAZ AR Atk 3 Yol HIRY FTAEAZA ATAGR
Aol Ztzt WA ‘A olgte FEDLR AFsetd T A
. o5 5 AELS YE vlopAs ol A wEtetEel st ATE H 3
¥ lumbrokinase® FA¥ o2 § Rolth o] AFL AFolY AHFAANZA
droME Beizt A gtoud v E AgAARA 57t
o] Bzt Uk AHole EFVAFTY FIHE dF TRt 31 9]
s AAE HAY AT FFHY 4HE QEiste 2t w9 ER,
lumbrokinase fibrin(@ A4 #)gt Basle 714 Solde] st 23]
dut gl Eiso] fibrin®dlertt 453 Eof OF HHAY BF+ ¥
ZA4e 29 F Ae TAA A 2 Yo FAAFAME A A
WA FojAM ALNELE F23e 7S A5 U RHCAM=E ¥
AL ELe AFE AFstn Yot obF F8stete 23 As A
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A 13 XA

Ealagoy BASHEL Yo B FE 2F WA AR 28
ole] gre FAMSIACLE B AF Aol Bacillus subtilis BK-17& tiFolA
225 & A7 A8 £7) L-brothol A AAujde saM BASHE 2
Faige W Ho QAo o} 200 uniVmFERE, okl FAHo=
N&d flask WMYF HH3 APe 58 ¢ A= F7HE 1400 unit/mle)
AL Ae 4 AN Flask MFI M ofg 744 Wk Qe AR
2 39 ¥7¥ &% pH $¢ ZHW o8 7HA @320 AAEA wA
£ 99¢ 2ABED. 250 ml 42 flask MFolA HHHE MF2AL v}
8902 & bioreactor Mol WA FEg pH, 22 LEE HHAAL
o B 23 gAes asdd F4e TASY ZgEFHoz Ha
olm st S3), A £59 air ¥ FNHNLYSFE &L

A 24 As 2 U

1. 25 % WA

¥ A¥d A8E FFc wAEE dFEREH £9% Bacillus subtilis
BK-17¢19, 2 HA@n 3 A3 4284 4A& Fig. 13 Table 19 &
Zt Jehucr Aul g wi A= L-brothull A (bactotrypton 1%, yeast extract
0.5%, NaCl 05%, pH 6.8)& AM&-3t5len Eulgdrxe flaskolH X3}
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Fig. 1.

Electron micrograph of isolated strain

Bacijllus subtilis BK-17
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Table

1. Biochemical properties of Bacillus subtilis BK-17

Biochemical

Properties

Result

B.subtilis

Gram staining

+ , Rod

+

, Rod

Spore

+

Arginine

Lysine

Ornithine

Citrate

HgS

Urease

Esculine

Gelatin

V-P

Indole

Gucose(Fer)

Glucose(Ox)

Mannitol

Inositol

Sorbitol

Rhamnose

Sucrose

Maltose

Amygdaline

Arabinose

Mannose

Gluconate

Caprate

Malonate

N-acetyl Glucosamine

o - nitrophenyl Galactoidase

Nitrate reduction
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g H] A](soybean flour 1.5%, D-glucose 0.5%, Na;HPO4 0.05%)E 712 ¥jAl.
2 34

2. Wz

Flask s %-& 15 #By wjAe] 2EQ #< 10 mie] AA vz HF3}
o} 8-10 AJZHEQ A=HI%7)(Model KMC-8450SF, Vision o4&, A&)olA
13 Aeldg & 250 ml A SgaAda Bujokstdc. 47 E5bs3
W ooz B9 50 molZ FFFL 1%A BE 2R aNtEEE 160
mm, €5E 37Co|it} Bioreactor Bl gelA= 13} WiFdE 500 ml &
Eelxgol FEFsA 23 AvjFsigen, of W wiA F3E 100 ml, 22
T HAEFL 1%2 stgc 2w $59 exE Fetaa Buig FUSA
staict 2ujoke pH AZ(InPro 3000 pH combination electrodes, Mettler
Toledo, USA) @ DO electrode(Transmitter type 170, Mettler Toledo,
USA)7t £38® 5 L bioreactor(Model KF-series, 3= W& 7], A&)oA
Agagen, WA £oE 3 L, 23 AMgd AFFLS 100 m2 FHT
Bioreactor®] &5t a&434Z(Model RBC-20, Jeio tech, A&)& AM&
o] rcE ZA}Pen, BEA AHdde AFE AASI] A%
antifoam AFFYFAE AH&IAT

3. AAEAEY &3

Fibrinogen 0.06 g& borate buffer(pH 7.5) 10 mio) ¥ 37°CellA 2 A3t
AL S0 ¢4A3) HEE it} %L fibrinogend petri dishell 10 ml¥ &5
53 fibrinogen 10 ml¥ thrombin 20 unit® Y% petri dish AW FiF
Z & e fodsdExN ¥n Atz FHPEA EE o

Fibrinolytic activity® plasminogen free fibrin plate method¥& ©} 2314
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©1(16), urokinase(Urokinase 20,000 LU, Z4zHE ol83stq 7
standard curve(Fig. 2)& ol43te]l LU.Z FAstAch wigdg d4E s
o 2 454 H3}Y tris buffer(pH 7-8, 20 mM) HHst=d 2 WIS
372 %t} Enzyme 3149 100 & fibrin plated] Hoj=d ¥ 37T
incubatore] A 3 A3t WAL, BB XFoEHE EIHUHE T

Aot

4. QA4 (colony forming unit, CFU)S &%

Z7)|AZ ALE® LBY wFde Fgdolng FAE=E FHFLEN
AE ARS BAY § Aoy WA AFSG FAoA HAHE soybean flour
£ AEE WEde FFE ZFo| BNk webA agar 1A WA
o AFE ZHANE F3td AEPZZAELE Aok L-brotholl agar 1.9%
g Aristd gt AFsts, WAz 27) Ao] A€ petri dishel ¢f 20 ml
B 22sgc WAs ¢33 F Foll 37T incubator A 12 At 7
AZAZ ¥ 4CAM BEsQAnk CFU SA3A A3 548 wigd 100 ot
2 Holjmy AFY TUFoE A EHY FIF HAEF FASEA
Tasig, 235E ALY 12 47 Y SN wFE =Usiiey, 8~
12 AR B Fo AFFE BAATH 30~300709) colony7t ERFE

petri dishe A"sley 21 =8 AAH

5. Glucose ¥=9 &34

Glucosed] HT¥ &4 2A44<l DNSH(18)& AH&3td €435 Glucose
9 ¥=7t 10 g/L o837t HEE ARE HAY A F(HY T 03~10
g/L), ol A= 1 mlo] DNSAI¢ | ml& E#3t] Be €A 10 ¢ TBHA
th. 979 rochelled £9(40%) 1 ml& 7}g ¥ 32& BdA 34711 F
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Fig. 2. Calibration curve for determination of enzyme activity.
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22 5 mie 78t A% £ 3% 575 nmolA E%FEA (Spectronic 20,
Milton Roy Co., USA)Z &3 & &As At o A%< glucose standard curve
2 o)438te 1 ¥EE A4 rHFig. 3). Glucose standard curve< glucose
¥% £9(Sigma Chemical Co., USA)Z A}&-8}ed 02~10 g/Le WA T
3t th. DNSAIeke 23-dinitrosalicylic acid 10 g, phenol 2 g R sodium sulfite
10 g& 93 1% NaOH§H o2 1 LE BF0 Az F 24 go} ¥3x
oA mustgon, DNS Aol Alzte] me} Wate #AE AAN7] A3t
o 1 Fgvith A2 A3}

A 38 Az % nd

1. Bg23 WX v 2 FAZA] HEH3

7h f7l AAde 9%

Tryptone, gelatin, bactotryptone, polypeptone, soybean flour, beaf
extract Sol waa ZAEIEHFig. 4. A /71 A2LE
L-brothol A yeast extract th4l 05% 78t wjgs Z3, soybean
flour7t 7} £ A#%E HHch Beef extract® ¥2 A4S HIY
o1 ZAAHA ZHoA & w soybean flour7} #l§- FE|3ER ol &
7] AxQoz AASNAY. AA2 YL extracellular enzyme®] A4t 2o
e & ogae nxe Aoz LA ov(19), 53] soybean flour7}
Bacillus  stearothermophilus®}  Streptomyces clavuligerrus$-€1 9
protease A4S FAAIZTHE Ba7 ATH20, 21). Soybean flour ¥E&
AR 918t 2 T8 0504 2.0%2 HaAHE W(Fig. 5), 1.5%
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Fig. 3. Calibration curve for determination of glucose concentration.

