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ABSTRACT 
 
 The optimum fermentation conditions for the production of intracellular α-galactosidase by P.chrysogenum 
were investigated. The highest levels of the enzyme (4800 IU/g dry weight mycelia) were produced after 4 days 
in shaking cultures. Among 16 carbon sources examined, guar gum and locust bean gum were the best enzyme 
inducers .The results showed that the optimum fermentation medium should contain: 1% guar gum; 0.1% 
NaNO3 and 0.15% yeast extract. The enzyme displays a pH and temperature optima at 4 -5 and 50°C 
respectively. The enzyme was stable over pH range 4-7 and at temperature up to 60°C. The enzyme with a high 
specific activity (86 IU/mg protein/g dry weight of mycelia) has the ability to hydrolyze melibiose, raffinose and 
stachyose to their mono- and di-monomers as proved by thin layer chromatography. The enzyme was also able 
to hydrolyze galactose from galactomannan polysaccharides (guar gum and locust bean gum).     
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Introduction 
 
 α-Galactosidase (α-D-galactoside galactohydrolase, EC 3. 2. 1. 22) is an enzyme that catalyze the 
hydrolyses of alpha linked galactose residues from different substrates such as raffinose family oligosaccharides 
(RFO); guar gum (GG); locust bean gum (LBG); glycoconjugates; glycoproteins and glycosphingolipids. These 
properties make the enzyme very useful in many industrial applications (Anisha, et al., 2011) as: i) improving 
the sugar yields and overcome the crystallization problem in the sugars beet industries (Ohtakara and Mitsutomi, 
1987); ii) decreasing the pollution in the paper industries (Clarke, et al,. 2000); iii) increasing the nutrition 
values in all the products of soy bean and other legumes (as food and feed products) (Praveen and 
Mulimani,2010; Anisha and Prema, 2008) and iv) improving the gelling properties of galactomannans to be 
used as thickeners (Bulpin, et al., 1990). It can also used in transferring blood groups A and B to blood group O 
(Martin, et al., 2004). On the other hand some of the   α-galactosidases have the ability to transfer galactose 
moiety and synthesized α-galacto-oligosaccharides and other derivatives which have medical application as 
anticancer and as prebiotics (Michaela and David, 2000; Nakai, et al., 2010; Donkor, et al., 2007).  
 Generally α- galactosidases are found in human (Scoot and David, 2004; Oh, et al., 2008); plants (Courtois 
and Petek, 1966; Kang and kin, 2000) and microorganisms (Manoj, et al., 2004 ; Anisha and Prema, 2007; 
Shankar and Mulimani, 2007; Nacheva, et al., 2008; Aleksieva, et al.,2010; Patil, et al., 2010). The later one 
was considered the most promising sources for industrial applications. In view of many potential 
biotechnological medical and industrial applications of α-galactosidases, it is economically important to increase 
the enzyme production.  
 Since the production of α-galactosidases by different microorganisms is greatly influenced by the medium 
composition and the culture conditions, the main goal of this study was to optimize the fermentation conditions 
of P. chrysogenum α- galactosidase. The potential substrates to be used as carbon and nitrogen sources and their 
most suitable concentrations were identified. Furthermore, the period of cultivation and the initial pH of the 
culture medium were predicted. Characterization of the produced enzyme and its ability to hydrolyzed raffinose 
family oligosaccharides were also investigated.  
 
Materials and Methods 
 
Chemicals: 
 
 p-nitrophenyl α-D-galactopyranoside (pPNG), guar gum (GG), raffinose and locust bean gum (LBG) were 
from Sigma Chemicals Co. ltd. Glucose, galactose, mannose, trehalose, stachyose were from Merck Darmstadt. 
All other chemicals used were of analytical grade. Soybean seeds and wheat bran were purchased from local 
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market in Egypt. Corn steep liquor and beet molasses were kindly provided by, Starch and Glucose Company 
and Beet sugar factory, Egypt respectively. 
 
Microorganism and culture medium: 
 
 Penicillium chrysogenum used in this study was from the culture collection of the National Research 
Centre, Egypt. Fungal culture was maintained on potato-dextrose agar medium. The liquid culture medium 
(modified Dox medium) was composed of g/L: MgSO4.7H2O, 0.5; KCl, 0.5; KH2PO4, 1.0; FeSO4.7H2O, 0.01; 
yeast extract, I.5; NaNO3, 1.0; soybean seeds, 0.5/flask. The pH of the medium was adjusted to 5. Fermentation 
was carried out in Erlenmeyer flasks (250 ml) contain 50 ml of sterilized culture medium incubated in an orbital 
shaker at 180 rpm and 30°C for 4 and 7 days. 
 
