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Abstract:

In this research displays, photophysical properties Prodigiosin dye product from
Serratia marcescens through absorption and fluorescence spectra of this pigment. The
absorption spectra of prodigiosin were studied and the highest absorption peak in the
spectrum at a wavelength (537nm). The spectra of fluorescence of Prodigiosin
molecules have been measured appear band at a wavelength (557 nm).

This metabolite mixing with Curcumin dyes dissolved in methanol at concentrations
[10uM], [11M] to achieve energy transfer respectively. The values of the Forster radii
RO were calculated from molar absorptivity of concentration [10uM] from spectral
overlap by used the MatLab program, the quantity RO for Forster resonance energy
transfer (FRET) between given donor and acceptor molecules found amount 4.9834
°A.Via mix produced complex molecules, excited by a wavelength (430 nm). This leads
to charge transfer between molecules consequently the stability of the group, by energy
nonradiative. Found values the quenching factor (Q) and it found it depends on the
value of concentration. Thus, the data obtained is useful enough to be relied upon as a
database of spectra for Prodigiosin dye.

Keywords: Serratia marcescens; Prodigiosin; Foérster radii; Curcumin; Energy
transfer.

I. INTRODUCTION

anti-fungal, anti-oxidant, bio-emulsification, anti-
biofouling, etc. The prodigiosin set of physical

Prodigiosin, a Bio-dye, is a secondary metabolite
that as a native red-colored pigment that associated
with the group prodiginines (Li et al. 2018). It does
attractive due to their immunosuppressive and anti-
cancer effects (Anita Khanafari, Assadi, and Fakhr
2006). It has molecular weight (323.4) (Anita
Khanafari, Assadi, and Fakhr 2006). It has a
tripartite structure and is produced by multiple
strains of bacteria Serratia marcescens and some of
gram-negative and other independent organisms,
prodigiosin dyes are as well important to have, it has
many bio-activities such as active against bacteria,

Published by: The Mattingley Publishing Co., Inc.

products is a class of tripyrrole red colorant dyes that
involves a standard (4-methoxy, 2-2 bipyrrole) ring
mode as shown in fig. 1. Prodigiosin has been shown
to be connected in extracellular vesicles, cell-
associated or existing in intracellular granules (N
and Y. 1991). Shown the fig.1 members of the
prodigiosin family.
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Figure 1 Representative members of the
prodigiosin family (Furstner 2003).

In (1957), G. W. Monk was studied Spectral
Absorption of Prodigiosin in cells and the effect of
the medium, pH, and characteristics of the
absorption spectrum (MONK 1957). Yoshida is
interested in studying a water-soluble complex of
Prodigiosin producing from biology element and
purified by used precipitation with ammonium
sulfate, several properties of the complex are
described as absorption spectrum. this work
described in years (1962) (Yoshida 1962).

Shahla Namazkar and Wan Azlina Ahmad in (2013)
were used the encapsulation method. In this
research, spray-dried microparticles including
prodigiosin dye secured from Serratia marcescens
was produced using k- carrageenan. The result of
spray-drying parameters on the encapsulation yield
(EY), particle dimension and brightness intensity of
the prodigiosin microcapsules were studied. The
outcomes suggest that the spray-dried prodigiosin
dye can be useful as a colorant basic (Namazkar and
Ahmad 2013).

Andreyeva and T. Ogorodnikova in (2014) were
studied the Pigmentation of S. marcescens and
spectral characterization of Prodigiosin dyes The
absorption spectrum of prodigiosin in the original
dye-protein group was different from the spectrum
of the dye dissolved in ethanol. The sensitivity of
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prodigiosin in the complex with an original protein
is similar to the dye photosensitivity in the synthesis
of a fit bacterial cell. they were found Prodigiosin
extracted under removed conditions was low
sensitive to illumination. Both the prodigiosin form
of red and yellow in solution fluoresced at 560-565
nm; the in vivo fluorescence of the red pigment form
was more marked(Andreyeva and Ogorodnikova.
2015).