NeEx HEYS AZOZHM HABHSS IINE M2 )54 AZ2 N0 &8t A2 M2E T AEZEUA /..



200

150

Relative activity (%)
=
(=]

50

0
1
Control Gelatin Polypeptone  Beef ext.
Tryptone Bactopeptone Soybean flour

Fig. 4. Effects of organic nitrogen sources on enzyme activity.
Control was L-broth.
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Fig. 5. Effect of soybean flour concentration on enzyme activity.
Control was L-broth.
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o 2%l M F& AF#ES JehiAeH, 15%% 2.0%F Hmstge o 2
Aol7} Wi$ Fgonz 1 FEE 15%2 FAIAUR.
U 2rldade 9%

27 Aagol & ¥A uXE FFE KNOs; NHLIL, (NHJNO;,
(NHO20:5s S0 thsted ZALatAthFig. 6). 22t F71 A4de 02
ogiw/v) A7 AT 2% AR e ASERG @e AL ¥4 W
BN AT 1 & KNOwH 7HE F& Aue Byt /7] A4
soybean flourr} 8% Aaxdoz FFH7] W, 02% olate] W&
27 A2Q FEAM &2 84 uXe 9%E 2ASA(Fig D
01%14 H BAL AUAT T %L H7HA 4L ZAsut 4.
I-Ming, Chu % Bacillus subtilis ATCC 14416& ©1-83o alkaline
protease® AAHSHE APA F7] Aado] A Y AHAAE U
ehile A4S AUckn Bag bk )H(22).

o gAade I

gBAagdol fA YA wlAEe 9FE L-arabinose, lactose, soluble
starch, sucrose, D-glucose, mannitol, dextrin o st Z At o
(Fig. 8). &24% 05%(w/v) H7}8+ ZAF L-arabinose, sucrose,
D-glucose, mannitol dextrin <& gA294e HulsA @& ARG ¥
& x84 Bgon, E3], D-glucosee F71EA &S A5 17
HH%] &284e ¥¥d. D-glucoseE 02-2%% WIAHE o (Fig. 9)
05% ol@ollA F2 Askg BAG.
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S
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0 I I |

Control KNO3 NHsCl (NH4)20:2Ss NHaNO3

Fig. 6. Effect of inorganic nitrogen source on enzyme activity.
Each inorganic nitrogen source was added to 0.2%. Control
contained :1.5% soybean flour, 0.5% D-glucose, and 0.5% NaCl.
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Control  0.01 0.05 0.1 0.2
KNOs (%, wiv)

Fig. 7. Effect of KNOs concentration on enzyme activity. KNQOs3 was
added to 0.2%. Control was the same as in Fig. 6.
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Relative activity (%)

200

150

100

50

0
|
Control’  Lactose  Sucrose ~ Mannitol
L-Arabinose Sol. Starch D-Glucose Dextnn

Fig. 8. Effect of carbon source on enzyme activity.
Each carbon source was added to 0.5%. Control
contained : 1.5% soybean flour and 0.5% NaCl.

_28_.

ZOR2H HEEMNSS IINE M2 JIs8 AEQ N0 28t A3 X2XEE ASEIM /..



200

150

100

Relative activity (%)

50

0
I
Control 0.2 0.5 1 2
D-Glucose (%, w/v)

Fig. 9. Effect of D-glucose concentration on enzyme activity.
Control was the same as in Fig. 8.
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g Fr1gRe 9%

BAEH7H BaA A nxEe 9F¥E CaCl, MnSOs MgSOq,
NasHPO4, ZnCly, FeCls, KHoPO4s, NaCl ol thdted ZAME}THFig. 10).
Soybean flour 1.5%$} glucose 05%& 71E22 0.1%(w/Nv)e F7197E
A7} A3 NapHPOs} A7 ZA97) A7etA ok 359 oF 125%
Z2 Mg 2 52 84E ¥yYen, BoldAE ZnClyt FeCli7b 371
Ao AA¥Aol AF vehtA itk FEFEZ HFE NaHPOS
52 ARSI 98td 0.05~02%2 HEAAZAS #H(Fig. 11), 0.05%9
&M NaHPOsF H7FE A - controlol ®l3) <F 15819 A 84
< 4% F AN

v, 7] pHe 9%

%7] pH7} B4 A e 9L 7~1071X9] FeNA =ALEIA
t}(Fig. 12). 37°C, 160 rpmol A ¢k 30 A|ZHEet wieksigith. 4 A¥
N 2313 u) A (soybean. flour 1.5%, glucose 0.5%, NazHPO4 0.05%)9}
pHE zAso ngdad 23 47 Ho) ws] pH7l FLsAeBE
E AgdME 47 ¥ pHE AR 2FHASG 27] pH 9 7HF &2
g e ddow ol &7) pH 79 ¢ 2u)el groldch el YERAA
£ kx| B, subtilis BK-17& w9 F &7ld pH7} Z23tio7t 3

A7)o) OI=WAM T Lrte AL & F AEw, 27 pHAF Re
™ ujek x7)o] pH7} UE WolAdM Fa Aol Ax &S e A2
2 4z9,
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30

01— T 1

Control MnSOs Na:HPOs  FeCls NaCl
CaCl2 MgSOq ZnClz  KH2POs

Fig. 10. Effect of inorganic salt on enzyme activity. Each inorganic
salts was added to 0.1%. Control contained : 1.5% soybean
flour and 0.5% D-glucose.
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100

Relative activity (unit/ml)

50

0 I
Control  0.05 0.1 0.15 0.2
NazHPO:4 (%, wiv)

Fig. 11. Effect of NazHPO4 concentration on enzyme activity.
Control was the same as in Fig. 10.
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Fig. 12. Effect of initial pH on enzyme activity.
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vl &5 9%
o7t A B4 v JFe 25 30, 37, 40T FHAAM zASAT
(Fig. 13), ©] o ¥ £5% 160 rpmol L WiFA S < 30 Ao s 24
s, Y¥tA o2 Bacillus$t 2L &4 WAER 30~37CH 2x4A
ME Aol diArdEe) Aare] gloiM 7hg HAe A4S Yedon &
24 Qon 2 A9 ABx ot Itk 53] 0TI FolM H: ¥
Aol 37TolANY HUBAH9 10%] +Eo2 @A Fasged ol 40
C o4 exolA BALHAAY HSoH L7t FIHe olf o
= o8 A JeEsase) 440 o gasHare] F4% €9 7t
FAE WA & Ak
A}, working volumed] <33
950 ml flaskold AAulA] ALEEFL 25 midlA 100 miE2 HSAA
working volume®] JHF& ZASETHFig. 14). L-brothE WA=
160 rpme] WRHEEo|A o 30 A7t AgulFatct 25 miTt 50 miclAM
= 2 FABAS JERIE 75 ml ool 50 miol wsl F 30%
olste] A S JEMIAT o] Azte ol mwt&xe] IFF #A
aeration®] F&o| w$ Foshe AL 2oFoh o] ¥ flaskdFlM
£ working volume$ 250 ml9] Eet2zd] 50 mlZ 3
of. myt £ JTF
et £59 932 100 rpm~300 rpme] oA ZASAHFig. 15).
235 rpm ol4e] WulEEE WAL W T AE BAPS YEBA
A BAXNE Bole AL EF wgch mut £E7t 200 pmET =¥
ASe & EX 84| 300 rpmol A wWiFF A4l oF 50% HES L
o PlEgony Hu FANE Yehls A= = Working volume
o] gl oW AT NE B uhe} ol B, subtilis BK-17 &
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Fig. 13. Effect of temperature on enzyme activity.
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Working volume (m1/250ml flask)

