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Screening and Identification of Douchi Fibrinolytic
Enzyme-producing Strains

ZHU Chun-Jie TANG Zhu-Hua XIE Xiu-Zhen"

(Biology Department of Hainan Normal University, Haikou, Hainan 571158, China)

Abstract: Various samples of Douchi, a kind of traditional Chinese fermented soybean food, were col-
lected from provinces of China. Different strains with fibrinolytic activity were screened from these
samples by enrichment culture medium and fibrin plate was used to confirm their fibrinolytic activity.
Thirteen distinct strains were identified as Bacillus sp., Streptomyces sp., Pseudomonas sp. and Ar-
throbacter sp. by classical classification approaches, chemical approaches and 16S rDNA sequencing.

Nine Dou chi fibrinolytic enzyme-producing strains were gained.

Keywords: Douchi, Douchi fibrinolytic enzyme (DFE), Screening, Identification
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21 % fitf(DFE, Douchi fibrinolytic enzyme), 7E I FEAl
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AR [ Y 3X — U ATE Y Y BCSRAR £, (B AR
il PR P A A 2R A i R G . R4S A R Y
SU T T MRS, TR SR R
BRI UE Y, EATTREAE — PR DR R BT
VTG = A o 2 AR, DRI DA O 3B 45 o 7 T 2T U il
7 TR DA SRR PR, K BT RS A 2 AR
il B T & B A

AW FE N 42 [ 4 H )2 R LR, SRR
ik HAT AR I, EUE A K 22 S A TR Rk
i gk MBS T A F BT E, D
R R — A S BTV Tl BRI
1 MRS HE
1.1 #HmkiR

SR NS U S NN | 5= SN = | AN 1 N
(2T L D AT NN S (N 7 1= N R N i g < N
1 T 6 Ml
1.2 FERF

EL b2 - SR R 28 iR, A I A TR, DRI
VS (100 TU/mL)!7,

A 2T YR B R L I R DR SR (B A R
FEI 25 & A= 0o SRS B, 4k o AR st AL s Tl
L S Wy W T O = Ry 5.1 B /S A ES Tl TR T
1.3 EHRE

(1) FEABEFE, BIK—54 M55 pH 7.0-
7.2, BFRABEFERE pH 7.2-7.4, LR
pH 6.4-6.7

(2) EifthEgess, BEARKGIRE DU 2%2F 4k ik
M, pH 7.2,

(3) BEHHE-£F 4o AR,
14 7%

(1) BEMMTIAL R, 7EE TAES LAREL 1 g &
JIA 10 mL 2K 1 A= BRER 7K 7840 F B 1 A K1 5 0
H1, 1000 r/min B> 10 min, B35,

(2) TEFP R0 o AR RO B R SR R A T
FEARBE RIS b, B 3 NEE, 37°C Kk,
SRJE RBUE A 22 5 R B bR AT 52 0 -

(3) PN O o FH G B R 0 A5 21 Y
PR RR AR 70 B 0 85 95 2 AR L, 37°C 1537 18 h Jm il
EREHAMS I E R, ITERESEE N
U, B8 LKA B o

(4) LFWSIE PRI UE . BB I R R AL b AR K

mE Zo
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fifk L %) TRT 7 H D ZR AR N (9 JEAS B R B, 200 t/min
Fig% 24 h, B 10 pL FEFRMBOMA B S AR s -2 4k 26 1
SR /N L B T 2R S s P, A K R Y RS A
ETURTG PR B TR o K TR R AT ARk T R R R AT IR T
T PR

(5) WFMHLEE . 2% (IARAE%EE TFN)
55 8 WRPO K (CH WLANER R G4 F ) (2001 45)BRY
B SCHR I 7 A T TR A SR E

(6) N4 DNA $2HLL % 16S rDNA PCR #”
o R AR HME KA DNA $2 B A &
(TIANamp Bacteria DNA Kit)#2H 13 £k 5. DNA,
47 PCR P73 . PCR I W A& & (50 pL): #itlk DNA
1 pL, 27F (10 pmol/L) 1 pL, 1492R (10 pmol/L) 1 pL,
10 x Tag Buffer (% 10 mol/L MgCl, 15 mmol/L) 5 pL,

dNTPs Mixture (2.5 mmol/L) 4 pL, Taqg plus
(2.5U/uL) 0.6 pL, ddH,0 37.4 uL.

