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 ZE: IFTIHAFHAREAY, b THRIAES4F5k, REVMTRFS, AERLEEAREEN
WHAMAEY . [B 6] vAF)RAE 5B R A AR B (Fusarium equiseti) A48 = & , ML+
5B 5 i B A 2R A 6 A B ARG LI B Rt AT A S [k 1 B A B i ik fe ig I
Bk A AR SeAn R BE R AAT A 6 A 0%, TRk 3t F.equiseti W H R RBO A, ATFHEFE.
ARAN, S TAEMFNN, MEBARBTLELT. 25, AFERARKLE LF a0 d 4Rt iTw
B R, FRAT LA R BATIR A Ae pH 8948 AN, i8I ARBRARIUIE 8 ik S R K TR
P A YR (28R NI S b k5 B shbd 62 s, A 5 A BT 6947 H 2R,
S b 3 B BOR R 5% 49 B AR A6 33 FAT B AT K B AY (Bacillus subtilis subsp. spizizenii), 4% H
JYM35. @44 R 27, Bk TYM3S5 &2 )84 Z R B R 5 B & % 7] B (Fusarium proliferatum)
Aok AE E R E F. equiseti LA BRI H AR, K 2BJE 5% KA H 5 & & (Choanephora)#
ROAR AR, 2K ZBRA 8w mi\NH (Vibrio parahaemolyticus)F= 3 INH (V. alginolyticus)
A —R AT A . BAR TYM35 R 8 LI ¥ B a0 40 B ) i A R 5% BLAT AR AT BR, ARBRAE I
RETMEHELITANR L EEE L. (4] AR IYM3S Z—WR= &G XEWEY R0 #H20
BB, A Z R R A A R IR, BB 8569 LA R M.
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antimicrobial microorganisms. [Objective] To isolate and screen out antimicrobial strain from Antarctic
sediments and to make preliminary identification of antibacterial substance, by using the pathogen of
cucumber fusarium wilt named F. equiseti as indicator fungus. [Methods] The plate-based confrontation
method was used to screen the strain from sediment samples and fermentation broth, with the strongest
antimicrobial effect on Fusarium equiseti. Based on morphological, physiological, biochemical, molecular
biology analysis, the strain was identified. Then the antimicrobial spectrum of antimicrobial substance in
the fermentation broth was studied, and the stability of the antimicrobial component was detected under
different temperatures and pH conditions, and the antimicrobial substance in fermentation broth was
identified by the method of ammonium sulfate precipitation. [Results] A total of 62 bacteria were isolated
from the Antarctic sediment samples, and 5 were with better antiseptic effects, of which the most effective
strain was identified as Bacillus subspedestion (Bacillus subtilis subsp. spizizenii) and named JYM35. The
result of antimicrobial spectrum showed that JYM35 is of strong antagonistic effect on the pathogen of
towel gourd fusarium wilt named F. proliferatum and pathogen of pepper fusarium wilt named Fusarium
equiseti, and has antagonistic effect on brown rot of long-bean named Choanephora, and also has certain
antimicrobial effect on aquatic pathogen named Vibrio parahaemolyticus and V. alginolyticus as well. The
antagonistic substance contained in the fermentation broth of JYM35 has the characteristic of high thermal
stability, and it is resistant to alkali but not to acid. Through ammonium sulfate precipitation, it can be
preliminarily determined that the antagonistic substance belongs to proteins. [Conclusion] Strain JYM35
is a broad-spectrum antimicrobial strain that produces protein-like active substance and has the strongest
antagonistic effect against fusarium wilt.
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EVINLE SR N Y PN R Rk AR (SRR
I R B2 FUAT BT TR, AT S A5
SEF RN FAR B RG 2 HAT B A i £
X ERR AR B0 R ) St AT T B A I
VIR E HYTR Y BRI E A, RZi el
HBEE T HEAi

1 eSS
1.1 #
1.1.1 #&
i e H AR AR IR S I A F i, JCR A1 T %
ARSI % 4 °C 147

112 $ERE

AR ] (Fusarium equiseti). J2244k ) 7
(Fusarium proliferatum). %% J&(Choanephora) .
K %51 % #0 5 (Botrytis  cinerea) . 75z 45 5 AT I
(Bacillus thuringiensis) V> [ ] K (Salmonella)
A S B ARG . IR 9% % 1R AR IR A (Edwardsiella
tarda) . B MK (Vibrio parahaemolyticus) il
BN (V. alginolyticus) 1 JE ] KAV LK %=
Fefit.
113 EFRE

