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@ E. BTR T Streptomyces alboflavus = % 433 A A 4 ot & 2k 4k 71 69 I A ALEE , i@ it pH K2
M Aot AN UK EAT T B AT A M R BEAT ZE 4 AR KL R M A 2 8 B T BRI
A 4 R xt B 2Rk 71 T 4m I e 2 L BE 6 AERAR R 5 38 A 4 0 I e dm 0L BE £ R0 S AT AR A M R0 4
PR AR R I ARG VE R Feb 5 & BURAR &8 R A A9 ) M BT B 2R AR T I P £ A
BRO9dphIVER . MBMER R R, ZWRE P, EANERREN AN, Z e TERER TR
AT T DB, I 0 xE & 2 k71 B F0F 9 KR Fp R AR A B BHAL ) 295 T |
MBI REE, ZBRIR”;ZPL L E B RATHRENE, WA D RAER G 6 H 22 IR E %
MEE YR AT RS A ERA LR WS RE FRGARA A DR
sk 4 LB e o RELSE 0 4 252 HUAR R Ao B 2UROM € kM R T R R B b & A
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Streptomyces alboflavus S M\ - 358 H i 358 2] (1) —
PRFETUR, ORI T [ ol A 0 ol o (e A B 2 B 2%
e 58 B 2 4 PG (CGMCC No. 4666) ,16S tDNA 7
NCBI M8 S5k TX915780 , %850 A 1 B BE B 1A
PR G FRIEMT T L B, iZ w0 88 1M 85 (Aspergillus fla-
vus) B[ B (Aspergillus niger) K [t 8 (Aspergillus
oryzae) | i il 2= ( Aspergillus ochraceus ) | afi o H 5
( Penicillium verrucosum) 58 B4 J1 # I 09 JI 1A |
TR &8k T 0 ( Fusarium solani ) 555 WL 8 B AH Y ik R
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1.1 SEIesi#
L1.1 @#fesdiik

FEPURE P A5 PURERE I # Pk Streptomyces albofla-
vus AR A F R IR DAL R4 A R Y
I ey B ARAR IR, HE TR AR ¢ B 2R R T
W ( Fusarium moniliforme ) , R HET B W05 B A 5%
it

P IR . @ R — S R FR 56, T Strep-
tomyces alboflavus K WEWR B 5 5% ; PDA £ 373 H T

718 B BRI T TR 1 5 77 S A B R I E

1) w5 A IRy AT EERS ,20. 0 g

NaCl,0. 5 g;FeSO, -7H,0,0.01 g;MgSO, -7H,0,0. 5 g;

KNO,,1 g; K, HPO,, 0.5 g; Bifg, 20 ¢; H >k K,
1000 mL; 45 pH{H 7.2 ~7. 4,

2) i R — 5 MR R IR Ly . T T T R
20.0 g; B TH,10.0 g;KNO,,1. 0 g; K,HPO, ,0. 5 g;
NaCl,0. 5 g; MgSO, -7H,0,0. 5 g;FeSO, -7H,0,0. 01
g3 A2K7K,1000.0 mL;pH (7.2 ~7. 4,

3)PDA $53RIERAL 7 . PRI B Th 44 200. 0 ¢,
PIR/NBE, JiTAL 000. 0 mL 7K , & ¥k 30 min, FIXUZ
PR RIE IR . /K ZE 1000, 0 mL, R J5 HIA 20. 0
g WAIBEE SE AR, pH {H A 8K,

4) A QB R H L J5 . NaNO,, 3.0 g; K, HPO,,
1.0 g;MgS0, -7H,0,0. 5 g;KC1,0. 5 g; FeSO, - 7H,0,
0.01 g; FEWE,30. 0 g; Z&187K ,1 000 mL; pH & A 4%,
1.1.2 JBAtFeiX A

B, B G, RT OR  BR R K A
figk A2zl KEETi b2k on — ) rTva e Ry &
TR RHRRER , 4B el , REET b R0
PR (o i b 94% ) B BE (B aE KT
75% ) , Sigma-aldrich 2\ ®]; i B (T &t [ K T
97% ), A FRAE R AT FRHE A FRA F] 5 70 M (it
R T 85% ), WAL ERF AW 6EE G AR H, 5
S EEAL T A SRR LH =20 , Pharmacia A H)
1.2 {UEFEMigE

LS -B50L BN AR 2K w9, RilfeL B
RS AT BR S 7] KCL2000 FU 8 ji 1 10 15 3544
HA Eyela A 5t ALY 7] 5 AG22331 Byl 25 .00,
5[5 Eppendorf 23 7] ; CX41 4% & #4055 . BX -60
U5 BT , Olympus 22 ] 3 SU-1510 B4 HL -+~
BB Hiachi 22 H] .

