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Abstract: High-yield fibrinolytic.enzyme-producing ba terial strains were isolated and screened from traditionally fermented douchi from

Honghe, by a two-step screening method, 4n which skim milk agar and fibrin agar were used. The bacterial gene encoding the fibrinolytic
enzyme was cloned and analyzed to provide bacterial reference strains and a theoretical basis to develop a new version of functional douchi.
Using these methods, a high-yield fibrinolytic enzyme-producing strain Bacillus subtilis LC-2-1 was successfully isolated, which secreted a kind

of douchi fibrinolytic enzyme. lecular mass of the enzyme was 27.4 kDa that contained 275 amino acids encoded by 825-bp. Compared

to other douchi fibrinolytic e attokinase, the enzyme produced by B. subtilis LC-2-1 showed significant differences, and the amino
acid seque; hox‘ogy was 85.1%. Additionally, the enzyme had high fibrinolytic activity, which was up to 79.84 U/mL. Thus, these results
could provide a bacterial reference strain and theoretical basis to develop a new version of fermented douchi with thrombolytic activity.
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1 MRERE

1.1 RIH
KAE H = B LI ) 63 AMEGE K S B
12 R FERL

EFEWE BUNRAGAEYRA, N 2% 085
B NA SR 17%BAREE IR AL 22 g BFR WG
FIIABR 170 g, FEBETRKERR 1L, 121 CK
15 min; LB }5773%: 10 g R AR, 5'g FFEHZE
10 g @ALEN, BB TKERZE 1L, 121 CKE
0.3%ZF4E R A EREHETAR: K 3.0 g P4y
500 mL KRR R GARBENY 50 ‘mmol/L, pH/
7.4) PG SRR 10.g BRFEA T 500 mL K
PR ER 20 (IRFEDN 50 mmol/L, pH 7.4), £5E
NEHEEAEIZE 70 C K 2 35 VR STBE I AR

IR A, Sigma; BfZ, Sigma; =LK, i
FR TCA R I i Bi=H0, RETSHt
FTHT1; CTAB, Novons Tris base, Novon; 1.25 U EX Taq
DNA ¥ &1, Takara, Dalian, China; 16S rDNA &M
51 %) 27F: 5-AGAGTTTGATCAT-GGCTCAG-3' Fll
1492R: 5-TACGGTTACCTTGTTACGACTT-3', Jt&t
SEAEYEAARTTEAF; UNIQ-10 3 DNA fik
IR, B T e GRIBRRE EE R Ab,
B ati
132 EE2BR

0.01 mol/L L-5= 2 FRIA M (Novon): ¥4 0.1312 g L-

SRS T 0.2 molV/L AR, HmZAERZE 100
mL; 0.3 mol/L =& LFR: 4.80 g =& LR, ININALH
KIBEIHEARE 100 mL, 4 CRECIRAT: IR
W (pH 5.0): 21.0 g FPEEREE T 250 mL 7818 7K A& 200
mL 1 mol/L NaOH, ¥ pH % 5.0 J5 €4 % 500 mL,
4 CORFE; 03%LF4EERIA: 1 15.4 g Na,HPO,
1.25 g NaH,PO, ¥ T 800 mL 248K, ¥ pH % 7.4
JEIMN 3.0 g P4 A, AR R ARG B2 1 Ls
FNBE: 0.1 g TMUBET-6.2 mE FFiEIRZE M
% (0.2 mol/L, pH 5.0, FHRECH; PRAGEZ M : 2 mol/L
NaOH 2.5 mL, 10% SDS 2:5.mL,“0.5 mol/L EDTA 0.5

mL, 1 mol/L Tris-HCI (pH 8.0) 2.5 n&?k%%&

50 mL.
14 B AR A R

TERFEIR,. B ZHWY-200D; HLF4 TR
-, fl[E 3% % FI#iS1-234; PCR4X, ABIPCR system
2720, Singapore; il A% B L HL, E[E SIGMA

