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ABSTRACT 

Endophytes includes a suite of microorganisms that grow intra-and/or intercelullarly in the tissues of higher plants without causing over symptoms 
on the plants in which they live and have proven to be rich sources of bioactive natural products.  In the present study, an endophytic bacterium has 
been isolated from Brassica oleracea (Cabbage) and was identified as Pseudomonas aeruginosa by various biochemical tests and 16s rRNA analysis.  
Two aspects of the endophyte was studied namely enzyme quantification and antimicrobial activity.  The enzyme activity was found to be 2 IU/ml, 
1.5 IU/ml and 1.9 IU/ml respectively for amylase, protease and cellulase.  The endophyte was showing significant antimicrobial activity against 
Klebsiella pneumoniae (20 mm), Staphylococcus aureus (25 mm), Escherichia coli (13 mm) and Salmonella typhi (12 mm).    

Keywords: Endophyte; Brassica oleracea; Pseudomonas aeruginosa; 16s rRNA; Enzymes; Antibacterial activity

INTRODUCTION 

Since time immemorial there has been a continuous involvement 
and interaction between the living organisms including plants and 
animals with diverse microbes as a part of their natural survival.   
Certain bacteria and fungi termed endophytes are capable of 
residing within the plant tissues without causing any harm and 
could also establish a mutualistic association 1-3.   Plants constitute 
vast and diverse niches for these endophytic organisms.  It is worth 
mentioning that each plant species is a host to a number of bacteria.  
Bacteria living inside plant tissues form associations ranging from 
pathogenic to symbiotic.  Beneficial relationships include symbiosis, 
diazotrophic endophytes that supply the plant with fixed nitrogen 
and other endophytic associations that promote plant growth by 
producing phytohormones, volatiles, defense compounds, and 
enzymes 4, 5.  Endophytic bacteria have been isolated from a large 
diversity of plants as reviewed by Sturz and associates in 20006.  

Endophytes are sheltered from environmental stresses and 
microbial competition by the host plant and they seem to be 
ubiquitous in plant tissues, having been isolated from flowers, fruits, 
leaves, stems, roots and seeds of various plant species 7.  Some 
endophytic bacteria exert several beneficial effects on host plants, 
such as stimulation of plant growth 8, nitrogen fixation 9-11 and 
induction of resistance to plant pathogens 12-15.  

It has been earlier reported that some of the endophytic bacteria 
belonged to members of diverse genera namely Pseudomonas, 
Burkholderia and Bacillus 16.  These genera are well-known for 
production of their secondary metabolites namely antibiotics, 
anticancer agent like Taxol 17, antiviral compound such as Cytonic 
acid A 18 and Cytonic acid B, insecticidal agent like Oocydin19 and 
some immune suppressant agents.  Their role in phytoremediation 
has also been studied in certain strain of Methylbacterium which 
was isolated from hybrid poplar trees (Populus deltoids x nigra) that 
was able to biodegrade many nitro-aromatic compounds such as 2, 
4, 6- trinitrotoluene 20.  It was found that bacteria degrading 
recalcitrant compounds are more abundant among endophytic 
populations than in the rhizosphere of the plants in contaminated 
sites 21, which could mean that endophytes play a role in 
metabolizing these substances. 

Microbial resistance to the existing drugs used in the treatment of 
many infectious diseases is increasing and new resistance problems 
are emerging, further complicating and rendering treatment of 
critical infectious illness more difficult 22 and this turned the search 
for new antimicrobial agents an important strategy for alternative 
therapies useful in the handling of difficult infections 23.  Natural 
sources continue to be an important supply of new pharmaceutical 
products 24.  Metabolites isolated from the endophytes are good  

 

sources of novel secondary metabolic products having diverse 
structural groups and showing antibacterial, antifungal, anticancer, 
antiviral, antioxidant, insecticide, antidiabetic and 
immunosuppressive activities 25-26.  

