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Medium optimization for antagonistic Streptomyces S24
and its inhibition on Aspergillus flavus
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Abstract: Streptomyces S24 has broad spectrum against Aspergillus spp. in food and feed, such as Aspergillus flavus, Aspergillus
niger and Asperegillus alutacells. The objective of this study was to improve the production of antifungal substances produced by
S24 and to test their inhibitory effects on Aspergillus flavus. By using one-factor-at-a-time experiment and orthogonal design method,
we optimized the fermentation medium. The composition of an optimized medium for the production of antifungal substances
contained (g/L): starch soluble, 10; Glucose, 40; yeast extract, 8; soybean powder, 24; KH,PO, 4; and CaCO; 0.8. As a result, the
productivity of antifungal substances could reach to 10 235.45ug/mL, and this value was 2.81 times higher than that of initial
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medium before optimization. Additionally, inhibitory effects of the products on Aspergillus flavus were analyzed. Antagonistic tests

indicated that the antifungal substances greatly inhibited mycelium growth and spores germination of Aspergillus flavus. We observed

through microscope that the mycelia grew abnormally, such as contorting, bulging, vacuole increasing and the cytoplasmic contents

inside effusing and the spores appeared unusual, such as gathering, deforming, cytoplasmic contents inside effusing and fracturing.
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Table 1 Arrangement of factors and levels of orthogonal
L16(4°)

Factors

Levels gearch soluble  Glucose  Yeast extract Soybean powder
(%) (%) (%) (%)

1 0.5 1.0 0.4 1.0
2 1.0 2.0 0.8 2.0
3 1.5 3.0 1.2 3.0
4 2.0 4.0 1.6 4.0
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Table 2 Arrangement of factors and levels of orthogonal
L16(4%)

Factors
Levels
CaCOs (%) MgSO4 (%) KH,PO4 (%) NaCl (%)
1 0.1 0.05 0.05 0.1
2 0.2 0.10 0.10 0.2
3 0.4 0.20 0.20 0.4
4 0.8 0.40 0.40 0.8
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Table 3 Arrangement of factors and levels of orthogonal
L27(313)

Factors
Levels Starch Glucose Yeast Soybean KH,PO; CaCO;
soluble (%) extract powder (%) (%)
(%) ’ o) (%) ’ ’
1 1.0 3.2 0.8 1.8 0.2 0.08
2 1.5 4.0 1.0 2.4 0.4 0.12
3 2.0 4.8 1.2 3.0 0.6 0.16
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Fig. 1  Effect of different organic nitrogen on titer of
fermentation broth. 1: CK;; 2: CKj; 3: soybean powder; 4:

Titer (x10° pg/mL)

peptone; 5: yeast extract; 6: corn plasm; 7: urea; 8: beef extract.
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Titer (x10° pg/mL)
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Inorganic nitrogen

B2 AEZHEIRER L BRSO R0

Fig. 2 Effect of different inorganic nitrogen on titer of
fermentation broth. 1: CK; 2: (NH4)2SO4; 3: NaNOs; 4: NH4CI;
5: NH4NO3.
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Fig. 3 Effect of different carbon on titer of fermentation broth.
1: CK; 2: maltose; 3: sucrose; 4: starch soluble; 5: indian meal;
6: glucose; 7: mannitol; 8: lactose.

2.3 A[E CIN bb3d & B R3S B9 220

AN TR B R e JEE T i TR YR A P S T 45 2R T,
£o4, ANFEBR . BIRHREXTPTEY R ) P A Bk
R, 2 SAS 45 ANOVA i 0 H7, 45 5,
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Table 4 Experimental design and results of different
carbon and nitrogen on titer of fermentation broth

Treatment Sitﬁgﬁt Glucose eiff;ét Soybean Titer

(%) (%) (%) powder (%) (pg/mL)
1 0.5 1.0 0.4 1.0 2 939.80
2 0.5 2.0 0.8 2.0 4 944.90
3 0.5 3.0 1.2 3.0 6 682.14
4 0.5 4.0 1.6 4.0 7 388.78
5 1.0 1.0 0.8 3.0 4194.90
6 1.0 2.0 0.4 4.0 4529.08
7 1.0 3.0 1.6 1.0 5661.74
8 1.0 4.0 1.2 2.0 7 656.63
9 L5 1.0 1.2 4.0 4 467.86
10 1.5 2.0 1.6 3.0 5516.33
11 1.5 3.0 0.4 2.0 7 355.61
12 1.5 4.0 0.8 1.0 6 036.74
13 2.0 1.0 1.6 2.0 4569.90
14 2.0 2.0 1.2 1.0 4511.22
15 2.0 3.0 0.8 4.0 6 569.90
16 2.0 4.0 0.4 3.0 7 335.20

x5 . RBRRENRERHUMZIWARELER SAS
PR

Table 5 The SAS analysis result of the experiment of
carbon and nitrogen source concentration