Fig. 14. Effect of working volume on enzyme activity. Cultivation
was performed in L-broth at the agitation speed of 160rpm.
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Fig. 15. Effect of agitation speed on enzyme activity:
@, 100 rpm; M, 160 rpm; A, 200 rpm;
0, 235 pm; O, 300 rpm.
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z7t HRLHELE AYAste O Ao FEG o9

T AP E & F AU
A HEFY 9F

Ngg Yol AAs3 wiA(soybean flour 1.5%, D-glucose 0.5%,

Na:HPO; 0.05%)914 37C, 160 rpme] XA oF 30 A& wjgsh

o HEgo] B2 QA vXE P 2AIATHFig. 16). 13 W F

o] HELS 1%, 3%, 183 5%2 HWHAANAT. AX AFFol ST+

et JhELgA L Padte TS Huo
Z}. Antifoam & 9%

Zalaza AYojAe g2 bioreactord] EAAME F7FUA A=
aut o] B& foamo] AA AT wed £X AL ARgo] B

JutR o2 ANEF AERE EL Y FAE 7HRLER bioreactor2}
A UM Eazold o FFL FASHHFig 17). WE 21L&
HA3g W=, 37C, 160 pmolAL AFAE AE(DB-110A AHE £
A, ()BT Y, N2 S 108 4] AGH 2T HFARDT
& 30 Aoz nAINUTH AXAE AU FASA & 150 x%
800 wE 3 N7t AACE 432 ol & 600 uesh 320 L& FARA
o 2XA7 gl W Hol Aol thx wa] FFHAT ole Ax ML
3 A Qe Aoz FFAh 2 2EAY Fol FrselE £
Fgo] AU

ol

ol % F8

E
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Fig. 16. Effect of inoculum size on enzyme activity"
O, 1%; [0,3%; 4, 5%.
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Fig. 17. Effect of antifoam reagent on enzyme activity:
O, no addition; U1, 600u1(150pl/additionx4 times);

A, 3200u1(800ul/additionx4 times).

NEEXN NS LS ASCZRH 8dESdsS N M2 Jlsd 432 g0l 28 337, H2XdEE 2ISE0AM /..



NEEH: HE LS AZCZHH HHENSE Iz M2 JI54 AS2 0 28t

2. Bioreactor ¥l el Aol WA & @7 2] HHs}

E2A3 wjgo] H5] bioreactor Bi¥olA+< pH, DOF &% #7% Axs
€ F 33% & AL BHE A NEE AF AAY & dom2 ¥H
F3¢ uok FUs BHY & AT FHol Aok E F7) FBFPoIU &
T & FHA3F) A3 DO levelE €A & FAFLEHN a4 FF
of o3 WE FEE T& F Utk 53] ez WAE ALEsto A4
A& w2 AU ax: AX F2& FAAE st A 9 /7t o
%ol 7hed Aol Ao & AFdMe EtA3 LA HH3 AAE uw
©2 bioreactor¥ & e HHI(E AxsULH T g UAE WA =4,
pH, €% Solth

2
r

7h oA = 9%

Eg23A HZAH3FE vl A (soybean flour 15%, D-glucose 0.5%,
NaHPO; 0.05%)9] =& 1u, 2ul, w2 WHEA|71AM Axe F33
AL A glucose =9 ®i3l, 223 pHS DOS| W3S AL
Working volume€ 3 LE 3L air 3L 14 vvm, gt £ 800
mmeZ dPon, T 7CHY. pHe Z£7)d 75E AAstd HA
64914 Ho 78 W9z =Fsdq.

Fetoa s 08 SEOMY WE AR Fig 189 Uehigich
AXE 2379 7%, lag phase’t YEPA] gfron, HAE A F o
6 AlZr B¢t exponential phase® /A3AT;. YA ST (specific
growth rate, #)¢ Al AX FEE ZZ 093 hr's 4.1x10° CFU/ml
ot} 2 AlZt F<Q stationary phase® fA8th7l death phaseol %o
Eded, pHe DO ¥zle MX A3 IdHT BAHZE RAF YL
&, AE7} AFFog F71 We pHY DO7F F7 8 ZAstizt A

e

2 M2XEE FBENM /.



X7t AA 71 HolEdA pHY DOV 93 +&E7tA F23zn 2%
euretA F7hstAT BA A FAE AvEd ¥d §3) Eas UE
Z71°) 45 A @97t exponential phase Z71HE FZHSA AFAE 7
AlZrete] M7} FA 710 Q& Q) HE 10 Al A=A HAgE
Bt} Fol A QoA EAY A7 AE AR A2} A8
A &3 2 430l A9 HFAS wWid A2 Hol B AP EFHo
2 3t g3 &3 Aiv 22 A} AHEY HeE AZEn Glucoses
2719 482 £E7 23 o] we] glucose yielde 0.93x 10"
CFU(colony forming unit)/gelt}. Glucosew &HAo] A4ito] &3]
Ave Al7le]l FE3A ARHNEd ol ¥4 £33 £42E YAde
AL oA glucose?t 583 4L 317) ot Aztdn,

WA FE 2812 3o wigt AHE Fig. 199 Yehch AXE A
el dolA Fig. 1891A19} Zo] lag phase’t YENFA] ¥tow HHH
o2 2 A%E etk v4AEEE 096 hr'E Fig. 189 Z$R
ot 27 B%ou Hu AL FEE AY TYHAG. AES} AeHoz
%712 v glucosed yieldg Hlms) B@ 122x10"” CFU/gZ © &3t
B 4o patterne 1X w9 ZH9-9F grout Ho BEx A4S o
174} &= A

Aol =& 3ME st ulge FAE Fig. 2091 et vl1A3A
£5E 099 hr'2 OS FAHNL, o) AZ =5 42 1Al A
FA43710M9 glucose yvielde 13.16%x10% CFU/g2 713 %1, &%
e 7 F%ey B4 Aio] &gt AVldle F45A 22H
o HWELEAYL 2X X9 B¢} A9 Bkt
Glucose®] x99 ¥

