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Fibrinolytic Activity and Proteomic Analysis of Bacillus
licheniformis HK-12 Isolated from Chungkuk-Jang

Byung-Hee Sohn', Sang-Chul Kwon? and Kye-Heon Oh"
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o AAdad FHo2RE BHLHNYAS 7HA= Al Bacillus licheniformis HK-12& s8-E 2|3}, uljok
717F Bt AR A ESEAEE VX DA oiE)] Z2HE 8248 ARSIt B. licheniformis HK-125 A4
FLHRol HESt] ol wjFYTAE TE Hu(fibrin plate method)E ARl AAEAFE SF5AT L
23}, HK-129] F483) &4 242l plasmin2c} oF 23 v AT F2 AL Vel faes s dS
ammonium sulfate 2]Z, DEAE- cellulose chromatography, Sephadex chromatography 52 43§3}o] Eg| A5l 0H,
AAE DAL aAY HA ek SDS-PAGEE £3] oF 23 kDaz &A%t vorAj7te] wE HK-62 *ﬂEEﬂ oy
Zlo] H3E 2-D PAGE 5‘—’-‘4% Foto] E48kgy. 1 A} 36AI7HYg ol 7 dASHA =9 spot #1S £
3t9om, MALDITOF MSE o]&3te] whildl FA& AAsH Ay, feg el ofo|wil H HL2
'"LKKIEKYREEEQRLK” O & 4], serine protein kinase (PrkA) (AAU22526)2 &olx]oir).

Abstract The strain HK-12 was enriched and isolated from naturally fermented soybean for the production of
fibrinolytic enzyme and the proteome of this enzyme induced during the incubation period was analyzed. The
activity of fibrinolytic enzyme derived from supernatants of the HK-12 culture was performed by fibrin plate
method for solid fibrinolytic activity. As the result, the fibrinolytic activity of HK-12 grown on the nutrient
agar media was about 2.3 times greater than that of plasmin used as standard. The purified enzyme was
prepared by a series of purification process including ammonium sulfate precipitation, DEAE-cellulose, Sephadex
chromatography. The molecular weight of the enzyme was determined to approximately 23 kDa with
SDS-PAGE. In order to examine which strain HK-12 proteins increased or decreased during the incubation
period, 2-DE analysis was performed. Protein spot #1 significantly expressed on the 2-DE gel of bacteria
cultivated for 36-hrs was analysed. As the result of protein sequence analysis using MALDI-TOF MS, one
protein was identified as serine protein kinase (PrkA).
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gk m) e oFr FERY F A= YIUEY BAS

AL YEQ] Fo] 7HX|= oA o]QolE 01F 2] AAYEle, ARl AU A AAIaT 9 23 A

e % B 292 9o Aol dA H &3k & SdReld ¥ IR, FIAE 52 UE
A, AFEY(saponins), EYAIASEA(trypsin inhibitor) We A= RIS it} [1].

5 AiS ZeskaL Qlof, AL A, Tt o Bacillusol| &3t S5 HEAQ T €A Fa+

waT) ol Ao oA, Yelamk Frhp odl O YaA s, o £ A Uud B4

Ax(extracelluler protease)@} AU Tz EFas

'SHgFielE AEgetat

AZ2ZARZFFAE LA (intracelluler protease)S AJAFSH=t], ©]|23t T H3)
"WAIAA} ;9 A3 (kyheon@sch.ac.kr) B4of= alkaline protease  (subtilisin)2}  neutral
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B8)8}y Bacillus licheniformis HK-122) @1831&41) T2 B4

meta]loprofease, esterase 50| &elA Uct [2-5].

SEECECE ERRER BRI RO ET
HEE ZAleh=d) 7beist = Lo|t} [6-8). 2-Dimensional
electrophoresis (2-DE)+= A|ito] oj®l 274 9] ¥S}o]|
FEHUE o, A= MY BE 484 uze A
AXZV7Y wEol MBS Fote) o) DA f o
HE RIS o Slvh wheby FHGIaLE Pk
Alatol thste] o] Z2H-g BEAHS Hg3to] wjopr)7t
50}011 o] JA9) AAhE 1B, S SHTh