2216E i 5E(g/L): &Ik 5.0, FEEEE 1.0,
BERR =R 0.1, RLUERRIEK 1.0, [EIAREFRELSS Ingi
fig 18.0, pH 7.6;

PDA }53%3%(g/L): BD Difco fihifi#, pH 7.2;

PDB }53#3(g/L): BD Difco 5hf#, pH 7.2;

LB }EiFRBE(g/L): [l A5 F7 2L b A3l B
18.0, pH 7.0,

A 35373 1x10° Pa KT 30 min 45 .
114 EZLFIFNER

DNA Marker, Jti5 H BEAYE ARG RAF ;
TR LN ZH DNA $RBGRHI G,  FilgFE E LR
ARARAT]  AAESRAR, TRORIERHCA PRA R
R KRFREIRG A, ROEIBAAT ; Veriti 96
Thermal cycler PCRAY, NWHAEYRSA A RR
A DM750, PR RALES AT FRZ 7 5 S0 G R I 14
BUHIERHATBRA A

1.2 A%
1.2.1 EHREIS B

FETCH AT, s s S A EEA 50 mL G
e K HEIE A, 20 °C. 180 r/min JRi%HS
7% 30 min. KFE R BEA TR R RS 107,107,107,
107, &1 50 uL B5%: A T 2216 [AR;FR3E |
20 °C WA B R 55 3 do PRBUE S ARFIIETELE
2216E [EAREFR I FAZe o i alifh 3 1k, 4lifb)am
PR ORI T G BRE -
1.2.2 ik

(1) FEPTErERIRITH

V2T 2205 B0 1R R Wi 7 2 T PDB 1
FeHerp, F 28 °C., 180 r/min BEPREEFE 3 d, HL 50 uL
Y5144 T PDA Ri3R3k, 28 °C Bigeffirh i 4 d,
PRHEREEAR. BN 1.2.1 dhr s alifb S B 40 T
PIREERI T 2216E WAKE =3, 20 °C, 180 r/min
FEIRKGFE 24 h, AR TR . B BIRdE R
A @6 mm FTFLERFTFLARFE R W UE, KR
DEiT PDA PR g, BEDEE I ATILARFTIL,
FLHIIA 50 pL REIZH PR EE SR, 28 °C K557 3-4 d,
SIS A IR RCR

(2) FEPUEERER T

AR okl AT I BSCR 0 . 5
12 EA TR SCR FA R 2 A 50 mL 2216E AL
B R IR SR 3 d, BRI T 12 000 r/min
B 10 min 5 RS 0.22 pm JCEIEIES A #
FRN RS IR WL 0.1%0) Hu il AV HI 2 50 °C ££47
) PDA #5322k, 1A A [ 5 B @6 mm
FIFTFLARATHL, FLHIMA b3 R0 PR ok e P VA
at, DAIIATCRE IS SR LR s FIX R, PR
T 28 °C fHIRAR 55 3-5 d, MBSO, B4
S 3 IREH .
123 HEHEIEE

(1) EEFGERAEEE

HFRAEPEAE 2216E REfREEFIE L 20 °C K5t
48 hJ5, WEWIEIEA . s (AR KRR E
For) U o AR R G E T ) AT B
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(2) 16S rRNA JE[H 13T AW 45

H bR R 35 P DNA FI|FH 41 B 35 5 21 DNA 12U
R UL 16S rRNA BEN (138 51 91647 PCR 97
14, 5141k 27F (5'-AGAGTTTGATCCTGGCTCAG-
3F1 1492R (5-GGTTACCTTGTTAGGACTT-3'),
PCR Sz W& % (50 pL): 2xTag PCR Mater Mix
25 uL, 27F (10 pmol/L) 2 uL, 1492R (10 pmol/L)
2 uL, Template DNA 2 uL, ddH,O 19 uL. PCR Jx
Wi Z&A: 95 °C 5 min; 95°C30s, 55°C45s, 72°C
30s, 35 MEFR; 72 °C 5 min; 4 °C {#f¢£. PCR ™
Pk 2R T A TR (i) e A BR A R 7757
Mg, MFL5EHRAE NCBI _Fifisd BLAST ¥Ef7)74)
6] Pt e X, 0 H AR bR RS 2 2R . A
MEGA 7 B HIERR RS L T .
1.2.4 HNEERINE

