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Screening and safety evaluation of lactic acid bacteria

producing fibrinolytic enzyme
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K5 B B A B b R AT R B B AL B K B s AR BRI P R AR
AL AT Rk, 2 %ﬁﬂﬂ :HYD09 # HYNOG6 & # E
FR B E 4 A A 115.3 U/mL 4= 107.2 U/mL; HYD09 #e

HYNOG6 ] =k 3% 5 | 74 84 3k 38 JR B X 3 | SR 0L 24 85 3K 50 L 78
MK AW, 4 AFREFTRAE S EA G, HYDO9 £
HANERHE HYNOC &t esp A KE, £ HYDOY §
MoE g AW, H— TR A I, B HYD09 A — & &9 &t 8L
At ie &AL s HYDO9 X B LiF e 2 8 & G B Ao R & 8 2
AR AR S E N A AR HYDO9 K 8 & & ik o9 L B F A
2APE R My AT AR FIEERG A RA 1A,

KPR AEHLRA; ST AN, Fhaik

Abstract; In this study, 2 strains of Enterococcus faecalis HYDO09
and HYNOG6 isolated from traditional fermented food were used to de-
termine the enzyme activity of fermentation supernatant, and
evaluate the basic safety of the strains. The safer strain were tested
meanwhile, the fermentation

for gastrointestinal  viability;

supernatant was subjected to protease; the crude enzyme was
obtained from the fermentation broth and its activity was measured
by Native-Page. The results showed: the enzyme activities of HYDO09
and HYNO6 fermentation supernatant were 115. 3 U/mL and
107.2 U/mL, respectively; HYD09 and HYNO6 indole test, nitrate
reductase assay, amino acid decarboxylase test hemolysis test were
negative, no multiple antibiotic resistance to 14 kinds of antibiotics.
Moreover, no virulence gene was detected in strain HYD09, while
the virulence gene esp was detected in strain HYNO6. This confirmed

that HYDO09 strains were safe. Further studies showed that the
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HYDO09 had the ability of acid resistance and bile salt tolerance; be-
sides, the fermentation supernatant of strain HYDO09 still had fi-
brinolytic activity after pepsin and trypsin treatment. Two main com-
ponents were found in the crude enzyme of the fermentation superna-
tant of HYDO9 strain, and one of them had fibrinolytic activity.
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BT L P2 R 2 o O 3 6 s R 2 M RO B A 9 R e
MR 2 4 P 04T VEAR .
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1 M55k
L1 #e5EE
111 R B AE S

AP R DR 5 Ml R 4 1 8 R T T A 379 1 < I 3K A
mh 320 By LB AL 54 B KA AR L 5 D).
1.1.2 Higest

MRS ;75 3 VE-liker B 57 5 R0 G I 5 55 5 LB B 9%
B VHEE O R OK B 95 kL R R By 9R Bk MH B 55 Sk I P
B CCM B 330 AR FLBEAR AR - L SRR MR
IR

YEEETFH S OGO B T AT 42 1
J70.022 g @M F 10 mL A B R K, 37 C Kl 5~
10 min; B: Bk L i 0.000 5 g (W& 4 40 U/mg) fil A |
2 mL A= FER K ,37 °C K 5~10 min; C: FREL 0.1 g B
WERAR T 8 mL AR JE K L m # i B s 78 20 i AR s B M A C
oL ERRE A I TR A 2 AT AR, i BE RS AT AL A
4°C vkA .
1.1.3  HFk

KA & (Escherichia coli) ATCC 25922, 4> ¥ {57 %5 Bk
I (Sta phylococcus aureus) ATCC 25923 ; PU JI| £l K 2412
L14 0 FEZEGH

Ao 4 R B I BE (40 U/mg) | JR B BE b ok
(50 U/me) A1 . B AR YRR R A A 5

M & 1A (30 000 U/mg) | Je & [ A (250 U/mg) - 4k
B b K A R A BR A R

SDS-PAGE i & - U 18 A4 TR A IR

HH Marker: 14.4~94.0 kDa, KR AR (AL A
MR

DNA Marker: 4= T4 9 T 72 C ) A A FRA H 5

PCR 519 : BUAR BRI BRAE W B AR A PR 2 7l 5

AR UM BRI R A R A
LL5  EBAU

VR B 0> Ml : Sorvall ST 16R A, 26 [E Thermo Fisher
Scientific 2\ ] ;

