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ABSTRACT

Fibrinolytic enzyme from

Streptomyces sp. C5624

Park Sung Ju
Advisor : Prof. Yoo Jin—Cheol, Ph.D.
Department of Pharmacy

Graduate School of Chosun University

A TFibrinolytic protease (FP624) was purified from Streptomyces sp.
CS624, isolated from Korean soil. It produced protease when cultured in a
medium containing 1.5% glucose, 1.5% oat meal, 0.45% K:HPQO., and
0.45% NaHlPO, at 28C. FP624 was purified from a filtrate of
Streptomyces sp. CS624 by precipitation with (NH4)>SO; and gel filtration
with Sepharose CL-6B and ion exchange with DEAE-Sepharose CL-6B .
SDS-PAGE and fibrin zymography of the purified enzyme showed a
single protein band of approximately 28 kDa. The optimal pH and
temperature were pH 7.0 and 50C, respectively. The enzyme was stable

between pH 4 and below 407C. It exhibited fibrinolytic activity, which is



stronger than that of plasmin. FP624 hydrolyzes Aa and BB-chains of
fibrinogen. The activity was enhanced by Ca®" and Mg”". Convensely, the
activity of FP624 was significantly suppressed by Co”, Cu®" and Zn®" and
completely inhibited by Fe* and Mn”. Furthermore, the activity was
slightly inhibited by SBTI and PMSF, but significantly inhibited by
EDTA, EGTA, TLCK and TPCK. These results suggest that FP624 is a

serine metalloprotease with potential application in thrombolytic therapy.
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Fig. 1. Mechanism of blood coagulation and fibrinolysis.[7]
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Aol Bjke 9%k WA= Yakuri pure chemical.,, Acumedia, Junseir}2] A
AFEEFA TR Protease 4 Aol 2:0]= Azocasein® Protease inhibitor”}
| A8k et A3 Al AFEE A& EDTA, PMSF(phenylmethylsulphonyl
fluoride), SBTI(Trypsin inhibitor from Glycine max (soybean)), TLCK(Nq
-Tosyl-L-lysine chloromethyl Ketone hydrochloride), TPCK(N-p-Tosyl-1-

i
o

(

rir

=

Phenylanaline chloromethyl Ketone), Folin-Ciocalteu’s phenol reagent H:%+F & A
Baas A4S &g o AFESH Plasmin, Fibrinogen, Thrombin %<
Sigma-Aldrich (St. Louis. MO. USA)ALS] A2 AF&35FS T

4 AHAAE ¢% Sepharose CL-6B, DEAE-Sepharose CL-6B+ Pharmacia
(Uppsala, Sweden)2] A& AF&3F T

T

A2d dARANTAS AN 2 FAFY B @ 5A
L AARA RS AdeE £F FHE] B

A sl A HelA AT EF AES 39 A AxA 7 & dA AR 46t
o] Bennet's agar medium (196 Glucose, 0.1% Yeast extract, 0.2% Peptone, 0.1%
Beef extract, pH 7.0) 9 nalidixic acid (20ul/m¢) & H7}sk Hjx|o] ZEsle] 28T
A1~ 3FY3 wlekstth e B2 ISP2 (0.2% Yeast extract, 196 Malt
extract, 0.4% Glucose, pH 7.2) ] Aol HZs}e] 28°C, 200rpmoll~] Bl ¥shH protease
e #ESATE protease B0 w2 S HE AESY, o] #FE T F

o
F BARIARAS QA EG PATS A9sgnt o Ad8 Eg waRE

fas

o

OSYM (2% Oatmeal, 1% Soybean meal, 196 Dried yeast, 196 Mannitol, pH 8.3)
A e H o A Hvjeksle] 20% glycerol® H g vialel FH & -80TCo| ®¥alal 674

_5_



grpeh A s Fsle] REsth

EAHE Adteke EY WS PCR7]7|(Perkin-Elmer DNA
Thermal Cycler)E ©]&3e] FZ3J o™ primer2E 27(G'-AGAGTTT
GATCMTGGCT-3) 1492r(5'-AAGGAGGTGWTCCARCC-3)[18]& AF&3}o] 16S
rDNA @71 E& glstant F3x09 WAL 94Tl Al 1+, annealing 55C
oA 13, AE T2ToA 183 F 303 HhEsigth. S3%¥" DNAE Tag
DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems)®t oilgo—

nucleotide primers[3]& o]-&38}le] 7|4 LEL 35S

2

33 dARF 84S A= Streptomyces sp. CS6242] A A )| ok
Zil

BN

OSYM 3t Hjxoll A ikt #52 HAA 2 ¥2E F ke 50me] OSYM
BAR) A 7} B 250md flaskel A F38e 28T, 180rpmol A 3¥3F 2 ¥ <&k
SR T, o] Bl A2 proteased] HA A2 &) AA| I 471 F] B A
(Table 2. A1 protease &7 # fibrinolytic &4 & A3 o

747k o] WA ol 2% FEOFE FHEES 28T, 180rpmeol Al 547t s FHa

A2 Holi= "X E Streptomvces sp. CS624 H|F w2 Aty 1A
Hj Ful Al o] HA o] & dotiy] fste] v, Aad a2 ke 5o ¥
Fdel WE B4 AMEE AHsY] feted AlRAHIA T MY 52 Bh @4
e &= GOKNe x4 < 83 Jd¥UE AAS L 1.5% @49, 15% da9E
S 47t Hrrslel Agernh. Ee 0.1%9] A SE 247 HIbslted AEsta &

45%, 0.6%

o

AA 1

7} ol Q1AL MAdale FLE 77 0%, 0.1%, 0.15%, 0.3%, 0.
2 Arbskel AR MFen %



OSYM 22A4] B3t mjAel A wjgst F5o FAMA B A5 FH ot 50m
OSYM =] w)#]7} &= 250md baffled flaskell & 3sled 28°C 180rpmell 4 3
Azt e HFstAt. o] HigFd S A EEa] B S S AA S
g dHEEAE WAl GOKN ®jx] 1Lel| 2%FFo= HIstd 28T
180rpmol| A1 109 7F s &Fsl At 22 vl F 2 6000rpmel A1 3027 A2 & A

