Isolation and Study of Cellular Compoments of Aerobacillus Polymyxa along with Its Comparision in Soil Layers

Vol 8 (1), Jan 2017

ORIGINAL ARTICLE

Open ACCESS

Full Length Article

Isolation and Study of Cellular Components of Aerobacillus

Polymyxa along with Its Comparison in Soil Layers

Warda Shahid' and Naheed Afshan'
' Department of Microbiology, Jinnah University for Women

ABSTRACT

Objectives: The main objective of this research was to isolate and to study the cell morphology and biochemical
reactions of Aerobacillus polymyxa and Bacillus megaterium along with its habitat either in deep soil or aerobic soil.
Background: AeroBacillus is from the family of PaneBacillus polymxa and Bacillus megaterium belongs from
“Bacillaceae” family. These two organisms are gram positive, non-pathogenic bacteria found in soil that helps in nitrogen
fixation. They both are equally important today but the main aim of this research to isolate them from the soil due to the
characteristic importance of A. polymyxa to produce antibiotic and helps to remove biofilm formation where as B.
megaterium is a good a source of producing industrial proteins due to its larger size than any other organisms.
Methodology: Total16 samples were collected from aerobic & anaerobic soil, water and milk. The soil samples were
cultured on TGB media and NA for four days.

Results: Out of 16 samples 9 samples have shown positive results for the colonies of A. polymyxa and out of 16
samples 12 samples showed positive results for B. megaterium further confirmed by biochemical reactions.
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Introduction

Microorganisms are the microscopic organisms which
may be single cell or multi-cellular. The study of
microorganisms became vast after the discovery made in
1674 by Antonie van Leeuwenhoek(1).They may be either
prokaryotic or eukaryotic. Microorganisms are the diverse
groups that are divided into bacteria, fungi, viruses,
protozoa and algae. In every part of biosphere
microorganisms are found anywhere. For example, we
naturally contain microorganisms in every part of the body
as the normal flora to protect us from other harmful
microorganisms and their pathogenicity.These microbes
are also present in soil that helps in the better growth of
plants and soil expansion by nitrogen fixation (2).
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Aerobacillus polymyxa and Bacillus megaterium both are
equally the most important micro-organisms today in the
fields of industry, agriculture and medicines. They both
are gram positive, endospore forming rod shaped
bacterium having peritrichous motility that is non-
pathogenic found in plants roots that help in nitrogen
fixation and increases root expansion and plant growth.
They are also found in aerobic and anaerobic soil and in
marine sediments. Besides this, these species are also
important in medical and in agriculture fields (3).

Some strains of A. Polymyxa are capable of producing an
antibiotic known as “Polymixin, paenibacillin, and
fusaricidin’effective against gram positive and gram
negative organisms and helps in removing biofim
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formation formed by Escherichia coli, Streptococcus
pneumonia and Staphylococcus aureus (4, 5). Their wide
range of applications in industries is due to the secondary
metabolites produce by this specie (6). They are also
used in bio preservation of foods due to their antimicrobial
activity (2, 7).

A. Polymyxa became its own genus in 1993 as it was first
classified under the genus Bacillus. This classification
was done when the 16S rRNA of 3 different bacilli was
analyzed comparatively which showed the phylogenetic
difference enough to classify A. Polymyxain its own
genus(7)(8). A. polymyxa is a chemoorganoheterotrophs.
It utilizes variety of carbon source for the energy i.e.
glucose, mannitol, glycerol, xylan, xylose and arabinose
and produces acetoin, lactate and ethanol as metabolites.
Besides this, A. Polymyxaare also mesohphilic that grows
around at 30°C optimally maintaining the pH around 4-7.
They also produce Hz gas as a by-product. There are total
13 strains of this species (9, 5).

B. megaterium is the best cloning host. It is the largest
Eubacteria than any other micro-organisms about 60
micrometers cubed hence the name “mega’ means
“relatively big”. Due to its large size B. megaterium is well-
suited for research on cell morphology, such as cell wall
and cytoplasmic membrane biosynthesis, sporulation,
spore structure and cellular organization, DNA
partitioning, and protein localization (3, 6). Bacillus
megaterium is one of the first bacteria’s genome to be
coded completely (7).

It can produce numerous plasmids remaining stable to its
unique external proteases (3). This specie is able to
produce variety of industrial proteins that due to the
absence of alkaline proteases which allows for
recombinant protein synthesis (8).

