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ABSTRACT  
A type of bacteria was isolated from garden soils (rhizosphere soils of  some garden 

plants) that showed a great antagonistic activities toward different phytopathogenic and 
even human and toxin-producing fungi especially Aspergillus spp. Many different tests 
(Gram stain, shape of cells, shape of colonies, pigment production, swarming on plate, 
catalase, oxidase, gelatin hydrolysis, indol, growth on salt medium, blood hydrolysis,...)  
were done for the identification of this bacteria, and the results showed that this bacteria was 
belonged to the genus of Paenibacillus spp. Also the active antifungal compounds were 
isolated from this bacteria and many tests were done to partially characterize the nature of 
the compounds produced by this bacteria. 
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  ــــــــــــــــــــــــــــــــــــــــــــــــــــ

  عزل وتشخيص عزلة بكتيرية مضادة للفطريات ذات طيف واسع
 

  ملخصال

 لبعض نباتات الحدائق والتي أظهرت       rhizosphere من منطقة الرايزوسفير  تم عزل نوع من البكتريا            

 ضد المنتجة للسموم مثـل     وأخرى لإلنسان وحتى   فعالية تضادية كبيرة تجاه فطريات مختلفة ممرضة للنباتات       

 ، شكل المـستعمرات ، شكل الخاليا،صبغة كرام(  تم إجراء اختبارات مختلفة . .Aspergillus spp لجنس أ

 ،األمـالح  النمو على وسط     ، تحلل الجيالتين  ، اندول ، اوكسيديز ، كتاليز ، االنتشار على الطبق   ، الصبغات تاجإن

 للجـنس   عائـدة    بـأن هـذه البكتريـا      النتـائج    وأظهـرت  للتعرف على نوع هذه البكتريـا        ...)،تحلل الدم 

Paenibacillus spp.  . بعض االختبارات عليهـا  راءإجأيضا تم عزل المواد الفعالة المضادة للفطريات وتم 

  .للتعرف جزئيا على طبيعة هذه المركبات المنتجة من هذه البكتريا
  

  . بكتريا مضادة للفطريات،التضاد :الكلمات المفتاحية 

  ــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
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INTRODUCTION 
         Fungi are primary causes of grain loss, and some of them produce compounds that are 
toxic when consumed (Shank, 1974). Fungal diseases of plants are usually controlled by 
some combination of cultural practices, use of fungicides, and host plant resistance. 
Fungicides are the primary means of fungal disease control, but their use is currently 
controversial because investigation have indicated potentially undesirable environmental 
side effects (Carlile , 1988). 
        Increased public concern about the accumulation of pesticide residues in the biosphere 
and the development of resistance among pathogens against conventional antibiotics have 
led scientists toward the development of alternative strategies for plant disease suppression. 
Many researchers have unarguably suggested that biological control and use of microbial 
pesticides are the best alternatives ( Lee et al., 2008). Members of the genus Paenibacillus 
are common soil bacteria and belong to the group of plant growth-promoting rhizobacteria 
(PGPR). A range of activities has been found to be associated with Paenibacillus-treatment, 
some of which might be involved in plant growth promotion (Selim et al., 2005). Indirect 
promotion of plant growth occurs when PGPR antagonize or prevent the effects of 
phytopathogens or deleterious microorganisms, and the proposed mechanism for this 
promotion suggest that the active principle may be a secondary bacterial metabolite which 
antagonize the pathogens. Many species of the genus Paenibacillus( such as P. polymyxa) 
are well known to produce antibiotic compounds that suppress several plant pathogens 
(Lorentz et al., 2006).                                                                                                       
        The aim of this study is to isolate and identify a Paenibacillus spp. from soil and to test 
the biological activity of this bacteria against several plant-(and even  human-) pathogenic 
fungi and also to extract and partially characterize  the nature of the antifungal compound.                      

 
MATERIALS AND METHODS 

Pathogenic fungal strains   
        Different pathogenic fungi were used in this study as test fungi, and as follows:   
a-  Penicillium nalgiovense ,Fusarium graminearum, Alternaria alternata , Rhizoctonia       

solani were taken from Biology Department/College of Science/ Mosul University. 
b- Macrophomina phaseolina, was taken from Plant Protection Department/College of 

Agriculture/ Mosul University. 
c- Human pathogenic Aspergillus niger, Trichophyton mentagrophytes and toxin-producing 

Aspergillus flavus from Biology Department/College of Science/ Mosul University. 
 