PCR JZ I 44 94°C 3 min; 94°C 30 s, 55°C
45 s, 72°C 2 min, 34 MEH; 72°C 10 min, R 1%
TG EE I % PCR 77 1y L Sk AG T .

(7) 168 rRNA ¥ & R4 KB mir> >, 4
PCR =¥k 28 LA T A9 TR AR i 55 A B2 )
M

B 2 3R A5 B9 16S rRNA 5 43 5l 7E www.ncebi.
nlm.nih.gov iz Ff] BLAST #4547 [ R34, IF
iz Hl DNAMAN S [a) 51 & 00 5 50 A 7 Hexd . feds
F MEGA 3.1 U RS R B R, IF#ET R
o3

(8) B UK A% G + Cmol% & 14 . i
20 mmol/L KH,PO, 2 ik (pH 5.6)F1 H % 90:10
VIVWERTR S, i, F#E 1 mL/min, (kL
¥ . #KH4E ODS-BP (200 mm x 4.6 mm, F5 um),
MK 254 nm, PEFERE: 20 pl.

(9) BB FE TR A A il i P00,

(10) DNA JKfit?" B 10 pL 5 %R T34 DNA
FIEDE R, WK 1 h, BN MEE R,
JK 40 pL, BOH i, Bk DNA /K4,
NaOH i IR 5 pH {H 29 6.0 {1 35 Vi 3l AH R Bk
AHIE o

2 5R50W

2.1 HARBEEERRIE
M & YR A IR 56 ASEEdh Hh i 2k 2]
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115 FBRAEIE LT 2 25 (/K Fff BB I TR AR o X S T A
SURETE R B —EF 4 8 AR SR N M, O Pk
13 BRA /KA B EL R V5 B 28 25 S 3K Y AR R A7 48
SE o 3444l HS1, HS3 . HS4 . HS5, HS6. HS7.
HS8. HS9. HS10. HS11. HSI2. HS13. HS14,
22 ABMEEREMEE

221 BRIETE: K00 BT B 0 R R SCERF
FOCHRFRIEATIR Ay e, SR W& 1,

() WEEA, (2) Jf. Bk HS9 Jalfihi A
faih, HAWEGB RS FE 2 R a2 %, A
R QPR , HAEJE W] 284 . HS9. HSI11
ANEU B FRR, RUR TR s 00 B 4006, 48 h K5 374
EYL A, JoEEH ., HS1 24030k, BT, N
V22 A& 53 A, TCkR
222 FRYERE: (1) EBAERE, 8424
ARSI, X R MR T S, B AR AR
2,

LZEG RS AE R R 13 BRI 2B ST
J& . BEREEEE . AT R AR IR . (AR IEAS
St 5% 0k A E Rl — 2 TRRE B T RUE
W5 S, FhERRE R 23 7 AR AR AL, T R T
VR b 2 v B 7 2 R R 7 At 22 52 5 300
A

(2) 16S rRNA J¥ 55347 . LAFEHUAG LN 2 DNA
JEAL, LA 27F, 1492R K514, #47 PCR P73,
57 13 B %E R 16S rRNA, 3 7= )% 58
A TR, 3RAS 13 BRI 16S rRNA I 4K )7
5|, £ GenBank F M, B RS54k HSI:

GU323364; HS3: GU323365; HS4: GU323376; HSS:
GU323366; HS6: GU323367; HS7: GU323368; HSS:
GU323369; HS9: GU323371; HS10: GU323370;
HS11: GU323375; HS12: GU323372; HSI3:

GU323373; HS14: GU323374.