In this report, spectroscopic properties and energy
transfer of the prodigiosin molecule dissolved in
methanol with the Curcumin molecule are presented.

Il.  Experimental and Method

Material

The culture was used from the laboratories of the
Biotechnology Department, College of Science,
University of Baghdad. A chemically defined liquid
medium described by Chen and coworkers (Chen et
al. 2013), All the components of the agricultural
medium were equipped from the university
mentioned above.

The medium was inoculated with S. marcescens at a
level of 2% (v/v) and then incubated in an orbital
shaker at 30°C and 200 rpm for 48h. After the
incubation, samples were taken for the analyses of
prodigiosin. For more reliability, each run was
conducted either in triplicate or duplicate and the
results were represented as the arithmetic average.
We will explain the extraction method later. Uses the
compound; Curcumin molecule, it is [1, 7- bis (4-
hydroxy- 3-methoxyphenyl) -1, 6— heptadiene -3, 5 -
dione], it also is known as diferuloylmethane
(Hewlings and Kalman 2017), with the chemical
formula (C21H2006) is a manufacturer of Curcumin
used in our research is (HCD) Laboratory Chemicals
in high purity from Central Drug House (P) Ltd,
India.

I11.  Samples preparation

The result s have been prepared with different
concentrations and that dissolution a given weight of
compounds to be studied in a given volume of
solvent which was used in the preparation of the

2562


https://pubchem.ncbi.nlm.nih.gov/#query=C21H20O6

ration

"TIEIST

Engineering & Management

solution. The compounds are weighted from the

following relationship(Wadday, Saleh, and Al-
Marjani 2019):
W = [M]xVxM.W (l)
1000

Where:W is the weight of material in grams, M.W.:
molecular weight g/ml.[M]: molar concentration
(ml/L), V: the volume of solvent used to dissolve the
material in ml.The prepared solvent; were diluted
according to the following equation:

[M]1V1 = [M];V,  (2)

a. Measuring procedures

Dependent transmission of energy in organic
material on the guest concentration (Cg). It can
define the amount of numerical characteristic of the
degree of energy transfer, a quenching factor

(Q)(Northrop and Simpson 1956):
_ A-Aq
N ©
Where: A and Aqg are the areas under
the curves represents the fluorescence spectrum of

pure Curcumin and mixture respectively.
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The concentration of prodigiosin was calculated by

using the molar extinction coefficient (E
530=7.07x10*Mtcm™):
P = gm _0.D530*323.4
prodigiosin (T) = *D.f. (4

Where: O.D 530: Optical density at 530 nm, 323.4:
Molecular weight of prodigiosin. E 530=7.07x10*
M-1cm™ (Molar extension coefficient of prodigiosin
at 530 nm), D.f. : dilution factor is equality final
volume/ sample volume. Or, by using the Spekwin32
spectroscopy  program of determination  of
prodigiosin concentration.
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IV. Results and discussion

3.1 The absorption and fluorescence spectra of
prodigiosin.

The absorption and fluorescence spectra of
prodigiosin(Pro.), dissolved in methanol, were
studied with different concentration at room
temperature and optimal wavelength excitation (537
nm), this is almost agreement with (MONK 1957).

% Absorption spectra

The absorption spectra of Prodigiosinsolutions
dissolved in methanol at concentrations [10 uM] and
[1 pM] were measured at pH=7, the spectrum of
Prodigiosin concentration [10uM] solutions consist
of one peak as shown in figure (2). The peaks of
spectra are respecting located at wavelengths (537
nm) this is an agreement with (Darshan and
Manonmani 2016). The solution of Prodigiosin
(Pro.) is a red redox-active slight color at the
concentration of [10, 1 puM] and disappears at [0.1
HM] concentration.