Glucosed] ¥=7} pHS DOS] ¥st 2 A B4 vlHe IEL 1%

ANEEXN NS YS ASCEZRH EHMEHsE JHN= M A =

HU
Mo
=
or
0x

b
ol
lo
=

s
S
f0|
2
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o} 15%) A ZAMSIATH 94X FE AY AASHEE AL 2Xx A<t
3x Wiz Apolo] EA Aol A Agtowm=z, 2X A F soybean
flour 3%, D-glucose 1%, Na;HPO; 0.1%(3 % bioreactor 7|¥ wjA)2} A
A D-glucose?] FETHE 15%E 3t WE ZAAE vlwtd H}
th(Fig. 21) Hd B 4L A9 {fARIAoY, Hulo AAEAHAXNE
HEl e A 1 A1 A oA,
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Fig. 18. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (J), pH(A ), and DO( @) in the flask- optimized
medium (1 x midium), soybean 1.5%, D-glucose 0.5%, and Na2HPO4 0.05%
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Fig. 19.Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( [J ), pH(4A ), and DO( @) in the twofold
concentrated medium.
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Fig. 20.Time course profiles of cell growth(A ), enzyme activity(QO ),
glucose concentration( (1), pH( A), and DO( @) in the threefold
concentrated medium.
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Fig. 21. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (1 ), pH(4A ), and DO( @ ).The medium
centained 3% soybean flour, 1.5% D-glucose, and 0.1% NazHPQs.
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o. pHe| ¥&

W FF pH W37} Hixle 54 Adke] i@ pHY 93e Aun 7]
st Wik pHY FFE 60, 65 70, 7544 ZAEYT HAE
bioreactor 7]¥& HlA|E, &5+ 37C, 2381 & $4 8L YA A
Y3 FYsA ek pH =HL 25 N HCI% 25 N NaOHZ Q1
Fog 4, 471 FAE U7l s EX pHzke £01 dGelA Aol
o ¥l pHel @& M 43S Hd 4% $E=(zmd?t 096 h''(pH
75), 099 h™'(pH 65), 1.05 h(pH 6.0, pH 7.002 A AL ZE
7% lag phase §lol A X7t A& A9 pH 658 7|1Fe2
70, 752 W% pH7l #4¥FE AFA4R7] ¢ vAdFEEE g4s
Atk ANAEEEE pH 659 A$7t 55%10° CFU/ml & 78 &=3kn
pH 6.0(53x10° CFU/ml), pH 7.0(5.15x10° CFU/ml), pH 7.5(4.6x 10°
CFU/ml)&2.2 ol

AA A DOY ®iste AE7t F71g ue 73] TA3e A5 A
717 Bue AFAA HAr A ol DOY WHstel AX A43H
o] BT BEALE HAE g AIFEY ZAFH AT ol
ujk pHel HA DOE 40% W2 A9 FUstych

7142 FFE glucosed AX patterne G AFPANAXEH x7|d e
2% &27 Yoyt M2 $E7 E7184E glucoses F23) 2R
Ak A7 2710 OA] &R S5} RolAR olF Hi: 4T HE
o] THA FF3] ARHAed X ¥ A 2 FAW¢ 2S5
A7) FU¢Y glucosed] tHE MEQ yieldE AHRWA pH 659 7%
1.2 x 10% CFU/g glucose ©IQ pH 7.0% 75€ ztzt 067 x 10
CFU/g glucose, 055 X 10" CFU/g glucose £ pH 65% 71Z02 &9
vl pHIL 718 45 yielde 24T
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FA9 AL pH 659 7971 1170 unit/mlE N FL RS A
3 pH 6.0(819 unit/ml), pH 7.0(648 unit/ml) , pH 7.5(194 unit/mD9] <
ojdtt.

pH 4¥¢ E3 pH7b 5 il 328 AAIE FASAL 2%
Baol 714 B3 ME 4% /1 &L pH 659049 wigo] pH 4¥
dre 71 HF 2dde & + AU
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Fig. 22. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (1), pH( A ), and DO( @) at pH 6.0
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Fig. 24. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( [1), pH( A), and DO( @) at pH 7.0.
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Fig. 25. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( [J ), pH( A ), and DO( @) at pH 7.5.
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B £% 800 ripme 2 e pHE 274 758 AlFse] HA 64
3 7.89 F9lelA AlojE ot
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vls oF 30% Z71s At

<= 489 AN 53] FEHe AL Aax A9 deactivationoll
e F¥goltt. 2xrt ES5E 5o ¥Ao] Hud =4 & F73)
Zasia g2 @e oA e v FAL ¥ 54 Aol /A
HAD. A8 S0 37CAMNE &4 FAo] g Al 10413 gk Hogk
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550 olAo] SAHUTH. HAIL deactivationHE YL 2=l A%
thermal degradation, ¥ AE& &4 AAld] & self-degradation, 12|31
g Fuk gAREcs U2 alkaline-proteased] ¥ €3 & € 7
itk &F 27189 AYS T3 HAEAY Ao AAE ARN¥HA &
A AN S 9% F2 287 € Ao
o}, Aeration®] 9

Fig. 318 32€ m¥ &% 37 333 9FE HYEH 2&€
37C2 nASPYL pHE &7 994 A=A H3A 4% 550
rpm, 1.2 vvme Q02 HEH A$(Fig. 31) LA AF oF 8 ANt
DO7t A¢l 0ol =&AL ool wet Hol AL FH= °F 820 unit/ml
2 Jvehgd). ¥ 650 rpm, 15 vwme] 7-$-(Fig. 32) HAE7L Avtye=
4 e APHATL DOE 30%°14e2 fAHAeH A a4 4
% <F 1100 unit/ml2 AAbol] HI3| 30%014 B4 o] A¥ AAe E
23| A working volumedt Tyt &£E9 FFE AL AHfst IAF)
£ RAL2 Bacillus subtilis BK-172F2% 8 dFEHELE AUt
g o] FEF 42 FHol WFFHolHe AL 4B
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Fig. 26. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (1), pH(4 ), and DO( @) at 25°C.
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Fig. 27. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (1), pH(4A ), and DO( @) at 30°C.
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Fig. 28. Time course profiles of cell growth(A ), :nzyme activity(O ),
glucose concentration( (1 ), pH( A ), and DO( @) at 34°C.
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Fig. 29. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration([1 ), pH( A ), and DO( @) at 37°C.
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Fig. 30. Time course profiles of cell growth(A ), enzyme activity(O ),
glucose concentration( (1), pH( &), and DO( @) at 40°C.
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Fig. 31. Time cource profile of enzyme activity(O ), pH(4A ), and
DO( @ ) in the condition of 550rpm and 1.2vvm.
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Fig.32. Time cource profile of enzyme activity(Q. ), pH(& ), and
DO( @ ) in the condition of 650rpm and 1.S5vvm.
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M 3E AWM H 5Y 20

A 1d MA

AL gy e AN s YHAEL 50%, 70%] ethanoldl HHAZ
%, AAES 343 DEAE-sepharose A-50 olen@F Ao £, 02 M
o} NaCl2A §23% @44E Y& 2o} Sephade G-200% Sepharose 6B &
gel AR E 3o &4 24E 4 F AJT Y AF2R AR

S AAE gdEA FASA Folx Fong FARFP S GEsto] HA
g Eoln ALAL U T YEWNSIIE olEst dFAL
g HEdozRee dFFA Wie FPsnA AHAt FUBAE @
Jo] BE PSS ZAEGL, AE o|8F TF HY L Fitd AAWY

A 24 A5 2 YH

1. EtOH precipitation

BuOHE Al&3t uofye 7L evaporation 2 F&F3YP. F&HF 2
BHAHS 20mM Tris-HCI buffer(pH 75)2 %43l EtOHZ 55-75% ¥
A o 412000 rpm, 20 W)Y JAHPEES FASA A7)
bufferdl =< o& F43ta $43 AT o AADA A AL

2. DEAE-sephadex A-50 Column chromatography
20 mM Tris-HCI buffer(pH 752 %3 B 3313 ¥ DEAE-sephadex
A-50 Column®] ethanol AAJ B4 AL I A gL FHEE Y
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AL NaClg 0~05 M 7tA|9 =2 £%8 2t fraction E AL H
Aot E=F, vFEY R duidz 4L AFI}AY 2 F 849
sl A vgAg gjdo] o] AAE £HE d3Auct

