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Bacillus sp. strain CaSUTO007, a plant growth promoting rhizobacterium isolated from cassava, was
investigated for the secretion of compounds that might be involved in plant growth promotion. Extracts
containing phytohormone and extracellular proteins were made from the cell-free fluid of CaSUT007
broth cultures. These extracts, along with a whole culture of CaSUT007 and the raw fluid and cellular
fractions from a CaSUTO007 culture, were applied separately to cassava stakes. The stakes were planted
into pots of soil maintained in a greenhouse condition. Under this condition, all of the extracts
including phytohormones and extracellular proteins increased root and shoot lengths and cassava
biomass as compared to negative control. Our results indicate that the culture extracts, when applied to
cassava stakes, increased root and shoot lengths by more than 30%, and increased fresh and dry
weights by more than 25% compared to the distilled water control. Thus, photohormone and
extracellular proteins secreted by CaSUTO007 can influence plant growth and development. Analysis of
the photohormone and extracellular proteins extracts revealed indole-3-acetic acid and peptides to be
the primary compounds.
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INTRODUCTION

Bacillus sp. CaSUT007, a strain of plant growth
promoting rhizobacteria (PGPR) isolated from a cassava
farmer field in northeast of Thailand, can enhance growth
promotion of cassava crop and inhibit the fungal
pathogens causal agent of cassava diseases
(Buensanteai et al., 2011). When applied as a cassava

stakes treatment, it can also promote the growth of
cassava (Buensanteai et al., 2011). The mechanisms by
which CaSUTO007 promotes plant growth are not well
understood.

In addition to CaSUTO007, strains classified in genus
Bacillus sp. have been reported to be effective for the
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biocontrol of phytopathogens and for plant growth
promotion (Araujo et al., 2005; Kloepper et al.,2004;
Idriss et al., 2002; Buensanteai et al., 2011). Extra-
polating from the accumulative literature on these species
and on other species of PGPR, numerous mechanisms
are possible in CaSUTO0O07: as antagonist against patho-
gens, alteration of nutrient availability and direct
interactions with plants. All of these interactions could
potentially lead to plant growth promotion (Buensanteai et
al., 2011).

As a starting point towards understanding how
CaSUTO007 causes enhanced plant growth, we focused
this study on factors secreted by CaSUTO007 that might
directly affect the physiology of cassava plants. In this
context, the production of auxins, indolic compounds with
phytohormone activity, by Bacillus spp. is well known
(Araujo et al., 2005; Kloepper et al., 2004; Idriss et al.,
2002; Buensanteai et al., 2008). Indole-3-acetic acid
(IAA), the main auxin in plants, controls important
processes including cell enlargement and division and
tissue differentiation. Regulation of these processes
requires a balance between auxins and other phyto-
hormones. Thus, IAA production by strains of PGPR can
contribute sufficient auxin to the plant’s auxin pool to
have profound effects on these processes and potentially
allow the microorganisms to redirect a plant’s physiology
and biochemistry for their own benefit (Idriss et al., 2002;
Leveau and Lindow, 2005; Patten and Glick, 2002;
Buensanteai et al., 2011).

Another large group of bacteria-secreted compounds is
extracellular proteins. Strains in the Bacillus group
secrete high levels of extracellular proteins as enzymes
and secondary metabolites (Buensanteai et al., 2008).
Some proteins secreted by Bacillus spp. are involved in
key ecological functions such as biofilm formation
(Buensanteai et al., 2008), but extracellular proteins, as a
group, have not yet been investigated in the context of
plant growth promotion.

The mechanisms of CaSUTO007 promotion of plant
growth are not well understood. Then, the goal of this
study was to determine whether or not compounds
secreted by CaSUT007 have a direct role in regulating
plant growth, which promotes plant growth under control
conditions. One objective was to determine whether
indoles and extracellular proteins produced by
CaSUTO007 in liquid culture could enhance growth of
cassava when applied to cassava stakes. Another
objective was to analyze the extracellular proteins and
phytohormone extracts from CaSUTO007 to identify the
primary components.

MATERIALS AND METHODS

Culture conditions and preparation of extracellular extracts

Cells of Bacillus sp. strain CaSUTO007 stored in nutrient glucose
broth with 10% glycerol at -80°C were revived by streaking onto
nutrient glucose agar (NGA) and cultured at 28 + 2°C for 48 h. To
prepare cultures for extraction of extracellular factors, the strain was

transferred to 500 mL volumes of nutrient broth containing 2%
glucose (NGB) and incubated for 48 h at 28 + 2°C with constant
shaking at 180 rpm. The cultures were centrifuged at 13,000 rpm at
4°C for 20 min and the supernatants were passed through 0.2 nm
nitrocellulose filters and retained for further extraction.