it is illustrated from the figure the absorption spectra
which are broad, structureless and do not contain a
vibronic band and this is an agreement with (Drink
et al. 2015). Differences in spectra are the result of
the fact that extraction of rabid dyes in an organic
solvent changes their surrounding and this often
reason great shifts in their absorption limitation and
this is an agreement with (Reichardt 1994), shows
from all Figures that the Prodigiosin in methanol is
red and exhibits a sharp spectral peak at 537nm. Dye
spectra also showed a persistent shoulder at about
505 nm.The spectral properties of prodigiosin are in
accord with the result obtained by (Andreyeva and
Ogorodnikova. 2015). From Figure (2) it is clear that
increasing the concentration of dyes led to increasing
the absorption intensity and this is agreement with
(Barzan and Hajiesmaeilbaigi 2018)
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Figure 2

Absorption spectra of Prodigiosin dissolved in
methanol at concentration [10uM] black line; at
concentration [1 pM] red line.

% Fluorescence Spectra

The fluorescence spectra of Prodigiosin molecules
which were dissolved in methanol have been
measured for starting from[10uM], and ends with
concentration [1uM], at optimal wavelength
excitation (537 nm). The bandhas appeared at a
wavelength(557 nm) as shown in figure(3), this is an
agreement with (Andreyeva and Ogorodnikova.
2015). From figure (3), increasing the concentration
of dyes led to lowering the fluorescence intensity
this is agreement with (Barzan and Hajiesmaeilbaigi
2018). The decrease in relative fluorescence
intensity and disappearance of the vibronic band are
caused by the phenomenon of self-absorption and
this is an agreement with (Misiak et al. 2011).

" s o rw "
Wavelength [nm]

Figure 3 Fluorescence spectra of Prodigiosin
dissolved in methanol at concentration: [10 uM]
black line;at concentration [1 uM] red line.
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3.2 The absorption and fluorescence spectra of
Curcumin

As for the absorption and fluorescence spectra of
Curcumin (CUR), dissolved in methanol, were
studied with different concentrations at room
temperature and peak of spectra are respecting
located at wavelengths (430 nm) and this agreement
with (Jasim and Ali 1989, Patra and Barakat 2011),
and this agreement with conception (Mukerjee et al.
2010, Nardo et al. 2008) as shown in figure (4).

The solution is colored bright yellow at the high-
concentration and disappears almost at [1uM]
concentration. These figures also show that the
absorbance  increases  with  the  molecular
concentration of solution which increases according
to Beer-Lambert law that increases in the molecular
concentration of the solution and consequently leads
to increases in the number of molecules in the
solution and this lead to increases in the absorbance

and this in agreement with (Barzan and
Hajiesmaeilbaigi 2018).
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Figure 4

Absorption spectra of Curcumin dissolved in
methanol at concentration: [10 uM] black line; [1
uM] red line.

The spectra of fluorescence of Curcumin molecules
which were dissolved in methanol [10, 1 uM], had
been measured at the excitation wavelength (Aex=430
nm) as shown in figure (5), the band has appeared at
a wavelength (540 nm) and this is agreement with
(Subhan et al. 2013). The decrease in relative
fluorescence intensity and the disappearance of the
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vibronic band are caused by the phenomenon of self-
absorption and the concentration quenching, this is
an agreement (Misiak et al. 2011, Barzan and
Hajiesmaeilbaigi 2018).

T T ; T T T : T T
300 400 500 600 00 300
Wavelength [om|

Figure 5
Fluorescence spectra of Curcumin dissolved in

methanol at concentration: [10 uM] black line; [1
UM] red line.

V. Energy Transfer Calculations

This paragraphdisplays Calculation of RO from
Spectral Overlap by used MatLab program this
routine was written by Joshua Vaughan, Fall
2000(Genevieve Kate Phillips 2017), used between
Prodigiosin and Curcumin, Then, is calculation
found that the value of the Forster radii which was
calculated from molar absorptivity of concentration
[10 pM].

The quenching factor (Q) results from absorption
and fluorescence spectrum of Curcumin doping of
Prodigiosin compounds dissolved in methanol with
different concentrations [10uM], [1uM]
respectively. the quantity Ro= 4.9834 °A for FRET
between given donor and acceptor molecules.