18K AN EETE JEE GENOVA; HIR/KIB
i, KTS2346, HA AS ONE; & @i, HA

UNAKOSHI

15 DEYHAEFEERNSEEE

1.5.1, 2P HAFEERARG B 5Tk
o A A REFFTEEUT) 1.0 g S SRR E TS5
mL KB A K PR, 129 30 min, 784 RH
EWAEYE, B 20 pl & BRI VR R (10° AN
107) BATE NA T, 35 CIRIE R 48 h, B
PSR EFENIERE 5~10 AN FopE &
BATAET 5455, BT 5 mL K E TR R A
BRHEHTY KRE9% (35 °C, 170 v/min #R% 5577 48 h),
FHorakE 20 uL A BREIERN 2 5 mL B R0k
W, 35 CHEFR 48 h Ja, BT 4 CHE 30 min DAL
R R T BV 8 7, [ FF St R L 7 S A B
ARG PE I BRI = R B RE /T . S E X e SR
RESua, RIMARFLES 7L LB vA e IH B R Ak T ]
AL, ARJEHEL S0 uL B0 1iE (8000 r/min, 4 °C, 10
min) VI RLFYEE AR, 35 CHFE 48 h, W
PRIG=£F 5 B g RE
152 ZAEEAARGSTEMFERE
R CTAB v £ B4 M bR Ak 1 5 15 41
DNAM, SRJ5 1 16S rDNA 38150500 Hee 4741,
YARZE A 50 pL: 2 pL DNA i), 25 uL 125 U
ExTaq B@i & (TaKaRa), 5/#) F27 F1 R1492 % 1 uL
(REEYIA 10 pmol/L), 21.0 L ddH,0; F 2R
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95 °C 5min, 1 MEH; 95 CAE 1 min, 60 ‘CIEK 1
min, 72 CZEf# 2 min, 35 MEH; B)5 72 ‘CLEH 10
min. 5K G FE AT AT, G A R
£ GenBank H3EAT LU, Mbriitk 5 S H R TR
FEBIRIEER T 97%IH, AP e AT TR R F— AR
1.53 4Bz (2 =f%x ) 1o
1.53.1  L-swadmebrit th e
# 0.01 mol/L LS IRARHER IR IR R 0.5 1

1.5, 22 2.5 3. 3.5, 4pumol/mL, 2 HIHUAFEIKEER)
FEEZ 200 pL 5 50 mmol/mL Tris-HC1 22/ 300 pL

(pH 7.5, % 0.5 mmol/mL CaCl,) /% 0.3 mol/L TCA
T 500 pL &, 37 CHRZ &M 2 h (150 r/min),
SR BB 100 pL Bk & s e e B B iE

(12000 r/min, 4 C, 10 min) 5 900 pL F7i5FRZE M
i~ 100 pL EALBIEW M 2 mL el = FRiE RS IR S,
100 ‘C /K773 20 min J5 € A4 10 mL, £ 570 nm
e (ODD, RANKREFRIRNE =M, R
PSR BRI L AREARAR, OD fE MM bR il b e i
2.
1532 g E

#4200 pL AR EE R 250 1355 300 pl 0.3%4F

A IR A, ARJE I 500 pL 0.3 mol/L TCA ¥
s 37 CH#e M 2 h (150 r/min), q:/\mnféﬁzﬁ [
PAT, RN RSO FE (12000 v/min, 4
10 min) B[R AR S R B T--20 “CKIE 30 mm,‘,m
100 pL K3 MR A% IR T71 570 nm B
[ L 500 pL 50 mmol/mL [ Tris-HCI 2%
7.5, F 0.5 mmol/mL CaCl) {E NS FXTHR; LA 200wl
FHESTR 5 300 pL 1Y Tris-HC1 22 M00R &1F N2 A %)
FE CREANRE RS — S XHIR D, 200 pL Tris=HCL 2B 5
300 L 0.3%ZF-4E 5 17 VENEPIATIR, FETHE
ZHETE 37 'C4 pHIZ.S B LTINS (245 OD
{H=FF 1&@ X OD (H-EMIA IR OD 18
ﬁﬁ&@ Dy A R R B Z R
2, C NP R R BT AR B A]D o