# 24 K A : Milli-Q Reference A, 3% [E Millipore /A & 5

PCR {%:C1000 B, 5[] Bio-Rad 22 7] ;

B 14 R 55 - Gel Doc XR+#, & [E Bio-Rad A ] ;

JK-HLYKRE . Sub-Cell GT %1, 2% [ Bio-Rad 24 7 ;

e B Pk f . Mini-PROTEAN Tetra System %I, 3% [H
Bio-Rad 22 #] .
1.2 Fik
L2.1 FEMALEE 5 AE G 20 B MRS A 55 57 3 | E-liker
TV B % B L TREMRE AR M YUK B 7R Ok 3 R AT W AR BRI RS
ENGILEEE S o S
1.2.2 PPEFuEEFLIR 1 4

(1) W A i 08 2545 2L IR T 4 A T & LG 3L 74k I
37 ‘CHiF% 48 h, LEWLARFLIFAR T ML L Pk IO fige Bl 1] S 1 2
W& i .

(2) S0 < 05 0 075 3R A5 1Y 1 bR 4 B T CM IR S 5 ik
H,37 °C KigF 24 he WA R 1 mL F 4 °C 10 000 r/min
0 10 min, BV 20 pL T 2R 4R 8 T BN AL RURE
37 ‘CWEHE 18 h, PRIk g /™ Ak Vi i Bl 11 v 4k
1.2.3 £ 1 A0 0 <

(1) F5 #E B 2% 2 4l - 43 5 BL 31. 25, 62.5, 125, 250,
500 U/mlL FR ¥ AR HE f 20 pL 78 G ) 47 09 27 4k 82 11
BRI REFL T o LA e TR UG e 1780 X 00 A A e A i
175 B e T R 0 0 B0 AR AR AR A

(2) WIS - 4 B2 00 BT A5 T A R AL ) L 4 206 I 5
HLEFTMARHE 3 4k 37 °CL 180 r/min #55% 12 ho MUK
1 mL F 4 °C.10 000 r/min &> 10 min, B3 20 uL F
A E TR AR, B RN RN EERTRT
F N FRCE 10 min, B E T 37 CHEIE IR 18 h, W& &
MRERERBEIFENEEERZ . XBRER 3 W BCFHE.
A HL AR FRAE o Vs Ak 325 W 1) T A AL AR A o il 2 0 B A
TRl BV AR TG T
12,4 772 35 I LR I 1 458

(1) B RE %58 5 T 43 W Ak T CM A {55 7 4k |
RIZH 3% 48 ho YT 2 R

(2) AP AL % 5 - KO C FL R 40 T 0 28 % 08 I S 3 U7
TSRS R A S F T

(3) 7> 7 %5 42 IR DNA J5 AR 4 SCHR [ 16 13k 18 Bk 2 17
16S rDNA "3 . JIW J5 19 77 9 4 1.0 00 1) B3N8 W 5 e v vk
i BEIRTE 1 500 bp 224 A i B 454 i PCR r‘“%w? il
FF AR TA Y TR C R ey A BR 2 w) i AT . DU Fe &5 2R R
Fi NCBI iy BLAST 43 #7 T.H. 5 GenBank $#f )2 v & %1 1 #k
FR T R B EAT L3R S L JF T MEGA 5.05 #1F# i R 4
HEAL .

1.2.5 P2 EF iR EGFLER B0 2 TR

(D) MR - 3 W8 SCHR 11527, R4 8 0073 2 2R 1 4
FH 4 XT B8

(2) Tit 2P R (K-B) 4E R 3 #eek 7 47 25 R
B AR AR PR W T E R R R A E
R RRER AE-CRBEER TR BEER . TER
ML R, LRI E ATCC 25922, 4 ¥ (A i 4 Bk &
ATCC 25923 {E g i 2 b i B4

(3) A FEACH = 4 T 5 2 A A 7 ] W L Al
2 30 ik 0 AR e R Al O A T A, 2 B SOk (18 10 1
W47

(4) Iy H: K PCR i) - £ 5L 3 Flewg UL iy A2 09 i 3k
WEE S A .S % Sk (1913847 PCR 4% . MR8 IR JOR B
225 it 2 41 PCR B KR BE. As B KR EESh 50 °C,
esp gleE S} 53 °C, HAeLMY R . WA 94 °C 5 min, 48
P94 °C 1 min, ZFIB AEEEMH 1 min, ZEff 72 °C 1 min,
35 MEF  #h FAEAH 72 °C 10 min, PCR MR 20 pL &
KA DNA 1 pL, Premix Taq 10 pL, Forward primer
¥ PCR 3174
VA R REI I 1.

