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ALTERICIDINS, A COMPLEX OF POLYPEPTIDE ANTIBIOTICS

’

PRODUCED BY PSEUDOMONAS SP. AND THEIR
EFFECT FOR THE CONTROL OF BLACK
SPOT OF PEAR CAUSED BY
ALTERNARIA KIKUCHIANA TANAKA

Takeyoshi KIRINUKI, Kayoko IWAMURA, Naoji SUZUKI
Hiroshi FukaMI and Tamio UENO

Abstract

A Pseudomonas sp., a contaminant in a petri-dish culture of pear black spot fungus, Alternaria kikuchiana

TANAKA, produced an inhibition zone around its colony in a culture of the fungus. An antibiotic substance

was isolated from the culture broth of the bacteria. The substance exhibited an inhibitory effect against a wide

range of fungi but no effect against bacterial species and yeasts. The antibiotic is a complex of closely related

oligopeptides. The complex of the antibiotics was named altericidins. The altericidin complex inhibits the

germination of A. kikuchiana conidia completely at 8-16 ppm, I5, value of the complex being 3.8 ppm. I,

value of the complex for hyphal growth of A. kikuchiana, is 0.232 ppm when determined from dose-colony

diameter curves, while 0.068 ppm when determined from dose-colony area curves. The antibiotic complex is ef-

fective for the control of black spot of pear when sprayed at 20-40 ppm. The effect is rather protective than

therapeutic because the antibiotics can hardly penetrate leaf tissues from upper to lower surface and also hardly

translocate from lower leaves toward upper ones. The protective effect, when sprayed on leaves at 40 ppm, lasts

for more than 3 days under field conditions.
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) VRBRE Alternaria kikuchiana DEEHHIC MR
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Culture broth
| centrifuge at 12,000 rpm for 15 min.
Supernatant
neutralize with dil. HCI,
extract with n-BuOH

\)
BuOH-phase
heat at 70°C for 1hr.,
filter through a filter paper.

Filtrate (BuOH soln.)

! ghake with 49 (w/v) NaCl,
stand still overnight,

L centrifuge at 3,500 rpm for 10 min.

Floccules aggregated at BuOH-water interphase
dissolve in pyridine-water (1:1, v/v),
centrifuge at 3,500 rpm for 10 min.

A4
Supernatant (pyridine-water soln.)

shake with 4 vol. of isoamylacetate,
centrifuge at 3,500 rpm for 10 min.

Floccules aggregated at isoamylacetate-water interphase
dissolve in pyridine-water (1:1, v/v),
subject to Sephadex LH-20 column chromatography,
elute with pyridine-water (1:1, v/v).

Fractions with antifungal activity
| concentrate in vacuo,
| add 4 volumes of isoamylacetate,
centrifuge at 3,500 rpm for 10 min.

Floccules aggregated at isoamylacetate-water interphase,
| dissolve in pyridine-water (1;3, M/M),
] subject to Sephadex G-15 column chromatography,
elute with pyridine-water (1:3, M/M)

Fractions with antifungal activity
l concentrate in vacuo,
add 4 volumes of isoamylacetate,
centrifuge at 3,500 rpm for 10min.

Aggregates at interphase

J freeze-dry
White amorphous powder
(crude sample of the antibiotic)

Fig. 1. Isolation of the crude sample of an an-
tibiotic, altericidin-complex produced by
Pseudomonas sp.

tericidins DEFSEEENO0, 1, 2, 4, 8, 16ppm |
73k 5 BN A. kikuchiana No. 15 (RBHUK
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Fig. 2. Dlagrammatxc representation of the procedures
to test the translocation of altericidin-complex
from lower to upper leaves.
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10005 (H AR 28, THIRG) . A$H407K A7 1000/
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B Lo BRIHNCRECEES O FICE X 5 B
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CCHRISRIBIRFE L7z 88, 1 REICD & om2 241 DIKEE
5 ATz, AltericidinsD 1L 0, 40, 60ppm
Af REZEATIL Piomycin 20ppm, HEEH40KAA (8-t F
aXxyx /) #40%) 10005 CH D,

3) WHEFWCXBIYVIRE : HBCEHEL TN S
¥ RO 2 MERREAC SR L THE300m D FRUESAIC
A, B4DDPNEFICBN -, 7 BICHE L5
MBIt Uiz, 13883 8k 1 $k25m OB 2
BL, RN EB)ERAROMF RGeS B
BUic, B =— VCH W 2A4RESEIREE L
T2°COBWICHERFUTco EDODB25°CHAL |t u
VICH U, EES HRIOEMEZ, 7 HRICERE2H
Nz, Altericidins DFEEIX 0, 40 ppm, EEA & L
TR Y AF ¥ v A LKFIA1000650 %2 Bl oo 78303854
SRR 5 HIEik 25°C O RIAD H 2Bz,

