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Abstract

Serratia marcescens is known for its high production of Prodigiosin, a pigment that serves as a
virulence factor and possesses beneficial biological, antibacterial, antifungal, and antimalarial
characteristics. Another virulence factor of Serratia marcescens is the ability to produce
biofilms, which are aggregations of microorganisms adhering to surfaces surrounded by a self-
produced matrix. These biofilms pose many health risks in the milk production and processing
industry, such as milk spoilage, poor-quality milk products, and other health risks. After 24 hours
of incubation at 30°C, colonies on Chrome agar appeared pink with a dark center, while on
nutrient agar, colonies appeared red at 28°C due to Serratia marcescens' ability to produce
pigment. The ability of these local isolates to produce pigment was evaluated using NB Medium
with different incubation times. A total of 11 isolates from milk samples showed the ability to
produce a high concentration of Prodigiosin when incubated for 72 hours. All isolates were
found to produce Biofilm at different rates. In isolate (6), we observed the highest production of
Biofilm.
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Introduction These organisms have been isolated from
Serratia marcescens is one of the types of several environmental samples such as
opportunistic bacteria that belong to Gram- water, soil, and different plant materials,
negative. It has a structure of rods. Due to indicating that these are spread widely
recent bacterial taxonomy revision, it worldwide (2). Serratia marcescens has one
belongs to the newly classified Yersiniaceae of the most important virulence Factors in
family under the Enterobacterales order (1). the ability to form biofilms, which are the
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complex, structured microbial communities
that develop on the surface and are enclosed
in the self-produced extracellular matrix.
Serratia marcescens is known to use biofilm
production as one of its key strategies for
enhancing its strength and tenacity in
specific environments, including clinical
environments (3,4). Serratia marcescens
biofilm is complex with microcolonies and
water channels, which facilitate nutrition
and oxygen transport that enables the living
cells of the bofilm (3). Serratia marcescens
forms biofilms that are highly resistant to
antimicrobial agents and the host immune
system, making them cumulative and
difficult to eradicate (5).
Serratia marcescens has long been the
subject of focused interest in scientific
circles because of its ability to produce an
intense red dye called prodigiosin (6).
Although the compound has been revealed
to possess antibacterial potential, it also
shows anticancer and immunosuppressive
activities of clinical interest (7). The
biosynthesis of Prodigiosin in Serratia is
regulated by the PhoBR two-component
system operons, which are under the
influence of changes in phosphate
concentration (7). Nevertheless, the fact that
Prodigiosin has bacteriostatic ability in the
generating organism enables us to
understand that it has a natural role in
defense against microbes since its ability to
inhibit microbial growth has been confirmed
(7).

In addition, the production of siderophores,
which are organic compounds that increase
iron solubility, has been observed in
Serratia strains. This observation suggests a
possible link between the presence of iron
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and the production of pigments (8).
Interestingly, not all the Serratia strains are
colored red, and it is evident that the
production of Prodigiosin is not so diverse
in different species (9). The difference in
pigmentation has implications in the clinical
context because even non-pigmentogenic
Serratia strains have been reported as a
potential threat in hospitals (9). This
pigment was found to absorb the red and
blue light of the spectrum, and its synthesis
depends on many factors, such as incubation
time, pH, carbon and nitrogen sources, and
inorganic salts (9). Current studies Pare
concerned with the discovery of other types
of Prodigiosin and the enhancement of their
production as the typical diet condition may
not provide the right condition for pigment
formation (10). Scholars have managed to
enhance the production of Prodigiosin in S.
marcescens strains by analyzing diverse
carbon sources and culture factors (10).

Materials and Methods

Isolation and identification: Serratia
marcescens was isolated from milk samples
collected from different areas of Basrah.
Before milk sample collection, the udder
was cleaned with tap water and dried with a
clean towel. The teat was then dipped in a
1:1000 iodine solution and allowed to dry.
The teat was then dipped in 70% alcohol and
allowed to dry. One or two streams of milk
were sampled and discarded. The milk was
collected in a sterile container (60 ml), and
the samples were transferred into an ice box.

