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B OE: kA ANTRI A S ke miE BARkER mBA AT B, 2RF 122 heE. @il
BLRG W30 Mk A 05, 4@ -FARE A 06, VAR B A ipkdre, vk FHEBAK 12
¥R, b Ak SC-3-W-3 0941 IABEE i, K57 538.64 U/mL (A8 4 TRy iE H $45).
BT EH A, AR A A SRS ATIIR, KL LK F I8AFE Bacillus cereus Frankland
B HFAEARARAS . 2 —F 2t SC-3-W-3 49 16S IDNA 5 5| B A %X F oA AW, % & k5 5K F 7047
B89 R A 100%. A A3 A LA 16S tDNA A7) Hext 28 & 3% SC-3-W-3 H AR A A4 #k
FIATH .
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Abstract: One hundred and twenty-two bacteria strains were isolated from the intestinal tracts and body
surface of five earthworms collected from four different provinces. Twelve fibrinolytic enzyme pro-
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ducing strains were screened based on the size of halo zone by using powdered skim milk and fibrous

protein as the first and second round screening substrates, respectively. SC-3-W-3 strain with high fi-

brinolytic enzyme activity was identified as Bacillus cereus based on physiological and biochemical

characteristics, as well as 16S rDNA. The fibrinolytic enzyme activity of SC-3-W-3 strain was up to

538.64 U/mL.
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O B L7 FE PR PR o N RSB T 32 2
i Rz —, Hojg PR 2 2F 4k 25 11 R 48 T 3l Dk A BE
SR, LTURE (LT R AR 2 — R e, X
ML H £ 4E 3R R — 0 B R R e v, DRI H
LA F A . s A A e, ImR LT H T
WIT AR YERR . BT, Eat . Myt ek
Vb B T RN LT il o Horh A W 41 5 il
() — A TEERIR, A A MRS B 2R AT N A
AT Bacillus pumilus™ . #38% Rhizopus chinesis™
B Armillaria melled® . Wi Cordyceps mili-
taris" | BERE RS ORI T AT B R AR
IXSE LTl A bR SR ORI T B RS K
PR i FD -8 IR AR ARG, T OC T A i ] i
TE K A 3R 53 15 7 4 7 T VS g TR AR 104 B 9 DL AR G
R A EL A 26 T i s i T el g i, (AR
T00 B S G AR Y, OT R R T 2T U il G
PRI o A 5T 1 U MAAN [) b DX 174 ik s fi 3 S Ak
SIS TR IR B R, XA
BEATIAAE . ARAGE L B RE 14 R . TR AR
e RN AR A B DR T AR TR A R A R A £ S R
O % B 5 Hefilt

1 MRS G %

11w

L1 fEwE freiny 5 SR 2R A
FM(HXS). R (HN-1, HN-2), P4JI[(SC-1, SC-3).
BHI(LG) 4 AR, 23 %, HXS Ry 23
FM5| Pheretima hawayana Rose, HN-1 5 H 3R 3 E 1|
Pheretima tschiliensis Michaelsen, HN-2 & [ i3 &
5| Pheretima californica Kinberg, SC-1 F1 SC-3 M
BEIR T M| Pheretima guillemi Michaelsen, LG "HZ& 3

B 4| Pheretima aspergillum E. Perrier'"’! |
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1.1.2 XTERERR: 720 B X BRE R Al 2 A AT
W Bacillus subtilis B1®) 1 5t KA A M) 20T = 4y
BOF PR A A B A AR N IR B R R 2E AT R
Bacillus subtilis F1 KFF# Escherichia coli H1 5
REETA W B AR A

1.3 EEZRF: JREEF 1 280 U/SZIA T+ [ 24 &
AW R T, BEINLAEE 200 U/ T35 Sigma
oNHE), FHERERAN 1 g/ T 36 Sigma A F], AU
FE K 2H DNA $2 00 &0 T st R A F],
bR 22 DAy [ 72 03 e 4l B 02