Besides this B. megaterium is a commercially available,
non-pathogenic host for producing many biotechnological
substances, including vitamin B12, penicillin acylase, and
amylases (9). B. megaterium is known to produce poly-y-
glutamic acid (3, 9).Using the penicillin amidase produced
in this organism many synthethic penicillin have been
derived (10). Harvested glucose dehydrogenase is used
in glucose blood tests; R-Amylases which are often used
in the bread industry; and neutral proteases which are
used by the leather industry (3, 10). B. megaterium is a
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cell factory towards the production of Vitamin B-12.In
addition to being a common soil bacterium and an
endophyte, it can be found in various foods, including
honey, in which most microorganisms do not grow and on
a variety of surfaces, including clinical specimens, leather,
paper and stone (23, 24). It is also able to survive in
extreme conditions such as desert environments due to
the spores it forms (11, 12).

A. Polymyxa and B. megaterium are fastidious organisms
therefore they grow best on TGB media (15). They
required 3 — 40°C to grow (3, 16). To isolate them from
soil it requires 4 days of incubation period in an incubator
(17). They appear as white, mucoid, opaque on cultural
plates. They may appear as spreaded or pin-pointed
colonies. Microscopically they may appear as long,
scattered or diploid or in chains as well (25). They may be
vegetative cells microscopically (18).

There many microorganisms found in soil i.e. bacteria,
fungi, actinomyces, protozoa and algae. Up to 10 billion
bacterial cells inhabit each gram of soil in and around
plant roots, a region known as the rhizosphere (20).

In this research, | have studied about the isolation of A.
polymyxa and B. megaterium from different sources of
soil and other samples to study its cell morphology and
biochemical reactions to differentiate it from other species
(21). Isolating this organism was difficult due to the high
chances of growth of Bacillus subtilis and other organism
commonly found in soil and environment (22).

Materials and Method

Samples Collection: Total 16 samples for A. polymyxa
and 18 samples for B. megaterium were collected, for A.
ploymyxa aerobic and 8 anaerobic soil samples from
different sources were taken while for B. megaterium4
aerobic soil samples, 4 anaerobic soil samples, 4 milk
powder samples and 4 distilled water sample were taken.

Isolation of Cultures: Samples were serially diluted upto
10 dilution and were poured in the TGB and NA media. 8
samples were poured in TGB medium and 8 samples
were poured in nutrient agar for A. polymyxa. 2 samples
from each source were poured in TGB while 2 samples
from each source were poured in NA for B. megaterium.
Plates were then incubated at 37°C and were allowed to
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grow for 4 days. Plates were checked daily in order to
check the growth.

Identification of Cultures: 5th day plates were observed
for cultural morphology. The grams staining technique
was applied on the cultures and observe the gram stained
smear under the oil immersion lens (100x). The
biochemical tests are also performed for the further
identification of colonies.

16 out of 9 samples have showed positive results for A.
polymyxa. 8 samples appear to be white, thick, opaque
and mucoid colonies on TGB medium while 1 plate of
nutrient agar showed clonies of A. polymyxa along with
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Bacillus subtilis. Other 7 plates of NA show colonies for
Bacillus subtilis. These results were further confirmed by
biochemical reactions. 16 out of 8 samples showed
positive results for B. megaterium. From the anaerobic
samples 2 plates of TGB media and 1 plate of NA showed
positive results. The colonies appear to white mucoid
thick colonies. Aerobic soil samples give positive results
on both TGB media. Milk samples give positive results
from 1 TGB media and 1 NA media. Water sample show
no results for B. megaterium in any of the plates except
for Bacillus subtilis. The remaining negative plates have
sown the results for Bacillus subtilis, Staphylococcus
aureus and Streptococcus.