The importance of the microorganisms in enzyme production has 
been an area of constant research due to their high production 
capability, low cost and susceptibility to genetic manipulation. In 
reality, the enzymes of microbial origin have high biotechnological 
interest such as in the processing of foods, manufacturing of 
detergents, textiles, pharmaceutical products, medical therapy and 
in molecular biology 27-28. This necessitated the identification of 
microorganisms that produce enzymes for specific substrate, with 
different requirements in temperature, pH and presence of different 
ions, for different production processes 27.  The endophytic 
microorganisms occupy a relatively unexplored site with respect to 
enzyme production and so they can represent a new source in 
obtaining more enzymes with different potentialities. 

The present investigation developed as a curiosity to uncover the 
presence of endophytes in the edible food Cabbage.  Brassica 
oleracea (Cabbage) is a cool season crop with a high cold tolerance, 
suitable for both fresh and processed products.  The only edible part 
of the plant is the leafy head, more precisely, the spherical cluster of 
immature leaves which is an excellent source of vitamin C.  It has 
significant amounts of glutamine, an amino acid that has anti-
inflammatory properties.  Cabbage is a source of indole-3-carbinol, a 
chemical which boosts DNA repair in cells and appears to block the 
growth of cancer cells.  It is surprising to find that the leaves of 
Brassica oleracea housed an endophytic bacteria that was identified 
as Pseudomonas aeruginosa with potential antibacterial activity and 
also capable of producing certain key enzymes namely amylase, 
protease and cellulase.  

MATERIALS AND METHODS 

Isolation and identification of endophytic bacteria  

Healthy edible leaves of Brassica oleracea were collected and 
cleaned under running tap water to remove debris and then air 
dried.  Four segments of 1 cm length were cut and surface 
sterilization was carried out by submerging them in 75% ethanol for 
2 mins.  The explants were further sterilized sequentially in 5.3% 
sodium hypochlorite (NaOCl) solution for 5 min and 75% ethanol for 
0.5 min and placed horizontally on separate Petri dishes containing 
Nutrient Agar.  After incubation at 32°C for three days, individual 
bacteria were collected and placed onto nutrient agar and incubated 
for 3 days and checked for culture purity.  Eventually, pure cultures 
were transferred to nutrient agar slant tubes and subcultured 
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regularly 30.  The isolated endophytic bacterium was identified based 
on morphological characterization and various biochemical tests.  
The identification at molecular level was carried out by 16s rRNA 
analysis 31.  

Culture conditions  

Endophytic bacteria were grown in 250 ml Erlenmeyer flasks 
containing 100 ml of sterilized nutrient broth and incubated for 48 h 
at 31 ± 1ºC in shaker at 125 cycles/min.  After the incubation period, 
culture media were centrifuged at 10,000 g for 15 min and the 
supernatant was collected by filtration.  This is used as the starting 
material for enzyme and antimicrobial activity assay 32.  

Antibacterial Activity 

The antibacterial activity has been studied against the test organism 
that include Escherichia coli ATCC 25922, Staphylococcus aureus 
ATCC 25923, Salmonella typhi ATCC 6539 and Klebsiella pneumoniae 
NCIM 2883 by agar well diffusion method 33.  The bacterial test 
organisms were grown in nutrient broth for 24 h.  1 ml nutrient 
broth culture of each bacterial organism was used to prepare 
bacterial lawns on nutrient agar.   Agar wells were prepared with the 
help of a sterilized stainless steel cork borer.  The wells were loaded 
with 100l of the supernatant obtained after centrifugation and 
filtration and incubated overnight to observe the zones of inhibition 
along with standard antibiotic streptomycin, amoxicillin and 
ofloxacin. 

Enzyme Activity 

The activity of the enzymes namely amylase, protease and cellulase 
were screened by inoculating the endophytic bacterium on a growth 
media supplemented with starch, casein and CMC as substrates 
respectively.  The activity was observed by the formation of clear 
zones around the colonies. 