1.6 FmrmaR e 4 vavE M w Akl DFE AR 4

#

1.6.1 DFE X Ry

4 DFE JEPH s IAZ B IR 17 55 14 (i
51%) 5'-CGCCATGGCGCAGTCCGTGCCTTAC-3"; F
W 51 ¥ 5'-GTCGGATCCTTACTGAGCTGCCGCCT
GTAC-3") U PIHATIN Y 1, NARR N 25 uL:
# 1 uL DNA f54%, 12.5 pL 5 U ExTaq BEEEW
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p%

(TaKaRa), FIESI¥A FHE519% 0.5 uL (10
pmol/L), 10.5 pL ddH,O; # 345254 94 °C 5 min, 1
ANMER; 94 “CAEME30s, 58 ‘CiBk30s, 72 ‘CHEfH
90's, 35 MEH; ffa 72 ‘CHEM 10 min. 734, [FIES
UL DFE #if S-S5 S A R 7 s 51 0B 5|
¥): 5'-CTGAATTCGCAGGGAAATCAAACGG-3'; |
WE5IW: 5-TGATCCGATTACGAATGC-3") T 1,
REAERE L, § 2PN 94 °C 5 min, 1 AMEH
94 ‘CAFM:30s, 56 ‘CiBK 40s, 72 CHEAH 150s, 35
AMEFR; BJE 72 “CHEMH 10 min.

1.6.2 &3R4 Ba I RGAZ I B 5 5| AT
i UNIQ-10 #:3 DNA. R EMGRFAEkdik

PCR F=¥ B 7401k, BEJ5F% DFE EBZ? R AL A

FERMPEAE, R

(Invitrogen PCR®2.1 ve ) %

TEHK 4 plia v T4 DNA ¥ .1 uL f 2 uL #Hrfef PCR
aitkP=y), RAVEET 14 CalEiniTiER N
oo A5 R L5 100 pL 832 540 (Escherichia.

oli DHSa) YE2), VK% 30 min Ji 42 ‘C/KIEHIEL 90 s,
%EW%2&$i%MMLBﬁ%ﬁ%ﬁﬁ%,W@
7% 55 9%3 h (250 r/min) . FEFE45 R E B0 305 (4 °C,
6000 r/min), 37 Ei&, HX 100 pL YR 2R N5
TR, 37 CHFRE, BEHLPRIETE, Rz
WEMER R, SR HAT I E R iR, B
A H R B BAPE R I BE B TS A LB R
B, AR AR = A R SR 7,
I B I 45 B JE 22 NCBI (National Center for
Biotechnology Information, NCBI; http://www. ncbi. nlm.
nih. gon)HATAZ IR FIVRELLXT,  [RI XHAZ IR 7 1k
1T RGUA BT S B RR 7 4 () 0 434
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AW LIS H R R THE RSD EHM St
AT IR AR, P P E AR AE w2235 AN
PLEFESR I R4S RATH AR TR
FEXTE, 5 56R B CLUSTAL XU in i 27
HHATZ E LG, BEJE F A MEGA 4.0 SR R 5
B (NT ¥, neighbor-joining method) ™), Hittsy
BT AR R GE L, 505 R H DNAman 04
Xof KL AT TR I B R 5 S AT T 43T «

2 #R51He

21 EHPEABEFEURERNDE 5 ik
THL X A 5 0 TR, Kt



MK EmBHL

Modern Food Science and Technology

2014, Vol.30, No.8
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RS RITAEIIT A A h T2 ER, M e
BRI ARE R FIE, AW IE R T —I0R,
AR BRI ARG A 7 BN = P AR Gt R B LB
iR DI REVE BRI T 2 AR & B, IR H
AR ORAEDHRE & T AT 5 RAF B R DhRErE &
o

16 e I PR LT VA B AR AR SE T 02 DU R
BrFRONFER, P DL Rl N 2T 24 2 1 DR ] A
FRIEEATINIE, WONEAAETARRIER. AR, T
WA ER NS L. SMU, AR
AT RE 7L AR SR L HEATRI0% Pl DAZT 4 B 1 [
PRIEFRILBEAT L0/, RIS B = R I 2 21 T s

