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ISOLATION AND CHARACTERIZATION OF CULTURE CONDITIONS OF A THERMOACTIVE AMIDASE 

FROM Geobacillus pallidus BTP-5x MTCC 9225 

Monica Sharma1, 2*, Tek Chand Bhalla2 

1. Department of Biotechnology, School of Biosciences and Biotechnology, Babasaheb Bhimrao Ambedkar 

Central University, Vidya Vihar, Rae Bareily Road, Lucknow, Uttar Pradesh, India, 226025 

2. Department of Biotechnology, Himachal Pradesh University, Summer Hill, Shimla, Himachal Pradesh,  

India, 171005 

Abstract  
A thermophilic Gram-positive, sporulating, rod-shaped strain of Geobacillus pallidus with amide degrading activity was 
isolated from thermal spring of Himachal Pradesh. The amidase (EC 3.5.1.4) production by a thermophilic Geobacillus 
pallidus BTP-5x has been investigated. This organism produced an inducible aliphatic amidase and grew optimally at 55 ºC 
and exhibited maximum amidase production after 20 h of incubation. The amidase of this organism showed wide temperature 
stability for 8h and had substrate affinity for short chain aliphatic amides only and maximum activity was observed with 
propionamide followed by acetamide and acrylamide.  
Key words: Thermostable aliphatic amidase, amide hydrolysis, Geobacillus pallidus BTP-5x, acetohydroaxmic acid. 
 
Introduction 
Amidases are enzymes that hydrolyze amides to 
corresponding acid and ammonia. They are generally co-
transcribed with nitrile hydratase, an enzyme that hydrates 
nitriles into amides in most of the nitrile degrading 
microorganisms [1]. In nitrile degradation, these two 
enzymes play a key role in conversion of nitrile to amide 
and acid. The stereo/enantioselectivity is generally 
associated with the amidases [2]. In addition to hydrolase 
activity, amidases also catalyze transfer of acyl moiety of 
the amide to hydroxylamine to form hydroxamic acid [3-
4]. 
  The biological functions of these enzymes in 
nature are carbon or nitrogen fixation in prokaryotes 
through hydrolysis of amides, generation of properly 
charged tRNAGln in eubacteria through transfer of 
ammonia from glutamine [5] and the degradation of 
neuromodulatory fatty acid amides in mammals [6].  
 
* Coresponding Author 
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Department of Biotechnology, School of Biosciences and 
Biotechnology, Babasaheb Bhimrao Ambedkar Central 
University, Vidya Vihar, Rae Bareily Road, Lucknow, 
Uttar Pradesh, India, 226025 
 
 
 
  

 
Amidases are widely used in industry in combination with 
nitrile hydratases for the production of commercially 
important organic acids (acrylic acid, p-aminobenzoic 
acid, pyrazinoic acid, nicotinic acid etc) through 
biotransformation of nitriles[7-8]. They are also utilized 
as industrial catalysts in effluent treatment and their 
acyltransferase activity is exploited mainly for the 
synthesis of pharmaceutically active hydroxamic acids [4, 
9-12]. 
 A number of amidases have been reported from 
bacteria [13-15], fungi [16-17] and yeasts [18-21]. Most 
of the information on amidases has originated from 
mesophilic microbes and comparatively very little work 
has been done on amidases of thermophilic microbes [22-
26]. In this communication we report the isolation of 
amidase producing Geobacillus pallidus BTP-5x from 
Tatapani hot spring of Himachal Pradesh and 
optimization of its culture condition for production of 
amidase. 
 
Materials and methods 
Chemical and Media Components 
Nitriles and amides were from Lancaster, England. 
Microbiological media components were procured from 
Himedia, Mumbai. All other chemicals used were of 
analytical grade and procured from standard companies. 
 