1.1.4 EE{UEE: SHZ-82A < nHEIR &, w M
WA B BRA T, 2-16 K S HE.oNl, £H
Sigma /A H]; PCR A . BEMBE AR /3 MY, Bio-Rad 2
F]; CX41RF %! OLMPUS & f#5%; JA2003 H FKF,
HEREALES) T YX400 ) RFEKE M, L=
I BETT g AT PR ]

115 FEREFE: (1) 400855 AR AERE R
(g/L): FE 3, AN 10, NaCl 5, Bifi 20, pH 7.2,
1x10° Pa K& 20 min,

(2) J7 LTV B O 5 AR L (g/L): AR W5 K 10,
1x10° Pa K 20 min; 5 15, 1x10° Pa K # 30 min,
SRIGERENE 50 °C ZEAHTRS) .

(3) MM TR (g/L): A 10, AW
10, Na,HPO, 2, NaH,PO, 1, CaCl, 0.2, MgSO, 0.5,
pH 7.0, 1x10° Pa K& 20 min,

(4) AT AR IR AR (/L) WIARE 20, BRI
20, Na,HPO, 2, NaH,PO, 1, CaCl, 0.2, MgSO, 0.5,
pH 7.0, 1x10° Pa K& 30 min,

1.2 A&

1.2.1 FEHBSE: (1) MBARRERN S E: 72T
SRR, e ] 5 A B AT B I R A 100 mL TG TR 7K
A=A, FEIR EIR 30 min (57 58 R $E o a5
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IR BEA . —RRoR H IS A 7 AR A TR ZE AT B Bacillus cereus FYT %8 S % 5E 897

TR3%, ARAT B RO RS A BUR IR AR 8 2R Bl
AR, 30 °C BB FE 2 d, PRI R 75 b AT Rk alifk
Sh0 WANEEER, BRAS Al TR Bk FD T8 R R A,
4 °C fR4%

(2) Wi H5] 7 T TR PR B 43 5 S i R AT 10%
WSS, D 75%M R XA RIETE S Ik, A5
FHTCH Kk 3 Ik, JCRS&0F T i, SO iE N
YR, B ABEA BB 100 mL JG R 7K 7Y = £
e, FERR LR 30 min (AR, RS 24
FEBUR TR A B IR B AR, 30 °C H & 5% 2 d, #k
BB TR AT R S 2iAb 25 5 W U W%, R Sl TR
PRI T B IR R R, 4 °C /AT
1.2.2 FEHARBBEKRBINITE: K50 245 2] 10 40 5 05
Tt 7= £ W W 0 35 9 A, DA S 7 AT S Tl R PR
B ©FE N BHPEXT IR, S AN BE 7 2 47 55 Wl 1) K T
Wi E. coli YE N FATEXT A, 35 °C 8] '8 5 5% 48 h, 7351
W2 75 BLAR (d) 5 BB ER (D) 3 K, 1T
8, D/d WAHR S H ™ 8 HEEEE K/, Did
8 = 1.5 B BEBRAE Ry 52 0 v 1k o
123 FEHREEKRNERF: R0 2 m a4
filf AR P — 38, B4 TR 50 mL A7 TR
250 mL =i, 30 °C. 150 r/min $£ K555 24 h,
e A% R TR A SO mL R REMN
250 mL = A, 30 °C. 150 r/min $EREFE 72 h
J&i, 12 000 r/min 5.0 5 min, B3 5 pL SAET
L1 25 AR, TR 2T 2 B 1 SF AR R R AT
EGRIPE B ©R & BERAE R PHME XS I, SR TC R A
PHERIKAE A FIMEXT B . &P AUE 10 min, FRE
T 37 °CHEIR IR 18 h, WLV A Bl e B AR, 45
3 YR, T B AR 0 TR A A A P 11 T L
Vo5 firk VR T R i R ) DR RRAE S K T 2B 7 AR T B 1 E Y
L7/ 38
1.2.4 FREEEMERNE: (1) S2LF4EE AR
(I o ARAE SCERR PR B, i ) WU 45 4
AR, B 10 mL 2% BRI AL 9 cm 4
o, EEREEIE R —)Z . K 5 mL pH 7.8, 0.04 mol/L
B H 2 2% v (7 10 mg £F4EE F )5 5 mL 1%/