Collection of the samples  
         Different soil samples (about 12 soil samples) were collected for the isolation of the 
Gram positive antifungal bacteria and these samples were taken from the rhizosphere soils 
of different garden plants in Mosul city such as the rhizosphere of flowers and orange trees. 
                                                  
Isolation and identification of bacteria  
         Serial dilutions were done for each soil sample (1 gram of the sample is diluted in 9 ml 
of sterile distilled water, then 1ml of this dilution is added to another 9 ml of distilled water 
and the same thing is repeated until we reach the dilution of 10-6), then 0.1 ml of the 
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dilutions 10-4 and 10-5 of each sample was cultured on 9cm Petri dish of nutrient agar and 
incubated at 30ºC for 24 hour. After that each different single colonies were tested against 
pathogenic test fungi, and the antifungal bacterial isolates were taken and recultured for 
identification and further studies.  
         The suspected isolates that showed preliminary antifungal activities were subjected to 
several microscopical tests (shape of cells, shape of spores, swelling of  cells), 
morphological tests (color, size of colonies, edge of colonies, consistency of colonies 
etc…), biochemical tests (citrate utilization, oxidaze, indol, catalase, gelatin hydrolysis) in 
addition to the Gram stain, pigment production, swarming on plate, motility test, blood 
hemolysis, and all of these tests were done according to (Holt et al., 1994; Forbes et al., 
2002;  Forbes et al., 2007  ; Al-Sammak , 2008). 
        It was mentioned by a method described by (Al-Sammak , 2008) that in order to 
differentiate between the Gram positive Bacillus spp. and Paenibacillus spp., the isolates 
were grown in salt medium (nutrient broth + salt NaCl) at concentrations of 3% , 5%, and 
7%, in which if the isolate is Paenibacillus spp. it will not grow at the salt medium at the 
concentrations of 5% and 7%. 
                                                                                                          
Antifungal bioassay test    
        In order to examine the antagonistic properties of  bacterial isolates against 
phytopathogenic fungi , and according to (Kobayashi et al., 2000) , a dual culture technique 
was carried out which is the simplest method to detect antifungal activity. In this technique 
an agar block (5 mm diameter) of 5-day-old culture of fungal pathogen was placed in the 
centre of plate containing potato dextrose agar (PDA) (or Sabouraud dextrose agar in the 
case of human pathogenic fungi) according to (Jayaswal et al., 1990). A loopful of 24-h-old 
culture of the tested bacteria was inoculated at 2 cm juxtaposed to the pathogen. The fungal 
pathogen inoculated centrally on PDA (or Sabouraud dextrose agar) plates, and some plates 
were left without inoculation of the bacteria juxtaposed to the fungal pathogen served as 
control. The plates were incubated at 28± 1˚C for 5 days and inhibition of fungal growth 
was measured (Gupta et al., 2001). 
 
Extraction and partial characterization of the active antifungal compounds  
        In order to extract the active antifungal compounds and test its activity against the test 
fungi and in order to characterize the nature of these compounds, the following method was 
described : 
        Nutrient broth (N.B.) medium was inoculated with a loopful of fresh (24-hour old) 
culture of the bacterial isolate and was incubated at 28±1˚C for 5 days. It was then 
centrifuged at 7000 rpm. for 15 min, and the supernatant was finally passed through a 
millipore filter paper (0.2 µm porosity) to get cell-free culture filtrate that contain the 
antifungal compound (Gupta et al., 2001). 
       Several tests were done to partially characterize the nature of the active crude extract 
such as heat treatment (100˚C for 3 hours), nature of the compound(s) (protein or not) , 
solubility of the compound (s) in water and organic solvents, FTIR, in which the FTIR 
analysis was done at the Chemistry Department/College of Education/ Mosul University 
using FTIR instrument type Bruker-Tensor 27 (Germany) to determine the active groups of 
the  antifungal compound (Seldin et al., 1998  ;   Lee et al., 2008). 
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RESULTS AND DISCUSSION 
Isolation of antifungal bacteria  
        From the twelve soil samples we had about 36 different bacterial isolates of suspected 
Gram positive bacteria, and each one of these isolates was preliminary tested against the 
fungus Alternaria alternata  (later tested against the other fungi), and we had 4 different 
bacterial isolates that have an antifungal activities against the test fungi. 
 

