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ABSTRACT

H.B. LEE, Y. KIM, J.C. KIM, G.J. CHOI, S.-H. PARK, C.-J. KIM AND H.S. JUNG. 2005.

Aims: To investigate the iz vitro antifungal and antioomycete activities of some aminoglycosides against true
fungi and Phytophthora and Pythium species and to evaluate the potential of the antibiotics against Phytophthora late
blight on plants.

Methods and Results: Antifungal and antioomycete activities of aminoglycoside antibiotics (neomycin,
paromomycin, ribostamycin and streptomycin) and a paromomycin-producing strain (Streptomyces sp. AMG-P1)
against Phytophthora and Pythium species and 10 common fungi were measured in potato dextrose broth (PDB)
and on seedlings in pots. Paromomycin was the most active against Phytophthora and Pythium species with a
minimal inhibitory concentration of 1-10 g ml™" in PDB, but displayed low to moderate activities towards other
common fungi at the same concentration. Paromomycin also showed potent iz vive activity against red pepper
and tomato late blight diseases with 80 and 99% control value, respectively, at 100 ug ml™". In addition, culture
broth of Streptomyces sp. AMG-P1 as a paromomycin producer exhibited high iz vive activity against late blight
at 500 ug freeze-dried weight per millilitre.

Conclusions: Among tested aminoglycoside antibiotics, paromomycin was the most active against oomycetes both
in vitro and i vivo.

Significance and Impact of the Study: Data from this study show that aminoglycoside antibiotics have iz vitro
and n vive activities against oomycetes, suggesting that Streptomyces sp. AMG-P1 may be used as a biocontrol agent
against oomycete diseases.

Keywords: aminoglycoside antibiotics, antifungal activity, antioomycete activity, biocontrol agent, oomycetes,
Streptomyces sp. AMG-P1.

INTRODUCTION

Phytophthora blights and rots caused by oomycete plant
pathogens with wide host range, such as Phytophthora
capsici, Phytophthora infestans and Phytophthora medicaginis,
are significant diseases of many important crops such as red
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peppers, potatoes, tomatoes and alfalfas, and cause world-
wide economic loss. Pythium blights, rots and damping-off
are also caused by oomycete pathogens such as Pythium
aphanidermatum and Pythium ultimum. Phytophthora and
Pythium species are pseudofungi belonging to the phylum
Heterokonta of the kingdom Chromista (Gunderson ez al.
1987; Chesnick er al. 1996; Khulbe 2001) and as many as 95
Phytophthora and 100 Pythium species have been reported
(Erwin and Ribeiro 1996; Kamoun ez al. 1999).

Generally, soil-borne diseases are difficult to control. Late
blight, caused by Phytophthora, is difficult to control by
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chemical means, because of their high aggressiveness and
increasing resistance to metalaxyl, a previously effective
systemic compound against oomycetes (Gisi and Cohen
1996; Fry and Goodwin 1997; Gavino et al. 2000). Identi-
fying targets for new fungicides has a high priority in
current Ph. infestans research (Cvitanich and Judelson 2003).

Various fungicides like EMET [5-ethoxy-3-(trichloro-
methyl)-1,2,4-thiazole], metalaxyl [methyl N-(2,6-dimethyl
phenyl)-N-(methylacetyl)-DL-alaninate] and pyroxyfur [2-
chloro-6-(2-furanylmethoxy)-4-(trichloromethyl) pyridine]
have been used to control root diseases (Xiao et al. 2002).
It has been shown that a phenylamide fungicide, metalaxyl,
provides major systemic protection against oomycete path-
ogens (Davidse er al. 1981; Cohen and Reuven 1983;
Schwinn and Staub 1995; Parra and Ristaino 2001; Xiao
et al. 2002). When metalaxyl was introduced in 1977, it
provided excellent control of oomycete diseases caused by
Phytophthora and Pythium species, Peronospora tabacina and
Bremia lactucae (Morton and Urech 1988; Schwinn and
Staub 1995). However, the extensive use of metalaxyl has
led to the rapid development and widespread distribution of
metalaxyl-resistant strains of Phytophthora species through-
out the world (Davidse ez al. 1981; Dawley and O’Sullivan
1981; Deahl et al. 1993; Goodwin ez al. 1996). The reported
occurrence of Phytophthora isolates resistant to metalaxyls
and oxadixyls in field crops now pose new challenges to the
management of these significant diseases (Davidse et al.
1981; Morton and Urech 1988; Parra and Ristaino 2001).
Especially, the occurrence of metalaxyl-resistant Phyroph-
thora species in potato fields has resulted in devastating late
blight problems due to the failure of disease control in most
production areas (Deahl ez al. 1993; Hwang and Kim 1995;
Ristaino and Johnston 1999; Parra and Ristaino 2001). Once
fungicide-insensitive strains emerge, they are persistent, and
reapplication of fungicides can exacerbate the problem. The
need to reduce pesticide application to food crops and the
concern for environmental pollution call for alternative
methods for disease control. One such method is the use of
biocontrol agents (BCAs) in oomycete diseases.

