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ABSTRACT
Purpose: The purpose of the present study was to isolate Pseudomonas sp. 2 from rhizosphere 
and screen for best amylase producer and to check for its suitability for industrial applications. 
Methods: Four strains of Pseudomonas were isolated from rhizosphere soil, by serial dilution 
method, of which Pseudomonas sp. 2 gave best results to α-amylase production. This strain 
was used to determine the enzyme production by SSF on wheat bran. 
Results and conclusion: The optimal enzyme production was obtained at 37 ºC and pH 
7.5. Vitamins B12 (50 mg) followed by Pyridoxine (50 mg) were found to be enhancing the 
enzyme production. Amino acids cysteine (30 mg), tyrosine (40 mg) and alanine (30 mg) 
were stimulating the enzyme production. The enzyme was partially purified by ammonium 
sulphate precipitation, and was further purified by ion exchange DEAE-cellulose column 
Chromatography. The purity of the enzyme was 45.2 fold greater than the crude enzyme. The 
molecular weight of the enzyme was found to be ~62 kDa by SDS-PAGE. This is the first 
report of any Pseudomonas sp. from rhizosphere being used for amylase production. The 
purified enzyme was not thermostable but it was acid tolerant making it suitable for industrial 
application. 
Key words: Pseudomonas sp. 2, α-amylase, SSF, Vitamins, Amino acids, Partial purification.
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ÖZET
Amaç: Çalışamanın amacı Rizofer’den Pseudomonas sp. 2 bakterisini izole etmek, bundan 
en iyi amilaz üretimini bulmak ve bunun endüstriyel aplikasyonlara uygunluğunu kontrol 
etmektir.
Metot: Seri dilüsyon metodu ile 4 tane Pseudomonas suju izole eidilmiştir. Bunların 
arasından Pseudomonas sp. 2 en iyi α-amilaz üretimini vermiştir. Bu suj, buğday kepeğinde 
SSF ile enzim üretiminde kullanılmıştır.
Sonuçlar ve Tartışma: Optimum enzim üretimi 37 ºC and pH 7.5’da elde edilmiştir. 
Vitamin B12 (50 mg) ve takiben piridoksin (50 mg) muamelelerinin enzim üretimini arttırdığı 
bulunmuştur. Sistein (30 mg), ıirozin (40 mg) ve alanin (30 mg) amino asitlerinin de enzim 
üretimini arttırdığı gözlenmiştir. Enzim, amonyum sülfat presipitasyonu ve DEAE-selüloz 
kolon kromatografisi ile kısmen saflaştırılmıştır. Saflaştırma verimi, ham enzimden 45.2 
kez fazladır. SDS-PAGE kullanılarak enzimin molekül ağırlığı ~62 kDa bulunmuştur. Bu 
çalışma, Rizosfer’den elde edilen Pseudomonas sp.’dan ilk defa amilaz elde edilmesi ve 
kullanılmasını sunmaktadır. Kısmen saflaştırılmış enzim termostabil değildir, fakat aside 
dayanıklıdır ki bu enzimi endüstriyel uygulamalar için uygun hale getirmektedir.
Anahtar Kelimeler: Pseudomonas sp. 2, α-amilaz, SSF, Vitaminler, Aminoasitler, Kısmi 
saflaştırma.
Çıkar çatışması: Yazarlar hiçbir çıkar çatışması bulunmadığını beyan ederler. 

doi: 10.5505/t jb.2012.03511 
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Itroduction
Amylases have been reported to occur in microorganisms, 
although they are also found in plants and animals. 
Two major classes of amylases have been identified in 
microorganisms, namely α-amylase and glucoamylase 
[1]. Among various extracellular enzymes, α-amylase 
ranks first in terms of commercial exploitation [2]. 
Spectrum of applications of α-amylase has widened in 
many sectors such as clinical, medicinal and analytical 
chemistry. Besides their use in starch saccharification, 
they also find applications in baking, brewing, detergent, 
textile, paper and distillery industry [3-4]. Due to the 
increasing demand for these enzymes in various 
industries, there is enormous interest in developing 
enzymes with better properties such as raw starch 
degrading amylases suitable for industrial applications 
and their cost effective production techniques. The 
aim of the present study was to isolate bacteria from 
the Rhizosphere, screen for amylase production and 
select the best producer for enzyme purification and 
characterization so as to analyze it’s suitability for 
industrial applications.