Mycelia extract: 
 
 After an appropriate time of incubation, three flasks were removed and the mycelia were separated from 
culture broth by filtration through Whatman No.1 filter paper and the clear filtration was used for extracellular 
enzyme assays. The harvested mycelia washed with 0.1mM citrate – phosphate buffer (pH5) and grinding with 
sand in mortar using a small  volume of the same buffer. The mixture allow to stand for 15 min then centrifuged 
at 8000g for 15 min and the clear supernatant was used to measure intracellular enzyme activity.   
 
Enzyme assay: 
 
 α-Galactosidase was quantitievely assayed by incubating 100 µl of suitably diluted enzyme solution with 
500 µl of 3mM pNPG in citrate–phosphate buffer at pH 5 and 37°C for 20 min. The reaction was terminated by 
the addition of one ml sodium carbonate (0.5M) and the released p-nitrophenol was estimated 
spectrophotometrically by absorbance at    410 nm. One unit of enzyme activity is defined as the amount of 
enzyme liberating 1µM of p-nitrophenol in 1 min under assay conditions. The activity was expressed in IU/g dry 
weight mycelia. 
 
Determination of protein: 
 
 Protein content was estimated according to the method of Lowry, et al., (1951) using bovine serum album 
as standard.    
 
Optimization of culture conditions: 
 
 The culture conditions were optimized to obtain high yield of α-galactosidase. The effect of various factors 
was tested one factor at time. 
 
Effect of different carbon sources and incubation time: 
 
 The effect of different carbon sources were investigated by replacing soybean (0.5g/flask) in the culture 
medium by short chain α-glycosides as: melibiose, raffinose, stachyose, sucrose, trehalose and polymer 
carbohydrates as:guar gum, locust bean gum. Mono sugars as: arabinose, galactose, glucose, mannose as well as 
beet molasses and wheat bran were also tested. Mycelia were harvested after four and seven days and treated as 
indicated before. The most suitable carbon source was investigated at different concentrations from 0.15% to 
2% (w/v) to predicate the suitable concentration for maximum enzyme production.  
 
Effect of different nitrogen sources: 
 
 The yeast extract and sodium nitrate of the culture medium were replaced by different organic nitrogen 
sources as: peptone, tryptone, yeast extract; and inorganic nitrogen sources as: ammonium sulfate, sodium 
nitrate and urea. Corn steep liquor was also tested as byproduct source of nitrogen. The selected nitrogen source 
from this experiment was tested at different concentrations (0.25 % to 0.55% w/v, as equivalent nitrogen bases). 
 
Effect of pH of culture medium: 
 
 The initial pH of the culture medium was adjusted in a pH range from 3 to 7 with 0.1N  HCl and 0.1N 
NaOH before autoclaving. 
 



947 
J. Appl. Sci. Res., 8(2): 945-952, 2012 

 
 

Effect of pH on enzyme activity and stability: 
 
 Influence of pH on enzyme activity was determined by measuring the activity as described above at the pH 
range from 4 to 8. Stability at various pH levels (4-7) was investigated by incubating the enzyme solution in the 
buffer at these pHs at room temperature over a different periods of time and the residual activity was estimated 
according to the standard assay conditions. Citrate-phosphate buffer 0.1M was used in the pH range 4-7 and 
phosphate buffer, 0.1M was used at pH 7-8. 
 
Temperature optimum and stability: 
 
 The optimum temperature was determined over a wide range (30°C-65°C) by estimation the enzyme 
activity as described above but at various temperatures. The thermal stability of the enzyme was investigated by 
incubating the enzyme solution at various temperatures (35°C -60°C) and at different time intervals; aliquots 
were taken and assayed for a residual activity by standard assay method indicated above.  
 
Effect of enzyme on galactose containing oligosaccharides: 
 
 An enzyme solution (1U/ml) was incubated with 1% (w/v) of melibiose, raffinose or stachyose in 0.1M 
citrate–phosphate buffer pH4.5 at 55°C in a rotator shaker at 50 rpm. Aliquots were taken at different time 
intervals boiled for 5min in water bath and analyzed by thin layer chromatography on silica gel plates (Merck, 
Darmstadt, Germany). Plates were developed at room temperature in a saturated chamber containing n-propanol 
: water (85 : 15 v/v) as a solvent system. Sugars were detected by spraying the dried plates with 3% phenol 
reagent followed by incubation at 100°C in oven for 10 min (Aldachi, 1965).  
 
