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Suitable Medium for Increasing Biomass of
Antagonistic Streptomyces spp. Against Bacterial
Fruit Blotch Disease of Watermelon

Chanida Yaeram, Petcharat Thummabenjapone and Assanee Pachinburavan

Abstract

Eight selected Streptomyces isolates namely Streptomyces No.13, 15, 22, 33, 74, 78, 84 and 87, which
were proved to be effective in controlling bacterial fruit blotch disease in watermelon, were cultured on three
types of solid media, arginine-glycerol-mineral salt agar (AGMA),yeast extract-malt extract agar (YEME) and
glycerol-arginine agar (GAA). It was found that all isolates tested grew rapidly on YEME and AGMA but not on
GAA. Subsequently, their effectiveness in inhibiting the growth of Acidovorax avenae subsp. citrulli (Aac), a causal
agent of bacterial fruit blotch disease, was tested by bioassay method. The results showed that seven tested
isolates of Streptomyces except isolate No.74, which cultured on AGMA and YEME media had a great effect on
inhibiting the growth of Aac. The inhibition zones created by 7 isolates were significantly different (p<0.05). The
antibiosis activity against Aac of Streptomyces obtained in agar culture AGMA and YEME showed higher activity
than in GAA. The biomass in liquid culture of four Streptomyces isolates (Streptomyces No.13, 15, 33 and 87) were
evaluated. The highest (p<0.05) dry weights of biomass (ranging from 148.8 289.2 mg/100 ml) of Streptomyces
isolate no.13, 15 and 33 were found in AGMB, while Streptomyces isolate No.87 with more rapidly produced

biomass in YEME-broth was 144-376 mg/100 ml.
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Introduction

Bacterial fruit blotch (BFB) is a serious
disease of watermelon and other cucurbits which
was first observed in the United States in 1988
(Wall and Santos, 1988). It was first founded in
Thailand in 1991 on seed production field at
Khon Kaen province, Northease of Thailand
(Sirithorn, 2001). Acidovorax avenae subsp.
citrulli (Aac), the causal agent of bacterial fruit
blotch disease, spreads rapidly throughout
transplant houses and in the field to infect and
eventually rot watermelon fruit. It is naturally
contaminated and transmitted by seed which
usually serves as the primary inoculum source
for BFB outbreaks (Rane and Latin, 1992).

Biological control using antagonistic
microorganisms to suppress plant diseases
offers a powerful alternative method to replace
synthetic chemicals. Filamentous soil bacteria
belonging to the genus Streptomyces are
widely recognized as important microorganisms
because of their ability to produce many
secondary metabolites, which have various
activities, such as antifungal, antibacterial
and antitumor (Demain, 1999). Streptomyces
is a Gram-positive soil bacterium belonging
to the order Actinomycetales and family
Streptomycetaceae. They produce branching
vegetative mycelia that form disperse units by
sprouting spore—bearing airy branches on solid
media (William et al., 1989). At least there

were two species of Streptomyces which had

been reported to control several economic plant
diseases. They were Streptomyces griseoviridis
and S. lydicus (Kortemaa, 1994 ; Mahadevan
and Crawford, 1997; Tokala et al, 2002;
Yuan and Crawford, 1995). The screening of
Streptomyces from soil which have antagonistic
activities against Aac was performed at
Department of Plant Pathology, Khon Kaen
University. The results from bioassay showed
that several isolates of Streptomyces gave strong
inhibition effect on Aac (Thummabenjapone and
Pachinburavan, 2002). Some of Streptomyces
isolates have a great potential to control Aac
under green house condition (Wanking et al.,
2004). For further development of Streptomyces
biomass as biological control products, basic
studies on the most suitable culture medium
for all multiplication and maintenance of
their antagonistic activities against Aac were

investigated.

