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ABSTRACT

Objective: Microorganisms, especially bacteria and its proteins have proven to be potential anti-cancer agents as they selectively attack the tumor
cells or tumor micro-environments. The extract of Pseudomonas aeruginosa found to contain proteins that have shown promising anticancer
activity. In this work, it was attempted to increase the biomass and trigger the total protein fraction of Pseudomonas aeruginosa (MTCC 2453).

Methods: The organism was cultivated in three different such as Luria-Bertani (LB) broth, minimal medium9 (M9), super broth medium (SB) and
asparagine-proline (AP) broth. Asparagine proline broth was selected as it has shown high cell growth rate. The media was further optimized by the
addition of NaHCO3 and copper sulphate to trigger the protein production. Optimized Aspergine proline broth has achieved highest cell biomass.
After the shake flask culture, the overnight grown culture in optimized AP medium was further grown in a 5 L bioreactor by fed-batch cultivation to
achieve higher cell densities.

Results: The highest protein production was achieved at 40 ° C. Highest biomass and protein content was observed at pH 8 while lowest biomass
was produced at pH 2. A gradual increase in biomass content observed from 12 h towards to 48 h.

Conclusion: High biomass and proteins content and of Pseudomonas aeruginosa (MTCC 2453) can be produced in optimized asparagine-proline
broth. Further the extract is purified to produce novel anti-cancer proteins.
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INTRODUCTION

Today, cancer treatment is facing difficulties with secondary effects
caused by standard therapies and affected by tumor cell resistance.
There is no effective drug or vaccine exists to prevent cancer
initiation, drug resistance and toxicity. Bacterial proteins are studied
as one of the potential strategies to treat cancer.

Live, attenuated bacteria have shown the ability to act as anticancer
agents [1]. But sometimes they may cause infections and cross
contamination reactions. Bacterial proteins have been extensively
studied as anticancer agents [2]. These proteins found to act on
tumor cells specifically and cause tumor regression through growth
inhibition; cell cycle arrest and apoptosis induction [3]. Protein
from Pseudomonas  aeruginosa,  Streptococcus  pneumoniae,
Corynebacterium diphtheria and enterococcus sp. has exhibited
prominent anti-cancer activity against human cell lines [4]. Bacillus
thuringiensis found to contain a new anticancer protein [5].

Clostridium novyi demonstrated significant anti-tumor effects. C.
novyi has also been investigated in conjunction with radiotherapy,
radioimmunotherapy, and further chemotherapy in experimental
tumor models. Protein such as Pseudomonas exotoxin, diphtheria
toxin, and ricin may be useful in cancer therapy [8, 9].

The crude extract derived from Pseudomonas sp. isolated from soil in
Greenland has shown promising antimicrobial and anticancer
properties [10].

The extract of Pseudomonas aeruginosa found to contain proteins
such as azurin that have shown promising anticancer activity. The
cell growth and protein production by Pseudomonas is influenced by
carbon, nitrogen sources and growth factors.

Pseudomonas aeruginosa contains largest genomes. This bacterium
adapts to diverse ecological environments, ranging from water and

soil to human bodies. P. aeruginosa possesses more complicated
metabolic and protein sorting pathways than Gram-negative
bacteria with smaller genome sizes. It contains genes involved in the
expression of various proteins especially redox type which can act as
prominent anti-cancer agents [11]. Unlike anticancer drugs that
target a specific step in the cancer progression pathway, bacterial
proteins target multiple steps in the cancer progression pathways,
thereby interfering in cancer growth both in vitro and in vivo. Hence,
in this work an effort was made to increase the biomass and total
protein content of Pseudomonas aeruginosaextract by using
different culture media and growth conditions.