FeIE1.2.2 RS ORI E B AR R T
24 A 2SR BUR 2 A BRI TR . B 2 BUw
AR IR T TR K A8 S S0 T 9 SRR B 2
o9 DR K AT A TAT 4 MR I LR A AT SOR . o s
SEWAFR . VI TIRE . BEEMEERE . RIS
IR AN SN 5 ARAN AR /R G FRIE 0.1%00
FEBI Rz AR ENZE 50 °C A4 LB 57, fEF
B FRFAEERES ] @6 mm AFTFLERTTSL, LA
A 1.2.2 RGBT i) B bR R b & 15
WAESD, DUIMA TGRSR 0L 2 X RR, O
BT 37 °CIHIRAA P EESR 24 h, WS ERCR .
RS 3 IR .
1.2.5 EYIRMIEEED T

W HtR TYM3S 2R F LB Kigedtdh 37 °C,
180 r/min K EREFE 3 d, KEER 4 °C. 8 000 r/min
B0 10 min, SRR KRB LI

(1) JRLBE X0 T ) Jo 16 P 1) 5 e

HUR T FIG W 3 4, 413 E T 60, 80, 100 °C
PR 1 h, FRE 1.2.2 PRYSEIRY N E & AL B
PE PRV, LAJRUR TR A %ot R

(2) pH XTI TR 42 SBT3 1 1) 5 il

WU B3 7 £y, 98759 pH 4 1.0, 3.0, 5.0,
7.0, 9.0, 11.0, 13.0, ¥ 1.2.2 FHBEY HL
0 A B e B B TE M, DAJRUR LA
Xif e
1.2.6 HEMROMTEE

1.2.5 SR A RE I WRF UK i sidEdom
AR E A, IR IRE] 60%, 4 °C #HE K .
FIRWAA 4 °C . 10 000 r/min B.L> 10 min, 235Uk
SEBLDANTLTE , UUHE FHAiK 2% 5 i A S kb i
f) 3 000 Da BENTASH, T 4 °C vkKFE h A TENT
bRk, BEHTEFEIN 24 h, & 2—4 h B —IK. Frfs
BITRS EOW KRR — R 1.2.2 W
BB HRC I T PR T 1
2 ARGt
2.1 BEHOBE. GEFEER

DARERID TR e i, s aifhit 62tk
A, WA AE T, WEA S PRANE s
YIEA B R, MR IR 1, £ 1
GERL R, TERR TYM3S X8 TR 280 20 18 A
T TR A TR AR B S 5 LA 4 RN TR A AT AL

F1 ERABRNERENNEIER

Table 1 Bacteriostatic effect of fermentation broth on
indicator bacteria

IR G 5 ERCR

Strain No. Antibacterial effect

JYM30 A=

JYM31 4HF

JYM35 +++

JYM48 ++

JYMS50 ++

T LA EARN 6 mm, MIEE>6 mm DA METEE. +:
APUER, B 6-10 mm Z[A]; ++: I EILE 10-15 mm
ZIa]; +++: PIEEAE 15 mm Ll F.

Note: The diameter of the perforator is 6 mm, and the bacteriostatic
zone>6 mm is considered to have bacteriostatic activity. +:
Antibacterial effect, and the inhibition zone is between 6—10 mm.
++: The inhibition zone is between 10—15 mm. +++: The inhibition
zone is above 15 mm.
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1 EHk JYM35 B E R E
Figure 1 Antibacterial effect of strain JYM35

B, HWMERCRmE 1 foR, ik, #%E JYM3s
YRR TG 2RI P TRRE
22 HEMHIEE
221 WEEEBEEUVLETEHER

PAIPE TYM35 7E 2216E “F-4 | 20 °C H55% 48 h
JEEALAE ., R, Wi HMEREAEE . BirE
PRHE 2 [ 25 RN B . Bk JTYMB3S (RLEFIAE
e g sk 2 s,

T2 EHRIYMISBUEIEA VL ELER

Table 2  Physiological and biochemical identification
results of strain JYM35

BH 4R

Items Result

2 G A Gram staining 4

Al S5 Catalase test +

TER K fF S5 Starch hydrolysis test +

V-P SZ5 V-P test -

FHBL2T 5256 Methyl red test -

PR ER A I SE5 Citrate utilization test =
TR £h 1A JF 5256 Nitrate reduction test -
N5| LS Indole test =
e o+ B - BT

Note: +: Positive; —: Negative.

