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Abstract: The present investigation aimed to enhance and produce high efficient antagonistic

mycoparasites to control the soil borne plant pathogen Fusarium solani. The protoplast fusion technique

was performed between Bacillus subtilis BsGh-18 and Bacillus cereus Bc Nv-29 strains. Two fusants (C1

and C2) were isolated following the direct selection method. Fusants and parental strains characterizations

were performed for antagonistic efficiency, intrinsic antibiotic resistance, bacteriocin production, chitinase

activity and plasmid profile. Antagonistic test showed that the two fusants had the same antagonistic

activity on potato dextrose agar medium as the parental strain B. cereus. B. subtilis BsGh-18 and B.

cereus Bc Nv-29 strains and the two fusants, were testing for the production of chitinase on M9-Agar

supplemented with colloidal chitin as the sole carbon source. The results indicated that all strains

hydrolyzed colloidal chitin after 72-168 h. Large zone of clearing around the parental strain Bacillus

subtilis was observed.  The two fusants had the same chitinase production as the parental strain B. cereus.

Plasmid profile studies revealed that B. cereus parental strain contains five plasmids and Bacillus subtilis

has one plasmid. C1 fusant acquired one plasmid from B. cereus and one plasmid from B. subtilis while

C2 has not any plasmid. he ability of B. subtilis, B. cereus, C1 and C2 strains to produce bacteriocin was

tested against different Bacillus strains as indicators, i.e., Bacillus cereus BcIs-6, Bacillus cereus BcIs-7,

Bacillus cereus BcSn-8 and Bacillus subtilis BsSn-12. Results indicated that B. cereus produced a killing

substance that was strongly active against B. cereus BcIs-7 and B. subtilis BsSn-12 and inactive against

the other strains. B. subtilis produced a killing substance that was strongly active against B. cereus BcIs-7,

B. cereus BcSn-8 and B. subtilis Bs Sn-12 and inactive against the other strains. The two hybrid fusants

showed the same bacteriocin activity as their parental strain B. cereus and strongly active against B.

cereus BcSn-8 as their parental strain Bacillus subtilis. Each fusant had acquired certain phenotypes from

each parental strain.
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INTRODUCTION

Fungal plant diseases are one of the major

concerns to agricultural food production world wide.

Soil borne pathogenic fungi such as, Fusarium ,

Rhizoctonia and Phytopthora attack most of the

economically important crop plants resulting in loss of

billions of dollars. At the United States, it is estimated

that plant disease losses, including control costs, in

2003, amounted to approximately US$ 682.67 million

resulting in a 12.64% total disease loss across all crops

included .The abuse of chemical pesticides or[28]

fungicides to cure or prevent plant diseases has caused

soil pollution and determinate effects in humans.

Biological control of soil-borne plant pathogens by

antagonistic microorganisms is a potential non-chemical

mean of plant disease control. 

Many strains of B. subtilis have been shown to be

potential biocontrol agent against fungal pathogens. It

was reported that the principle mechanism of this

antifungal involves the production of antibiotics . In[13]

addation, B. subtilis strains produce volatiles that

antagonise a range of soil-borne plant pathogen

including R. solani and Pythium ultimum . Bacillus[12 ,29]

cereus 65 strain (producing a chitobiosidase) is

effective against R.solani (20). Bacillus cereus 28-9

excreted two chitinases which had inhibitory activity

against Botritis elipitica . The production of[15]

bacteriocins or bacteriocin-like substances (BLS) has

been described for many Bacillus species such as B.

subtilis and B. cereus . Bacillus spp. are considered[31] [6]

safe biological agents , different antagonists studies[17]

with Bacillus subtilis, B. megaterium , B. cereus, B.

pumilus, and B. polymyxa have been done .[17 ,22 ,26]

Different systems for fungal biocontrol are described

among them is the production of chitinase. Chitinase

producing microorganisms have been reported as

biocontrol agent for different kinds of plant fungal

diseases . Bacillus subtilis BNI strain is effective[8 ,14 ,18]

against Macrophomina phaseolina (24).Transgenic 
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-strains of E. cloacae, harboring chitinase gene, were

constructed and showed better antagonism .[2 5 ]

Successful production of interspecific bacterial hybrids

were done by protoplast fusion .[2 ,3 ,19]

This study aimed to produce more efficient

bacterial fusants in controlling the plant pathogen

Fusarium solani. In this context, protoplast fusion

between Bacillus cereus BcNv-29 and Bacillus subtilis

BsGh-18 strains will be attempted to produce Bacillus

with new combining characteristics to control the plant

pathogen Fusarium solani.