AE F A5 He 254 &9 30 ~ 90%7F ¥3EHEF ammonium
sulfate® 7Fste] 1417 A% wubr 7l & @482 (x8,000rpm, 1h) stz 4
G Ade Hawe] 10mM Tris-HCl (pH7.5) bufferel =< 3 stAct. 343 o
W] 10mM Tris-HCl (pH 75)& 7Fste &A1zl &= YMIO (MW 10,000)

membranes AR&ste] F4 & FUAFAo =z HHSIAZ

ok
M
:Oé
folt
o
folt
o
>~

2! 5 & Sepharose CL-6B column chromatography (2.2 x
114cm)ell Aststar 10mM Tris-HC1 buffer pH7.5%2 10.3 ml/h A A1 7 protease
g4 =" ¥ Oda and Murac® =4 HHH[26]S WEsle] Sasle] &84 &
98 3gotAart. 35 §A9s vF (x3000rpm, 1h) (Vivaspin, 10.000MWCO,
Sartorious Co.) ¥ sd¢4FAo g H P37

O“ ‘|—’

4. DEAE-Sepharose CL-6B column chromatography

Sepharose CL-6B column chromatography S €3] AAdE EAENEL

378l TSl o] @HEIEL F5YE DEAE-Sepharose CL-6B column

3]
gl

r—1u:
o

_7_



chromatography (1.2 x 64cm)el # 385t th 80 ml/h 5% 10mM Tris HCI pH
7.5 buffer stelA 0 ~ 05M KClo] 9oz FLvuE Fo dlzds

H o] F EAaTEE VAT BErkE Hol IFeldith I £8E wE ¥
Laemmlie] ®W[15]e] w2} SDS-PAGE (Sodium dodecyl sulphate—polyacrylamide
gel electrophoresis)E F83dt] @ 498 <t 18jxa AAE IdHE

S a5 E FP624= W H st

As5d 54 4 54
Lawg v ar 34 27
gald R84 24 SALS Oda and Murao®] 573 WH26]8 Wdste] &

3Gt Azocasein -£[(2.0%(w/v), 0.2M Phosphate Buffer pH7.05 ZA150.4
o TR 100uE HolFE F, 40TolA 2083 WA T o171 10%(w/v)
Trichloroacetic acid 60ulE 7}8tal ZA] vortexing 3F & ice 9olA 10%7F W3
aFal 15000rpm e 2 2087 A Eelskdlth ddEY F, de ) 150ue FHato
61 34 ¥ Folin—Ciocalteu phenol reagent, 2N 300ulet 7.5%(w/v) Na:COs 4500
2 4 FA] vortexing 3 Fo] 30ColA 30¥ZF ¥FZAlA UV-1601
spectrophotometer (Shimadzu Corporation, Japan)& ©]-&3}¢] 660nmelA &34 =
E ZAHYY. 242842 g nit)E 1% 59 lug tyrosine? FAAIIE En

Fyo 4k

2. ARz A A FA

AR EA B AL Astrup and Mullertz®) fibrin plate H[1]8 W3 3§}
o HAEHETAS plasming JEFAERE o] AL A &, 20mM
Tris-HCl (pH7.0) buffer® fibrinogen® #HFw %7} 0.12%7F 525 473 &3
g o8, 2 &9 20mlel 500NIH U/ml®] thrombin &9-& 50ul #7}sle] =gk

s, U3t gdEgdor wE 12% agarose £ 0mle H7bsle] EgHEFar

petri dishell o] Ab29] 30%3F ®¥AstY fibrin clote &4 A# fibrin- agarose

_8_



ot

plate® A 23Uk 2213 FP6249] fibrinolytic activityE &<lsl7] ¢
Al ®+ Negative control(1):buffer, Positive control(2,3):plasmin (3ug, 1.5ugl), 78
¥ FP624(4~6):sample(3ug, 151g, 0.5ug)= 3o fibrin plateo] Eoimz <& 37T
ol Al 18AIZE WEEAIZI AL W oS FAE o] A4S BEA RS plasmind H] AL

Fol S 5F9 o (Fig. 15.)

42}

lo

ofr

3. wua Qo

gl ol % Bradford® WHI[7IE ©]€3}4 bovine serum albumin(BSA)
(Life Technologies, Gaithersburg, MD, US.A)2 XFARE 3l A3 o

FaAA A F 5F o A @ld Hei= 505nm FEEE 45
4. A A79E

SDS-PAGEY 5% staking gel® 10% polyacrylamide gel[15]8 AF&3}91th.
Molecular weight maker (10 ~ 170 kDa)¥ Fermentas (Glen Burnie, MD,
US.A) 3Abe] AEE AbEste] @il Fxpes AASHA T gel& 0.1%(w/v)
coomassie brilliant blue R-250% 14]7F&9F HA1s % Methanol: glacial acetic

acid : TRO(1'1:8) v &= 412 &b overnightsle] €41 Az}

5. Fibrin zymography

=7 WH1E MEste e 5, 012%
fibrinogen® 100ul®] Thrombin &<} (INIH U/mD-2- g3k 10% polyacrylamide
gelo]l =34 AAE @9d 22uge sample buffer(x5)e} £383te] A7) Hd%E 3}
Atk A7]dEe] EF geld 25% Triton X-100 Solution (50mM Tris-HCI,
pH7.5)dl oAl 307F A ste] dmdS &4 A7 & SFRFE AHe
ok OA] EANES &4589(200mM NaCl, 10mM CaCle, 0.02% NaN37} ¥ 3$he
30mM Tris-HCl pH 7.0)¢ o] 37Col A 244178 WEE-A]Z1t} Fibrin &35S

A gz Ryge s Ao o&] geldd fibring #3d5Fe] Coomassie

Fibrin zymography® Kim®]

_9_



Brilliant Blue R-250 #4143 4" 59 &4 bandE &I stAth.(Fig. 14)

6. Fibrinogenolytic activity

Fibrinogenolytic activity™ Kohe] &4 ®WH[14]8 WHslo] Fhstch. oFs)
A AAE enzyme solution (20ug/ml, 0.2M Tris-HClI pH75 buffer) 60ul<t
1.0%(w/v) fibrinogen solution (50mM Tris—-HCl pH7.5 buffer)E 4]0 37Tl A
Z+Z}F Omin, 5min, 10min, 20min, 40min, 80min“& ¢}t incubatione $Fth. A A 3F A|7F
Ao 2 F¥e Samples FHste 10% SDS-PAGE[15]E AFE38le]  fibrinogen
chain 359 He¥HsE gt (Fig. 16.)

