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Abstract
A strain of Actinomycetes, Streptomyces sp. FA-No.4, was incubated at 25 °C
in Waksman medium for 72 hrs at initial pI 7.0 by rotary shaker to produce an
antifungal substance against a pathogenic fungus Botrytis cinerea. The major
activity was founded in culture liquid and culture mycelia exhibited wealk activi-
ty. Antifungal activity was thermotolerant at 20 to 40°C and gradually lost the

activity at above 50°C." Antifungal substance was extracted by ethyl acetate from .

Waksman culture with the pH adjusted to 4.0. The crude extract was soluble in
alkaline solution, alcohols, ethyl acetate and ether, slightly "soluble in chloro-
form, and insoluble in water, acidic solution and hexane; from the results, it was
estimated an acidic and lipophilic compound. The antifungal substance inhibited
the growth of various fungi, but it had no inhibitory activity against bacteria test-
ed. It showed a good preventive effect to Botrytis cinerea BC-045 in in vitro test on
grape berries. However it was difficult to examine an effect on Riesling grapes in
vineyard for damage of grapes caused by other plant diseases at the maturity.
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a) Growth inhibitory activity by cup method:

tester strain: BC—~126. .
b) Diameter of inhibitory zone by cup method.
c) Additive content, 1%.
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‘Table 2. Influence of pH Correction of Waksman Medium on Antifungal Activity—(1)

Initial pH . 30 40 50 6.0 7.0 80 9.0
Growth (ODgg,) ~ 0.05  0.06 580 290 370 410 480 ]
Final pH® 315 - 415 6.75 8.00 8.08 8.00° 8.15
Inhibitory = - Y IR VL + +
activity® . . _
a) After cultivation. b) Cup method, tester strain: BC-126 . ‘
Table 3.. Influence of pH Correction of Waksman Medium on Antifungal Activity—{2]l . ;
pH o
Initial pH 7.0 80 9.0 100 110 120
~ Growth (0Dge)  2.20 251 . 2.30 9.55 2.60 1.95 1
Final pH® 821 850 855 860  8.60 890
Inhibitory © 145 149 161 w6 161 +/—
activity(mm)® - i ;.
a) After cultivation. " b) Cup method, tester strain: BC-126 -“‘
Table 4. Evolution of An.tifungél Activity during the Cultivation:
Culture Culture time (hr) _
_ o 12 24 3 48 60 72 8 96 108
Growthe 155 171 210 278 348 415 362 812 265 280
FinalpH . 68 68 72 72 11 72 76 1.9 82 85
Inhibit. act.  —  #/— 9.0 14.0 150 157 169 151 134. 120
« (mm)?

.a) Waksman medium, ODggo. - '
b) Growth inhibitory act1v1ty by cup method tester, strain; BC—~126.
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. Table 5. Effect of Ultrasonic Treatment of the Culture on
o Antifungal Activity

Growth inhibitory activity (mm)®
Ultrasonic treatment ‘ - 17.3
. Control * ‘ 14.0

) . -a) Cup method, tester strain BC—045.

__________________________________________ L

___________________________

Waksman culture 100m}

I
Harvest of mycelia centrifugation
Washing of mycelia water, 20mlx 3

o
Washed water 60mi
- [
Extraction EtQAc
pH4.0
|
Concentration & drying
|
Extraet (I} dissoleved with
EtOH 3ml
o
[Growth inhibitory activity)
Cup method: 1fmm

v

Streptomyces sp. FAA4.
Tester strain: BC—045
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. Wa's_hed m\icelia‘

]

!
Suspended with water 60ml
. I
Ultrasonic treatment
S

Elimination of mycelia

, |
Extraction EtOAc
. pH4.0

_ | -
Concentration & drying

f

Extract (I1) dissoleved with

EtOH 3ml
o
(Growth inhibitory activity)
Cup method: +/~ .

Fig. 1. Distribution of Antifungal Substance in the Culture of
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DIEHEERTE L 7o, & fo. BEaik RO BLiiiEd:
(320 — 70 COMIACIZF—ETH - T EilcisiF
BIEMDET R DOTINTH o foo BLLOEHMN S N
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Table 6. Thermb_stability of ‘Antifungal Substance

Lot : Growth inhibitory activity (mm)®
' Temperature(°C)
20 30 40 50 60 . 70

Culture medium®* - 22.3  21.3
Broth concentrate’’ 22.0, 23.0

20.5 178 153 115
220 215 213 214

a) Filtrate of Waksman culture,

b) Freeze-dried culture broth, 0.4% solution.
¢} Cup method, tester strain: BC—045.
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Table 7. Influence of pH Adjustment on the Ektraction'of Antifungal
Substance from the Culture

Lot , Growth inhibitory actmty {mm)*®

| L0 20 30 40 50 60 7.0 80 9.0
n-BuOH® - - /- . T Y S
EtOAc®  NT® NT 26 24 23 21 22 24 23
Et0Ac” 19 18 21 2 NT NT 17 NT NT

a) Waksman medium; extraction by n-Butanol.

b) Medium: Waksman + soyhean powder extraction by ethyl acetate
(Data from A. Sasano: 15).