Identification of bacterial isolates  
       The four bacterial isolates that showed antifungal activities were subjected to several 
morphological, physiological, and biochemical tests to identify these bacteria, and the 
results revealed that all the four antifungal isolates belonged to the Gram positive bacteria, 
and three of these isolates belonged to the genus Bacillus spp., and the other belonged to the 
genus Paenibacillus spp. 
        There are many researches concerning the isolation of  different antifungal Bacillus 
isolates such as B.subtilis and B.cereus etc… (Yu et al., 2002  ; Safdi et al., 2002) and 
according to this (also because the Paenibacillus isolate showed higher inhibition zone on 
test fungi when compared to other Bacillus isolates) and as we said before we concerned in 
this research to find an antifungal Paenibacillus spp., therefore the three isolated antifungal 
Bacillus spp. were neglected and we concerned on antifungal Paenibacillus spp. instead. 
       The results showed that the antifungal Paenibacillus spp. was unable to grow in the salt 
medium at the concentrations of 5% and 7% and this confirmed that the isolate belong to the 
Paenibacillus spp., also the tests for the identificatioin of the Paenibacillus spp. showed that 
the cells are swelled and that the single or discrete colonies are large, circular, convex, 
smooth, translucent or opaque in color, and the colonies do not produce any pigments(in 
nutrient agar and broth) and can swarm over agar surface and of mucoid consistency on 
media containing sugars such as PDA, and of beta- hemolysis on blood agar, and all of these 
results indicated that the isolate is belonged to the species of Paenibacillus alvei and these 
results were exactly in agreement with (Forbes et al., 2002; Forbes et al., 2007; Al-
Sammak, 2008). 
 

Antifungal bioassay test  
       The Paenibacillus isolate that showed preliminary antifungal  activity against the 
fungus Alternaria alternata, was taken to test its antifungal activity toward several 
phytopathogenic fungi and even toxin –producing and human pathogenic fungi, and the 
results are shown in (Table 1), ( See also figures 1,2, and 3) : 
 

Table 1 : The bioeffect of Paenibacillus alvei on different pathogenic fungi. 
 

Bacterial Isolate 
    

Pathogenic fungi 
Inhibition zone  

(mm) 
Alternaria alternata 7 

Penicillium  nalgiovense 5 
Fusarium graminearum 5 

Rhizoctonia solani 5 
Macrophomina phaseolina 4 

Aspergillus niger 3 

Aspergillus flavus 4 

 
 
 

Paenibacillus alvei 

Trichophyton mentagrophytes 4 
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        It was obvious and from the previous results that the  Paenibacillus alvei (which was 
isolated from the rhizosphere soil of garden flowers) had a wide range of antifungal 
activities toward a different kinds of pathogenic fungi (phytopathogenic, human-pathogenic, 
and toxin-producing Aspergillus flavus), thus it could used as a very potent biological 
control agent toward the mentioned fungi. 
        In recent years, it was mentioned by many researches that many species of the Gram 
positive Paenibacillus bacteria (such as Paenibacillus lentimorbus) showed in vitro 
antagonistic activities against several fungal phytopathogens belonging to the ascomycetes, 
basidiomycetes, and oomycetes (Lee et al., 2008). The results showed that our 
Paenibacillus alvei  isolate showed or had a wide range of antifungal activities toward many 
kinds of pathogenic fungi. 
       There are many different kinds of Gram positive and Gram negative bacteria (such as 
Bacillus spp. and Pseudomonas spp.) that antagonize or have antifungal activities toward 
different fungi especially the phytopathogenic fungi (Kobayashi et al., 2000 ; Gupta et al., 
2001), but there is a little (if not non) of the researches that showed a bacterial isolate with a 
wide range of antifungal activities especially toward (for example) the pathogenic 
Aspergillus spp., thus our antifungal isolate might represent a good alternative or the most 
potent biological control agent or antifungal isolate even toward the human-pathogenic 
fungi. 
       The antifungal activities was due to the production of an extracellular antifungal 
metabolites or antibiotics that could be extracted for purification or for further studies. 
 