)
}:011
Ve
S
I
o

A6 A3

Fagge] g3 H4 2=F Z2As7] $dte] 4 ~ 70T HHelA 10T H4
22 Oda and Murao®l &% WH[26]& ol&3sle EAh8H S S48td A 2=
5 AASAT. Ead 25 bHAAE Lolry] 9d A7 £5(40TC, 45C, 5
0C, 56T)l A &AE  247F &9 incubating A7 %, 308wttt sampling 8FA
t}. Sampling & 99] 10mM Tris—HCI buffer pH 758 Y il 208 Zob 22
A3t % Oda and Murao®l &% WH[26]8 o]&3sle Fx
e 256 didt etgAde Flstdh

24 S SATo=HA

A Bagdel tiE H4 pHE 2AsH7] 918 pH 3 ~ 11 el p 1.0
Ao 2 1M pH buffer (pH 3 ~ 752 Citrate-NaHPO, buffer, pH 75 ~ 9+
Tris—HCI buffer, pH 10 ~ 112 Sodium-Bicarhonate buffe)E ¥ il # 42 of A
2007 RESAA BASAEE S-S Lelal 40 pH HEAE SH 6] 9

d pH 3 ~ 11 ¢ <telAl pH 1AL 1.022 ZH7te] 1M pH buffer(pH 3 ~ 7.5

_10_



2 (Citrate-Na:IHHPO, buffer, pH 75 ~ 9+ Tris-HCl buffer, pH 10 ~ 11
Sodium-Bicarbonate buffe)E T A8 d3} Yol 4ToA 48A7FH&9F vFA| s H &
2 pH buffergs ¥ HA&Lo]A 20837 WeAA &4 AL SHTozH pH
or S BRI &4 4 HHWL Oda and Murao®] 57 WH[26]e ®

gote] s

d

3. ARG ETA A O F350]23 protease inhibitorel] t gt
a3

B4 A MHE FEHo)EY AL FAEY] 98 a4 g F4
o] & (Ca®’, Mg”, Mn™", Co™, Zn™, F&*", Cu*)& HE¥ %7} 5mM HE2 H7}
sho] FHA oA 208 EoF HESAIZl = Oda and Murao®l 7 WH[26]S W
sl aA8H S SAHSATR

Protease inhibiter’} &48A4dd nx+= FE2 ZASL7] 98] Serine protease
inhibitor¢] SBTI(Trypsin inhibitor from Glycine max (soybean)), TLCK(N
—Tosyl-L-lysine chloromethyl Ketone hydrochloride), TPCK (N-p-Tosyl-L-phe-
nylanaline chloromethyl Ketone), PMSF(phenylmethylsulphonyl fluoride) & &
Al SBTI® #HF FX7F 0.0lmg/mle]l ¥, YA TLCK, TPCK, PMSFe %
FE7F ImMe] HEE H7F & HF LA 2083 WA g4 g WEE
2234931, EDTA, EGTAT Metalloprotease inhibitore|™ EDTA, EGTA 4]
S Al HFFE7F ImMe] HA FH7Me & H A& A 2084 WAl A Ea
shd Wsles SASI9 . PMSF+ A %9 DMSO(dimethyl sulfoxide)ol] ¢l %
SHTE 34t AbEstR oM, 1 99 Aue FRF Ho AMESF 6]

lo

4. OF 71de 9o dAALANas: 54 4

g R gae EAHE 457 st oYet Chromogenic  substrate
(Chromogenix co0.)2 ©]-&3dle] Amidolytic activity® A8tk Al&5elx
chromogenic substrate®+ Table 8.9} 2t}

243542 0.5mM chromogenic substrate?] A" &4

Fi

| Es luges #H7)
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ELISA ReaderE AF-&3lo] 405nmel A1
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A 3F A3 2@ aF

A glol Aol AFHIE EFAA  proteased] Aol & FFE F
fibrinolytic enzyme2- AAFslE  Streptomyces sp. CS624 #F5 A EsFch
Streptomyces sp. CS624 55 OSYM H I ") x| Aol HEZF F 28ColA H]%F

3| A E R el A= E9FAl colony 7l B
A} ColonyE2 @std 1 ¥ 252 substrate myceliumo] E#t20] |gA Eof

A A okt (Fig. 2.)

ol
o
it
i
k=)
.

!

o

,
0,
=
o2
o
=
o
r)(

o] +5e dFolA FE5T total DNAE templates

rDNA H-#& PCR W&oz FXHaon, 5349 165 rDNA F#9 1497719
47144 (Fig. 3.0 Blast & programd2 ©]-&3to] 714 AR 2 dFES
AA Az B dFE  Streptomyces Foll &6 Aoz yERyLTh
Streptomyces=y2 495 (20040 7]=)o] A8, 16S rDNA fG71A1E &4 A3,
Streptomyces sp. CS624+= Streptomyces murinus NBRC 12799(T), Streptomyces
costaricanus NBRC 100773(T), Streptomyces griseofuscus NBRC 12870(T),
Streptomyces graminearus NBRC 15420(T)2F  100% A st tt(Table 1.)
Streptomyces sp. CS6242] 16S rDNA2] A7]Ade] o3 AU A&
Neighbour-joining tree[30]2 YEFJATH.(Fig. 4.) ¥ 5ol A AAFSE g4 A
el g A oldd= glem ¥ AU AFolgta B F Utk o]
At 20ES EYE HAdd dddsasn A o

2 9y ol Fe ATE Qs

FE Streptomyces sp. CS624
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Fibrinolytic protease A4te] HZA3tE 9§ 47} H)R|(Table 2.)& &3 2§42
= ohE HF o H]3] GOKN Hj Aol A €53 &35 eyt (Fig. 5.)