Amylase Assay 

Amylase assay was performed using Dinitrosalicyclic acid method.  
The reaction mixture contained 1 ml of standard starch solution (1% 
soluble starch in 50mM phosphate buffer, pH 6.9) and incubated for 
1 hr at 45° C.  The reaction was stopped by adding 3 ml of 
dinitrosalicyclic acid and boiled for 5 min and cooled.  Absorbance of 
the resulting solution was determined at 550 nm.  The amount of 
sugars produced was read from standard curve using glucose as 
standard.  Enzyme activity was expressed in units where 1 unit/ml is 
the amount of enzyme which releases 1 μl mole of glucose under the 
assay condition 34.  

Protease assay 

Protease production was assayed by a modified method of Kunitz 
(1947).  Samples containing 400 l of 0.5 % (w/v) casein in 50 mM 
Tris –HCl buffer, pH 10, with 100 l enzyme solution were incubated 
in a water bath at 50 °C for 20 min.  The enzyme reaction was 
terminated by addition of 500 l of 10 % (w/v) trichloroacetic acid 
and was kept at room temperature for 10 min. The reaction mixture 
was centrifuged at 10,000 g for 10 min at 4 °C and the absorbance 
was measured against a blank at 280 nm.  One unit of proteases was 
defined as the amount of the enzyme releasing an equivalent of one 
mol of tyrosine per minute under the defined assay conditions [35].  

Cellulase Assay 

The reaction mixture for the cellulase assay contained 1 ml of 
culture supernatants and CMC in 1 ml of 0.1 M sodium phosphate 
buffer, pH 6.5.  After incubation at 60C for 10 min the reaction was 
stopped by the addition of 2 ml of dinitrosalicylic acid reagent.  The 
tubes were placed in a boiling water bath for 50 min and then cooled 
to room temperature and filtered.  The optical densities of the 
filtrates were measured at 570 nm and converted to glucose 
equivalents 36.  

RESULTS AND DISCUSSION 

One of the diverse groups of microbes in the myriad ecosystems is 
the endophytes that exhibit wide chemical diversity because of the 

constant chemical innovations that occur within them for their 
survival.  Endophytes are a storehouse of various bioactive 
metabolites that is playing a significant role in medical industry as 
the importance of natural products is on the rise.  The potential of 
endophytes can be further harnessed in biotechnological 
applications as microbes by themselves play a crucial role in the 
industry.  Hence the isolation of endophytes from various sources is 
gaining momentum so as to tap the innumerable benefits offered by 
them in various spheres of life. 

Isolation of Endophytes 

The growth of one endophytic bacterium named as isolate CBGP was 
observed from the cut edge of the surface sterilized leaves of 
Brassica oleracea after 24 hrs on the nutrient agar plates (Fig 1).  
Considerable growth was observed after 24 hrs and this strain was 
isolated, grown and subsequently pure cultures were maintained on 
nutrient agar slants as well as in 10% glycerol at 4°C.  The 
preliminary identification of the bacterial isolate was done based on 
morphological characteristics and various biochemical tests (Table 
1).   

Table 1: Biochemical characteristics of the endophytic 
bacterium. 

S.No Test Result 

1 Grams staining  - 

2 Indole  - 

3 Methyl red  - 

4 Voger proskaure  - 

5 Citrate  + 

6 Urease  - 

7 Motility  + 

8 Oxidase  + 

9 Catalase  + 

The bacterium was observed to be gram negative and rod shaped 
without spore formation.  Based on the results obtained in table 1 
the isolate was identified as Pseudomonas sp.  It has been earlier 
demonstrated that endophytes were housed by the different species 
of coffee plants 37 and soyabean 15.  This result is in accordance with 
the results of Mendes who reported the occurrence of Pseudomonas 
as an endophyte in sugar cane 29.  Another study by Shin 38 revealed 
the presence of Pseudomonas sp. as endophytes in the roots of sand 
dune plants that constituted to 49% of the total endophytes. 

