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A Fibrinolytic Enzyme from Bacillus amyloliquefaciens D4-7 Isolated from Chungkook-Jang; It's Char-
acterization and Influence of Additives on Thermostability. Kim, Sang Suk, Ju-Hoon Lee, Yong-Sun
Ahn, Jung-Hoan Kim, and Dae-Kyung Kang*. Bio-Resources Institute, EASY BIO System Inc., Uiwang 437-
020, Korea. "Department of Culinary Art, Seoul Health College, Sungnam 461-713, Korea — Bacillus amy-
loliquefaciens D4, which produces a strongly fibrinolytic enzyme, was isolated from Chungkook-Jang, a tradi-
tional Korean soybean-fermented food. B. amyloliquefaciens D4 was mutated with N-methyl-N-nitro-N-
nitrosoguanidine (MNNGQG) to yield a series of mutants with increasing levels of fibrinolytic enzyme produc-
tion. After mutation, a mutant D4-7 was obtained with fibrinolytic activity about eight times stronger than the
parent strain. The fibrinolytic activity of B. amyloliquefaciens D4-7, reached a maximum, when the producer
was cultivated in 2% Isolated Soy Protein (ISP) broth for 48 h at 37°C. Compared to commercial fibrinolytic
enzymes, the cell-free culture supernatant of B. amyloliquefaciens D4-7 showed stronger activity than plasmin
and streptokinase. The optimum temperature and pH were 50°C and 10.0 and thermostability was increased by

the addition of glycerol, glucose, and NaCl.
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Plasmin, fibrinogen, thrombin, N-methyl-N-nitro-N-nitro-
soguanidine(MNNG) 52 SigmarF25-E] FYU3sle] 283}
gdvt. v A& wiok-4 wiA <l Luria-Bertani(LB), Nutrient
Broth(NB), Tryptic Soy Broth(TSBY= Difcooll A 8 8}e]
AR, w2 el s viAZE 1% skim milkE
EZsHe LB agar WA 5 ARS8 716} AJok2 H54]
o2 AHshct.

n|dEe] 2| ¥ ek

LN EAE Fvlshe M-S ] SsiA =
A A A M Al TSR TS FHEl AEE ARSI
o AR 1 g& 100 mie] A5l 8t F NB agar
plates] =83le] 37°CollA] 24417F wiokstdet. ofwf A=
o Fehg A=sle] fibrin plateell Awislelom 37°Ce]
A 24A1 78Rt wiekst F Fet Tl FH IS AAEE
nAEF T3 272 v FEEidd A o
5 TSB brothell A A ujFgt F- fibrin plateel] 30 plE-
44 3te] fibrinolytic activitys 533le] 2F Adaialot.
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APEEl 75 NB agarcll A 37°ColA] 24412F 54t wlioF
& F 4l ARt Aoz sk, Asishy &
A& ZAKRE ¥, API 50CHB kit(bioMerieux Co, France)=
o]-83led 497lj9] ehafle] tigt o]8A S Al 7ho] F
et} 16S (DNAE o]-48 $AS ¢4, Promegacl A
ol dh= Wizard genomic DNA purification kitS AR-8}eq
total DNAE FZ3l9v. %% total DNA¥: BsubSF
(5'aagtcgageggacagatgg3) @} Bsub3R(S'cegtttccaatgacecteeee3”)
primerE ©]-8-}e] PCR product® €%lt. PCR product®]
sequencings F38 doizl 97|41 H-2 Blast program
(National Center for Biotechnology Information, USA)&
ARg-3te] A2} database®} Wl -F-A3lgIE)

