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MIC 500pL/mL 6001
FCo2 sool The mode of 4. selani
:15_ The mode of P. oryzae
B9987 3
E 400t
3
S
3 3001
1.4 2 2 W0 4
100f [ii:
FCO2 BY987 27°C 150t/min  7d L
FCO2  B9987 1 .
Variant culture
1
1.5 Fig.1 Effect of variant culture on the anti-fungi activity
250mL 1. Monoculture of B9987 2.Monoculture of FCO2 3.Mixture of 2
100mlL. 120mL 150ml. 180mlL 2 monoculture fermentations 4. Mixed culture of 2 strains.
120 /min 7d 156 L/mL 500pL/mL
150mL 0 100 120 150 O pm a
180r/min 7d
L6 MIC 125pL/mL
' 5 4561/ mL, 2
FCO2 1d 2d 3d B9987 27°C
. 1/2 MIC 250pL/mL
150r/min 7d
218pL/mL
1.7 pH
MIC
pH 6.5 7.0
. B9987 156pL/mL 73pL/mL
7.5 8.0 27°C 150r/min 7d
MIC FC02 125p0/mL
63pL/ml 100%
1.8
pH 7.5
Ly 5° 4
5 1
4
1
Table 1  Factors and levels of orthogonal design for coordinate culture
Levels %o
Factors
1 2 3 4 5
A Starch 10 15 20 25 30
B Glucose 1 3 5 7 9
C Peptone 1 3 5 7 9
D Yeast 0.5 1.0 1.5 2.0 2.5
2 2
Fig.2  Restraint effect of metabolities produced by 2 strains mixed
2.1 culture
> A . Natural germination of A. solani spore B. Inhibition of metabolities
to A. solani produced by mixed culture C. Natural germination of P.
9 1 oryzae spore D. Inhibition of metabolities to P. oryzae produced by
2 B9987 mixed culture. The circles in the photos of B and D indicate the

MIC extraordinary vesicle.
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200% FCO02 0d 1d
2 MIC
63pL/mL 2d
2~3 2 MIC
2.2 T9pl/mL 94pL/mL 3d FCO2
MIC
2 250pL/mL. 3-B
2 2.4 pH
2 2 pH  6.5~8.0
150mL 150r/min MIC
3-A pH7.5
MIC
2.3 48uL/mL 56pL/mL 3-C
——The mode of 4. solani —&— The mode of P. oryzae
150 300 140
120f 250 120
~ - 100
= 200 =)
E 90} E £ g0
3 :W 2 150 2
S 6ot S o 0
= = 100 = sl
30 50 20 F
A B C
0 : : ' ; 0 : : 0 : : : ;
0 50 100 150 180 0 1 2 3 6.0 6.5 7.0 7.5 8.0
Rotate speed (r/min) #d pH
3 A B pH C
Fig.3  Effect of rotate speed A inoculated time discrepancy B pH C 2 strains mixed culture on the anti-fungi activity
2.5
2
Table 2 The orthogonal design scheme and results for mixed culture
MIC 2 2 Numbers A B C D e e POT™ AS™T
3 3 " v *oMIc MIC
1 1 1 1 1 1 1 219 219
F 4 2 1 2 2 2 2 2 156 156
F- Foos 4 8 =3.84 F,,, 48 = 3 1 3 3 3 3 3 125 110
4 1 4 4 4 4 4 94 94
7.04 A BC Foo D F 5 1 5 5 5 5 5 79 63
6 2 1 2 3 4 5 156 156
Fo.0s 56 7 > 2 3 4 5 1 10 125
ABC F D F 8 2 3 4 5 1 2 94 94
oo 9 2 4 5 1 2 3 79 94
Fy s Fo o 6 3456 10 2 5 1 2 3 4 110 125
11 3 1 3 5 2 4 110 110
12 3 2 4 1 3 5 79 94
4 13 3 3 5 2 4 1 79 79
14 3 4 1 3 5 2 48 48
> > > 15 3 5 2 4 1 3 28 32
16 4 1 4 2 5 3 125 125
17 4 2 5 3 1 4 63 79
20%0 18 4 3 1 4 2 5 94 94
19 4 4 2 5 3 1 55 55
< 3%o 20 4 s 3 1 4 2 2 R
= 3%o 21 5 1 5 4 3 2 125 125
22 5 2 1 5 4 3 110 110
23 5 3 2 1 5 4 79 79
24 5 4 3 2 1 5 48 55
25 5 5 4 3 2 1 48 32
95% * e e indicated error % * PO a orvzae  AS anti-A . solani .
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3
Table 3 Sum of square on the results of P. oryzae mode
Factors A B C D e &
K, 1346 147 1162 97.6  90.4 102.2
K, 109.8  103.6 94.8 103.6 97.4  91.0
K 68.8 94.2 85.0 88.0 98.8 93.4
Ky 73.8 64.8 88.0 90.2 9.2 91.2
Ks 82.0 59.4 85.0 89.6 8.2 91.2
Sample
. > 771.22 1237.70 172.82 43.68  20.26 23.02
variance Si
Sum of
15424.4 24754.0 3456.4 873.6  405.2 460.4
square  SS;