Table I: The colony morphology of A. Polymyxa on TGB and NA

S. NO. SAMPLE TGB NA Microscopy
Large, white, thick, opaque, mucoid Large, thick, opaque,
1. Anaerobic soil and round colonies mucoid round colonies.  Small scattered rods and
sample diplococcic.
White, thick and pin pointed, small, -
2. Aerobic soil round colonies Long and short scattered
sample rods
Table II: The colony morphology of B. megaterium on TGB and NA
S. NO. SAMPLE TGB NA Microscopy
Large, white, thick, opaque,  Spreaded, mucoid, round white  Thick chains of capsulated
1. Anaerobic soil sample mucoid and round colonies colonies spore forming scattered rods.
White, thick and pin pointed, - Capsulated scattered spore
2. Aerobic soil sample small, round colonies forming rods
Spreaded large and small, white, Spreaded, large and pin pointed Capsulated spore forming cocci
& Powdered milk hard and pin pointed colonies white round colonies in chains
4, Distilled water
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Fig 1: Colonies of a) A.polymyxab) B. megaterium

m anacrobic soil m znzernbic soil

o zerobi soil 1 zerabicscil

Chart: Proportion of a) A. polymyxa b) B. megaterium

Fig 2: Microscopic examination of a) B. megaterium b) A. polymyxa

This article concludes two main points for both
microorganisms. The ratio of A. polymyxa in anaerobic
soil is greater (70%) as compared to aerobic soil i.e., the
upper layer of soil (30%). These organisms are mainly
involved in nitrogen fixation that also promotes the soil
fertility. They protect plants from other harmful
microorganisms by producing an antibiotic “Polymixin”
that is also used medicinally. Second part of this research
was to study the cell morphology and their arrangements
on growth culture media as well as under microscope.
They appeared as white, opaque, thick, mucoid, small
spread, and pin pointed colonies on TGB media and NA.
Under microscope these organisms appeared as long and
small scattered rods. The ratio of B. megaterium in
anaerobic soil is greater (60%) as compared to aerobic
soil i.e., the upper layer of soil (40%). Likewise, these
organisms are also helpful in nitrogen fixation, promote
soil fertility. They are the best producers of proteins and
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synthetic penicillin. Isolating this specie can be useful in
research for cell morphology and others, also being
helpful in housing several plasmids. Second part of this
research was to study the cell morphology and their
arrangements in media as well as under microscope.
They appeared as large and small spread, white, hard,
and pin pointed colonies on TGB media and NA. Under
microscope these organisms appeared as thick chains of
capsulated spore, forming scattered rods.

Conclusion

This research provide the information about the isolation
method of A. polymyxa and B. megaterium, their habitat
and their cell morphology. It also showed that they are
mostly present in deep roots where they play an important
role in fixing nitrogen and protecting plants. The antibiotic
polymixin produce by A. polymyxa is highly efficient in
removing biofilm formation. These organisms can be
widely use in industries due to the activity involved in
bioflocculation and biopreservation of foods. B.
megaterium on other hand is highly involved in protein
synthesis which is widely used in industrial processes and
is helpful in making synthetic penicillins. Growing these
two microorganisms in laboratory according to their
growth conditions can be helpful for various purposes.
They can be very helpful in today’s environment.

References

1. Van Der Heijden, M. G., Bardgett, R. D., & Van Straalen,
N. M. The unseen majority: soil microbes as drivers of
plant diversity and productivity in terrestrial ecosystems.
Ecol Lett, 2008; 11(3), 296-310.

2. Gest, H. The discovery of microorganisms by Robert
Hooke and Antoni Van Leeuwenhoek, fellows of the Royal
Society. Notes Rec Royal Soc. 2004; 58(2), 187-201.

3. Eppinger, M., Bunk, B., Johns, M. A.; Edirisinghe, J. N.,
Kutumbaka, K. K., Koenig, S. S., ... & Martin, M. Genome
sequences of the biotechnologically important Bacillus
megaterium strains QM B1551 and DSM319. J Bacterio,
2011; 193(16), 4199-4213.

4. Zengguo, H.D. Kisla et al. Isolation and identification of
PaeniBacillus polymyxa strain that coproduces a novel
lantibiotic and polymixin. App Environ Microbiol. 2007; 73:
168-178.

5. Biiniie V, Pozsgi N, Bacteriologie Medicala, vol Il, Ed,
Medicala, Bucuresti. Microbewiki.source 1985.

6. A. E. Francis And Joan E. Rippon, Bacillus polymyxa and
its Bacteriophages, Wellcome Research Laboratoriest
Beckenham, Kent. 1949.

RADS J. Biol. Res. Appl. Sci



Isolation and Study of Cellular Compoments of Aerobacillus Polymyxa along with Its Comparision in Soil Layers

10.

1.

12.

13.

14.

15.

16.

17.

AMA Am J Dis Child. Antibiotics Derived from Bacillus
Polymyxa, 1995.

