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1.1.2 HKF8 /R : B35 KM AT 1 (Escherichia
coli), 4% {43 % BR 4 (Staphylococcus aureus ).
Tz 4 ZFAEFT I (Bacillus thuringiensis) . L 246
KOFE BB
(Xanthomonas oryzae) . Hb A< Zf ffd ¥ I (Bacillus
fif VE M ZF M AT A (Bacillus
amyloliquefaciens) . % 5 i £ it & (Pseudomonas
putida) . 22 fh % (Aspergillus niger) . &= KF|H %
¥ % (Fungi Imperficti) |

¥ B (Bacillus subtilis) .

licheniformis) .

(Penicillium italicum)
5 Mk 7 %% (Penicillium digitatum) . M 37 %
(D) NE T <7
(Fusarium oxysporum f. sp. niveum) . #& I 2555 14

(Saccharomyces cerevisiae) .

(Fusarium oxysporum f. sp. cucumebrium Owen) . F
1 M 25 5 B (Fusarium oxysporum f. sp.
M LR OIE %5 T (Phytophthora
o OEEE R
(Botryosphaeria dothidea) . A& % & (Magnaporthe

vasinfectum) .
parasiticavar. nicotianae) .
oryzae) . /K FELUR: % # (Thanatephorus cucumeris) |
I 4, 72 Bk Bk 4 (Candida albicans) . 4% P i 74
(Alternaria nees) ., HUH% 2 # (Phytophthora capsici)
I 23 TN, DL TR VLA R R PR
SRR TRV A

113 RS TILWAH LH LS HAA
[FI PRI RI (L), udfl, REbR, Sl S5 ) AR AR B
WHERR L, i T RORFF RS LI 200 .
1.2 THEBTEBRIIRE

120 BERRAISYES . SUACRRRL: 5 LU
HilAE 0.1 g/mL iy H3ERF IR, TR A& T 8 R
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BV L TS B o T RS R S0t 39 v ) B0k
F157 8. 28 °C FEREIEEE %, X HEMKRIGTRTEIE
AHATMEE . VA28, BEPRAERME TR bR SR TR VR 2E1 T
Yo, R b vk, AR 43 B i ]
L DAZ-1. DAZ-2. DAZ-3 (I FEAH R ik
MR T 45 o BEFRAF I Al AL R T G TR (R
1.2.2 HEETEHEDE . JCR 450 T T PDA KiFRht
W H I R Sl Ak B RS £k, DIBUCA PDB B3R
Ferp, 28 °C T 150 r/min FEIRE;FE 3 d, il £ b
T #e 2%PHERN ISR IH A K 9 (PDB)X;
Frkk, MR N HKREESR 7d J5, 5000 r/min {i%
T ESC 20 min, 2B EIE WA

HUES.OJE RIS 0 IO 0.22 um ML IE
BT UR AL PR, WA R . R IRA . a4
TEIFFIA . MG EZERIFT IS . A o (U A BR TR K
FEECHANTA 5 Fh A D a7 R R R, TR
ODeoo {47 0.8-101 . 7 I A% Al 12 o 52 2 e vk
MBS E. BRI 4 DR, H
H 3 AR I 200 ul R, DA R CH
IR 2 XTI, AR PR 28 °C T EIREE IR
24 h, DIAER B AR A R/ N ORI R RO 5 55
ISR EE IR, AR E 3 AFAT, ik
AR ST bk

B0 JE AR AT Y T R TR B TR 2R IR OK
5000 r/min {3 2.0 20 min, S ARBE 3 Yk, v
PR R AR B L R, 40 °C MET. AbFIAT i) K o
PR 3 RE AR BSR4, 127 fa A IS
T, KRR 3 W BT 1 B 5
IR WA R, AR R A A T R AR .
IR TR, TR E 1 mo/mL, TCREZEIEK
7S FUR IR, A B X A A R IR B A T
BT P I