MATERIAL AND METHODS

Microbial Strains, Media and Culture Conditions:

All local Bacillus strains were obtained from previous

study . Fusarium solani was kindly obtained from Dr.[10]

El-Hussini, M., Soil Microbiology Unit. Desert

Research Center, El-Mataria, Cairo, Egypt. Luria -

Bertani medium (LB)  was used for bacterial growth.[9]

Potato Dextrose agar (PDA) medium  was used for[7]

fungal growth. HGP medium (was used for bacteriocin

detection and contained 1% peptone from casein, 0.5%

yeast extract, and 0.5% NaCl supplemented with 0.5%

glucose. The pH value was adjusted to 7.0 by NaOH .[4]

M9 was used for detection of chitinase activity . The[27]

following concentrations of antibiotics were used when

required: Rifampicin (Rif) 100 µg /ml, streptomycin

(Sm) 150 µg/ml, tetracycline (Tc) 15µg/ml, ampicilin

(Amp) 100 µg /ml and chloramphenicol (Cm) 40µg/ml.

Isolation of Bacillus Antibiotic Resistant Mutants: A

rifampicin (Rif) resistant mutant of Bacillus cereus Bc

Nv-29and a streptomycin resistant mutant of Bacillus

subtilis BsGh-18 was isolated using mutants enrichment

method .[16]

Antagonism Test: The antagonistic effects of bacterial

strains against Fusarium solani was done by using the

well diffusion assay .[1]

Protoplast Fusion: Protoplast induction and fusion

techniques  were performed between B. subtilis[5 ,24 ,30]

BsGh-18 and B. cereus Bc Nv-29. Cells were grown in

LB medium for 18 hr, diluted forty fold into 50 ml of

LB medium and grown to an optical density 0.4 (at

600 nm). Cells were harvested by centrifugation at 4 Co

for 10 min at 6000 rpm and suspended in protoplast

buffer (0.4 M sucrose, 10 mM potassium phosphate,

pH 7, 15 mM magnesium chloride and 1.5 mg/ml

lysozyme). The protoplast suspension was incubated in

water bath at 30 C with shaking at 100 rpm up to oneo

hour. Protoplast formation was checked by direct

observation under phase contrast microscope at 10 min.

intervals. The hybrids between Bacillus subtilis Sm andr 

Bacillus cereus Rif  were selected directly by usingr

Nutrient agar medium supplemented with Rif to

eliminate Bacillus subtilis and streptomycin to eliminate

the parental strain Bacillus cereus. After incubation at

30ºC for three days, fusants were isolated and

subcultured under the same conditions.

Fusants Characterization: The obtained fusants were

tested for different biochemical and physiological

characters including, antagonistic effect, antibiotic

resistance, chitinase activity, plasmid content and

bacteriocin production.

Test for Bacteriocin Production: Bacteriocin

production of Bacillus subtilis BsGh-18, Bacillus cereus

Bc Nv-29 strains and two hybrid fusants was detected

according to the method of Bernhard  with some[4]

modification. HGP medium was spotted with indicator

strains (B. cereus BcIs-6, B. cereus BcIs- 7, B. cereus

BcSn-8 or B. subtilis BsSn-12), incubated at 30 C foro

one day. Then, overlayed with HGP medium (0.6%

w/v agar) previously seeded with 0.1 ml sample of a

stationary- phase culture of the tested strains and

incubated at 30 C overnight. Formation of a clear zoneo

around the strain to be tested indicated the production

of a killing substance (bacteriocin or antibiotics).

 

Preparation of Colloidal Chitin: Colloidal chitin was

prepared from commercial chitin by the method of

Wen (27) and stored at 4 C until further applications0

Detection of Chitinolytic Activity on Plates: To test

the chitinolytic activity on plates, cells of the parental

strains and their fusants were inoculated on a chitinase-

detection agar plate which was prepared by mixing 10

g of colloidal chitin and 20g of agar in M9 medium(1

litre). The plates were incubated at 30 C for 7days untilo

clearing zones could be detected around the colonies.

Plasmid Isolation: Indigenous plasmids of the parental

strains and their fusants were isolated using mini prep

method of Rodriguez .[21]

RESULTS AND DISCUSSION

In order to combine different mechanisms for

fungal biocontrol, the protoplast fusion technique was

performed between Bacillus subtilis BsGh-18 and

Bacillus cereus Bc Nv-29. To eliminate any undesired

trait, which could be resulted by using chemical or

physical mutagenesis, spontaneous antibiotic resistant

mutants of Bacillus subtilis BsGh-18 and Bacillus

cereus Bc Nv-29 strains were isolated following the

enrichment method. Rifampicin resistant mutant which

was successfully obtained from Bacillus cereus Bc Nv-
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29 and streptomycin resistant mutant which was

successfully obtained from Bacillus subtilis BsGh-18
were used in the protoplast fusion studies.