Materials and Methods

Isolation and Screening of Bacteria from 
Rhizosphere Soil
Rhizosphere soil from the roots of Leucas aspara, 
Coleus aromaticus and Ocimum sanctum was 
collected and brought to the lab in Ziploc bags. The 
Pseudomonads were isolated by serial dilution method, 
plating on King’s B agar plates [5] and identified by 
using standard biochemical tests and protocols listed 
in the Bergey’s Manual for Systematic Bacteriology 
[6]. Primary screening was done by starch agar plate 
method. 

Inoculum Preparation
Bacterial cultures were transferred from stock to 100-
mL sterile distilled water, and the optical density (OD) 
was read at 660 nm. Accordingly, suspension with an 
OD660 of 0.5 was selected as the standard inoculum size 
which contains 5.5 x 105 cells/mL. 

Medium Composition
Wheat bran was procured from Bangalore local market. 
The substrate was dried and ground into coarse powder 
with a blender. Production media contained 5 g of solid 
substrate and 8 mL of sterile distilled water was used 
to adjust the moisture content in 250 mL Erlenmeyer 
flasks [7]. Fermentation was carried out for five days. 
For production of enzymes in SSF, 1 mL of bacterial cell 
suspension was used as the inoculum.

Optimization of Culture Conditions for 
Enzyme Production

Effect of Temperature, pH, Vitamins and 
Amino acids
To ascertain the effect of culture conditions on enzyme 
production, the present study was carried out on 
different days, at different temperature (25, 30, 37 and 
40 ºC) and pH of the medium (3.5, 4.5, 5.5, 6.5, 7.5 and 
8.5). Various concentrations (30-60 mg/ml) of different 
vitamins (ascorbic acid, thiamine, pyridoxine, nicotinic 
acid, B12) and amino acids (alanine, glycine, cysteine, 
tyrosine and arginine) were added to the solid substrate 
to determine their effect on amylase production.

Enzyme Extraction and Assay
22 mL of distilled water was added to the culture 
flasks and mixed well in a rotary shaker (200 rpm) at 
room temperature (25 + 2 ºC) for 30 min. Filtered and 
centrifuged at 10,000 rpm for 10 min. Supernatant was 
used as the crude enzyme source. Estimation of amylase 
activity was carried out according to the dinitrosalicylic 
acid (DNS) method of Miller [8]. 0.5 mL of 1 % starch 
was incubated with 0.5 mL of enzyme extract with 1 
mL of phosphate buffer of pH6.5. The reaction mixture 
was incubated for 10 min. Reaction was stopped by the 
addition of 0.5 mL DNS reagent, incubated in water bath 
for 15 min. and cooled. 2.5 mL of distilled water was 
added and the absorbance was read at 540 nm with the 
help of a colorimeter against glucose as the standard. 
One unit of enzyme activity is defined as the amount 
of enzyme which releases 1 µmole of reducing sugar as 
glucose per minute, under the assay conditions (U/ml/
min). The experiments were carried out in triplicates. 
Protein content of the enzyme extracts were estimated 
by the method of Lowry et al. [9], using bovine serum 
albumin as the standard. Enzyme activity is expressed 
as specific activity which is equivalent to U/mg protein. 
All the experiments were carried out in triplicates and 
the standard error was calculated.

Enzyme Characterization 

Amylase purification by ammonium sulphate 
precipitation 
500 milliliter of enzyme extract was used. Solid 
Ammonium sulphate was slowly added to yield 40 
% saturation and the mixture was kept overnight at 
4 ºC. The precipitate was collected by centrifugation, 
dissolved in 0.1 M phosphate buffer (pH 6.5) and 
dialyzed overnight against 0.05 M phosphate buffer. 
All the above steps were conducted under freezing 
temperature and dialyzed sample was lyophilized and 
stored at -20° C for characterization. 
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DEAE-Cellulose ion exchange 
Chromatography 
DEAE-Cellulose column was pre-equilibrated with 
0.5 M phosphate buffer of pH 6.5 and the column was 
then washed twice with lower concentration of the same 
buffer (0.1 M). The enzyme was eluted with buffer 
containing increasing concentrations of NaCl (45 mM-
180 mM), at a flow rate of 1.6 mL/min[10]. The active 
fractions (15 mL) were pooled and lyophilized. 

