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Abstract: Method for antagonistic was used to test the capacity of seven antagonistic potential strains,
i.e., four B. subtilis, P. aeruginosa, P. fluorescens and E. cloacae, to inhibit the plant fungal pathogen
F. oxysporum . The highest antagonistic was P. aeruginosa followed by E. cloacae and P. fluorescens. In
order to combine different mechanisms for fungal biocontrol, the protoplast fusion technique was
performed between P. aeruginosa and P.  fluoresces.  Protoplast  induction  efficiency  was  improved
2.4 fold with P. aeruginosa and 1.1 fold for P. fluoresces by raising the lysozyme to 6 mg / ml. Hybrid
fusants were selected directly or indirectly. Only one fusant was isolated following the direct selection
method while using the indirect method resulted in isolation fusants by 24% of the screened colonies.
These results may reflect the need of protoplast regeneration before their exposure to the selective
pressure. Eight hybrid fusants were characterized. Each fusant had acquired certain phenotypes from each
parent strain. All fusants showed higher antagonistic efficiency than their parental strains reached three
times more than the efficiency of P. fluorescens and two times more than the efficiency of P. aeruginosa.
These fusant had better performance in controlling the plant pathogen Fusarium oxysporum  and have the
opportunity for field application.
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INTRODUCTION

Fungal plant diseases are one of the major
concerns to agricultural production. It has been
estimated that total losses as a consequence of plant
diseases reach 25% of the yield in western countries
and almost 50% in developing countries. Of this, one
third is due to fungal infections . Conventional[2]

practice to overcome this problem has been the use of
chemical fungicides which have adverse environmental
effects causing health hazards to humans and other
non-target organisms, including beneficial life forms.
Hence there is increasing concern towards the toxicity
and biomagnification potential of these chemicals in
agriculture.

Biological control of soil-borne plant pathogens by
antagonistic microorganisms is a potential non-chemical
means of plant disease control. Genetic modification of
bacteria l b iocontro l agents offers significant
opportunities for enhancing biocontrol performance.

This study aims to produce highly efficient

antagonist bacterial strains against Fusarium

oxysporum .

MATERIALS AND METHODS

Microbial strains and culture conditions: The

bacterial and fungal strains used in the present study 

Table 1: Bacterial and fungal strains used in the study.

Strain Character Source

Bacterial strains:
Pseudomonas aeruginosa Egyptian isolates A. Gaballa *
P. fluorescens ATCC 17400 A. Gaballa *
Bacillus subtilis D81 A. Gaballa *
B. subtilis D8102 A. Gaballa *
B. subtilis D8104 A. Gaballa *
B. subtilis A. Sahaab **
Enterobacter cloacae No.30 A. Sahaab **

Fungal Strains:
Fusarium oxysporum f. sp. vicia A. Sahaab **
Fusarium oxysporum f. sp. sesame S. Zedan ***

Fusants between P. fluoresens and P. aeruginosa:
P A:: f 1 Rif , Nm , Ap , Cm , Tc This studyr r r r r

P A:: f 2 Rif , Nm , Ap , Cm , Tc This studyr r r r r

P A:: f 3 Rif , Ap , Cm , Tc This studyr r r r

PA:: f4 Sm , Rif , Nm , Ap , Cm , Tc This studyr r r r r r

P A:: f5 Rif , Nm , Ap , Cm , Tc This studyr r r r r

PA:: f6 Rif , Ap , Cm , Tc This studyr r r r

PA:: f7 Rif , Nm , Ap , Cm , Tc This studyr r r r r

P A:: f8 Sm , Rif , Nm , Ap , Cm , Tc This studyr r r r r r

* Kindly obtained from Dr. A. A. Gaballa, Mubarak City for
scientific Research and Biotechnology. ** Kindly obtained from Dr.
A. F. Sahaab, Department of plant pathology, NRC Egypt. ***
Kindly obtained from Dr. S. Zedan Department of plant pathology,
NRC. Sm: Streptomycin, Rif: Rifampicin, Nm: Neomycin, Ap:
Ampicilin, Cm: chloramphinicol, Tc: Tetracycline.

bacterial growth. King's agar complete medium  was[10]

used as a selective medium for Pseudomonas strains.