@) TFREEEAME: ) BHERICK TR

HBCEM L TV 3 3 v itS s o g 2 Hn,
1 ALBER 3 HiHT, JelnBIEN D 3 BUH % 4RI 20
% L7z, Altericidins DJEEEIX 0, 40 ppm, o ESEAIZ
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HRICENENOMBERRE Ui, 8L ILEE
(V&R CBER BREECITR - 1o, MBI TR ORI
WBEFH 2 €=~ VS TH - 17,
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T

y=4.463x + 2.411
150=3.800 ppm

PROBIT OF PERCENT INHIBITION

2

1 ' A A
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Fig. 3. Inhibitory effect of altericidin-complex on
A. kikuchiana-spore germination.
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Altericidins 8 ~16 ppm THFORFRELICIHEL
1 ppm{CINTHRFEORY, HEOIHIrASNI,
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FAIOF)FE pH 5.0~8.0 DIICELIE RN (X 4),
B o~ vREONEOEAD A

A. kikuchiana (25T DA D A BIH BRI B
REANEZEL THd, Lo ICOWTRERDAEES

8p
7+ PH 6.0 : y=4.678x + 2.453
I5p*3.501 ppm
PH 7.0: y=4.249x + 2.674
15,=3.526 ppm

pH 5.0
y=4.081x + 2,611
150=3.847 ppm

pH 8.0
y=3.677x + 3.014
144=3.466 ppm

PROBIT OF PERCENT INHIBITION
o
T

i i 1 1
1 2 4 8 16 ppm

Fig. 4. Inhibitory effect of altericidin-complex on A.
kikuchiana-spore germination at different pH’s,
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Table 1. Effects of altericidin-complex on the control of black spot on detached pear leaves

Toxicant Effect of control (%) Disease index Protective value
Control (No toxicant) 0= 9.3 0
Altericidins 10 ppm 85.9b¢ 4.8 48.4

20 ppm 91.6¢ 3.3¢ 64.5
40 ppm 95.5¢ 2.3¢ 75.3
Piomycin 20 ppm 94.7¢ 2.8¢ 69.9
Polyoxin AL 1000 X 94.4¢ 2.7¢ : 71.0
Cu-8-Quinolinolate 4095 WP 1000 X 72,20 5.8 37.6

Average of two experiments, each using 4 leaves.

a, b, c: Significant difference at 5% level

Av. No. lesions/cm? of control—Av. No. lesions/cm? of treated leaves
Average number of lesions/cm? of control

disease indxe of treated leaves

Protective value = (1—7- ; =Y %100
( disease index of control ) >

Effect of control (%)= X 100

Table 2. Effects of altericidin-complex on the control of black spot on pear fruits artificially
inoculated with conidia of A. kikuchiana

No toxicant Altericidins k piomycin Cu-8-Quinolinolate
o toxican 40 ppm 60 ppm 20 ppm 4095 WP 1000 x
Effect of control (%) 0 92.9° 98.5¢ 49.6° 90.2¢

7 ml of water solution of chemical was sprayed on each pear. After the wet surface was dried in the air,
the conidial suspension was sprayed on each rotating pear fruit for 5sec. under a controlled pressure.
Lesions were counted after 48 hr incubation at 25°C.

a, b : Significant difference at 1% level.

Table 3. Effect of altericidin-complex on the control of black spot on leaves of potted plants
artificially inoculated with conidia of A. kikuchiana

Toxicant Percent control Disease index Protective value
No toxicant 0 6.0% 0
Altericidins 40 ppm 84.5" 1.8° 70.0
Polyoxin AL, 1000 X 83.1" 1.7¢ 71.7

a, b : Significant difference at 1% level.