Molecular Mass Determination by SDS-PAGE
Phosphorylase b (97 kDa), albumin (66 kDa), ovalbumin 
(43 kDa), carbonic anhydrase (29 kDa), trypsin inhibitor 
(20 kDa) and lysozyme (14.3 kDa) were used as molecular 
mass markers. Protein bands were visualized by staining 
with 2.5 % Coomassie brilliant blue.

Activity Staining 
Non denaturing gel electrophoresis for activity staining 
(PAGE) was performed in a 7.5% polyacrylamide gel 
containing 0.5M Tris-HCl (pH 9.1) at 4°C. To identify 
the location of amylase activity (clear zones in a blue 
background), the gels were incubated for 1 h at 30°C in 
2% soluble starch in 0.2M phosphate buffer (pH 6.5) and 
stained with an acidic solution (0.2% I2 and 2% KI in 
0.2N HCl) [11]. Molecular weight determination by SDS 
PAGE was determined with a mixture of standards from 
Bangalore Genei Ltd., catalog no PMWM 105979.

Thermo Stability and pH stability of Amylase
The thermal stability of the enzyme was determined by 
incubating the partially purified enzyme without the 
substrate fractions at various temperatures between 30 
to 60 ºC for 1 h. At 10 min. intervals, aliquots of 0.1 mL 
of the incubated enzyme were assayed for activity.
For checking the pH stability, equal volumes of the 
enzyme and the buffer of different pH (5.0-9.0) were 
incubated at room temperature overnight (24 hrs). The 
effect of pH on amylase activity was determined by 
DNS method using the above enzyme. 

Effect of Metal Ions
Enzyme assays were performed using 10 mM concentration 
of various metal ions (Hg2+, Fe2, Ba2+, Zn2+, Pb2+, Cu2+, 
Mg2+, Mo+, Li2+, Co2+). The chloride salts of these metal 
ions (HgCl2, BaCl2, PbCl2), sulphate salts of these metal 
ions (MgSO4, FeSO4, ZnSO4, CuSO4, LiSO4), nitrate salt 
of Cobalt [Co(NO3)2] and ammonium salt of molybdenum. 
The relative activity of the enzyme was compared with the 
activity obtained in 0.1 M phosphate buffer. 

Statistical Analysis
All experiments were carried out in triplicates. The 
results were calculated as mean ± standard error (SE) 
values. Statistical significance was calculated using one-
way analysis of variance (ANOVA) and Duncan’s test. 
A value of p < 0.05 was taken as statistically significant. 

Results and Discussion

Strain Selection
Different strains of Pseudomonas were isolated from 
Rhizosphere soil and they were tested for the production 
of amylase by the starch hydrolysis test (Figure 1). By 
rapid screening, one out of five Pseudomonas isolates 
(Pseudomonas sp.2) was selected for further studies on 
α-amylase production. 

Effect of pH 
For the selected Pseudomonas sp.2, (Figure  2) as pH 
increased, enzyme production also increased with the 
highest value at pH 7.5. With further increase in pH, 
enzyme production was found to be decreased. 

Effect of Temperature
For different incubation temperatures (Figure  3), 37ºC 
was found to be favorable for enzyme production. At 
40ºC there was a decrease in enzyme production. The 
enzyme production in solid state is greatly affected by 
the temperature. For the different temperatures tested 
for enzyme production, there was significant difference 
at 5 % level of significance.  

Effect of Vitamins
Addition of vitamins viz. thiamine, ascorbic acid, 
pyridoxine, B12 and nicotinic acid at different 
concentrations (30 mg/mL-60 mg/mL) to the medium 
resulted (Figure 4) in a considerable change (increase/
decrease) in the production of amylase as compared to 
the control. Medium supplemented with vitamin B12 (50 
mg) gave the maximum amylase activity. Vitamin B12 
(50mg) supplementation enhanced enzyme production 
by 3 fold, which was found to be statistically highly 
significant (p<0.01). Pyridoxine was the next vitamin 
which enhanced enzyme production. According to 
our analysis, media supplemented with nicotinic 
acid, ascorbic acid and thiamine, at all concentrations, 
decreased the enzyme production when compared to that 
of the control. The difference was found to be significant 
between the control and the treatments. 