MATERIALS AND METHODS
Materials

Bacterial strains (Pseudomonas aeruginosa MTCC 2453 collected
from Microbial Type Culture Collection, Chandigarh, India),
Components of culture medium for the cultivation of bacterial
strains such as yeast extracts, peptone, potassium phosphate,
sodium hydrogen phosphate, copper sulfate, potassium nitrate,
sodium dodecyl sulfate, etc. Luria-Bertani (LB) broth, minimal
medium9 (M9), super broth medium (SB), and asparagine-proline
(AP) broth are used for the study.

Optimization of media

Pseudomonas aeruginosa (MTCC 2453) collected from MTCC,
Chandigarh, India and cultivated in three different types of media.
The media such as Luria-Bertani (LB) broth, minimal medium9
(M9), super broth medium (SB) and asparagine-proline (AP) broth
were used for the study.

Preparation of inoculum and shake flask culture

The organisms were inoculated in 50 ml of LB medium in 250 ml
Erlenmeyer flasks to prepare seed culture. It was incubated 37 °C for
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24 h in an orbital shaker incubator at 100 rpm. Two ml of the seed
culture is added to 200 ml of the selected culture media ina 1 L
Erlenmeyer flask and incubated at 37 °C, 200 rpm for 10 h to
prepare to shake flask culture. 0.5 mmol IPTG was added after ~4 h
(when cultures were in the logarithmic growth phase), and further
grown for 4 h. The media used were listed in table 1. After the
incubation time, dry cell weight is measured. The Lowry method is
used for total protein estimation. The color density was recorded
using spectrophotometer at 660 nm and compared to a standard
curve of protein (BSA 1 mg/ml).

Optimization of culture conditions

Varying culture parameters were studied to increase the yield of
total protein fraction in optimized media (Asparagine proline broth)
such as the effect of temperature, pH, and incubation time.
Influences of these parameters were used to determine the total
biomass and total protein fraction at 6600 nm. Uninoculated
medium served as media control [12, 13].

Effect of temperature

The effect of temperature on protein production was determined at
varying temperatures viz. 30, 35, 40 and 45 °C maintained during the
incubation period of inoculums used for protein production. To 100
ml production medium (pH: 7) 1% inoculum was added and
incubated for 24-48h.

Effect of pH

Effect of pH on protein production by the bacterial cultures was
determined at optimized temperature for 24-48 h while varying the
pH values of the medium viz. 2, 4, 6, 8 and 10.

Effect of incubation period

Effect of incubation time was evaluated at optimized temperature
and pH. Production flasks were subjected to different incubation
time viz. 0, 12, 24, 48, 72 and 96 h.

Determination of biomass by cell dry weight

The cells from inoculated flasks, each containing 50 ml were
centrifuged using a cooling centrifuge (Cooling Microcentrifuge
Model C-24BL, Remi) in pre-weighted centrifugation tubes of 50 ml
volume at 6000 rpm for 10 min. The cell precipitates were collected,
washed with sterile 0.9% saline solution and re-centrifuged. The
supernatants were discarded, and the centrifugation tubes were
dried in an oven (Hot air oven BTI-29, Biotechnics, India) at 100 °C
till constant weights were obtained. The weight of the dried cells
was measured by calculation of the difference between the weight of
centrifugation tubes before and after dryness.

Cell disruption by ultrasonication and total protein estimation

2 ml of bacterial culture was taken in five eppendorf tubes and
centrifuged at 10000 rpm for 5 min and the cell pellets is were kept
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in ultrasonic wave generator After sonication, the eppendorf tubes
were centrifuged at 10000 rpm for 5 min. Supernatant is taken, and
the amount of protein in the sample is determined by Lowry’s
method.

Optimized broth for cultivation of Pseudomonas aeruginosa
strains

Cultivation of bacterial strains is done using enrichment method.
Asparagine proline broth is selected for the cultivation of selected
Pseudomonas aeruginosa strains. It contains DL-asparagine 2 g/], L-
proline 1 g/l, dipotassium phosphate, anhydrous 1 g/l, magnesium
sulfate 0.5 g/l and potassium sulfate 10 g/1. To increase the yield of
protein, the medium was optimized by addition of 0.05% NaHCOs3,
copper sulphate 0.01% yeast extract, succinate, methylamine, and
methanol.

