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Five different sporulation medium such as tryptone yeast extract (TYE) broth, tryptone glucose yeast extract 
(TGYE) broth, minimal media, Sucrose salt medium, Arret & Krishbaum (AK)sporulation agar were screened for 
spore production in Bacillus megaterium ATCC 9885. During this study, it was observed that out of different 
combinations of tryptone, yeast extract and dextrose sporulation was maximum (70%) in tryptone yeast extract 
broth. Effect of different salts on sporulation was studied by incorporation in TYE. It was observed that 41.7% 
sporulation in KCl followed by CaCl2.2H2O, FeSO4.7H2O, MgSO4.7H2Oand MnSO4.7H2Orespectively. Maximum 
sporulation (90 ± 0.6988%) was observed in AK sporulation agar with modified protocol followed by minimum 
sporulation in minimal medium and sucrose salt medium respectively. Spores and vegetative cells of ATCC 
9885 was observed under Andor EMCCD (Electron Multiplying charge coupled device) camera showed that 
spores were arranged singly and small in size (2.8 ±0.2 µm

2
) compared to vegetative cells that were in chains 

and larger in size (4.0 ±0.2 µm
2
). Spores of Bacillus megaterium ATCC 9885 produced in A. K. Sporulation 

medium with modified protocol can be further utilized as bio-molecules for the development of bioassay for 
monitoring non-bacterial contaminants in milk (Aflatoxin M1).   
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INTRODUCTION 
 
Sporulation, unique to two bacterial species, Clostridium 
and Bacillus, is a process induced by reduced levels of 
nutrients in the environment or in culture (Driks,2002). A 
specific sporulation medium is required for producing 
spores from specific group of spore forming bacteria. 
Spores of Bacillus species are dormant and extremely 
resistant to a variety of harsh environment, including 
extremes of heat and radiation as well as high levels of 
toxic chemicals (Setlow and Jhonson, 2011). Optimum 
temperature reported for the sporulation of Bacillus 
megaterium was 40

o
C (Luders et al., 2011). Sporulation 

occurred over a temperature range from 10 to 30°C and 
from pH 4.0 to 9.0 with Phytophthora isolates 
(Simpfendorfer, 2001). Optimum conditions of growth, 
sporulation and secondary metabolites occurred at 30°C  
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in Aspergillus umbrosus (Sood, 2011). Optimum spore 
formation was determined at 30°C pH 7.2 for B. 
weihenstephanensis and at 45°C pH 7.2 for B. 
licheniformis (Barilet et al., 2012). 
Phosphoglyceratephosphomutase of Bacillus subtilis, 
Bacillus cereus and Bacillus megaterium required Mn

2+
as 

cofactor, in the absence of Mn
2+

, B. subtilis did not 
sporulate in normal sporulation media but it did sporulate 
if the proper ratio of glucose or glycerol and malate was 
used (Vasantha et al., 1978). A maximum spore 
percentage of Bacillus megatherium (89%) was recorded 
after 96 hrs of inoculation into a modified nutrient medium 
containing a mixture of 500 ppm of MnSO4, CaCl2, ZnSO4 
and KCl (Omer 2010). 
Despite their ruggedness, spores remain alert to specific 
environmental signals by triggering the spores to 
germinate rapidly into vegetative cells. This process may 
take 25-30 mins to break its dormancy and make 
metabolically active by realizing macromolecules such as  
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RNA’s, proteins, enzymes and Calcium dipicolinic acid 
(Rotman, 2001). This process of sporulation and 
germination can be used as biosensing mechanism for 
screening the bacterial and non-bacterial contaminant in 
dairy food chain (Manju et al., 2012; Das et al., 2011; 
Gurpreet, 2012). Recently, Bacillus spores have been 
explored for the development spore based assay for 
monitoring of broad spectrum antibiotic, specific β-lactam 
residues & Enterococci in milk at dairy farm level, 
reception dock and manufacturing unit of dairy industry 
(Kumar et al., 2009; Kumar et al., 2012a; Kumar et al., 
2012b) A one-step incubation/ detection based microbial 
biosensor by immobilizing Bacillus subtilis spores has 
been developed for detection of Zn

2+
 and bacitracin 

(Fantino et al., 2009). 
 