The samples were incubated on chrome
Serratia agar (Himedia/India) at 30°C for 24
hours. Subsequently, the morphology and
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color of the colonies were examined. The
suspected colonies were subsequently
cultivated on nutrient agar (Himedia/India)
at 28°C for 24 hours to identify the presence
of the red pigment known as Prodigiosin.

Molecular identification: Identification and
confirmation of organisms were done by
16SrRNA sequencing. DNA was isolated
from the organism using a DNA extraction
kit  (Trans/China) according to the
manufacturer's  instructions.  Following
isolation and quantification, DNA samples
were stored at -20°C until use.

PCR amplification: The large fragment of
the 16S rRNA gene was amplified by PCR
using the universal primers, according to
(11). In the PCR reactions, we used the
GoTaq® G2 green master mix (Promega,
USA). Each PCR tube contained the
following reagents: 12.5 ul of Green Master
Mix, 1.5 pl of both forward and reverse
primers, 100 ng of DNA template, and the
volume was adjusted to 25 pl wusing
nuclease-free water. The thermocycling
conditions for the amplification of the 16S
rRNA gene included an initial denaturation
at 95°C for 5 minutes, followed by 34 cycles
that included melting at 95°C for 20
seconds, annealing at 59.5°C for 30 seconds,
elongation at 72°C for 1.5 minutes, and a
final extension at 72°C for 7 minutes.

Analysis of the PCR Products: The PCR

products were resolved by electrophoresis
on a 1.5% agarose gel in 1x TBE buffer
(Promega/USA). Ten microliters of DNA
and five microliters of the ladder were
introduced into the wells of the agarose gel.
After electrophoresis, the gels were analyzed
using a UV transilluminator.

Sequencing: To validate the PCR results,
PCR products were sequenced at Macrogen
Company in Korea, utilizing the same
forward and reverse primers employed in
amplifying the 16S rRNA gene for the

forward and reverse sequencing,
respectively.
Prodigiosin production by Serratia

marcescens: Serratia marcescens Wwas
cultivated on nutrient agar and placed in an
incubator at 28°C for 16 hours. One
bacterial colony was selected and introduced
into a 9 ml nutrient broth. The optical
density of the culture was subsequently
adjusted to 0.4, and the adjusted bacterial
culture was diluted 100x using nutrient
broth. The diluted culture was then
incubated at 28°C for 24, 48, and 72 hours
(12,13).

Estimation Of Prodigiosin:To estimate
prodigiosin production, use the formula
below (12):

f[onmr_r — {1351 * GD4;3||_]]J = 1000

Prodigiosin units /cell =

ODan

Where, OD 5y = pigment absorption in culture

ODygzp = bacterial culture absorption

1.381 = constant
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The presence of Prodigiosin in bacterial
culture is detected by observing a solitary
peak at 499 nm (OD499) (12). The value
(1.381 x OD620) corresponds to the number
of bacterial cells, while OD499-(1.381x
OD620) indicates the absorption of
Prodigiosin. To express prodigiosin units on
a per-cell basis, the absorbance value of
Prodigiosin is divided by the bacterial cell
absorbance value (OD620). To prevent
working with small numbers (<1), a factor
of 1000 is used in the formula.

Evaluation of Biofilm Production by
Serratia marcescens: To assess biofilm
production, overnight cultures of Serratia
marcescens were diluted with nutrient broth
(NB) to an optical density (OD) of 0.1 at
600nm (14). Then, 200 pL of bacterial
suspension aliquots were transferred to
sterile 96-well polystyrene microplates and
incubated overnight at 37°C. After
aspirating the non-adherent planktonic cells,
the wells were washed thrice with 300 pL of
sterile water. The adherent cells were fixed

with 99% methanol for 25 minutes and then
stained with 200 pL of 1% crystal violet for
another 25 minutes. After washing off the
unattached dye and air-drying the plates, the
bound crystal violet dye was extracted with
200 pL of 33% glacial acetic acid. The mean
optical densities were calculated at a
wavelength of 590 nm (15).