Statistical analysis

Data analysis was done using SPSS software version 10 for windows.
The results were represented as mean+SE for three replicates.

Fed-batch cultivation Pseudomonas aeruginosa strains

After the shake flask culture, the overnight grown culture in
optimized asparagine-proline broth medium was further grown in a
3 L bioreactor by fed-batch cultivation to achieve higher cell
densities. After approximately 18 h of bioreactor cultivation (~4
after induction), final biomass yield was measured. The bioreactor
provides for control of culture pH, effective aeration, feeding with a
carbon source, antifoam, and a nitrogen source, and also maintains
culture sterility.

RESULTS

In shake flask culture, final cell concentration was found to depend on
upon the media used. Cell biomass was measured and reported in
table 2. Asparagine proline broth was selected as it has shown high cell
growth rate. The media was further optimized by the addition of
NaHCO3 and copper sulfate to trigger the protein production.
Optimized asparagine-proline broth has achieved highest cell biomass.
Influences of various culture conditions such as temperature, Ph,
Incubation time on the cultivation of Pseudomonas aeruginosa in
optimized asparagine-proline broth were studied to determine the
total biomass and total protein fraction at 660 nm|[ 14].

The findings were reported table 3, 4, and 5. The highest protein
production was achieved at 40 °C. Highest biomass and protein
content was observed at pH 8 while lowest biomass was produced at
pH 2. A gradual increase in biomass content observed from 12 h
towards to 48 h. After 48 h of incubation time, a decrease in the
biomass was observed. Overall the highest biomass was observed
when the organism grown in asparagine-proline broth at 40 °C at a
slightly alkaline pH of 8 for a period of 24 h. There was an increase
in yield of the biomass almost two when culture grown in a fed-
batch bioreactor for a period of 24 h.

Table 1: Composition of different media used for cultivation of Pseudomonas aeruginosa (MTCC 2453) (g/1)

S.No. Media Composition (g/1)
1 LB Tryptone,10.0 g; Yeast extract, 5.0 g; NaCl, 5.0 g;
2 SB Soy Hydrolysate, 12.0 g, Yeast Extract, 24.0 g; Di-potassium phosphate, 11.4 g; Monopotassium phosphate, 1.7 g; Glycerol, 5 g;
3 M9 Di-sodium phosphate, 6.78 g; Sodium Chloride, 0.5 g; Ammonium chloride, 1.0 g; Mono potassium phosphate, 3.0 g;
4 AP DL-Asparagine, 2 g; L-Proline, 1 g; Di potassium phosphate, anhydrous 1 g; Magnesium sulfate, 0.5 g and Potassium sulfate 10 g;
5 Optimized DL-Asparagine, 2g; L-Proline, 1 g; Di potassium phosphate, anhydrous,1g; Magnesium sulfate, 0.5 g; Potassium sulfate,10 g;
media 0.05% NaHCO03, copper sulfate 0.01% yeast extract, succinate, methylamine and methanol.
Table 2: Dry cell weight of Pseudomonas strains in different media
S. No. Media Dry cell weight(g/1) of Pseudomonas aeruginosa (MTCC2453)
1 LB 1.15
2 M9 1.18
3 SB 1.95
5 AP 2.82
6 Optimized media 4.34
7 Optimized media(Fed batch) 7.25
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Fig. 1: Effect of different media on dry cell weight of
Pseudomonas aeruginosa (MTCC 2453). To determine the dry
cell weight, 50 ml of shake flask culture of the organism in
different culture media was collected and centrifuged and
dried. Media represented on x-axis and dry cell weight for three
replicates was taken on y-axis (n=3)

Table 3: Effect of pH on biomass and total protein fraction of
Pseudomonas aeruginosa (MTCC 2453)

S. No. pH Total protein content(mg/ml)
1 2 0.87+0.01
2 4 1.42+0.04
3 6 1.63+0.03
4 8 2.55+0.03
5 10 2.01+0.04

Data represent as mean#standard error (SE) for three replicates (n=3).