Res. J. Cell & Mol. Biol., 1(1): 37-41, 2007

38

are listed in Table  1.  Luria  -Bertani  medium  (LB)
 was used for Minimal  medium  for   Pseudomonas[5]

   was   used  for Pseudomonas growth and in [1]

fusant selection. Potato Dextrose  agar  (PDA)  or
Broth  (PDB) media  was used for fungal growth.[4]

Growth temperature of Pseudomonas  was  30°C,
while  it  was  28°C   for fungal strains. The
following concentration of antibiotics were  used  (mg/
ml) when required: Rifampicin (Rif) 100 mg /ml,
streptomycin (Sm) 200 mg /ml, neomycin (Nm) 100
mg /ml, tetracycline (Tc) 15 mg /ml ampicilin (Am)
100 µg / ml, chloramphenicol (Cm) 35 µg / ml. 

Isolation of P. Aeruginosa Antibiotic Resistant
Mutants:    A    rifampicin   (Rif)   resistant 
mutant  of P. aeruginosa was isolated using
spontaneous mutants enrichment method .[7]

Antagonism Test:  The  capacity  of  P.   aeruginosa,
P.  fluorescens   and   obtained  fusants    to   inhibit
F. oxysporum growth was tested using an overlay
technique . [6]

Protoplast Fusion: The protoplast induction and fusion
techniques  were performed between P. aeruginosa[17]

and P. fluorescens. Different methods for fusant
selection were done. Direc t se lection using
Pseudomonas minimal medium supplemented  with  L-
arabinose,  to  eliminate P. aeruginosa and rifampicin
to eliminate P. fluorescens; or  King s  medium'

supplemented   with   streptomycin  (to eliminate P.
aeruginosa) and rifampicin (to eliminate P.
fluorescens), or indirectly by growing the protoplast
mixture first on King s medium the obtained colonies'

were then replica plating on Pseudomonas minimal
medium supplemented L-arabinose and rifampicin. The
plates were incubated at 30ºC for four days. The
obtained fusants were subcultured under the same
selective conditions.

Fusants Characterization: Obtained fusants were
tested for different biochemical and physiological
characters including antibiotic resistance, carbon source
consumption and growth at 41°C or 4°C.

RESULTS AND DISCUSSIONS

The  present investigation deals with the biocontrol
of the soilborne fungal pathogen F. oxysporum  which
causes root wilt disease resulted in great crop losses.

The two species P. fluorescens and P. aeruginosa
suppress   plant   diseases   by   phenazyne
derivatives antibiotic   which  is  produced  on[3, 19]

roots .  It was also  reported  that  P.  fluorescens [13]

CHAO  strain  produces  antimicrobial hydrogen
cyanide,  2,4-  diacetylphloroglucinol  and [8,9,12]

siderophores  as  pseudobactins,  which  are
structurally  complex  iron-  binding  molecules . [14]

In   this   study,   different     potential   antagonistic

Fig. 1: Growth inhibition of F. oxysporum by
bacterial cell lysate in King s medium.'

microorganisms  were  tested   for   their  efficiency
in  inhibiting the growth of the plant pathogen
Fusarium oxysporum . 

Bacterial-Cell-Lysate Inhibition Effects: Method for
antagonistic was used to test the capacity of seven
antagonistic potential strains to inhibit F. oxysporum .
The tested strains were grown either on LB or King's
media. In situ colony lysis was performed using
chloroform. Then F. oxysporum was overlayed, further
incubated at 28°C for 3 days and its growth was
detected.

Result indicated that no inhibition effect  was
detected when these strains were grown on LB medium
except  in  the  case  of  E.  cloacae.  At the same
time cell-lysate  of  all  tested  strains,  i.e.,  four   B.
subtilis, P. aeruginosa, P. fluorescens and E. cloacae,
showed different degrees of growth-inhibition of F.
oxysporum . The highest antagonistic was P. aeruginosa
followed by E. cloacae and P. fluorescens (Figure 1).
These results reflect the previously mentioned
antagonistic effect of these strains . [11, 16, 18]

These results are in agreement with those reported
 who demonstrated that both medium- independent[15]

and medium-dependent types of antagonism against two
plant pathogen fungi were found among P. fluorescens.
In order to combine different mechanisms for fungal
biocontrol, the  protoplast fusion technique was
performed between P. aeruginosa and P. fluorescens.
Genetic marker is an essential requirement for
facilitating tracing and manipulation a microorganism.
To eliminate any undesired trait, which could be
resulted by using chemical or physical mutagenesis,
spontaneous antibiotic resistance mutant of P.
aeruginosa was isolated following the enrichment
method. Rifampicin resistant spontaneous mutant was
successfully obtained and used in protoplast fusion
studies.

