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Abstract: Protoplast fusion was performed between two mutants previously obtained by UV 
mutagenesis; Bacillus licheniformis BLM8 [Rifr, Sms, his+met–  (P1)] and Bacillus pumilus BPM4 
[Rifs, Smr, his-met+  (P2)] to construct new Bacillus strain(s) of high alpha amylase productivity. 
Among P1::P2 fusant strains selected by antibiotic resistance markers, thirteen fusants were selected 
due to their high productivity of alpha amylase enzyme. Results showed a broad range of productivity 
of fusant strains ranged from 9 to 18.5 U/ml. The highest fusants in production alpha amylase enzyme 
were F7, F13, F5 and F9 (16.7, 17.5,18 and 18.5 U/ml, respectively). The recombinant fusant strain no. 
F9 revealed higher productivity of enzyme than their parental strains with more than three-folds. The 
genetic relationship between fusants and their parents was determined by analyzing the protein 
patterns. SDS-PAGE analysis of proteins confirmed the existence of random recombination between 
the two parental strains which results in obtaining different fusants peristaltic different genetic 
backgrounds between each fusant and their parental strains. Therefore, all fusant strains acquired and 
expressed many specific proteins from the two parental strains. These results confirm that protoplast 
fusion is an important technique for strain improvement. It was used to combine genes from different 
organisms for creating strains with desired economic properties. The distinguished obtained fusants are 
available to be used commercially in many economic important industries. 
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INTRODUCTION 

 
 Alpha amylase is an extracellular enzyme which degrades α-1, 4 glucosidic linkages of starch and related 
substrates in an endo-fashion producing oligosaccharides including maltose, glucose and alpha limit dextrins. 
The enzyme is used particularly in starch liquefaction, brewing, textile, pharmaceuticals, paper industry, 
detergents, drugs, toxic wastes removal and oil drilling (Ajayi and Fogade, 2003 and Arikan, 2008). The enzyme 
production is largely dependent on the type of strain, composition of medium, cell growth, initial pH and thermo 
stability (Haq et al., 2002 and 2005). Highly active α-amylase is preferred for the conversion of starch into 
oligosaccharides. So, it is worthwhile to select a potent microbial strain for α-amylase production. For this 
purpose, Bacillus species such as B. subtilis, B. pumilus and B. licheniformis have been the organisms of choice 
(Sivaramakrishnan et al., 2006).  
 Protoplast fusion is used in varieties of prokaryotic and eukaryotic microorganisms such as Actinomycetes 
and Bacillus (Fodor et al., 1978). It was used with Bacillus thuringiensis and a method for protoplastization of 
crystal and sporo-forming B. thuringiensis bacteria and consequnent cell wall regeneration on a solid hybertonic 
medium was presented by Tsenin et al. (1983). The possibility of interspecific recombination could make by 
using protoplast fusion method (Belykh et al., 1983). Yari et al.(2002) studied the effects of protoplast fusion on 
δ-endotoxins production in Bacillus thuringiensis spp (H14) and they found that Bacillus thuringiensis fusants 
have 1.48 times more δ-endotoxins than their parents. Agbessi et al. (2003) used intraspecific protoplast fusion 
to produce stable prototrophic recombinants of Streptomyces melanosporofaciens EF-76 (a biocontrol agent of 
plant disease producing geldanamycin) and obtained recombinant strain (FP-54) which exhibited higher 
antagonistic activities against Bacillus cereus ATCC 14579, Streptomyces scabies EF-35 and Phytophthora 
fragariae var. rubi 390, therefore it reduced common scab symptoms on potato tuber. On the other hand, Zhang 
et al. (2009) analyze genetic relationships between functional strain of phanerochaete chrysosporium 
constructed through protoplast fusion for pharmaceutical wastewater treatment and its parents. They explained 
that protoplast fusion technique is considered as a promising technique in environmental pollution control.  
 The aim of this study is to construct new Bacillus strains of high productivities of alpha amylase through 
protoplast fusion experiments between two auxotrophic mutants and study the differentiation among parental 
and their fusant strains by whole-cellular protein profiles using SDS-PAGE method. 
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MATERIALS AND METHODS 
 
Materials: 
Bacterial Strains: 
 Two mutant strains; Bacillus licheniformis BLM8 and Bacillus pumilus BPM4, previously obtained by UV 
mutagenesis were used in this study and their characteristics and sources are listed in (Table 1). 
 