For the exploration of Bacillus spores for the 
development of methods, assay and biosensors it is 
necessary to produce maximum number of spores from 
specific spore forming bacteria. In our present 
investigation, we were tried to produce maximum number 
of spores by developing specific sporulation medium 
under different optimized conditions. 
 

 
MATERIAL AND METHODS 

 
Procurement & maintenance of culture 

 
Bacillus megaterium ATCC 9885 was procured from 
American type culture collection (ATCC). The procured 
strain was activated overnight in nutrient broth (NB) at 
37ºC and was streaked on nutrient agar (NA) followed by 
incubation at 37°C for 12 h. 
 

 
Effect of tryptone, yeast extract and dextrose on 
sporulation  

 
Single colony of B. megaterium 9885 was inoculated in 5 
mL NB and incubated at 37 ± 2

o
C for 24 ± 2 h.One 

hundred mL of individual tryptone(0.5% CR014 Hi Media, 
Mumbai), yeast extract (0.25% RM668 Himedia, TYE 
broth containing tryptone (0.5%CR014 Hi Media, 
Mumbai), yeast extract (0.25%RM668 Himedia), TGYE 
containing tryptone (0.5%), yeast extract (0.25%) and 
dextrose (0.1%RM077), having a pH 7.0 were inoculated 
at 1 mL. 100 mL

-1
 followed by incubation at37± 2ºC for 48 

h (Clements, 1968). The cell suspension was centrifuged 
at 8,994 g /10 min using Eppendorf centrifuge 2801R, 
(Germany) and pellet was washed, recentrifuged by 
using normal saline i.e., 0.85 % NaClpH 7.0 (RM 031). 
The optical density of the final suspension was set to 0.3 
at 595 nm by using microbiological plate reader (Perkin 
Elmer) and suspension was analyzed for total viable 
count (TVC) and spore count (SC) (Downes and Ito, 
2001). 

Optimization of incubation time for sporulation in 
TYE medium 
 
B. megaterium ATCC 9885 was grown in selected broth 
followed by incubation at 37± 2

o
C for different period from 

24-72 h to obtain maximum spores in minimum time and 
analysed for TVC and SC (Downes and Ito, 2001). 
 
 
Effect of different salts on sporulation 
One hundred mL of tryptone yeast extract (TYE) broth 
was enriched with different salts such as 0.1% potassium 
Chloride (KCl) (RM 698), 0.015% calcium chloride 
(CaCl2.2H2O) (RM 534), 0.278% ferrous sulphate 
(FeSO4.7H2O) (RM1377), 0.396 % manganese sulphate 
(MnSO4. 7H2O) (RM1381) and 0.025% magnesium 
sulphate (MgSO4.7H2O) (RM 1281) having pH 7 
(Gomathy etal., 2007) for their effect on sporulation of B. 
megaterium 9885 strain and analysed for TVC and SC 
(Downes and Ito, 2001). The maximum spores produced 
were taken as criteria for selection of particular salt for 
the development of sporulation medium. 
 