1.3 HEPIRpRILE
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% GenBank, Jf7£ NCBI ##& /% #it4T BLAST
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JE K AR 2 o AN )30 25 BOIR A5 14 45 AL s
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5 S AET GF254 it b, % AL B. C.
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RS, A28 I /K B 22 200 pg/mL, 0.22 pm
AL B RS U, ARAT IR 245 9 (T PR hy & T A AR
IR CTRRIARY), 7325 1, 810 23 i il
A TR
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ESREIN 22 9 5 o F RS R A O TR ZR IR K . A b
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1.6 HRRRY 28 ERFEBER R KIGH &
HASERBRE 1 MIC Wl E

WUE BEPUH M DAZ-2 HIKREY 2R 2
PR 26 OGS 43, /b W o8 T i, I AN ZR 1R K H%
WERBE 150, 75, 37.5, 275, 15, 7.5 A
5 ng/mbL, 4351 0.22 pum Gl g Rt g b B
Z:M8 1.2.2 J5ik, DASE G IR A 0 JC T 25 1R K
Ry A5 U6 BRI E W AR IR R R 2
ikt 26 B 4 6 R M 1R R 1 0 TR K T 1 A
TR
17 WERRY) 28R OB B Sr B E AR
FE P 1

HOE S5 HE b DAZ-2 BRI 2.1R 2.1
By, D ST, I AZEIR AR YR
JEMBEZE 200 pg/mL, HARFNZG R . el A ]
AbFRSE, 0.22 pm SALIERETUERR T, F MRS
PR E PR
171 PFENE: BUEEFFNZM, T 40, 60,
80, 100 °C RS, 43 al/Kishn#ab3 30, 60,
90. 120, 180 min, LAJZ 121 °C F4bFE 20 min.
R EER, UKBATERIERE, 2T O
R TR] A ] (4 75 0 24 0 ko ot BR 2L, B 6 1.2.2 7k,
1 3 AR I I TR AR ) TR R 2 R 41
TG P AR E Pk o
1.7.2 BRBREREME B 'E 1 mol/L () HCL 1 NaOH
VW, I pH TN E RE I 25 0 SR R pH (B, SR
Jo BOGE BRI 25 W 028, o sk pH (E S =
1.0-13.0, DLRMHFE AR, J5hh pH B
IMZGRON R L, B0 1.2.2 7k, I L
BRI SEY) R TR 28 IR 73490 A1 175 12k 1) R ik
Fa e,
1.7.3 JBRENE: BOEEFFZM, 435 % 50 mL

TCHEAETE R, P S OB SO O B 1k Y . A
AbPRAH CE A TSRS PG AL, B ARBIRANHE 6
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BRI AT . P FRoE e s, DIRRE
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WOMTE R, S 1.2.2 53k, i e
WY LR LR ZE R 43 % B ARG IR 28511
MRS E Tk
1.8 HdEaba

FIFH Excel 2007 iF475di AL 3, f& B DPS
7.5 BARH fe/IN i 3 25500 (LSD) A M bt B ik
DAZ-2 [ TEHARI = Pt FAS [l 6 7% TR ) 3 kil 2k
BB KR 2 N 0=0.05, 3£ Origing.5
BAFERL,

2 HERFAHN

2.1 TEPUREBRIITILE

B T IR B I R 2, BRI HE AR A
TR A BRI AL BT 226 Bk, 20 5 R A
$68 715 TR Al A TR AR & T R A PR 8 L AR A
MESCRFE TR R 67 #, 5B aifb itk 2
$011) 29.65%. HH Pk DAZ-2 BN RCR
W (FE 1), KR 5 A ETE N E i EA
T R o R T T A Y H IR B ) AR 8 U A
FEK A B b, (AAH R BN, JC T 2808
TV ff I A0 DA T T SR T KV R A R A
1 mg/mL B, XF 5 B2 TR 45 78 B 00 10 7 P AR 4
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xR 1. HEIE DAZ-2 BHIDE E VI
Table 1. Preliminary determination of antibacterial
activity of antagonistic strain DAZ-2

Inhibition zone diameter/mm

Indicator bacteria

Fermentation liquid Mycelium extract

Escherichia coli 24.15+0.03 22.48+0.06
Staphylococcus aureus 18.25+0.04 23.43+0.05
Xanthomonas oryzae 23.65+0.06 22.55+0.06
Bacillus subtilis 20.28+0.12 20.37+0.03
Bacillus thuringiensis 23.01+0.03 24.53+0.05

The data are mean+SD. Tests were conducted in triplicate and
results varied as indicated by standard deviation. The same as
below.