2.2.2 16S rRNA EEMS FEMFLEELHER

A 3 7E NCBI _E Xk TYM3 S ] 7 235 5 g [+ 5
PE T BRI R G R T W AT, TR TYM35S B
U5 Nl B ZE R TR B EC O BB (Bacillus  subtilis
subsp. spizizenii) , ¥k #) GenBank % 55 N
MN511799. RS L FWUE 2 iR,

51 Bacillus subtilis subsp. inaquosorum KCTC13429 (AMXN01000021)
Bacillus cabrialesii TE3 (MK462260)
Bacillus halotolerans ATCC25096 (LPVF01000003)
Bacillus mojavensis RO-H-1 (JH600280)
Bacillus subtilis subsp. stercoris FO-36b (JHCA01000027)
JYM35 (MN511799)
Bacillus subtilis subsp. spizizenii FIAT-4402 (CP002905)

Bacillus subtilis subsp. subtilis NCIB3610 (ABQL01000001)
Bacillus vallismortis DV1-F-3 (JH600273)|

Bacillus nakamurai NRRLB-41091 (LSAZ01000028)
Bacillus velezensis CR-502 (AY603658)

55 Bacillus siamensis KCTC13613 (AJVF01000043)
Bacillus paralicheniformis KJ-16 (KY694465)

99 L‘:Bacillus swezeyi NRRLB-41294 (MRBK01000096)
54 Bacillus sonorensis NBRC101234 (AYTN01000016)
“—— Bacillus atrophaeus JCM9070 (AB021181)
[ Bacillus altitudinis 41KF2b (ASJC01000029)
Bacillus australimaris NH71-1 (JX680098)

80

100

0.002

B2 HE#kJIYM3IS HRSKLEW

Figure 2 Phylogenetic tree of strain JYM35

T WSS REWTIS; 03 i EBer ORISR, SR, nIfEROReR; A RACRIBEET R, Ar R R
Note: The serial number in brackets represents the serial number of the strain; The number on the branch point represents the credibility, the
larger is more credible; The ruler represents genetic distance, and the shorter shows the more closely related.
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2.3 HIENENELS

PRSI E 45 AN 3 Fis. Wik JYM3S X}
22 JTCR 25998 B0 1 J2 A5 Bk 00 TR FT RO 220 250
PR ) BT SR B R, X 54 s S50 7
SRR BN SR B I, XK= S0 1 A I T
BRIV BN B A PTG P o PRk TYM3S J&—
PRI IS BUPI B MR, X0l 22993 500 B A B 1 3
HER . 2IEFN I, BP0 b i
PRI REIRIFIE Y LI R A RV R F8 /R i, SR
I I L BT I RETE I I A, AR SR Y
PR JYM35 HAT—E MR e
2.4 HIEYRBFEE RN ZE R
241 REMINEYIREEREI

PR TYM35 K& FIEWT 60, 80, 100 °C 4k
1 h)E, fERECEREFLNEE 50 pL, SAbFRRE
AT RS RN 3 B, I 3 RTATERR
JYM35 I BAE 100 °C 457F T AFE 1 h 524
I EEME, 76 60 °C 1 80 °C 41 FALFE 1 h J5 55
RIS LG P FEARAZ 520, Ud BH 0 4 5 1)
PR T

x3 HEHIYM3S BIEIEE NS R
Table 3 Bacteriostatic spectrum assay results of strain JYM35

6875 B A Y ES
Indicator strain Antibacterial effect
578% )& Choanephora ++

RIS IR Fusarium equiseti ++

JEA4RTITE Fusarium proliferatum +++

KA Botrytis cinerea =

R ZMEALCE Edwardsiella tarda -

T4 AT Bacillus thuringiensis — —

BRIV MSKE Vibrio parahaemolyticus +

WHESKE Vibrio alginolyticus

YOIT T Salmonella -

T FTILAFEAN 6 mm, MIEE>6 mm I AMEIEPE. +:
AP, M RETE 6-10 mm Z )5 ++: JERETE 10-15 mm
ZIa; +++: IEBTE 15mm VL.