Isolation of Thermophilic Bacterial Cultures 
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The soil and water samples from different hot springs of 
Himachal Pradesh, India (Tatapani 50-65 °C, Manikaran 
65-75 °C and Vashishta 50-55 °C) were collected in 
sterile vials and sample (1g soil or 1ml water) was 
transferred to 50 ml mineral salt medium containing (per 
liter) 2.0 g KH2PO4, 1.0 g NaCl, 0.2 g MgSO4·7H2O, 30 
mg FeSO4 ·7H2O (pH 7.0) supplemented with 20 mM 
benzonitrile as a sole source of carbon and nitrogen and 
incubated at 55°C for 72 h. To 50 ml of fresh medium, 2 
% (v/v) of the above enriched culture was transferred and 
incubated in similar conditions. This step was repeated 
once again and the culture was plated on nutrient agar 
plates after appropriate dilution and incubated at 55°C to 
obtain discrete colonies. Morphologically distinguished 
colonies were streaked on 3% nutrient agar plates, 
incubated at 55 °C for 48 h and stored at 4 °C till further 
use.  

Each isolate was grown in nutrient broth for 24 h 
at 50 ºC and 2 ml of culture was transferred to 50 ml of 
production medium containing 2g KH2PO4, 1 g NaCl, 
0.01 g MgSO4·7H2O, 8.6 g (NH4)2 SO4, 0.01 g 
FeSO4·7H2O, 20 mM sodium succinate (pH 7.0) [27] and 
different nitriles (acetonitrile 25 mM, benzonitrile 10 
mM, propionitrile 0.4 % v/v) were added as inducers and 
incubated at 50 ºC for 24 h in an orbital shaker at 160 
rpm.  Cells were harvested by centrifugation at 10000 g 
for 15 min at 4 ºC. The cell pellet was washed with 0.1 M 
potassium phosphate buffer (pH-7.0) and suspended in 
same buffer such that it had 40 OD at 660 nm. This cell 
suspension (resting cell) was used for assay of amidase 
activity and stored at 4 ºC till further use.  
 
Effect of Media on Production of Amidase 
Sixteen different media (M1-M16) (Table 2) were tested 
for production of amidase from G. pallidus BTP-5x and 
were used as seed medium for cultivating G. pallidus 
BTP-5x for 24 h at 50 ºC, 160 rpm and 2 ml of culture 
was transferred to the same medium (50ml) supplemented 
with 0.1% v/v acetonitrile and incubated at 50 ºC, 160 
rpm for 24 h.. Medium (M1) was considered as control in 
this experiment, because it was previously used (after 
isolation) for amidase production by this organism.  
 
Effect of pH and Temperature 
The effect of pH and temperature on the amidase 
production by G. pallidus BTP-5x was studied. The 

organism was grown at varied pH (5 to12) and 
temperature (30 to 65ºC).  
Effect of Nitriles or Amides As Inducer of Amidase 
Production and Inducer Concentration 
 Nitriles (acetonitrile, acrylonitrile, benzonitrile, 
adiponitrile, isobutyronitrile, propionitrile, butyronitrile) 
and amides (nicotinamide, thioacetamide, butyramide, 
malonamide, trimethylacetamide, lactamide, 
cyanoacetamide, methacrylamide, acetamide, acrylamide, 
formamide, dimethylformamide, N-methylacetamide, ε- 
caprolactum) at 0.2% (v/v) were added to the medium M5 
(selected medium) to evaluate their potential as inducer of 
amidase. Control contained 0.1% (v/v) acetonitrile and 
one control was run with no supplementation of nitriles or 
amides. As the formamide emerged very effective inducer 
of amidase production from G. pallidus BTP-5x, it was 
added at a concentration of 0.1-0.8% v/v. 
 
Effect of Inoculum Size and Time Course of 
Incubation 
 The inoculum size of G. pallidus BTP-5x varied from 1-
10% (v/v) and its effect on the production of amidase was 
observed. In order to find out optimum incubation time 
for the production of amidase activity by G. pallidus 
BTP-5x, the production medium was seeded with 
optimum size of inoculum, it was incubated up to 48 h.  
The cell mass formed and the activity of amidase were 
determined at an interval of 4 h till 48 h.  
 