1 pL,Reverse primer 1 plL,dd H,O 7 pL,
HEAT E I H VK R
29
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Table 1 Virulence genes and related primers
A 519 H iy BeR /N bp
5-AAGAAAAAGAAGTAACCAAC-3 .
“ 5-AAACGGCAAGACAAGTAAATA-3 boos
5-ACCCCGTATCATTGGTTT-3
gelE 1419

5-ACGCATTGCTTTTCCATC-3

5-TTGCTAATGCTAGTCCACGAC-3
esp 933
5-GCGTCAACACTTGCATTGCCGAA-3

1.2.6 i A= A7 fiE )

(D) Al 28089 D0 5 < H o3 B9 B 45 1 B S AL e . %
1 mL/100 mL 5 Tl (35 7 R, 37 "CHE R 24 h, 3
2 h U HAE 600 nm A AU IE 22 i A K il 2k

(2) PRI 3219 - 2 25 SCHR 20 J 10 77 3 o K5 9 1 3 57 2k
pH JA% % 3.0.37 CALHE 2 h 5 8 B R A 1R (D I 37
.

N =

N,

X 100% » (D

A

N— G &, %

N,—— pH=3.0 {17 & % ;

No— X BRZH (9 75 R 4K .

) B2 & H xwkl20]m 7 &, A&
0.3 g/100 mL 4= JHER A AE K .37 CALH 2 h J5 TR B IR
3O TR,

X 100% (2)

A

N—F3E %, %

N5 0.3 %0 48 JHEh 1% 37 345 F UG 0 0% 8 40

N — X B 21 B 3 15K
1.2.7 B WAL BT BN G5 m o kLT O 2 B R
B ) 5l pH 4.0, 885 A 25 B0 R B L3 TR B4
Wl 1 mg/mL,37 CoK¥ 2 hY . P pH A 2k 2 (A i
Hl pH 8.0, 4R J5 A JBE AR 1 B 06 & I b 3 A B Uk B O
1 mg/mL,37 “C/K¥# 2 h, F¥ pH 3 Bl X B8 pH 7.0, 9 5
HAEWEE. IFULRHE E DB L B L R
HE AL B A B VSR L AR RV L R A R
T I 975 VD TR MO B
1.2.8 &EMEmUk  SHCERL22IR 5k e R B b TR
ATERATBHT, 1 F 12 20 19 43 B + 5 Y0 1) e 48 e 0 A7 396 1 el
KA, 23 BB 43 00 AR 0 S P R R S RS W 1 A Dy X R
R - 27 4t 25 [ J5 FBE I il .
2 HRY0hr
2.1 FAAHBIIBEMNSS

L T B AR AT 9 Ak U A I L T AR L & T
Y8 I O Ok VS R AR AR R AR R 2 bR ey 2
HYDO09 F1 HYNO6,

30

1. HYDO9 B ¥k & B L 15 W
3. HYPO4 B Ak & W 13
. HYDI5 itk & B 13 W
. HYP17 1 ¥k & B L5 W
. HYNB37 Fbk & BE 175 W)
Bl #HezxaFmaLiHA

Figure 1

. HYNOG6 B #k & B 1 W
. HYP36 1% ¥k & B 115 W
. HYD43 Fi#k & BE 13 W
. HYD66 F#k & BE 135 W

1321
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©

Fibrin plate screening

2.2 FBEEHNE
PRI b v it £ LA 2.

e o
n o

s y=0.3509x-0.412 5
R’=0.999 1

o
'S
T

AR T AR ) K
Logarithm of dissolved area

e e e e
= N W
T

16 18 20 22 24 26 28
JR AR JEE X A

Urokinase concentration logarithrn

~

B2 RS EEAT A W 2

Figure 2 Standard curve of urokinase activity

VA AT T AT 245 R DL T 3 AR R A5 A 3 1 e O R
B VIO A P R B AR R TR 7 S ) R B R R
HYDO09 F1 HYNOG T4 # 4 & 1% (4 it 47 43 551 9115.3 U/mL
H1107.2 U/mlL,
2.3 FARBIABRENETE
2.3.1 BEEFEE WEHREEE . HERAG.0ED mm,

1~3. HYDO9 [ bk & B WO It S R (20 1)
T ORI S (20 L)
B3 H4Eka-FrusgEkn gl

Figure 3 Proteolytic mapping of Crude enzyme by

4~6. HYNO6 Btk &

agarose-fibrinogen plate



2017 4 % 10 1

FLE6 R e 6 GRE R E LSOt R . L
4. BT REEC, FILSUERDE | 28 B8O BUE
ARHEFI R WL 5.