 

 

 
 

Fig. 1: The biological effect of Paenibacillus alvei (right plate) on phytopathogenic 
Alternaria alternata (left plate is the fungus control).  
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Fig. 2 : The antagonistic activity (inhibition zone) of Paenibacillus alvei (on the right plate) 
against the toxin-producing Aspergillus flavus (left plate is the fungus control). 

 

 
 

Fig. 3 : The antifungal activity of Paenibacillus isolate (on the left plate) against human-     
pathogenic Aspergillus niger (right plate is the fungus control).  

 
 
Extraction and partial characterization of the active antifungal compounds  
        A method described by  Gupta et al., (2001)  was carried out for the extraction of the 
active antifungal compounds or the culture filtrate from the Paenibacillus alvei, and after 
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the extraction and testing it against several pathogenic fungi (Fig. 4) , several methods were 
done to partially characterize the nature of the active compounds and as follow: 
        The optimum conditions for the production of the compound(s) from Paenibacillus 
isolate was growing the isolate for 5 days in the culture media  (Nutrient Broth) at 28˚C and 
that was in agreement with ( Haggag, 2007;  Seldin et al., 1998;  Beatty and Jensen, 2002). 
        The culture filtrate of Paenibacillus alvei that contain the active antifungal compound 
showed different inhibition zones on the test fungi as shown below in (Table 2). 
 
Table  2: The bioeffect of Paenibacillus alvei culture filtrate on different pathogenic fungi. 
 

Test fungi Inhibition Zone (mm) 
Alternaria alternata 7 

Penicillium  nalgiovense 5 
Fusarium graminearum 6 

Rhizoctonia solani 4 
Macrophomina phaseolina 4 

Trichophyton mentagrophytes 3 
Aspergillus niger 4 

 
 
 
Culture filtrate effect of 
Paenibacillus alvei 

Aspergillus flavus 3 
 

 
 

 
 

Fig. 4: The biological effect of Paenibacillus culture filtrate (right plate) on the fungus  
Alternaria alternata compared with control (left plate). 

 
       The extracted active compound was soluble in water and organic solvents such as 
butanol, dimethyl sulfoxide (DMSO), ethanol, acetone and others in which many researches 
mentioned that the active compounds could be extracted from Paenibacillus spp. with 
butanol (Lee et al., 2008). 
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       When a method described by (Seldin et  al., 1998  ; Lee et al., 2008) was used to test 
the heat effect on the active compounds of Paenibacillus spp. in which the crude antifungal 
metabolites of Paenibacillus spp. was subjected to heat at 100˚C for 3 hours, it appeared 
that the active compounds was thermostable in which there was no loss of activity against 
the test fungi after the heat treatment. 
       The FTIR analysis of the active antifungal compound (Fig. 5) showed the presence of  
C=N bond at wave number 1632, C-O bond at 1078, N-H or O-H bond at wave number 
3381, C-H bond at 2969, and aromatic ring at the wave number between 1407 and 1632.        
 
 
 
 

 
 
Fig. 5: The FTIR analysis of the active compound of Paenibacillus alvei. 
 
        From all above we can conclude that the isolated Gram positive Paenibacillus alvei 
may represent a potent biological control agent that could be used as a potent alternative to 
the harmful fungicides with a special property that it had a wide range or spectrum of 
antifungal properties against different pathogenic fungi and especially against Aspergillus 
species. 
       Also it was concluded that the optimum conditions for the production of antifungal 
compounds from Paenibacillus alvei was growing the bacteria for 5 days in nutrient broth at 
28˚C, and that the compound was heat resistant which might be of non-protein in nature and 
the FTIR analysis showed that the active compound is a complex compound which contain 
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an aromatic ring, that is recommended to do a full characterization tests for active 
compound such as the NMR, mass spectrophotometry, HPLC, and others. 
      Also it is recommended to test the antagonistic activities of the new Paenibacillus 
isolate against the other different kinds of human pathogenic fungi, phytopathogenic fungi, 
and even against the different kinds of Gram positive and Gram negative bacteria. 
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