Thermostability 
The thermal stability of amidase of G. pallidus BTP-5x 
was determined by pre-incubating resting cells for 8 h at 
temperatures between 30 and 60°C. The thermal 
inactivation of enzyme was checked by withdrawing 
samples at 1 h interval and residual amidase activity was 
assayed. 
 
Substrate Specificity  
The substrate specificity of amidase of G. pallidus BTP-
5x was screened using various amides as substrates at a 
concentration of 50 mM. 
 

Results 

Bacterial Strain 
A total thirty four bacterial strains were isolated from 
water/soil samples of Tatapani, Vashishta and  
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Table 1: Morphological and biochemical characteristics of Geobacillus pallidus BTP-5x isolated from thermal spring 

Morphological characteristics Biochemical characteristics 

Rod shaped dimension of  2-4 µm × < 1 µm in single arrangement Casein, starch, urea and geletin hydoysis: negative 
Gram positive Indole test, methyl red test, Voges Proskauer test, citrate 

utilization, growth on MacConkey agar, H2S and gas 
production: negative 

Endospore forming oval in shape and at sub-terminal/central 
position with bulging sporangia 

Nitrate reduction, lysine decarboxylase, ornithine 
decarboxylase, phosphatase, hippurate hydrolysis: negative 

Motile Tween 20, Tween 40, Tween 60, Tween 80 hydrolysis: 
negative 

Colony appearance on nutrient agar, circular, entire, low convex, 
opaque and shiny 

Catalase test, oxidase test and arginine dihydrolase: positive 

Growth Temperature: 32°C, 42°C, 60°C 
Growth pH: 5.0-9.0 
Growth on NaCl (%): 2-7% 

Fructose and salicin utilization: positive 

 
Manikaran hot springs (located in Himachal Pradesh, 
India) using enrichment culture method. After screening 
procedure, a thermophilic Gram-positive, sporulating, rod 
shaped strain BTP-5x of Geobacillus sp. with amide 
degrading activity was isolated and deposited in the 
Microbial Type Culture Collection (MTCC, Institute of 
Microbial Technology, Chandigarh, India) and identified 
as Geobacillus pallidus BTP-5x MTCC 9225 (grown in 
medium M1containing 0.1 % v/v acetonitrile) exhibited 
maximum amidase activity (0.048 Umg-1 dcw) using 
acrylamide as substrate and thus selected for subsequent 
studies. The morphological and biochemical properties of 
the strain are summarized in Table1 (Fig 1).  
 

 
 
Fig1: [A] Gram stained Geobacillus pallidus BTP-5x at 
100x magnification. [B] Colony morphology of G. 
pallidus BTP-5x on nutrient agar. 
 
 
Effect of media on production of amidase 

The cells produced in 16 different media were screened 
for amidase activity using acrylamide as substrate (Table 
2). The mineral salt medium (M1) having ammonium 
sulphate and sodium succinate supplemented with 0.1% 
acetonitrile supported growth of G. pallidus BTP-5x but 
the amidase activity was low (0.048 Umg-1 dcw). This 
might be due to depletion of inducer with the time of 
incubation.  This organism utilized inorganic nitrogen for 
growth (medium M1) and low growth was obtained in 
medium M16 (lacking ammonium salt). Maximum 
amidase was produced in medium M5 followed by 
medium M10. The comparison of constituents of these 
media vis-à-vis amidase activity showed that this 
organism requires beef extract, yeast extract and NaCl for 
production of amidase. In media lacking/low 
concentration of yeast extract had no amidase production 
(M2, M3, M7, M8, M9, M12, M15, and M16). Similar 
results were obtained in the media devoid of beef extract 
(M4, M6, M9, M13, M14, M11, and M16). The media 
M3 without NaCl though supported the growth of BTP-5x 
but there was no amidase activity. 
 