= A9 A B3 evete] HE A

BAFCE dUA e A dae Hofst= Al
|83t AAGHEAT BAtsh= ot o) BAE
w357 Yote] 71 2HARA o2 RE 485
38 Zk= Bacillus licheniformis HK-125 Ha]8l¢g o
o] Alsto] ujokAlztol whal AYAISH= Tt z-2 2.DE
MALDI-TOFZ B3l Z2ele 2Ae Aalskact
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2 A AMH d e B AR Y] %‘*7}OIW
5 e %i%wa WHHEET. BEH
A= Clo] 2ty Alujald
5% oS HAlEok S 92 16 pm .2 333}
o A% W7o 2 AZE St ARSI uieFri ol A
A B2 RE 100 xo] TG Ay S 17 Fop)
X|(nutrient agar)o]] =25}F31 37 C oA 48 Al7F5<F vi<F
3 & AR S A2 1% skim milk7} A7} plate count
agar ¥|R|ollA] 24 AIZMEeE vforelgich FF| A4S
of| X proteaseS AYAFS}ed ICﬂlq-](clear zone)s FAI5=
o452  1&x AEsta, AL E A(fibrinolytic
enzyme)S YA :ere H2lsl7] $8he] 12} A8t
Fe= 5 mo Onzﬂ D ¥l A (nutrient broth)o]] Z+zF HF:
ST 1AF MHF TS 48 Al7HEet wioket 7 FAE
A A 4B A 3 tibrin plate)e] 4245}
AR FE A
Aol tfstod HA
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HA-8-3) ZA(fibrinolytic activity) =42 Astrup 5
[9]1¢] WS wth 0.1 M sodium phosphate buffer (pH
7.4)0] fibrinogeng 0.6%7} =8 K3A|7]|7, &4AS]

2815 fibrinogen LM 5 miol] £ LMo 1%

agarose §9 5 niE Wrkstel F23] TSkt o]
o] 100 g£ thrombin (100 NIH unit/m{) (Sigma Co, St.
Louis, MO, USA)YE A7}3lod &35t &, =A] Petri dish
of Bl Ao 5-10 B7F x|t} 23 ths, Pasteur
pipette 0. 2 |2 3 mn Y& W59 fibrin plateE AR
statk ZH A& 10 WS F3} fibrin plated] A|E1HY
Oﬂ FUsE 37T A 18 AJZF F<t BRAIF] &, AAE
ST A2 AR F HY AEFE ST B
tﬂﬂ EFQ Aolle 7V 1AE d)a 7 ZR2 A
E () &A1 BEoie] HAE o = 1 x di/2 x &2
o] Falof ojAste] ZAUTE HrTrA= FAEH &
L3 A4l plasmin (1.0 unit/ml) (Sigma Co, St
Louis, MO, USA)S AM&sigich Ex 83 &4 e
7} o] Asksach

AL (%) =

2.3 grgsliga ol HA

B. licheniformis HK-125 pH 72 ZA % WA FUuj
AolA 36 AZE Bt wjoret wjekele 100 mee] LAl
21 Fxol ol 11,000 xgoll 4 25 B3+ PlielE 5
B) RS AATI] U Mo FHAG RAL
ARgEhg T 2u]E 2849 100 S 75% E3} A
R (ammonium sulfate)S THE7] Y38l 4TofA HAS]
wekshEA, ¢ o 516 g AR E (Sigma Co. St
Louis, MO, USA)YE H7I3te] 18A]7F &2 HhgAIZ T}
11,000 xgof|A 25 B2+ ¢4 Hajsto] JAHES Y53t
A, AAEL 20 mM Tris-HCl buffer (pH 7.4) 10 ml o)
9143 AHeF shdth. GFgoo] el AHE 10 w2
EAE H(dialysis tubing) (Sigma Co. St. Louis, MO,
Usayel] Bl 1 7 9] 543 &F-3HolA 2 At k42
2 3 gl=Qoe WIS F 12 A|7F F9F E&]*—}fﬂt}
B2 U}X LML —70C deep freezerol A 12 A|7H
o gl & =AARV|IZ =39 Y. =5 g49
20 mM Tris-HCl buffer (pH 742 H33}H
DEAE-cellulose (Amersharm Pharmacia Biotech AB,
Uppsala, Sweden) column (1 x 20 cm)ol] S48t A 20}
EguE AXEET £28 NaCle] =52 0-0.5 M
2 Z7HN7IHA 0.2 m/min®] L0 2 AABHT) &
Zol e H3BI7](fraction collector)Z F o} 280 nmofA| A}
94 BRPEAR FUES el vIe Heh
S B9 Ao w2 YL e ¥ FEOAX R 5
st o] 2w ARntETIHHE HFAT A4HLE 20
mM Tris-HCI buffer (pH 7.4)2 H33}5] Sephadex G-75