Table 4. Protective effect of altericidin-complex on blacks pot disease on detached pear leaves

Disease index Protective effect

|
|

I
Toxicant | Time interval from spraying to Time interval from spraying to
‘ inoculation (Hr) inoculation (Hr)
L1 24 48 72 1 24 48 72
I |
No toxicant 9.0 9.0% 9.0 9.0* 0 0 0 0
Altericidins 40 ppm ‘ 4.0 5.5P¢ 4.04 5.7%¢ 55.6 38.9 55.6 36.7
|
Piomycin 20 ppm | 5.0cd 5.0¢d 6.3° 4,504 ! 44 .4 44 .4 30.0 50.0

a, b, ¢, d: Significant difference at 5% level.
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Table 5. Protective effect of altericidin-complex on black spot on pear fruits
h Effect of control (%)
Toxicant Interval after spraying chemical to inoculation

1hr 24hr 48hr 72hr
No toxicant o 02 02 02
Altericidins 40 ppm 97.0¢ 90.6° 86.8P 72.4P
Piomycin 20 ppm 45,6 80.6" 81.5P 53.8P
Cu-8-Quinolinolate 4095 WP, 1000x 85.7¢ 82.7° 87.7° 50.1P

a, b, ¢ : Differences are significant at 19 level only among the chemicals tested but non-significant among

the time intervals.

EECRDI-HE, 0.232ppm ik L, BERTRKD D&
0.068ppm TH -7z,
C 7 YERERICH T 2SR

1 RREBCKIMRE

EREREO > YEBRICA L altericidins (&% 1 107
T, MBRCH U TEWIIBRIRZRLTWS, B
BT ORER altericidins 10 ppm (A5 RESR407KFIA]
10005 & ODRICHBEEIZZED DN o128, alteri-
cidins 20, 40ppm, piomycin 20ppm, K Y A¥ VAL
IKFIA000f5 K & DIICERELRD DNz, Alteri-
KU A¥ ¥ A LKA
FELOMICIKERENIRN 5170

2 REEECLI¥E

REEEICKD altericidins DPFRZIEIIE 2 ICFEL
lzo HIBREREEE S FEMMNR L D058 HK & ks

cidins 20, 40ppm, piomycin,

B EBOBRSIRZR L T3, Altericidins 40ppm &
60ppm, FHEEFHIKFAEOMICRERENRAD I
Mofcht, plomycink T 3 LS MNOERENTD
2% g% /e

Table 6. Therapeutic effect of altericidin-complex
on black spot on detached leaves

Effect of control (%)

Toxicant Hr after inoculation to spraying
12 24

No toxicant 02 0

Altericidins 40 ppm 66.5P 27.8P

Piomycin 20 ppm 50.5P 31.6°

a, b : Significant difference at 5% level.

Table 7. Penetration of altericidin-complex from upper to lower surface of leaves or in the reverse

direction
Toxi Spraj}ed Inoculated Effect of Disease Protective
oxicant on to control (%) index value
No toxicant U L 0 9.92 0
L U 0 9.9% 0
Altericidins 40 ppm U L 17.7 9.7% 2.0
L U 24.7 9.7% 2.0
U U 97.9 3.54 64.6
L L 93.5 4.0 59.6
Piomycin 20 ppm U L 20.5 8.7° 12.1
L U 45.6 7.0¢ 29.3
L L 81.8 4.04 59.6

U : Upper surface of leaf
a, b, ¢, d: Significant difference at 194 level.

L : Lower surface of leaf
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Table 8. Translocation of altericidin-complex from lower to upper Jeaves of pear twigs

Disease index Pro{e&tive value
Toxicant unsprayed leaf sprayed leaf unsprayed leaf sprayed leaf
1* 2* 3* 4* 5* 6* 1* 2% 3* 4% 5% 6*
No toxicant 9.4 9.0 8.2 8.1 9.0 9.4 0 0 0 0 0 0
Altericidins A | 8.8 89 7.9 | 51 4.8 50 | 65 1.1 3.9 |37.0 46.7 46.8
40 ppm B 5.4 3.6 2.6 3.5 4.0 — 42.6 60.0 68.3 56.8 55.6 —
Piomycn A | 84 85 6.9 | 51 53 54 |10.6 5.6 15.9 | 87.0 4l.1 42.6
20 ppm B 8.7 9.3 4.1 4.7 7.7 -— 7.4 0 50.0 42.0 14.4 -
PolyoxnALA | 8.8 89 68 | 52 7.5 88 64 1.1 17.1 3.8 167 6.4
1000 x B 9.1 5.6 3.3 7.0 9.9 - 3.2 37.8 59.8 13.6 0 —

* Leaf numbers of sprayed and unsprayed leaves : see Fig. 2.
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YR QvitliiPskist =i

- D N BEERIC X D altericidins OFFHRIR
EE4, S5ICRINDIBEYVTH Do BERICONWT
L PERDRIL DN ThOBE b TARFRICONTH
BRICHLTELWIBREZR LTS, HAIMICH
F DEREEERD SN 5Tz BTOWTRHEEMO
BRGEZRD TN, BT OW TR I HRA
MUER U 7= K 7 2R R LB B U TR R A e 24
5 & SR LER B KB AR DNIRN o Tco BEFE
Bic & 2 REREIEEE 6 10T & D1 piomycin LFE
Eo#R2E U