3. Sephadex G-75 gel filtration

AGANA AL AANE 20 mM tris-HCI buffer(pH 75)2 F4A170 F
SA33%2% S sephadex G-752 gel filtrationg B3I/ A1 F 4 meA
=9 §£4502 F fractionoll |1 M2 EHI} ALV} IS A9
o &4 £8& FHsio

4. SDS-Polyacrylamide Gel Electrophoresisell €]§ ®xjge] &3

Leammli %9 Wy@3)el =t 27 01% SDS7t e 125%
acrylamide ¥%9} separating gel®} 4% acrylamide¥X=9] stacking gel<
AHE-3HTE 100 VAlA ¢f 2 A7t A719ES & F gel€ coomassied
Aol o3 YA bandE AT EAF FHE AY markerE2 =
Bio-radAte] Low molecular weight standard& A28t} 2tzre] AL
2  lysozyme (14400), soybean trypsin inhibitor(21,500), carbonic
anhydrase(31,000), ovalbumin(45,000), bovine serum albumin(66,200),
phosphorylase b(97,400)°) %1t}

5. N-terminal amino acid ®| ¥

SDS-PAGE % polyacrylamide gel A9 AAMELE PVDF
(polyvinylidene difloiride) membrane®ll electroblotting®l <3 transferd ¥
5% acetic acid7} T#HE ponceau S &R 4T, O G4 FES
Asle] 23 N-terminal sequencing®l] AHE-3HTH(24).
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6. pHoll @& 4%

pHAA Q] AL AAl A2 H9 pHE ZtF buffer® 4~1071A =3
TS 4TCAAM 24 A X & A2EHYE FA3AY, HFH ¢§ pHE
Z pHY 2 23" A4S AH83le] 54849 pH 9&4¢ FESGT

7. &xo & 9%

SEUF 4L 20 mM Tris-HCI buffer(pH 7.5)2 F43F AL 20~8§
T7HA 242 30 3 EAHEd F AEEAH S AU, FFHNELEE
Ztzte] 222 ZA9E incubatordlA B, FAZ 71AF ZAHILL
g F 84E S8

oo

8. &0l % Al I

ZtF S&0l2 % EDTAY HFFZ7t A4 ¥EA 1 mMo] HEE &4
4& 71 o ALY S SHs AR WY IFE A=Y
E3, AF ANAE dYT T2 23S YAELY) EFF oL 4T
A 308z BAY oHF fibrin plate ZollA BANEE Y3t BEFF RS
2 HNF 5499 fibrin® s HAH-E control2 3l AP AEE %E=
st Yl Ao

9. 7135914

2 FAELE o8 @9dS 7|A2 F platedolA wHAAH BEHFHL
A3 . F, fibrin, skimmilk, gelatin, caseing 7132 § plate’dol A &
AELE %, TR &3t 7|de] £3) A= E A5 wustYoh,
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10. ¥4 peptider 71A 0] 4

2 BAMAEA 50 E 100 M9 peptide 71A°] /& 0.01 M Tris-HCI
buffer(pH 7.5)° 3713} total volume®] 1 mé7} A 3 o 50Cel A 10
&5 wE-E AU 3 me] 2% citric acidg H7 75t 43S A
§+ o2 spectrophotometer 405 mmol| para-nitroaniline®] A FE &A 3
o 71AEolHE FHE) Y8 BA-71A AP L AL 2X¥E FFE
o) #A& 4% ¥4 peptide ¥3 ] EEZHo o5t g 1 M 1&
o ¥HEe 718E& M2 gasle Qo

11. Urokinase$} specific activity Bl

JA @ urokinase®t ¥ HAE FF3 OF fibrin plate’dolir EHEHE
ZA3lQJch o] ;L mgY AAYA(U)LE FA3d A wlasigch
Urokinasee Y FAMAZ AME-HIL e S4AAALY AFE AHEsIAH.

12. 549] fibrin ¥3 %o GE EF

Fibrin plate® 80TColA 30 £7F €33l plasminogend A A3 plate
(plasminogen-free fibrin plate)9} B 2]stA] &2 fibrin plate(plasminogen
-rich ‘fibrin plate)o] A A ALY ¥k v FFHH25).

13. FEAY AY AT75H9 AF

A& powder 3 g(2,000 IUS] 3| 3)E saline 3 mol] o ATFA A=
FASG. TES AF 439 rat(FFAF 140 g) 16 "t E Ll AHE3A
. 2% 1olEle d27EA 547t §REA $E saline 3 e FTFY
Aot 22 0 AREAA 4 AR 1 Ael A835HE 3 vl 9] rats
AHg-Ste] 1 HEARE TFIHeH, 0 AR L AZ7)e] AEE HolA v
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A & rat®] AFE T3 AYEHG QYT F 2 3.8%9 sodium citrate
€ 73t A4¥2(3,000 rpm, 30 min, 4T)3td FF5Y 1 mE e o
4S9 10mM acetic acid buffer(pH 5.3) 19 mé-2 7}3lA JAEo] YA
=d 44%2(12,000 rpm, 20 min, 4T)oll o3 YA EL F4eHct. o I
ZE-S 001 M phosphate buffer(pH 7.0)9l =< euglobulin®.2 AM&-3t4 )
dzTTY 4% A2 47 100 ¥ fibrin plated] o3t wkg-A|)
F B3 A=E SHATH6).

A 3d A% % nF

1. Fibrinolytic enzyme®] # A

B 8549 Z+ FAGAS /M_E Table 20 YehlAc}. wiokd-& EtOH
55~75% £EAAY W M AFAHo|Gon, o] IAEE £ F DEAE
A-50 Chromatography3l9& w Z&EA NS passol 9siA 1398 Az 9
BAELRE E 4 Ut HFHoZ sephadex G-75 gel filtratione 433
st FAstRon, olwf 900u) oldel HAl EIE B 4 AATHFig. 33).

2. ¥AF

€ AA&LE SDS-PAGE 4elX @9 bands #AE 4 UQw:, o
Bio-RadAte] low molecular weight standard& #7] 9E3 o RfxE 73}
o EF Fdol g% EAFE FASAT. 2 AT FAALY BAgLe

Fig. 34914 R & upg} o] 31,0000) A},

e

)

23 ASCRZPH HMEBHsES JHAN=E ME2 JIsd AS2 L0l 28t
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3. N-terminal amino acid sequence® #3%

N-terminal o}v|x={t N AL 7189 proteaseEH} HAME o] ®Wotoy
A87tA X118 Bacillus subtilis 22 proteased = ¥ FA| B4 e
ol geEg A BLY 7M548E AAEAY. 53 Nattokinasest &
Ug F22 WA Subtilisin NATSHE SERA ofv|iaigto] Aolg 3
22 B A (Table 3).
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Table 2. Summary on . purification of fibrinolytic enzyme from

strain BK-17.