MNNG Xz|of 2|8t Seigio|Fe] Mt

9|52 Eel= Garhardt S{7]9] HPES w38}
ARE3KATE. H57] F71(0Deo=0.3-0.4y7H4] wlioFet A S
L4E=)sle] 718 5] 0.5 M Tris-Maleate buffer(pH 7.8)
2 33AE A3 F T 84 ez, H=
Hol| F= 5 mg/ml®] MNNGE A7I5led 37°CellM 22 A]
ZF ¥+-8-A171 F 0.5 M Tris-Maleate buffer(pH 7.8)Z 23]
A 1% skim milkE F§5= LB agar plateo]] =%
3lde}. Skim milk - LB platedl] A7) T 3ke] =17)
2 EAHAE 1IRE FelElsd e, 122 Fejd Bl

o)A E-& Tryptic Soy Broth (TSB)IA 24x17Hg<t wjeks}
o fibrin platesi] 1] fibrinolytic enzyme 24-< el F
A% ARaisich. % ADTE FRE W wges Ba
FAlo] AAA FAFEA skt

Fibrin plate2 0|23 #Fo| HMBGA &M =X

10 mM Q1 AFES-8-H(pH 7.8, 0.15 M NaCl)el| human
fibrinogeng 0.6%7} =& L8A)7) 1, 23] &=
fibrinogen 494 5 miell 100 U/ml®] thrombin 100 piE 3
7hetdet. $19} FUst 58Nl 59] 1% agarose 4 5
miE A7feted 18] ST F A Hae| B AL
Al 5-1087F k=], 13K HEH L2 0.3% fibrin plateS
A zstdt2]. «17]el FAE AASE wvhdA-g 10 pl ¥ A
HgE F 37°CAlA 24417F WRESAIA S35 2] WA &
Al 272 AAle 4838042 plasmin(l unit/
mlys A3kt

A8 &4 (PU/mI)

= Al22] F743 WA plasmin(l U/ml)e] Fr33ke] w5

Fibrin 82 0|88t =EA0o| HNEH G4 &Y =X

Ehrlich 92 ARl ehs]. AEE 755 2% Feld
Tl (ISP) A ARzl A 37°C, 48417F wioFalsitt. okl
< AAE21(12,000 rpm, 4°C)&F THg- AFEel]l ammonium
sulfateZ * 2] 8}ed crude enzymeS HAAZ . AAdd
crude enzyme= 50 mM Tris-HCI buffer(pH 8.0)¢ 8-3i%F
F, 5Yg gdez 4l 1247 oA Tl =
FANE P¢lo}. Fibrin 0.6 g& 1 N NaOH 80 mlel] 9]
I pHE 7.5~8.022 ZAI F ZFolA 35 B
3lo] @& AAHH, Gl AR $4L FHEE 100
mle] A 230 0.6% fibrin substrate -84 A Z3}¢]c}.
o] Sl3} FEANS 37°CA 1087 WhSAIZ F- 04 M
trichloroacetic acid(TCA)E ¥H-& AR|A|Zew, 1087} v
g F PR AedE 275 amelM FREE 5A
3193ct. 1 unite: 28 AW 1 mle] 13259} tyrosine 1.5 pg
< A TR Al

pH R 2SSl uE g4 &y o oy

F49 3A pHE ZHE37] aiE, pH 2.0~4.02 50
mM glycine-HCI1 buffer, pH 4.0~7.0= 50 mM sodium
acetate buffer, pH 7.0~9.0-= 50 mM Tris-HCl buffer, pH
9.0~12.0-> 50 mM glycine-NaOH buffers 27z} Al-&-3l%3
o} Bamke] HHexg 4] A, 30°CA 70°C7HA]
9] 7t 2ol RS F B4 S ST