BURMHA W T 50 °C A RA, M MA 100 pL
100 TU/mL FY&EE I B W, MEBRAEFIAY —)=
A, B OUZ LR 4R AR . XL DT R
TR P AR IR BE 34—, AT /D SR g 25

(2) PRI B AR E M Lo ny AR . T R B2 430 A
220, 180, 140, 100, 40, 5 U/mL AY JR 3B b7 e
W, WAV EERRIL 5 uL siiE T2F 48 AR /L
W(EF 3 mm), 7637 °CHRAF 18 h, I i fifk el 1) 1
BLELAE . ARAERE, v R 0 IR AR 2 BL(A)
5 (CYB LR £ R, A=KxCa, [FILLIE YA [H]
VA 1 7 e P S LA A R X 50 55 AN ] e 32 A
i X BV E — ST Ve T 7 R o DA DR R M 32 1) %
BUE R AR AR, 5 i P T AR A X BB R AR A, 2
) DR e s o T 4K

(3) FEFMEF ARSI E o K S pL BESIMA
FUEE AR/ LEAE 3 mm), T 37 °CilRAE
18 h, 5 2F 1 Pl e L B A, 19 3 LT . MRS R I
T b vl 2R T R S I AR T M, AR RN AT I T
T AH S T R O S Sy FRAL [, LR 4R H P
M R B 7 AR VS B B AR B © R K T LA Ry B 2 %
R, PR TG B A BLER A R BRI X R
125 FABRBENEMRBEE: (1) L5ndks
Y8 S OCHR[ 171810 5 ik itt A7, b AR 3 A fhiak
5553 A VA B 2R ARAT I . KB4 B . B
X R, AR R 35 2 A S 5 O R

(2) HBYHHR 16S tDNA ¥ PCR #1555
WAE . B H R BRAZERTE R 7RG SR HE D, 30 °C 4Rk
FEFE B KA, 12 000 r/min B0 2 min, YR
ETEIR, BRI ZH DNA, JHT 16S rDNA fi) PCR
I8l R 5 1 — X 51, s I
] ¥ %] 27f: 5'-AGAGTTTGATCCTGGCTCAG-3';
K151 %) 1492r: 5'-GGTTACCTTGTTACGACTT-3',
PCR WA Z: 2xMix 10 uL, 27f(0.1 g/L) 0.4 uL .
1492r (0.1 g/L) 0.4 uL. & DNA 1 pL, #p/KZE
20 pL,PCR % 14: 94 °C 5 min; 94 °C 1 min, 54 °C
1 min, 72 °C 1.5 min, 30 ME#; 72 °C 10 min, PCR
P14 71y R R A e AR R A wD
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2 R tho Gl BRIk H (& DRI, £ 4k 5 H R
R )&, IR T 12 MR AR B4 (R
2.1 EHRBINE. fHEER 2) Hrh SC-3-W-3 ZF ¥ i MR K, £ 7 Je If AR

KBRS, N 5 St i 7 M AR 200 B IREN T 355.21 mm?, RICKHZE AR M % E i H
FIREAE 122 #R(E ). HHERPN 66 #, K& 56 Y KR o

F1 MBFEMAREESEFR

Table 1 Bacteria from intestinal tract and body surface of earthworm

= i i I B R R )
Number Earthworm Species Strains from intestinal tract ~ Strains from body surface
1 HXS K I B Pheretima hawayana Rose 15 13
2 SC-1 SRR B M| Pheretima guillemi Michaelsen 4 4
3 SC-3 SRR B M| Pheretima guillemi Michaelsen 7 8
4 HN-1 ERINTEE| Pheretima tschiliensis Michaelsen 3 2
5 HN-2 H SR EW Pheretima californica Kinberg 10 0
6 LG ZIREW| Pheretima aspergillum E. Perrier 27 29
&l Total 66 56

SC-3-W-3

Negative control |
(Saline) (

Positive control

(B1©)
1 SC-3-W-3 45 4R £ 72 B A9 B [ 2 SC-3-W-3 EHHER TR LRI A E
Fig. 1 The transparent circle in the skimmed milk powder Fig. 2 The transparent circle of strain SC-3-W-3 in fibrin
plate plate

K2 FARBERNFESR

Table 2 The screening result of strains with producing fibrinolytic enzyme

2 ik o FEEER | P it o £ T
Number Strains Dissolution area (mm”)!  Number Strains Dissolution area (mm?)