1. &4 9o] dAFARAE P A= 43

AR Ese A TS 98 dade 235 AT 9ske] GOKNY

15%9] 7 FF¥E ©hds Fristo] Wst A3} protease &/32 Fructose:

2 ) 7P %9 s 2w (Fig. 6.), Fibrinolytic /42 7] ¥4

(GOKN)2] #4919l Dextrose (D(+)-Glucose)E #7152 ) &4jo] 71 -5
At (Table 3.)

2. Axol AARIAEA Ao X = FF

A AR G Ak e 9 Aade a9E FAbshy] sk GOKNe
7Fske] wlekst A3} protease 4 3} fibrinolytic &
21 GOKN #]# ¢} Oat mealE tAlste] #H7bsk 15% Soy bean
meal W A], F FFolA B JAuj A&} vwste] UG53 FHoldE #<lsk i th(Fig.

7.) (Table 4.)

[S—
a1
X
o

N

N
ol
il
L
iIE)
o
(o,
o
i)

3. Aol AAFAEA AL VA= FF

i)

dAaEs|ane Y S 918 A Y 29

0.1%¢ Z+ FFE Qdikde #Hrbslo wjgd A

K:HPO,o1 4 protease 2413} fibrinolytic &A4jo] ol g2 golalgar, £ 49

NaH:PO, - 2H0%F KoHPO, & &8st H7beldls o &40 25% A% A5

gtelel 4= 9lt}.(Fig. 8.) (Table 5.)

ko] Fhool WE YWIE FRlF A, HIIE A Y wRUF S
_

7Fste] uwl2} fibrinolytic 44 o] dkAF

&
I _LIM_I
Z,
oy
=
=
S
*
=
o
B

o
ot
[o]



A7letE e w 7P & oz AZE(Fig. 9.) (Table 5.)

A3 v EA el wE Bt A, pH, AAREAEY] ¥
3}

Streptomyces sp. CS6245 pH 6.2 <1 A FAdnjA o] HFshe] wdA| gt wh
& A%, e, el Mgt 59 pH WHEtE #Est . Protease &
A8 #elstg e ul, Streptomyces sp. CS624% 3Y A F-E w2
A Hd &S mnelon, 5 olF AFAEHEI AAE] Fastvh wiY¥x7]e] pH
© 62010, v 5 A[ZFo] Ao whel AAE] Frhelut & WskE gle]
Fol e pH= 6 ~ 7 ®$ ol vlud dAeA FAdAt. (Fig. 10.) ¥
AlZb] wE EREEAH] Aste] e A= fibrin plate® Q13 A
protease &4 9] Ao} vl IR 2 5L A Ho] AL Bl AZFo] Aol u}
2 a4 gashs G998 ¢ dUdrh(Fig. 11.)

A 44 Streptomyces sp. CS6247} A= ARz A9 &
g 2 AA

Streptomyces sp. CS624¢] 28] A4t AR T A Anbdl AHA AL
Table 4.9 Q.9Fsle] YeERRSIt &4 DL Ammonium  sulfate, Sepharose
CL-6B column chromatography (Fig. 12.), DEAE-Sepharose CL-6B column
chromatography (Fig. 13.)¢l 23] ddRMNEALE AASA. Streptomyces sp.
CS6249] vl %k of o8 Ammonium sulfate (30% ~ 90%) Z Fslil =35t &
AAIZD EAEdE AQrt, AR & A8 45 AL 10mM Tris-HCI buffer pH
7528 BT HAE FHoe T dFdoem HIPsp A7 -
Sepharose CL-6B column chromatography (2.2 x 114cm)ol % s}s}o]
© 2 103 m/he 25 AT (Fig. 13) protease &4 Hi-& 1719 & &
A2 ol FHal & FEE 219 AALEE Bon &2 19%E HER
A th.(Table 6.) Sepharose Cl-6B column chromatography oA 42 4] F 32

sl & DEAE-Sepharose CL-6B column chromatography (1.2 x 7lcm)el %
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sted 0 ~ 05M KCI9) F=78Z &€& A#HES 9 protease?] EHEFHL 0 ~
0.3M KCl s%oA vebutth(Fig. 13.) & 4719 protease &4 8 5 &4 73
a5 #4E Eo]t 52 03M KCl 5% oA &5 SDS-PAGE®
Fibrin zymographyE %3 @dasisls
28kDa ¢ Aoz 8Qlsl ¢l FP624= § 8 8 th.(Fig. 14)

As5d dAFHNas 4 FA
1. & #A7]%95 3 fibrin zymography

Sepharose CL-6B column chromatographyS ©]-&3% A IAFHA doixn
fibrinolytic enzyme2 DEAE-Sepharose CL-6B column chromatography & %3
Az AAE st doizl 3%t fibrinolytic enzyme Sample & SDS-PAGE®}
Fibrin zymographyE %3 <1t A3 FA}wke] oF 28 kDagl F-Eolx 4L
Kol Zlow &l Arh.(Fig. 14)

oft

2. Fibrinolytic &4 3} Fibrinogenolytic 34

FP624& 2~ 9] fibrinolytic activity®E &<2135}7] $3+ Z+Ze] AlH+= Negative
control(1):buffer, Positive control(2,3):plasmin(3ug, 1.5 g) AAE  FP624(4~
6):sample(3ug, 15ug, 0.5ug)%E 3lod fibrin plated] Eojmd & 37Col A 12A17F
WEA7I0L B v @48 24 89 AA4e BFA RS plasmind H] sk
Ae 43, ZAE FPE24asy @dits] &0 HEH s dildste] ogh
ekl AV E AHoslH S W FP624+ 9582 plasmine 7524 FP624¢] v &
of wlalste] 1278 €5%E & F UA(Fig. 15)
AAE W H(FP624)2 fibrin #3)50] %ot Aa-chaing 7Fralnkg
I ol &Ad3] EalEs Fed F AU BB-chainsd WF &35 =3 10
Aoz eFolA AAE FP624 A9 fibfin &350
Hdg Zolv AEE Halse Bl das 9 5 dAJh(Fig. 16)

