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Isolation and Identification of Five Fibrinolytic Enzyme Producing Strains from

Douchi( Chinese Traditional Food )
LYU Mei-yun, LIU Zi-ying

( College of Chemistry and Bioengineering of Yichun University, Yichun 336000, China)

Abstract: Thirty-nine strains of protease-producing strains were isolated from 14 kinds of traditional food natto and Douchi by
using casein-plate method and 5 strains of highest fibrinolytic enzyme producing strains were screened by both pig blood pow-
der-plate and fibrin plate method. The 5 strains were named NCDC-2,CQDC-03,CWND-03,YJND-01 and FJDC-02, respec-
tively. 16S rDNA sequence analysis showed NCDC-02 was similary with Bacillus subtilis by 98% , while CQDC-03 and
CWND-03 were by 99%. Thus NCDC-2, CQDC-03, CWND-03 were identified as Bacillus subtilis. Further research is needed
to identify whether YJND-01 and FJDC-02 are the new species of Bacillus subtilis. But it is no doubt that it is kind of Bacillus

spp.
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YE7E J2 16S tDNA LK 791 S A, 8 5 H o 26 Mz
Sy il g R R A 2 SR A S 2 W] TR B

1 #R5FE

1.1 ##
L1 BeXmafeg st MG VYR E AR
TYNT 3 Ay G At (R B BN RS A
A BHVE R L e IR AR 2 11 A4S b XY
oA 28
1.1.2 £ %X A £ 48 % A JR ( Fibrinogen, 100
mg+ % ") AR B4 ( Urokinase 7 200 U-32 ") g A
Sigma 2\ 7 5 BE I /i ( Thrombin ) g 5 | i i Z=FH 4%
RIBA PR w5 Ezup #3540 78 56 K 41 DNA il 42 38
F &1 2 x EasyTaq PCR SuperMix Il [ ¥4 T 4=
Y TFEA PR/ 5] ; AxyPrep DNA Gel Extraction Kit Ji
H BT ARk (CRIL) A IRAH
113 32fA P RE(REARERE)" .
1.3 g-L~' Na,HPO,,0.02 g-L"" ZnSO0,,0.36 g-L"'
KH, PO,, 0.002 g - L' CaCl,,0.1 g-L™" NaCl,
15 g-L7'Bifig 4.0 g- L' i% %, pHT. 2;
G 4 g LTI, 10 g- L~ NaCl,
5 g L7 IR, 20 g+ L7 Btk pHT7. 0 ~7. 25
ARNBEABRE R0 g L' FERE,
10 g L7 M R,5 g- L' S 16489,20 g+ L7 35tR,
pH7.0 ~7.2;
AHEEE R 10 g- L7 B IR, 20 g- L' Big,
5 g-L~' NaCl,pH7.0;
FhFEE R 310 o LT B FUIR,S o L7 ik,

pH7.0~7.2,
1.1.4 LE&EE& TI00 AR PCR Y (24 [E Bio-

rad ) ;DYY-6C BRI PR (JL BTN — A4 ) s 2 R Al
BB O LG EZR2EAUERT ) ; ZF90 RIS AH
ORI FHL (IR AR T ) o
1.2 FHik
1.2.1 PZLFEsiske ifk  WITH . FRELO.5 g kF
i, INAEEA 50 mL JC AR BRER K 9 = MHER
T FE MR, TR AE 80°C /K ¥ T 15 min, Hit Y
Jer PRV H ] 25 P R R R AN A TR R R
PR ERRE(107° 10 °F1 10 77) , 43 BIHK 100 L 4%
e T PR TR AR VR AR A1 7 1% 38 11 Pl |, 37 °C 81 B 15 5%
24 h 5, PRICA 7 W R DAV, R I AR AR
TR A2, 10 S5 32 B BBl R I % LA, SE LU A R
{4 TRTAAR AR T PR

ST < 4 RS B (T 1 A B O 9

i, K0 5 I OR A AR #2130 ml VAR B 135 5%
FT 120 mL =K ,37°C ,180 r-min ~fH R},
A R, 0. 9% () A= BRI KA B, 43 591 B
100 L 45 7 T8 B2 TR B W 51 &0 Ui A 1 52 i oy 1 5 ik
o BB BT IR A 3 AR
1.2.2  $FiEdeiE fyegm 2

