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ABSTRACT
Isolate UFV-101 of Bacillus cereus was selected in previous studies for promoting growth inducing resistance in plants. In a 

previous study, supernatant from cultures of the microorganism in a liquid medium was found to induce resistance in tomato foliage 
against the pathogens Pseudomonas syringae pv. tomato, Xanthomonas vesicatoria, Alternaria solani and Corynespora cassiicola. In the 
present work the microorganism was grown in a minimal medium for 48 h and the cells precipitated for centrifugation. The supernatant 
was concentrated by lyophilization, dialyzed in a 12 kDa cut-off point membrane and fractioned in column containing Sephadex G25 
balanced in PBS buffer. The fractions corresponding to a protein peak were applied to tomato seedlings. After four days leaflets were 
collected and inoculated with the pathogen. C. cassiicola. The numbers of lesions produced by the pathogen on leaflets exposed to the 
bacterial supernatant were similar to those exposed to acibenzolar-S-methyl but fewer than in those treated with water. It is concluded that 
the supernatant contained protein which induced resistance in the tomato leaves against C. cassiicola.
Keywords: Induced resistance, rhizobacteria, PGPR.

RESUMO
Evidência da síntese de uma proteína pelo agente de biocontrole Bacillus cereus a qual pode atuar como eliciadora do aumento da 
resistência em folhas de tomateiro contra Corynespora cassiicola

O isolado UFV-101 foi selecionado em ensaios prévios como promotor de crescimento e indutor de resistência. O sobrenadante, 
advindo do cultivo desse microrganismo em meio líquido, demonstrou a capacidade de induzir resistência em tomateiro contra os patógenos 
Pseudomonas syringae pv. tomato, Xanthomonas vesicatoria, Alternaria solani e Corynespora cassiicola. Neste trabalho, a bactéria foi 
cultivada em meio mínimo por 48 h e as células precipitadas por centrifugação. O sobrenadante, depois de concentrado por liofilização, 
foi dializado em membrana com ponto de corte 12 kDa e fracionado em coluna contendo Sephadex G25 equilibrada em tampão PBS. 
As frações correspondentes ao pico protéico foram aplicadas em mudas de tomateiro. Depois de quatro dias foram coletados folíolos 
e inoculados com o patógeno desafiador. Folíolos expostos ao sobrenadante da bactéria apresentaram número de lesões semelhantes a 
aqueles expostos ao acibenzolar-S-methyl e em número inferior a aqueles tratados com água. Desta forma, neste trabalho, a natureza 
protéica do sobrenadante foi confirmada, bem como, sua atividade indutora de resistência contra o patógeno C. cassiicola.
Palavras–chave: indução de resistência, rizobactéria, PGPR.

INTRODUCTION

The strain UFV-101 of Bacillus cereus (Silva et al., 
2004b) was selected from among 500 isolates of rhizobacteria 
from healthy tomato plants based on performance as a 
biocontrol agent. Evidence  indicates that the strain is an 

inducer of systemic resistance (Silva & Romeiro, 2004; 
Silva et al., 2004a, b). It is well known that some PGPRs 
induce systemic resistance to diseases after colonizing plant 
roots and that this resistance may be expressed locally and 
at a distance from the site of contact of the biocontrol agent 
with the host (Loon et al., 1998a, b; Pieterse et al., 2003). 

In cases of induced systemic resistance by a PGPR, 
it is considered that a biochemical signal generated as a 
consequence of the presence of the rhizobacterium on the 
root surface is transported throughout the plant and causes 
what Sticher et al. (1997) referred to as the “induced state” 
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in the plant. A molecule, probably of bacterial origin and 
called the “bacterial determinant” by Loon et al. (1998a), 
gives rise to the signal, which in turn triggers the induced 
resistance. 

Potential kinds of bacterial determinants include 
components of the bacterial cell surface layers and 
molecules synthesized by the rhizobacterium cell and 
released into the environment (Felix et al., 1999; Meyer 
et al., 2001; Kunze et al., 2004; Zipfel et al., 2004; Cao et 
al., 2006; Ortmanna et al., 2006; Wu et al. 2009). Several 
investigators have focused on the lipopolycaccharides 
(LPS) as ISR elicitors in plants (Peer & Schippers, 
1992; Romeiro & Kimura, 1997; Dow et al., 2000; 
Reitz et al., 2000; Meyer et al., 2001; Mishina & Zeier, 
2007). Their use was first reported by Peer & Schippers 
(1991), inducing systemic resistance in carnation against 
Fusarium oxysporum f. sp. dianthi.