Tao £ RS HAES] 918, 50 mM Tris-HCI
580 (pH 7.0)0ll ZHEANE Hrlsted 30°CA 70°C7F
Ao 2ol A 3087 WAE F Hae] AEHAYS FA43)
et o] pH A S 2AK8E7] SsiAlE, pH 2.00014
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AN AR T3 AFAo2RE Helg nAE F
fibrin plateol| X A== 3] T2 6L 15} Asls]
o} AR 659 TFES TSB brothell Al 2441 7F vl ok3}
¥, 0.3% fibrin platecl] A} 48153 3] HEH
2 D4F AWelgict. #$ Aubd D4 A 3lsty EAs
16S DNA2] 24 B3] AU D49 A3ty &
A& A7) S8l E API system$ ARS8} T, A4
3 FeE mAE DAE I3 Ao E 7ol 3T
2 A ZWe] FAZ 2T Q)% bacilli 2] FFYEL & S
sl e}. Catalase test™ SFAd, oxidase test: 24 o],
97.6%2] A &= B. amyloliquefaciensZ- 57 F %l o}
16S rDNAE- o] &3} 4S5 9Js)A: total DNAS 323}
%1 3L bacteria®] 16S rDNA2] 5 o= primer Bsub5F<}

% =3

Bsub3RE ARS8t AMS-E primer Bsub5F$} Bsub3R2
B. subtilis 3522 22X B. subtilis, B. amyloliquefaciens,

B. licheniformis, B. pumilus, B. atrophaeus®) %t PCR
productE 9§ 4 91+ primer®, 1 PCR product®] =7)
+ oF 585 bpe|th[22]. AAIE o] primerS AFE-3l] Ddol|
A 9k 600 bpd =] PCR product® ¥ ¢|E pGEM-
T vectorell cloningsled 9|7]-9dS& BAs A7 B
amyloliquefaciens$t 100% 454& ¥ (Fig. 1), A=A
L2Ry F" AL 98 dF Dix B
amyloliquefaciens D4Z. "3 H3| ).

MNNGO| of8t S¢itHo|F Mut
HAg a4 N ]‘1'7:—21‘ ARER B, amyloliquefaciens D4

o] AL EA 95 Fol7] Hs) MNNGE 43 &
ARlo] & FE31% T MNNGE A28t ¥ 1% skim milk
sl LB agar platesl| A skim milk 2350 B2 7

7H4 S o|FE 12 sl At #5758 TSB
brothel] 4] —-‘\'—i"rglr 24X 7k wioFst & Al Ee]sle] A5
9] Y835 0.3% fibrin plate’\k’ﬂ/ﬂ vlwgozm o
Aol 1 S0 SRS AR, ol
FZAH S5 B. amyloliquefaciens D4- 7§_ sty o,
fibrin plateZ- AH83le] 243 YA LS5 6.5 PU/MIEA]
EFF0.85 PU/mIEr} oF 8 A= 7H*d51<}iﬁ}(Flg. 2). °]
9} 722 A= natto2} AFANA )3 Kim ${11]19)
H(1.58~1.84 PU/mI)S}, o] R} 2-3u) $4eah F52 B
1" Kim §[9]e] ¥83 B subtilis(4.93 PU/ml), B.
pantothenticus(3.83 PU/ml) 2o} vf & A &84 A
AFso]l LS & 4 2lgivh 53] fibrinolytic/caseinolytic
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D4 1 asgtcgegcaracagatgggagettgctocctgatgtiagoggcggaceggtgagtaaca 60
R R R R R R R A R RN R R R N R S R R RN S R NN AN
B amyl : 45 aagtcgagcggacagatgggaget tgctecctgatgttageggeggacgggtgagtaaca 104
D4 : 61 cgtgggtaacctgcctgtaagactgggataactccgggaaaccgg,ggctaataccggatg 120
A R T T R e A S E T A E R RN R R A
B.amyl : 105 cgtgggtaacctgoctgtaagactgggataactecgggaaaccggggctaatac ccggatg 164

D4 : 121 cttgtttgaaccgeatggticanacatanaaggtegget teggetaceacttacagatgga 180
R R R R R T T T N AR AR AN R

B amyl : 165 cttgtttgaaccgcatggttcaaacataaaaggtggcticggctaccacttacagatgga 224

D4 : 181 cccgeggegeattagetagttay ggtgaggtaacggctcaccaaggegacgatgegtageeg 240
A SR R R R N AR RN R AT