(1) 5 T REL ol 80 19 1) 5 < 5 52 05 AR A5 09 T A
TE B E E R IR | 37°CTE AL 24 h, FEpREUA
PP AN E) 30 mL AR 557 2T 120 mL = £f
i ,37°C,180 remin ™ R BT 5F , 7 B B S AL
252108 CFU-mL™", DL 2% (v/v) R M 2
50 mLE AR & I35 7 A T 250 mL =S, 37°C,
180 r-min ' fHIEFEFE, 24 h Jo B & B2, 3 500
remin ~ B0 10 min, b R0 ARG R

(2) £F 4 35 11T M 0 1 45 < £ W i 0% 0 0 D
R FHET 43R (R, el R Astrap 3£, B
205,05 g BLLL 24, N 3.7 g EALEA L KGa iy
IKEER, 30,5 g WIS INAE & /K i J5 JF A Lk
VWP, 2R 5 1 0.2 mol - L' HCL 3§04 & pH7. 8,
FH/K R BB 2528 500 mL, K5 R B2 b 24 - &
AEENGE PP s B 32 mg AP 4EEE L, AT, S mLIE L
TG o R B 4 mg - LT AR YRR RS 0RO
30 ~37°C /K ;%5 500 U #E I il T 10 mL pH7. 8
B B G 2 B % R, TRE R A 50 U - mL ™" F) 8 1L i 2%
Y ER 0. 09 g BEAEME , A 8.1 mL P Hb 24028 nfr
W, O P A R, R, 60°C /K B 7. 5 mL (45 4
R ZE i ACEAR T, A 8.1 mL(55 ~66°C
KW 10 min) 3 AE M, 2R 5 52 D im A 0.4 mL
50 U-mL ™" 5 IfiL i 2% o W, S7 B YR 20 97 81 F 9 x
9 em®F-IILH, %3 F##E 0.5 hy 2 mm fLARMIAL
SRR TR ATHL, & H

(3) b if il £ 1 w4 < 27 95 Tl 05 7 DA PR B gV
208, DRI v 1 2R A o 1 2 2 T A i )y
o PEIC I 4F 14 PR 3 A A (100,200, 300, 400,
600,700 U-mL~") £ 10 L S0RE 5T C il 1 £F 4 25
FFAR -, B 10 min, 357 bR ECBERR 5 58 278 TP A
J& B 3T CHFRAE R 18 h S5 IS, I F ik
JEE B it 2 W BT ) B L B AR, W ELAR TR LR i
i 2 IR A T AR, AR A T s DT B A T AR, AR
PEL T AR Ry A6 Ak A, LA DR U3t 8t 05 0 SR A AR A
AR FR HE 1 ST it v B 21 IS B ) o
1.2.3 FHEBARG S TERL

(1)16S rRNA JE[H 7511 PCR 9734 507 : R
FH Ezup #3C40 7R B 20 DNA 43050 &l &5 5 bk
FELT I B B RR B DNA, DL DNA gt , PCR 4
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1168 rRNA LK P4, IE A5 140k 27F .5 -ATTCCG-
GTTGATCCTGC-3" , [z [0 5| ¥~ 1541R ;5 -AGGAG-
GTGATCCAGCCGCA-3’ , PCR Jz W f& %& (50 pl):
25 pL 2 x EasyTaq PCR SuperMix,1 wL 5[4),6.75 pL
ik DNA, 16.25 plL ddH, O; PCR Jz i 2% 14:94°C
4 min;94°C ,30 s;55°C,30 s;72°C, 60 s;30 PG
72°C,10 min, H 1. 0% 35Ut BE I L vk Al PCR 4™
arEdy o PCR P24 AxyPrep DNA Gel Extraction Kit
aifb e i A TAEY) TR BR A RN

(2) ¥ 9153t B BE A 3L U7 45 3R 7E GenBank
thiE4T BLAST X)W MEGA 6.0 B/, & HI<E
151 ( neighbour-joining methods, NJ) #5 & 5 #5577
£V I T A A R GE K E W, bootstrap K5 56 {H =
50% ,1 0007k &,

e

)

1
Fig. 1

.
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2.1 FEAAEEHAERIGE
2.1.1 A M3 g a1y S EAE N T 34

B 39 KR LF U IR R . AR R I A AR T K
it T B 1, AR I R 1P B e 2 3 B B R ) A5 1
SRR AT I TE R A, AR 39 BRIAME. BARE
i LA il il R M DR R R g5,
M 1 S A4 0 YIND-OI,

2.1.2 A0 LURITHARATAY 39 kA H R TRIbE, 18

A IR R TR TR S 0 A 11 AR ARAESE 0B
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The colony morphology of strains and transparent zones of five protease-producing strains