Effect of Amino acids
 Supplementation of amino acids viz. glycine, alanine, 
cysteine, arginine and tyrosine resulted in substantial 
difference in the amylase production. Cysteine, glycine 
and tyrosine addition resulted in enhanced enzyme 
production (Figure 5). Supplementation with cysteine 
(30 mg) gave maximum amylase activity compared 
to other amino acids such as glycine (at 50 mg conc.) 
and tyrosine (at 40 mg conc.). We found that alanine 
was repressing the enzyme production compared to the 
control. The repression was more as the concentration of 
alanine increased. 
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Fig.1: Rapid screening showing (a) negative (Pseudomonas sp. 4) and (b) positive (Pseudomonas sp.2) 
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Fig. 2: Effect of different pH on α-amylase production by Pseudomonas sp2. 
(pH 3.5, 4.5 & 5.5- acetate buffer; pH 6.5 & 7.5- phosphate buffer; pH 8.5- Tris-HCl buffer) 
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Fig.3: Effect of temperature on α-amylase production by Pseudomonas sp2. 
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Fig. 4: Effect of varying amounts of vitamins on α-amylase production by Pseudomonas sp2. 
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Fig.5: Effect of varying amounts of amino acids on α-Amylase production by Pseudomonas sp2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Effect of varying amounts of amino acids on 
α-Amylase production by Pseudomonas sp2.



Turk J Biochem, 2012; 37 (1) ; 21–28. Varalakshmi et al25

concentration determines the rate of enzyme activity 
and production by microorganisms. Sodhi et al, [12] 
reported maximum enzyme production on wheat 
bran supplemented with Vitamin B complex 0.1 % 
and other essential nutrients. Sindhu [13] evaluated 
the effect of vitamins on enzyme synthesis by fungi 
during SSF by incorporating Folic acid, Ascorbic acid, 
Nicotinic acid and Riboflavin at 0.1 % w/w level in 
the medium. The induction in enzyme production by 
vitamins was reported by Kapoor and Kuhad, [14] in 
case of polygalacturonase from Bacillus sp. Dhake and 
Patil [15] reported that the addition of vitamins did not 
affect the enzyme xylanase production. Sapre et al [16] 
reported that vitamins had no influence on xylanase 
production by S. recemosum which is contradictory to 
our results.
We found the amino acids cysteine, glycine and tyrosine 
addition resulted in enhanced enzyme production 
by Pseudomonas sp. 2. Amino acids were found to 
have a significant effect on the production of secreted 
α-Amylases. Ensari et al [17] reported that secreted 
α-Amylase production was increased by alanine, 
glutamine, arginine, glycine, leucine, phenylalanine, 
proline whereas cysteine greatly increased the 
production, while aspartic acid, asparagine, glutamic 
acid, lysine, methionine, serine, threonine and tyrosine 
repressed the α-amylase production.  The influence of 
addition of amino acids and vitamins was studied by 
Sapre et al. [16] who reported the increased production 
of xylanase by cystein and leucine. Zhang et al. [18] 
reported amino acids stimulate the production of 
enzymes like α-amylase.  They found that glycine 
addition increased the production of α-amylase by 
Bacillus amyloliquifaciens. Gupta et al. [19] and Beg 
et al. [20] reported that amino acids stimulated the 
production of xylanase.
We found that the effect of addition of vitamin B12 alone 
at 50mg/ml concentration was significantly (p<0.01) 
enhancing the production of α-amylase from our isolate 
Pseudomonas sp. 2, when compared to the addition of 
other vitamins or amino acids to the solid substrate. 
The molecular weight of α- amylase from our isolate 
Pseudomonas sp. 2 was found to be ~62 kDa. This 
value is very close to that reported by earlier workers. 
Other researchers found that molecular weight of 
amylase produced from Bacillus sp. KR-8104 as 66 kDa 
[21], Ueda et al. [22] reported that Amy I and Amy II 
produced from Eisenia foetida had molecular weights 
60 kDa and Hamilton et al. [23] reported that amylase 
produced from Bacillus sp. IMD 435 had a molecular 
weight of 63 kDa. 
At 60 ºC, the enzyme from Pseudomonas sp.2 showed 
least stability retaining negligible activity. Similar 

Ammonium Sulphate Precipitation and 
Purification 
α-Amylase from Pseudomonas sp. 2 was partially 
purified by ammonium sulphate precipitation. The 
purity of the enzyme was 3.4 fold greater than the crude 
enzyme (Table 1).