The fluorescence spectrum of the donor must
overlap with the absorption spectrum of acceptor, as
verified in figure (6), as in (Clegg 2009) .

Published by: The Mattingley Publishing Co., Inc.

May — June 2020
ISSN: 0193-4120 Page No. 2561 - 2570

T T T T T T T T
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Wavelength [nm]

Figure 6 Fluorescence spectra of Curcumin
(donor) and Absorption spectra of Prodigiosin
(acceptor) dissolved in methanol at concentration
[10 uM].

When mixing the Curcumin dissolved in methanol
with Prodigiosinat were studied with at different
concentrations [10, 1uM] at room temperature at
ratio (v/v) =(1/99), (7/93), (11/89). Where a mixture
solution of Prodigiosin as guest and Curcumin as a
host, was calculated the following equation:

guest _ 1% [10uM] _ 0.010
host 99% [10uM] '
guest _ 3% [10puM] _ 0.031
host 97% [10uM] '
guest _ 7% [10puM] — 0.075
host 93% [10uM]

Figure (7), shows the absorption of a solution to the
Curcumin mixing with Prodigiosin at various rates
dissolved in methanol. It appears from the analysis
sample, it consists of the shoulder as undifferentiated
at wavelengths (534 nm) and the peak located at the
wavelength of Curcumin peak at (420 nm).

The shoulder is for the Prodigiosin spectra and other
peaks are for the Curcumin molecule.The change of
absorption peak was caused by the change of doping
ratio because of the addition of Prodigiosin in pure
methanol and complex configuration, this is an
agreement with(Guseva, Antina, and Ksenofontov
2019). The intensities of the absorption maxima
change to Prodigiosin and Curcumin chromophores
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depended on the relative molar fractions of these two
mixed moieties as shown in figure (7).

Upon addition of Prodigiosin, the band at 420 nm
and 443nm progressively decreased, whilst a new
band with a peak at 535nm formed, this is an
agreement with (Kim et al. 2015).These differences
further proved that the complex may be formed by
intermolecular force between Prodigiosin and
Curcumin molecules when Prodigiosin was added
and this is very good agreement with (Wang et al.
2017).

‘—Ahsnrplion spectra of Curcumain mixing with Prodigiosin at rates (1 99) at [10 n.\l|i
08 = Absorption spectra of Curcamain mixing with Prodigiosin at rates (3 97) at 10 pM],
Absorption spectra of Curcumain mixing with Prodigiosin at rates (793) at [10 uM],

. —
T

0 T T T T T T T T T (e T T
360 400 40 480 520 560 600 640
Wavelength nm]

— Absorption spectra of Curcumain mixing with Prodigiosin at rates (1 99) at [1uM).
= Absorption spectra of Curcumain mixing with Prodigiosin at rates (397) at {1 uMJ./
Absorption spectra of Curcumain miving with Prodigiosin at rates (7 93) at [1 uMJ,

0.081

007

0018

A

T
3 4% 5 675
Wavelength [nm]

Figure 7 Absorption spectra of Curcumin mixing
with Prodigiosin at all rates mixing at above [10
puM]; below [1 pM].

Figure (8) and figure (9) shows the fluorescence of a
solution the Curcumin mixing with Prodigiosin at all
rates mixing dissolved in methanol. Appear at
concentration [10, 1uM] respectively, with sample
analysis consist of a peak at (535nm),this peak of
complex formation from molecules mixing; to which

Published by: The Mattingley Publishing Co., Inc.
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most of the energy was transferred as a result
transfer of nonradiative energy and result of charge
transfer between the Curcumin molecule and
Prodigiosin molecule.

The fluorescence intensity of Curcumin also
decreases upon addition of Prodigiosin without large
obvious changes in emission wavelengthis a very
good agreement with (Kim et al. 2016, Hao et al.
2017, Liu et al. 2019). i.e. fluorescence intensity of
Curcumin and Prodigiosin gradually decreased with
increasing rate mixing of Prodigiosin, indicating
fluorescence quenching and suggesting the existence
of interactions between Curcumin and Prodigiosin is
a very good agreement with (Liu et al. 2019).