Effect of pH and temperature 
Although G. pallidus BTP-5x showed comparable growth 
in pH range 5-10, maximum amidase production (0.426 
Umg-1dcw) was obtained at pH 7.5. A pH higher than 10 
and lower than 5 completely inhibited the growth of G. 
pallidus BTP-5x.  The amidase activity increased with 
increase in medium pH from 5 to 7.5 and afterwards it 
decreased drastically (Fig. 2). At varied incubation 
temperature was from 30 to 65ºC, the organism exhibited 
maximum amidase production (0.438 Umg-1dcw) at 55 ºC 
(Fig 3).   
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Fig. 2. Effect of medium pH on amidase production of 

G. pallidus BTP-5x. 

Fig. 3. Effect of incubation temperature on amidase 
production of G. pallidus BTP-5x 
 
Effect of nitriles or amides as inducer of amidase 
production and inducer concentration 
Various nitriles and amides either act as inducer or 
enhancer of amidase activity in microorganism. In the 
present study twenty one different nitriles and amides 
(0.2% v/v) were used to identify the hyper inducer of 
amidase activity vis-à-vis growth of  G. pallidus BTP-5x.   
Though the specific activity of amidase was found to be 
highest (0.981 U/mg dcw) in medium supplemented with 
acrylamide, the growth of the organism was very poor. 
However, G. pallidus BTP-5x grew fairly well in medium 
containing formamide but the specific activity of amidase 
(0.793 U/mg dcw) was less as compared to cells grown in 
medium containing acrylamide (Table 3). In 
dimethylformamide and butyramide, this organism 
showed amidase activities comparable to control. G. 
pallidus BTP-5x grew well in the medium containing 

most of the nitriles and amides but these acted as poor or 
weak inducers of amidase. In the presence of 
thioacetamide and trimethylacetamide, a good yield of 
cell mass was observed but both these amides suppressed 
amidase activity in G. pallidus BTP-5x.  
 
Table 2. Screening of various media for production of 
amidase by G. pallidus BTP-5x 
 
Medium 
(pH-7.0) 

Composition 
(gL-1) 

Growth 
(mg dcw mL-

1 culture 
broth) 

Amidase 
activity 
(Umg-1 
dcw) 

M1 

KH2PO4, 2; NaCl, 1; 
MgSO4·7H2O, 0.01; 
(NH4)2SO4, 8.6; 
FeSO4·7H2O, 0.01; sodium 
succinate, 20mM (Pereira et 
al., 1998) 

0.24 0.048 

M2 
Peptone, 5; beef extract, 3; 
yeast extract, 1; glucose, 10 
(Bhalla et al.1992) 

0.06 - 

M3 

Glycerol, 10; KH2PO4, 0.5; 
K2HPO4, 0.5; MgSO4· 
7H2O, 0.1,  yeast extract, 1; 
peptone, 5 (Kobayashi et 
al.1993) 

0.16 - 

M4 
Glycerol, 10; peptone,5; 
yeast extract, 3; malt 
extract, 3 (Kobayashi et 
al.1989) 

0.06 - 

M5 
Peptone, 12.5; yeast extract, 
3; beef extract, 5; NaCl, 5 
(Black et al.1996) 

0.18 0.284 

M6 
Tryptone, 30; yeast extract, 
15; NaCl, 5 (Piotraschke et 
al. 1994) 

0.25 - 

M7 

Na2HPO4.2H2O, 2.5; 
KH2PO4, 2;  MgSO4· 7H2O, 
0.5, FeSO4·7H2O, 0.03, 
CaCl2·2H2O, 0.06; yeast 
extract, 0.10 (Bhalla et 
al.1992) 

0.17 - 

M8 Peptone, 5; beef extract, 3  0.04 - 

M9 
Bactopeptone, 20; NaCl, 5; 
glucose, 2 (Robas et 
al.1993) 

0.14 - 

M10 
Glucose, 15; peptone, 5; 
yeast extract, 3; malt 
extract, 3 (Watanabe et al. 
1987) 

0.04 0.094 

M11 

(NH4)2HPO4, 5; peptone, 5; 
yeast extract, 3; KH2PO4, 5; 
MgSO4·7H2O, 0.2; 
FeSO4·7H2O, 0.02 (APY 
mineral salt media) 

0.10 - 

M12 
Bactopeptone, 20; NaCl, 5; 
glucose, 2; beef extract, 3 
(Robas et al.1993) 