1.3 ZWHE
1.3.1  Streptomyces alboflavus 9 % B 3% 7~

$t Streptomyces alboflavus THHEXI 2k T 55 [K— 5
A RE IR S ARNE LTI AL, 28 °C IR KE FRAE 8
755 ~6d, 145 1 x10° CFU/mL il T2 , A0
B 10% BRI A S i & ek R 5,28 °C L 180
r/min FEREFFE 6 d,

1.3.2  Streptomyces alboflavus ¥ 39 & & M4 i 64 4
B sl

H 8 240 A5 oL U8 2 e, 19 3 B 5 A TR 22 14K
AR IR A TR 22 A 45 12 B8 V09 T Wk 4, L2 ) 42 5
W RIS W B AT S BT T SROBEBE I LH -20 A1 28743
Balifh SRR R 415y
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SR AR R I 410 B ) Jo ) A T
RS T TR 161 BRI AR T PDA 555 K5
JCE 3 AR BT FOMA— AN 2R HEA o
PAE RS AT IRAL 55 9% 3 d,
1.3.4 R EFWYHR pH 4 EH

LU A5 E 4 [E e AR, FH pH EN 2.2 ~
8. 0 MYBEIR A AN - TR ZE il M pH (H 9 ~10 1Y
AR - A LA W o A B A IR A% I T R
#H, TEEA pH EHAIE LS b —imbric i s, B
VYT 20 L S4TSR, BT F5 43 00 FE K AR R 1Y
IETEE JKIRANR 1R £ e AR TR 58 50% ) £ B
W2, AW Bl ke R % RE A, HAK %
WS CHR[17] .
1.3.5 8 &R Doskochilova &7 4% B

ERRGE . 1. AR I T 1. KA AN 1
TEE, N 2% B B R R . VOIE T )
SV(ZBR):VOK) R 2: 115 V. KM A IE T B, N
P L 2% WS S MERE; V. IE T BEIR AT 0.5
mol/L .pH {H°4 7 BYBERR 22 v ; VI. 1E T BAR A Y
K, N B FE 29 FOXT I RERTR ; VIL V(&) : V(I
Fis) Sk 4: 1, B RS B R 22 wp i b 38 it 1 5 VL
VOHEE): V(IK) A 3:1, KN i b 3% 19 NaCl, 38
A TR FE 5% 1 Na, SO AL BRI BT, FHA 924
IR REAE, AR WS S0k 17]
1.4 HEYRITE LR A Y22
1.4.1 AF MR

SR A AR T A I 410 T 2 Jo ) 490 T 12, PR
PR U0 TR A ™ A ) 328 A Bl 1) 30 B T 22, D7 i
BT MEE . PRI 32 B I FH 00 T 224 S ) R
1.4.2 RERMBIEK

1 x10° CFU/mL A9 53 2R 4 ) T 78 7 B 7 I
PERP T A QTR AR 77 3,28 °C, 180 v/min 254 F
T A% 48 h. K HR R T DA B BE SR LR R 4 000
r/min, B5.0> 10 min, F_FIEHR , FH TR W) o Vs T A A
BIFEZ 15 min, KB TR , UL E (PD)
Pet 5  FEDOC WA N AT WES . MR TR 22
TRFRLE S 50% HH B (T 00 8 0 Jo 1 i i ) A 3
R EIE K 450 ~490 nm , K5OG HK 520 nm,
1.4.3 a3dF BHEINE

SR FH A R A D 00 8 40 o ) 4 B S O
LT 7] DA R S50 P 7 A 10 375 B Pl 1 320 o JBORY:
(3 ~5mm’),2.5% J% W& 52 2 h, BERR 2% v H

T, TG BB B B K (AR FR 43 50H 50% . 70% . 80%
90% .100% Z.B54% 20 min) , THp, B T8 L8
PR B IEE BB, LUK SZ B EVE FH 0 B 224