300 ‘ 4I§I]u ‘ Sl‘lﬂ ‘ ﬁlllll ‘ 77I‘lﬂ
Wavelength [nm)]

Figure 8 Fluorescence spectra of Curcumin
mixing with Prodigiosin dissolved in methanol at
concentration [10 uM] of rate mixing: black line

99:1; red line 97:3; green line 93:7.

500

0
2
3

255

Fluorescence / inten

T B T T T T T -
300 400 500 600 00
Wavelength [nm]

Figure 9 Fluorescence spectra of Curcumin
mixing with Prodigiosin dissolved in methanol at
concentration [1 pM] of rate mixing: black line
99:1; red line 97:3; green line 93:7.
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Due to the presence of three effective nitrogen atoms
in a Prodigiosin molecule, we note in table (4.1) a
decreasing in the intensity of fluorescence of
Curcumin molecule as a result of increased existence
Prodigiosin. The higher rate of guest presence, the
greater rate of nonradiative energy and the
increasing of the quenching process resulting from
the presence of impurities, this is an agreement with
(Kim et al. 2015).
Due to the most of energy was transferred as a result
of the convergence of the tops of molecules through
nonradiative energy between them. Thus, energy
transfers between them were achieved. The value of
the spectrum intensity of Prodigiosin solution at a
concentration [LuM] was less than an intensity at
concentration [10pM] because of concentration
quenching fluorescence, as noted in figures (8, 9).
Table (1) Value of quenching factor (Q) at
concentration [10uM] at all mixing ratio (v/v).

l(;/ In A Aa Q

0.0101 76211 44924.746 0.696414711

0.0309 76211 # 42980.578 0.773149724

0.0752 76211 | 33933.273 | 1.245907726

Table (2) Value of quenching factor (Q) at
concentration [1uM] at all mixing ratio (v/v).

le/ln A Aq 0
0.0101 16:23. 12769. 0.5216::,90
0.0309 16;23- 2217.7 0.9885398
0.0752 16:;’3- 2382.0 .
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We note in a table (2) a decreasing the fluorescence
intensity of Curcumin molecule as a result of
increased existence Prodigiosin. The higher rate of
guest presence, causes the greater the rate of
nonradiative energy and the increasing of the
quenching process resulting from the presence of
impurities.

VI. Conclusion

The objective of this work is achievement energy
transfer between Curcumin as donor and Prodigiosin
as acceptor. The results of this research showed that:
The Prodigiosin  molecule absorption spectrum
clearly marked with and sharp edges of the spectrum
at high concentrations refer to the strong self-
absorption of this molecule, and also relative to the
Curcumin molecule at diluted concentrations .
Decreasing the rate of energy transfer is due to the
strong self-absorption of the Guest and to defects
resulting from the addition of impurities and
concentration quenching when comparing [10,1
uM]. At adding (1%, 3%, 7%) of Prodigiosin to the
Curcumin dye at [10,1 uM], the complexes had led
to an increase in the absorption intensity of the
shoulder as undifferentiated and quench the
fluorescence intensity of Curcumin dye. As a result,
energy transfers are nonradiative.

The overlap between the absorption spectrum of
Curcumin and the emission spectrum of Prodigiosin
supports the fact that the Prodigiosin molecules
accept the excitation energy from Curcumin
molecules. But, which consists of our molecular
complex is composed of the collisions between
molecules, one is excitation by a wavelength (430
nm), which leads to charge transfer between
molecules consequently. The stability of the group,
by nonradiative energy from dipole-dipole
interaction, is clear in the fluorescence spectrum of
the solution of different proportions and noted the
overlap between donor emission spectrum and
acceptor spectrum. Furthermore, the fluorescence
relative intensity was taken as an indicator of energy
transfer efficiency.

2567



"TIEIST

Engineering & Management

Acknowledgement - The authors are grateful to

Prof. Dr.