Small molecules released by rhizobacteria that 
have been implicated in ISR elicitation include salicylic 
acid (Meyer & Hofte, 1997; Loon et al., 1998a; Meyer et 
al., 1998; Chen et al., 1999), siderophores (Thomashow,, siderophores (Thomashow,(Thomashow, 
1996; Loon et al., 1998a, 1998b; Ramamoorthy et al., 
2001), phenazines, and phloroglucinols (Chin-a-Woeng et 
al., 2001, 2003). However, the ability of macromolecules 
that are synthesized by rhizobacteria and released into the 
environment to function as elicitors of ISR in plants has 
received little attention. Preston et al. (2001) reported Type 
III Secretory System in isolate SBW25 of the rhizobacterium 
P. fluorescens and, despite recognizing that its function 
remains unclear, suggested that this system may have an 
important role in the PGPR biology. As an inducer of ISR 
in tomato plants, strain UFV-101 of Bacillus cereus was 
grown by Romeiro et al. (2005) in minimal liquid culture 
medium. Cells and small molecules were removed from 
the liquid by centrifugation and extended dialyses, and 
the supernatant was shown to induce ISR against several 
fungal and bacterial pathogens. The present paper presents 
evidence that Bacillus cereus isolate UFV-101 synthesizes 
macromolecules that act as inducers of resistance and that 
these molecules have a proteinaceous nature. Isolate 
UFV-101 was previously tested and selected as a good 
biocontrol agent against several tomato diseases (Silva 
et al., 2004a). 

MATERIALS AND METHODS

Experiments were carried out at the Laboratory of 
Plant Bacteriology and Biological Control, Department of 
Plant Pathology, The Federal University of Viçosa, Minas 
Gerais, Brazil. Santa Cruz ‘Kada’ tomato plants were grown 
in a non-sterilized mixture of soil, sand and manure (2:1:1, 
vol:vol:vol) in a greenhouse at 25°C and relative humidity 
of 70 %. 

Microorganisms: Bacillus cereus, isolate UFV-101, 
previously selected as biocontrol agent and inducer of 

systemic resistance in tomato plants (Silva et al., 2003, 
2004a), was grown in the 523 medium of Kado & Heskett 
(1970). The isolate was emulsified in 30% glycerin and 
preserved at -80oC. Corynespora cassiicola, the challenging 
pathogen, was grown on potato dextrose agar (PDA) 
medium (Tuite, 1969) and maintained at 4oC under mineral 
oil (Smith & Onions, 1994). Spores of C. cassiicola for use 
in inoculations were removed from 7-day old colonies on 
PDA by means of a brush and collected in distilled water.

Preparation of dialysates: B. cereus cells were grown 
in a modified minimal liquid medium of Simmons (1926) 
prepared with 5.0 g.L-1 of NaCl, 2.0 g.L-1 of glucose, 2.0 
g.L-1 of K2HPO4, 1.0 g.L-1 of NH4H2PO4, and 0.2 g.L-1 of 
MgSO4.7H2O and adjusted to pH 7.0. At the inflection 
point of the exponential growth phase, cells were removed 
from suspension by centrifuging once (10,000 x g for 15 
minutes) in a RC-5B Sorvall refrigerated centrifuge. The 
supernatant was filtered under sterile conditions through a 
membrane of 0.45 µm pore size, transferred into dialysis 
bags (cut off point 12 kDa) and dialyzed with continuous 
stirring against 400 volumes of distilled water at 4oC. The 
water was changed several times during the 48 h of dialysis. 
Dialysates were lyophilized and stored at -20oC for later 
use.

Partial resolution of crude dialysates by gel filtration: A 
glass column 60 cm long and 2 cm in diameter was filled 
with coarse grade Sephadex G25 and equilibrated with 
phosphate-buffered saline (PBS) (1.44 g.L-1 of Na2HPO4; 
0.24 g.L-1 of KH2PO4; 0.2 g.L-1 of KCl; 8.0 g.L-1 of NaCl; 
adjusted to pH 7.0). The flow rate was set at 48 drops.
min-1, (equivalent to 3 mL.min-1). The lyophilized crude 
dialysates were dissolved in 15 mL of PBS. Successive 3 
mL aliquots were applied onto the column, from which 3 
mL fractions were collected by means of a Mini Scargot 
Fractionator (Gilson). Protein in the crude dialysates was 
quantified according to Bradford (1976) and the results 
were expressed as BSA equivalents. The anthrone method 
of Gerhardt (1994) was used to estimate total hexoses and 
the results were expressed as glucose equivalents. 

Exposure of tomato plants to protein extract and 
challenging pathogen inoculation: Santa Cruz ‘Kada’ 
tomato plants for use in the experiment were grown in soil 
in plastic pots in a greenhouse. Leaves of forty-day-old 
plants were sprayed with the protein extract, acibenzolar-
S-methyl (ASM) (0,05 g.L-1 water) (positive control) or 
water (negative control). Four days later, two leaflets were 
detached from the mid canopy of each plant, placed in 
moist chambers (plastic tray of 40 x 20 cm) at 25oC and 
immediately sprayed with a conidial suspension of C. 
cassiicola (3.0 x 104 spores.mL-1 water). The use of detached 
leaves allowed a large number of plants to be examined 
under controlled conditions. When symptoms were well 
developed, lesions were counted and the mean number of 
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lesions per leaflet was calculated. There were two leaflets of 
each of ten plants per treatment and one plant per pot was 
considered as a replicate. Statistical analysis was performed 
according to Tukey’s test.