P. aeruginosa and P. fluorescens Protoplast
Induction:  Protoplasts   were  induced  from
overnight   cultures   of  P.  aeruginosa  or P.
fluorescens . Addition of 4mg of lysozyme  /  ml[17]

on   protoplast   buffer,   incubation   at   37ºC  for
3h  while  shaking  at 40  rpm,  resulted  in producing
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Table 2: Protoplast induction of P. aeruginosa and P. fluorescens.*
No. of cells/protoplasts per ml
-----------------------------------------------------------
P. aeruginosa P. fluorescens
-------------------------- ----------------------------
4 mg 6mg 4 mg 6 mg
lysozyme lysozyme lysozyme lysozyme
/ ml / ml /ml / ml 

Starting culture 10x10 10x10 7 x 10 7 x 104 4 4 4

Protoplasts 2x10 4.8 X 10 2.7 x10 3 X 104 4 4 4

Protoplasts efficiency 20 % 48 % 39 % 43 %
*Protoplasts induced following the method of Rajendran et al.
(1994).

P.  aeruginosa  protoplasts  in  20  %  of  the tested
cells. At the same conditions P. fluorescens produced
39% protoplasts (Table 2). To improve protoplast
induction  efficiency,    lysozyme    concentration  
was    raised   to 6 mg / ml of protoplast buffer,
following the same incubation conditions, protoplast
induction efficiency of P. aeruginosa, reached 48 %
and P. fluorescens reached 43% of treated cells (Table
2). Protoplast induction efficiency was improved 2.4
fold with P. aeruginosa and 1.1 fold for P.
fluorescens. These results reflect the differences
between the two Pseudomonas species in their cell wall
– ability for digestion. 

Protoplast Fusion: P. aeruginosa Rif  and P.r

fluorescens Sm were converted to protoplasts andr 

fused. 
A mixture of 36x10  of P. aeruginosa protoplasts4

and 52x10  P. fluorescens protoplasts in the presence4

of 25 % PEG 6000 was incubated for ten min. at room
temp. and 100 µl sample were tested for fusion.
Fusants were selected directly by culturing the fusion
mixture onto selective media or indirectly by growing
the fusion mixture  first in King's medium followed by
replica plating on selective media. Two selective media
w e re  us e d ;  P s e u d o m o n a s  m in im a l m ed iu m
supplemented with L- arabinose as the sole carbon
source (to eliminate the parental P. aeruginosa) and
rifampicin (to eliminate the parental P. fluorescens) and
incubated at 30ºC, King's medium  supplemented  with
200 µg streptomycin / ml (to eliminate P. aeruginosa
and rifampicin (to eliminate P. fluorescens). No fusants
could be found when King's medium with Rif and Sm
was used as the selective pressure. When Pseudomonas
minimal medium supplemented with L-arabinose as the
sole carbon source and rifampicin was used, only
single fusant was found.

Following the indirect selection method, fifty
colonies grown on King's medium were replica plating
on Pseudomonas minimal medium supplemented L-
arabinose and rifampicin and incubated at 30ºC for
four days. Twelve hybrid fusants were successful
isolated out of the fifty colonies tested i.e., 24%. These
fusants were  subcultured  under the same selective
conditions.

Table 3: Antibiotic resistance of P. aeruginosa, P. fluorescens
and their fusants on LB medium supplemented with
different antibiotics.

Strain Sm Rif Nm Ap Cm Tc
Parental strain:
P. fluorescens + - - + + +
P. aeruginosa - + +++ + + +++
Hybrid Fusants: 
PA:: f1 - + +++ + + +++
PA:: f2 - + + + + +++
PA:: f3 - + - + + +++
PA:: f4 + + +++ + + +++
PA:: f5 - + + + + +++
PA:: f6 - + - + + +++
PA:: f7 - + + + + +++
PA:: f8 + + + + + +++
Sm: Streptomycin, Rif: Rifampicin, Nm: Neomycin, Ap: Ampicilin,
Cm: chloramphinicol, Tc: Tetracycline. 

The successful isolation of hybrid fusants following the
in direct method of selection may reflect the need of
protoplast regeneration before their exposure to the
selective pressure.

The limited number of fusants obtained does not
reflect the overall types of fusants which could be
constructed. According to the selective method stable
fusants which acquired the corresponding selective -
pressure genes will only be survived.

Fusants Characterization:

Intrinsic Antibiotics Resistance:  Eight  P .

aeruginosa P. fluorescens fusants were tested for their

antibiotics resistance on LB medium supplemented with

different antibiotics and incubated at 28ºC for 3 days.