Biocontrol is regarded as an attractive, environmentally
sound alternative to chemical pesticides for protection
against crop diseases (Chet and Inbar 1994; Cartwright
and Spurr 1998; Whipps 2001; Chatterton et al. 2004;
Folman ez al. 2004). Numerous surveys of soil bacteria have
identified strains of Streptomyces and Bacillus as potential
BCAs (Rothrock and Gottlieb 1981; Crawford ez al. 1993;
Mari et al. 1996; Georgakopoulos et al. 2002). Many
biocontrol organisms employ antibiotic production as a
mechanism of disease control (Emmert and Handelsman
1999; Whipps 2001). Jones and Samac (1996) showed that a
combination of fungicide and Streptomyces resulted in high
alfalfa seedling survival with no or slight symptoms of
Phytophthora root rot. Xiao et al. (2002) reported that

Streptomyces isolates significantly reduced root rot severity
in alfalfa and soybean caused by Ph. medicaginis and
Phytophthora sojae respectively.

In the course of our initial screening of antioomycete
compounds originating from micro-organisms, some amino-
glycoside antibiotics from actinomycetes were found to be
selectively active against Phytophthora and Pythium. To date,
most studies of the biological properties of aminoglycoside
antibiotics such as amikacin, gentamicin, hygromycin B,
kanamycin, neomycin, netilmicin, paromomycin, ribosta-
mycin, streptomycin and tobramycin have focused on
activities against bacteria, yeast and protozoan (Chambers
et al. 1998; Gracenea et al. 1998; Lerner et al. 1998;
Vakulenko and Mobashery 2003; Beers and Berkow 2004).
So far, only limited information on the activity of amino-
glycosides against oomycetes and the sensitivity of oomyc-
etes to them is available.

The objectives of this study were (i) to investigate i vitro
antifungal and antioomycete activities of four aminoglyco-
side antibiotics (neomycin, paromomycin, ribostamycin and
streptomycin) against Phytophthora and Pythium species and
further 10 common fungi, and (ii) to evaluate the antio-
omycete potentials of aminoglycoside antibiotics and of a
paromomycin-producing strain on plants against red pepper
and tomato late blights caused by Phk. capsici and Ph. infestans
respectively.

MATERIALS AND METHODS
Chemicals and micro-organisms

Neomycin, paromomycin, ribostamycin, streptomycin, and
related reagents used in this study were obtained from
Sigma Chemical Co. (St Louis, MO, USA). The bacterial,
fungal and oomycete strains used in the study are listed in
Table 1. The strains were identified and deposited at
Microbial Resources Data Base, KRIBB, Daejeon, Korea,
and SNU Fungus Culture Collection, Department of
Biological Sciences, Seoul National University, Korea,
under lyophilized condition. The strains were also main-
tained under refrigeration (2-3°C) until used for cultivation.