(3) RGKEW MK A DNAMAN ${44
W 569 %% 5 GenBank 0B FI AT LY, 48
HREME & TS, HAH MAGE 3.1 # R4Sk
B ERILE 1,

H L XS R R GE A F 4B nl Hl, 5 HS1 A
AT ) S S B A TR, HISO 5 At M B TR e AT
HS11 5 W8 A, HARREH S 2RO W8 &
FHIE . LA 16S rRNA JFFIAE APt fb Fl R 55 53 250
FABRZILA, N E AR THE S . FHRSF
5 RERKUNY T 5%, BRTE LR E D
A H 0 0 A R A A AR 25 B I O A R R AT
PRI 15 22 1005 SO LA T 0 BT 1 51 S R AR
TR E MR 168 tRNA JEHIEHE, IB4, TEE:
fili AR A s R T RER AT, BRI, DK
16S rRNA J§51 5347 58 FUAE A (L2 DL GC A
Sy LA G AR AR ARG G, DA AT BB 4 T 9 45 58 FR A
o 5 R R ) SR AL LAY

(4) G + Cmol%/3#7. DNA G + Cmol%E]l DNA
(B I AR, ELAT e S 1 L AS 52 B S R AR R R
AR IR, AR 4 28 2K RE O B B 45 45 %Y, GC
FEAHZE MR T 2% M), Joor 25 50, M &k (A1) 22
2R 2.5%-4.0%; #AHZETES% L, E, g T4
[) ol A0 22 58 3k 10% U2 A [R) ) J o 52 50 B A
GC I3,

F1 HEBERSHE

Table 1

Number

Colony configuration properties of the strains
WA FHIE
Colony configuration properties of the strains

HS1  EBTE, T4, MlisEsedE, A6, PEa R, BEEE, NEW, B85 kI
HS3 Y, RERHE, APk, Wikl TmEngott, 59
HS4  [BE, KT, A TR, WERE, NEW, MR, 55 Pk

HSS  JEAAHN, rhaf@ns s, REW, NEATReREH

HS6  [E, RERHE, ViRkE, REY, B5ECR

HS7 — AHUN, RETH, HH G, AW RRR, gk, MiiEsrE, Mk

HS8 ¥, KRmIRiE, &M, MUK, SR, RIS, ARARHGIOR, ZP

HSY MR, RERIE, RS 6, KB, DGR, WIEFRE, 5Pk

HS10  FJE, SRR, &, RmEmEEMK, WA KA GRS, iR, BREET, Wi, 5ok

HS11  BE, REEBOLH, WiEEEA, 5Pk
HS12 EBE, REAOLHE, FLA6, FEEKR, ZPH

HS13 R, REZRHE, FHEK, 48 h DUGHHEFRYEREE, 5K

HS14 BB, RmEZHEGHE, M, WEEsRE, g 2R, 5Pk

© PERFRHEDTRAATIESHEEIR http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn




1782 wehGEHR 2010, Vol.37, No.12

F2 BEREIRERHE
Table2 Physiological and biochemical properties of the strains

e
‘?2**‘?17 HS1 HS3 HS4 HS5 HS6 HS7  HSS HS9 HSIO  HSIl  HSI2 HSI3 HSl4
umber

A PEAAERFIE
FRTER & Streptomyces Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Pseudomonas Bacillus Arthrobacter Bacillus Bacillus Bacillus

Genus

Ea A
Gram stain
Fflfit
Catalase
B3k
Mobility
TERIIK SR
Hydrolyse — — + + — + + — + + + + +
of starch

i 2K fife

Hydrolyse of - v - i i w - - - - - - +
Casein

il

Gelatin + + + + + + + + + + + +

+ + + + + + + \% + + + + +

liquidized

Nitrate + + + + — + + + + + + — +
reduction

FrAsEmRERFI

Citrate + + + + + + - + - - + — +
utilization

V-P {ill5E

V-P test

V-P J555 pH
pH of V-P 7.35 521 6.00 5.80 5.30 5.28 5.38 4.60 5.94 ND ND ND 5.49
culture

HITE A I TR

Acid production + + + + + + + + 4+ + + 4+ +
of glucose fer-

mentation

RIS

Gas production _ _ _ _ _ — — + _ — _ _ —
of Glucose

fermentation

T Ve FIAE; 0 P — B ND: R

Note: V: Varible; +: Positive; —: Negative; ND: Not detected.