PO
1.5 PGB B 22 20 Af 52 A0 40 A R 4B R R 2
M) A 4

15,1 #pE  J % m oL BE Fm 2 ROLIE 20 A% 40 0 04 3
AR A X

Z:RESCHR[ 18 JHFAT , T i) 5 A AN [ vl J3E 1 e AR
JUT BT Fe R bE B-1,3 H R 35 R 5L, A T &
W43 4 0.5.1.0.2.0,10. 0 mg/mL, K%,
RERE 22 ff G st AE T e ) P 0B ¥R BE 1 mg/mL
REW, 2L UEBRTA IS , AR 772 3 v (o 2 e Rk 3
J3450.5.1.0.2.0.,10.0.50. 0 pg/mL, i i 24 e
PRI A 18 40 o 2 5 6T F000 7 44 S5 1 A0 RT3 4
AAEHUER
1.5.2 WHEMRATE LmialE P & A § A RN

il
1.5.2.1  BBRE: IR BoME AR B B E o >

BAME Y BN A S PDB 55 38 | & e i
410. 21 pwg/mL, [RS8 A SRR T) W AT B TR
DI Y B R 25 (O IR, K595 3 d s, 439l
BLODUSCE R, PBS VB HIR 2 HiEWe e, & L
W, KEHFREA 2.5 ¢, BT 250 mL [,
BRI (20% NaOH 5 95% ZBEARFREL Jy 5:3)32
mL, 7£ 90 C /KB RAL 1.5 h, FI195% L1 4 ml
Yk Ab 1 h, A HG I 20 mL A EE (3B FE 30 ~ 60
C), 753 H%% 20 min, §E 2 h, $EEC2 B2,
FH 10 mL ZEIBEKPE 1 U HU T mL ERE 10 mL, £ H
1.5.2.2  FASE HPLC A"

RS VS VO EE) : V(IK) hy 98:2;
FER 30 °C, #6280 nm, i3 1. 0 mL/min, &
U 0. 01 AUFS, ¥ERERE 10 plL,

TC 1) 22 £ £85I 7 it Jo e VAR B2 2301 R 0. 0625
0.1250.0.2500.0. 50001 . 000 0 mg/mL, HIVEbRHE
M2, IFERTRE S A TR

2 FRE5HH

2.1 FEHEYEHAEERSHT

Streptomyces alboflavus i 14 4 5T X £ B 8 U
A L 1, r &L Al A 1 o
PR A TR ] L 7 A4 25 D 1 4000 o L 3 M o S s



%3785 951
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P10 e Bl ) T S 0 o A
Fig. 1 Inhibit action of active antifungal substance

against Fusarium moniliforme

2.2 pHEREWHER

EYI R pH RZHr 45 R UL 2 (2R R N
50% £ FE) . BB 2 oT LUE 0 2 b e
A RIRHE NS pH A 24, RE (HJLFAE,

VIANTA] pH {H 2% i A 30 2 47 48 R [ 58 A
FHEE T RS A F s A, SRR ZE B i A =
PEATIENT, pH 402/ Rf (A — 2 28k M, v
BhtAE R RMEDUER DR PP AR
FIPIPEUER
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I S S S s
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Fig.2 Results of paper chromatography of pH system

(a) IEF 22 K A15(60%)
K4 WGP R 2L AR

Fig.4 Effects of antifungal substance on morphological of Fusarium moniliforme by optical microscope

2.3 BREIUAFIRENER

EUEER7)oier SWAN9 Ey TR e N I B | I
RV AR R G S F0 6 IS Sk, T 7E L
bR G IR SR, O IR LIE . S5E5
FHEPEAY 6 FEARvE IR LR, P AT B E TR Y
PUERIN SRR T R A: K2 IS AL,
WL P O AR K E T BPTAE R

1.0p

0.8

0.6r

A=
04

0.2r

0

1 7
BARGES

3 G TR RE s/ TR R G AR AT A SR
Fig.3 Results of paper chromatography of Doskochilova system

2.4 HMEYRMELESNN
2.4.1 RFIZHMEVNKLR

FHOG27 S OB WA B ) o 0T T 22 A 28 ) 5%
M, 255 an s 4, IR 4 vl 25 O IR AL, B 2208
AL R RICH , T 22 IR BRI o),
R R AR MY B/ 48 h 5 19 e
RS TR T 22 R KIRE AR AR AR AN Y U 225K
Ui RIS AT 22 A “SBR T 2 i B
JFAT WA SERE TR 22, I AR iR ottt SEEe 45 SR,
PITR ) 0T TT i 23 Ao 1 A 22 AR i B R B A TR 22 Ak
25 8
2.4.2 RIAERBMBENELER