The antibiotic  resistance  patterns are present in Table

3. Table 3 indicated that the P. aeruginosa parental

strain, was resistant to each of Tc, Rif, Am, Cm and

Nm antibiotics. P. fluorescens was resistant to Tc, Sm

and Ap. Tested fusants have shown different patterns

of antibiotics resistance. All fusants acquired their Tc

and Rif resistant from P. aeruginosa parent. Two

fusants, i.e. PA:: f4 and PA:: f8 were Sm resistant as

P. fluorescens parental strain. The two fusants PA:: f1

and PA:: f4 were resistant to neomycin as P.

aeruginosa. Fusants PA:: f7 and PA:: f8 were of

moderate resistance to neomycin. The fusants PA:: Pf2

and PA:: f5 showed a weak degree of neomycin

resistance, while fusants PA:: f 3 and PA:: f 6 were

neomycin sensitive.

Carbon Assimilation and Growth at 41ºC and 4ºC:

The eight fusants were tested for their ability to

assimilate sucrose, glycerol, succinic acid or L-

arabinose. They were also tested for their ability to

grow at 41ºC or 4ºC. Results are shown in Table 4.

Table 4 showed that all fusants were able to assimilate

glycerol and succinic acid as their two  parents

indicating  that genes corresponding for these functions

are  intact  functional in them. All fusants were able to
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Table 4: Assimilation  capacity  of different carbon sources and
growth at 4ºC or 41ºC of P. aeruginosa, P. fluorescens
and their fusants.

L- Succinic
Strains Sucrose arabinose Glycerol acid 41ºC 4ºC

P. fluorescens D + + + - 4
P. aeruginosa - - + + 41 -
P A:: f 1 - + + + + +
P A:: f 2 - + + + + +
P A:: f 3 - + + + + +
PA:: f4 - + + + + +
P A:: f5 - + + + + +
PA:: f6 - + + + + +
PA:: f7 D + + + + +
P A:: f8 D + + + + + 

D: Weak growth.

Fig. 2: The antagonistic effects of P. aeruginosa (A)

and P. fluorescens (F) and eight of their

fusants, against F. oxysporum .

assimilate L- arabinose as P. fluorescens strain where

they acquired the ability to grow at 41ºC as P.

aeruginosa and could grow at 4ºC as P. fluorescens

strain.  All   fusants   could   not   assimilate 

sucrose  as P. aeruginosa except PA:: f7 and PA:: f 8

fusants.

Fusants Relatedness: Seven phenotypic characters, i.e.,

SM , RIF , NM , SUC , L-arabinose , growth at 41ºCr r r + +

and growth at 4ºC, were compared between the eight

fusants and  their  parental  strains.  Three  fusants,

i.e. P A:: f 1, P A:: f 2 and P A:: f 5 were related to

P. aeruginosa by about 71%, four fusants, i.e., P A::

f 3, P A:: f 4, P A:: f 6 and P A:: f 7 were about

57% of P. aeruginosa, while the fusant P A:: f 8 was

only related to P. aeruginosa by about 43%.

The antagonistic efficiency of fusants: The capacity

of both  parents  and  their  fusants to inhibit the

growth of F. oxysporum was determined. Where the

presence of a halo surrounding a colony is an

indication  of  antifungal  compounds expression genes

(Figure 2). The results indicated that while the parental

strains, P. aeruginosa (A) and P. fluorescens (F)

showed clear halos, all the eight fusants showed clear

halos greater than that of the parental cell lysates,

indicating different level of gene expression among

fusants.

The descending order of F. oxysporum inhibition

was as  follow;  Fusants  No.2,  4  (1.5  cm)  (i.e.,

three times P.  fluorescens  efficiency  and  more 

than   two  times P. aeruginosa efficiency), followed

by fusant No. 5 (1.3cm) (i.e., 2.6 times P. fluorescens

efficiency and 1.9 times more than P. aeruginosa

efficiency), then 1, 3, 6, 8 (1cm) (i.e., two times more

than P. fluorescens efficiency and 1.4 times more than

P. aeruginosa efficiency). The parental strain P.

aeruginosa inhibited Fusarium growth by  a  diameter

of 0.7 cm, while P. fluorescens inhibited F. oxysporum

by a diameter of 0.5 cm only. These results indicated

different level of gene expression among fusants. Some

fusants showed super antagonistic efficiencies, three

times more than P. fluoresces and more than two times

of P. aeruginosa. The superiority of the fusants in

killing the pathogen F. oxysporum  could be due to that

they have more killing system (from both parental

strains) and/or more gene(s) copies - of any

antagonistic system.

These fusants had better performance in controlling

the plant pathogen Fusarium oxysporium  and have the

opportunity for field application.
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