Media used for cultivation and bioassay of the strains were
potato dextrose agar (PDA) and potato dextrose broth
(PDB) consisting of (I"') PDB 24 g (Difco, Detroit, MI,
USA), agar 15 g (or without agar); malt extract agar,
consisting of (I"') yeast malt extract 15 g, agar 15 g; V8
vegetable juice agar (VA), consisting of (I"!) V8 vegetable
juice 200 g, CaCOs 3 g, agar 15 g (adjusted to pH 7-2 before
sterilization) respectively. Bennett’s agar and Bennett’s
broth for preservation and liquid culture of the actinomycete
strain contained (17" glucose 10 g, yeast extract 1 g, Bacto-
peptone 2 g, beef extract 1 g, agar 20 g (or without agar),
0-5 g each of thiamine-HCI, riboflavin, niacin, pyridoxine-
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Table 1 List of strains used in this study

Species Strain no.*
Aspergillus flavus KCTC 6633
Aspergillus fumigatus KCTC 6145
Absidia coerulea KCTC 6936
Botrytis cinerea SFCC-BCIO1
Colletotrichum gloeosporioides KCTC 6169
Fusarium culmorum KCTC 6157
Mucor ambiguous KCTC 6142
Penicillium oxalicum KCTC 16912
Penicillium expansum KCTC 6434
Phytophthora capsici KRICT-pcl01
Phytophthora infestans ATCC 36609
Phytophthora infestans KRICT-pil01
Phytophthora megasperma ATCC 28004
Phytophthora nicotianae ATCC 15409
Phytophthora palmivora ATCC 26483
Phytophthora porri ATCC 52729
Pythium aphanidermatum ATCC 26081
Pythium dissotocum ATCC 60519
Pythium graminicola ATCC 28458
Pythium ultimum SFCC-PULO1
Rhizopus stolonifer SFCC-RSTO1
Streptomyces sp.T SFCC-AMG-P1

*KCTC, Korea Collection for Type Culture, Daejeon, Korea; SFCC,
Seoul National University Fungus Culture Collection, Department of
Biological Sciences, College of Natural Sciences, Seoul National
University, Korea; KRICT, Korea Research Institute of Chemical
Technology, Daejeon, Korea; ATCC, American Type Culture Col-
lection, Manassas, VA, USA.

fTParomomycin-producing actinomycete strain.

HCI, inositol, Ca-pantothenate and aminobenzoic acid,
biotin 0-25 mg, cycloheximide 50 mg and nalidixic acid
10 mg (adjusted to pH 7-2 before sterilization).

Screening of aminoglycoside producer and
culture

As a preliminary study to identify a potential BCA, the
paromomycin-producing actinomycete strain, Streptomyces
sp. AMG-P1, was screened. The analysis of aminoglycoside
antibiotics was performed using liquid chromatography and
mass spectrometry according to previously described meth-
ods (Umezawa and Kondo 1975; Lu et al. 1997, Olson et al.
1997). After chemical verification of the antibiotic, the
quantity of paromomycin produced was indirectly assayed
by microbial paper disc agar diffusion method (Parenti et al.
1978), using Bacillus subrilis ATCC 1914 as a test organism.
For the preparation of culture broth, Streptomyces sp.
AMG-P1 was first inoculated in 200 ml Erlenmeyer flasks
containing 60 ml of the screening medium consisting of (1"")
soluble starch 10 g, glucose 20 g, soybean meal 25 g, beef
extract 1 g, yeast extract 4 g, NaCl 2 g, K,HPO, 0-25 g and

CaCO; 2 g (adjusted to pH 7-2 before sterilization) and
cultured on a rotary shaker (150 rev min~') at 28°C for
5 days. In addition, for scale-up fermentation, the strain was
precultured in a 500-ml Erlenmeyer flask for 3 days, and a
stock solution (3%) was used to re-inoculate a 5-1 jar
fermentor (Korea Fermentor Co., Daejeon, Korea).

Assays of in vitro antifungal and antioomycete
activities

The activities of aminoglycoside antibiotics against four
Phytophthora species (Ph. infestans, Phytophthora nicotianae,
Phytophthora megasperma and Phytophthora palmivora) and
two Pythium species (Pythium dissotocum and Py. ultimum)
and 10 common fungal species were measured in PDB and
PDA augmented with different concentrations (0-1—
100 ug ml™") of antibiotics. PDA was used as the basal
medium for all test species, except for Ph. infestans (ATCC
36609) and Ph. capsici for which VA medium was used. For
viability test, submerged growth of the isolates was tested in
PDB. Agar discs (5 mm in diameter) from actively growing
mycelia were placed into 5-ml test tubes of broth containing
antibiotics at different concentrations. After 3 days, discs
were removed, rinsed thoroughly with sterile distilled water,
and placed back onto fresh PDA. The plates were incubated
at 25°C for further 5 days, after which mycelial regrowth
was observed, and the minimal inhibitory concentrations
(MICs) were evaluated in duplicate.