22 Pl Y05 A 25 (X BEZEL RN 300 B8 9 o Ak B 2
22 AEDOt WA s g R sl 5., K5 4
YA 15 min J5 , 25008 22 W A0 BUAZ B e il T

(b) SZAN I B 22 B 46 7-(60)
M P 6 T Rl WL 245
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ST TS 8 IR A B 22 AT B (0, I 0 B 0 T
RER IR H3 TR ] Tl 1 22 40 M0 JIE A0 254 | 5 B0 e o8

() XFIRZH

PR, 0 T R AIE H AR B RO T e, AT 5
it R BRI T R IR

(b) 4y sk

PS5 0T S50 T 2 38 P T ) 51 S TR B L8 4 23

Fig.5 Effects of antifungal substance on cell membrane of Fusarium moniliforme by fluorescence microscope

2.4.3 ey F ZMEMRLER

KA T B 3B (SEM) WSS B 9 R X
FRIRGRIT R AIMEIER S5 RWLE 6, K6 1, = H
X REZE TR 22 A BORE TR 22 A 3505 TR B A
A, KR ZBOR 22 1R8I A8 A T2 B T 2,

- 3

PR\

. S
20 um

(a) X B2

K6 M mxt w4t

Y BRE R A 9  9 SIR B 22 R T M R SF O
B B AT AR e, AT P ) S AT 2 4 A AR Y
K, WV R D T R A 00 58 BE A B T 7 AR I B
AR

20 um

(b) M) AL B

UMY SEM WE4h

Fig.6  Effects of antifungal substance on morphological of Fusarium moniliforme by scanning electron microscope

2.5 HIEY B3 B 42 40 R B A0 28 RE AR 4B A 4 B Y

A
2.5.1 A9 4 B Xt dm e AE Ae b RERR 2 Rk 0 R B A%
AR

0T ) S5 XoF 240 i BE ) O R 4 B 2 ) B 1)
FEPERWE 7, B 7 b, SHEBARILT B AR
Wi B-1,3 F5 SR | B1 B4 i R0 A [ B 7 5% 3% 0L b 3
PELL S 40 TR AR FH A AR Ak T & A 22 AR SRR
SR BRI ) 0 ER R EL AR )N O Bl A A A
S Ve B R 3G I 5 PSR N s, B BB 4 I %
R BRI ] TR VR RO 2 RT B8 55 40 RS v 22 A £
AKX,

a

a

S
R &

IS
hn
=

.
A1 AL AR BE )
1 ~6 433N JBERILT B e M B-1,3 #I R bE UR#ie 22 M
FS T A RS AN T RE R R 4R Duncan T 2 W 2554686, 178
P<0.05 KFZEREE,
7 A R RE 4 Jo o 00 B 4 R R RS BRI

Fig.7 Antagonism of components of cell membrane

_
N.

and cell wall to antifungal substance
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2.5.2 WHADRITE LWL £ A GBS RG
e

2.5.2.1  FHMAEAPREZ P

X AN () Jo 2 e 1 27 A S B AR o o0 0 6 AT
HPLC 4387, LAZZ f 55 B 0 o o Tk 3 Ol B A e, L
VB AL PRI EAR e 2 45 R 3R M, 22 411 (S
st R R 0,062 5 ~ 1..000 0 mg/mL i s i i
RAILEME BRI, MIH 2R Y =6 378.8X + 87.864,
R =0.999,
2.5.2.2  ERERYR D TR B AR A0 BRI 2 A S R R

NUERES

DA o it 178 O B s ) 00 1T R 23 4
PR E AR, S5 RIT, IEH TR 22100 40 i 2 A
£ P2 JO U oM 124, 00 ng/mlL, 1717 FH A0 1 4 Jo Ak 2R
PRIZZ I 2P S v 22 0§53 By SO B vk 34 0. 81 ng/miL,
U1 A 0y I A L 1 R B D TR TR 2 A0 R v 27
S FER DA B