Factors X F value Pr>F
Starch soluble 5844.1 5.29 0.008
Glucose 7104.3 351.57 <.0001
Yeast extract 5829.5 6.18 0.0041
Soybean powder 6131.8 60.92 <.0001

2.4 AETTHLEN & BRI B9 5200

TCHLERXT R R A sz 45 R LR 6. 15w
4ER 22 SAS Y5 ANOVA 2 Hr, 45 7,
i Pr {4551, CaCO;. KH,PO, Ml NaCl X} & i
TR B2 B A A 5235 K-, MgSO, 152 A 2.
o MR g5 R A E S 4 it CaCOs 0.1%,
KH,P0O, 0.4% , NaCl0.2% NifEIHLEEH G,
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Table 6 The design and result of L6(4%) orthogonal test for ,a 8
effect of inorganic salt on titer of fermentation broth =
Treatmen; C3COs  MgSO,  KHPO,  NaCl  Titer 2 6
(%) (%) (%) (%) (ng/mL) 5 4
1 0.1 0.05 0.05 0.1 8 986.74 = 2
2 0.1 0.10 0.10 0.2 8 956.12 0
3 0.1 0.20 0.20 0.4 9 675.51 1 2 3 4 5 6 7 8
4 0.1 0.40 0.40 0.8 9 889 .80 Combination of inorganic salt
5 0.2 0.05 0.10 0.8 8338.78 B4 AREHERBE I &BERYENBIE N
6 0.2 0.10 0.05 0.4 7 685.71 Fig. 4 Effect of different combination of inorganic salt on titer
; 0.2 0.20 e 0.2 10 517.35 of fermentation broth. 1: 0.2% NaCl; 2: 0.4% KH,POy; 3: 0.1%
' ’ ’ ' ’ CaCOs; 4: 0.2% NaCl+0.4% KH,PO4; 5: 0.2% NaCl+0.1%
8 0.2 0.40 0.20 0.1 9364.29 CaCOs; 6: 0.4% KHyPO4+0.1% CaCOs; 7: 0.2% NaCl+0.4%
9 0.4 0.05 0.20 0.2 8 440.82 KH,P0,4+0.1% CaCOs; 8: CK.
10004010 0A0 0T OSSR OB AN > KHLPO,
11 0.4 0.20 0.05 0.8 7 690.82 . L e y
> W PR > CaCOs > JEK > BEREH) . 5 2854 1 52
12 0.4 0.40 0.10 0.4 8170.41
> 5 fhy ke S R i B
14 0.8 0.10 0.20 08  7542.86 TE 0.05 K FRE, JER . CaCO; S IER:H) 1452 1)
IS 08 020 010 01 552245 REE. AR IR & BRI
16 0.8 0.40 0.05 0.2 6 966.33

RT TNEBNEEREMN IR ERE SAS D%k
Table 7 The SAS analysis result of the experiment of
inorganic salt

Factors X F value Pr>F
CaCO; 9377.0 42.05 <0.0001
MgSO, 8781.4 1.69 0.2021
KH,PO, 9963.8 58.20 <0.0001
NaCl 8 842.6 11.60 0.0002

2.5 TCHLELE TR IR $IXT & BN B S0

L TCHLEE SRR 5T, AT LS R BT
PR A J5 7 i ) e SRR ) T LR O . KL 4
A LIEH, 04% KH,PO,+0.1% CaCO; 44k I
WS e, B3 9 670 pg/mL, T HALTCHLERH &
R BIREAC . Bk, %8 0.4% KH,PO4+
0.1% CaCOs; NIGFREEMTCHLERH 57 o
26 AEEFRENEIMRK

DL A5 0 RS Ry O B R, S SRRy . EERE
Ky MR, KHoPO,, CaCOs A i HLER HEfT
IEASIR I 45 L W2 8, SR SAS9.0 Bl 4 A 4 14 1k
IR ZAHT, STEE R IR 9. AR LIE
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Table 8 The design and results of L,7(3") orthogonal test for every proportion of fermentation medium
Treatment  Starch soluble (%) Glucose (%)  Yeast extract (%) Soybean powder (%) KH,PO4(%) CaCOs;(%)  Titer (ug/mL)