Further identification at the species level was carried out by 16s 
rRNA analysis.  16S ribosomal RNA, a component of the 30S small 
subunit of prokaryotic ribosomes is approximately 1.5kb in length.  
The genes coding for it referred to as 16S rDNA are used in 
reconstructing phylogenies which was pioneered by Carl Woese 39.  
The 16SrRNA gene is used for phylogenetic studies 40 as it is highly 
conserved between different species of bacteria and archaea 41. 16S 
rRNA gene sequences contain hypervariable regions that can 
provide species-specific signature sequences useful for bacterial 
identification. As a result, 16S rRNA gene sequencing has become 
prevalent in medical microbiology as a rapid, accurate alternative to 
phenotypic methods of bacterial identification.  Universal PCR 
primers are used to amplify the 16SrRNA gene providing the 
phylogenetic information, the most common universal primer pair 
was devised by Weisburg et al. 40.   

The endophytic bacterial DNA was isolated and the 16S rDNA 
sequence was amplified using the universal primers and sequenced.  
The 16S rDNA sequence thus obtained was compared with the non-
redundant BLAST database in order to acquire the sequences that 
displayed maximum similarity (Table 2). All the sequences reported 
by BLAST program revealed that the 16S rDNA sequence of the 
endophytic bacterial species designated as CBGP showed a very high 
percentage of similarity (99%) with the sequences of Pseudomonas 
aeruginosa, with a reasonably high score and e-value being zero. 
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Table 2: Sequences showing maximum similarity to the endophytic rDNA sequence 

Accession Description Total  
score 

E - value Max 
identity 

EF511519.1 Uncultured bacterium clone P5D15-397 16S ribosomal RNA gene 2603 0.0 99% 
HQ844508.1 Pseudomonas aeruginosa strain XZPG11 16S ribosomal RNA gene  2601 0.0 99% 
HQ844488.1 Pseudomonas aeruginosa strain NYHS11 16S ribosomal RNA gene 2601 0.0 99% 
HM030992.1 Pseudomonas aeruginosa strain zgkd2 16S ribosomal RNA gene 2601 0.0 99% 
HQ143612.1 Pseudomonas aeruginosa strain RHH13 16S ribosomal RNA gene 2601 0.0 99% 
HM752579.1 Pseudomonas aeruginosa strain LLJQ-1 16S ribosomal RNA gene 2601 0.0 99% 
FJ972530.1 Pseudomonas aeruginosa NO2 16S ribosomal RNA gene 2601 0.0 99% 
FJ972527.1 Pseudomonas aeruginosa CJM 16S ribosomal RNA gene 2601 0.0 99% 

The phylogenetic relationship between the homologous sequences 
obtained by BLAST program was constructed using CLUSTALW 
employing the neighbor-joining algorithm.  This relationship is 
important to identify the species related to the endophyte.  

 

Fig 2:Phylogenetic tree depicting the relation between the 16s 
rDNA sequence of the endophytic bacterium with its possible 

homologous sequences. 

The evolutionary relationship is depicted in the form of a 
dendrogram (Fig 2) that shows a clear rooted evolution.  All the 
sequences are shown to be derived from a common ancestor who 
later diverged into two different clusters that grouped the various 
strains of Pseudomonas aeruginosa.  Based on the results obtained 
and correlating with the results from morphological and biochemical 
tests it has been identified that the endophytic bacterium isolated is 
Pseudomonas aeruginosa. 

Enzyme Activity 

The importance of enzymes as biocatalysts and their invariable use 
in industry for a variety of applications ranging from food industry 
to leather industry makes their synthesis on a large scale 
indispensable.  Initial sources of enzymes were animals and plants 
that were followed by a search for better, less expensive and more 
readily available sources of such enzymes.  This resulted in the use 
of microbes that is a repository of different kinds of enzymes which 
can be hydrolyzing, oxidizing or reducing, and metabolic in nature.   
Hence, it is imperative to screen the microorganisms for the activity 
of specific enzymes.  