0 B,© 2.61£0.03 285.54+0.49 7 LG-W-27 2.26+0.04 203.06+0.63

1 SC-3-W-3 3.31£0.02 355.21+0.54 i 8 HXS-N-6 2.21£0.05 200.22+0.56

2 HN-2-N-9 2.67+0.02 291.73+0.53 E 9 HXS-N-11 2.13£0.03 200.02+0.72

3 HXS-N-1 2.54+0.04 240.25+0.68 10 SC-3-W-6 2.06+0.02 183.60+0.47

4 HXS-N-5 2.39£0.05 217.50+0.78 11 SC-1-W-1 1.95+0.05 170.31+0.62

5 HN-2-N-7 2.35£0.03 210.25+0.43 12 SC-1-W-3 1.72+0.04 25.50+0.51

6 HXS-N-2 2.30+0.02 203.10+0.34 E
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SR BRAE: — ROk 1 LIS £ A BRI IR Bacillus cereus (71 e S 4 5E 899

2.2 HIREEMENE

R A R T b v it 2 (I&T 3), TR AS B R Ak
SC-3-W-3 J= 21 s g % 124 538.64 U/mL,
23 BEHMEHRIIEE
231 HERBEHRBESWE: Wk SC-3-W-3 i
W BEE TR 35 °C KJ59F 48 h, HLpEVE R IRIE 5
ERIE, g 2R, Wk RmaNE, N
B, FiHbAx, A —a B | JEEEM K AT (& 4).
L YA PR . BEACHFRIR . PR KR
3.1 um—3.8 um, %M 1.0 um—1.1 pm, AJ WLEAANH:
OB 3-5 #RARARS, ZEAh A (&l 5). SC-3-W-3
FERG G SR RS AE K, #E S IR
UTE

24 r
22
20
1.8 r
1.6 r
1.4
12 r
1.0

3=0.651x+0.772 4
R?=0.999 5

area (IgA)

Logarithms value of dissolution

1.2 1.4 1.6 1.8 2.0 22 2.4

Logarithms value of urokinase
concentration (1gC)

B3 PRGN Lk

Fig. 3 The standard curve of urokinase activity

Bl 4 B SC-3-W-3 BIEHS
Fig. 4 The colonial morphology of strain SC-3-W-3

B 5 Etk SC-3-W-3 B B 75 (x1 000)
Fig. 5 Micrograph of strain SC-3-W-3 (x1 000)
232 HBEANME: NE3AEH, Fk SC-3-W-3
KB EEEE . ZU0 . EILRE . KBS BThiapE A hg
FERRFER, s sk, 7E 5°C. 45°C B ARREIEH A4E
K, 7F 10% NaCl HOREEAE K o Hoft s 7 35 R BHE .
FERMAE B ZE AT B . KIAAT AR BAE . B R,
DUARFERD B 55 57y 25 R R

FRAE R SC-3-W-3 [/METE S RHE . B IEIE
ABRIE R RS WA B A g 25 5, S| (A
20T % T ) USRI O AN R g M) U,
FE SC-3-W-3 #1558 NI IR ZE AT B Bacillus
cereus o
2.3.3 16S rDNA 2FFINESRZRHE LB K
PG U 1%BE A B R AT r VAR I, 25 2R i R TR
Pk SC-3-W-3 [ 16S tDNA F 14 =¥ K /NA 1 500 bp
A, ¥ ERERRR 16S rDNA 751 (GenBank % 5%
5o HQ992816)i i BLAST 5 GenBank H A% R %L
PEAEAT RN R xS, S5 REW, ZEKFH S
AR ZE AT Bacillus cereus WA X3 T
100%. #i4E 16S rDNA J7 41 [A] 1 b Xt 4528, 5%
H A% IR BSR4 11 BRAEALBETE 99% LA - 38 43 [
K5 g . Ay 16S tDNA T R F 4047, L
LRGN, 53 EREHER 1 000 RE
IR H A KK Bootstrap {H, LLITAL RS &K B W
PEAR BE . NI 6 W, TRIAR SC-3-W-3 5k AR
BARIER 3 BREIRZF AT R DL 85% Y H J S HF R R
E—id ., ZEE% R SC-3-W-3 By 3% | A= B4k
FFIELL K 16S tDNA JF A LEXTZE R, B4 SC-3-W-3 B
R E R ZE AT Bacillus cereus
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R3 EkSCI3-W-34EHEVEELER