Results

Cultural characteristics: Serratia
marcescens was isolated from a milk
sample. Identification was done based on its
cultural characteristics. After 24 hours of
incubation at 30°C, colonies on Chrome
agar appeared pink with a dark center
(Figure.1A), while on nutrient agar, colonies
appeared red at 28°C due to Serratia
marcescens ability to produce pigment

(Figure.1B).

16S rRNA Gene PCR results: The 16S rRNA
gene was amplified in all the isolates, and
the PCR bands showed 1500 bp (Figure.2).

Figure.1 Growth of Serratia marcescens on agar: (A) on chrome agar, (B) on nutrient agar

Bas J Vet Res, 23(4), 2024
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Figure 2. 16S rRNA gene, the size of the PCR product is 1500bp, L: marker DNA ladder 100bp, N:
negative control. Lines (1,2,3,4,5,6,7,8,9,10,11) represent samples.

Sequencing of the PCR products:
Sequencing of the PCR products and
subsequent BLAST analysis with the NCBI
database verified that the isolates are
classified as Serratia marcescens.

Screening of Serratia marcescens isolates
for prodigiosin production: In order to
evaluate the isolates' capacity for producing
prodigiosin pigment and the effect of
incubation time on its production, the ability
of these local isolates to produce pigment
was evaluated using NB Medium with
different incubation times. This was done by
determining the pigment activity (U/cell) in
the culture, following the pigment assay
procedure described in section (2.2). Eleven
Serratia marcescens isolates showed the

Bas J Vet Res, 23(4), 2024

ability to produce the prodigiosin pigment;
the maximum production was observed at
72h as shown in (Table 1) and (Figures 3,
4). Figure 5 shows the standard color of
broth media in  Comparison  with
prodigiosin-producing Serratia marcescens

and non-prodigiosin Serratia marcescens

Screening of Serratia marcescens isolates
for biofilm production: All Serratia
marcescens isolates utilized in this study
exhibited varying rates of biofilm
production. Our observation revealed that
the (6) isolate had a higher rate of biofilm
production than the other isolates (Figure 6).
Optical density results of the studied
bacteria are presented in (Figure 7).
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Table.1 Production of Prodigiosin by Serratia marcescens at different incubation times in nutrient
broth.

Isolates 24h 48h 72h

1 80.53 130.11 154.71
2 30.76 106.17 264.83
3 47.57 131.82 214.74
4 76.14 80.53 241.22
5 105.48 202.33 514.83
6 73.14 223.65 236.02
7 87.75 133.28 301.92
8 51.43 131.82 285.66
9 161.85 409.69 441.22
10 60.71 119 255.36
11 171.63 219 423.34
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Figure.3 Production of Prodigiosin by Serratia marcescens at different incubation time in nutrient

broth.
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Figure 4. Prodigiosin pigment production by Serratia marcescens in nutrient broth at
different incubation time: (A) at 72 h. (B) at 24h

Figure 5. A. control nutrient broth, B. Serratia marcescens isolate unproduced prodigiosin pigment,
C. Serratia marcescens isolate produced prodigiosin pigment
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Figure.6 Biofilm production by Serratia marcescens
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Figure.7 Biofilm production ability (OD average) of bacterial isolates

Discussion

Morphological characteristics of Serratia
marcescens were observed on chrome agar
(Himedia/India) after 24 hours at 30°C:
colonies appeared pink with a dark center.
The colonies were red on nutrient agar due

to prodigiosin pigment at 28°C for 24h.