Assays of in vivo antioomycete activity

The four aminoglycoside antibiotics were tested for antio-
omycete activity on plants against red pepper late blight
caused by Ph. capsici and tomato late blight caused by
Ph. infestans. In order to investigate further in vivo
antifungal activities, paromomycin, which showed the most
antioomycete activities against oomycete diseases, was also
tested for antifungal activity on plants against the following
diseases: rice blast caused by Pyricularia oryzae, rice sheath
blight caused by Rhizoctonia solani and wheat leaf rust
caused by Puccinia recondita. Red pepper (Capsicum annu-
um), tomato (Lycopersicon esculentum), rice (Oryza sativa)
and wheat (Triticum aestioum) plants were grown in vinyl
pots (45 cm in diameter) in a glasshouse at 25 + 5°C for 1-
4 weeks. Stock solutions of antibiotics were prepared in
sterile distilled water containing 0-2% (v/v) Tween-20, and
the concentrations adjusted to 100-500 ug ml™'. In addi-
tion, in vive antioomycete activity of liquid culture of the
strain was investigated against Ph. infestans on tomato plants.
After incubation at 28°C for 5 days in Bennett’s broth
medium, liquid culture of Streptomyces sp. AMG-P1 was
filtered through Whatman No. 2 filter paper, centrifuged at
10 000 g for 20 min, and the supernatant was freeze-dried.
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The freeze-dried culture extract was dissolved in 0-2% (v/v)
Tween-20 solution and then serially diluted to different
concentrations [500 (equivalent to 1/50 dilution of culture
broth), 250, 125, 60, 30 ug fdw (freeze-dried weight) ml™'].
The aminoglycoside antibiotics and liquid culture extract of
Streptomyces sp. AMG-P1 as a paromomycin producer were
sprayed on plant seedlings in pots with a hand sprayer and
allowed to stand for 23 h for safer anchoring of antibiotics
on leaves. Control plants were treated with Tween-20
solution alone. The treated seedlings were inoculated with
spores or mycelial suspensions of the test organisms. The
experiment was conducted twice, and the mean of the six
estimates made for each treatment was converted into a
percentage disease control. The percentage of disease
control was determined using the following equation: %
control = 100[(A4 — B)/A], where A = the area of infection
(%) on leaves or sheaths sprayed with Tween-20 solution
alone and B = the area of infection (%) on treated leaves or
sheaths. Treatment with broth-only inoculation was used as
a negative control. Values were expressed as a percentage
control (xSD). The detailed procedures for the in vivo
antifungal and antioomycete assays have been described
previously (Kim ez al. 2001, 2004).

RESULTS

In vitro antifungal and antioomycete activities of
aminoglycoside antibiotics

Inhibitory effects of four aminoglycoside antibiotics (neo-
mycin, paromomycin, ribostamycin and streptomycin) on
mycelial growth of four Phytophthora (Ph. infestans,
Ph. nicotianae, Ph. megasperma and Ph. palmivora) and two
Pythium (Py. dissotocum and Py. ultimum) species in PDB
varied with tested antibiotics and micro-organisms (Tables 2
and 3). The four Phytophthora species were very sensitive to
aminoglycoside antibiotics at MICs of less than 10 g ml™".