Rudacunescu H., Valeria Bicaa-Popii.
veterinara, ED. Ceres , Bucuresti, 1986.
Gordan R.E., Haynes W.C., Pang C.H. — The Genus
Bacillus.  Agriculture Handbook No. 427, U.S.D.A,
Washington D.C. 1973.

Ash C., Farrow J. A. E., Wallbanks S., Collins M. D.
Phylogenetic heterogeneity of the genus Bacillus revealed
by comparative analysis of small subunit ribosomal RNA
sequences. Lett Appl Microbiol. 1991; 13:202-206.
Biedendieck R., et al. Export, purification, and activities of
affinity tagged LactoBacillus reuteri levansucrase
produced by Bacillus megaterium. Appl Microbiol
Biotechnol. 2007; 74:1062-1073.

Christie G., Lazarevska M., Lowe C. R. Functional
consequences of amino acid substitutions to GerVB, a
component of the Bacillus megaterium spore germinant
receptor. J Bacteriol.,2008; 190:2014-2022.

Chambon P, DuPraw EJ, Kornberg A. Biochemical studies
of bacterial sporulation and germination. IX. Ribonucleic
acid and deoxyribonucleic acid polymerases in nuclear
fractions of vegetative cells and spores of Bacillus
megaterium. J Biol Chem. 1968; 243(19):5101-5109.
Setlow P. Polyamine levels during growth, sporulation, and
spore germination of Bacillus megaterium. J Bacteriol.
1974; 117 (3):1171-1177.

Setlow P. Identification and localization of the major
proteins degraded during germination of Bacillus
megaterium spores. J Biol Chem., 1975; 250(20):8159-
8167.

De Vos, P. et al. Bergey's Manual of Systematic
Bacteriology: Volume 3: The Firmicutes. Springer (2009).
Shimizu, K., Nakamura, H. & Ashiuchi, M. Salt-Inducible
Bionylon Polymer from Bacillus Megaterium. Appl Environ
Microbiol., 2007; 73:2378-2379.

Bacteriology

ISSN: 2305 - 8722

18.

19.

20.

21.

22.

23.

24.

25.

Vol 8 (1), Jan 2017

Claus, D. Anreicherung und Direktisolierung aerober
sporenbildender Bakterien. In Schlegel, 1965.

Ravi, AV. KS. Musthafa, G. Jegathammbal, K.
Kathiresan, and S.K. Pandian. 2007. Screening and
evaluation of probiotics as a biocontrol agent against
pathogenic Vibrios in marine aquaculture. Lett Appl
Microbiol. 2007; 45(2): 219-223.

Lal, S. and S. Tabacchioni. Ecology and biotechnological
potential of PaeniBacillus polymyxa: a minireview. Indian J
Microbiol. 2009; 49(1): 2-10.

Kim, J.F., H. Jeong, S.Y Park, S.B. Kim, Y.K. Park, S.K.
Choi, C.M. Ry, C.H. Hur, S.Y. Ghim, T.K. Oh, J.J. Kim,
C.S. Park, and S.H. Park. Genome Sequence of the
Polymyxin-Producing ~ Plant-Probiotic ~ Rhizobacterium
PaeniBacillus polymyxa E681. J Bacteriol. 2010; 192(22):
6103-6104.

Eppinger, M., Bunk, B., Johns, M. A., Edirisinghe, J. N.,
Kutumbaka, K. K., Koenig, S. S, ... & Martin, M. Genome
sequences of the biotechnologically important Bacillus
megaterium strains QM B1551 and DSM319. J Bacteriol.
2011; 193(16), 4199-4213.

Celinska, E., & Grajek, W. Biotechnological production of
2, 3-butanediol—current state and prospects. Biotechnol
Adv. 2009; 27(6), 715-725.

Kim, J. F., Jeong, H., Park, S. Y., Kim, S. B., Park, Y. K,,
Choi, S. K., ... & Kim, J. J. Genome sequence of the
polymyxin-producing  plant-probiotic  rhizobacterium
PaeniBacillus polymyxa E681. J Bacteriol. 2010; 192(22),
6103-6104.

Mishra, A. K., Lagier, J. C., Rivet, R., Raoult, D., &
Fournier, P. E. Non-contiguous finished genome sequence
and description of PaeniBacillus senegalensis sp. nov.
Stand Genomic Sci. 2012; 7(1), 70.

RADS J. Biol. Res. Appl. Sci