Antagonism Assay: The well diffusion assay was used

to test the capacity of B. subtilis BsGh-18 and B.
cereus Bc Nv-29 to inhibit F. solani. Four well, each

0.5 cm in diameter, were made in agar using cork
borer in plates containing solidified PDA previously

seeded with F. solani. A sample of 40 µl of culture
supernatant of the bacterium was added into each well,

incubated for 2-4 days at 28C and examined for clear
inhibition  zone around the well. Results present in

Fig. (1), showed that B. subtilis BsGh-18 and B. cereus
Bc Nv-29 inhibited the growth of F. solani. The radii

of these inhibition zones were 3 cm and 2 cm,
respectively. 

Fig. 1: Growth inhibition of F. solani by culture
supernatants of Bacillus subtilis  BsGh-18,

Bacillus cereus Bc Nv-29and their two fusants
C1 and C2.

18- Well containing supernatant of. Bacillus subtilis

BsGh-18.
29- Well containing supernatant of Bacillus cereus Bc

Nv-29.
C1 and C2-wells containing supernatants of C1 and C2

fusants, respectively.

Bacillus Subtilis Bsgh-18 and Bacillus Cereus Bc Nv-
29 Protoplast Induction: Bacillus cell wall was

examined with Phase-contrast microscopic to showe the
gradient degradation after the addition of the cell wall

lytic enzyme. Photomicrographs showed that either
complete or partial digestion of cell wall took place

after the action of lytic enzyme Fig. (2).  In 60 min.
incubation, the cells were fully converted to

protoplasts.

Fig. 2: Protoplast induction from Bacillus subtilis

BsGh-18 (A) and Bacillus cereus BcNv-29

(B).

Protoplast Fusion and Regeneration: Bacillus subtilis

BsGh-18 Rif , Sm  and Bacillus cereus Bc Nv-29 Rif ,s r r

Sm  were converted to protoplasts and fused. Equals

volumes of protoplast suspension of each parent were

mixed and 0.1 ml of protoplast mixture was added to

1 ml of freshly prepared 40% polyethylene glycol

(6000 MW), the fusion mixture was gently mixed and

incubated for 10 min at 30ºC. Samples of fusion

mixture were plated on regeneration medium containing

selected markers and the fusants were selected directly

by culturing the fusion mixture onto nutrient agar

medium supplemented with 100 µg /ml rifampicin and

150 µg /ml streptomycin and incubated at 30ºC for

three. The results showed only two fusants were grown

and subcultured under the same conditions. The limited

number of fusants they named C1and C2 and obtained

is due to using selective pressure for only these fusants

with Rif  and Sm , while other combinations of fusantsr r

genotypes will not grow.

Fusants Characterization:

Intrinsic Antibiotic Resistance: The fusants were

tested for their antibiotic resistance on LB medium
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supplemented with different antibiotics and incubated

at 30ºC for 4 days. The antibiotic resistance patterns

indicated that the Bacillus cereus Bc Nv-29 strain was

resistant to each of Cm, Amp and Tc while Bacillus

subtilis BsGh-18 strain was resistant to Amp. The two

tested fusants have shown different patterns of

antibiotic resistance. C1 acquired its resistance to Tc,

Rif and Cm from Bacillus cereus Bc Nv-29 strain and

resistance to Sm from Bacillus subtilis BsGh-18 strain.

C2 acquired its Tc and Rif resistance from Bacillus

cereus Bc Nv-29 strain and its resistance to Sm from

Bacillus subtilis BsGh-18 strain. 

Plasmid Profile: As a physical confirmation for the

successful intrageneric plasmid transfer between

Bacillus subtilis BsGh-18 and Bacillus cereus Bc Nv-

29, plasmid pattern of the two fusants was performed

according to Rodryguez and Tait (1983) mini prep

method. Result indicated that while the parental strain

Bacillus cereus Bc Nv-29 had five plasmids, Bacillus

subtilis BsGh-18 harbors one plasmid. Moreover,

fusants showed different plasmid patterns with different

plasmid numbers ranging from nil in fusant (C2) to

two plasmids in fusant (C1) (Fig. 3) one plasmid from

B.subtilis and the other from B. cereus.

