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ABSTRACT

Serratia marcescens is a motile, Gram-negative bacillus bacterium
belonging to the Enterobacteriaceae family. It is a facultative anaerobic
bacterium that can exist and live in various environments. The study
aimed to extract the pigment prodigiosin from S. marcescens and
investigating its biochemical and molecular properties.

One hundred ninety (190) samples were collected, including 160
clinical and 30 environmental samples, for the period from September to
February 2022-2023. The clinical samples were taken from Mosul
General Hospital and Al-Jamhouri Hospital were distributed among 30
wound samples, 80 urine samples, and 50 burn samples. As for the
environmental samples, they were taken from soil of gardens of different
geographical regions of Nineveh Governorate to investigate the presence
of Serratia marcescens.

S. marcescens bacteria was identified phenotypically, molecularly,
and by biochemical tests. Using the 16S rRNA gene by PCR technology
and performing the process of sequential analysis of the nitrogenous
bases and comparing them at the National Center for Life Technology
(NCBI). Ten isolates belonging to the bacterium S. marcescens were
obtained at a rate of 5.3%, distributed among eight isolates from a total of
160 pathological samples, with an isolation rate of 5%. Only two isolates
(S1 from urinary catheter and S2 from urine) produced the prodigiosin
pigment, and two isolates (S3 and S4) were obtained from 30 soil
samples, at a rate of 6.7%.

Synthetic media were used in this study to enhance the production
of prodigiosin pigment, including Luria-Bertani broth medium with the
addition of seed powder of each sesame, peanut, coconut, as well as
wheat bran, as well as the base salts medium was used with the addition
of chemical materials, and for the first time in the world it included
polyethylene glycol (PEG), folic acid and ascorbic acid.

The results of enhancing the production of the pigment showed the
superiority of the environmental isolates over the clinical isolates in both
media, and the sesame seed powder added to the medium gave the
highest value for the pigment production, followed by the peanut and
wheat bran, while the coconut completely failed in the production of the



prodigiosin pigment. As for the result of using the base salts medium,
PEG gave an amazing increase in the production of the pigment, which
more than 1000 units/cell in one of the isolates, followed by folic acid,
while ascorbic acid ranked last in enhancing the production of the
pigment.

Five extracts were obtained from minute 2.0 to minute 5.6 of
prodigiosin pigment using Preparative-HPLC technology for use in
various applications. The pigment appeared red at minute 2-3.

The genes responsible for pigment production were investigated
in both pigment-producing and non-pigment-producing isolates by
detecting the presence or absence of some of their structural genes using
Multiplex PCR technology, namely (pigd4, pigC, pigF, pigL, pigN). The
results showed that the six isolates that did not produce prodigiosin were
missing the two genes, pigC and pigN, which encode the necessary
proteins involved in the biosynthesis of the pigment, and without them,
the full chemical synthesis of prodigiosin could not be completed. In
addition, the presence of the genes cueR and copA, which are known to
surround the prodigiosin in the genetic operon of S. marcescens ATCC
2774 standard strains.

It was noted that the prodigiosin pigment extracted from S.
marcescens bacteria had a clear inhibitory effect on the growth of all
pathogenic bacteria tested, and that it was superior to the antibiotic
Rifampicin in its effect on pathogenic species Acinetobacter baumannii,
Aerococcus viridans, Burkholderia cepacia, Enterococcus faecalis, and
Escherichia coli.

The results showed the efficiency of prodigiosin in the
antioxidant activity through the removing of the free radicals of 2,2-
Diphenyl-1-picrylhydrazy (DPPH).

The prodigiosin pigment extracted from S. marcescens showed
relative stability at pH (2, 4, 6), while its red color decreased as its
alkalinity increased. The pigment also remained stable up to 80°C, but its
stability decreased significantly when exposed to temperature 100°C, this
stability of the pigment gave a positive role in the field of coloring.



Republic of Iraq

Ministry of Higher Education and Scientific Research
Mosul University/ College of Science

Department of Biology

Biochemical and molecular properties of
prodigiosin pigment extracted from Serratia
marcescens bacteria

Fatima Riyadh Mohammad Mahmoud Al-Tawa

M.Sc. Thesis

Biology/ Microbiology

Supervised by

Assist. Prof.

Dr. Ghada Abdulrazzaq Mohammad Ibrahim Al-Taee

1445 A.H. 2023 A.D.