Note: The diameter of the punch is 6 mm, and the bacteriostatic
zone>6 mm is considered to have bacteriostatic activity, +:
Antibacterial effect, and the inhibition zone is between 6—10 mm.

++: The inhibition zone is between 10—15 mm. +++: The inhibition
zone is above 15 mm.

B3 RENIEYREMERZN

Figure 3  Effect of temperature on the activity of
antagonistic substance

F: Normal: AALHLM K BER ISR ; 60, 80, 100 °C 4)
BUCFELZBERAE 60, 80, 100 °C FALHE 1 h AU HERCR.

Note: Normal: The antibacterial effect of the untreated

fermentation broth. 60, 80, and 100 °C represent the antibacterial
effect of the fermentation broth treated at 60, 80, and 100 °C for 1 h.

242 pH EMHIEYREMEZ I

FERE TYM35 &I LW pH {E-0 8.28, W & 1%
¥ pH AWM 1.0, 3.0, 5.0, 7.0, 9.0, 11.0, 13.0
JE AT RS PEAT I, a8 R AR BRI 50 L,
A B AL B R A TR S MRS SR AN TA] 4 TR, H
Bl 4 FT50, 7€ pH<7.0 i, BE#E pH EAIFFIL, Hfk
JYM3S H P sz 8 T, pH {E20 1.0 B
IR LI 18 pH>7.0 B, HISPEIEAAZ
SN, RO P A6 DRI L0 B A ST AN T
25 HEMROMITEEER

PR JYM35 W REBERAE L . N AENT G
SRR R LIEW . ERHTEL OB, 3 Fh
VTR pH {E50 500 8.28. 7.89 Al 6.33, LIAI
JITE AR T HEA T TS , PRI H
7 FARFFAR IR 5 Ry K e IR . AT B OV RN
PO, RALINEE 20 pL, $MPERCRIE S Prs, |
Bl 5 FTALENTRAATE ] B I RCE , AT i)
AHIWTERE TYM3S (Y iR E & 2, H
ERAT S OOV B — 2 RS, DR R B
TUFIEE Ry 60% BT LI TTIE & B h i i 85 1
IER B AR A HA — 2 R TS
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4 pH EXMEYIBREERIF M

Figure 4 Effect of pH on the activity of antagonistic substance

. A: pH<7.0; B: pH>7.0. Normal: AALPHAYABEBANESCR; pH 1.0, 3.0, 5.0, 7.0, 9.0, 11.0, 13.0 233U CEKBERAEATE pH

{E T Ab PR BRI R RCR.

Note: A: pH<7.0; B: pH>7.0. Normal: The antibacterial effect of the untreated fermentation broth. pH1.0, 3.0, 5.0, 7.0, 9.0, 11.0, and 13.0
respectively represent the antibacterial effect of the fermentation broth after treatment at different pH values.

3 &

AR S DL A 2893 0 B IR ] T 8 45
AN, MBI TURR IR dh o 2 EA T AR R R 7
IorEh 62 BRAE, A 5 BRANE RSN =Y
TR T B R TS, 0 R ROCR R ) TR PR

Treatment 1

6@

Treatment 2

Bl 5 JYM35 &BEER. ST EiER. BmUEEITR
BRI

Figure 5 The inhibitory activity of JYM35 fermentation
supernatant, salting out supernatant and salting out
precipitated dialysate

¥ : Normal: JYM35 K ISR ; Treatment 1:
AT B0 BRI ACE s Treatment 2 TS TTVEZEHT
WA R

Note: Normal: The antibacterial effect of JYM35 fermentation
supernatant; Treatment 1: The antibacterial effect of centrifugal

supernatant after salting out; Treatment 2: The antibacterial effect
of precipitated dialysate after salting out.

IYM35 IR A ARG R TR HT 4 e
R A B ZE H AT T B FQOIE A (Bacillus  subtilis subsp.
spizizenii), XTHHIE TYM35 #E4T T HIBETE AR,
35 % s O 22 T 22 55 B0 1812 AE i T T AR
PR 220 B0 TR R W ) TR B RSB e, X
K S R EUR T 5w A —E RS, XK
7 B0 A A L IR PN oI o A R ASCR
PR JYM35 & EE 36 b B 30 G ) At e 1o
FLTANT IR , B2 B LIE i M PT R0 a HA
RN 2, FIER TYM35 J&— ket
FEPURZEN LIS PR I R A T R, A
— & AN
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