Extracts containing indoles were made from the cell-free culture
supernatant and fluid was extracted three times with ethyl acetate
after adjusting the pH to 2.8 and then evaporated at 40°C for 20
min. The material was solubilized in sterile distilled water for use in
the experiments.

Extracellular proteins were extracted from CaSUTO007 culture
supernatant by acidifying the fluid to pH 2.0 with concentrated HCI
and allowing the formation of a precipitate at 4°C overnight. The
precipitate was collected by centrifugation (12,000 rpm, 4°C, 15
min), washed three times with distilled water, and dried by vacuum
lyophilization. The dried extracellular protein was extracted three
times with 100% methanol for 3 h. The methanol was removed with
a rotary evaporator under reduced pressure, yielding a brown-
colored crude extracellular protein extract. The extract was
solubilized in sterile distilled water prior to use in experiments.

Plant bioassays for growth promotion

The experiment was conducted to evaluate CaSUT007 culture fluid
extracts for effects on cassava growth. Stakes of cassava cv.
Kasetsartc0 were surface disinfested by treatment with 95%
ethanol for 2 min, followed by soaking in 20% (v/v) solution of
commercial bleach for 20 min. The stakes were then washed with
sterile distilled water 5 times in order to remove the bleach. Before
planting, cassava stakes were dipped thoroughly in a CaSUTO007
liquid treatment. The treatments included a whole culture of
CASUTO007 in NGB and cell-free fluid from a CASUTOO07 culture in
NGB. Sterile distilled water was used as the control. Cell
concentrations in the whole culture were adjusted with sterile
distilled water to 1 x 10® cfu mL™, based on absorbance. Other
treatments included extracts of extracellular proteins (250 ug mL™)
and indoles (50 pg mL™) extracted from CaSUT007. Distilled water
was used to dilute the raw extracts to these concentrations, which
roughly correspond to those found in NGB cultures with 1 x 108 cfu
CaSUT007 mL™. In the experiments conducted under greenhouse
condition, treated stakes were planted in pots (30 cm diameter)
containing soils from the cassava field in Nakhon Ratchasima
province, Thailand. There were 10 replicate pots per treatment with
one stake per pot. The pots were watered daily with water and kept
in a greenhouse with a 12-h photoperiod. At 14 days after cassava
stakeling emergence, stakelings were harvested for measurements
of root and shoot lengths, along with fresh and dry weights. The
experiment was conducted two times.

Data from each experiment was subjected to analysis of variance
using SAS version 9.1. Separation of treatment means was
accomplished by Duncan’s Multiple Range Test, and all tests for
significance were conducted at P < 0.05.

Analysis of indoles

Supernatants from two types of cultures of CaSUTO007 were
extracted and assayed for indoles. In one, CaSUT007 was grown in
NGB for 12, 48 and 96 h. The indole extract was extracted from
cell-free culture supernatants as described above. Indole
concentrations were determined based on the method described by
Patten and Glick (2002) with slight modifications. For the
colorimetric Salkowski assay for indoles, 1 mL of culture fluid was
mixed with 4 mL of Salkowski reagent and incubated at room
temperature for 20 min. The absorbance was measured at 535 nm
using a spectrophotometer (Crozier et al., 1988). The quantity of
indoles was determined by comparison with a standard curve using
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Figure 1. Effects of 48 h cellular fractions and extracellular extracts from cultures of Bacillus sp. CaSUTO007 on the
growth of cassava under greenhouse conditions, as measured at 21 days after induction in: A) shoot length; B) root
length. WC CaSUTO007 = whole culture of CaSUT007; IAA = indole extracted; EPS = extracellular proteins extracted.
The data are the average of four replications (three plants per replication) for each treatment. Error bars represent
the standard deviation. For each growth parameter, different letters indicate significant differenced (P<0.05) among

treatments.

purified IAA in the concentration range of 0 to 50 pg mL™.

Analysis of peptides

A lipopeptide-enriched extract was obtained from 20 mL of the
crude peptide extract from cultures of CaSUTO007 in NGB by
purification on an ISOLUTE C-18 CE type cartridge following a
modification of the method described by Jacques et al. (1999) and
Araujo et al. (2005). The enriched extract was dissolved in butanol
and loaded onto a column of a reverse-phase HPLC system. The
system was operated at a flow rate of 2.0 mL min™ with 90%
methanol as the mobile phase. HPLC spectra were detected by a
UV monitor at 210 nm. The presence of surfactin-type lipopeptides
was determined on the basis of retention times compared with
those of purified surfactin standards (Sigma S3523).

RESULTS

Effects of CaSUTO007 extracellular factors on plant
growth

Crude extracellular proteins, and indole extracts from
cultures of strain CaSUTO007 were effective in promoting
the growth of cassava under greenhouse conditions.
These culture extracts, when applied to cassava stakes,
increased root and shoot lengths, by more than 30%
(Figure 1), and increased fresh and dry weights by more
than 25% (data not shown) compared to the distilled
water as negative control. Treatment with the extra-
cellular proteins, and indole extracts had similar effects
on cassava growth as stake treatments with a whole

culture of CaSUTO007 (Figure 1). There was signi-ficant
effect of cassava stake treatment with CaSUTO007 and its
products compared with distilled water for any cassava
plant growth parameter (Figure 1). Similar results were
obtained when the experiment was repeated.