Table 3 In vitro antimicrobial activity of paromomycin against
various fungal and oomycete isolates*

Paromomycin (ug ml_l)

Species 10 20 40 80 100
Aspergillus flavus KCTC 6633 +f + + + +

Aspergillus fumigatus KCTC 6145 + + + + +

Absidia coerulea KCTC 6936 + + + + +

Botrytis cinerea SFCC-BCIO1 + + - - -

Colletotrichum gloeosporioides KCTC 6169 + + + + ND
Fusarium culmorum KCTC 6157 + + + = -

Mucor ambiguous KCTC 6142 + + + o+ ND
Penicillium oxalicum KCTC 16912 + + + + ND
Penicillium expansum KCTC 6434 + + + + ND
Phytophthora capsici KRICT-pcl01 - - - ND ND
Phytophthora infestans ATCC 36609 - - —= ND ND
Phytophthora infestans KRICT-pil01 - - - ND ND
Phytophthora megasperma ATCC 28004 - - - ND ND
Phytophthora nicotianae A'TCC 15409 - - — ND ND
Phytophthora palmivora ATCC 26483 - - — ND ND
Phytophthora porri ATCC 52729 + + + + -

Pythium aphanidermatum A'TCC 26081 - - —= ND ND
Pythium dissotocum ATCC 60519 - - - ND ND
Pythium graminicola ATCC 28458 - - — ND ND
Pythium wltimum SFCC-PUL(L - - — ND ND
Rhizopus stolonifer SFCC-RST01 + + + o+ ND

*Each isolate was grown in PDB at 25°C for 7-10 days in the dark.
TThe antioomycete activity was determined by a viability test (+,
mycelial regrowth observed; —, no mycelial regrowth observed; ND,
not determined).

Of the aminoglycoside antibiotics, paromomycin was the
most active against Phytophthora and Pythium species.
Ribostamycin showed lower activity than paromomycin.
Interestingly, Phytophthora porri was less sensitive to
paromomycin than the other Phytophthora and Pythium
species at an MIC of 100 ug ml™" (Table 3). The in vitro
activities of aminoglycosides against Ph. infestans on VA

Table 2 7n vitro antioomycete activities of four aminoglycoside antibiotics against four Phytophthora and two Pythium species

Neomycint Paromomycin Ribostamycin Streptomycin
Species* 0 0-1 1 10 0 01 10 0 01 1 10 0 01 1 10
Ph. infestans +i + + - + + - + + - - + + + _
Ph. megasperma + + + - + + - + + + - + + + -
Ph. nicotianae + + + + + + - + + + + + + + -
Ph. palmivora + + + + + + — + + + - + + + —
Py. aphanidermatum + + + + + + - + + + - + + + ND
Py. ultimum + + + + + + - + + + - + + + ND

*Fach isolate was grown in PDB at 25°C for 7-10 days in the dark.
TThe concentration of each antibiotic ranged from 0 to 10 ug ml™".

1The antioomycete activity was determined by a viability test (+, mycelial regrowth observed; —, no mycelial regrowth observed; ND, not

determined).
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solid medium (Fig. 1) were approximately five times lower
than in liquid medium (PDB) (data partly shown). Most of
the aminoglycoside antibiotics were active against Phytoph-
thora and Pythium species at 10 ug ml™' and moderately
active against Botrytis cinerea and Fusarium culmorum at 20
and 40 ug ml™", respectively, but little activity was shown
against 10 eufungi species of Absidia, Aspergillus, Botrytis,
Colletotrichum, Fusarium, Mucor, Penicillium and Rhizopus,
even at 80 ug ml™! (Table 3). The results showed that the
oomycetes Phytophthora and Pythium were sensitive to
aminoglycoside antibiotics, and further that 2-deoxystrep-
tamine structure-containing antibiotics might be potent
inhibitors of both Phytophthora and Pythium.

In vivo antifungal and antioomycete activities

Antioomycete activity of aminoglycoside antibiotics against
red pepper and tomato late blights caused by Ph. capsici and
Ph. infestans, respectively, varied with tested antibiotics and

000

Control (0)

80
70

50 |
40 |
30 |

Mycelial growth (diameter mm)

10

0 L L L L )
0 (Control)  0-8 4 20 100

Paromomycin (ug mi~")