Purification by DEAE-Cellulose Ion 
Exchange Column Chromatography
α- Amylase was further purified by Chromatography. 
The purity of the enzyme was 45.2 fold greater than the 
crude enzyme (Table 1).

SDS-PAGE
The purified enzyme was finally subjected to SDS-
PAGE for molecular weight determination. From the 
gel, it could be predicted that the molecular weight of 
α- amylase to be ~62 kDa (Figure 6).

Temperature stability 
When the enzyme was subjected to temperature 
stability studies, it was found that the enzyme was 
not thermostable (Figure 7). At 30 ºC, 40 ºC and 50 

ºC, the enzyme activity decreased with time. At 60 ºC, 
the enzyme showed least stability retaining negligible 
activity.

Effect of pH on enzyme stability
Citrate buffer of pH 5.0, 5.5, 6.0, Phosphate buffer of pH 
7.0, 7.5, 8.0 and Tris HCl of pH 8.0, 8.5 and 9.0 were used 
to study their effect of pH on enzyme stability, of which 
pH 5.5 resulted in maximum enzyme activity (Figure 
8). There was a 3.25 fold in enzyme activity after 
incubating the enzyme for 24hrs with a buffer of pH 5.5. 
The amylase from Pseudomonas sp. 2 was highly stable 
at pH 5.5. 

Effect of Metal Ions on Enzyme Activity
The enzyme activity in the presence of various 
metal ions was determined and it was found that the 
enzyme activities were enhanced by all the metal ions 
(magnesium, mercury, ferrous, barium, lead, copper, 
cobalt, ammonium and lithium) while zinc had least 
effect on the enzyme activity (Figure 9).

Discussion
Vitamin supplementation found to have significant 
difference in amylase production. Productivity 
was affected by incubation temperature, presence 
or absence of mineral, amino acids and vitamin 
supplements. We obtained maximum enzyme 
production when the solid substrate was supplemented 
with 50 mg of vitamin B12. There was actually a three 
fold enhancement in the enzyme activity at this level 
of vitamin B12 supplementation. This clearly indicates 
that not only the quality of the nutrient but also its 
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Table 1. Purification summary of α-amylase from Pseudomonas sp. 2

Sl. No            Extract                  Volume                Activity                 Protein                   Specific activity              Purification fold
                                                    (ml)                  (µmoles/               (mg/ml)                    (U/mg protein)                          (%)
                                                                           min/ml)

1                   Crude extract          492                  8.53                       6.2                             1.375                                       1

2                   Ammonium              24                  17.07                       3.6                             4.742                                     3.4
                     Sulphate ppt.

3                   DEAE cellulose       5                     112                        1.8                             62.22                                   45.2      
                     purified

Figure 6. SDS-PAGE of the purified α-amylase. The 
amylase was visualized by Coomassie Brilliant Blue 
staining. Lane: 1-Molecular mass marker; Lane: 2 and 
3-Crude extract; Lane: 4 and 5 - Purified enzyme; Lane: 
6 Zymograph (activity staining)
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Fig.6: SDS-PAGE of the purified α-amylase. The amylase was visualized by Coomassie Brilliant Blue 
staining. Lane: 1-Molecular mass marker; Lane: 2 and 3-Crude extract; Lane: 4 and 5 - Purified 
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Fig. 7: Effect of temperature on the stability of α-amylase purified from Pseudomonas sp2 (expressed 
as percentage relative activity) 
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Fig.8: Effect of pH on the stability of α-amylase purified from Pseudomonas sp2. Enzyme activity is 
expressed as percentage relative activity. pH 5.0, 5.5 & 6.0- citrate buffer; pH 6.5, 7.0 & 7.5- phosphate 
buffer; pH 8.0, 8.5 & 9.0- Tris-HCl buffer) 
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Figure 8. Effect of pH on the stability of α-amylase puri-
fied from Pseudomonas sp2. Enzyme activity is expres-
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Figure 9. Effect of different metal ions on α-amylase ac-
tivity (expressed as percentage relative activity). 
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observations that high temperature inactivation may be 
due to incorrect conformation due to hydrolysis of the 
peptide chain, destruction of amino acid or aggregation, 
were made by earlier workers [5, 24].
The amylase from Pseudomonas sp. 2 was highly stable 
at pH 5.5. This acid tolerance and stability of the enzyme 
makes it suitable for industrial applications. Goyal et al 
[25] reported that α- amylase from Bacillus sp. I-3 was 
stable at pH range 5.0-5.5 and had optimum activity at 
pH 7.0. 
Most amylases are known to be metal ion-dependent 
enzymes, namely divalent ions like Ca2+, Mg2+, Mn2+, 
Zn2+, Fe2+ etc. [26]. Ca2+ was reported to increase 
amylase activity of an alkaliphilic Bacillus sp. ANT-6 
[27]. Calcium ions activated enzyme, while cadmium 
ions completely inactivated it. α- amylase from our 
isolate, Pseudomonas sp. 2, was activated by most metal 
ions like, Mg2+, Hg2+, Fe2+, Ba2+, Pb2+, Cu2+, Co2+, (NH4)2+ 
and Li2+, while Zn2+ had no effect on it. Zn2+ has varied 
effect on different amylases. Zn2+ was reported to inhibit 
thermo stable α- amylases from a thermophilic Bacillus 
sp. The presence of Zn2+ decreased the activity of ANT-
6 enzyme [27].