 
Screening of other sporulation media for B. 
megaterium 9885 
 
B. megaterium ATCC 9885 strain was grown in different 
sporulation media like minimal medium (MM) containing 
1% sucrose(RM 3063),0.25% K2HPO4(RM168), 0.25%  
KH2PO4 (RM 249), 0.1 % (NH4)2HPO4 (A.R. grade, 
Glaxo laboratories), 0.02% MgSO4.7H2O 
(RM1281),0.001% FeSO4.7H2O (RM 1377)  and 0.0007% 
0.0007% MnSO4.7H2O (RM1381) having pH 6.8 
(Todar’s online textbook of bacteriology), Sucrose salt 
medium (SSM) containing 0.1% sucrose (RM 3063), 0.1 
% NaCl (RM583), 0.24% KH2PO4(RM 249), 1.1 % 
(NH4)2HPO4(A.R. grade, glaxo laboratories), 0.02% 
MgSO4.7H2O (RM1281), 0.001 % FeSO4.7H2O 
(RM1377), 0.0007MnSO4.7H2O (RM1381),0.001 % 
ZnSO4.7H2O (RM695)and 0.0005 % CaCl2.2H2O 
(RM534)having pH 7.1 (Bruno et al. 1964) incubated at 
37± 2ºC for 48 h. After sporulation, spores were 
harvested by centrifugation at 8,994 g/10 min using 
Eppendorf centrifuge 2801R, (Germany) and pellet was 
washed, recentrifuged by using normal saline (0.85 % 
NaCl, pH 7.0) and analyzed for TVC and SC. 
B. megaterium ATCC 9885 strain was streaked on 
AKagar (M234) supplemented with extra 0.5 % ultra-pure 
agar (RM459,Himedia Mumbai) was incubated at 37 ± 
2ºC for 36 ± 4 h. Further, the culture was incubated at 37 
± 2ºC for 5 days followed by heating by using boiling 
water for 100ºC/15 mins. Heated suspension was 
washed with sterilized distilled water by centrifugationat 
5

o
C /20 mins/16000 rpm washed 3 times by 20 mL 

sterilized distilled water (Dey et al., 1998). 
Suspension of vegetative cell was prepared by mixing
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Table 1. Comparison of sporulation medium for B.megaterium ATCC 9885. 
 

S. 
N. 

Media Composition pH Spore % 

1 SSM  0.1% sucrose ,0.1 % NaCl , 0.24%  KH2PO, 1.1 % 
(NH4)2HPO4, 0.02% MgSO4.7H2O, 0.001 % 
FeSO4.7H2O, 0.0007MnSO4.7H2O,0.001 % 
ZnSO4.7H2O,0.0005 % CaCl2.2H2O  

 

7.1 ± 
0.2 

1 ± 0.16 

2 MM  1% sucrose,0.25% K2HPO4, 0.25%  KH2PO4, 0.1 % 
(NH4)2HPO4, 0.02% MgSO4.7H2O,0.001% FeSO4.7H2O  
and 0.0007 % MnSO4.7H2O  

6.8 ± 
0.2 

 

 

21.2 ± 
0.88 

3 TGYE  0.5 % tryptone, 0.25 % yeast extract,0.1%dextrose  7.0 ± 
0.2 

47.3± 0.13 

4 TYE  0.5 % tryptone, 0.25 % yeast extract 7.0 ± 
0.2 

70.8±0.14 

5 AKS Pancreatic digest of gelatine (0.6%), casein 
enzymichydrolysate (0.4%), yeast extract (0.3%), beef 
extract (0.15%), dextrose (0.1%), 
manganoussulphate(0.03%), agar (1.5%) 

 

6.6 ± 
0.2 

 

90.63 ±0.7 

  

Note: SSM-Sucrose salt medium; MM-Minimal media; TGYE-Tryptone glucose yeast extract broth;TYE-Tryptone yeast extract broth; 
AKS – Arret & krishbaum sporulating agar No.2. 

 
 
 
single colony ofB. megaterium 9885 into 200 µL saline. 
1µL vegetative cell suspension and 1µL spores 
sporulated in newly formulated medium was transferred 
on glass slide. The 0.5 µL of 105 nM fluorescein 
diacetate (RM 2094) was added on each slide and 

incubated at 37 ± 2ºC for 15 mins. Slide was observed 
under Olympus BX61 model of EMCCD (electron 
multiplying charged coupled device) camera at an 
exposure time of 355 milliseconds with an excitation 
and emission spectra of 495nm and 535 nm 
respectively (Sujatha et al., 2010).  
 

 
Statistical analysis 

 
Growth and sporulation experiments on B. megaterium 
ATCC 9885 in enriched sporulation medium were 
designed using CRD (Critical Random Design) with six 
replicates (n = 6) (Snedecor and Cochran, 1980). 