8. amyl : 225 cccgeggegcattagetagttggtgaggtaacggeteaccaaggegacgatgegtageeg 284

D4 : 241 ac(l:'tgagagggtgattlz ccacac&gggactgagacacggcccagactcctacgggaggc 300
RN N s e SRR A AR
AR R R R AR R R AR AR AR A ]
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B.amyl : 285 acctgaga,gggtgatcggccacactgggactgagacacggcccagactcctacgggaggc 344

D4 : 301 agcagta gggaatcttccgcaatggacgaaagtctgacggagcaacgccgcgtgagtgat 360
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B, amyl : 345 agcagtagggaatcttccgeaatgga

D4 : 361 gaaggttttcggatcgtaaagetetgttgttagggaagaacaagtgcegticanataggy 420
R e R N S R R E RN S R A RN RN

B amyl : 405 gaaggttttcggategtaaagetetgt tgt tagggaagaacaagtgecgttcaaataggg 464

D4 : 421 cggeaccttgacggtacctaaccagaaagecacggctaactacgtgecageagecgeggt 480
R R R R R R AR R R N R N S A O R AR

B.amyl @ 465 cggcacctigacggtacctaaccagasagecacggctaactacgtgecageagecgeggt 524

D4 : 481 aatacgtaggtiggcaagcgttgtccggaattattgggegtaaagggctogeaggcggtit 540
R A N R R R N

e8] I
N i
8. amyl 1 525 aatacgtaggtggcaagegttgtceggaattattgggegtaaagggctegcagacggttt 584

D4 : 541 ct.t.aagtctgatgtgaaagcccccggctcaaccgmggmamw 595
R R R A N R R O
B amy! : 585 cttaagtctgatgtgaasgcecceggeteaaccggggagggtcattagasactgg 639

Fig. 1. 16S rDNA genes, partial sequences of B. amyloliquefa-
ciens (B. amyl) and D4. Primer sequences are underlined.

Fig. 2. Fibrinolytic activity assay on the fibrin plate (0.3%)
with the culture supernatant of B. amyloliquefaciens D4 and B.
amyloliquefaciens D4-7. P: Plasmin 1.0 U/ml, D4: B. amylolique-
faciens D4, D4-7: B. amyloliguefaciens D4-7.

activity(%)7F 68%=2A], oju] delxl whiA Ra & 4F o
10~30% A E9] fibrinolytic/caseinolytic activityS zt& 7
o vlsl ¥ AL BHS 2 Aoz Jehdd =3

2] ‘2_}7‘3‘6'% $18F vhE- ok AFME oK oz &
48] Aol {FAEH7] i Eell(data not shown) B.
amyloliquefaciens D4-72 48384 Ho] v|lE2 FF
Absiodct.
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o§ LB, NB, TSB % 2% ISP wiA|o| M Zbzh wikst + &
HlEE dhgeaae] oS nlwg A3, 2% ISP WA
A HRLs a0 BAd0) 7Pt ¥3ken TSB WA X &
o) 10%7 1 2713l eH(Fig. 3a). =&, ISP kol o}
EAAAAY S v E A3, ISP 2%l TaAAbA o] 7
=9to}(Fig. 3b). 89, 2% ISP ¥ Aol glucose, mannose,
sucrose 59 BAU-& 2% A7EIE ZA Y S #2
A<l x}o] 2 vehA] GSkE Ehe] A2 231 A3}
5+ AE 190 (data not shown), ©] ¢} 3H-E AL
catabolite repressionel] 2]3) FA-Gs T AC] AAte] A 3) 5
7) gl Ao F2Lo3, 12]. A, wix]e] 27] pHell
w2 G40 AR 2ARR A9 pH 8.57F 7 A8l
th(data not shown). o]AFe] Azl wle} SAgsEA YA
£ iR ZA 2% ISP WA S AAskAen, 2% ISP wiA|o]
Al 48417F wieksld S o B Akl 7Y Ebeh(Fig.
4).