Nadhim Hassan Hyder head of the

Biotechnology Department, College of Science,
Baghdad University for permitting to work in the
laboratories of the department the He gave us a
laboratory facility to complete the research and to
Mrs. Zeinab, Photochemistry Laboratory, Chemistry

Department, college of Science, Mustansiriya
University.
References
1. Andreyeva, I. N., and T. I. Ogorodnikova. 2015.

“Pigmentation of Serratia Marcescens and
Spectral Properties of Prodigiosin.”
Microbiology 84 (2): 43-49.

https://doi.org/10.1134/S0026261715010026.
Anita Khanafari, Mahnaz Mazaheri Assadi, and
Fatemeh Ahmadi Fakhr. 2006. “Review of
Prodigiosin, Pigmentation in Serratia
Marcescens.” Journal of Biological Sciences 6
(2): 1-13.
https://doi.org/10.3844/0jbsci.2006.1.13.

Barzan, M, and F Hajiesmaeilbaigi. 2018.
“Investigation the Concentration Effect on the
Absorption and Fluorescence Properties of
Rhodamine 6G Dye.” Optik159 (April): 157-61.
https://doi.org/10.1016/J.1JLEO.2018.01.075.
Chen, Wei Chuan, Wan Ju Yu, Chia Che Chang,
Jo Shu Chang, Shih Horng Huang, Chih Hung
Chang, Shan Yu Chen, et al. 2013. “Enhancing
Production of Prodigiosin from Serratia
Marcescens C3 by Statistical Experimental
Design and Porous Carrier Addition Strategy.”
Biochemical Engineering Journal 78: 93-100.
https://doi.org/10.1016/j.bej.2013.02.001.

Clegg, Robert M. 2009. “Chapter 1 Forster
Resonance Energy Transfer—FRET What Is It,
Why Do It, and How It’s Done.” Laboratory
Techniques in Biochemistry and Molecular
Biology 33 (January): 1-57.
https://doi.org/10.1016/S0075-7535(08)00001-6.
Darshan, N, and H K Manonmani. 2016.
“Prodigiosin Inhibits Motility and Activates

Published by: The Mattingley Publishing Co., Inc.

10.

11.

12.

May — June 2020
ISSN: 0193-4120 Page No. 2561 - 2570

Bacterial Cell Death Revealing Molecular
Biomarkers of Programmed Cell Death.” AMB
Express 6 (2): 1-12.
https://doi.org/10.1186/s13568-016-0222-z.
Drink, Evangeline, Philippe Dugourd, Elise
Dumont, Nils Aronssohn, Rodolphe Antoine,
and Claire Loison. 2015. “Optical Properties of
Prodigiosin and Obatoclax: Action Spectroscopy
and  Theoretical  Calculations.”  Physical
Chemistry Chemical Physics 17 (39): 25946-55.
https://doi.org/10.1039/C5CP01498K.

Flirstner, Alois. 2003. “Chemistry and Biology
of Roseophilin and the Prodigiosin Alkaloids: A
Survey of the Last 2500 Years.” Angewandte
Chemie International Edition 42 (31): 3582-
3603. https://doi.org/10.1002/anie.200300582.
Genevieve Kate Phillips. 2017. “Developing
Fluorogen  Activating Protein-Fluorescent
Protein FRET Pairs For Live Cell Imaging.”
Biomedical Sciences ETDs. New Mexico.
https://digitalrepository.unm.edu/do/search/?q=D
EVELOPING FLUOROGEN ACTIVATING
PROTEIN-FLUORESCENT PROTEIN FRET
PAIRS FOR LIVE CELL
IMAGING&start=0&context=8827355&facet=.
Guseva, Galina. B., Elena V. Antina, and
Alexander A. Ksenofontov. 2019. “The CompleX
Formation of Indium(lIl) Acetate with Alkyl-
Substituted 3,3'-Bis(Dipyrromethene) Ligands.”
Inorganica Chimica Acta 498 (December):
119146.
https://doi.org/10.1016/J.1ICA.2019.119146.
Haddix, Pryce L, and Terry F Werner. 2004.
“Spectrophotometric Assay of Gene Expression:
Serratia Marcescens Pigmentation.” Bioscene 4
(1): 3-13.