Media: 
- LB Medium:  
 Mutant strains were grown in LB medium [pH 7.3] (Davis et al., 1980) or in a minimal glucose (MG) 
medium (3.0 mM K2HPO4, 1.65 mM KH2PO4, 0.05 % NH4NO3, 0.5 % glucose (pH 7.3) on a gyratory shaker at 
370C. For solidification the medium, 1.5 % agar was added. Minimal glucose medium was supplemented with 
the amino acids requirements (Chen et al., 1986).  
 
-Starch Agar (SA) Medium:  
 This medium is nutrient agar medium plus 0.4 % soluble starch and was used to detect the production of α-
amylase, i.e., clear area (non-blue) around the growth of the culture after the addition of 1% iodine solution 
which indicates the absent of intact starch (positive reaction for the amylase test) due to the breakdown of starch 
by the organism after incubation at 370C for 24 hours (Kumar et al., 2012).  
 
-Protoplasting Medium (P Medium):  
 LB medium supplemented with 10 % (wt/vol) lactose, 20 mM CaCl2.2H2O, 10 mM MgCl2.7H2O (Chen et 
al., 1986). 
 
-Regeneration Medium (R Medium):  
 P medium supplemented with 0.8% Bacto-agar [pH 6.5] (Chen et al., 1986). 
 
Table 1: Bacillus mutant strains. 

Strains Characteristics Source 
Bacillus licheniformis BLM8 Rifr ,Sms, his+met–  Microbial Genetics Dept., Genetic Engineering & Biotech. 

Div., NRC,Egypt Bacillus pumilus BPM4 Rifs ,Smr, his-met+  

 Rifampicin (Rif) - Streptomycin (Sm) – Resistant (r) –Sensitive (s) Wild type (+) and mutant (-). 

 
Methods: 
Screening for Alpha Amylase Production: 
 Bacterial strains were screened for their ability to produce α-amylase by streaking them on starch agar 
plates following procedure described by Kumar et al. (2012). The medium was flooded with1% iodine solution 
after incubation at 37oC for 24 hours to identify the amylase producer strains that showing clear area (non-blue).  
 
Protoplast Formation, Regeneration And Fusion: 
 Bacterial cells from a LB plate (10 to 13 h at 370C) were used to inoculate a 300 ml, triple shake flask 
containing 20 ml of LB medium. The culture was grown for 2 h at 370C to a cell density of 2 x 107 to 3 x 107 
CFU/ml. Cells from late exponential phase cultures (6 x 108 to 8 x 108 CFU/ml) were collected by centrifugation 
and suspended in protoplasting medium (P medium) to a cell density of 3 x 109 to 5 x 109 CFU/ml. A sample 
(1.0 to 2.5 ml) of the cell suspension was transferred to a 10 ml micro Fembach flask, and lysozyme (1 mg/ml in 
protoplasting medium) was added to a concentration of 10 µg/ml. The flask was gently shaked on a gyratory 
water bath shaker for 5 min at 600C. The formation of protoplasts was followed with a light microscope. 
Protoplasts were immediately diluted in protoplasting medium, and samples (0.1 ml) were gently spread on 
regeneration medium (R medium) plates. The plates were incubated for 22 to 24 h at 60 and 650C. Each sample 
was plated in quadruplicate. Protoplast fusion was accomplished by mixing equal volumes of a protoplast 
suspension (3 x 109 to 5 x 109 protoplasts / ml) of each parent, and 0.1 ml of the protoplast mixture was added to 
0.9 ml of freshly prepared 40% (w/v) polyethylene glycol (MW, 1550) in protoplasting medium. Then, 10 ml of 
polyethylene glycol solution was prepared by dissolving 4 g of polyethylene glycol in 6.6 ml of sterile 
protoplasting medium. The fusion mixture was gently mixed and incubated for 10 min at 600C. The fused 
protoplasts were collected by centrifugation at 1,800 to 2,000 x g for 5 min at room temperature and gently 
suspended in the same volume of protoplasting medium, and samples (0.1 ml) were placed on regeneration 
medium plates as described by Chen et al. (1986). Selection of fusants was done on MG medium plates 
containing rifampicin and streptomycin as selectable markers.  
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Alpha Amylase Assay: 
 One milliliter of enzyme extract was added to a test tube containing 1.0 ml of 1.0 % soluble starch, pH 7.0 
(prepared in phosphate buffer). The mixture was incubated at 60OC for 10 min. Then 1.0 ml of DNS reagent was 
added to each of the test tubes. The tubes were placed in boiling water for 5 min. and cooled at room 
temperature. The contents of test tubes were diluted up to 10 ml with distilled water. The absorbance of reaction 
mixture was determined at 546 nm on a spectrophotometer. One unit of α-amylase is defined as the amount of 
enzyme that liberates 1.0 mg of reducing sugar as maltose per min., under the defined assay conditions (Rick 
and Stegbauer, 1974).  
 