Bas J Vet Res, 23(4), 2024

These findings are consistent with the
research conducted by (13). The 16S rRNA
was amplified, sequenced, and identified as

Serratia marcescens.

Microorganisms that create and release
secondary metabolites are very interesting.

Undoubtedly, these metabolites provide
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many pharmacological qualities that will
enhance human health and nutrition while
also contributing to economic value.
Biopigments, = which  microbes  can
synthesize, are among the most plentiful
secondary metabolites, and Prodigiosin are
one of these microbial pigments (16).
Prodigiosin is regarded as a significant
molecule due to its application in several
fields and its potential as a promising study
area. Prodigiprodiginine family member,
consistingprodiginine ~ family = member,
consisting of natural red pigments with a
low molecular weight of 323.4 Daltons.
These pigments are only present in the later
stages of bacterial growth, specifically
during idiophase. Numerous strains of

Serratia  spp

(C20H25N30). (16).

synthesize  Prodigiosin

Prodigiosin is attracting significant interest
due to its wide variety of biological
functions. It exhibits greater antibacterial
efficacy against Gram-positive bacteria such
as Staphylococcus aureus, Bacillus subtilis,
and Gram-negative bacteria such as
Escherichia coli, Pseudomonas aeruginosa,
Klebsiella pneumonia (17, 12). Prodigiosin
has also been effective against Borrelia
burgdorferi, the causative agent of Lyme

disease (18).

Bas J Vet Res, 23(4), 2024

Prodigiosin pigment is also well known for
having antifungal properties against many
fungi (19-21). In order to ascertain the ideal
pigment synthesis, we assessed the capacity
of Serratia marcescens isolates to create the
prodigiosin pigment at various incubation
durations.  Additionally, it  exhibits
antimalarial (22) and antiparasitic (23)
properties. We discovered that the bacterial
isolate produced more pigment at 28 °C and
that as the temperature rose, the production
rate fell. Furthermore, after 72 hours of
incubation, pigment synthesis increased but
dropped after 96 hours, indicating that the
bacteria employed the protein prodigiosin as
a source of nourishment while under stress.
Furthermore, according to research, cultures
cultured at 37°C do not develop any
pigment. (24).

Also, the -forming assay of the isolates of
Serratia marcescens from cow milk in the
96-well microtiter was the central study in
our research. The formation of the Biofilm
by each isolate at various rates was not the
same. The can be rather dangerous. , which
may affect its raw form, consequently
affecting the safety and quality of cow milk
and byproducts. Dairy biofilms included
protein, calcium phosphate, milk remnants,
and bacterial extracellular  polymeric

molecules. Single cells of the planktonic
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bacteria category are less resistant to
antimicrobial agents than bacteria formed in
a biofilm. (25).
Psychotropic ~ bacteria  can  produce
extracellular enzymes, such as proteases and
lipases, which can lead to milk spoilage. In
addition, most psychotropic bacteria can
create biofilms on different types of milk

storage and processing equipment (26, 27).

Serratia has been isolated from several cases
of bovine mastitis. Also, it can produce
biofilms on the inner surfaces of the milk
processing lines. This action spoils the line
and product at different points (1). Serratia
marcescens because of adherence to the
inside stainless-steel surfaces of milk
processing  pipes and  pasteurization

equipment, can contaminate and spoil milk

and milk products (28).
Conclusion

Serratia marcescens 1s a member of the
family Yersiniaceae. This bacterium can
produce prodigiosin pigment and form
biofilms. In this study, Serratia marcescens
was isolated from milk. Then, it is identified
by cultural characteristics and conventional
methods. The study involved determining
the prodigiosin production of isolates. More

prodigiosin  pigment  production  was

Bas J Vet Res, 23(4), 2024

observed at 28°C, and this decreased with
the increase in temperature. The optimum
pigment production rate peaks at 72 hours of
incubation but decreases after 96 hours. The
study concludes that all isolates produce,
exhibiting varying rates of biofilm

production.
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