Markland, Jr.[21]¢] #5F o] 98t Aa-chain fibrinogen®] £°]3F fibrinogen -& &}

O
I\

o
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AT FE 23000 ~ 33,5009 FAE-S- 7}A|= metalloprotease©] ™, BB-chaing-
ol o8 HashE &a+ oF 31,0009 AL 1A+ serine protease & 50|
gl Weglem, FP624+ Aa®t BB-chaind] SeolA oz Félste Eho=E

serine metalloprotease &7 92 &<lg 4+ At

A fob

2. dAEANRA A kAol A pHe] FF

pHell w3t protease® 27d3 eHgA ol wAe JaFE A 43, pH 3 ~
12 W9 Welx M =ZL fibrinolytic enzyme®] # % pH+ pH 70 &2 YEGE
(Fig. 19) 49 pH tAAS ®H7] ¢35 pH 3 ~ 11 HHA 4T, 4873+
¢t pH bufferE A3 F BALEAHE ZAFS 23 A 2L fibrinolytic enzyme
pHA0 ~ pH6.0 <o) oA W Wl g E Aoz &g F AU

(Fig. 20.)
3. dAFRHAEA FA digt T35 0|23 protease inhibitor?] 9%

= 2 2
A HES gl FEel2(Ca¥, Mg”, Mn®', Co®', Zn*, Fe*", Cu*)& wrg A
5

E=7F 5mM HEF FHIUMRE § 54 Ao WItE SASIAT. 240 24
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£ Mn®, Co¥, Cu”, Fe”', Zn”" 59 F&olo] 28 o] Asd AL &3]
3 4 glom, o] F Mn¥, Fe''o] 8] ma #4o] sl AaE e, Ca”
Mg™ ol Al &4 Bdo] 27tHUeS 2918 4 9t} Protease inhibiter’} &
Ao v A= FEe £AE7] 98] Serine inhibitoré! SBTI(Trypsin inhibitor
from Glycine max (soybean)), TLCK(Nu.-Tosyl-i-lysine chloromethyl Ketone
hydrochloride), TPCK(N-p-Tosyl-L-Phenylanaline  chloromethyl  Ketone),
PMSF (phenylmethylsulphonyl fluoride)E AF-&3Fal Metalloprotease inhibitor 2 &
EDTA, EGTAE A}&3}e] protease inhibitorel] ™3t &2 Ags Az} SBTI,
PMSF+% fibrinolytic enzyme®] 278 <kstA dAlste Aoz gdFglon)
EDTA, EGTA, TLCK, TPCK$® %< protease inhibitore= @dEdas 4L
alA dAlslE Aoz FAEHAT. o] A3 FP624% metalloprotease & A A €1
EDTA, EGTA® Serine < AA?1 PMSF, SBTI, TLCK, TPCKed| «a-& &=

Serine metalloprotease®}il A Z+Eth (Table 7.)

:

4. OFT 718 9% AL 544 &4

vzl B 542 gelsty] $5te] Factor Xa-like, Thrombin-like, Urokinase
-like 1¥]31 t-PA-like 59 Chromogenic substrateE ©|-&3}9 Streptomyces sp.
CS624=5-H 2B | A ashs wgAA 5485 &4tk Chromog-
enic substrate & S-22838% t-PA-like®] 712 ¥&te] -Arg-pNAE -Arg-OH +
pNAZE Zhpigste] WAg-& WE W Ath(Fig. 19.) wepa 2 ZAd A&

Sl t-PA AlDe] Bads 4 5 AT
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A4 2

i

A sl A HelA AFHT EF ABEZHE 7004Fe Hd 55 26kt
N o ABAtE = HAMEE Ol A protease®] /g0l & W o F

a1 o8 F 7 E fibrinolytic protease® AJAHE= Streptomyces
sp. CS6245 A&ttt Streptomyces sp. CS6245 32 wjx[ol| A Bl Fslef w)<F
Ao M AN EASE 8 - AL 1 5L AT

wx o] Ba AE8HE E4(16S rDNA sequence)2 ¥4 A3} Streptomyces
sp. CS624+= Streptomyces murinus NBRC 12799(T), Streptomyces costaricantis
NBRC 100773(T), Streptomyces griseofuscus NBRC 12870(T), Streptomyces
graminearus NBRC 15420(T)¢} 100% LR35l & oA AAAeE 404 A
g o] g A= oldele= e & ATV Agelga B F Utk

Streptomyces sp. CS624 % AHA /s GOKN (1.5% Glucose, 1.5% oat
meal, 0.45% K2HPO4, 0.45% NaH:PO4, pH 6.2) vl ¥u)== o}& H]x][(Table 2.)
uste] T2 proteaseE A LS A w©AY, ALY 18
ol wet fibrinolytic protease?] AAHd W E WwsH S o, o
3] Glucosedl A HUTF ©& 99 fibrinolytic protease® AJAHeHe 3
ok & 47 15% oat meal®} soy bean meal®] EA9, 045%E /-3 2
7} Nall2POs - 2H-0, K:HPOy el A finbrinolytic protease2] A4t o] g-atd g 3ol
g UAT

HAWA Age T8 HdAdd GOKN (1.5% Glucose, 1.5% oat meal, 0.45%
KoHPO4, 0.45% NaHzPOs, pH 6.2) HJFu]=[el|A] 28°C, 180rpmel Al wj ¥Fsl3&
5UA Hol A4S vetliNey A B4 &4 o] faskith Hul &4E Ho
= AAAA wlgEAE FHStY Ammonium sulfate, Sepharose CL-6B column
chromatography, DEAE-Sepharose CL-6B column chromatographyS < 3 3d}<
T dHEEAE e HAsR o FPe24et W oF it

Yol dAZ 3 FHF AHAY fibrinolytic protease(FP624)2 SDS-PAGE
(Sodium dodecyl sulphate-polyacrylamide gel electrophoresis)®t Fibrin zymography =
B3 @ gmzcele Feldt Ay} FP624i F-Ao] 28kDadl #Fa9e s

=

—

_19_



=3
FP624& 2~9] fibrinolytic activityE& 2¢18}7] 93] Negative control, Positive
control (plasmin), A A¥ FP6245 Z+Z} fibrin plated] =Hojrme & 37T A 124]
RS ATIAL W g @49 &Y 89 A4S EFAEQ plasmin® H] sk
4% 43, ZAE FPe24fise SRS &40 HEAAdRE Gkl g
sbdste]l A71E Aol S o) FP624+ 958 2 plasmine 7524 FP624¢] H
o] dizA|Ale vlaste] 1274 45 8E 4 5 AU
2 Ay Feld A Ee 24 (FP624)« fibrin 385 ©

—chainE 7}FEalwte F 10% ool 93] ZaEs &9 + AU 53,

Pl
O

Ho
N
_0|L
2
>
o

1o
oe
™

d

2
H FP624 =29 fibrin 35| H|X8] Ao
golst 4= At Markland, Jr.e] #35el €8t Aa-chain fibrinogen®l| E©]3%F
fibrinogen &3] TAE F& 23000 ~ 335009 ¥A#2 714+ metalloprotease
o], BB-chaing HolHoz ®asts &4+ 9F 31,0008 EAHE 7R
serine protease FFolglal Wr o, FP624+= Aagt BB-chainel] Eol% oz &
e 4% 22 serine metalloprotease &2 #<lst 4= k.