® 1 TEMXEERREN~EOLEE

PRI IS 7 BRI B WE 24T TAER/ D i
AME, EEMEERA. R1ERER, aHELH
INAE G Rl S B P 2K B P AR E I AR, B
L) o5 4 BRI RR I 32.8%, Fhrb 4359 B d /KRR S B
PEP= 4R i B Re 71 ok, H AR B A YE T mIs
2.07+0.22 cm. Fifi J5 SERERILFA S A B RS LR, S
58 LC-2-1 [ BEARET I RS 1 dcit, & I T %
SELEREN], FERR LC-2-1 Skb A 2EHORT 1 1) [R5
15 100%, PR 4424 B subtilis LC2-1 (GenBank
No. JX993831), 74b, & 1 5REBRM s HEHL
TAT A 238 e 508 PR TR RRAE P A iR 1 A7 AE B
RIS, R S BOZ 2 R N R R R RS S
. BEEK ;
[FA5%, BRI

Table 1 The different protease activities between various fermented douchi collected from different regions

Hou i SBEAHRE  PRKRME  BeiEREral KA LY E A E/em
41 24 10 8 | 1.7920.32
sufE 18 10 7 1.83+0.26
33 21 13 6 1.9240.25
/N8 17 9 4 1.73+£0.12
iRE) 41 16 15 1.93+0.26

e g

Frife 25 5 4 1.96+0.12
@

Y3 27 15 2.03+0.15

#R 34 /L 9 2.07+0.22

it 207 9 68

2 BERAFHEATE R E.

22 DFE Wz /

Jrik x“gggﬁaﬂﬁw“‘%,%mﬂ%ﬁ
TR R WE2s i g, SR

2, BAWRMEIHAT. W EE SN ARt
FUR FH B = By 58 A R P I ) e R b HE 2 12k
y |

[ 5 5 F g 2k (] g y = 0.192x - 0.006 - r=0 999,
RN R BKRA4EE E 774 1 pmol SRR
Bitf i 5 O — ARG FAAL (U/mL), T e e 45 5
B, Bkk B subtilis LC-2-1 AR EER =, 1k
79.84 U/mL.

2.3 DFE F FH

2.3.1 DFE #F#) PCR ¥3%&

250
100

Bl 1 EHKk B subtilis LC-2-1 P/ EEATAEERI AR EE
SHIBK-FRAARAEEEH 145 R

Fig.1 The amplifying results of mature fibrinolytic enzyme and

mature enzyme with pre-peptide derived from B. subtilis LC-2-1
7£: Lane M: DNA marker; Lane 1: & *1H&; Lane3 #
FRLC-2-1 8 MA 3545 %, Lane 6: LC-2-1 Hi#keg Q3845 £,
DFE B FE R (MAD FIFT 5 K-SR IE R (Q)
WAL R PP 21 e SLB LTV Bl T FUR H R, A
WEFE o 4% DFE IR FE VR - K- Ik JE A

79
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Wits14, Xf B subtilis LC-2-1 H#k 1) DFE &K BHT
P, SRR, RAisH U BEHER AIREE R 1%
THOS A Red 1 2 800 bp M HMEE B (K
1), T3z FH BT -SR-S R B v (0 5 0 R e g 1
ARSI H LR R B BRI TR E IR PR i
b AR R 5 DFE B4 AAH LUAFE—
232 DFE AR 547

DFE & — S H AT 11 JB8 240 11 70 6 1™ A= 1) 1 22 JIK
2RETGE, FORSEAIKE 825 MBS IR RIS 275
MNEIERRRILA N, 7T ELIN 27.7 kDa, JEMEHO
IR, 1 Asp-32, His-64 Fl Ser-221 =AMEHEMR
FREEL R AT 43 88 15 L0 A 45 R T Y
DFE AMKIEEFH14 DNAman A TRASR Y
FITI 534, 45 SRR BHE I B subtilis LC-2-1 By 20 ihr™
A1) DFE BEAJIKET 275 NMEBERRA K (K 2), 747
HHIN 274 kDa, 5 ICHARGE IS5 RAERT o

¥ PN DFE AR ERR T 415 Bacillus
subtilis subsp. Natto BESTI195 (YP_005560283) ,
Bacillus amyloliquefaciens subsp. amyloliquefaciens
DC-12  (ZP_11393657) M  Bacillus  subtilis
DC-2(ABA29609) It 73 i 1 £ 145 Bl 47 [7) 5 4% 73 A