The endophytic bacterium Pseudomonas aeruginosa was screened 
for the presence of amylase, protease and cellulase using the specific 
substrates starch, casein and CMC respectively.  The positive results 
are shown by the Pseudomonas aeruginosa in terms of zone of 
clearance around the bacterial colony.   This is followed by the 
quantification of enzyme production by using the standard assay 
procedures mentioned above.  It has been observed that the 
endophytic bacterium Pseudomonas aeruginosa was showing 
considerable enzyme activity for amylase (2 U/ml), protease (1.5 
U/ml) and cellulase (1.9 U/ml). It is observed that this endophytic 
bacterium displayed maximum amylase activity followed by 
cellulase and protease.  It was earlier reported by Liu et al that  

 

marine Pseudomonas sp. was showing significant alpha amylase 
production 42.   

Antibacterial Activity 

The discovery of novel antimicrobial metabolites from endophytes is 
an important alternative to overcome the increasing levels of drug 
resistance by plant and human pathogens. 43.  The production of 
bioactive substances by endophytes is directly related to the 
independent evolution of these microorganisms, which may have 
incorporated genetic information from higher plants, allowing them 
to better adapt to plant host and carry out some functions such as 
protection from pathogens, insects, and grazing animals 44. 
Endophytes are chemical synthesizer inside plants 45, in other words, 
they play a role as a selection system for microbes to produce 
bioactive substances with low toxicity toward higher organisms 44. 

The bactericidal activity of culture supernatants of the endophytic 
bacterium Pseudomonas aeruginosa was studied against a few test 
organisms namely Escherichia coli, Staphylococcus aureus, Klebsiella 
pneumoniae and Salmonella typhi.  

Table 3: Zones of inhibitions produced by the endophytic 
Pseudomonas and standard antibiotics 

Test 
Organism 

Zones of 
Inhibition 

(mm) 

Amoxicillin Streptomycin Ofloxacin 

E.coli 13 14 15 13 
Klebsilla 
pneumoniae 

20 14 10 13 

Staphylococc
us aureus 

25 5 12 15 

Salmonella 
typhi 

12 15 12 15 

 
After the incubation time, clear zones were observed against all the 
test organisms and were recorded in millimeters (Table 3).   These 
results corroborate with the results obtained by Krid in 2010 46 
where in the endophytic Pseudomonas sp. was displaying substantial 
antagonistic activity in vitro.  The antimicrobial compounds that 
have been characterized previously from P. aeruginosa include a 
group of peptides known as pyocins and an assortment of small 
heterocyclic compounds including the phenazines, quinolines and 
phenylpyrroles.  These compounds destroy a range of other 
microorganisms through mechanisms ranging from DNA damage 47 
to cell depolarization 48.  In the present study, the culture 
supernatant of Pseudomonas aeruginosa was exhibiting significant 
activity against K. pneumoniae and S. aureus in comparision with the 
standard antibiotics. Hence this study reinforces the fact that if the 
appropriate conditions are provided, this endophytic bacterial 
species could house a lot of antimicrobial compounds that can be 
further isolated and characterized.  

CONCLUSION 

Endophytes have proven to be rich sources of novel natural 
compounds with a wide-spectrum of biological activities and a high 
level of structural diversity. The use of endophytes as biocatalysts in 
the biotransformation process of natural products assumes greater 
importance.  An endophytic bacterium was isolated from the edible 
portions of Brassica oleracea.  Preliminary identification from the 
various biochemical assays revealed that the bacteria is gram 
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negative rod shaped belonging to the genera Pseudomonas and this 
was further characterised by 16s rRNA analysis from which it has 
been identified that the endophyte was Pseudomonas aeruginosa.  
This endophyte possessed was explored for its antibacterial activity 
and its ability to produce enzymes.  This study revealed that this 
endophyte was showing significant antibacterial activity in 
comparison with the standard antibiotics.  A detailed study on the 
isolation of antibacterial compounds is progressing.  Similarly this 
bacterium also owns the inherent ability to produce some of the 
important enzymes like amylase, protease and cellulase.  Optimizing 
the parameters would further enhance the production on a much 
larger scale opening another area of research. 
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