¢) Cup method, tester strain: BC—045.

d) Not tested.

" Table 8. Extraction of Antifungal Substance by Various Solvants |

Solvent ‘ ' Growth inhibitory activity (mm)® i
n-Butanol - : ' 19.0 A '
Ethyl acetate _ 19.0 C
Butyl acetate. N 15.0
Isopropyl ether 12.0° ' ’ '
Chloroform ' 16.5
a) Waksman culturse of Streploniyces SF. FA 4 was tested; the
culture was adjusted its pH to 4.0 for extraction. K.
a) Cup method, tester strain: BC~045. C
Table 9. Solubility of Crude Extract from the Culture® ‘
Solubility | ~ Solvent |
' ‘ 0.5N-NaOH, 0.5% Na,CO;,
" Soluble 't Methanol, Ethanol, n-Butanol,
Ether, ‘Acetone, Ethyl acetate ihi

Slightly soluble : Chloroform

Insoluble B Water, 0.5n-HCI, Hexane, Benzene

a) Ethyl acetate was used for the extraction.
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BB ol ORISR L R OEARY
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SITORBIKIRE. & 20320 L{FBEL o
HBHC BV T, - & ) LRBEERARE NI,

L LB D0 T ST #BEI0.84¢/1(0.84m
g/ml)TH » T DH 5 IR (B3R 4000
microgram/ml) THWHEIEEN Shj,
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HORREB . £ CHEE O
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Table 10. Antifun'gal A'ctivity in the Culture of.Streptomyces'sp. FA4

Concentration -~

Growth inhibitory activity®

{microgram/ fnl)

~ Culture _céncentrate”:
Broth " Filtrate Myce:lia‘
1000 - - -
4000 +/— o+ L -
16000 : * + | NT
64000 + + ' NT

- ay MIC method, tester strain: BC—045; —: no activity, +/—: weak
activity, +: positive activity; NT: not tested.
b) Freeze-dried substances of the Waksman culture.

Tabie 11. Antifungal Activity of Crude Extract frorh Waksman -

¢ Culture

.Experimental‘ data :

Theoretical data

Culture filtrate

Inhibitory act.(A)® 10~22mm 16mm
Inhibitory unit{B) 0.75—-1.38 - 1.0
Lot volume 100mi(x1) 100ml{x1)
Crude e:i'tract
- Inhibitory act.(C) [20-26mm]x2 16mm x5
Inhibitory act.(D) 2.0-2.5 .50
Lot volume 20mi(x1/5) 20ml(x1/5)

Recovery of antifungal substance:
(1) [D/Bx5] x100(%) or (ii) [C/AXS5] x100(%)

a) Growth inhibitory activity by cup méthod; tester strain:

BC~045.
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Table 12, Antimlcroblai Spectrum of the Antifungal Substance
~ Produced by Streptamyces sp. FA4

Tester strain ' Antlmlcrobial dctivity®
Botrytis cinerea BC-045 I
B. bysoidea TFO—-9431 o ++ 3
Aureobasidium mansonii IFQ-8195 : ++ -
A pullulans ITFO-6353 . R :.-
Cladosporium sp.® ' ++ i
Rosellinia necatrix 1F0-~9420% o+ -
Saccharomyces cerevisice TAM—4274 ' ‘_ N ”

Echerichia coli K-12 IFO-3301» ‘ -
Bactllus subtilis {IFQ—-12210% -
Staphylococcus aureus 1IFO-3060% . ‘ -

a) 1% Culture concentrate was used. : ‘ a
b) Data from F. Sato (12). o -

—@— Anti.subs.(14.2 u/ml) a)

k ---(O)-- Control (untreated)
—-— Rovral (100 ppm)
701 ---7A-— 50% Ethanol _ s
QOO -0
| _ | _ . ,
: ) Lcj
50 o

o o
o Lo ]
T T

‘Infection (%)

&~
[’

L L 3 1

0‘1‘2345678'9'1011121314

-Incuvation time {day)

Fig. 2. Botrytis Infect:on on Riesling Berries jn vitro after Treatment with the Antifungal
Substance from Streptomyces sp. FA4, Rovral, 50% Ethanol, and Control.
a) Antifungal substance; lu=16mm, inhibitory activity (sce Table 11.). Tester strain: BC~045.
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—@— Anti.subs. (20.3 .u/ml.}
"'O"." Control (untreated)
—&— Rovral 1000 ppm)
-y - - Ethanol ‘ : '
100 F : BB oA e A LA
; PR b e

w0 |

Infection (%)

T 8 9 10 il 12 13 14

Incuvation time (day)

Fig. 3. Botrytis Infection on Koshu Berries in vitro after Treatrment with the Antifungal
Substance from Streptomyces sp. FA4,‘Rov_ial,‘ 50% Ethanol, and Control.
Skin wax of Koshu berries was reduced by washing with chloroform to facilitate
the infection of Betrytis cinerea BC—045. .