 
 
RESULTS AND DISCUSSION 

 
Effect of tryptone, yeast extract and dextrose on 
sporulation  

 
During study of different components i.e. tryptone, yeast 
extract and dextroseon sporulation of B. megaterium 
ATCC 9885 it was observed that spore production was 
maximum in TYE broth (70%) followed by TGYE broth, 
tryptone and yeast extract that is 47, 22 and 13 % respe- 

ctively as depicted in Figure 1. Sporulation was maximum 
in TYE broth because glucose enhanced growth of all 
Monascuspurpureus strains tested but inhibited the 
sporulation rate (Ajdariet al., 2011).Efficient sporulation    
(≥ 10

7
 spores  per  mL of  Bacillus  larvae) occurred in 

presence of 1.5 to 2.25% yeast extract (Dingman et al., 
1983).  
 
 
Optimization of incubation time of sporulation in TYE 
broth 
 
Incubation time for sporulation has been studied in TYE 
broth that is 24, 48,72 h and it was observed that spore 
percentage increases from 2.95 - 69.53 % during 24 to 
48 h incubation. Further, there is a slight increase in 
sporulation from 69.5 to 71.5% during incubation at 37

o
C 

for 48 to 72 h (Figure 2). On the basis of above results 48 
h of incubation at 37± 2ºC is selected for sporulation of B. 
megaterium ATCC9885 in TYE broth.  
 
 
Study of different salts on sporulation 
 
In the control medium i.e., TYE broth the spore 
percentage was 68.3% with a SC and TVC of 7.688 and 
7.8444cfu/ mL, respectively. Effect of different salts on 
sporulation has been studied by adding individually in 
TYE broth. It was observed that spore percentage was 
drastically reduced in presence of manganese sulphate 
(MnSO4) i.e., 1.74 %. The addition of manganese to 
tryptic soy broth did not affect cell growth or spore form- 
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Figure 1. Effect of different media components on sporulation of Bacillus megaterium ATCC 
9885. 
Note: YE-Yeast extract, T-Tryptone, TGYE- tryptone glucose yeast extract, TYE-tryptone 
yeast extract. No. of replicates n=6. 

 
 
 

                                    
  
Figure 2. Spore (%) at different incubation period in 
Tryptone Yeast Extract (TYE) Broth. No. of replicates        
n=6. 

  
 
 
 
ation, but manganese did enhance sporulation in diluted 
tryptic soy broth (Ryu et al., 2005). In case of iron 
sulphate and magnesium sulphate in TYE broth it 
decreased up to 24.9 and19.5% respectively. In presence 
of KCl and CaCl2 in TYE broth spore percentage 
decreased up to 41.7 and 36.5% respectively (Figure 3.). 
Calcium ion concentration (less than 2 microM) in the 

medium strongly inhibited the sporulation (98%) in 
bacillus subtilis (Hara and Hageman, 1990). Based on 
these observations it can be concluded that there was no 
significant effect of salts on sporulation of B. megaterium 
ATCC 9885 in TYE broth i.e., 68.3% as compared to 
broth added with different salts. Addition of Manganese 
chloride  and  iron  chloride  resulted  in  poor  sporulation  
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Figure 3   ffect of addition of different salts in T  brot  on spore percentage of 
 acillus megaterium ATCC      at        C for 48 h. TY-Tryptone Yeast 
extracts broth; TYK-Tryptone Yeast extract broth + KCl; TYC-Tryptone Yeast 
extracts broth+CaCl2; TYF-Tryptone Yeast extracts broth+FeSo4; TYMg-
Tryptone Yeast extracts broth+ MgSO4; TYMn-Tryptone Yeast extracts 
broth+MnSO4. No. of replicates n=6. 
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Figure 4. Effect of different sporulation media on sporulation of Bacillus megaterium ATCC 9885 
Note: SSM-sucrose salt medium, MM-Minimal media, TGYE-tryptone glucose yeast extract broth, TYE- 
tryptone yeast extract broth, A.K.S.- Arret& Krishbaum sporulatiog agar; No. of replicates n=6. 