Conclusion
We isolated four strains of Pseudomonas from 
rhizosphere soil, of which Pseudomonas sp. 2 gave 
best results to amylase production. This strain was 
used to determine the enzyme production. Temperature 
37 ºC and pH 7.5 were found to be the best for enzyme 
production. The enzyme was highly stable at the acidic 
pH of 5.5, which property could be exploited for its 
suitability for industrial applications. Vitamins B12 (50 
mg/ml) was found to be significantly enhancing the 
enzyme production. Amino acids Cysteine (30 mg), 
Tyrosine (40 mg) and Alanine (30 mg) were stimulatory. 
We could establish that not only the quality of the 
nutrient but also its concentration influences the activity 
and production of α- amylase by Pseudomonas sp.2. The 
molecular weight of the enzyme was found to be ~62 
kDs. This is the first report of Pseudomonas species 
from any rhizosphere soil being used for α-amylase 
production. 

Acknowledgement
The authors are grateful to the management of Jain 
Group of Institutions for the facilities provided to carry 
out the work.
Conflict of interest: The authors declare no conflicts of 
interest of any kind.

References
[1]  espersen HM, MacGregor EA, Sierks MR, Svensson B. 

(1991). Comparison of the domain-level organization of starch 
hydrolases and related enzymes. Biochem. J. 280: 51–5.

[2]  Kim TJ, Kim MJ, Kim BC, Kim JC, Cheong TK, Kim JW, Park 
KH. (1999). Directed evolution of Thermus maltogenic amylase 
toward enhanced thermal resistance. Appl.  Environ.  Microbiol.  
65: 1644-51.

[3]  Alva S, Anumpama  J, Savla J, Chiu YY, Vyshali  P, Shruti  
M, Yogeetha  BS, Bhavya D, Purvi J, Ruchi K, Kumudini BS, 
Varalakshmi KN. (2007). Production and characterization of 
fungal amylase enzyme isolated from Aspergillus sp. JGI 12 in 
solid state culture. Afr.  J. Biotechnol. 6: 576-81.

[5]  Pandey A, Selvakumar P, Soccol CR, Nigam P. (1999). Solid 
state fermentation for the production of industrial enzymes. 
Curr. Sci. 77: 149-62.

[6]  Aneja KR. (2002). Experiments in microbiology, plant pathology, 
tissue culture and mushroom production technology. p. 173-175.

[7]  Bergey’s Manual for Systematic Bacteriology, Williams & 
Wilkins, U.S.A.

[8]  Ajayi AO, Fagade OE. (2003). Utilization of corn starch as 
substrate for β- amylase by Bacillus spp. Afr. J.  Biomed.  Res. 6: 
37-42.

[9]  Miller GL. (1959). Use of Dinitro salicylic acid reagent for 
determination of reducing sugar. Anal.  Chem. 31: 426-429.

[10]  Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. (1951). Protein 
measurement with the Folin-Phenol reagents. J. Biol. Chem. 48: 
17-25.

[11]  Harris ELV, Angal S. (1989). Protein Purification Methods. p. 
213-15.

[12]  Shih N, Labbe RG. (1995). Purification and characterization 
of an extracellular amylase from Clostridium perfringes Type A.  
Applied  Environ. Microbiol. 61: 1776-1779.