22 EHERNEE

221 BARFLEE: Wtk DAZ-2 #£ PDA Ki#dtk
BHFE 3d G, W mIIG SRR E R, A
TH . BHER, %6, PR yEskE,
BRI sk, R T A (R 1), Bl
WS R I 225y WG, T REKIE , IO o {558
AR, AR B fRE (] 1), TEA TR 4 5
B EHReA K, HAKKRE, TRt
(% 2).

B 1 E DAZ-2 IS EME

Figure 1.
microscopic observation.

Morphological observation of strain DAZ-2.

A: Observation of colony morphology; B, C, D:

R 2. HEPk DAZ-2 EXRRLEAIEFFE L RIIEFFHHE

Table 2. Culture characteristics of strain DAZ-2 on different identification media
Medium Colony morphology Aerial mycelium Substrate mycelium  Soluble pigment  Growth
Gause’s synthetic agar Flat White White None General
Beef extract peptone Fluffy Gray White None General
Czapek’s agar Flat Light gray Yellow brown None General
Potato dextrose agar Fluffy Smoke green White Light green Well

actamicro@im.ac.cn
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222 HEFAAEMENE : $SPURK DAZ-2 HAT
—JE TR Eh AT B, BEAS 7 S AL A BRI VE
by, HAT R RALSERE T, ASRESS A B
FVBE RN B2 Ay o — Bl D, 0 o0 2B B AR AR AR AIE 4
%3

223 STHEYZERE BEPURE K DAZ-21TS
rDNA P45 422 & GenBank ', #RIFEAS
MKO054270 ., 3135 57 NCBI %k % b it 47
BLAST tbxf, JEFIH MEGAS.1 B R G K
BRE 2). ZRER, HPIEK DAZ-2 SEk
Aspergillus fumigatus isolate LF5(JF815069.1) F
Aspergillus fumigatus isolate 15-F(GU244530.1){3;
T—ork, FREXKFRmT, ML 100%.

68

50 WOWES . BEFRRRIE B AR B A ARV Y 20 A
Foxd, #ORF IR BUR Bk DAZ-2 % E M il
(Aspergillus fumigatus DAZ-2).

% 3. HEHk DAZ-2 RyETBE LIS
Table 3. Physiological and biochemical characteristics
of strain DAZ-2

Item Result |Item Result
Growth in (NaCl 1.0%-3.0%) + L-Gum sugar —
Growth in (pH 5.0-8.0) + L-rhamnose -
Gelatin liquefaction + D-mannitol  +
Oxidase + D-fructose  +
Starch hydrolysis + D-xylose +
Tween 80 + Sucrose +
Methyl red + D-glucose  +

‘+’, ‘“~’indicated intensity of reaction; ‘-’ indicated negative
reaction.

Aspergillus fumigatus isolate LF5 (JF815069.1)
Aspergillus fumigatus DAZ-2 (MK054270)

2 Aspergillus fumigatus 15-F (GU244530.1)
89 |3 U Aspergillus fumigatus (F1810502.1)
Aspergillus fumigatus isolate wb344 (AF455465.1)
99 Aspergillus fischeri KANK9 (MG925212.1)
= Aspergillus fischeri isolate S16 (MF465861.1)
Aspergillus fischeri isolate SES A05 33-15 H (MG669638.1)
Aspergillus fischeri CBS 101.12 (MH854602.1)

wo [ Aspergillus giganteus (FR733879.1)
Aspergillus clavatus isolate DLEN2008006 (GU266275.1)
Aspergillus clavatus USMO08 (KF669482.1)
Aspergillus clavatus DG-A2 (HQ285547.1)
100 [ Aspergillus sydowii (HG964330.1)