 
 
 

 

Vegetative cells 

 

Spores 

Figure 5. Comparison of vegetative cell & spore of ATCC 9885 observed under EMCCD system. The vegetative cells were observed in 
chains with larger in size compared to small size of spores with single arrangement. 
 
 
while potassium chloride and magnesium chloride 
resulted in slight but not significant sporulation in 
clostridium sporogenes (Mahet al.,2008). 
 
 
Effect of different sporulation media on sporulation 
of 9885 
 
B. megaterium ATCC 9885 grown in 5mL nutrient broth 
100 mL of minimal media containing sucrose, K2HPO4, 
KH2PO4, (NH4)2HPO4,MgSO4.7H2O, FeSO4.7H2O and 
MnSO4.7H2O and sucrose salt medium followed by 
incubation at        C for 48 hrs. The heat activated 

spores were observed for sporulation it was observed 
that sporulation was minimum in minimal media i.e., 
21.23 ± 0.877% while in case of sucrose salt medium 
sporulation was negligible i.e., only 1 ± 0.1591% (Table 
1). B. megaterium 9885 was sporulated on A.K. agar for 
approximately 7 days. Growth was harvested from bottles 
by 10-15 sterile glass beads and bacterial suspension 
was transferred into centrifuge tube & tubes were heated 
in boiling water for 100ºC /15 mins. Heated suspension 
was washed with sterilized distilled water by 
centrifugation at 5 ºC /20 mins/16000 rpm washed 3 
times by 20 mL sterilized distilled water. The grown 
spores were checked by heating at 80ºC /10 mins. Sporu- 
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lation in Arret & Krishbaum (A.K.) sporulating agar No.2 
was maximum (90.63 ± 0.6988 %) compared to other 
sporulation media (Figure 4). Spore formation of Bacillus 
megaterium in A.K. agar medium is 7 days compared to 
16 days in agar medium A &B (Clements, 1968) .A.K. 
agar used in current study with modified protocol was 
superior over existing A.K. agar protocol due to minimum 
steps that is 5 steps compared to 10 steps of existing 
protocol, low cost as there is no involvement of 
chemicals, homogenizer etc., less incubation time (one 
day less) and simplified protocol (centrifugation in only 
one stage& no homogenization while old protocol require 
centrifugation at 3 stages and homogenization)Spores 
and vegetative cells of B. megaterium 9885 were 
EMCCD camera morphologically 
Vegetative cells were large in size (4.0 ±0.2 µm

2
) with 

chain arrangement while spores were arranged in single 
with smaller in size (4.0 ±0.2 µm

2
) (Figure 5). Aiba et 

al.(1965) observed that the length of B. megaterium is 
0.9-1.7µmand width 0.6-1.2µm with an area of 0.54-2.04 
µm

2
.Bunk et al.(2010) reported the size of B. megaterium 

 megaterium is 4X 1.5 µm. 
 
 
CONCLUSION 
 
During this study, it was observed that the spore 
production was maximum i.e.70%in TYE broth compared 
to tryptone, yeast extract and TGYE broth. There was no 
significant effect of salts on spore production compared 
to control TYE broth .Out of other medias screened for 
study, sporulation was 90.63 ± 0.6988 %  in A.K. agar 
No.2  compared to 21.23 ± 0.877% in minimal medium 
and only 1 ± 0.1591% in sucrose salt medium. So based 
on above findings it can be concluded that out of five 
sporulation media screened for B. megaterium ATCC 
9885 A.K. agar was found satisfactory with maximum 
sporulation of 90.63 ± 0.6988 %.  Microscopic 
observation of B. megaterium ATCC 9885 under EMCCD 
camera by fluorescent staining technique revealed that 
larger size of vegetative cells in chains as compared to 
small size of spores with single arrangement. The finally 
selected A. K. Agar medium with modified protocol can 
be used for lab scale production of Bacillus megaterium 
ATCC 9885 spores. 
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