5 BEBITH

BOBELD CICTHEAOBERITIEET, 8IIRL
7ot MR EH# LT altericidins (G SEAILEE & e
PEICE s BEdE - BERDILICTRONITEC
BPNTEYBEZRI LN ol A URANLE ZEEH
EH OB ARBRBLYELE Uiz, FIHAOREWITIC
ONTHECBELFAEAT, BEBTEOBENCLZ
RUTe
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B O T IRETET b D27 F FRIEMEZES
&, —fICE D FRIE 300~3000 DEHTH D LND
NTW3, RUMENSEET 57 F FRELY EWER
HREBICE X 7888, Altericidins 1&—HeE (Pseudo-

monas sp.) DAFET DHIAEYME THBERICK LT 200
ppm THIEMRRRE T, [LEFAO 7 CBICK U TERE
cEERERT NI CPEEEDN D,

YR UT- A. kikuchiana & A K-toxin AEERTIN
Io%t LT in vitro G 8 ~16 ppm THEAICHTHE 2
=21, Iso ik 3.8ppm T » 720 HNRDAEEMEERE Iso
1 0.068~0.232ppm CdH » 77, SAUITHE A K-toxin 42
PR R & Frs B3 LW RO B LTWBEDRENRD
2510, ZhICHT DRREB L TWIRN.

+ VEBBIRICK T DR RIE S, SRR,
Y ERRRORE20~40ppmTHEITH o fze 1K
SriEfl, R EESERC X 2 FHRIRIX40 ppmTT72
BgIc oW TORPHORERD LTV, b
ORI EIC DN TIAESEAID piomycin 20 ppm, 7K
J 4% &~ A LZKEIAIL000#5, F5#8H407K FIA10001
W RRBER W EE N EORRER LI & DR
LB2, RALCOBERBREHASN T IRERTL
8 kasugamycin (20 ppm)3:47-11), polyoxin complex
(20~100ppm)2-3:11), blasticidin S (10~20ppm)3.7.0~11),
validamycin (10~50ppm) 1115~ AR TRPF O I
ECHIRCELONDY, HERUCERY, R7°FF
OELETHYD, ENENRBRETICEOLN T2/
B, BRICOVWTHIEREZ L TWEN, PLEDBED
—OhBbEEIENEBDON DT NEMET X
IV EBETENELDTHD D,

BESRICOWTREREEICHENT
ppm EEBEEZRL TN Y, BEBFHICOWTEMA
NEREZT LTV, Altericiding 2SKICEHAKET
B B0 FDRFIEETNCRBT DT LIS XD K DEN

piomycin 20
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1. Pseudomonas sp. 7°4:ET DHiAMIE % 8L CTH
BEROMER 287, HENS altericidins 2H& L
Izo BONIHER%EWT Alternaria kikuchiana &
DRTHFIEE, WARAOEEME, + vBEKORL
RE2HRENI,

2. A kikuchiana DFEFFIFIL 8 ~16 ppmT5ELICIH
HEN, Iso & 3.8ppm THY, EHROEEHED Is,
& 0.068~0.223ppm TH -/,

3. FYEBRICHT BRREEIE altericidins 20~40
pPm THIT, 7TARFMEBICHNTLE L FTHRE2E
LLTWz, WIhDBA D piomycin 20ppm, K'Y+
F ¥ A LZKMA1000f5#, HHEEH407KFAT1000f5H &
FIEESRNEZNL EORERZR L /20

BWE EPBREICOWTOBER S WIS A. kikuchiana
No. 15 [tz /I Wiz BECK# T ##2, piomycin
PREESNICIELEK K., HEBEH407KGHAIRED=
HHESK K. WK, FEEEA(N S-230)#to X
[FEE#TEK . K . SAMBRICKH LR ME2ET 5,
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Explanation of Plate

1. Effect of altericidin-complex for the control of
black spot on detached pear leaves.
II. Effect of Altericidin-complex for the control of
black spot on pear fruits. i
III. Effect of altericidin-complex for the control of
black spot on pear leaves atached to plants.
Alt-10 : Altericidin-complex 10 ppm
Alt-20 : Do., 20 ppm
Alt-40 : Do., 40 ppm
Alt-60 : Do., 60 ppm
Pio-20 : Piomycin 20 ppm
Pol-1000 X : Polyoxin AL wettable powder,
1000-folds dilution
Cu-Q. 1000 X : 40% copper 8-quinolinolate,
1000-folds dilution
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