Hao, Changchun, Guoging Xu, Tianyue Wang,
Zhanshan Lv, Kaixuan Zhu, Bin Li, Shi Chen,
and Runguang Sun. 2017. “The Mechanism of
the Interaction between Curcumin and Bovine
Serum Albumin Using Fluorescence Spectrum.”
Russian Journal of Physical Chemistry B 11 (1):
140-45.
https://doi.org/10.1134/S1990793117010043.

2568



"TIEIST

Engineering & Management

13.

14.

15.

16.

17.

18.

19.

Hewlings, Susan J., and Douglas S. Kalman.
2017. “Curcumin: A Review of Its’ Effects on
Human Health.” Foods 6 (10): 92
https://doi.org/10.3390/foods6100092.

Jasim, Fadhil, and Fatima Ali. 19809.
“Measurements of Some Spectrophotometric
Parameters of Curcumin in 12 Polar and
Nonpolar Organic Solvents.” Microchemical
Journal 39 (2): 156-59.
https://doi.org/10.1016/0026-265X(89)90024-6.

Kim, Sung Hoon, Seon Yeong Gwon, Eun-Mi
Lee, and Jin-Seok Bae. 2015. “Study on the
Interaction between Curcumin and Ethylamines
by Absorption and Fluorescence Spectroscopic
Techniques.” Textile Coloration and Finishing
27 (4): 340-44.
https://doi.org/10.5764/tcf.2015.27.4.340.

Li, Dan, Jun Liu, Xin Wang, Di Kong, Wei Du,
Hongbo Li, Chung Yun Hse, Todd Shupe,
Dongpo Zhou, and Kai Zhao. 2018. “Biological
Potential and Mechanism of Prodigiosin from
Serratia Marcescens Subsp. Lawsoniana in
Human Choriocarcinoma and Prostate Cancer
Cell Lines.” International Journal of Molecular
Sciences 19 (112).
https://doi.org/10.3390/ijms19113465.

Liu, Ying, Peiwen Huang, Xuefeng Hou, Fei
Yan, Zifei Jiang, Jiangpei Shi, Xingmei Xie, et
al. 2019. “Hybrid Curcumin—Phospholipid
Complex-near-Infrared Dye Oral Drug Delivery
System to Inhibit Lung Metastasis of Breast
Cancer.” International Journal of Nanomedicine
14: 3311-30.
https://doi.org/10.2147/1IN.S200847.

Misiak, Ryszard, Roman Hajduk, Marcin
Stobinski, Mirostaw  Bartyzel, Katarzyna
Szartowicz, and Barbara Kubica. 2011. “Self-
Absorption Correction and Efficiency
Calibration for Radioactivity Measurement of
Environmental Samples by Gamma-Ray
Spectrometry.” Nukleonika 56 (1): 23-28.

MONK, G. W. 1957. “Spectral Absorption Of
Prodigiosin In Intact Cells.” Journal of
Bacteriology 74 (2): 71-74.

Published by: The Mattingley Publishing Co., Inc.

20.

21.

22.

23.

24.

25.

26.

May — June 2020
ISSN: 0193-4120 Page No. 2561 - 2570

http://www.ncbi.nlm.nih.gov/pubmed/13462962.
Mukerjee, Anindita, Thomas J. Sgrensen,
Amalendu P. Ranjan, Sangram Raut, Ignacy

Gryczynski, Jamboor K. Vishwanatha, and
Zygmunt Gryczynski. 2010. “Spectroscopic
Properties of Curcumin: Orientation of
Transition Moments.” Journal of Physical
Chemistry B 114 (39): 12679-84.
https://doi.org/10.1021/jp104075f.

N, Kobayashi, and Ichikawa Y. 1991.

“Separation of the Prodigiosin-Localizing Crude
Vesicles Which Retain the Activity of Protease
and Nuclease in Serratia Marcescens.”
Microbiology and Immunology 35 (8): 607-14.
https://doi.org/10.1111/.1348-
0421.1991.tb01592.x.