S48M0 ojxl= pHel Hg

B. amyloliquefaciens D4-77} H8]31= d4s|8ie] &
Aol w12 pHY] d3FE 2AR17] $18 buffer pHE: 51l
A 1274A] i3S Fo| 237 A, pH 10014 H12o] &
A& A9 ch(Fig. 5a). 3HH, E49) pH A S A
$lal pH 20014 127}4] Zkzke] pHellM 37°CellA 3033t W
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Fig. 3. Comparison of the fibrinolytic activity of B. amylolique-
faciens D4-7 cultivated in several media broth. (a) Comparison
of the fibrinolytic activity of B. amyloliquefaciens D4-7 cultivated
in several media. (b) Effect of concentration of ISP (Isolated Soy
Protein) on enzyme activity.
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Fig. 4. Growth and fibrinolytic enzyme production of B.
amyloliquefaciens D4-1. B. amyloliquefaciens D4-7 was cultured
in 2% ISP broth at 37°C. -M-, Cell growth; -@-, Fibrinolytic
activity.
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Fig. 5. (a) Effect of pH on the fibrinolytic activity (-Hl-)
and stability (“@-). The enzyme was assayed at various pHs
for the measurement of enzyme activity and assayed after
incubation at various pHs for 30 min for the measurement of
pH stability. (b) Effect of temperature on the fibrinolytic
activity (-ll-) and stability (-@-). The enzyme was assayed
at various temperatures for the measurement of enzyme
activity and assayed after incubation at various tempera-
ture for 30 min for the measurement of thermostability.

g & A= 23S 2493 A3}, pH 7.0~11.07H] g
248 B ch(Fig. Sa). o)) AFfelA] Hiutel 3bo| B.
amyloliquefaciens D4-79|A E0]== A S &= ot



A F498 o = ek ol3F A= Kim S[10]0]
X 318} Bacillus sp. strain CK11-4 -f-212] dA gl g4 9]
## pH(pH 10~12) ¥ pH A A (pH 7~12), Yoo 23]
o] X318} B. subtilis K-54 &l E42) 33 pH(pH 10)
2 pH SFR3Al (pH 8~12), Lee S{1310] 238} Bacillus sp.
KDO-13 fr&ll F49] 23 pH(pH 8.0) ¥ pH ¢ Al (pH
6~10)F frAkeladet. 31A1aF AM W9 pH S5~6ollA1e] &4
9] AREZA o] 80%EA, 7] R FAHLHNELERY pH
Aol AR 2 EAYE o 5 Sl

L8N O|Xls 2= HE

HAA o) p]AE uhs HAHLEE AP S8 30°C
oA 70°C7HA] 7 Lol A ubgAIZ] F A S &3 A4
3}, 50°CelA He] FA3E HrhFig. 5b). B, 49
XIS HES] $l8te] ZEANE 20°C A 70°C
7ix| o] Zh 2ol A 3087F 223 F, 37°Cel e &A%
F24-8 A3 Fig. 4bellA Ba= ule} o] 40°Ce]
oM BEAagA o] F43] 7hAsly] Alakste] 50°Col M=
o 50%2] Aol A=} ol2idt A= Kim $[10}9]
Bacillus sp. strain CK11-42} Yoo S5[23]19 B. subtilis K-
540l 4 HuE= FALHE 40 HH &5 70°C, 65°Ce}
o2 oFAFS Bel o Lee (1312 Bacillus sp. KDO-13
oA FRlEE Ao HALE 50°CeRs AR HHE B
At L= Aol 50-60°C Alelel|lA FZ3HA WoiA)=
HARE DA JlpRe aae] RS A7 | A
TR YR 25 Flol] 8 oAl Tz By ¥
ohe}, autoproteolysis®] 43t S7FE A== [15], A7}t
Eol] s Ao dokAle] FvlErh= B} 9le19].