Aspergillus sydowii isolate 6-F (GU244528.1)
Aspergillus sydowii PV4 (EU543988.1)
Aspergillus sydowii UOA/HCPF 12315 (KC253961.1)

SRIEE DT E Kk DAZ-2 89 ITS rDNA FIIHEN RS 4 S

Figure 2. Neighbour-Joining (NJ) tree based on fungal ITS rDNA sequences of strain DAZ-2. 0.01 was sequence

divergence.

2.3 JHHIE DAZ-2 R 5T

231 MEEEYREBAERI: KRG
JEEE, AN RIS A BILGR X J 5 DAZ-2 1y
R TR MR Y BIR S ) b R T A 7 S S AU
ORI, AR B EE S KR i R

BRI REAEFR ST, DA [R) A BILIE 77 2K B
2143 (200 pg/mL) K gl HA U B9 /K AT RE ) -
Kol o (3R 4), ATk G /- BA IS 1
FAT IR SRR /3 A #R AN, HA
SR 3 AR R BERIMIARE SN &, #
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F 4. MEBENEMEYRAVRMEN E
Polarity determination of antibacterial active substances (Escherichia coli)

Mycelium extract/mm
Organic phase Water component

Table 4.

Fermentation liquid/mm
Organic phase Water component

Extracting agent

Petroleum ether 0d 22.98+0.02b 0d 18.93+0.04b
Chloroform 24.28+0.06b Oc 29.85+0.02b 14.63+0.03c
Ethyl acetate 28.25+0.01a Oc 32.01+0.06a 0d
N-butanol 12.03+0.02¢ Oc 11.43+0.06¢ 0d
CK od 24.43+0.03a od 22.50+0.07a

Different lowercase letters in the same column showed significant difference at 0.05 levels. The same as below.

BV A B 2V )2 . BT A BURAS R
FEYFRRERE 200 pg/mL J5, MEECR/NTAHE
JER R CBRARER Y . R TR R F R 32 S &
W 2820 1 T P25 U K M B T Re )y, R
SEAMUHT ISR T I TR 1859, AAEIET
TRSE V2 350 Xof 410 R 9 P 0 o EL A 7 TR e Y AT R

Hilt, YEPEL TR CEEXS Tk DAZ-2 ik AR

‘ - .
Mycelium Fermentation Mycelium Fermentatior

extract liquid extract liquid

Mycelium
extract liquid

YA TZE I, ARAS R R B R W TR AR 5 1 £ 1R
CBRHLIEY), Srkefs MR IR 8L5e .

2.3.2 TLC-Bioautography ¥ : fdi 3R % 351,
W A B R MR RT3 S AN R A5 7R TR 38 ST TR A A
FERCHR I+, 37 °C FEEFRIRE . AGSFRTERERAR
e FLR FH R TS 3R Rk REAR I, A5 T M T DL A
IR (K 3w a, b ), TERA & R (A