Fig. 1 In virro antioomycete activities of paromomycin against
Phytophthora infestans on a solid medium. Upper panel: Growth of
Ph. infestans 10 days after inoculation onto V8 juice agar containing
0-8-500 pg ml™" paromomycin. Lower panel: Average diameter (£SD)
of mycelia after 10 days of growth on different concentrations of
paromomycin. Each diameter represents a mean value of two replicate
plates

pathogens (Tables 4 and 5, Fig. 2). Paromomycin showed
potent in vive activities against red pepper and tomato late
blight diseases with 80 and 99% control at 100 ug ml™'
respectively. Paromomycin was slightly less active against
Ph. capsici than Ph. infestans. Tomato late blight was
completely inhibited by paromomycin with 99% control at
100 g ml™', and moderately controlled by streptomycin
and neomycin with 76-80% control at 500 ug ml™'
(Table 5). Ribostamycin was apparently less active against
Ph. capsici and Ph. infestans than the other antibiotics,
displaying (at 500 pg ml™") 37-40% control of red pepper
late blight achieved by paromomycin and streptomycin
(Tables 4 and 5). In contrast, when the antibiotics were
applied against three other plant diseases (rice blast, rice
sheath blight and leaf rust), paromomycin did not inhibit the
development of these diseases (Table 6).

The actinomycete strain, Streptomyces sp. AMG-P1, was
found to produce paromomycin at the rate of approx.
25 mg I"'. When the freeze-dried culture extract was
applied against tomato late blight, the actinomycete strain
displayed a strong inhibitory effect at 125 ug fdw ml™!

Table 4 Antioomycete activity of four aminoglycoside antibiotics
against red pepper late blight caused by Phytophthora capsici (KRICT-
pcl01)*

% Disease control £ SDt

Concentration

(ug ml™") Neomycin Paromomycin Ribostamycin Streptomycin
100 711 80 %95 792 47+ 11

500 4061 93 %45 3752 80 = 56

*The red pepper seedlings were inoculated with zoospore suspensions
of Ph. capsici 23 h after treatment with antibiotics.

1% Disease control = 100[(4 — B)/A], where 4 = the area of
infection (%) on leaves or sheaths sprayed with T'ween-20 solution
5= 10* Z00Spores ml™! inoculum concentration) alone and B = the
area of infection (%) on treated leaves or sheaths of two replicates.

Table 5 Antioomycete activity of four aminoglycoside antibiotics
against tomato late blight caused by Phyrophthora infestans (KRICT-
pil01)*

% Disease control £ SDf

Concentration

(ug ml_l) Neomycin Paromomycin Ribostamycin Streptomycin
100 2011 99 %09 28 £ 60 48 £ 75

500 8075 99 %05 28 £57 76 £ 64

*The tomato seedlings were inoculated with zoospore suspensions of
Ph. infestans 23 h after treatment with antibiotics.

1% Control = 100[(A — B)/A], where A = the area of infection (%)
on leaves or sheaths sprayed with Tween-20 solution (5 * 10* zoo-
spores ml™! inoculum concentration) alone and B = the area of
infection (%) on treated leaves or sheaths of two replicates.
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Fig. 2 Antioomycete activities of four aminoglycoside antibiotics
against red pepper late blight caused by Phyrophthora capsici KRICT-
pcl01 (Con, control; Neo, neomycin; Par, paromomycin; Rib,
ribostamycin; Str, streptomycin). Red pepper seedlings were inocula-
ted with zoospore suspensions of Ph. capsici 23 h after treatment with
antibiotics (500 ug ml™"). Disease severity was evaluated 4 days after
inoculation

Table 6 Inhibitory effect of paromomycin (250 pg ml™") against
various plant pathogens*

% Disease

Plant pathogen Host control + SDT
Pyricularia oryzae KRICT-po201 Rice 0

Rhizoctonia solani KRICT-rs102 Rice 5£11
Phytophthora infestans KRICT-pil01  Tomato 99 * 05
Phytophthora capsici KRICT-pcl01 Red pepper 90 £ 2-7
Puccinia recondita KRICT-pr101 Wheat 16 = 10

*The plant seedlings were inoculated with spores or mycelial
suspensions of the test organisms 23 h after treatment with antibiotics.
1% Control = 100[(A4 — B)/A], where A = the area of infection (%)
on leaves or sheaths sprayed with T'ween-20 solution alone and

B = the area of infection (%) on treated leaves or sheaths of two
replicates.

(equivalent to approx. 1/200 dilution of culture broth),
suggesting its potential as a BCA (Fig. 3).