4
Total Total Specifi
Purification ota oK pectiic Yield
protein activity activity Fold
Step (%)
(mg) - (1LU) (LU/mg)
Culture broth 5099.0 345000 68 1 100
EtOH
e 4775 300400 630 9.3 87
precipitation
DEAE A-50
30.5 289000 9475 139 83
chromatography
Spadex G-75
pacex 158 9980 63165 929 29
gel filtration
. 69 -
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2.0

A280

Fraction number

Fig. 33. Gel filteration profile of BK-17 on sephadex G-75:
—@— , A20; —O— | fibrinolytic activity(cm?).
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Fig. 34. SDS-PAGE of purified fibrinolytic enzyme BK-17
A : Marker protein
B : Purified BK-17
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Table 3. Comparison of N-terminal amino acid sequences of

various subtilisins

Protease N-termonal amino acid sequence

+] +15
Subtilisin Carlsberg AQTVPYGI PLI VAAYV
Subtilisin DY AGTVPYGI PLI VAAYV
Subtilisin Amylosa AGSVPYGI SGI VAPA
Subtilisin BPN' AGSVPYGVSGI VAPA
Subtilisin NAT AQSVPYGI SQI KAPA
Apr A AGSVPYGVSGI VAPA
NS-15-4 AQSVPYGI SQI KAPA
E AQSVPYGI SQI KAPA
BR=1T R RE D NG |
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4. pH} &x9] A7

£ HAALE pH 6.0~9.0 HAANA A9 80%9 A4S FAIAL 53]
pH 7.03 809A4& 100%9 <¢BF4E Ut 22l HAHRE pHE
703 804X E EbTHFIg. 35). € AAELY 2= AAFFL 20TlA
50C7HA ¢ 100%AE FAHAoY 60CoAME o 30%HE, L o]y &
ToAe AY 840 MalHe AL B € & 540 HF WG
Ee 0CTdE ¢ + AU Fig. 36)

5. 340l EDTAS 9%

A Axe W HEFE7H 1 mMo] A A8 EDTAS 271 34
Fol 2ol Ao tidte] FESYUT. 2 A R FLHo|d dHM=
ZRAQA A gAstel Fge ol oy zZn”, Ca¥, Fe¥, Cu¥'e
43t B4 A&7t JeElttHTable 4).

7. A& A g

ZtZ protease A A HEF HF ZAAE Table 594 Yehl AT
Mercuric chloride@to] ¥ A4 E 1 mMoAlM 41%AE AP 5 mMol
Me &3] At ot 22 HsAe F3lo] HH3te AFE HolA
Rkt 283 chymotrypsing A3 A2l chymostating 50 pg/ms] B¥& &
EQM= 50% A AHE HHSH 100 pg/molA &A3) Asste AR
€ JeEth
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Fig. 35. pH stability and optimal pH of the purified fibrinolytic
enzyme BK-17. Buffers used were citrate(0.05 M, pH 4),
sodium acetate(0.05 M, pH $), tris-HC1(0.05 M, pH8-9),
and glycine-NaOH(0.05 M, pH 10):—~@— , pH stability;
—(O— , optimal pH.
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Fig. 36. Temperature stability and optimal temperature of
the purified fibrinolytic enzyme BK-17:

—@— , temperature stability;
—O— , optimal temperature.
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Table 4. Effect of various metal ions on the activity of the purified
fibrinolytic enzyme BK-17.

Metal ions Concentration(mM) Relative activity(%)
Control | 0 100
ca” 1 77
Co® 1 %
cu® 1 82
Fe* 1 77
Mg® 1 100
Mn® 1 100
Zn* 1 65
EDTA il 100
-76-
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Table 5. Effect of various protease inhibitors on BK-17.

Inhibitor Inhibition(%)"
DFP 0
(Diisopropyl-fluorophosphate)
TLCK 0
(Tosyllysine chloromethyl-ketone)
PMSF 0
(Phenylmethane sulphonyl fuoride)
e -ACA 0
( € -Aminocaproic acid)
t-AMCHA 0
(t-4-aminomethyl-cyclohexanecarboxy! acid)
TAME 5
( p -Tosyl-L-arginine methy! ester hydrochloride)

Inhibitor Inhibition (36)?
Aprotin 0
SBTI(Soybean trypsin inhibitor) 0
Chymostatin 100
Leupeptin ‘ 0
Antipain 0
t-ESLB(t-Epoxysuccinyl-L-leucyl 0
amino-4-glutaminobutane)

1. Concentration was 1mM

2. Concentration was 0.1mg/ml
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8. 714504
€ AAELZE 714 fibrin o] & 7)W(skimmilk, gelatin, blood
agar)ol thate] Ealo] A= E HESNYY 1 AP skimmilk} gelatind] =
Wl e #A4E BAS fibrnd] vm¥ Fxr}t Hx Y 9E G
3 FdE BAh 223 blood agar platedl e AE 2aEAS el
A @t ol2AM B FAEAE HZF fibrno] s FE Eoj4o] Ut
A& ¢ 7 AN (Fig. 37).

9. $t/dpeptide7) Al Wit 5o]4

€ AA B9 34 peptide”] Aol i HolAE AR ZA}E Table 6
3 o] plasminZ]AQ S-22519) 714 3ol Fgom olmje] g
100962 2 ® thrombinZ]del &M E 11%, kallikrein7]Ze] whajre
47%, serin protease”| A M= 50%2 HHATLE B YL, urokinase?]
Aol dsiHe A3 FsA Z3H.

10. Urokinase®} specific acitivity®] vlx

2 A AL urokinaseo] W mgF B2¥AL vlmE A3} Table 7oA
Hole upe} o] urokiaseo] Hl& <k 20u) H =] specific activity® B R
9 ol2H in vitrodo A B A EA7} urokinaseE.T} fibrind-sf o] ojdk X
3ol f ¥ & ¢ F AL
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A : Fibrin plate B:

@)

Gelatin D:

Fig. 37. Comparison of fibrinolytic

fob
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o
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I
m

Skim milk plate

Blood agar plate

activity on various substrates
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Table 6. Comparison of specificity of BK-17 with Al, CK, and

Nattokinase with chromogenic synthetic substrate.

Enzyme activity
Substrate BK Nattokinase CK
(nmol/min/ml) | (nmol/min/ml) | ( # mol/min/ml)

H-D-Val-Leu-Lys-pNA 90(100) 68.5(100) 424.3(100)
Bz-DL-Arg-pNA ND 18.0(25.3) 0(0)
H-D-Phe-Pip-Arg-pNA 9.9(11) 14.0(20.4) 21.7(5.1)
H-D-Val-Leu-Arg-pNA 42.30(47) 135(19.7) 16.9(4.0)
pyro-Glu-Gly-Arg-pNA 000) 0(0) 0(0)
H-D-He-Pro-Arg-pNA 45(50) ND ND

% H-D-Val-Leu-Lys-pNA(S-2251) :
Bz-DL-Arg-pNA(S5-2238)
H-D-Phe-Pip-Arg-pNA(S5-2266) :
pyro-Glu-Gly-Arg-pNA(S-2444) :

Synthetic substrate for plasmin
: Synthetic substrate for trypsin
Synthetic substrate for thrombin

Synthetic substrate for urokinase

H-D-He-Pro-Arg-pNA(S5-2288) : Synthetic substrate for serin protease
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Table 7. Comparison of the fibrinolytic activity with urokinase.