1=

{ulo o



SHAkshr | 25k sl= R A A9H A3E, 2008

(Amersharm Pharmacia Biotech AB, Uppsala, Sweden)
column (2.5 x 30 cm)o]] Y34 0.5 mé/mine] o
2239t 20 280 mojjA] K gg e

S 24stED, GG BAS SAste 7 B4
o HEQ Hol $AURYZ FE5ch BE AP

2.4 HHleLo EXtE &3 |

HK-12 wljFol|lx) A4bE 83 549 AA| o e}
wANEE BUstr] {18t SDS-PAGEE  AA|hadtt
[10]. SDS-PAGEO©||A| Separating gel-2 12% acrylamide
gel & AR} 11, stacking gel2 5% acrylamide gel-S- A}
&3t Z75HAT,. Bradford W 02 izl ke A
Alsto] FUFS] Tl AS FH|5F a1, 5x sample buffer
2 FTFE WUtk £HE ARE 95TolA 5 Bk &
A1, ol WAE Fo) wello] ZUstsich A
Tl 22 myosin (198 kDa), B-galactosidase (115 kDa),
bovine albumin  (90.5 kDa), glutamate
(61.5 kDa), ovalbumin (46.2 kDa),
carbonic anhydrase (37.8 kDa), myoglobin (26 kDa),
lysozyme (18.5 kDa)X} aprotinin (9 kDa) (Prestained
Protein Marker, Intron, Inc., Korea)s ARR-EITH A7)
BB stacking gelol| A= 60 VoA 20 B3 AASFA T,
separating geloll A<= 100 VoA 1 A|ZF 30 B E<F 214
3hETE A7 |gEo] B gel& gel staining solution
(0.1% Coomassie blue R-250, 45% methanol, 10% glacial
~acetic acid) 0.2 605 F9F GAE A5}, EPAL
destaining solution [ (50% methanol, 10% acetic acid)=
60E7F EAELT T destaining solution I (5%
methanol, 10% acetic acid)2 6 A|7} ¢ @At ch

serum

dehydrogenase

2.5 2-Dimensional Electrophoresis

AAE A8 Eal FFE o) Y Ar)gEeR
I E2Mstck. A" Eade] 40% TCA
(trichloroacetic acid)2 &% Z7}slo] ThalzA2 2 AA|H
o AHE WAL 20T M BB acetoneO.2 33]
AAT F, pH 3-109] HYYE 7[A= 340 w9
rehydration buffer (8 M urea, 2% CHAPS, 0.5% IPG

T s
buffer [3-10], 0.002% bromophenol blue)2 T2l T

9O
= - s

Immobiline DryStrip gel (pH 3-10, 18 cm)
Co)& rehydration A}Z T}
Rehydrationo| £ 3, W3-%¥ gel2 manifold gel tray
Coz 7 [PGphor
(Amersham Biosciences Co., Little Chalfont, England)&