%3 HPLC M{SHIE % DNA G + Cmol%
Table 3 The DNA base G + Cmol% by HPLC

s 16S tDNA L 2 78 43 TR "

bR S W7 BT 7E A B 2R Base content (mmol) G + Cmol% Kk Z% {H

Number Genus C G T A Reference
HS1 Streptomyces 342.54 612.53 132.99 294.13 69.10 69%—73%
HS3 Bacillus 462.92 829.33 692.03 972.84 42.85 39%—43%
HS4 Bacillus 808.49 1203.41 1221.25 1521.17 42.32 42%—43%
HS5 Bacillus 172.60 264.07 224.07 229.35 49.06 43%—47%
HS6 Bacillus 3830.48 3715.36 4975.16 5090.14 42.84 42%—43%
HS7 Bacillus 395.75 885.88 387.12 500.20 59.09 32%—62%
HS8 Bacillus 2106.42 30731.34 3472.30 18530.52 59.58 32%—62%
HS9 Pseudomonas 14861.10 25440.47 8375.45 11453.30 67.02 67%
HS10 Bacillus 985.03 2407.11 1855.06 2051.57 46.48 32%—62%
HSI11 Arthrobacter 622.21 955.43 413.67 427.25 65.23 60%—72%
HS12 Bacillus 1703.27 7818.70 1960.55 5159.81 57.22 43%—47%
HS13 Bacillus 808.49 1203.41 1221.25 1521.17 56.73 32%—62%
HS14 Bacillus 2115.44 1191.96 1244.27 1278.07 42.32 32%—62%
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Bacillus vallismortis (GU205781.1)

54 | Bacilus subtilis (AY583216.1)
71— HS8(GU323369.1)

e Bacillus amyloliquefaciens (GU250447.1)
HS10 (GU323370.1)

100

64 Bacillus amyloliquefaciens (GU250445.1)

27 HS4 (GU323376.1)
78 Bacillus licheniformis (GU191906.1)

100 — L HS5 (GU323366.1)
——  Bacillus licheniformis (AB305273.1)

99 ———  HS12 (GU323372.1)
% Bacillus licheniformis (GQ375247.1)

—1 HS7 (GU323368.1)

499: HS3 (GU323365.1)
- 100 Bacillus pumilus (EU869228.1)
———— Bacillus pumilus (GQ903422.1)

465‘: Bacillus pumilus (FN668692.1)
HS6 (GU323367)

68

HS14 (GU323374.1)
Bacillus megaterium (GQ915086.1)

100 | HS13(GU323373.1)

Bacillus pumilus (FJ458438.1)
100
100

80

HS11 (GU323375.1)
Arthrobacter subterraneus (AB522428.1)

HS1 (GU323364)
Streptomyces albus (AY999871.1)

100 [ HS9 (GU32337L.1)

100

Pseudomonas aeruginosa (F1907193.1)

B1 BHRERFEEH
Fig. 1 Phylogenetic tree of strains HS1-HS14 and related strains based on 16S rRNA
TE: FERE_ERYECTAUER 1000 RS T 43 L, 455 O TR Y GenBank %585, MBI )RR 2% Y F 51 22 5.
Note: The numbers at the nodes indicate the percentages of occurrence in 1000 bootstraped trees. The GenBank accession number of each
strain is indicated in parentheses and the scale bar represents 2% sequence difference.