i

Fermentation Mycelium  Fermentation

extract liquid

[ 3. TLC-Bioautography sx#&

Figure 3. TLC-Bioautography assay. a: Bioautography of crude extract of ethyl acetate from Mycelium extract
(Escherichia coli) ; b: Bioautography of crude extract of ethyl acetate in fermentation broth (Escherichia coli) ; c:
Crude extract of ethyl acetate from Mycelium extract TLC (chloroform: methanol=7:3)-bioautography results
(Staphylococcus aureus); d: Crude extract of ethyl acetate from Mycelium extract TLC (chloroform:
methanol=7:3)-bioautography results(Bacillus thuringiensis); e: Crude extract of ethyl acetate from Mycelium
extract TLC (chloroform: methanol=7:3)-bioautography results (Bacillus subtilis); f: Crude extract of ethyl acetate
from Mycelium extract TLC (chloroform: methanol=7:3)-bioautography results (Escherichia coli).
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YN R B 28R R R A R 0 P B G
YW FifiAE, FErlEd Bioautography ¥ 76 RE AR
U TIEEIBES . B, C. D, E AFEAFE R
A A0 HH BT I B T DL A AN AR R A7 (] 3
c. d. e, fai), RN BIMAELRERIALRL
FAIEYIE) TLC BIF G X3, KR £ R R HL
$&Y) TLC JR I DX B4 3 Jo 0 i el TP ml (R I 51 4
P EE=7:3), ZEENF TLC S5 R i 70
BT, BN EE DAZ-2 114 A& I 1A FF i 42 4
KT b 2 PO TS M AL AT REAEAEANTE], L
R AT R Sy 22 2H 3y Jo L W) A P g i A
TR RUCR o SOk A 411 T Vs 1 I3 0 8 X R AR Y

% 5.

2 A A Y Pt 2 3 0 1) TR T 2R IR 43 R AT 5
Sy, PR ILRIAR N EARIR SR LR L BRAE L
%{gé}o

2.4 A% DAZ-2 KR IEY) 2 Z BB 4
A R T

FH 23 R 7 B I B AR IR AR ) L TR TR A B
AN EE , A& BUHLEEYI (200 pg/mL) Hx A
11 PR R BEAAAEI R RCR . S (R B4R
N, HXTRIAAFE . 4 O A BRI Rk
BRI BOR BN I (18] 4) s B 222 KRk
(F 6)Z5 R, HHARY HXH b iy 3 s i
INEAEFEANRIE A, BRSSP E ik

ERRENRER DAZ-2 BN RIEY CBR CERZ=BUEN 7 ROHDE 1%

Table 5.  Antibacterial spectrum of mycelium crude ethyl acetate extract from strain DAZ-2 by cylinder-plate method

Indicator bacteria Inhibition zone/mm

Indicator bacteria Inhibition zone/mm

Escherichia coli 32.75+0.01
Staphylococcus aureus 27.25+0.06
Pseudomonas putida 18.73+0.04
Bacillus amyloliquefaciens 0

Bacillus licheniformis 0

Xanthomonas oryzae 20.08+0.03
Bacillus subtilis 14.45+0.02

Fungi Imperficti 0
Candida albicans 27.68+0.01
Saccharomyces cerevisiae 19.28+0.02
Penicillium digitatum 0
Penicillium italicum 0
Aspergillus niger 0
Bacillus thuringiensis 15.38+0.03

B 4. =¥ DAZ-2 B{RiZiRY CBR Z BE 2= BLER 4 (200
BHMR

ng/mL)X K E. EHERAFKE. B THRIKE YD

Figure 4. Bacteriostatic effect of mycelium crude ethyl acetate extract (200 pg/mL) from strain DAZ-2 on
Escherichia coli (A), Staphylococcus aureus (B) and Candida albicans (C).
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Fz 6. HLHEKEZRLNIXF Ik DAZ-2 BIKiZIRY B C B ZBUER » B =g
Table 6. Antibacterial spectrum of mycelium crude ethyl acetate extract from strain DAZ-2 by mycelium growth

rate method

Test fungus Inhibition ratio/% Test fungus Inhibition ratio/%
Fusarium oxysporum f. sp. niveum 52.70 Fusarium oxysporum f. sp. cucumebrium Owen 0

Phytophthora capsici 0 Fusarium oxysporum f. sp. vasinfectum 12.16

Alternaria Nees 0 Phytophthora parasiticavar nicotianae 0

Thanatephorus cucumeris 30.12 Botryosphaeria dothidea 0

Magnaporthe oryzae 0

Mt 25 DAZ-2 (43 B2k U5 Ry £ S by SOMERR A 1
He, WRESZ BB AR R 2 HORAE Y
o L DR 2 i A/ B S R, ORE R AT TR SR R R
B U0 SR B o B, 0 B R R T G R
B,
25 JHME DAZ-2 BKRIRY) 2 IR BRI 4
TR BT R ESERIRE K MIC WE