(Amersham Biosciences

o

(Amersham  Biosciences -,
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o] 28ked 300 VoA 30 . 500 VoAl 30 £, 1000 Voj
A1 AlZF 30 &, 3000 VolA 1 A)17F 30 &, 5000 Voj|A
1 AlZF 30 &, 8000 VollA] 2 A7} wlzr]ako =2 8000 Vo
A1 A7 B9F focusingS AAISHRCE IEF  (iso
electronic focusing)o| B4 & gelS DTT (10 mg/mé)7}
Z7}E equilibration buffer (50 mM Tris-HCl, pH 8.8, 6
M urea, 30% glycerol, 2% SDS, 0.002% bromophenol
blue)ol A 15 Xt HEFSHE AHAIsHSE. SDS-PAGE+
PROTEIN II XL electrophoresis kit (Bio-Rad, Co)& AR
sko] gel G 5 mAR 1 A7F B¢ A7) GE ok, THA] gel
F 10 mAR 13 AZF BF A7{9E sHth Gel g4
sitver staining W o2 AA|FIGETE 1A ZH (50%
ethanol, 10% acetic acid)ol] 1 A|ZF 5<QF AA| 7|11, ZF
33 898 (0.02% sodium thiosulfate, 30% ethanol, 83 mM
sodium acetate)ofl 30 ¥ =9 gel& HFSA|T] & SH¢
25 827t 3 3 MASHHCE Al & gelE silver reagent
(0.25% silver nitrate)o] 30 H7F vF-A}7) 11, S=24~2 ]
24 2 3] HASHITE JAF 8- (3% sodium carbonate,
40 1€ 37% formaldehyde)ol|A] ©THM Al spoto] EE]H
sodium EDTA (14.6 g/ /)2 ¥F2-& HEQIh Y gel
2 PD—QUEST Image system (Bio-Rad Co., Hercules,
USA)o@ HAsldch

2.6 MALDI-TOFE 0|23t T2H|E2 24

2-DE AbojlA] wrae] xjol7h Lrehd sl spotg
A5}7] 23} MALDI-TOF/MS (Matrix Assisted Laser
Desorption Ionization Time of Flight Mass Spectrometer,

Voyager-DE STR Biospectrometry, Applied Biosystems
Inc., Germany)S E3}o EA3|Gct ¢hlal spotS

microcentrifuge tube® 7] ¥ 30 mM potassium

ferricyanide2} 100 mM sodium thiosulfate S 1:1 & &g}
gl oo gelo]] HME silver nitrateE A A3IETH
50% ACN (acetonitrile) .2 15 &, 100% ACNO.Z 5 B
¢ Z+ZF Hi-8- 3 100 mM ammonium bicarbonateES 231
5 ¥4t Hhe- & SRR 2 3 AIFSHAT 100% ACNE
Yl gelo] MO 2 WalH ACNS AAste, 1E YA
29 5718 8 "Holble UL AAzEA gel& A
AT ARE gelS 200 ng?] trypsin (Promega
sequence grade, Madison, WI, USA)2 2 16 A|7F F9F A
2J5le] geldof Q= TUiAE peptide 2 B3JAIFT} £
3l peptideE gelol| A8 $&317] 3l 25 1 elution
buffer (50% ACN, 5% TFA [trifluoroacetic acid])= A7}
3lo] Al A 1A|7FECE HA|ZTE 9H2A]7] elution
bufferg A2 1.5 md 5EZ L7|31 A4 YAEe =

27|12 ARA|HT} Matrix buffer (50% ACN, 0.1%
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w23} Bacillus licheniformis HK-122] A

3
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=
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TFA)Z 0.01 g/m 2] matrix (a-cyano-4-hydroxy ciannamic
acid, CHCA)&-HS wh5Qitth 523t 10wl matrix
buffer2 5+5% peptideE =21 &, matrix N3} peptide
LHS 1112 Z3}31o] PTFE (polytetrafluoroethylene)
S22 FE ¥ 96 well plate (Applied Biosystems)o] 9]

5FATt Peptide®] EAES MALDI-TOF-MS® H.A13}

P B4E EAFE B4 ZEO%9 Mascot
(www.matrixscience.com)@?}  Tigr  (www.tigr.org)9]

database & ARESto] H-A 3Tt

al

ol =}

3. B3} -

3.1 Miz2| =32t 22

S oAk Aol AEWE WO Ak W
S 2HE Hhof Bl AAES 534, EHL3)

Ao A 9 50| Hojd 3 9] M 5y
th. ol& Al 78} 1% skim milk7} #7FE plate count
agar WjR|o) 4 330 Y B HEUE F3F vl
o2 ¥ASAEL 44 W Aol HUn A
Bacillus licheniformis HK-125 A3}t SoFel dif
Aol FE AFAFOEA JEO] GrE(natto), 2
EZ|(douchi)o} §HA Sh=olli= H=ado] LA gle.

o, o|% ABES Fo| WaniHold AASHALT 4
Absh= Zlo2 dEA Qlot [11-14]. &3] $2vtete) A
AL AN AR gt AL P4

Sh= Aoz e Qlo], A¥E B. licheniformis HK-12
& o-&3to] Aitd A asrE EelgAsla, =2
B9 £490] o] g3st4rt.