FP624¢] HA2kme 50TeolaL, ofe] #1he] 2% R 24%F &t a4 &
A

ju!

Ao ex bgAe Se A 40TIA 100% HdS Kol 40Tl &
L2 §AS9S W Az wae] el 2o A AT FAL 5
AAE FP6249] A pHe pH 7.0 olglem, 24t EAES pH 40 ~ pH 6.000 4]
AT Ao Vet

FP6242] Aol < ol W3 fibrinolytic proteaseo] W Z+& 432 Lo}k
A3, Mn™, Co”', Cu”, Fe”, Zn™" o ol& & @40 Ao, o] F Mn”,
Fe'oll o8] Fd @4o] $has] AsEglor), Ca¥', Mg®' e F5o]2or] i
Aol F7 2 &Flst 4= ltl. protease inhibitor FolAl SBTI, PMSFi=
fibrinolytic protease®] &AJel] v Ask o Asl= Aoz F2ESar EDTA, EGTA,
TLCK, TPCK®] protease inhibitor®l| 4| fibrinolytic protease®] &AJo|xl 735}A <
Aste Aoz 1At

dARE 714de] 5EALS #5ly] $18te TFactor Xa-like, Thrombin-like,
Urokinase-like #]3a7 (-PA-like %€ Chromogenic substrate® ©]&3}9]

Streptomyces sp. CS6242 58 #2] AAH AR EALe HSAA EAS B4

et
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3Rt Chromogenic substrate & S-2288%1 t-PA-like®] 712 #te] -Arg-pNA
S -Arg-OH + pNA=ZE 7}Fits)ste] EAnkg& Ve dth weps] e AAd
2UE & F U

Streptomyces sp. CS6247F AAtsles A asn

o
2
-
ﬂllﬂl
_o|_,
&
ft
S
5
V:U i:olt

= 25 p &
F glom Eﬂﬁﬂxﬂ plasmin®] H|3] 127919 & H|EAHE Hol=dl o=
FP6249] oj kil zm ol /it 7sAde HolFa Qrh &% FhA4 /AEe 9
& FERUES ol&g Ayt Hasitta AA4H
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Fig. 2. Colony morphology of Streptomyces sp. C5624.
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5-TGGCTCAGGACGAACGCTGGCGGCGTGCTTAACACATGCAAGTCGAACGA
TGAAGCCCTTCGGGGTGGATTAGTGGCGAACGGGTGAGTAACACGTGGGC
AATCTGCCCTGCACTCTGGGACAAGCCCTGGAAACGGGGTCTAATACCGG
ATATGACCATCTTGGGCATCCTTGATGGTGTAAAGCTCCGGCGGTGCAGG
ATGAGCCCGCGGCCTATCAGCTTGTTGGTGAGGTAATGGCTCACCAAGGC
GACGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGG
GCGAAAGCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTT
GTAAACCTCTTTCAGCAGGGAAGAAGCGAAAGTGACGGTACCTGCAGAAG
AAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGCGCAA
GCGTTGTCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGCTTGTCACG
TCGATTGTGAAAGCTCGGGGCTTAACCCCGAGTCTGCAGTCGATACGGGC
TAGCTAGAGTGTGGTAGGGGAGATCGGAATTCCTGGTGTAGCGGTGAAAT
GCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGATCTCTGGGCCAT
TACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCC
TGGTAGTCCACGCCGTAAACGGTGGGAACTAGGTGTTGGCGACATTCCAC
GTCGTCGGTGCCGCAGCTAACGCATTAAGTTCCCCGCCTGGGGAGTACGG
CCGCAAGGCTAAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGCGG
AGCATGTGGCTTAATTCGACGCAACGCGAAGAACCTTACCAAGGCTTGAC
ATACACCGGAAAGCATTAGAGATAGTGCCCCCCTTGTGGTCGGTGTACAG
GTGGTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCC
CGCAACGAGCGCAACCCTTGTCCCGTGTTGCCAGCAGGCCCTTGTGGTGC
TGGGGACTCACGGGAGACCGCCGGGGTCAACTCGGAGGAAGGTGGGGACG
ACGTCAAGTCATCATGCCCCTTATGTCTTGGGCTGCACACGTGCTACAAT
GGCCGGTACAATGAGCTGCGATACCGTGAGGTGGAGCGAATCTCAAAAAG
CCGGTCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAG
TCGCTAGTAATCGCAGATCAGCATTGCTGCGGTGAATACGTTCCCGGGCC
TTGTACACACCGCCCGTCACGTCACGAAAGTCGGTAACACCCGAAGCCGG
TGGCCCAACCCCTTGTGGGAGGGAGCTGTCGAAGGTGGGACCAGCGATTG
GGACGAAGTCGTAACAAGGTAGCCGTACCGGAAGGTGCGGCTGGATC-3'

Fig. 3 16S rDNA sequence of Streptomyces sp. CS624.
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Table 1. 16S rDNA sequence of Streptomyces sp. CS624 and other
related species.

