
Isolation, Identification and Characterization of Bacillus sp.,
from Soil Sample

*R. Manju and **S. Guruvayurappan

Department of Microbiology, Hindusthan College of Arts & Science,
Coimbatore - 641028 (India)

Abstract

Bacillus is a genus of Gram-positive,  rod-shaped bacteria, a
member of the phylum Bacillota, with 266 named species9. The term is
also used to describe the shape (rod) of other so-shaped bacteria; and
the plural Bacilli is the name of the class of bacteria to which this genus
belongs. Bacillus species  can  be  either obligate  aerobes which  are
dependent on oxygen, or facultative anaerobes which can survive in
the absence of oxygen. Cultured Bacillus species test positive for
the enzyme catalase3 if  oxygen  has  been  used  or  is  present.  The
organisms in soil sample were serially diluted and inoculated onto the
agar plates. The isolated organisms were identified by means of various
techniques. Gram staining technique was performed and small Gram
positive bacilli were observed. Endospore staining technique was
performed and red colour bacilli along with green colour spores were
observed. Various Biochemical tests were done for the Identification of
bacteria1. Further identification of bacterial strain was done by Sanger
sequencing method. The microbial strain was identified as Bacillus subtilis.
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Isolation of Bacteria :

Sterile Petri plates were taken and
about 200ml of Nutrient agar medium was
prepared and dispensed into the Petri plates
and allowed to solidify. The organisms in soil
sample are serially diluted12 and inoculated
onto the agar plates. And the plates were
incubated at 37ºc for 24 hours. Following
incubation, the plates were observed for the

growth of bacterial culture.

Identification of bacteria
Microscopic observation

a. Gram staining :

A clean grease free glass slide was
taken and a drop of saline was placed at the
centre of the slide with a sterile inoculation
loop, in an aseptic condition. Then an isolated
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colony from the freshly inoculated plate was
taken and a thin film of smear was made and
the slide was air dried. And it was heat fixed.
Following the heat fixation method, gram
staining was performed6.

Procedure :

 Primary stain Crystal violet was added on
the smear, left for 1 minute and washed
with tap water.

 Mordant Gram’s Iodine was added, left
for 1 minute and washed with tap water.

 Smear was then decolourised with few
drops of ethanol by placing the slide at the
slanting position and washed with tap
water.

 Finally the smear was flooded with the
counter stain safranin for 2 minutes and
washed with tap water.

 The slide was air dried and observed under
100x oil immersion objective.

b. Endospore staining :

A clean grease free glass slide was
taken and a drop of saline was placed at the
centre of the slide with a sterile inoculation
loop, in an aseptic condition. Then an isolated
colony from the freshly inoculated plate was
taken and a thin film of smear was made and
the slide was air dried. And it was heat fixed.
Following the heat fixation method, Endospore
Staining was performed11.

Procedure :

 Cover the smear with a piece of paper
towel within the border of the slide.

 Place the slide over a beaker of steaming
water. Do not let the beaker boil dry.

 Flood the paper towel with malachite
green and  let  the  slide  steam  for  3-5
minutes.

 Remove the stained paper towel and
discard it.

 Gently rinse the slide with tap water.
 Counterstain the slide with safranin for 1

minute and gently rinse the slide with tap
water.

 The slide was air dried and observed under
100x oil immersion objective.

Biochemical Tests for the identification of
bacteria :

Indole production test :
Peptone broth was prepared, sterilized,

inoculated and incubated for 24 hours at 37ºC.
After incubation, few drops of Kovac’s
reagent was added and observed for the
presence or the absence of cherry red colour
ring at the top of the broth4.

Methyl Red test :
MR–VP broth was prepared, sterilized,

inoculated and incubated at 37ºc for 18 to 24
hours. After incubation, few drops of MR
indicator was added and observed for the
presence or the absence of red colour4.

Voges – Proskauer test :
MR – VP broth was prepared,

sterilized, inoculated and incubated at 37ºC for
18-24 hours7. Few drops of Solution A and few
drops of Solution B of Barrit’s reagents were
added after incubation and then observed for
the presence or the absence of red coloration.