VEFE KM AT BRI A S BRBR B N PR B,
27 AL, RREREIK IR BRGNS KA
B MIC 4 7.5 pg/mL, X ESERBRE ) MIC Ky
15 pg/mL, MHIRCRB A R, HA T LA
Y2y v 1 A B
F 7. ERRIEMCER CEEENESS M KB EFE
BRRIKE R NIEKE

Table 7. MIC of mycelium crude ethyl acetate extract
against Escherichia coli and Candida albicans

extract/(ng/mL) Escherichiacoli ~ Candida albicans
75.0 24.20+0.06a 23.15+0.04a

375 21.15+0.02b 19.45+0.06b
275 17.45+0.04c 14.28+0.01c

15.0 13.65+0.03d 12.20+0.01d

7.5 11.80+0.01e Oe

5.0 of Oe

Different lowercase letters in the same column showed
significant difference at 0.05 levels.
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5. HE¥k DAZ-2 BRRIRY) 8L CEEZEENED 5 3 K BAAT & BN & 7 1442 2 Mt
Figure 5. Stability test of antibacterial activity of crude ethyl acetate extract from strain DAZ-2 fermenting

mycelium extract against Escherichia coli. Effect of temperature (A), pH (B), natural light (C) and ultraviolet
irradiation (D) on antibacterial activity. Tests were conducted in triplicate and results varied as indicated by
standard deviation.
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Isolation, identification and antibacterial characteristics of
broad-spectrum antagonistic strains in soils of garbage
accumulation

Jian Li, Xiaohe Li, Wen Hou, Shen Zheng, Xiangdong Zhu"

College of Biological Science and Engineering, Jiangxi Agriculture University, Nanchang 330045, Jiangxi, China

Abstract: [Objective] A broad-spectrum antagonistic strain with high antibacterial ability was screened from the
garbage heap soil and its antibacterial properties were studied for pollution control of township garbage
accumulation sites. [Methods] Antagonistic fungi were isolated from the soil of garbage accumulation sites in
townships by plate dilution method and cylinder-plate method, and the antagonistic strains were identified by
morphological observation, physiological and biochemical characteristics and molecular biological identification.
Suitable organic reagents were selected to extract mycelia and fermentation broth of antagonistic fungi, by
measuring the polarity of antibacterial active substances. The TLC-Bioautography method was used to analyze the
bacteriostatic active components in the fermentation broth and mycelia. Determination of antibacterial spectrum of
ethyl acetate extract of mycelium used 23 indicator bacteria. The high-temperature tolerance, acid-base tolerance,
ultraviolet stability, natural light stability of the crude extract and the minimum inhibitory concentration against
Escherichia coli and Candida albicans were determined. [Results] A passaging stable broad-spectrum antagonistic
fungus DAZ-2 was isolated and identified as Aspergillus fumigatus by morphological observation, physiological
and biochemical characteristics, and ITS sequence analysis. Selecting ethyl acetate reagent to extract methanol
extract and fermentation broth of Aspergillus fumigatus DAZ-2 fermentation mycelium. The TLC-Bioautography
method showed that the antibacterial active substances in the two were not the same component, and the
multi-component substances cooperated to produce a bacteriostatic effect. The crude ethyl acetate extract of
fermenting mycelium (200 pg/mL) has antibacterial effect on 11 indicator bacteria, and the MIC of Escherichia coli
and Candida albicans is 7.50 and 15 ug/mL, and the antibacterial ability was stable, tolerated to temperature, light,
ultraviolet, acid, and alkali. [Conclusion] A wide-spectrum antagonistic strain, Aspergillus fumigatus DAZ-2 with
high antibacterial activity and stable passage was isolated, which is expected to provide a scientific basis for the
development of microbial drugs and the pollution control of garbage accumulation sites in villages.

Keywords: Aspergillus fumigatus, antibacterial activity, biocontrol
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