Name/Title Strain Accession  Similarity Diff/Totalnt
Streptomyces murinus NBRC 12799(T) AB184155 100.0 0/1476
Streptomyces costaricanus NBRC 100773(T)  AB249939 100.0 0/1480
Streptomyces griseofuscus NBRC 12870(T) AB184206 100.0 0/1476
Streptomyces graminearus NBRC 15420(T) AB184667 100.0 0/1476
Streptomyces murinus NRRL B-2286(T)  DQO026667 100.0 0/1359
Streptomyces griseofuscus KACC 20083(T) AY207605 99.8 3/1478
Streptomyces griseofuscus KCTC 9879(T) AY999809 99.6 6/1418
Streptomyces misionensis NBRC 13063(T) AB184285 08.8 17/1474
iﬁ;i%ﬂgggfom jogenes  NRRL 5T90(T)  AJ39I8L4 986 20/1470
Streptomyces almquistii ~ NRRL B-1685(T)  AY999782 98.2 26/1482
Streptomyces lanatus NBRC 12787(T) AB184845 98.2 26/1473
Streptomyces LMG 20067(T)  AJ781347 982  26/1463
Streptomyces lanatus ISP 5090(T) AJ399469 98.2 26/1447
Streptomyces durhamensis NRRL B-3309(T)  AY999785 98.2 27/1492
Streptomyces althioticus ~ NRRL B-3981(T)  AY999791 98.2 27/1485
Streptomyces thioluteus NBRC 13341(T) AB184344 98.2 27/1476
Streptomyces filipinensis ~ NBRC 12860(T) AB184198 98.2 27/1469
Streptomyces althioticus ~ NBRC 12740(T) AB184112 98.1 27/1458
pireptomyces NBRC 13059(T)  ABI84282 981 28/1466
Streptomyces cellostaticus 1SP 5189(T) AY999742 98.1 28/1447
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gg] Streptomyces durhamensis NRRL B-3309T (AY999785)

001 100| - Streptomyces thioluteus NBRC 13341T (AB184344)
62 Streptomyces filipinensis NBRC 12860T (AB184198)
59 —— Streptomyces echinatus ISP 5013T (AJ399465)
Streptomyces lanatus NBRC 12787T (AB184845)
55 Streptomyces griseofuscus NBRC 12870T (AB184206)

Streptomyces murinus NBRC 12799T (AB184155)
100| Streptomyces graminearus NBRC 15420T (AB184667)

Streptomyces sp. CS624 ()
Streptomyces costaricanus NBRC 100773T (AB249939)

gg| Streptomyces almquistii NRRL B-1685T (AY999782)

_L Streptomyces althioticus NRRL B-3981T (AY999791)
Streptomyces malachitofuscus LMG 20067T (AJ781347)

o4 Streptomyces nodosus ATCC 14899T (AF114036)
95 — Streptomyces nogalater JCM 4799T (AB045886)

95

97

88

Streptomyces eurythermus ATCC 14975T (D63870)

99[ Streptomyces misionensis NBRC 13063T (AB184285)
Streptomyces phaeoluteichromatogenes NRRL 5799T (AJ391814)

Streptomyces argenteolus JCM 4623T (AB045872)

Streptomyces niger DSM 43049T (AJ621607)

Fig. 4. Neighbor—joining tree based on nearly complete 16S
rDNA sequences showing relationships between of

Streptomyces sp. CS624 and related Streptomyces strains.
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Table 2. Composition of various media.

Media (g/100ml)

Component GYT __ GYTS __OSYM __ GOKN
Dextrose(D(+)-glucose) 2.0 2.0 15
Yeast Extract 15 15
Dried yeast 1.0
Oat meal 2.0 15
Soy bean meal 15 1.0
Mannitol 1.0
CaCOg 0.1 0.1
Trypton 05 0.5
KoHPO4 0.3
NaH2PO4 0.3
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Fig. 5. Effect of various media on the production of protease

activity. (ll:GYT, @: GYTS, A: OSYM, ¥: GOKN)
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Protease activity (U/ml)

Fig. 6.

60 —

Time (Day)

Effect of carbon sources on the production of protease
activity. [GOKN(H), Control(without carbon source, A),
Maltose(V¥), Starch(®), Lactose(d), Fructose(p),
Sucrose([1), Sorbitol (%), Mannitol(x)]
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Table 3. Effect of carbon sources on the production of

enzyme activity.

Carbon source(1.5%) actiE{E);e?[SJe}ml) a(iii]zfliitrsl/Ol(Bgrtlir(;l)

Distilled water - 0
GOKN* 44 16.0
Control” 23 13.3
Maltose 32 13.3
Starch 20 12.5
Lactose 20 135
Fructose 47 15.0
Sucrose 28 14.5
Sorbitol 26 14.5
Mannitol 36 15.3

Diameter of Clear zone(mm) was measured after 3days of incubation at 37<C.
# Glucose 1.5%, Oat meal 1.5%, KoHPO, 0.3%, Nal,PO4 0.3%
® The GOKN without carbon source.
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Protease activity (U/ml)

Time (Day)

Fig. 7. Effect of nitrogen sources on the production of protease
activity. [GOKN(H), Control(without nitrogen source, @),
Yeast extract(A), Soy bean meal(V¥), Peptone(d),
Beef extract(p>), Trypton(€), Malt extract()]

_30_



Table 4. Effect of nitrogen sources on the production of

enzyme activity.

. Protease Fibrinolytic
Nitrogen source(1.5%) activity (U/ml) activity (mm)

Distilled water - 0
GOKN* 48 16.5
Control” 7 9.0

Yeast extract 4 10.0

Soy bean meal 47 165
Peptone 1 0

Beef extract 4 75
Trypton 1 0
Mal extract 8 9.0

Diameter of Clear zone(mm) was measured after 3days of incubation at 37<C.
? Glucose 1.5%, Oat meal 1.5%, KoHPO4s 0.3%, Nal:PO4 0.3%
® The GOKN without nitrogen source.
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Protease activity(U/ml)

Fig. 8.

30

Time (Day)

Effect of phosphorus sources on the protease production.
[GOKN (@), Control (without phosphorus source, P),
NaH2PO4 - 2H>0(), Na:HPO4(@), KH2PO4(A),
K>HPO4(V¥), NaNH/HPO4 - 4H20()]
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Protease activity (U/ml)

Time (Day)

Fig. 9. Protease production with various —POs concentrations.
(H: 0% —-PO4, @: 0.1% -PO4, A: 0.15% -PO4, ¥: 0.3%
-PO4, 4: 0.45% -POs, P: 0.6% —POs)
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Table 5. Effect of phosphorus sources on the enzyme production.