Table 4: Effect of temperature on biomass and total protein
fraction of Pseudomonas aeruginosa (MTCC 2453)

S.No. Temperature in °C Total protein content(mg/ml)
1 30 2.14+0.06
2 35 2.35+0.05
3 37 2.69+0.05
4 40 2.09+0.03
5 45 1.18+0.02
6 50 1.04+0.04

Data represent as mean#standard error (SE) for three replicates (n=3).

Table 5: Effect of Incubation time on biomass and total protein
fraction of Pseudomonas aeruginosa (MTCC 2453)

S.No  Incubation time (h) Total protein content(mg/ml)

1 12 4.28+0.05
2 24 3.54%0.06
3 48 3.84%0.05
4 72 3.23%0.06

Data represent as mean#standard error (SE) for three replicates (n=3).

DISCUSSION

Bacteria and its proteins show selectivity for tumor tissues. Bacteria
and their spores also serve as ideal vectors for delivering
therapeutic proteins to tumors [13]. Peptides from Pseudomonas
aeruginosa PAO1 leads to Apoptosis in Human Cancer Cell Lines. In
this work, it was proposed to increase the biomass and protein
content of Pseudomonas aeruginosa [15, 16].

Pseudomonas aeruginosa (MTCC no 2453) was cultivated Luria-
Bertani (LB) broth, minimal medium9 (M9), and asparagine-proline
(AP) [17, 18]. Asparagine proline broth allows high growth rate as it
contains a strictly mineral base with asparagine as a sole source of
nitrogen and glycerol as the carbon source. The potassium salts act
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as a buffer system and magnesium sulfate is a source of magnesium
ion required in a large variety of enzymatic reactions, including DNA
replication and acts as a buffer. NaHCO3 and copper sulfate in
optimized asparagine-proline broth increased the yield of biomass
and protein content of the cell extract. Initially, shake flask culture
was developed. Asparagine proline broth medium achieved higher
cell density, of about 2.42 g/1 dry cell weight. Optimized asparagine-
proline broth supplemented with copper sulfate increased the
biomass to 4.34g/l. Super broth produced final cell densities of 1.98
g/1 dry cell weight, respectively. LB medium also did not support
growth due to higher concentrations of yeast extract, and sodium
chloride, in the 5X LB medium. M9 medium was less effective as it
lacks in carbon/nitrogen.

Extracellular soluble protein in culture was estimated by the
Lowry’s method using bovine serum albumin (BSA) used as a
standard. Temperature affects bacterial biomass production [19]. As
there is an increase in temperature, there was an increase in yield of
the total protein content till 37 °C. Biomass growth was optimum till
48 h of incubation. A decrease or increase in the incubation
temperature leads to the lower growth of the organism.

The pH value of culture medium affects the biosynthesis of
metabolites [20]. The earlier studies revealed that an optimum pH
range for the growth of bacterial strains is between 6.0 and 7.0[21].
In case of Pseudomonas high biomass and protein content was
observed at slightly alkaline pH. Incubation period effected the
growth of the culture. Longer incubation period reduced the total
protein content of the culture. It may be due to the accumulation of
other by-products in the medium [22].

CONCLUSION

Pseudomonas aeruginosa contains genes encoding anti-cancer proteins.
In this work, various media and cultural conditions were evaluated to
increase biomass and total protein content of Pseudomonas aeruginosa
MTCC 2453. The biomass was high when the organism grown in
optimized asparagine-proline broth. The total protein content was more
at 37 °C, at a slightly alkaline pH. Hence, Pseudomonas aeruginosa MTCC
2453 can be selected as a potential producer of anticancer proteins
which could find applications in the pharma industry. Further studies
need to be carried out to commercialize the production and purification
process of anti-cancer proteins.
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