Results and Discussions 
 
 The effect of various carbon sources in the production of α-galactosidase was summarized in table (1). 
P.chrysogenum was able to grow and produce an appreciable amount of α-galactosidase in all the tested carbon 
sources. However this ability was greatly influenced by the type of carbon sources as well as the incubation 
periods. Changing the time courses of the produced α- galactosidase with different carbon sources was also 
recorded for other fungi (Kumar et al., 2009; Savastits, et al., 2009; Mohamad, et al., 2010; Ramalingam et al., 
2010). Among the carbon sources tested the highest levels of intercellular α- galactosidase was produced with 
galactomannosaccharides . Although GG and LBG are both galactomannan but P. chrysogenum cultured with 
GG produced higher level of α-galactosidase (2440.3 +/- 100 IU/g) in short period of times (four days) 
compared with that of LBG (2285.79 +/-100 IU/g) after seven  days of fermentation. These may be attributed to 
the higher degree of galactose substitution in GG than that of LBG. The difference in the ratio between 
galactose and mannose in both substrate (1: 1.5 and 1: 3.5 in GG and LBG respectively), may also have some 
effect on both the level and the time of the enzyme production (Mohamad, et al., 2010). The ability of the tested 
strain to produce other mannan-degrading enzymes (β-mannanase and β-mannosidase) may also have some 
effect. Ademark et al., 2001, also noted that GG was the best inducer for Aspergillus niger α-galactosidase 
rather than LBG but Savastits et al., 2009 found the reverse for Thermomyces lanuginosus α-galactosidase. The 
production of α-galactosidase by using GG and LBG were recorded by other authors (Praveen and 
Mulimani,2010; Patil, et al., 2010; Anisha and Prema, 2007). 
 The highest level of extracellular α-galactosidase (1.92IU/ml) was produced by LBG after 7 days. Since this 
amount was low comparing by the intracellular level, the concentration will be only on the later one in all the 
following experiments.   
 Applying the fermentation by different concentration of GG (0.25% – 2% w/v) indicated that the best 
concentration was 1% which increase the enzyme production by 41% (Fig.1). 
 The effect of different nitrogen sources on the production of α-galactosidase indicated that all the 
investigated nitrogen sources supported the enzyme production (Fig. 2). Generally the inorganic nitrogen 
sources produced a lower level of α-galactosidase than organic sources as recorded by other authors (Savastits et 
al., 2009; Mohamad, et al., 2010). This in agreement with our results when ammonium sulfate used as nitrogen 
source (231 IU/g) but when sodium nitrate was applied to the culture medium an appreciable amount of α-
galactosidase was produced (2061.87 +/-100 IU/g). Sodium nitrate was recorded to be the best nitrogen source 
for A. oryzae α-galactosidase as reported by Nizamuddin et al., 2008. For the used organism the highest level of 
the tested enzyme (3590 +/- 100 IU/g) was produced by a mixture of yeast extract and sodium nitrate. Zeilinger, 
et al., 1993 and Kumar, et al., 2009 were recorded that the combination between organic and inorganic nitrogen 
sources was the best inducer for α-galactosidase production.  
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Table 1: Effect of different carbon sources on the production of   Penicillium  chrysogenum α-galactosidase. 
Carbon sources 

 
  
                    Four days                    Seven days 
   Extracellular 
         IU/ml 

  Intracellular 
   IU/g dry wt. 

  Extracellular 
        IU/ml 

   Intracellular 
    IU/g dry wt.            

Arabinose 
Galactose 
Glucose 
Mannose 
Lactose 
Maltose 
Melibiose 
Sucrose 
Raffinose 
Stachyose 
Trehalose 
Guar gum 
Locus bean gum 
Beet molasses 
Soy bean 
Wheat bran 

          0.03 
          0.04            
          0.04                   
          0.03                   
          0.05                   
           0.05 
           0.02 
           0.03 
           0.04   
          0.07  
           0.03 
           0.57 
           0.50 
           0.07 
           0.86 
           0.30         

76.04 
123.59 
199.27 
198.83 
353.41 
234.30 
343.39 
168.77 
671.68 
375.37 
  63.62 
2440.30 
1701.79 
  22.34 
324.80 
106.27              

         0.06                    
         0 .23                   
         0.36                    
         0.27                    
         0.06                    
         0.34                    
         0.62  
         0.44 
         1.12 
         Nd 
         0.27 
         0.65 
         1.92 
         0.09 
         1.38 
         0.28            

        151.08                 
        688.65                 
        248.81                 
        291.13 
        277.47 
        188.24 
        636.57 
        311.88 
        585.57 
        Nd 
        289.27 
      2023.88 
      2285.79 
        59.38    
        220.26 
        179.97                 

Nd: not determined 

 

 
            
Fig. 1: Effect of different concentration of guar gum on the production of α-galactosidase . 
 