Fig. 3: Plasmid patterns of Bacillus cereus Bc Nv-29

(Lane 1), Bacillus subtilis BsGh-18 (Lane 4),

C1 fusant (Lane 2) & C2 fusant (Lane 3). 

Detection of Chitinolytic Activity on Plates: A

preliminary test for detection of chitinolytic activity

was performed by growing the tested bacteria on M9

agar plate containing chitin. The activity was detected

through floating the plate with congo red solution

(0.1%), where the appearance of clear zone is an

indication of chitinase activity. All tested bacteria

produced this zone, but the parental Bacillus subtilis

BsGh-18 showed a high potency than Bacillus cereus

Bc Nv-29. The two fusants had the same chitinase

production  as  their  parental  strain  Bacillus  cereus

(Fig. 4). 

Fig. 4(A): Detection of chitinase production on M9

media containing 0.1 % colloidal chitin,

without congo red B: Clearing zones of

colloidal chitin formed by Chitinase, stained

with 0.1% Congo red solution

Antibiotics and Bacteriocin Production: The ability
of B. subtilis, B. cereus, C1 and C2 strains to produce
bacteriocin was tested against different Bacillus strains
as indicators, i.e., Bacillus cereus BcIs-6, Bacillus
cereus BcIs- 7, Bacillus cereus Bc Sn-8 and Bacillus
subtilis  BsSn-12.  Data presented in Table (1) and
Fig. (5), indicated that B. cereus produced a killing
substance that was strongly active against B. cereus
BcIs-7, B. subtilis BsSn-12 and inactive against the
other strains while B. subtilis produced a killing
substance that was strongly active against B. cereus
BcIs-7, B. cereus BcSn-8 and B. subtilis BsSn-12 and
inactive against B Bacillus cereus BcIs-6. The two
hybrid fusants showed the same bacteriocin activity as
its parental strain B. cereus BcNv-29 but with strongly
active against B. cereus Bc Sn-8 as its parental strain
Bacillus subtilis BsGh-18. Parental strains and fusants
produced substances with killing activity for the other
B. subtilis strains. Since this activity seems to be
species specific, the probably are bacteriocin. 

Fusants Relatedness: Some phenotypic characters, i.e.,
Cm , Sm , Tc , chitinase activity and bacteriocinr r r

production were compared between the two fusants and
their parental strains. Fusant C1 was 70% related to
Bacillus cereus Bc Nv-29 and fusant C2 was 66%
related to Bacillus cereus Bc Nv-29. 

The Antagonistic Efficiency of Fusants: The capacity
of both parental strains and their fusants to inhibit the
growth of F. solani was determined. (Fig. 2). The
results indicated that while the parental strains, Bacillus
subtilis BsGh-18 and Bacillus cereus Bc Nv-29 showed
clear halos (3 cm and 2 cm respectively), the two
fusants showed clear halos as that of its parental strain
Bacillus cereus Bc Nv-29 (2 cm). The two fusants
were almost the same as those of Bacillus cereus Bc
Nv-29 in antagonistic activities against the root-infected
pathogen.
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Table 1: Growth inhibition activity of Bacillus subtilis BsGh-18, Bacillus cereus Bc Nv-29 and their hybrid fusants against different Bacillus
strains.

Bacterial strains Cultural supernatant of:
------------------------------------------------------------------------------------------------------------------
Bacillus subtilis BsGh-18 Bacillus cereus Bc Nv-29 C1fusant C2fusant

Bacillus  cereus BcIs-6 - - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus  cereus BcIs- 7 + ++ ++ ++
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus  cereus Bc Sn-8 ++ - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis Bs Sn-12 +++ ++ +++ +++
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus subtilis BsGh-18 - - - -
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bacillus cereus Bc Nv-29 - - - -      

 + indicates the growth inhibition activity (more + represents more growth inhibition). 

Fig 5. A:Bacteriocin production of Bacillus subtilis
BsGh-18 against Bacillus  cereus BcIs- 7,
Bacillus  cereus Bc Sn-8  Bacillus subtilis Bs
Sn-12 strains. 

Fig. 5. B: Bacteriocin production of Bacillus cereus Bc
Nv-29 against  Bacillus subtilis BsGh-18,
Bacillus cereus BcIs-6, Bacillus  cereus
BcIs- 7, Bacillus  cereus Bc Sn-8 ,
Bacillus subtilis Bs Sn-12 , Bacillus cereus
Bc Nv-29 and C2 fusant strains. 
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