#7kE0] E40| XEAQHHM O|X= AdE

ARFe] B4 AL A ofF= ARA ALl wi-
Fa3 g4y & 4 9lv). B3] AA2EY Wil 84
23 Aol B S vA R AT 2= e
AR S E - U o AMES o83k d
T7F o] FA I qlet. <l E B, B4 7)H, AR =
BaAEiA] Fo] Bl AAE BE 5 UL4), site-
directed mutagenesisS E3F A olu|xxAke] X]3lo] dgt
S F7FA719[14], sugars, polyhydric alcoholsZ}
organic solvent 5] H7}Eo] EAo| delgAdel J3ke- vl
Arks BI1% 9u1]. B dFolME 25, CaCly, salt 5
o] FA-EEA] A PR JEFE 2P,
I FollAM S B A S T Bt
gk 3% A7 Al R 2EAe) 7}
BEal 60°CeA 3087t WhAIgt F BAe] A8 S 54
3t

Table 194 B v}e} 7to] controld] 79l 60°C, 30
T Fo EAEES ST 5 oS AEE P e
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Table 1. Effect of various additives on the thermostability of the
fibrinolytic enzyme from B. amyloliquefaciens D4-7.

additives residual activity(%)
None 60"? 37°C  30°C 4°C
30 min 10 days 10 days 10 days

control 100 nd" <20 <20 92

2M Na(l 100 25

3M NaCl 100 32

20% glucose 100 44

30% glucose 100 64

20% glycerol 100 29

40% glycerol 100 69

60% glycerol 100 70 80 86 91

2M NaCl+60% glycerol 100 88 76 78 93
30% glucose+60% glycerol 100 84 76 78 92

* nd: not detected

} glucose, glycerol === NaClell 2jsl] deAAde] £715
qer, A7HEe] vt S AR E SRR
o =3 o] & AVEES] WS 5, 60%2] glycerole] 2 M
NaCl &=+ 30% glucoseE H718Il & 7l 80% ol
Aol FAIH 2 IS Jeisie g, Aot
o w2 AAAAS B7) $I38l 4, 30, 37°CellAt 1047t
2 gk & Gae] AESA S S48 oH(Table 1). 60%
glycerolell 2 M NaCl E3& 30% glucoseS &3t 7}
3RS AT, A ETIIA Bl Aol 80% oA
2AH = 53] control?] 7 4°ColME ARl ¥
X2t 30, 37°CelME 109 Foll AEGAI©) 20% ©)3t=
Foizl W, 60% glycerol THA7HE 100 Fol= 80%
ol o] FAE A SRS B e2H, glycerole] &
2] A &S = AE & 5 sk
A7VEo] B4 M-S ToFE o], stabilizing
agents*]3 w52} WH-2] hydrophobic interaction %
7WA wRAe] 725 ATV dEeE FE5IA6].
T4 AR kA AL 7 & 49] hydrophilic, hydrophobic
character®} H7FE S5 interaction®] A Xol o} o}
AL 2 =™, B. amyloliquefaciens D4-70] 28|31 = &
g EA0] 7ol glycerole] B IS WA= L
2 F=F9Y). 3Fol= B. amyloliquefaciens D4-70] £-4)
e FHLEAS RS 2993 s =
Ty, AR BAZAM $E71sAE eRxlslA} g,

2 ¢

9] A% dFERAEQ AN ALy Tl ¢
gk nAES EEEielen, ol FAt A B
amyloliquefaciens DA% 3ol AL a9 3k
H1)E 98] N-methyl-N-nitro-N-nitrosoguanidines- AH8-3+
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E9W | E 538} B. amyloliquefaciens D4-7 Y| F-E5
gl om], plasmin 1 Umld] 6.54] A=) = ARl
S T B amyloliquefaciens D4-7= E=]9] 55
Ao A AL B Fu]Fol 7 . B
amyloliquefaciens D4-77} AJAbI= 318840 25 &
A&7 pH 10, 50°C°) 13, pH 7.0 oAl pH 11 Afo]e]]
A Aoz qkAdslel en, S0°CAlA 3082 WHAIEI &
739 50%%] Aol FX=t}. =3k, NaCl, glycerol 5=
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