Table 3 Physiological and biochemical characters of strain SC-3-W-3

LFLBE Galactose - it £h 1 Salt tolerance

A AR AL S Y aE R A PR Al T2 Y TESER
Physiological and biochemical test Result ' Physiological and biochemical test Result
JEfl Catalase + i S22 Hydrolyse of tyrosine +
V-P {5 V-P test + i THERERIA JFL Nitrate reduction +
VEM K ff Hydrolyse of starch + i YIFHEE Anti-lysozyme +
a3l Mobility = i pH 5.7 EF WA K pH 5.7 nutrient broth +
fi% Z K fi# Hydrolyse of Casein + i A KIRE Growth at
FrEBREE M Citrate utilization + ; 5°C -
WL 2=l Acid production of fermentation i 10 °C +
JEHE Sucrose + i 20 °C .
# ZEFE Maltobiose 4 30 °C .
H#& 2 Mannitol = i 40 °C A
#LH Lactose - i 45 °C -
ABE Xylose — i 2% <
BT Hi (4% Arabinose — i 5% <
D-# % D-Glucose + i 7% N
10% -

e+ BHEE - BAE

Note: +: Positive; —: Negative.

SC-3-W-3 (HQ992816)

Bacillus sp. (GQ199727.1)

Bacillus cereus (HQ317144.1)
65 Bacillus cereus (HM161852.1)
Bacillus cereus (HQ317146.1)

Bacillus mycoides (GU188897.1)

— Bacillus anthracis (AY138378.1)
100 | Bacillus subtilis (HQ616142.1)

85

100

48

99 Bacillus firmus (HQ397586.1)

Bacillus circulans (HQ003414.1)
Bacillus stearothermophilus (AJ005759.1)

0.02

6 Bk SC-3-W-3 MRS % & #
Fig. 6 Phylogenetic tree of strain SC-3-W-3 and related strains based on 16S rDNA
T AR B ECFINER 1000 BUFEAYE 40 1L, $65 T M RIBRIY GenBank 55 HfIRALER 2%1Y)7 51 2% 5.
Note: The numbers at the nodes indicate the percentages of occurrence in 1 000 bootstraped trees. The GenBank accession number of each
strain is indicated in parentheses and the scale bar represents 2% sequence difference.
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HEEREH Y. S A EREE Y | R R i i
BREA, P S A TR 20 B AR AT AR A TR S £
LT VR BT 1 — ] 15 200-300 U/mL, ARS8 F1 T
ARG AT 35 600-3 000 U/mL, i i £F i i % ]
k5 989 U/mMLPO, A 5% I ke 45l rh 43 A4 T Bk
SC-3-W-3 Wy#Ihh A BEREIE R 538.64 U/mL, #HHSC
R, FEEERE A B] T A KF . (A UR B A
PR B P WG S, AT DLl s i — A L R T
Pt . JE DN TR el 45 T Beatk— b4 v L i fig
Wit A AHAfL K 16S rDNA %5, U bk
SC-3-W-3 %5 R MR ZEALFF AR, 5 Kim HI %)
T (10 DA e 5] v 43 B ) B AL . AR IS A 2 B
5| 18 AR R AN T LT IE R £, L, A
Sk WA 5| B 24 4y b O R B R AT A TS B, ATk
— % SC-3-W-3 Wkt | oA E kT
R, GE A AR, LAk LR RE T, A
£ I ) RS AR 7 BN R 1o, FH i Pt P D 5
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