DISCUSSION

Paromomycin was first isolated from an actinomycete
species, Streptomyces rimosus ssp. paromomycinus by Coffey
et al. (1959). Some of its biological properties have been
reported (Vakulenko and Mobashery 2003). Aminoglycoside
antibiotics are characterized by the presence of two or more
amino sugars linked to an aminocyclitol ring through
glycosidic bonds. They bind to bacterial 30S ribosomal
subunits, causing misreading by tRNA, and leaving bacteria
unable to synthesize proteins essential for growth. These
antibiotics have generally proved to be inactive (or at best

Fig. 3 Antioomycete activities of the culture broth of Streptomyces sp.
AMG-P1 against tomato late blight caused by Phytophthora infestans.
Tomato seedlings were inoculated with zoospore suspensions of

Ph. infestans 23 h after treatment with freeze-dried extract [500
(equivalent to 1/50 dilution of culture broth), 250, 125, 60, 30, 0
(control) pg ml™'] of liquid culture of Streptomyces sp. AMG-P1.
Disease severity was evaluated 3 days after inoculation

weakly active) against eukaryotic ribosomes. However,
certain antibiotics like hygromycin B are active against both
prokaryotic and eukaryotic cells (Gonzalez ez al. 1978;
Wilhelm ez al. 1978; Recht er al. 1999; Lynch and Puglisi
2001). Tests of the relative potency of the aminoglycosides
have ranked gentamicin > G418 > paromomycin > neo-
mycin > hygromycin B > streptomycin in their ability to
cause misreading (Eustice and Wilhelm 1984).

While aminoglycosides are known to interfere with
translation in prokaryotic ribosomes, their mode of action
against eukaryotes is not well-defined. Some eukaryotic
ciliate protozoa (Tetrahymena thermophila) and intestinal
parasites (Giardia lamblia) are sensitive to aminoglycosides
with a 6" hydroxyl group, as paromomycin has (Palmer and
Wilhelm 1978; Edlind 1989).

It seems possible that oomycetes represent a rather special
group in phylogeny that have prokaryotic sensitivity to the
action of aminoglycoside antibiotics. Furthermore, sensitiv-
ity may be different within species or genera of oomycetes.
Our results showed that the antibiotics were selectively
active against Phytophthora blight pathogens of red pepper
and tomato both i vitro and on plants. For example,
Ph. porri was more resistant to paromomycin than other
Phytophthora and Pythium species (Table 3). Mutants of
Phytophthora parasitica resistant to streptomycin have been
reported (Ann and Ko 1988), and the streptomycin sensi-
tivity of Pythium splendens varied in isolates with different
colony types (Guo and Ko 1995).

Recently, there has been a rising interest in the develop-
ment of friendly BCA for disease control leading to a
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sustainable agriculture. Various antibiotics active against
oomycetes have been isolated from bacteria and actinomyc-
etes (Silo-Suh er al. 1994; Hwang ez /. 2001). Actinomyc-
etes have been recognized as sources for several secondary
metabolites and antibiotics, and a number of Streptomyces
species have been studied as potential BCAs against fungal
pathogens (Filonow and Tockwood 1985; Sabaratnam and
Traquair 2002; Xiao et al. 2002). Our previous work also
showed that paromomycin was antibacterial against Staphy-
lococcus aureus KCTC 1916 and Escherichia coli KCTC 1924,
and that neomycin was highly active against some species of
potato scab pathogens, Streptomyces scabiei (=Streptomyces
scabies) and Streptomyces acidiscabies at 10-50 ppm (Lee
et al. 2004). The combined results indicate that paromomy-
cin and other similar aminoglycosides are candidates for the
control of plant diseases caused by oomycetes and by
bacteria such as potato scab pathogens (data partly shown).
McGovern et al. (2004) reported that Ridomil (metalaxyl)
showed 30-50% control of mycelial growth of Ph. capsici at
6 ug ml™". Our work with a paromomycin-producing strain,
Streptomyces sp. AMG-P1, displayed a strong in vivo
inhibitory effect on tomato late blight caused by Ph. infestans
at >125 pug fdw ml™". Our results suggest that actinomyc-
etous BCAs which produce a high yield of paromomycin or
related aminoglycoside antibiotics can also be used for the
development of new BCAs against oomycete diseases.
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