3.2 EH8sl Y &l

0:]0

3 AR A vl B. licheniformis HK-122]
A8 24S FA57] Hste] mju mabe] wjokal
2 YAt 2A-e A3}t Plasmin (1 unit/mé)2
Zao® HE ull, HK-129] @183 42 oF 2.3
plasmin unit©. 2 el (219 1], ALl 3
Ao Y &5, wid27] pH, &0, A4 59 ot
& ECsehd aglEe] oste] FFFE W Aoz
RuE3 ek o7|o|M= XA B licheniformis
HK-120]4 Aabsl @ngalass] 54 F35)]
3to) SR OM, ReH B GAsk] Exjare)
2718 EFshaa, 28NS RS 53
st7] At d+E HAE AN

AE
=
],

ﬂFoN

803

[2! 11 B. licheniformis HK-122] wl|oFANZ9H plasmin (1
U/ml) 2] €488 vetll= Fgl(clear zone)

T O

3.3 X8slzAe A o EXE &F

B. licheniformis HK-12 ufjoFol| A A Q?ﬂ—g—‘ﬂ
40) SDS-PAGES} BAVFFE Z43H7) 8t
AE AAFGLh 1 2 WAL Fa Qo] %EJH
o] ¢F2 306 mg/m{Fow, AARZEHAQ Sephadex
G-75 column chromatographyS A A|HA] 2.5 mg/mé7} =
¢t HK-12 vjjgfollofjal HojR] ZF A(crude enzyme) 2
Hy ZRetRE A%, DEAE-cellulose ion exchange
chromatography, Sephadex G-75 chromatography & o}
g AASAS AA 22 - QA daf @HE5) mae
Sol28/gd-& 47.4 unit/mg 0.2 HiYF AFFdo] uls 5.8 Hj
Z7HEAT (& 1] FA| 849 55 A=l BAES &
QI5t7] ofshed TS Bulg zizte] B AR
12% SDS-polyacrylamide gelof|A] A7|9=& AAI5}Y
T} SDS-PAGEE Z38f AA HAREE S7tEl= Eet
AA == ek (29 2]

1. H‘HCE

. 1-——x2

Marker 1

kDa

198 p
115 p

6150

462

378

26

185

(32! 2] SDS-PAGES] 2oldt AAAAE &% %aﬂg_a_,l
SDS-PAGE [1: F$& A (crude enzyme), 2: 75%
ammonium sulfate AHAGAS AA ZxF54A, 3.
DEAE-cellulose chromatographyS A2l A&
T4~ 4 Sephadex G-75 chromatographyS A

A i gsan)
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[B 1] B. licheniformis HK-120]| 4} £2]8 EALas9 A

Specific activity Recovery b rification
£ cati : .
Purification step Vol (ml) Total protein (mg) (unit/mg) of activity (fold)
(%)
Culture supernatant 250 23.1 8.2 100 1
Ammonium sulfate 5 15.3 11.9 32 1.5
DEAE-cellulose 2.5 8.8 20.8 9.8 2.6
Sephadex G-75 1.5 3.8 47.4 3.2 5.8
Isoelectric focusing (IEF) Wy
7
o
>
)
m

(A)

(B)

[ 3] B. licheniformis HK-122] vl|eFA|7 o] oh2 A3 Q] F4 9] 2-DE gel. (A) 12 A|ZHeReE; (B) 36 A7l ok,

I A dHgelaao] AR ¢F 23 kDal R =
A=A} B. licheniformis HK-120A4] ABA &= L3
FAL oMol BIE B. subtilis K-54 (29 kDa) [13] E
— Bacillus sp. CK 11-4 (28 kDa) [15)7} A= &3
L3 agro] Bxlgkd)l v)23 9 X9k, B, subtilis KCK-7
(45 kDa) [12]9} B. amyloliquefaciens K 42 (45 kDa) [16]
7t ARSI BUge) HAo) BXw MU A4S Ao
2 vehic

3.4 2-D PAGE % MALDI-TOF MS £A

B. licheniformis HK-120A AAtE]= @ZL3] A
B20] wjFAT) T WSS Blsty] J5ke] 2-DE
= ST viQF 12 A7} 36 A7k A A= A
zo) guigel wele umet 2, vjof Alzro] Aok
of wet A== AEL] GulAo] £2o) diF o]
2} 2715 2] WAEIQIL, E3] spot #1.2 WF 36 A]
7ol A F2 3] dago] ST AT spot #1212 A|7h
HiQF o) RE A|A3] YHE T} 36 Al7] iz g

804

A= el [19 3).