0 Protease Fibrinolytic
Phosphorus source(0.1%) activity (U/ml) activity (mm)

Distilled water - 0
GOKN* 24 15.5
Control” 0 0

NaHzPOy + 2H20 16 8
NazHPO4 8 4
KH2PO4 0 7
K2HPO4 3 11.5

NaNHHPO; - 4H20 0 4
GOKN(0.15%) 33 16
GOKN(0.3%) 35 16
GOKN(0.45%) 48 175
GOKN(0.6%) 47 175

Diameter of Clear zone(mm) was measured after 3days of incubation at 37<C.
? Glucose 1.5%, Oat meal 1.5%, KoHPO4s 0.1%, NaHPO4 0.1%
> The GOKN without phosphorus source.
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Fig. 10. Fermentation profiles of Streptomyces sp. CS5624.
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Fig. 11. Fibrinolytic activity of FP624 in various days of
culture. 1-9 in figure were distilled water(1), 1Day — 7Day
(2-8) and positive controllplasmin(1.51g)], respectively.
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Table 6. Purification summary of FP624.

Total Total Specific .
Step ] o o Fold Yield(%)
protein(mg) activity (U) activity(U/mg)

Crude supernatant 2161 325185 376 1 100
Ammonium sulfate 232 132101 569 15 41
Sepharose CL-6B 81.24 63240 778 2.1 19

DEAE Sepharose

CL6B 56 4216 753 20 13
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Fig. 12. Elution profile of FP624 from Sepharose CL-6B.
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Fig. 14. SDS-PAGE and fibrin zymography of FP624. Lane (1),
molecular mas markers; Lane (2), protease enzyme (4ug);
Lane (3) fibrin zymography of the purified Fibrinolytic

enzyme.
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Fig.

15.

Fibrinolytic activity of FP624. Negative Control
(buffer), Positive Control (plasmin) and purified
enzyme were carefully placed into the well (3.5mm
diameter) made in the fibrin plate and then
incubated at 37C for 18h. 1-6 in figure were
buffer(1), plasmin 3pg(2), plasmin 1.5pg(3),
purified enzyme 3pg(4), 15ung((5) and 0.5pg(6),

respectively.

_41_



) (O (1) 2) (3) 4 ()

Aa -
BB 1
¥-¥

Fig. 16.

Fibrinogenolytic activity of FP624. Lane M, protein
size marker(from the top 72kDa, 55kDa, 43kDa)
(Fermentase); Lane C represents the undigested
fibrinogen; Lanes (1) — (56), FP624 hydrolyzed aliquots
after bmin, 10min, 20min, 40min and 80min incubation at
37T, respectively.

_42_



100 S
80 /

60 - /

Relative activity (%)

20_- /

10 20 30 40 50 60 70 80

Temperature°C

Fig. 17. Effect of temperature on the activity of FP624. The
optimum temperature was studied by incubating the

enzyme at pH7.0 from 4T to 70T for 30 min.
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Fig. 18. Thermalstability of FP624. After incubating the
enzyme samples at varius temperatures (40C ~ 55TC)
for different time (0 ~ 120min), the residual activities
were measured. (ll: 40T, @: 45C, A: 50T, ¥: 55T)
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Fig. 19. Effect of pH on the activity of FP624. pH optimum
was determined by assessing the enzyme activity
with various 100mM pH buffers: Citric acid/sodium
phosphate (pH 3 -pH 75), Tris HCl (pH 75 -pH 9)
and NalICO3 (pH 9.6 -pH 11).
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Fig. 20. pH stability of FP624. pH stability was determined by
measuring the residual activity after aliquots of the

enzyme sample were incubated with their respective

buffers(100mM) at 4C for 2h.
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Table 7. Effect of metal ions and protease inhibitors on the

protease activity.

Reagents Concentration(mM) Relative activity(%)
None - 100
CaCl, 5 121
MgSO, 5 154
MnSO, 5 0
CoS0, 5 39
CusS0, 5 5
FeSO, 5 0
7ZnS0O, 5 24
EDTA 1 3
EGTA 1 6
TLCK 1 23
TPCK 1 11
PMSF 1 98
SBTI 0.01mg/ml 97
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Table 8. Chromogenic substrates.

Chromogenic

Amino acid sequence Characteristics
substrate
S-2765 Z-D-Arg-Gly-Arg-pNA-2HCI For factor Xa
S-2222 Bz-Tle-Glu-(OR)-Gly-Arg-pNA For factor Xa
S-2238 H-D-Phe-Pip—-Arg-pNA For thrombin
S-2288 H-D-Ile-Pro-Arg-pNA For t-PA
S-2444 pyroGlu-Gly-Arg—-pNA For urokinase
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Fig. 21. Amidolytic activity of FP624.
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Table 9. Chracteristics of FP624 and other related Fibrinolytic enzymes.

Optimal Stability
Enzyme 1(\121)‘2]) oIl Temperature . Temperature Comment Reference
(C) P (C)

AMMP 21 6.0 33 ND ND Chymotrycin-like metalloprotease [16]
CK 282 10 70 7-105 <50 Thermophilic alkaline serine protease [12]
B fasum 22 B0 ND 6-11 <65 ND [24]
From chinensis 12 16 105 45 6.8-88 37 for 24h Metalloprotease [19]
From Fusarium spBLB 21 95 50 25-115 <50 T (23]
Fu-P 28 85 45 6-9 <37 Chymotrypsin-like serine metalloprotease [37]
KA38 41 7.0 40 ND ND Metalloprotease [9]
Subtilisin DFE 28 9.0 48 6-10 <50 Subtilisin—family serine protease [27]
Subtilisin DJ-4 29 ND 40 4-11 R.T for 48h Plasmin-like serine protease [10]
Subtilisin FS33 30 8.0 55 ND ND Subtilisin-like serine protease [35]
Subtilisin QK-2 28 85 55 3-12 40 for 30min Subtilisin—family serine protease [13]
SW-1 30 ND ND 4-9 4-37 Serine metalloprotease [36]
FPg4 35 75 45 6-9 <40 Serine metalloprotease [31]
FP624 28 7 50 4-6 <40 Serine metalloprotease \F)Fvgﬁ{

ND : data not available.
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