SDS-PAGE Analysis of Proteins:  
 Total protein of parental and fusant strains was extracted and analyzed as described by Horvath and 
Riezman (1994). Nutrient broth (100 ml) was inoculated into 500-ml flasks with one loop of bacterium and 
shake for 3 days at 220 rpm at 30°C. The suspension was centrifuged for 10 min at 10,000 rpm at 4°C. The 
pellet was washed twice with high salt TNT-1 buffer (50 mM Tris HCl pH 7.5, 1.0 M NaCl and 0.05% Triton 
X-100) followed by two washes with TNT-2 buffer (50 mM Tris-HCl pH 7.5, 100 mM NaCl and 0.05% Triton 
X-100). One ml of aliquot was solubilized by heating in Laemmli buffer (10% (w/w) glycerol, 5% (w/w) β-
mercaptoethanol, 1% (w/v) SDS, 0.188 M Tris-HCl pH 6.8 and 0.01% (v/v) bromphenol blue) at 100°C for 5 
min. The aliquot was centrifuged at 13,000 rpm for 5 min and the supernatant containing solubilized proteins 
was fractionated by size using 15% SDS-PAGE according to Laemmli (1970) to compare the products secreted 
by the parental strains and those secreted by the new fusant strains. After size fractionation, the proteins were 
visualized by staining with Coomassie Blue R-250 dye (Rabilloud et al., 1988). 
 

RESULTS AND DISCUSSION 
 
Protoplast Fusion  :  
 Protoplast formation of B. licheniformis BLM8 (his+met-) and Bacillus pumilus BPM4 (his-met+) was 
observed periodically by microscopic examination as shown in Fig. (1) A and B. Cells from LB plates (10 to 13 
h at 370C) were used to inoculate 30 ml and lysozyme (1mg /ml) was added to a concentration of 10 µg/ml. The 
formation of protoplasts was followed with a light microscope. Protoplast fusion was accomplished by mixing 
equal volumes of protoplast suspensions (3×109 to 5×109 protoplast / ml) of each parent and then protoplast 
mixture was added to polyethylene glycol. The fused protoplasts were collected by centrifugation and the 
samples were placed on R medium plates as described before.  
 

 
 
Fig. 1: Photomicrographs showing the protoplasts of the two parental strains B. licheniformis (P1): A and B. 

pumilus (P2): B, as revealed by the light microscope. 
 
 Yari et al. (2002) studied the effects of protoplast fusion on δ-endotoxin production in Bacillus 
thuringiensis spp (H14) and found that Bacillus thuringiensis fusants have 1.48 time more δ-endotoxin than 
their parents. Agbessi et al. (2003) used intraspecific protoplast fusion to produce stable prototrophic 
recombinants of Streptomyces melanosporofaciens, a biocontrol agent of plant disease producing geldanamycin, 
and characterized two recombinant strains (FP-54 and FP-60) that differed with regard to their antagonistic 
properties against Bacillus cereus ATCC 14579, Streptomyces scabies EF-35 and Phytophthora fragariae var. 
rubi 390 while John et al. (2008) used protoplast fusion to develop a non-fastidious lactic acid producing strain 
having better growth rate, low pH tolerance  and good productivity by genome shuffling of a mutant strain of 
Lactobacillus delbrueckii and an amylase producing non-fastidious  Bacillus amyloliquefaciens. 
 