3 & it

ARSLE S5 R B | Streptomyces alboflavus 7= 1)
PO P 5 0) HR R T T T 22 2B R AN i A AR
SERAITRIVE S o B v 400 o Ve B vy I, R 3 ol T 22 4=
KT A B I R A BRAR ™, TR 22 AN RE ] if AR
o, DT AZ S04 ] 5 A1, 00 ) BT Ak 35 (99
Jir P T 22 20 2 JM kvt e 284, 5 e Ji A o ot
WA IR . 26 WU WL & B, T 1 ) o ik
AT RE XS HR BRG] TR Y A A 240 s A A, S EOR
43T PLYCEHE A AN 5 A I A% DNA 456 28 1k
LTS EH) TR W W 22 h R WAL 5t .
G I 24 L 9 T R 2 S 2 4 S5 5 0 R Bk
ER BRI T TR TR BOCR (A U RS2 e, & B8 7
B A 22 AR S 00 S L e 00 TR ) 5 A A TR P AR
/)N s i —20 ] HPLC A I 1 28 3k 410 7 ) Joie Ak
R T 22 F1 28 0] IR 2H T 22 o e AR R e S I vh &2
£ I i, 45 SRR SZ I TR B4R H B B 22 20
i 5 e 2 £ S 0 2R 6 D

A TR EE Y R AR ZORTE T RE, AL
AR ALK #5627 e e A= = afar 7 1A
PAVE A AR BR A s S TR DB AT TAR 200
%o GERFW] YA Rk AR T Y 40 MR |
M BE R BTE RS, AR B R 1 B
S22 M7 207 AR TEROR s A — ST ) o 23 38

1L JURR ) 7 =X TR] N T8 B i, Sk BT /R A
Streptomyces alboflavus 1A= WL TA W) TN 48 7 TR 2R
FUBUE IR G AL IR SO R 1Y i A5 AR O
AMEF BRI, BEE T Y BRI R L
B3 T P A i A 0 — S5 i R S AR
PO RR L AL ARG 272 5 00 R 0 O A 400
BB 30 B VR 7 2O R 30 2 B 2 O 5] 2L
AHEEE XL,

SE 3k
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Inhibition Mechanism of Streptomyces alboflavus Antifungal Substance
Against Fusarium moniliforme

WANG Zhifang'?, LI Zhenjing®, YANG Mingguan®, LU Laifeng’, WANG Changlu™ ",
LI Zheng’, ZHANG Jianfei’, GONG Jixian’
(1. Center of Analytical and Testing, Tianjin Polytechnic University, Tianjin 300387, China;
2. College of Food Engineering and Biological Technology/Key Laboratory of Food Nutrition and Safety ,
Ministry of Education , Tianjin University of Science and Technology , Tianjin 300457 , China ;
3. School of Textile Science and Engineering, Tianjin Polytechnic University, Tianjin 300387, China)

Abstract; The inhibition mechanism of antifungal substance generated by Sireptomyces alboflavus against
Fusarium moniliforme was investigated. The antifungal substance was qualitatively analyzed by pH paper
and Doskochilova system chromatography. The destructive effects of antifungal substance on cell mem-
brane and cell wall of Fusarium moniliforme were observed by fluorescence microscopy and scanning elec-
tron microscopy. The antagonistic effects of main components of cell membrane and wall on antifungal
substance were explored. Furthermore, the inhibitory effect of antifungal substance on ergosterol in cell
membrane of Fusarium moniliforme was detected by HPLC. The antifungal substance was neutral and
non-water-soluble type 1 antibiotics by polarity test and Doskochilova system paper chromatography. Opti-
cal microscope was used to observe the inhibition of germination of Fusarium moniliforme spores, the my-
celia were distortion, deformation and swelling when treated with the antifungal substance, and the fluo-
rescence microscope revealed that the permeability of mycelial cell membrane was changed. Moreover,
the results from scanning electron microscope showed that the surface of vesicular mycelia was uneven and
fragments remained. The antagonism of antifungal substance effect on components of cell wall and cell
membrane and the detection by HPLC showed that the synthesis of ergosterol in the cell membrane was
affected by antifungal substance. The synthesis of ergosterol in the cell membrane of Fusarium monili-
Jforme was affected by the antifungal substance produced by Streptomyces alboflavus. This study laid a the-

oretical foundation on the identification of antifungal substance and the application of antagonistic bacteria.

Keywords: Sireptomyces alboflavus; Fusarium moniliforme; antifungal substance; antifunga activity;

antifungal mechanism
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