Materials and mathods

Microorganisms and culture conditions
Streptomyces isolates No.13, 15, 22, 33,
74, 78, 84 and 87 were kindly provided by
P. Thummabenjapone (Department of Plant
Pathology, Khon Kaen University). All Strepto—
myces isolates were stored in 30% glycerol
frozen at -20 ° C. Working cultures were
obtained by streaking a loopful of spore stock
onto arginine-glycerol-mineral salt agar (AGMA)

plates. After incubation at 28° C for 7 days,
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colonies showing sporulation and filamentous
aspect were employed in this experiment.
Isolate of Acidovorax avenae subsp. citrulli
(Aac KK9) was used throughout this study.
This virulent strain was kindly supplied by
P. Thummabenjapone (Department of Plant
Pathology, Khon Kaen University). The culture
was maintained on nutrient agar (NA) slants at
4° C. Colonies were transferred to NA plates
and incubated at 28° C for 48 h to prepare for

the biological assay.

Media and morphological characterization
Agar culture: Streptomyces isolates were
streaked on three different media including
arginine—glycerol-mineral salt agar (AGMA; 1
liter consisted of : arginine, 1g; glycerol, 12.5 g;
K2HP04, 1 g; NaCl, 1 g; MgSO4. 7 HQO, 0.5 g;
Fe2 SOA. 7 HQO, 0.001 g; CuSOA. 5 HQO, 0.0001 g;
ZnSOA. 7 HZO, 0.0001 g; MnSO4.H20, 0.0001 g;
Bacto-agar, 15 g; pH 7), yeast extract-malt
extract agar (YEME; 1 liter consisted of : yeast
extract, 4 g; malt extract, 10 g; glucose, 4 g;
Bacto-agar, 16 g; pH 6.5) and glycerol-arginine
agar (GAA; 1 liter consisted of : glycerol, 20 g;
arginine, 1 g; NaCl, 1 g; CaCOB, 0.1 g; MgSO4.
7 HQO, 0.1 g; agar, 20 g; pH 7). Characteristics
of colony’s color, size and shape were recorded

after incubation at 28° C for 7 days.

Biological assay of antibacterial activity
Antibacterial activities were tested by
bioassay against bacterial pathogen Aac. The

bacterium Aac was grown on NA plate and

incubated for 48 h at 28° C. The Aac suspension
was prepared in sterile distilled water and then
added to melten NA (45° C) to obtain OD_
~ 0.05, mixed well and poured into a sterile
Petri-dish. The agar plate containing Aac was
left at room temperature for 30 minutes. The
disc cultures of Streptomyces isolates no.13,
15, 22, 33, 74, 78, 84 and 87) from various
tested media (AGMA, YEME and GAA) were
placed on Aac agar plate using AGMA disc as
control. The plates were incubated for 48 hours
at 28 °C and examine for the inhibition of
growth after 48 h. Diameter of inhibition
zone was measured and analyzed using
Duncan’ Multiple Range Test (DMRT) with four

replications.

Selection of medium for increasing biomass
of Streptomyces spp.

Liquid culture: Four isolates of Strepto-
myces No.13, 15, 33 and 87 were cultured on
AGMA medium. After incubation at 28° C for 7
days, three agar discs from each isolate were
inoculated into a 250-ml Erlenmeyer flask
containing AGMB, YEME-broth and GAB.
After incubation at 28° C, 120 rpm on a rotary
shaker for 7 days, microcolonies were filtered
and then dried at 45° C for 24 hours. Total
dry weight of biomass was measured and

analyzed using DMRT with three replications.
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Results and discussion size and color of colonies of each Streptomyces

. L . isolates in each culture medium were different.
Morphological characterization and antibac-
i o Generally, the colonies were elevated, spreading
terial activity
i and covered with white aerial mycelia as
All Streptomyces isolates grew well on

presented in Table 1 and Fig. 1.
AGMA and YEME, but not on GAA. Morphology,

Table 1 Cultural characteristics of Streptomyces isolates in 3 agar media, arginine-glycerol-mineral
salt agar (AGMA), yeast extract-malt extract agar (YEME), and glycerol-arginine agar
(GAA)

Cultural characteristics

Isolates AGMA YEME GAA
Color of aerial Growth Color of aerial Growth Color of aerial Growth
mycelia mycelia mycelia
#13 white well grayish white well, spreading white poor
#15 white well, spreading grayish white well, spreading white poor
#22 white well grayish white well white poor
#33 white well, spreading grayish white well, spreading white poor
#74 yellow well grayish white well, spreading white poor
#78 white well grayish white well, spreading white poor
#84 white well grayish white well white poor
#87 grayish white well grayish white well white poor