Enzyme Spesipic acrivity
g (K IU/mg)
UK 15
BK 30.1
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11. &4-¢] Fibrin £33 & &5F

FHEHALE fibrind Edte Fd ot T A2 UE &£ Ao
2 e ¥ F plsminogend active typedl plasmine @ W3IAH
plasmin® & 3o F fibring ¥ EE 3l plasminogen activator type®t
olgt Fa;stAl AL&AAI Y AL £33 direct active type©] Uk
olo] B HAS B 7NAL 3] 943t9 plasminogen-rich fibrin plate
¢} plasminogen-free plate® A3t Fig. 38914 BE nvjs} o] 2 F
A #AE  plasminogend® A A3F  plasminogen-free  plated M &
plasminogen-rich fibrin plate®} w}&7tA2 GA4L HH3e 2HXE BRI
aYEE £ ZiE fibring A 33t direct active typel 2 BEH QY
o},

12. 375499 a3

AEHAAN AANGE AHE AX ATREA F YA ratdo] YJozy
B AZE euglobin 100 ©E fibrin plated] $oidte] WHgA1Zl &£ fibring
FAHEE 279} v@stAoh Fig 39014 Re ubs} go] AFFA 1 A
BAFE FatAwt ALHEAHl HEHT AT 1 AL 2 AT
HPE F7hsltrt 4 A Ade 27 2 #8202 4o HoAE
ARE B dAFHoz @Ao] 48 Uesteng FAFS 2Fste
T LS gty AAPE soF & HaKol Ao FAYA A4
Fo] 71e3t2g 2FL 75499 axE 7 + A
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Plasminogen-free plate GBS Plasminogen-rich platc |8

Fig. 38. Fibrinolytic activity of BK-17 in plasminogen-free

and plasminogen-rich fibrin plates.
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Fibrinolytic activity (x 10”cm?)

Time ( hr)

Fig. 39. Fibrinolytic activity in rats plasma following oral
administration of BK-17:
—(O— , control; —@— , after administration.
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A 14 M4

HE AAE AL &5 AAst 4 R A4F J7HAE o18E + 2
At HEY dF ANE AHFLZAM 754 HFLE 0|88 + At &
HEgAaL7 olHFg FHRIE o] FHEA U/ IAE AT o XL
TS 7HAL Aojop g mEtA HEFoz JiEE AFL Ex¥AS AS
&+ glojok &Y Y HI5F F e FUIE 7HA ok o o] FAAME
YHgsAe FeE AMEsigen, AHAr 25 A5 5 e AFol
HEE FuALE A=EstAT

A 2d As € Uy

1. e LA FALHALEA B

FE AE3] ARl AH3tL Yol 16~18 At T T3] A
AL F 100TCelA 9F 1 AZEEST F83] deth a2 FE autoclave
(120, 15 psi, 20 min)& 2813} 43 g Y FAES o5 AN
AF Ho] HFAG 37T W7l 7 AEe wjFstEs Bs: €4S
SA%HY 7 FEF wiF AL Yt BAS O 4HTE 23 E dry
ovendl A Z71AZXE AF Al -70CTY deep freezersl Al overnightE<F
43 freezing dryer® €A AZFAA homogenizerE ©|-&3ty

powder2 e F -20To|A BH@3HX AP ALE-3t

HE LS AZSCREH EHEHSE2 s MER2 JIsd AS N2 28t AR M2XHE 2EE DA/ ..



2. YA Fpowderd] VHAEHEALLAD FFAY HA

HYxHe2 1A wIY NEE T2 DR F ZolA EUE UE
powder& #%& YALUT)NAN HASL g FF L A&dA 2H3A
Al ¢ 70 A3 YA AIZ1UT} fibrin plate method2A 2+ A|&9] 8442 |
L8 R TH27).

3. AT FeA H7t

At JEEA L &, 299, 224, HE, e53E F& AFTH9
728 TR ga Bk oAt #4E Y3t AR 584 g&
50 mt9] cap tubedl ¥ii 6 N HCIE9 20 mE 713l =< ¥ Y53y
110ColA 24 A1zt 7hE8 AR ol& 50 me] el &4 2 N
NaOH& 9 2 mE ¥ 8% ohg 5000 rpmol A 3083 L4E s 4
F9¢ Hs9 60T FEAAAAN AAVIAE FHAINEAN F53 FFH
E% 002 N HCl 20 ol o]l o] & pore size 045 m filter2 A7 F
Nedoz Agstgt FFe obvlxd T 49T ANRdE 7 0
m¢4 HPLC(Pharmacia Biotech model:Biochrom 20)¢l ]3] &3}
HPLCe] =& Table 83 2t}

4, WFEE powderd FF3}

BEYFE T2 AXd BT UE v ofH 2L 4o g IE
HFE AAEFSAT. dFe ALAAE diEd dFANZe] ¥l Y&
3 AxA 3 A (Table 9E AHE3IAT. A|AIF-L tablet? capsule

Z s
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Table 8 HPLC conditions' for the analysis of amino acids.

HPLC

Pharmacia Biotech model
. Biochrom?20

UV -detector
Mobil phase

220nm
0.2M lithium buffer(pH 2.8)

Column Ultropac 8, 346 % 250nm
Reation coil temp. 135C
Flow rate 20mé/hr
Loading volume 204
- 87 -
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Table 9. Composition of a sample product made from fermented

soybean powder.

Compund Weight(g)
Fermented soybean powder 200
|44 Cellulose 60
HPC(hydroxy propyl! celluose) 15
Vanilla 50
HPC M type 15
Stearinate magnesium 30
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Al 3d A3 % 1

1 5o #ae dHEHALBY ¢AHA

dEH T8 1% 45T dd B2 AU F FZAZ8 homo-
genizer2 powder3} 319 O|AE 4TZAMY BARAT A2 K
A 77 93 gALNELY FAHS FFSAt 2 A AR A=
APA T 77 A AL FYY £Fo2 fhe #Ao] FAHUH. ol &
dEYF powders AMESSHNS o AL Tl vi¢ AAsA 7154 A
Z Rz AFos MY o AFo o] FE3 EAdATdE AL HY
ZH(Fig. 40).

2. 7154 AEMNLE A% AT 72HE 2L

HEF dFE 714 AFLE L £ AeAY 7HeAdS §As)
At AF L JIEA NE2ALE AAEFAT. Table 10914 ¢k Zo] 1A
Y dFs HEHR e oFY xRS 24 vag F3} and
B Aol o 20%FE AESV ARE BJT = ojulxal B4 A
€ Table 11014 B®H "4 ofpp|iilo] o 40% F7F3IH R dwt otr|iid
E o 30%9 F71E HATh ol UFE HEY B HALHELE AN
3 BAG AE 2 JIFA AR 2A sl J15H AFL2AY
M 7FsA el lthe AL AAske dxea AR Enh

-
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Fig. 40. Stability of fermented soybean powder:
® ;roomtemp., O ;4°C
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Table 10. Nutritional compositions of fermented and non-fermented

NEEX . dS eE A

soybean.
non-fermented (%) fermented (%)
Water 7.46 7.29
Ash 4.86 494
Protein 46.15 55.73
Fat 17.85 21.80
Carbohydrate 23.68 10.24
Calorific value 442 cal 462 cal
-9] -
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Table 11. Analysis of amino acid contents of fermented and

non-fermented soybean.

Non-fermented

NEEX NS YG ASZRH HME8HsS N M2 JIsd AZ2 )

Amino acid (&/100g) Fe@ented(g/ 100g)
Essential
Try - -

Lys 1.1 1.6

His 05 0.7
Arg 1.1 1.0
Val 0.8 1.2
Met 0.1 0.2

Ile 0.7 1.1

Leu 14 2.0
Phe 1.2 1.9
Total 6.9 9.7
Non-Essential 21 97
Asp 1.0 1.0
Ser 34 5.1

S 08 0.9
ig 0.8 13

04 0.8

e 05 0.6
Pro 1.0 13
Total 10.0 12.7

- 92 -

20l 25 AP H2HEE 2 BEDAM /..