[13]  Sodhi HK, Sharma K, Gupta JK, Soni SK. (2005). 
Production of Thermostable α-Amylase from Bacillus sp.PS-7 
By SSF and its Synergistic views in the Hydrolysis of Malt 
starch For Alcohol Production. Process Biochem.  40: 525-34.

[14]  Sindhu R. (2005). Isolation, Purification and Characterization of 
α-Amylase from Penicillium janthinellum, Ph.D. Thesis. School 
of Biosciences, Mahatma Gandhi University, India  p. 175.

[15]  Kapoor M, Kuhad RC. (2002). Improved polygalacturonase 
production from Bacillus sp. MG-cp-2 under submerged (SmF) 
and solid state (SSF) fermentation. Lett. In Appl. Microbiol. 34: 
317- 27.

[16]  Dhake AB, Patil MB. (2007). Effect of substrate 
feeding on production of fructosyltransferase by Penicillium 
perpurogenum. Braz. J. Microbiol. 38: 194-99. 

[17]  Sapre MP, Jha H, Patil MB, Dhake JD. (2006). Studies 
on production of thermostable alkaline cellulase- free xylanase 
by S. racemosum cohn. With special reference to the effect of 
zeolites. Asian. J. Microbiol. Biotech. Env. Sc. 8, 323-327.

[18]  Ensari YN, Otludil B, Aytekin ÇM. (1995). Effect of starch 
induced bacterial growth and amylase production in Bacillus 
subtilis. Starch/Stärke, 47: 315-21.

[19]  Zhang Q, Tsukagoshi N, Miyashrio S, Udaka S. (1983). 
Increased production of α-amylase by Bacillus amyloliquifaciens 
in the presence of glycine. Appl. Environ. Microbiol. 46: 293-95.

[20] Gupta S, Bhushan B, Hoondal GS. (1999). Enhanced production 
of xylanase from Staphylococcus sp. SG-13 using amino acids. 
World J. Microb. Biotechnol. 15: 511-12.

[21]  Beg QK, Bhushan B, Kapoor M, Hoondal GS. (2000). Effect 
of amino acids on production of xylanase and pectinase from 



Turk J Biochem, 2012; 37 (1) ; 21–28. Varalakshmi et al28

Sterptomyces sp. QG-11-3. World J. Microb. Biotechnol. 16: 211-
13.

[22] Sajedi RH, Naderi MH, Khajeh K, Ahmadvand RB, Ranjbar A, 
Asoodeh A, Moradian F. (2005). A Ca-independent α-amylase 
that is active and stable at low pH from the Bacillus sp. KR-8104. 
Enzyme and Microbial Technology. 36(5-6): 666–71.

[23] Ueda M, Asano T, Nakazawa M, Miyatake K, Inouye K. (2008).  
Purification  and characterization of novel raw-starch-digesting 
and cold-adapted α-amylases from Eisenia foetida.  Comp. 
Biochem. Phys. B.  150: 125-30.

[24] Hamilton LM, Kelly CT, Fogarty WM. (1998). Raw starch 
degradation by the non-raw starch-adsorbing bacterial alpha 
amylase of Bacillus sp. IMD 434. Carbohyd. Res. 314: 251–57.

[25] Schokker EP, Van Boekel AJS. (1999). Kinetic of thermal 
inactivation of extracellular proteinase from Pseudomonas 
flourescens 22F, influence of pH, calcium and protein. J.  Agric. 
Food Chem. 47: 1681-86.

[26] Goyal N, Gupta JK, Soni SK. (2005). A novel raw starch 
digesting thermostable α-amylase from Bacillus sp. I-3 and 
its use in the direct hydrolysis of raw potato starch. Enzyme 
Microb. Technol. 37: 723–34.

[27] Pandey A, Nigam P, Soccol CR, Soccol VT, Singh D, Mohan 
R. (2000).  Advances in microbial amylases (review article). 
Biotechnol. Appl. Biochem. 31: 135–52.

[28] Burhan A, Nisa U, Gokhan C, Omer C, Ashabil A, Osman 
G. (2003). Enzymatic properties of a novel thermostable, 
thermophilic, alkaline and chelator resistant amylase from an 
alkaliphilic Bacillus sp. isolate ANT-6. Process Biochem. 38: 
1397–403.