(E3, £3), MR 4 FA R 21175 7))E

PIRERE (K 3), AW SR TEK B subtilis
LC2-1 Fr 4> #W ) DFE & 3 /R ¥ ¥
amyloliquefaciens  subsp. amylohquefacien@
(ZP_11393 ZP_11393657657) 15K DEB, ()5 2% b

RN, ERRAN 0.7%. (K 3); 15 B subtilis
subsp. Natto BEST195 (YP 005560283)1 B subtilis
DC-2 (ABA29609) Hi>K DFE 28 JEFRIF 5l AH ez 744
K, Wik 14.9% (£ 3). 4 13 M SR SR B,
5 B subtilis subsp.
19\(:)(P_005560283) B subtilis DC-2
(ABA29609)Hik DFE A BN ZE R, (HEARA
22 R R B A OIS T R S S R R 3
(Asp-32. His-64. Ser-221; W& 4 FeltafiIEHERRIC
. AN, ST ARSI AT FTIRA3 ) DFE #HT5
BSAAL SR R AR AT, DR LA R TR
¥k B subtilis LC-2-1 f¥] DFE #ET K& 6 21k M 75
afifh, [FIREHEL AR TRIE T, AR S SEATT
Je B S FB IR
g bR, =R GR T S SEAT AR S b
PR AR A TR, A SO B ) DA
W0 AL A B TR R AT A0, P DAAT4EER A [ 77
BT SRR IE R RS AT . NI RIS

80

SR Th AL LR, SRS R BEAKK L B subtilis
LC-2-1 FZRIX R, IR B alifh L BE e %
B FR A R T RetE, SEELThRE I ST R N (1)
FElAl; WIRAEREE T RN S0, 2R S B EER
WRBE RO, KBRS

10 20 30 40 50 60
1 ATGGOGCAGTCCGTGCCTTACGECETATCACAGAT TARRGCCCCTGCTCTECACTCTCAR
1 M AQ S5V P Y GV S QI KAZPATLEHSQ
70 80 90 100 110 120
61 GGCTTCACCGGATCARATGT TARAGTAGCGGTTATCGACAGCGGTATCGATTCTTCTCAT
21 6 F TGS NV KV AV IDSGI!I DS S H
130 140 150 160 170 180
121 COTGATTTARRGGTAGCAGGCGGGECCAGCATEETTCCTTCTGAMACARATCC PTTCCAR
41 P DL KV AGO GA ATSMVYVUPSETHNZEFQ
190 200 210 220 230 240
18] GACAACARCTCTCACGGAACTCACGTTGCCGGETACAGTTGCGECTCT TRAATARCTCAGTC
6l D NN SHGTHUYVAGTUWYAA ALIENHENSV
250 260 270 280 290 300
24| GGTGTATTAGGCGTTGCGCCARGCGCATCTCTTTACGCTGTARAAGT TCTOGGOGCTGAC
81 G VL GV AP SASTLTYA AV KENVTGA AT
310 320 330 340 350 360
301 GGTTCOGGCCAGTACAGCTGGATCAT TAACGGAAT TGAGTGGGCGATCGCAAACAATATG
01 6 S G @Y S W I I NGTIETWA ATILIGAUNIENM
370 380 390 400 410 420
361 GACGTTATTAACATGAGCCTCGGCGGACCTTCTGETTCTGCAGCGTTARARGCGGCAGTT
12 0D VI KM S L GGPSGSAALTEKS ERALV
430 440 450 460 470 480
421 GACAAAGCCGTTGCTTCCGGCGTCGTAGTCOTAGCGECAGCCGGTANCGARGGCACTTCC
140 o kK A VA S GV YV VYV AABAGNETSGTS
490 500 510 520 530 540
48] GOCGGCTCAAGCACAGTGGGCTACCCTGGTAAATACCCTTC TETCATTGCGGTAGGGGCA
161 6 6 S ST VG VY PG KTYPS VIAVYVGA
550 560 570 580 590 600
541 GTTAACAGCAGCAACCARCGAGCATCATTCTCAAGCGTAGGTTCTGAGCTTGATGTCATG
I8 ¥ N S S N QR A S F S S V 6 §E L DVHM
610 620 630 640 650 660
601 GCACCAGGCGTCTCTATCCARAGCACGCT TCCTGGARACARATACGGOGOGTACARTGGT
201 APG VS5 I Q¢S5 TULPOGHNIEKYGATYNSGEG
670 680 690 700 710 720
661 ACGTCAATGGCATCTCCGCACGTTGCCGGAGCGECTGCTTTGATTCT TTCTARGCACCCS
221 T s M A S5 P H WV AGAAALTILSEKHE
T30 740 750 760 770 T80
721 ARCTEGACAAACACTCAAGTCCGCAGCAGTTTAGARAACACCACTACARARCTTGGTGAT
241 N W T NTQWV RS 5 LENTTTUEKTLSGD
790 R00 B10 820 B30
78] GCTTTCTACTACGGAAAAGGGCTGATCARCGTACAGGCGGCAGCTCAGTAR
261 A F Y ¥ 6 K G L I N V QA A AGQ *