B4 HHk HYDO9 # B %7 &
Figure 4 The colony morphology of strain HYD09

B 5 Wik HYDO9 ¢ 3 2 K454 4 R ( 10X 100 4)
The strain of the strain HYD09 was
10 X100 times

Figure 5

2.3.2 AMAMEE ARAMEESRILE 2.
R2 AEEBENSME

Table 2 Physiological and biochemical characters

AL HYD09 HYNo06 FHIE HYD09 HYNO6
8 8k - - -t - -
WAEARVOKREE  + + A TR - -
i 2 Wt - - ey - -
] 2 MR + + FLbk + +
LBl 4347 il - - 2L + +
DB Fi A1 i it - - 10 C Ak K
EARNE + + 15 C Ak K
Hth + + 6.5% NaCl Ak Ak
- 25 B + + pH 9.6 Ak K
TE K - -

T =7 FROR R B 5 7 SRR R 2 A

2.3.3 I THE PCRYIGSE MG K 97 36 7 Wy A7 B ik
F b 453 K292 1500 bp, WL 6.

PCR 4y I J5 45 R A5 NCBI RO 32 b gE AT Ho X 341
MEGA 5.0 . RGEREM . ILE 7,

RIS 5 E R AR B4R . 455 165 rDNA
I X 45 0 B 2 E HYDO9 A1 FTYNO6 4 0 28 Ji7 Bk .

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

M. DNA Maker 1. HYD09 2. HYNO6
B 6 HYD09 = HYNO6 ###) 16S rDNA PCR ¥ 3%

Figure 6 PCR for 16S rDNA of strain HYD09 and HYNO06

94 Enterococcus avium strain ATCC 14025(NR 115763)
—I—[Enmrococcus avium strain M5(KX789690)
98 Enterococcus casseliflavus strain MMB(FJ357239)
Enterococcus faecium strain ATCC 19434(NR 115764)
Lactobacillus plantarum strain FY1(KY038178)
Lactobacillus fermentum strain CECT 562(AJ575812)
Lactobacillus casei strain ATCC 25598(AF429607)
Enterococcus mundtii strain JCM 873(LC097069)
Enterococcus mundtii ATCC 43186(AF061013.1)
Enterococcus faecalis strain KH2(AB534553)
Enterococcus faecalis type strain DSM 20478 T(LN681572)
HYD09
HYNO6
—
0.02
B 7 HYDO9 A HYNO6 ##k o F & %L 7 #
Figure 7 Phylogenetic tree of strain HYD09 and HYNO06

62 91

24 FARBABRENRSMETHE
240 EILIRE S T G 6 AR 18 94 T
HUB L SF L 5 g L. HYDO9, HYNOG i % Ji [ 3 47
Ak - L DRI

1. 4 ¥ 0 1 A BR 1A

2. Wk HYDO09
B8 mmiXis R
Figure 8 The results of hemolysis test

3. Witk HYNO6

2.4.2 TR @ FE 3 Al AL, HYD09 #1 HYNO6 Xt 12
P RY L L HMZ,
2.4.3 AEMAE=WRNRE k4 RTA. 2 BRE M
WA Y R 30 D i B | A R R I O P A DU O 5 R B
JCBA A
2.4.4  FEJEE PCRAGM R H LAY+ ) B X 5| 9 kAT
PCR A 0, WLl 9, HYDO09 Jo 7 Jy 5 KA i, HYNOG6 #5 i
esp BAER KNGS HEFB—2

31
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Table 3 Sensitivity of strains to antibiotics

Wbk ANV WRRETR O ER KR

AER RKRER FEF kAuEn THRK #%R JER %K

HYDO09 S S S S S S 1 1 1 1 R
HYNO6 S S S S S 1 1 1 1 R 1
TS FREUST HoR PR HURG R KR 2 .
x4 HHRESRETWHNE Lar
Table 4 Determination of toxic metabolites in strains L2r
e 1.0F
Wbk mIges R RS R 8 IO R Tl I A m %0 sl
HYDO9 — — - - § S0.60
HYNO6 - - — = 0.4k
PR RR B R R B 021
0.0 0o 2 4‘1 ‘6 é lb 1‘2 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4‘
A ]
Time/h
B 10 HYDO09 4 ¥ &
2000 bp Figure 10 Growth curve of HYDO09
1000 bp .
750 bp 2.6 EQEBOEXEFENEN
500 bp B & 11 W], Rk HYDO9 By A& B 3% W 4 W 85 g A
250bp Jo R il A B S A B A AR N L 3R B R R AR
100 b
' S Bk HYDOO 1 2T 45 18 £ 6 1 5 1 560
(a) HYDO09
M 1 2 3 4
2000 bp
1000 bp