3. EUFe] NAFE HE

ARG AR Wt TUI WHoE FHYFE ER2 UE F AdFFY
BYAE Hrlstd AAEL F 7HAE Axdo HY(Fig. 41). stvte o
0.8 g9 tablet¥ejolx t& dte ¢ 025 g9 capsuleBEI G HAEUF
Aol APAE dgel W} Yo RYAL Fol WAL 46% A=
EFAUT. 2PA oiREe AFA(ZA cellulose, HPC, HPC M
type)ol® 280} 4 viavl4e A=A A BAE fuyA six
o AME HE Al A 4A # Fe 48S o a3 & 89 3¥s
d WENF powder HAl fibrin plate methodd] 2|& 84 AAL 3 & 4
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(B)

A : capsule (250mg)
B : Tablet (800mg)

Fig. 41. Sample products made from fermented soybean powder

A : Capsule (250mg) B : Tablet (800mg)
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A 5% A =&

Of

I

A 1d AMA

Bacillus subtilis BK-17 3% JAu %3t YA€ &8t Hindl
2 233gct. ®= Zgt2v= WE pUCI9E 3ty FA| HindlI2 &3}
I self ligationg %7] 18l CIPHE &Rt 44 & pUCLY £3l=2
Zo] 41 Ty ligaseZ WHSAIZ) ¥ E. coli sure cellol transformA|Fth. 1
g3 X-galEA} &l white colony® A9, ¥4 &3 &AL 84 538 H
B iRl 37T, 12 Azt Wgstd REHALTE e TFE B
A} 3 THFig. 42).

-

A 2d As ¢ HY

1. Chromosomal DNA &

Bacillus subtilis2%€]2] genomic DNA+ phenol-chloroform extraction
W] Qs Heldtdch(29). 20 A1z WY ®  culture broth(100 me)E
centrifugationdls] U2 pelletS 25%(w/v) sucrose solution(in 50 mM
Tris-HCI, pH 8.0)22 #E3Htt. YA A cleaned lysatesE proteinase K
2 60CoA 90 ¥3F Aal$ X phenol# chloroformg A&l dwjad o
BEAE BN F A48T, DNA7F EA8tE aqueous solution
< Y F 20 ¥19 cold ethanolE H7}8tY chromosomal DNAE ¥
3o}t 70%(v/v) ethanol® washingdt ¥ DNase free panoreatic RNase
(50 pe/m)7t /¥ TE buffer(10 mM Tris-HCl; pH 8.0 containing 1 mM
EDTA)Y SQth B -20ToA o] FoF )

NEEX: M8 L ABCRRH HHEBNSS NN ME2 JIsd AS2 N0 28

K%

. OH2XEE HBEENM



pUCI19 BK# 3 chromosomal DNA

B HindIl

’ CIP treatment

Hindll digestion

<~ T4 ligase

Transformation
in E. coli sure cell

Selection of white colony

Transfer colony enzyme
detection medium

incubation at 37C for 12hrs

Fig. 42. Gene cloning procedure for BK-17
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2. Plasmid 2]

Plasimid DNA¥ Ish-Horowicz et al.8] ¥¥d W& ARSI THI0). E.
coli(pUC19) straing 100 me] L-brotholAl O.Dsso 0.80] 2 wj7}x] wj g3}
At vlFH-E centrifugationdte] pellet ice-cold STE(0.1 M NaCl, 10
mM Tris-HCI pH 80, 1 mM EDTA)e] 835t Pelleto] solution I (50
mM glucose, 25 mM Tris-HCl pH 80, 10 mM EDTA)E A& 0.2
md lysozyme(10 mg/m¢ in 10 mM Tris-HCI pH 80)& A H 4 mtdy
solution (0.2 N NaCl, 1% -SDS)E A7I3dt}. ©] mixtureE 4294 10
B2 A% & 3 me9] ice-cold solutionM(60 mé of potassium acetate, 11.5
ml of glacial acetic acid, 285 m¢ of H:0)E H7}8 gt} 1083 iceoll A W
X% ¥ centrifugation(10,000 rpm, 5 min)&te NF L Ro} A} tubeo] &
Rk 7)o 068 #39 isopropanold H7}dte] 4L T A TE buffer
o Yo &M plasmid DNAE 9-& 4+ UNY. Plasmid® minipreparation
2 Holmes%} Quilgey methodE AHE-3}A ).

3. Restriction enzyme digestion, ligation and transformation

Bacillus subtilis genomic DNA fragmentE endonuclease HindlI2
partial digestiond}th. Plasmid DNA pUCI19€ HindIlel <J3] full
digestionA] 7] - intestine alkaline phosphataseZ 5’ @@9| phosphate& Al
Astdct. Ligation& $13l ligation buffer(Tris-HCl 660 mmol/L; MgCl
50mmol; dithiothreitol 10 mmol; ATP 10 mmol; pH 75)¢} T4 DNA ligase
7} restriction enzyme *#|¥ genomic DNA$} plasmid DNA mituresoll
7k5o] 16TColA 12~18 A|ZF WA Z Tk Ligation ¥Hg-©] ¥4 mixtured
E. coli sure celldll transformation3t$ich.

Transformation®] A}8-¥ E. coli®] competent cell2 Mandel® Higa “H
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ol &% CaCl, methodE AME-3HTH3E1). E. coli sure cell LB < &6} X o A
ODso #©°l 057 E w7tx widsidct. wlFYE centrifugationdt F
pellet2 20 mM ice—cold sterile 50 mM CaClol @3t icedllA] 30 &3t
WAstAY. 1 & oAl 5000 rpmollA centrifugationdld] 04 mie] £
solution®] suspension*]# competent cell& A Z3}Ac}.

Competent cell 300 w09} ligation mixture 3 WE TF3lA iceollA] 40
ot BAF H 42ColA 3 3 heat shockg FUTh «7]¢] 1 me] LB
RS H/MAA 1 A wlgE H LB agar medium(isopropyl B
-D-thiogalactopyranoside(IPTG) 0.1 mM; 5-bromo-4-chloro-3-indoly- A
-D-galactoside(X-gal) 0.125 mM; ampicillin 50 gg/m¢)el] =D&t 37°C ol A
12~16 A7t wiokatch vl ¥ white colony?He M3l acitityE 7}

= colonyE A¥ 3.

A 3d A ¢ 1

1. Isolation of positive clone and retransformation of recombinant plasmid
20,0005=9] transformantsZ5E Luria-Bertani®l tooth pickE A}&3}<
replicationdt 1 Yo}l fibrin layer® Yol fibrin clot& & 3l= positive

clone& 13} screeningd} Aot
2. Recombinant plasmid #&]

Positive clone®. 2% plasmidE& ¥ F cloningol AM:-F Hindl
enzymel Z digestiond A3} 14 kb9 insertS AT 4 AUTHFig. 43).
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Fig. 43. Agarose gel electrophoresis of the recombinant
plasmid pBKI15.
M : HindIll digest of A -DNA(size marker)
A : Hindll digest of pBK15
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NBEX NE UG ABOR2FH HEKRNSE HNE MER IS AS2 N0 28

3. Retransformation of recombinant plasmid

213 recombinant plasmid?} host celldlA] SAHA Ao e
fibrinolytic enzyme® expressionAl@ 4+ AE71E &eU3lr] 3l HAE
plasmidE retransformationA|Z] ¥ MAS+= transformant®] fibrinolytic

activity® £3¢ 23 4¢ YedE &A¥ 5 ANHFig. 4).

4. DNA sequence

2299 14 kb DNA €32 DNA sequencedlr open reading
frame(ORF)& 218 719 olm|i4ato g FAEO 3lev, DNA sequnece=Z%
Bl Al4tE molecular weighte 22 kDao|th(Fig. 45). 8% DNA7I #4
BK-179] ®AAQ17t 18ln BK-179) dde) dag ZE JRE T¥sn
BEA e ALHA AT7E J8E ¥
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Fig. 44. Expression of fibrinolytic activity in E. coli transformant
A : host cell (E. coli sure cell)
B : transformant harboring pBK15
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