RESULTS

Growth of isolate UFV-101 in the modified Simmons 
minimal liquid medium was much slower than in rich 
media such as medium 523 of Kado and Heskett (1970). 
Gijsegem et al. (1995, 2000) pointed out that detection of 
macromolecules released by bacteria into the supernatant 
is easier when the cells are grown in a minimal culture 
media. The white powder obtained after the supernatants 
were filtered, dialyzed and lyophilized dissolved readily 
in water, PBS, or saline. The elution profile obtained after 
the solution was passed through the G25 Sephadex column 

revealed a large protein peak encompassing fractions 10 to 
22, and also a small fraction of hexose, which could be a 
part of glycoprotein (Figure 1).

Figure 2 shows that, relative to the water control, 
the severity of the target spot (C. cassiicola) significantly 
decreased when the collective protein fraction (10 to 22) 
and the positive control ASM (Acibenzolar-S-Methyl) were 
applied to the tomato foliage four days before the leaves 
were challenge-inoculated with C. cassiicola. This finding 
indicated that the protein fraction from isolate UFV-101 
protected the tomato leaves against the pathogen.

DISCUSSION

Working with the same model system, Romeiro et 
al. (2005) had shown that crude dialysates obtained from 
supernatants of liquid minimal culture medium in which 
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FIGURE 2 -  Numbers of lesions 
produced by C. cassiicola in tomato 
leaflets exposed to proteinaceous 
fractions 10 to 22 of the supernatant 
dialysate of  Bacillus cereus,  acibenzolar-
S-methyl or water. Average values 
followed by same letter do not differ 
significantly (Tukey test: P=0.05). The 
columns represent the average values 
and the bars represent the standard 
errors of the averages.

FIGURE 1 - Elution profile of a 
supernatant dialysate (cut off = 12 kDa) 
obtained from a liquid culture of Bacillus 
cereus UFV-101 grown in a minimal 
medium. The protein peak encompassed 
fractions 10-22, after resolution by gel 
filtration in a chromatography column 
containing Sephadex G25 equilibrated 
in PBS buffer.
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UFV-101 was growing were able to induce resistance 
in tomato against multiple pathogens. In the present 
investigations, a clear protein peak emerged when such 
a dialysate was resolved by gel filtration in a Sephadex-
G25 column and the eluted aliquots were analyzed. The 
pooled eluates from the protein peak were shown to be 
associated with an observed increase in resistance of the 
tomato leaves against the challenge pathogen C. cassiicola. 
Additionally, Romeiro et al. (2005) found no direct activity 
of the dialysate “in vitro” against the pathogens Alternaria 
solani, Corynespora cassiicola, Pseudomonas syringae pv. 
tomato, Pseudomonas corrugata, Pseudomonas syringae 
pv. syringae, Xanthomonas vesicatoria, Clavibacter 
michiganensis subsp. michiganensis and Ralstonia 
solanacearum.

Silva et al. (2004b) observed increased activity of 
enzymes lipoxygenase (LOX), phenylalanine ammonia-
lyase (PAL) and peroxidase (POX) in a tomato-rhizobacteria 
interaction against the pathogen P. syringae pv. tomato, 
which was interpreted to mean that the rhizobacteria 
induced ISR in the tomato plants. Subsequently, given 
the results obtained by Romeiro et al. (2005), who 
demonstrated that the dialysate protected tomato plants 
against different plant pathogens without any phytotoxic 
effect, and those presented in the present paper, we 
interpret the response of the tomato plants to UFV-101 to 
be induced systemic resistance and that this ISR did not 
require physical contact of the bacteria with the tomato 
plant. Our observations clearly indicate that UFV-101 
synthesizes and releases proteins with activity as elicitors 
of induced resistance in tomato plants, which may give 
a broad spectrum of action against multiple pathogens in 
tomato (Silva et al., 2004a, 2004b; Romeiro et al., 2005). 
However, we cannot confirm the existence of ISR or 
systemic acquired resistance (SAR). Thus, future studies 
are being conducted to investigate the occurrence of both 
types of resistance.

The aforementioned results provide sound 
evidence that the PGPR under investigation synthesizes 
proteins which are released into the environment and act 
as elicitors of induced resistance in tomato. Given that 
only molecules larger than 12 kDa were in the dialysate 
and that the activity of induced resistance coincided with 
the protein peak in the elution profile, our data support 
the conclusion that one or more proteins synthesized and 
released by B. cereus into the cell environment elicited 
the observed increase in resistance in the tomato leaflets 
against C. cassiicola. Research groups in the Laboratories 
of Plant Bacteriology of the Federal Universities of  
Viçosa (UFV) and Lavras (UFLA) have concentrated their 
studies towards the understanding of rhizobacteria-plant 
interactions, especially those related to the induction of 
disease resistance in plants. The present paper contributes 
to a better understanding of how PGPR induces resistance 
in plants and may eventually lead to the development of 
bioproducts such as Messenger ® and ProAct ®.
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