R SHKEARBEREERER
Table 1 The colony morphology characteristics of five fibrinolytic enzyme producing strains
KAk E AR WK HAR
Btk , ) _ ) [REETR
Diameter of hydrolytic Diameter of bacterial
Strain Characteristics of the colony
circle/mm colony/mm
CWND-03 7 25 T LA, TR, T 6
CQDC-03 24 11.0 T DGR Al AR, 1
NCDC-02 10 5.0 TR I AT I R B €
YIND-OL 5 IS R AL R B
FIDC-02 35 12.0 T DGR, AR ) R, B A
2.1.3 HEspE ol BERGRIMEMN 37CIRE 18 hJ5 AR K 2 Fron,S MRk i

PEATHOMA R B o s BT R R LA, B T AR, R 2 BRI A i o2 T L v B g T

=

10 L 77 86 FR R BB A 0 281 27 A B P Al L, fE R

] A SCHR A8 T8 1 o B T R T T R R R AR
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B 1

I PR BEARAE M 2k (18 3) X 5 AREFHE M Y 16 PR 2R AT
M, 45 FBANZe 3 Fros, FIDCO2 B bk = i 27 i
PR R B R, 2901 731,25 U-mL ™" BLRRBR P2 47 0
B 1 e T A 25 B 0 B 9 N391 i #k , CQDC-
03 KRBTSR 2, J1 465.63 U-mL ™", H4x 3 #k
Tt A 829. 35,736. 18 #1631. 13 U-mL ™',

HNDC-01

CQDC-02
SRDC-03 ’
FIDC-01 7501
YJDC-03 :
NCDC-02  CQDC-03 CWI'\ID—03 »
YJ,ND—Ol

GZDC-02
YJND-02

B2 11 #%k=HFAmEAFERE(FEERTHR)
Fig. 2 Transparent zone of 11 fibrinolytic enzyme

producing strains ( fibrin plate)
800

700 y=1.9882x-409.53,
R?=0.9913
600

500
400
300
200
100

7% 71 Enzyme activities/U * mL™!

0 100 200 300 400 500 600
Vi1 P8 T X Lysis circle area/mm?

B3 FRiMEBIRME LK

Fig. 3 Standard curve of urokinase activity
R3S KRERTREIEAN
Table 3 The fibrinolytic activities of 5 strains

by fibrin plate method

. AAGEWETR AT R
akad Area of transparent The equivalent of
Strain
zone/mm’ urokinase/U-mL ™"
CWND-03 625 829. 35
CQDC-03 946 1465. 63
NCDC-02 578 736. 18
YIND-01 525 631.13
FJDC-02 1080 1731.25

2.2 FEARMAENSTFLEE

PL5 B 5 7 £F i Bl TR A 5 DNA Sy BA,
16S rRNARY S| 4347 PCR § 14, 7E1 450 bp v B
R IV BT %) R UK SRl (1B 4), Ok 16S rRNA HEL UK

bp
2000 —
1000 —
750 —
500 —
250 —
100 —

M 375 DL 2 000 R HLPK AT 31 ~ 6 53l /R B bk 5
SN RT T O RN & i A
M indicates electrophoretic band of DL 2 000; 1 to 6

indicate electrophoretic band of 5 protease-producing

strains. The same below.

B4 5#HE-FAER 16S rDNA i 188 K E
Fig. 4 Gel of amplification of 16S rDNA

from the 5 strains

5 R L I B 0y 45 R AE NCBI /3 i 47
BLAST LX), 45 5 8 7x CQDC-03 ., CWND-03 £ Ba-
cillus subtilis F8L 14 & 99% , NCDC-02 F1 Bacillus
subtilis #HITE N 98% , Ho& 2 #kAE NCBI W 3 | [a]
VR B s PR T 10 R 22 g il B 25 A T, 5O S0 03 1
AAFHY S B T AR LUK 5 25 F A R O 32, R AR I
Staekebrandt % (W 5, 16S TDNA 7 1) AH W4 76
97% L) LRI 2 A A, 16S vDNA J3 51 AH fBL 1 7
97% ¢ LA T BRI AT LGk 2 8 b PR NCDC-2
CQDC-03 FI CWND-03 ik % N Bacillus subtilis,
YIND-01 F1 FJDC-02 2%~ Bacillus subtilis T 19357
Fpb A 1 ik — 20 4 5, (B € S Bacillus J& . I H]
MEGA 6.0 %4 48 42 15 ( neighbour-joining meth-

ods NI #y# 5 BRI R SR T REALM (I S) .
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1 Bacillus subtilis(JQ308552)
1} Bacillus tequilensis(KC172031)
3 ¥ Bacillus tequilensis(KC172046)
81| Bacillus subtilis(KJ870190)