1 1.0 3.2 0.8 1.8 0.2 0.08 6 486.99
2 1.0 3.2 1.0 2.4 0.4 0.12 9 885.65
3 1.0 3.2 1.2 3.0 0.6 0.16 6 689.95
4 1.0 4.0 0.8 1.8 0.6 0.16 5 898.56
5 1.0 4.0 1.0 2.4 0.2 0.08 9 995.86
6 1.0 4.0 1.2 3.0 0.4 0.12 6 986.54
7 1.0 4.8 0.8 1.8 0.4 0.12 4493.32
8 1.0 4.8 1.0 2.4 0.6 0.16 5568.96
9 1.0 4.8 1.2 3.0 0.2 0.08 6102.32
10 1.5 3.2 0.8 3.0 0.2 0.16 6 896.63
11 1.5 3.2 1.0 1.8 0.4 0.08 8 869.96
12 1.5 3.2 1.2 2.4 0.6 0.12 6 986.63
13 1.5 4.0 0.8 3.0 0.6 0.12 5896.72
14 1.5 4.0 1.0 1.8 0.2 0.16 9 069.68
15 1.5 4.0 1.2 2.4 0.4 0.08 9156.23
16 1.5 4.8 0.8 3.0 0.4 0.08 6 586.55
17 1.5 4.8 1.0 1.8 0.6 0.12 3619.52
18 1.5 4.8 1.2 2.4 0.2 0.16 8 687.66
19 2.0 3.2 0.8 2.4 0.2 0.12 7216.17
20 2.0 3.2 1.0 3.0 0.4 0.16 9394.01
21 2.0 3.2 1.2 1.8 0.6 0.08 4216.17
22 2.0 4.0 0.8 2.4 0.6 0.08 8 415.36
23 2.0 4.0 1.0 3.0 0.2 0.12 8 167.65
24 2.0 4.0 1.2 1.8 0.4 0.16 7550.16
25 2.0 4.8 0.8 2.4 0.4 0.16 5143.67
26 2.0 4.8 1.0 3.0 0.6 0.08 6 143.67
27 2.0 4.8 1.2 1.8 0.2 0.12 5049.54
A o° |8
of § f .
<
o | %
° C L o
@ 50 um |

5 S EMFERMEYRMN A ER TR

Fig. 5 Effect of the antibacterial substances of S24 on spore morphoiogy of Aspergillus flavus. (A) Normal spore (x400). (B)
Normal spore (x1 000); (C) Spores having been treated for 8 h (x400; Spores became gloomy and collective). (D) Spores having been
treated for 16 h (x1 000; figure indicate irregular spore shape, uneven distribution of cellular contents, outflow of some inner
substances from the cell, and empty cavity). (E) Spores having been treated for 24 h (x1 000; figure indicate fuzzy edge of the spores
and breakage of cell wall).
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Table 9 Results of orthogonal design optimized fermentation
medium

Factors X F value Pr>F
Glucose 7 904.08 7.23 0.007
KH,PO, 7 562.89 4.69 0.0276
Soybean powder 7 895.13 4.22 0.0369
CaCO; 7 330.34 1.16 0.3404
Starch soluble 6900.90 0.38 0.6885
Yeast extract 7 058.01 0.01 0.9858

2.8.2  S24 FIFKN £ 1 2 22 TE 25 19 5 0

PRBAE BT A 2 8 2255586, R BLRER 73 1A 224
Kguil, W2zZ2eM, e, Jf B st . 9%
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(K 6A).
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Fig. 6 Effect of strain S24 on mycelialmorphology of
Aspergillus flavus. (A) Normalmycelia (x400). (B) Treated
mycelia (x400; The mycelia disorder, coarsen, retorted and
corrugated). (C) Treated mycelia (x400; outflow of inner
substance and empty cavity in the mycelia). (D) Treated
mycelia (x400; shortened, inflated and bead-like mycelia and
partially ablated mycelia).
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T VERY 10 g, FAERE 40 g EHE DK 24 g, ERE
2 M 8 g. KH PO, 4 g, CaCO;08 g, /K 1L, 1
U5 W R TR SR B Ay 870, L o™ R
B, KRB BN SRR T 280.67% .
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RP-HPLC 43 2§ 24015 2 Bh UM KA N BRI A R,
6 FhFIm KIANERISPIA R, H 6 Fd KM
BBt R F RO, 52 AT IR AR
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