750 bp
500 bp

250 bp
100 bp

(h) HYNO6
M. DNA marker 1. 16S rDNA 2. as

B9 #lEALEwRAE

3. gelE 4. esp

Figure 9  Electrophoresis of virulence genes detected
growth curve
G £ A VA 00 26 T BB S5 0] HYDO9 2%

A PR IR AR Y DO HUR 56 B A P Jo B BF 5
2.5 E# HYD0Y9 BB iE &£ 77 8E N ik

2.5.1 Bbk HYDO9 AR HZ& M  MEKRBETE 24 h Y

AR 2k WL 10, OB FR 14 h 22 A7 i T RR R AT BR T 52
R RV EE NS
2.5.2 WKk HYD09 Meiit 52X % pH 3.0 & F . HYDO09

TE B B0CR (8.38720.09) 1g CFU/mL, Xf HR 21 35 18 %4 by (8.59 4
0.02) lg CFU/mL, A M AEIE N 61.80%,
2.5.3  Wkk HYD09 JHERM 573058 78 0.3 %0 4 I Eh v W 4% 1
T LHYDO9 i B4 (8.45+0.04) 1g CFU/mL, %} B8 41 7 1 41
$5(8.5940.02) lg CFU/mL, i85 HEER N 71.3%,

32

1. ZBEEABOBGE LR EWHRCo L 2. 2 EAMLOR)S
MR FVEW (20 nl) 3. R RIEW (20 pl) 4. BE AR
(20 pl) 5. JRER FIBEA (20 L) 6. 25 7R RN B AR 1 R AL BT
JG R B LW (20 L)

A1l O )E g EdmnE
Figure 11 Determination of enzyme activity after protease

treatment

2.7 FEERKEN

S WE 1 W RT3 BT RV 6 ) AR A AL e Y AT 0
BRIk b7 - 25 R L 12, & 12 WL E AT S B L o A
2R EBMA S AR B IE R A S B 1 R, T
Thokchom S 251 i fifi B bk 19 ML A 2 Fhsk 3 Bl B 4 3%
TGP 2L 4 32 BHOK [] R 7= 1 7 IS BB A E — B 25 5
3 ik

A PR R I £ A L R IR SR BT £ AR W I A
it ELAT T 2 Ay A e DRk 00 9 00 A PR 245 A0 34 7 Il A FH 2
R B ZK'LﬁqAMf?%?i@?@"un*ﬁ%ﬁLuﬁ?l_ # 2
PR AT 25 ¥ 15 2 A T AR HYDO9 i HYNOG , i i 28 45 % 5 T
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(a) JLIEY

(b) LALFHEZE FUSURISE L BEE R IS
B 12 By Ekd kA
Figure 12 Native-Page gram of crude enzyme from

strain HYDO09

R 35 O 2 i TR L R T L IS 22 B A 115.3 U/mL A
107.2 U/mL. S8 A 8¢ AQHH™ Py 46 I s 25 #1046 L 75 ) 2
PR A I U6 £ 5 AT Al L R T FTYDOO B Ak LR B 22 42 19
BE— 2B W58 FHYDO9 A1 56 2= A 5 B 32 W . i #k HYDO9  —
SE (T R T IELER BE D . 76 pHL 3.0 25 AR T AF 16 K 61,8004 5
TE 0.3 4 BEER W AR AF T AF 16 0 71304, 2K F g U
PRI R B, R HYDO09 & B 10 W 28 M 4R 1 A B 2R
T Ak B8 A7) B AT LT 9 05 1 HORL R P AT 2 A B4l H A
AAEHER AL RA 1 F, BRTUR 2 SCE X ™ £
Ve T A FLIR B R AT HRIE T HL ARG B O 2 1Y 2T U e 2R
HA— W E et MiniE A A —2E R A E. H
AT IIZ A Y 4 2 R B9 AR 5G4 JBUE 75 M — 2 BT AT

5% 30k
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