Indole-3-acetic acid analysis

Strain CaSUTO007 secreted IAA as the major auxin, as
determined by Salkowski assay, when cultured in NGB
medium, with the highest IAA concentration (31.0 uygmL™)
detected at stationary phase at 48 h (Figure 2).

Extracellular proteins as a peptide production

When the extracellular proteins extract from the culture
flud of CaSUT007 was analyzed by HPLC, high
concentrations of bioactive non-polar antibiotics were
detected (Figure 3). Surfactin-type peptides were
identified in the extract on the basis of their retention
times being similar to those of purified surfactin
standards, such as surfactin produced by Bacillus sp.
ATCC21332. C18 homologues represented together
more than 50% of the total amount of peptides present in
the extract.

Based on HPLC peak areas of the peptide extract
compared with values obtained for standards, the total
amount of surfactins produced by strain CASUTO007
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Figure 2. Concentrations of indole-3-acetic acid secreted by Bacillus sp.
CaSUTO007 grown in NGB medium at difference time interval. The concentration
values were standardized to 10° cfu mL™ of cells in the medium. The data are the
means and standard deviations of three replicates. Error bars represent the
standard deviation. Bars with the same letter are not significantly different (P
<0.05).
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Figure 3. Amounts of peptide secreted by Bacillus sp. CaSUTO07 grown in
NGB medium at difference time interval. The concentration values were
standardized to 10® cfu mL™ of cells in the medium. The data are the means
and standard deviations of three replicates. Error bars represent the standard
deviation. Bars with the same letter are not significantly different (P <0.05).



was 570 + 7.267 mg L™ at 48 h (mean and standard
deviation calculated from three independent cultures).

DISCUSSION

This study represents the analysis of metabolite
production by Bacillus sp. CaSUTO007 in relations to
cassava growth promotion. We found that CaSUTO007
culture fluid extracts containing secreted indoles, and
extracellular proteins individually can influence the growth
of cassava to similar degree as cells of CaSUTO007
washed free of preformed exoproducts. Whether or not
the same type of compounds are secreted by CaSUT007
cells while existing in the rhizosphere remains to be
determined, but nevertheless, the results are consistent
with the hypothesis that strain CaSUT007 promotes the
growth of cassava by secretion of several types of bio-
compounds.

Based on the fact that each of the crude extracts
affected cassava growth and development under
greenhouse condition, we surmise that components
within each extract had direct effects on cassava,
perhaps acting as signaling compounds. Because IAA
was the predominant component in the indole extract and
its role in plant growth stimulation by plant growth
promoting bacteria has been well established (Kutschera
and Briggs, 1987; Lambrecht et al., 2000; Patten and
Glick, 2002; Martinez-Morales et al., 2003; Araujo et al.,
2005; Idriss et al., 2002; Spaepen et al., 2007,
Buensanteai et al., 2008), it was most likely that it is the
compound responsible for the activity of that extract. The
effects of the indole extract on root development
apparent in the experiments are consistent with the
effects of exogenous IAA. The peak concentrations of
IAA detected in the indole extract of CaSUTO007 were
higher than that reported for any other strains of plant
growth promoting bacteria (Araujo et al., 2005; Leveau
and Lindow, 2005; Kang et al., 2006). Although small
peptide was a major component of the peptide extract, its
role in causing the growth promotional effects of that
extract was confirmed. If purified small peptide proves to
have this effect, then this would be a new function for a
secondary metabolite that is better known for its effects
on plant cell division (Jacques et al., 1999; Bonmatin et
al., 2003; Ongena et al., 2007). There is evidence that
certain extracellular proteins can stimulate plant growth
by synergizing plant growth action, activating certain
plant enzyme systems, or affecting plant cell elongation
or division, thereby increasing water or nutrient uptake or
excretion of plant factors such as riboflavin (Ernst et al.,
1971). But other than a report that extracellular proteins
can enhance growth promotion in soybean (Buensanteai
et al.,, 2008), there is precedence for extracellular
proteins having a direct effect on plants leading to
elevated growth (Vessey, 2003). This study represents
the first analysis of the extracellular proteome of a
Bacillus species in relations to cassava growth enhance-
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ment (Zavahir and Seneviratne, 2007).

Ultimately, the approaches used in this study could
increase understanding of the modes of action by which
Bacillus sp. CaSUTO007 enhances cassava growth. With
such information, we could potentially enhance the
efficacy of CaSUTO07 strains or better exploit such
strains as sources of new bio-products in the near future.
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