0.12 - 

M13 
Bactopeptone, 20; NaCl, 5; 
glucose, 2; yeast extract, 3 
(Robas et al.1993) 

0.10 - 

M14 
Tryptone, 30; yeast extract, 
15; NaCl, 5; glucose, 2 
(Piotraschke et al.1994) 

0.08 - 

M15 
Tryptone, 30; beef extract, 
15; NaCl, 5; glucose, 2 
(Piotraschke et al.1994) 

0.07 - 

M16 
KH2PO4, 2; NaCl, 1; 
MgSO4·7H2O, 0.01; 
FeSO4·7H2O, 0.01; CoCl2, 
0.01; sodium succinate, 2.7 

0.06 - 
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It also hydrolyzed amides when grown in complex 
medium without any inducer.  It seems that some complex 
medium especially beef extract/ yeast extract contains 
organic molecules that might have acted as inducer of 
amidase activity in G. pallidus BTP-5x. 
Table 3. Screening of some nitriles and amides as 
inducer of amidase activity in G. pallidus BTP-5x.  

 

 
Effect of inoculum size and time course of 
incubation 
Inoculum size vis-à-vis time course of incubation for 
amidase production by G. pallidus BTP-5x was 
optimized. Among the various sizes of inocula used 
(1-10% v/v of seed culture), the optimum amidase 
production 0.942 Umg-1 dcw  (0.405 U ml-1) was 
observed with 4% (v/v) inoculum was used but total 
activity was highest (0.413 Uml-1) with 3% (v/v) 
inoculum (Fig. 5). The growth curve of G. pallidus 
BTP-5x (Fig. 6) revealed that with the progress of 
incubation, cell mass increased up to 24h, after that it 
decreased slowly. The optimal amidase production 
(1.450 Umg-1 dcw) was achieved in 20 h as compared 
to 24 h (0.962 Umg-1 dcw). The amidase activity 
increased from 16 h of incubation to 20 h and then 
declined gradually. The formamide emerged as most 

effective inducer for induction of amidase activity in 
G. pallidus BTP-5x and  
 
Fig. 4. Effect of formamide concentration on 
amidase production of G. pallidus BTP-5x 

 
Fig. 5. Effect of inoculum size on amidase 
production of G. pallidus BTP-5x 
 
maximum amidase induction (0.837 Umg-1 dcw) was 
observed at 0.3% (v/v) of formamide (Fig.4). 

To determine whether expression of amidase 
is constitutive or inducible in G. pallidus BTP-5x, it 
was grown in minimal salt medium M1 without any 
inducer and M1 supplemented with formamide 
(50mM) (Table 2). This organism grew well in M1 
(without any inducer) but no activity could be 
detected. In formamide supplemented medium, G. 
pallidus BTP-5x grew fairly well and showed 0.871 
U/mg dcw amidase activity. Hence, it was inferred 
that G. pallidus BTP-5x harbors an inducible 
amidase. It was observed that acetamide, acrylamide 
and formamide were substrate inducers (act both as 
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inducers and substrate), while others acted as non-
substrate inducers (as inducer only and not as a 
substrate) for the amidase of BTP-5x (Table 4) 
 
Thermal Stability 
The thermal stability of amidase of G. pallidus BTP-
5x was determined by pre-incubating resting cells for 
8 h at temperatures between 30 and 60°C. To check 
thermal inactivation of enzyme, samples were 
withdrawn at 1 h interval and residual amidase 
activity was assayed as described earlier. The 
amidase of BTP-5x was almost stable at 30ºC and 
showed 69% residual activity after 8h, however at 
50°C the amidase activity was reduced to half after 
6h of pre-incubation. Amidase of this bacterium had 
retained 69%, 51%, 44% and 42% activity even after 
exposure for 8h at 30°C, 40°C, 50°C and 60°C 
respectively (Fig. 7), which indicated that amidase of 
BTP-5x was active and fairly stable at wide 
temperature range from 30-60°C.   
 

 
Fig. 6. Effect of incubation time on growth and 
amidase production of G. pallidus BTP 5x in 
medium M5 supplemented with formamide (0.3 
%, v/v). In control no amide was supplemented in 
the production medium.  