2-D PAGEA}lA F23] S7+E spot #19 trypsing
%2l8lo] peptide AHOZ Fk= ¥, MALDI-TOF mass
spectrometry=S AX]3FET [19H 4). MALDI-TOF 24
A3} LeRd spot #12] peptide EAFFS £4 T2
Mascot (www.matrixscience.com)oj| 4] o138t 23} serine
protein kinase (PrkA)Z FA %%t ©] serine protein
kinase  (PrkA)¢] Tigr
(www.tigr.org)2] databaseo|X] ZHARSF A}, Accession
No. AAU2552692 BH1519Ic} [E 2] e Ao
Fo] damyox ABiEles BHEIMRA= serine
protease = YA QUth. E3] A=A Bt AL

amino acid sequences

5L 7HA= F32 B. licheniformis CK 11-40]| 4] A4t
3= HLIEALE  alkaline thrombophilic  serine

protease 2 A [17], & Atol|A 1% B. licheniformis
HK-12% serine protease A|E2] AL aAE A5}
Aog wokHAn g B d@4E FE B
licheniformis HK-120)|4 ABAIE)= @AEsjaihe] =2

|-



RAZAN A Bel8}y Bacillus licheniformis HK-122] BA{-512841 22 HlL 24
100 G AR 1 SE-+4
% LKKIEKYREEEQRLK
80
70 201 450
1t NN AR
-E' 60 hus wre || 5
=
£ solupo
S 40
30 1 R, B
17 HE. DR
20 s TR W
1 . }:&%2;’ DI S s [ A
o : [ f 3 i iy P i 3% i
299N 1359 .4 18198 2280.2 27406 3201 0
Mass (miz)
[12! 4] MALDI-TOF MSo]| 2Jgt thal 2] spot #19] 54
[E 2] B. licheniformis HK-120)| 4] B2l cheiZ spot #19] FA
spot Identified Gene Functi Amino acid GenBank
No Protein Symbol Hnchons Sequence Accession No.
Serine D dat ¢ )
#1 Protein pria egradation ol profelns, LKKIEKYREEEQRLK AAU22526
Kinase peptides, and glycopeptides
H& BAolA Qolxl Zuhe vierom, o] o) o 40-46, 1999.
5F § A4S 4l B2 9438 7 EAlL [1H3l= vfgko g [2] S. Hiroshi, et al., "Intracellular Protease of Bacillus
21388 Aojc} subtilis”, Agric. Biol. Chem. 40, pp. 1047-1049, 1976,
[3] H. P. Mantsala, et al., "Extracellular and Membrane-bound
Protease from Bacillus subtilis”", J. Bacteriol. 141, pp.
4. ?Ed% 493-501, 1980.

2 =xwoliis 9 dibR 99 FrtoA AEdaE
o7 ARE FAFAORZXEE| Bacillus licheniformis

HK-128 #ej5l] BR824 made 248 A
ATy B, licheniformis HK-1292] ujjSkA=olS
ammonium  sulfated]] 2J3+ A, DEAE-cellulose

chromatography, Sephadex G-75 chromatography S AR
&t QA|st o, SDS-PAGEE 53] EH-Ea|axs
o) Bx}ers AASHHTE B, licheniformis HK-122] vjoF
AlZboll WHE EHgaaar AJ4ke] xpolE 2-DEE &5}
;s on, HAs| F7hE XL aas g
spot #1-2 MALDI-TOF MS 5-A4-& E3}o] serine protein
kinase (PrkA)=E EA3F4ETh

Hn2H
[1] S. H Kim, et al, "Physiological Functions of
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[5] A. Y. Strongin, et al., 1978. "Intracelluler Serine Protese of
Bacillus subtilis: Sequence Homology with Extracelluler
Subtilisins", J. Bacteriol. 133, pp. 1401-1411, 1978.
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