Alpha Amylase Activities of the Parental Strains and Their Fusants: 
 The amylolytic activity was determined as U/ml. It was varied considerably among the two parental strains 
and their 13 isolated fusants and the results illustrated in Table (2). The results showed a broad range of 
productivity of fusant strains ranged from 8.5 to 18.5U/ml. The highest fusants  in production of enzyme were 
F7, F13, F5 and F9 (16.7, 17.5,18 and 18.5 U/ml, respectively).  
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Table  2: Alpha amylase activities of the two parental strains and their fusants. 
Strains Clear zones in mm (48 h) Enzyme activity U/ml 

BLM8 (P1) 10 07.50 
BPM4 (P2) 10 06.00 

F1 15 12.00 
F2 15 08.50 
F3 20 13.20 
F4 20 14.00 
F5 15 18.00 
F6 30 14.50 
F7 20 16.70 
F8 30 15.00 
F9 30 18.50 
F10 15 11.70 
F11 20 09.00 
F12 15 12.70 
F13 30 17.50 

BLM8 (P1) = mutant resulted from B. licheniformis, BPM4 (P2) = mutant resulted from B. pumilus and F1 → F13= Fusants resulting from 
P1:: P2 

 
 The enzyme is being produced both by solid-state and submerged fermentation techniques (Babu and 
Satyanarayana, 1995 and Ashraf et al., 2001). Submerged fermentation holds a tremendous potential for enzyme 
production particularly where crude fermented product may directly be used as an enzyme source. The addition 
of substrates to a batch process under controlled conditions has been reported for prolonged growth and 
increasing the enzyme production (Lulko et al., 2007 and Markkanan, 2008). 
 
Expression of the Parental Protein Bands in the Fusant Strains: 
 The SDS-PAGE protein banding patterns of the two parental strains and their 13 fusants are presented in 
Fig. 2. SDS-PAGE analysis of total proteins of the two parental strains (P1 and P2) revealed a total of 10 and 7 
protein bands, respectively with molecular weights (MWs) ranged from 116.47 to 13.98 kDa (Table 3). In 
contrast, the thirteen P1:: P2 fusants showed variable numbers of bands ranged from 4 in fusant no. 3 to 15 in 
fusants no. 1,2,4,5,7,10 and 11. The number of P1 protein bands expressed in P1::P2 varied from a high of 10 
bands in fusants no. 1,2,4,5,7,10,11 to a low of 3 bands in fusant no. 3, while 8 bands were shown in fusants no. 
6,13. In addition 7 bands in fusants no. 8, 12 and 6 bands in the remaining fusants. Moreover, the number of P2 
protein bands expressed in P1::P2 fusants also varied from 7 in fusant no. 6 to 1 in fusants no. 3,8,12 (Fig. 2 and 
Table 3). 
 The thirteen fusants were genetically characterized based on their absence and presence of the expressed P1 
protein bands, where five protein bands with MWs of 90.65, 46.88, 43.31, 19.60 and 13.98 kDa were expressed 
in all fusants except bands with 43.31, 19.60 and 13.98 kDa which disappeared in fusant no. 3. One protein band 
with MW of 54.31 kDa was expressed in all fusants except fusants no.3, 6, and 9. Other one (29.50 kDa) was 
expressed in all fusants except fusant no.6. In addition, three protein bands with MWs of 40.02, 36.68 and 23.46 
kDa were expressed in fusants no.1, 2, 4, 5,7,10 and 11. Two protein bands with MWs of 40.02 and 36.68 kDa 
were expressed only in fusant no.6 while protein band with MW of 23.46 kDa was disappeared in it. One 
protein band with MW of 36.98 kDa was expressed in fusant no.13 while protein band with MW of 29.66 kDa 
was expressed in fusant no.6. The fusants also were characterized according to the expressed of the P2 protein 
bands in them. Five protein bands (116.47, 107.62, 97.30, 83.08 and 71.51 kDa) existed in fusants no. 1, 
2,4,5,7,9,10 and 11. Band with MW of 107.62 kDa was expressed in fusant no.13 while band with MW of 83.08 
kDa was expressed in fusant no.7. In addition, band with MW of 97.30 kDa was expressed in fusants no.3, 
6,8,12 and 13. 