Strep.-33

Fig. 1

Characteristic of Streptomyces colonies (7 days old) on 3 agar media, arginine-glycerol-mineral

salt agar (AGMA), yeast extract-malt extract agar (YEME), and glycerol-arginine agar (GAA)
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Most of tested Streptomyces isolates YEME and GAA. For Streptomyces No.13 and
No.15, 22, 33, 78, and 87 grown on AGMA 84, the best medium for antibiosis activity was
showed highest antibiosis activity against Aac. YEME. The Streptomyces No.74 from three kinds
The level of antibiosis activity was decreased of culture media did not produce antibiosis
when Streptomyces isolates were cultured on activity against Aac (Fig. 2, 3).
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* Means with the same letter are not significantly different from each other according to Duncan’s
Multiple Range Test (P<0.05).

Fig. 2 Efficacy of Streptomyces isolates which cultured on AGMA, YEME, and GAA in inhibiting
the growth of Acidovorax avenae subsp. citrulli. (Aac)

Fig. 3 Efficacy of Streptomyces isolate No.87 (A) and Streptomyces isolate No.74 (B) when cultured
on AGMA, YEME, and GAA in inhibiting the growth of Acidovorax avenae subsp. citrulli.
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Different isolates of Streptomyces showed
different effects on growth, colony morphology,
and antibiosis activity. AGMA was found to be
the most suitable medium that allow rapidly
increase of Streptomyces population and
enhance their antibiosis activity against Aac.
Glycerol was included in AGMA to be a
carbon source which is necessary for bacterial
growth and antibiotic biosynthesis. In this study,
it should be noted that antibiotic production
from Streptomyces isolates grown in the
medium that contained trace elements (AGMA)
was higher than when grown in the medium
lack of them (YEME and GAA). Mellouli et al.
(2003) found that the highest antibacterial
activities were obtained when starch was used
as a carbon source in the presence of trace
mineral oligoelements. This might explain why
Streptomyces grown on AGMA could inhibit
growth of Aac better than Streptomyces
cultured on YEME and GAA. In addition, AGMA
contained arginine which is the nitrogen source
necessary for the secretion of proteins via the
Twin-arginine translocation (Tat) pathway
(Schaerlaekens et al., 2001). An additional
observation in YEME, it was found that the
Streptomyces isolate no. 87 produced spore
rapidly. This may be YEME contained glucose
as a carbon source and yeast extract as
a nitrogen source but lack of trace mineral
elements that involved in antibiotic synthesis

pathway.

Selection of a medium for increasing biomass
of Streptomyces spp.

Biomass of Streptomyces isolate No. 87
increased most rapidly on YEME-broth while
other tested Streptomyces isolates grew very
well on AGMB. Biomass of Streptomyces
isolate No. 87 was ranging from 144 - 376 mg.
dry wt./100 ml YEME-broth whereas the
biomass of isolate No. 13, 15 and 33 were
ranging from 148.8-289.2 mg. dry wt./100 ml
AGMB medium (Fig. 4.). The finest of
microcolonies and color of culture filtrate of
each Streptomyces isolate in different media
also differed (Fig. 5). The Streptomyces isolate
No. 87 grew better than the other isolates
which were evidenced by its higher biomass in
YEME-broth and well sporulation on YEME

agar.

Conclusion

It can be concluded that all tested
Streptomyces isolates exhibited different
capacity in producing antibiotics against Aac,
with Streptomyces isolate No. 87 giving the
best result. AGMA is the most suitable
agar medium for concurrently increasing
Streptomyces biomass and producing antibiosis
activities while YEME can be used to increase

Streptomyces biomass only.
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* Means with the same letter are not significantly different from each other according to Duncan’s Multiple Range
Test (P<0.05).

Fig. 4 Biomass of Streptomyces isolates when cultured in AGMB, YEME-broth, and GAB.

Fig. 5 Cultural appearance of Streptomyces isolate No. 87 (A) and Streptomyces isolate No.15 (B) in
liquid media, arginine-glycerol-mineral salt broth (AGMB), yeast extract-malt extract broth
(YEME-broth), and glycerol-arginine broth (GAB).
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