» K, indicated the average value at different factor level ~calculated from
Tab. 2 % * Formulae S* ¥ K; K > SSi=r p—-1 $=20xS}.

4
Table 4  Analysis of the results of P. oryzae mode
Factors Sum of Degree of Variance F
square freedom
A 15424 .4 4 3856.1 35.64
B 24754.0 4 6188.5 57.20
C 3456.4 4 864.1 7.99
D 873.6 4 218.4 2.02
Error 865.6 8 108.2
5
Table 5 Sum of square on the results of A . solani mode
Factors A B C D e e
K, 128.4 147 119.2  103.6 95.8 102
K, 118.8  112.8 95.6 108 97.2 91
K 72.6 91.2 86.4 85 101.8 94.2
K, 77 69.2 87.8 94 9.2 97.4
Ks 80.2 56.8 88.0 86.4 8.0 92.4
Sample

681.5 1289.84 190.0  104.3 25.1  19.3

variance Sp

Sum of
wquare S, 13630-0 25796.8 3800 2085.6 5028 386.8
6
Table 6  Analysis of the results of A . solani mode
Factors Sum of Degree of -y, ance F
square freedom
A 13630.0 4 3407.5 30.64
B 25796.8 4 6449.2 58.00
c 3800.0 4 950.0 8.54
D 2085.6 4 521.4 4.69
Error 889.6 8 111.2
1.5%¢
20%o

3%o0 1.5%o0 9%o
9%o
MIC 73pL/mL 63pL/mL 32pL/mL
28uL/mL
3
2/3
2
2
B9987
FC02
2~3
2A~D
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Study on increasing anti-fungi activity of marine microbes by mixed culture

TIAN Li' > ZHANG Jiu-ming HUANG Le-ping CHEN Kao-shan® *
U Biological and Pharmaceutical Department ~ Qingdao University of Science & Technology — Qingdao 266042 China
2 The First Institute of Oceanography SOA ~ Qingdao 266061  China
3 Xinjiang Academy of Agricultural Science  Wulumugi 83000 China
* Life Science College ~ Shandong University ~ Jinan 250100 China

Abstract The effect of mixed culture on the anti-fungi activity of marine microbes metabolites was evaluated. Based on
optimization of monoculture orthogonal design was used to approach the optimal region of the medium composition of
mixed fermentation. The mixed culture showing anti-fungi activity of marine microbes was enriched obviously compared
with monoculture and fermentation mixture. The MIC minimal inhibitory concentration reduced from 156pL/mL
125pL/mL by monoculture and 250pl./mL 218pL/mL by mixture of monoculture fermentation to 32pl/mL  28uL/mL
indicate 200% to 300% increase separately in fungi inhibition with mixed culture.

Key words Mixed fermentation Metabolites Anti-fungi activity
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