 
Fig. 2: SDS-PAGE protein profiles of the two parental strains B. licheniformis (P1), B. pumilus (P2) and their 

new fusant strains resulted from protoplast fusion. M: Protein marker. 
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 The results of SDS-page analysis revealed that, the monomorphic bands (0), polymorphic without unique ( 
15 bands), unique bands (4), polymorphic with unique (19 bands), total number of bands and polymorphism (%) 
equal 100%. Zhang et al. (2009) analyzed genetic relationships between functional strain Xhhh of 
Phanerochaete chrysosporium constructed through protoplast fusion for pharmaceutical waste water treatment 
and its parents using PCR amplification and DNA sequencing. Xhhh was found to contain functional genes of 
mnp and lip from P. chrysosporium, FLO1 from Saccharomyces cerevisiae and 16S rDNA fragments from XZ 
(native bacterium Bacillus sp.). Although this technique has been successfully used for the genetic analysis 
of Staphylococcus aureus (Stahl and Pattee, 1983) and Streptomyces species (Baltz, 1978), equivocal 
results have been reported for mesophilic bacilli. Variation in the numbers and types of fusion 
recombinants has been encountered in B. subtilis and B. megaterium. This variation appears to be 
caused by the presence of segregating diploids or biparentals among the fusion products. Fleischer and 
Vary (1985) concluded that protoplast fusion cannot be used for genetic mapping in B. megaterium 
because no linkages are detected, even between loci known to be linked by co-transduction with phage. 
 Although diploid fusion products were detected in most fusions, they did not represent a significant fraction 
of the population and therefore did not interfere with the genetic analysis of the fusion recombinants. In 
addition, most of the diploid fusion products could be identified by their growth response on specific selective 
media and were not included in the genetic analyses. Each pair of markers was assigned a CIF value, and only 
those values that varied by less than ±10% were used to establish the genetic map. The order of hom-I–thr-l–
his-I-(gly-I or gly-2)–pur-I–pur-2 markers was established by protoplast fusion, and the hom-l–thr-l–gly-I 
linkage was also verified by transduction. The arrangement of these markers appears to be similar to that of the 
analogous markers on the B. subtilis chromosome except that the order of the thr and hom genes is reversed. 
The general utility of this procedure for genetic mapping must be tested by mapping more markers and by 
subsequent verification by transduction. Restriction and modification had a pronounced effect on the 
recovery of fusion recombinants. These results underline the need for restriction-deficient strains for 
heterologous protoplast fusion experiments. 
 
Table 3: SDS-PAGE analysis of the total proteins and the polymorphism of the two parental strains; B. licheniformis (P1) and B. pumilus 

(P2) and their 13 fusants. 
MW 
(kDa) 

P1 P2 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 Polymorphism 

116.47  * * *  * *  *  * * *   Polymorphic 
107.62  * * *  * *  *  * * *  * Polymorphic 
97.30  * * * * * * * * * * * * * * Polymorphic 
90.65 +  + + + + + + + + + + + + + Polymorphic 
89.91  *              Unique 
83.08  * * *  * * * *  * * *   Polymorphic 
71.51  * * *  * *  *  * * *   Polymorphic
54.75  *              Unique 
54.31 +  + +  + +  + +  + + + + Polymorphic 
46.88 +  + + + + + + + + + + + + + Polymorphic 
43.31 +  + +  + + + + + + + + + + Polymorphic 
40.02 +  + +  + + + +   + +   Polymorphic 
36.98               + Unique 
36.68 +  + +  + + + +   + +   Polymorphic
29.66        +        Polymorphic 
29.50 +  + + + + +  + + + + + + + Polymorphic 
23.46 +  + +  + +  +   + +   Polymorphic 
19.60 +  + +  + + + + + + + + + + Polymorphic 
13.98 +  + +  + + + + + + + + + + Polymorphic 
Total 
bands 

10 7 15 15 4 15 15 10 15 8 11 15 15 8 10  

# 10 10 3 10 10 8 10 7 6 10 10 7 8  
## 5 5 1 5 5 7 5 1 5 5 5 1 2  

(+): The existence of protein bands in B.licheniformis P1 and (*): The existence of protein bands in B. pumilus P2 
(#): Number of P1 bands expressed in P1:: P2 and (##): Number of P2 bands expressed in P1:: P2 
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