8. 7 FoRKEROHEEEREES 075 — VR MG SN - o bR
IEEEME GBfED 2BALc 7 KR hr, ' :
< Botrytis cinerea®{EH L T, = DREBIREL 1. BAOHIET Kol sid 208E0SER
RZE LI (Fig. 2,3)W0 VRV L7 RYRE (1) 19804ERIMRERORE : AREIC BTl
ERWEE. HEIDBEICRE N, FOHE Bolrytis cinerea DHFICIMA THRERFL &0
NEBETH 2075 - V100ppm & IZIFFIRET WENERMICTE LT, S ELER & M REK
Bz BT FRMEMOABA, WEAE— 35825 5N 72(Table 13). |
REPRENIA, BETAELhEEL, 1A - RBREOT N L THH L1z (Table
TRITNRDBUREL > THD . B R 14} SHEN SIHEHBNMEOMRIZ S & his
MBEONL D >tco TOPA. BT K7 Rz R Motee £l T 9 B —BIEENRHBRR O—RI-
KT v 7 ZOBENEE LTHRA L, Torvic  WESICLARY Shigino #2 2 E S Botrytis
FRATORBIEL L TH Y RREWES LT cinereaDBRIENTH ~ o EEZ Dhr=,
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Table 13. Fungal Infect10n of Riesling: Grapes after Treatment with the
Culture Concentrates of Streptomyces sp. FA4

Day - Treatment for grapes® .

{Date) Cont. /Be Broth/Be Filtrate/Be . .l'Mycelia/Bc
0 ( 9./11) =~ - = - - - -
5 (9./186) | .‘ + 4+ e 4 + + f +
14 (9728 4+ + '++ ++ ++ 4+ + + +

91 (107 2) 4+ + 44+

T

a) Cont./Be: Control (untreated) and inoculation of Boirytis cinerea BC~
045. 1% Culture concentrate solutions of broth, {ilirate and mycelia,
and inoculations of Botrytis cinerea BC—045..

Inhlbltory activity of the culture concentrates was show in Table 10.
b) —:no infection, +: 5—20%, ++:21-50%, +++:>51% (perccnt for.’

inf ected grapes)

Table 14. Analysis of Riesling Grapes Treated with the Culture Concentrates

of Streptomyces sp. FA4

Component

Treatment®

Cont. /Be

Broth/Be

Filtrate/Bc Mycelia/Be

Sugar content (%) 16.4 17, 0_. 19.0

14.8 15,5 14.5 15.3 16.0

pH 335 3.40 332 325 330 345  3.40 34.5
Total acid (g/L)’ - 9.26 866 10.91 1219 850 10.24  9.03 1L52
Laccase (u/ml)® 0 0 0 0 0.2 0.3 0 0.1

a) See Table 13. Grapes were harvested in October 4th, 1989,
b) Polyphenol oxydase activity derived from fungal infection. .
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Table 15, Analysis of Riesling Grapes Treated with the Antifungal Substance
Produced by Streptomyces sp. FA4 ‘ . :

Grape composition

Lot Infection® | Sugar pH - Total acid Laccase

. (%) . (/L) {u/ml)
S-1(1) e 12.8 3.28 - 9.68 0
S-1(2) - - 4% 13.8 3.50 795 0
- 8-2(1) ++ 126 3.25 - 833 0
§-2(2) P 13.2° 3.30 9.98 0
S-2(3) +F 14.0 3.25 9.90 0
S-2/Be(1) 4+ 13.8- 3.30 11.65 0
S-2/Be(2) o+ 12.8 330 . 1440 0
S-3(1) + 13.4 3.30 . 7.95 0
8-3(2) + 12.8 3.30 7.73 .0
5-3(3) ++ 11.6 335 7.16 0
S-3/Bc ++ 15.0 3.15 9.94 0
" Control(1) ++ 138 310 ' 10.35 0
Control(2) —— 16.6 330 785 0

- &) S-l:orude extract absorbed in alumina 2g/L.
8-2: crude extract 20mg/L + mycelia 5g/L. S-2/Bc: treatment with S-2 and
inoculation of Botrytis cinerea BC—045.
S-3: mycelia 5g/L. S-3/Bc: treatment with S-3 'and inoculation of Botrytis

cinerea BC—045.
Control: untreated.

b} Infection of grapes. +:5-20%, ++: 21;50%, +++>51% (percen{ for infected
grapes). Grapes were treated in September 12th and harvested in Sep-

tember 27th, 1990.
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