Namazkar, Shahla, and Wan Azlina Ahmad.
2013. “Spray-Dried Prodigiosin from Serratia
Marcescens as a Colorant.” Biosciences
Biotechnology Research Asia 10 (1): 69-76.
https://doi.org/10.13005/bbra/1094.

Nardo, Luca, Roberta Paderno, Alessandra
Andreoni, Méar Masson, Tone Haukvik, and
Hanne Hjorth Tennesen. 2008. “Role of H-Bond
Formation in the Photoreactivity of Curcumin.”
Spectroscopy 22 (2-3): 187-98.
https://doi.org/10.3233/SPE-2008-0335.
Northrop, D C, and O Simpson. 1956.
“Electronic Properties of Aromatic
Hydrocarbons I1. Fluorescence Transfer in Solid
Solutions.” Proceedings of the Royal Society of
London. Series A. Mathematical and Physical
Sciences 234 (1196): 136-49.
https://doi.org/10.1098/rspa.1956.0021.

Patra, Digambara, and Christelle Barakat. 2011.
“Synchronous Fluorescence Spectroscopic Study
of Solvatochromic Curcumin Dye.”
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy 79 (5): 1034-41.
https://doi.org/10.1016/j.saa.2011.04.016.

Reichardt, Christian. 1994. “Solvatochromic
Dyes as Solvent Polarity Indicators.” Chemical
Reviews 94 (8): 2319-58.

https://doi.org/10.1021/cr00032a005.

2569



"TIEIST

Engineering & Management

May — June 2020
ISSN: 0193-4120 Page No. 2561 - 2570

27. Robert P. Williams, Cora Lee Gott, and James A.  32. Yoshida, Seiichi. 1962. “A Study of a Water-

28.

29.

30.

31.

Green. 1961. “Studies on Pigmentation of
Serratia Marcescens. V. Accumulation of
Pigment Fractions with Respect to Length of
Incubation Time.” Journal of Bacteriology 81
(3): 376-79.
http://www.pubmedcentral.nih.gov/articlerender.
fcgi?artid=279016&tool=pmcentrez&rendertype
=abstract.

Subhan, M. A., K. Alam, M. S. Rahaman, M. A.
Rahman, and R. Awal. 2013. “Synthesis and
Characterization of Metal Complexes Containing
Curcumin (C21H2006) and Study of Their Anti-
Microbial ~ Activities and  DNA-Binding
Properties.” Journal of Scientific Research 6 (1):
97-109. https://doi.org/10.3329/jsr.v6i1.15381.
Venil, Chidambaram  Kulandaisamy, and
Perumalsamy Lakshmanaperumalsamy. 2009.
“An Insightful Overview on Microbial Pigment,
Prodigiosin.” Electronic Journal of Biology 5
(3): 49-61. http://fliphtml5.com/ilnk/woex/basic.
Wadday, Ali Kadhim, Zeyad A. Saleh, and
Mohammed Fraj Al-Marjani. 2019.
“Spectroscopic  Characteristics and Energy
Transfer of Bacterial Pigment:
(Pyocyanin/Curcumin).” AIP Conference
Proceedings 2201 (December).
https://doi.org/10.1063/1.5141438.

Wang, Sujuan, Tongtong Li, Xixi Peng, and
Xinwu Ba. 2017. “Improving Solubility Of
Curcumin In Aqueous System By The Self-
Assembly Of Hyperbranched Poly(Amide-Ester)
And  Curcumin.”  International  Journal
Pharmaceutical Sciences and Research 8 (4):
1613-18. https://doi.org/10.13040/1JPSR.0975-
8232.8(4).1613-18.

Published by: The Mattingley Publishing Co., Inc.

Soluble Complex of Prodigiosin Produced By a
Strain of Serratia Marcescens.” Canadian
Journal of Biochemistry and Physiology 40 (1):
1019-24. https://doi.org/10.1139/y62-114.

2570