IR GC A 4 ELYFE 16S tRNA R4k x4 TREHLETER
ﬁﬁ*ﬁﬁﬁ%ﬂ/ﬂ@?ﬁ il lj‘], B HS1 E?%ﬁ%%%, HS9 Table 4 Identification result of strains

4 - g e N RS 5 YL [l Y e AR

I ?{&ﬁﬂﬂ S » HSII J& AT ’ /ﬂ\:ﬁ el i/’jjg Number Species Number Species
ﬁ@ﬂ:%]‘ o ﬁ*%%kj 16S rRNA ,%éjiivtﬁé} *ﬁ — HS1  Streptomyces albus HS9  Pseudomonas aeruqinosa
2, IEHRTEI A oy 2a s R £, HS3  B. pumilus HS10  B. amyloliquefaciens

Q% é’ s 575 %g % :j:lElﬁ 1;/1—: Xﬂ’ Fﬁ,ﬁ‘ﬁl:ﬁk iﬁﬁj‘: % 'fﬁ %)] ﬂ;“ HS4  B. subtilis HS11  Arthrobacter subterraneus
4 . . HS5  B. licheni ] HS12  B. lichenj .
153 : Streptomyces albus, Bacillus pumilus, B. sub- AT .

HS6  B. pumilus HS13  B. cibi
tilis, B. licheniformis, B. amyloliquefaciens, Pseudo- o
. . HS7  B. licheniformis HS14  B. megaterium

monas aeruqinosa, Arthrobacter subterraneus, B. cibi . .
u& B megaterium 9 ﬁﬁﬁié?{ﬁﬁﬁfﬁﬁz%, %ﬁ%% HS8  B. amyloliquefaciens
REARIPRIF LI 4. R FRE NP R 2R A Y, B S AR YRR

3 B0 07 55 7 2 T 2 5 T B 2 75 A 2V 1
v Ve, 33 TR )7 45 2 117 1 T T k1 £V
KR MR TR bR, FIRF S M RIRRER 115 MBSV IO B bR,
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T B Y TR MR AT I A S M A A A A0 S e S IH
13 BHEERRIESZRIEEK. NPk 13 BRIE
HRFE, /%5 HS1. HS3. HS4. HSS5. HS6.
HS7. HS8. HS9, HS10., HS11, HS12. HS13 #
HS14, ZA&5 U EX 13 BRI 3 @ Al 5 2R J AT
WL EEEE . WOKEEBC TR E . BRI £
PSS E TR AR A5 SRIF A B 215 6 iR 8 i AF1E, X
AT GBS H T B st A Wy s He, (A M I 2%
PR — 22 Y A% AT SRR R R M, AR B L AR
FEPERAXT 822 o 53 AN B Ry 3 I A% b AR 3 A5 1,
R MR T B AR 7 SRS R SR, AR AR
U B 2R 2, X S 3 H TR e ST Y
A RGN REANREHER 45 U e L . AT
REGTTHEY TEMRAG KB T, EEL
BEAL G A MU w5 R . it — L85 a8 bR
B 53 28 55 T 0 = 5 TN 4 1 A 43 2R A T N
IR TR PRI T %5 0 AT REAS 2 SR AT SRR 25 2R

ARSI i A5 2 Streptomyces albus %5 9 P4 H
F&w T A MR R TR, AR TR
I8 AR VE R ZEAOFT IR . BELE AR AAT I . IR ZF AR
FRRE AR . X AT RS T4 MU /E B 2 i
I AR R, IR R RBORSU A S R, T
HAME T 222 R W B R, S0 62 o i L R 5 1
PRSI E AR AR o [RIBSE, 07 TR 1 A R TR R R
BT . BEFR AR LA B N R 22 Sl ) B S BUA
FhZ2

WA ) TAEBCR 2B UEW] T, S = 2 %
T R A ) P 2 AR PR R 2, D 4 € TR R 1Y T e
PEAR K o ARSI e i/ Fh, IFX5 84w AME B E 1T
AWFFE, FHESE 35 1 A A5 B R BRI 52 51
PR B AT IR, S F RIS 25 4R A
A W TR R AR AR
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