 
 
Fig. 2: Effect of different nitrogen sources on the production of α-galactosidase,  (Yeast…= yeast extract and 

sodium nitrate). 
 
 There was a good relation between the carbon and the nitrogen source in the production of α-galactosidase, 
so when raffinose or soy bean used as carbon sources (unpublished data) the best nitrogen source was found to 
be tryptone and peptone respectively, rather than the mixture of yeast extract and sodium nitrate in case of using 
GG as carbon source. The same phenomenon was observed also for Thermomyces lanuginsous α-galactosidase 
(Savastits et al., 2009). 
 Appling a mixture of yeast extract and sodium nitrate at different concentrations (0.25% - 0.55% as 
nitrogen, w/v by the same ratio) indicated that using the mixture at concentration 0.25% increase the enzyme 
production to 4339 +/- 100 IU/g (Fig. 3). 
 The influence of the initial pH of the culture medium on the level of the produced α-galactosidase indicated 
that the maximum production was at acidic pH 4, then decrease gradually by increasing pH to 6 (Fig. 4). The 
recorded pHs for maximum production of α-galactosidase from Penicillium sp. (Luonteri, et al., 1998; Wang, et 
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al., 2004) and other fungal strains (Liu, et al., 2007; Nizamuddin, et al., 2008; Benitez and Sanchez, 2009; 
Kumar, et al., 2009) were almost in the range 4.5-6.5 and it is related to fungus strain as well as the culture 
medium.  

 
Fig. 3: Effect of different concentration of nitrogen (NaNO3+ yeast extract) on α-galactosidase  production.  
 

 
 
Fig. 4: Effect of initial pH on the production of α-galactosidase. The culture medium was adjusted at the pH 

indicated before autoclaving.  
 
Properties: 
 
 The optimum pH and temperature of the α- galactosidase activity was found to be between 4-5 and 50°C 
respectively, (Fig. 5 – 6). The enzyme was also stable over pH range from 4-6 and thermostable  up to 55°C, but 
at 60°C there was a sharp decrease in the enzyme activity (Fig. 7 – 8). All the properties were in the range of the 
published data for α-galactosidase from other Penicillium sp. (Luonteri, et al., 1998; Ramalingam et al., 2010) 
and other fungal strains too (Michaela and David, 2000; Nacheva, et al., 2008; Savastits    et al., 2009). 
 

 
Fig. 5: Effect of different pHs on α-galactosidase activity. The enzyme activity at pH 5 and 37°C was taken as 

100%. 
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Fig. 6: Effect of different temperatures on α-galactosidase activity. The enzyme activity at pH 4.5 and 37°C was 

taken as 100%. 
 

 
 
Fig. 7: The stability of α-galactosidase at different pHs.The  enzyme was incubated at different pHs for different  

times and the residual activity was detected. The activity of the enzyme at  pH 4.5 and 0 time was 
defined as 100%. 

 

 
 
Fig. 8: Effect of different temperatures on the stability of α-galactosidase. The enzyme was incubated at the 

temperature indicated for one hour at pH 4.5 before assaying. The activity of the enzyme at 37°C and 0 
time was used as 100%.   

 
 The hydrolysis of oligosaccharides by the produced enzyme was indicated by thin layer chromatography 
(Fig. 9 – 10). The enzyme has the ability to hydrolyze melibose, raffinose and stachyose which mean that it can 
be used to remove flatulence causing factors from soymilk. The enzyme was also capable to hydrolyze galactose 
from guar gum and locust bean gum but by slower rate than melibose, raffinose and stachyose. 
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Fig. 9: The effect of P. chrysogenum α-galactosidase on raffinose. The reaction mixture contain 1% raffinose 

and 1 IU α-galactosidase in citrate-phosphate buffer at  pH 4.5  and   37°C.  1) galactose as standered; 2) 
raffinose at 0 time; 3) reaction  mixture after 30 min; 4) after 1hr; 5) after 2hrs; 6) after 3hrs. 

 

 
 
Fig. 10: The effect of P. chrysogenum α-galactosidase on melibiose: 2) at 0 time; 3) after 30 min; 4) after 1hr; 

(5) after 2hrs; and on stachyose : 6) at 0 time; 7) after 30 min; 8) after 1hr; 9)  after 2hrs; 10) after 3hrs. 
The reaction mixture was donning   as mentioned   above. No.1 was galactose as standered. 
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