28 INCDC-02

22

Bacillus subtilis(EU334108)
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99

H- Bacillus subtilis(AF0907)
65
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!
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0 12|
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\D>
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99 | Bacillus tequilensis(KC851837)

99 | CWND-03

| Bacillus subtilis(JQ308588)

Bacillus tequilensis(JF505963)
100] Bacillus tequilensis(KC172005)

24

1 Bacillus tequilensis(KC172005)
Bacillus subtilis(JQ904714)

| DTl
Ft

=]
W

,|Bacillus subtilis(GQ861467)
01 IBaciHus subtilis(JQ973708)
47| Bacillus subtilis(GU980947)

E5 ET 16S rDNA FHIRAMHENE S KRBT ABENREREH
Fig. 5 Phylogenetic tree inferred by neighbor-joining method based

on 16S rRNA gene sequences of the five strains

3 Fig5itie

PEAER, BEAE N R A 16 K P i B2 v, i A PR R
AT H i 380 AR e 7 P N S A A i A e
FORIR A A T 2 8, 2 AR E 25 WE 5T 0
SR Z — o AT AR PR % 4l SR OF HoA

R TT VR SR R U, W DA I e 28 ) A e D
(streptokinase , SK) | [ 14 i ( utokinnase, UK) |, 2H 21
VA B I 1875 57 (tissue fype plasminogen activator, t-
PA) i Al ( staphylokinase , Sak ) 47 75 AN 7] 2 &
TR, B FHBOR ; 72 AR A 3 ), 2080k L&
PR URE i, O A% B B, ME L — R R AR 2y
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PN IR 1 G 1 K I T v O o LV R
VERIR LTI i, 10 N A AR G i) W M BE 0, FE MR A1
AR AR AE DT IR AT B LRV
kB RATHUE AR, AR i 4B, AT 24
FTF R i 2l . REaE s NI | %
PR e 2 1 AREF ¥ BTG A SR e PR I 27 3
it A T REAT A ik I B P 27 A B 1, OF LW 2040
JRAS = R AR T, D — PR 2 22 4x ST B A
RTREEVR R FI 2 FA VA R 57, 9 A 4 A T8
5RO 0 A ) 1 T T U TR R NKS, B A
NK-5 TARAE IR EIHJm A AT B, A R AT B I
(22 AR T . 28/ NR A % KL B e B R Y 1
VEARRAE AT T RS, LRI R 2 SR 47 7 S B R I
BOAIAER A, T IR 2 5 7 BB AN 28 18 7K O X iR 4
PTG, 45 R R WA 4L 7E 15 d 5, BE I i I g
[Ea] LI i o ) 247 WA B (P < 0. 05 ) 5 £E 4R IR 10 d
Ja ST HEE A R ) D- IR R R PR, R R
HATHE Sh Wy R N LR £ %5 25 58 A0 i) 55 1l 32 58
MVERT . =75 TR MRS B R R RIK U I
R BRI I I T B A AR N VA R A . R 4G
REW W@ 7 dHEB S, 5N 80 A
40 U-g™"-d ™", 408 W dub S8 4 1 phy £ i, 095 1t B
(], 400 L 58 2K 5 245 ik 80 U g™ - d ™' XK R
FERR AR B R A AR Ok . Sk PR 4h
AR R TCH R BT B O ) o5 R 2 iR . W
AR LSS SRR YD 4 1 A AR R
AT IERIATT SPEIREESE P A 12 56 i 22 7+ 2]
8 215 Il o PR ELAT T S OB — AU R 25 9
AW A 14 A IX A 90 L AESE R 5L
B, SR K I S5 0 0 , O 08 HH 39 Wk FL £ 8 Tl TG
PERO TR , LUK MU -P- AR AT 200, A5 8 11 ARAEE
AR BA B A AR O B R, P LLEF 4
AR I 732 S MR RERE ) BCR AR I RTRE , 18
id 16S rRNA JE[H P4 17 PCR §7 3, PCR 7" ¥ )7
FIAE NCBI [l gt A7 [RJ IR U, B2 H] MEGA 6.0
ot rh 48 453 (neighbour-joining methods , NJ) 44 gt
RO AW . SRR BRI S PRIE PR LA 5
ZEAEATHE N 3, Horp FIDC-02 ,CQDC-03 BBk 1 375 /i
375 W A L) 5 T ) g SR AR 1 v e AR
ZFIR G A 2 05 T S W 0 B 1 4411\ BAS (481 465
R B TR R . AR ST R,
Nl g B B R 2GR LB 2 T TR B
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