B2 B subtilis LC-2-1 RGBT ARG R FAAKURADEE R %
HiAN SRR TS
Fig.2 Nucleotide (upper line) and deduced amino acid (lower line)
sequences of subtilisin DFE gene which derived from B. subtilis
LC-2-1

Baciltus subtilis LC-2-1

subsp. Amylol: f; CcD-12
fis subsp. Natio BEST195

B3 B subtilis LC-2-1EREHLTABRERF5IRIEIRM S
#r
Fig.3 A phylogenetic tree showing the relationship of deduced
amino acid sequences of different subtilis fibrinolytic enzymic
gene
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Note: The tree was constructed using neighbor-joining analysis
based on partial deduced amino acid sequences of subtilis
fibrinolytic enzymic gene, numbers at nodes indicate bootstrap
values (n=500 replicates). Bar: 0.01 nucleotides substitution per site.

R2 ERAAERERELR
Table 2 The differences of evolutionary rate between various
DFE genes
J7 5 B EAWRGR S 1 2 3 4
1.LC-2-1
2.YP_005560283  0.149
3.ZP_11393657  0.007 0.14
4. ABA29609 0.149 0.056 0.149

Note: YP_005.pro: YP_005560283 alkaline serine kinase [B.
subtilis subsp. Natto BEST195]; ZP_113.pro: ZP_ 11393657
subtilisin [B. amyloliquefaciens subsp. amyloliquefaciens DC-12];
ABA296.pro: ABA29609 nattokinase precursor [B. subtilis] DC-2;
LC-2-1 .pro : JX 993831 mature peptide of DFE [B. subtilis]
LC-2-1.

LC-2-1.pro
YP_005,pro

2P 113 pro

ABA. pro
Consensus

LC-2-1.pro
YP_005.pro
£F_113pro
ABAZ96.pro
Conseresus

LE-2-1.pro
YP_005_pro
ZP_113.pro
ABA206pro
Consensus

LC-2-1.pr0
YP_005 pro.
2P 13pro
ABA296.pro
Consensiss g ygaynglsma

phvagaaalilkbp  win qvr e t 1 g Fyygkglinvganag

&4 B subtilis LC-2-1HREHELTAIS B MR AR EERF
FELRME L T EER

Fig.4 Alignment comparison of amino acid sequences of mature

peptide of fibrinelytic enzy

3.1 ABRFET e ) UGG 2L [ (A SR AT 097
T A4 i A R AT B0 Y B = 2
DFE B )it RS0 AT, W TRtk gk i@
SRR G I P DFE BRI 23 B I -

3.2 AHFFE LI AL G0k e S B T o B B R
TEFEE AR B subtilis LC-2-1, M4 DFE
TETESE R EIA 79.84 U/mL, R eA 134 mT RIH TE 4k
ThREM: R S B K

33 AR T3 DFE 5 B subtilis subsp. Natto
BEST195 (YP 005560283) }2 B subtilis DC-2
(ABA29609)Hi>k DFE HIZ LT HIAH b 2 7 W2
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