Citrate utilization test :
Simmon’s citrate agar slant was
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prepared, sterilized, inoculated and incubated
at 37ºC for 24 hours7. After incubation, the
slant was observed for the presence or the
absence of colour change from green to
Prussian blue colour.

Urease production test :
Christensen’s Urea Agar slant was

prepared, sterilized, inoculated and incubated
at 37ºC for 18- 24 hours7. The colour change
from yellow to pink was observed after
incubation.

H2S production test :
SIM Agar deep tubes were prepared

and inoculated with a straight inoculation
needle to a depth of 1 cm and incubated at
30ºC for at least 4 days7. The tubes were
observed for blackening due to the production
of hydrogen sulphide.

Gelatin hydrolysis :
Nutrient Gelatin tubes were prepared

and inoculated with test organisms. After

inoculation, the tubes were incubated at 37ºC
for 24-28 hrs. The tubes were observed for
gelatin hydrolysis.

Oxidase test :
A single oxidase disc (1% Tetra methyl

p- phenylene diamine), was taken and placed
in a petridish using sterile forceps7. The colony
to be isolated was picked up with a tooth pick.
It is smeared over the disc and noted for the
colour change into intense deep purple blue
colour within 5 to 10 seconds for highly positive
reaction, purple blue colour within 10 to 15
seconds for delay positive reaction and
absence of coloration after 60 seconds for
negative reaction.

Catalase test :
Peptone broth was prepared, sterilized,

inoculated and incubated for overnight. After
incubation, few drops of broth and few drops
of Hydrogen peroxide were mixed well7 and
observed for the presence or the absence of
Gas bubbles within in few minutes.

Identification of microbial strain by Sanger sequencing method

Project ID ESP13D
Service type Identification of given microbial strain by sanger sequencing method (4)
Sample type Agar Plate
No of Samples 1
Name of the Bacteria (Ph.D)-10-6

Samples
Target gene 16S rRNA Gene

Project Details Method :

1. 16S rRNA gene from given sample was
PCR amplified12.

2. Amplified DNA was analysed on 1%
Agarose gel electrophoresis2.

3. PCR products were purified and sequenced
by sanger sequencing method using 16S
rRNA forward primer.

4. Sequencing data  were analysed by Blast
Search Tool to identify the bacterial strain
PCR.
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Amplification of 16S rRNA gene from the given sample
  M            1         

Loading order
Lane no Sample Name
M 100bp DNA marker
1 Bacteria (Ph.D)-10-6

Strain identification by Sanger sequencing

Chromatogram of Sanger sequencing data – Bacteria (Ph.D)-10-6

General Blast Search Result – Bacteria (Ph.D)-10-6
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General Blast Alignment result- Bacteria (Ph.D)-10-6

Blast against Lactobacillus taxid: 1578 Search Result – Bacteria (Ph.D)-10-6
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Blast against Lactobacillus taxid: 1578 Alignment Result – Bacteria (Ph.D)-10-6

Isolation of Bacteria

The culture was isolated by inoculating
it into the fresh Nutrient agar plate. And the
plate was incubated at 37ºC for about 24
hours. Following incubation, the bacterial
culture was stored for the further use7.

Colonies on Nutrient Agar (10-6 dilution)
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Identification of bacteria
Microscopic observation

a.  Gram Staining
Small Gram positive bacilli were observed.

Gram staining

b. Endospore Staining
Red colour bacilli along with green colour
spores were observed10.

Endospore Staining

Biochemical Test Results for the
Identification of bacteria
Indole production test - Result

No cherry red coloured ring was formed.
Methyl Red test – Result

Light red colour was observed.
Voges – Proskauer test - Result

No pink colouration was observed.

Citrate Utilization test - Result
Growth was observed on the slant along
with Prussian blue colour formation.

Urease Production test - Result
     Growth was observed on  the slant along
      with pink colouration  in  the   inoculated
      region.

H2S Production test - Result
No black colouration was observed and
no motility was observed.

Gelatin Hydrolysis Test – Result
No solidification were observed.

Oxidase test – Result
Intense deep purple blue colour within 5
to 10 seconds was observed.