 

* 100%=1.386U/mg dcw 
Fig. 7. Stability of amidase of G. pallidus BTP-5x 
at different temperatures. 
Substrate specificity of amidase of BTP-5x 
The substrate specificity pattern of amidase of G. 
pallidus BTP-5x indicated that this amidase is highly 
selective for short chain amides. The highest affinity 
was observed towards propionamide followed by 
acetamide, acrylamide, formamide and N-methyl 
acetamide respectively (Table 4).  
 

Table 4: Substrate affinity of G. pallidus 
BTP-5x 
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Like Bacillus sp. [37], Brevibacterium 
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showed maximum amidase production at 55°C. The 
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[26-27] were 50°C and 65°C respectively. Kobayashi 
et al.  (1993) reported optimum amidase production 
at 26.5°C for Rhodococcus rhodochrous J1 [39], 
while other mesophilic organisms showed maximum 
amidase production at 30°C [14, 40].  

Amidases are either constitutively produced 
in the cells grown in rich medium [22, 31, 38, 41-46] 
or induced by the presence of amides in the growth 
medium [14, 36, 47-49] as observed in the case of G. 
pallidus BTP-5x. With increase in inducer 
concentration, the growth of the G. pallidus BTP-5x 
was partially inhibited because of toxicity. Cramp et 
al. (1997) had similar observation with thermophilic 
bacterium Bacillus pallidus Dac 521 for acetonitrile 
degrading activity [29].  At higher level of inocula, 
amidase production in G. pallidus decreased might be 
due to an early depletion of inducer. In Pseudomonas 
aeruginosa 8602/A strain maximum amidase 
production was achieved using 0.5% (v/v) of 
inoculum28. Aliphatic amidase of Candida famata 
was produced maximally with 2.5% (v/v) of 
inoculums [19]. Bhalla et al. (1997) used 8% (v/v) 
inoculum for maximum production of amidase by 
Rhodococcus rhodochrous NHB-2 [14].  

As in Arthrobacter sp. J1 and Rhodococcus 
sp. NHB-2, the induction of amidase in G. pallidus 
was observed at logarithmic phase i.e. after 20 h [14, 
50]. But in Rhodococcus rhodochrous J1[39], 
Klebsiella pneumonia [31], Xanthomonas maltophila 
ATCC 21764 [51] and X. agilis NRRL21115 [52] 
maximum amidase induction was achieved after 48 h 
of incubation. The thermal inactivation of amidase of 
G. pallidus BTP-5x is as G. pallidus RAPc8 up to 3h 
at 50°C [26]. While amidase of Rhodococcus equi 
TG 328 was stable up to 8 h at 50°C [48].  Most of 
mesophilic amidase rapidly lose their activity above 
50°C [31, 53]. Thermostable amidase of G. pallidus 
BTP-5x have similar substrate affinity as observed in 
G. pallidus RAPc8 [26], Bacillus stearothermophilus 
BR388 [22] and Klebsiella pneumonia [31], 
Corynebacterium sp. [48], Rhodococcus rhodochrous 
M8 [45],  and Pseudomonas aeruginosa [33] while 
amidases of Sulfolobus solfataricus [24] and 
Pseudonocardia thermophila [25] Rhodococcus sp. 
R312 [9], R. erythropolis MP50 [15], Pseudomonas 
chlororaphis [36], Mycobacterium neoaurum ATCC 
25795 [42] possessed amidases which actively 
hydrolysed a range of (aliphatic, aromatic and 
heterocyclic) amides. 

 

The amide hydrolyzing activity of 
thermophilic strain BTP-5x from hot spring of 
Himachal Pradesh is being reported first time. 
Amidase of this organism is inducible. Optimization 
of culture conditions resulted in approximately 30 
times increase in the amidase activity and had higher 
affinity for short aliphatic amides (Table 4). BTP-5x 
will have potential applications either in 
biotransformation of amides to commercially 
important organic acids or hydroxamic acids and in 
industrial effluent de-toxicification. 
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