Catalase test - Result
Gas bubbles were observed.

Table-1. Biochemical Test Results for the
Identification of bacteria

S.No Biochemical Tests Results
1. Indole -
2. Methyl red +
3. Voges proskauer -
4. Citrate utilization +
5. Urease +
6. H2S Production -
7. Gelatin hydrolysis +
8. Oxidase +
9. Catalase +

Identification of microbial strain by Sanger
sequencing method :

Nucleotide General Blast analysis of
16S rRNA gene sequencing data matches with
the bacterial strain Bacillus subtilis strain with
100% query coverage and identity.



The identified bacterial strain from
sample Bacteria (Ph.D)-10-6 is Bacillus
subtilis.

Summary
 The organisms in soil sample were serially

diluted and inoculated onto the agar plates.
 The isolated organisms were identified by

means of various techniques.
 Gram staining  technique  was  performed

and small Gram positive bacilli were observed.
 Endospore staining technique was performed

and red colour bacilli along with green colour
spores were observed.

 Various Biochemical tests were  done for
the Identification of bacteria.

 Further  identification  of  bacterial  strain
was done by Sanger sequencing method.

 The microbial strain was identified as
Bacillus subtilis.

References :

1. Awais Muhammad, Aamer Ali Shah,
Abdul Hameed And Fariha Hasan* (2007).
Pak. J. Bot., 39(4): 1303-1312.

2. Beri Tanja, Milan Koji, Slavia Stankovi,
Ljubi{a Topisirovi, Giuliano Degrassi,
Michael Myers, Vittorio Venturi and
Djordje Fira (2012). Food Technol.
Biotechnol. 50(1): 25–31.

3. Caulier S, C Nannan, A Gillis, F Licciardi,
C Bragard and J Mahillon (2019). Front.
Microbiol. 10: 302. doi: 10.3389/fmicb.
2019.00302, Frontiers in Microbiology |
www.frontiersin.org 10 February 2019 |
Volume 10 | Article 302.

4. Dhruvil Brahmbhatt N., (April 2012).
Molecular Identification Of Bacteria

Using 16s Rdna Sequencing. Doi:
10.13140/2.1.4412.6406.

5. Mussa Amel H., (2020). Indian Journal
of Public Health Research & Develop-
ment, DOI Number: 10.37506/v11/i2/
2020/ijphrd/195136, Vol. 11, No. 02.

6. Naseem Khan Muhammad, Hong Lin,
Meng Li, Jingxue Wang, Zulfiqar Ali
Mirani, Seema  Ismat Khan, Muhammad
Aslam Buzdar, Imran Ali and Khalid Jamil
(2017). Pak. J. Pharm. Sci., 30(3): 839-
853.

7. Shambhavi, Ravindra Kumar, Akash
Tomar, Purushottam,  Jitender Singh  and
Shishu Pal Singh  (2020).  Int. J. Curr.
Microbiol App.Sci 9(5): 415-426.

8. Sidorova T.M., A.M. Asaturova, and A.I.
Homyak, (2018). Udc 632.937.15:579.64
doi:10.15389/agrobiology.1.29eng. 53(1):
29-37.

9. Stoica RM, M Moscovici, C Tomulescu,
A Că’ărică, N Băbeanu, O Popa, and HA.
Kahraman (2019).  Rom Biotechnol Lett.;
24(6): 1111-1119. DOI: 10.25083/rbl/24.6/
1111.1119.

10. Thapa Aishwarya, Anupa Budhathoki,
Anupama Sapkota, Muskan Sainju, Prativa
Shrestha, Shyam Prasad Pant, (2021).
Valley, Nepal J Biotechnol. Dec. 9 (2):
1-6.

11. Victoria O. Adetunji and Opeyemi O.
Olaoye, (2011). Pakistan Journal of
Nutrition 10 (4): 378-382.

12. Youcef-Ali Mounia, Noreddine Kacem
Chaouche, Laid Dehimat, Insaf Bataiche,
Mounira Kara Ali, Hélène Cawoy and
Philippe Thonart  (2014). African Journal
of Microbiology Research, 8(6): 476-484.

(2200)


