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Porphyridium purpureum for anticancer applications against MCF-7 cell line
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The focus on utilization of marine macroalgae for green synthesis of bimetallic nanoparticles with potential applications
in cancer treatment has gained a lot of attention in recent years. In this present study, we synthesized a nanobiocomposite
using the red pigment R-phycoerythrin from the marine red algae Porphyridium purpureum and explored its anticancer
potential. This vibrant red fluorescent pigment plays a crucial role as a reducing and stabilizing agent. Ag-ZnO
nanobiocomposite was synthesized by green approach using phycoerythrin as a capping agent. The synthesized
nanobiocomposite was characterized using UV-Vis spectroscopy, XRD, FT-IR and SEM-EDX techniques. The obtained
UV-Vis graph has confirmed the presence of Ag, Zn and phycoerythrin in the synthesized nanobiocomposite. The FT-IR
showed the occurrence of Zn—O vibration peak along with hydroxyl and carboxyl groups. The XRD results confirmed the
crystalline nature and hexagonal shape of the nanobiocomposite. The overall effect of the synthesized phycoerythrin-Ag-
ZnO nanobiocomposite was studied by MTT assay to check its anticancer applications. From the obtained results, the ICsq
value was found to be 100 pg against MCF-7 cell line. This confirms that the synthesized phycoerythrin-Ag-ZnO
nanobiocomposite inhibited the growth of MCF-7 cell line and thus can be efficiently used as a photosensitive drug for

chemotherapy in future.
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Chemotherapy plays a crucial part in treating the
majority of malignancies but there are still some
drawbacks that needs to be addressed. The
development of controlled-release technology can
overcome those drawbacks of conventional
chemotherapy through targeted drug delivery which
offers a more effective and safer option'?. Hybrid
nanoparticles have made a promising area of research
in nanotechnology. By combining different materials,
hybrid nanoparticles can have unique properties and
functionalities which cannot be achieved through
individual particles alone. For instance, bimetallic
nanoparticles can offer better control over size, shape
and surface properties which can help to improve
their efficacy and reduce potential toxicity".
Nanoparticles (NPs) are utilized as targeted drug
delivery for anti-cancer applications. Metal-based
NPs can possess inherent anti-tumor properties such
as antioxidant activity®. The most amazing and
promising  biological agents are  metallic
nanoparticles. Silver (Ag) nanoparticles have a wide
variety of applications in physical, chemical and
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biological scientific domains®. Additionally, using
external energy sources can enhance the anti-cancer
properties of NPs. For example, magnetic fields or
infrared radiation can be wused to induce
hyperthermia’®. Due to its antibacterial, antifungal,
carcinogenic, antidiabetic, acaricidal, gene delivery,
medication delivery and pediculicidal capabilities,
ZnO NPs show outstanding potential in biological
applications'™'". An advantage of employing NPs to
treat tumors is the ability to deploy multiple
techniques to combat MDR by combining NPs with
antitumor medication formulations'. Ag
nanoparticles can be produced from plants in a cost-
effective way without the use of hazardous chemicals,
high temperatures or pressure'>'*. A nanocomposite
of Ag-ZnO seems to be particularly suitable for
antitumor applications due to its low cost,
biocompatibility and low toxicity compared to other
noble metals.

Red seaweeds contain R-Phycoerythrin which is 240
kDa oligomeric water-soluble chromoprotein having a
400-650 nm absorption range. Due to its unique
spectrum properties, this reddish fluorescent pigment
gains interest in biotech applications'’. The main group
of these red algae contains bioactive chemicals such as
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polysaccharides (alginate, agar, and carrageenan),
lipids, polyphenols, steroids, glycosides, flavonoids,
tannins, saponins, alkaloids, triterpenoids,
anthraquinones and cardiac glycosides'® which is used
in the cosmetic, pharmaceutical, food and manure
industries. Additionally, it has been observed that
phycobiliproteins have therapeutic antioxidant, anti-
inflammatory, neuroprotective, anti-cancer and
immunomodulatory  properties. These bioactive
substances act as a capping and reducing agent and also
stabilize the synthesized nanoparticle'”**.

Various substances, including primary and
secondary metabolites produced by seaweeds were
considered as the interesting sources for
biotechnological and industrial uses'’?’. While
phycoerythrin commonly used as a fluorescent
targeting probe and food colorant, in the current
study, we investigated the role of phycoerythrin as a
chemotherapeutic drug when combined with Ag-ZnO
nanoparticles. The characterization such as UV-Vis,
XRD, FT-IR, SEM-EDX were carried out to study the
physiochemical properties of the synthesized
nanobiocomposite.

Materials and Methods
Chemicals used

The chemicals such as zinc chloride (99% pure),
sodium chloride (99% pure), sodium dibasic
heptahydrate (99% pure), sodium monobasic
monohydrate (99% pure) and sodium nitrate (98%
pure) were purchased from LOBA Chemicals,
Mumbai, India. All of these chemicals were of
analytical grade and used without further purification.

Collection of Porphyridium purpureum biomass

The red seaweed Porphyridium purpureum
(formerly P. cruentum) was collected from Fisheries
College and Research Institute, Thoothukudi, Tamil
Nadu, India. Epiphytes, extraneous and necrotic
materials were removed from P. purpureum by
washing. Sterilized bottles were used to collect the
samples. Samples were properly cleaned using sterile
distilled water before being air dried. The moisture
from the specimen was drained manually and was
later subjected to the sun light to eliminate the
moisture for 5 h to get dry biomass. Then the dried
biomass was chopped into little pieces and crushed
into a fine powder®'.

Preparation of phosphate buffer for extraction
The extraction of phycoerythrin from P. purpureum
biomass was carried out using phosphate buffer

method. 0.848 g of sodium dibasic heptahydrate
(NaH,P0O,.7H,0) and 5.054 g of sodium monobasic
monohydrate (Na,HPO,.H,0) were added to 200 mL
of distilled water to prepare 20 mM phosphate buffer
(pH 7.4).

Extraction of phycoerythrin pigment from P. purpureum biomass

The prepared phosphate buffer and the powdered
P. purpureum biomass were mixed at a 2:1 ratio in a
beaker. A magnetic stirrer was used to agitate the
mixture at 200-300 rpm. By this process, the
intracellular product phycoerythrin was released from
the algal cells and suspended in the prepared buffer
solution. The mixture was then centrifuged to remove
the biomass at 5000 rpm for 15 min at 4°C. The
supernatant was collected for further studies and the
pellet containing exopolysaccharides was resuspended
in the buffer for further use™.

Synthesis of Ag-ZnO nanobiocomposite with phycoerythrin

The 1.698 g of AgNO; was added to 100 mL of the
extract in the beaker. The beaker was subjected
stirring using a magnetic stirrer at 80°C for 30 min.
Then 0.001 M ZnCl, solution was added to the
extract-AgNO; mixture at regular intervals'®. This
was added until the zinc precipitates along the bottom
and walls of the beaker. The precipitate was then
segregated by centrifugation at 10,000 rpm for
10 min. The pellet was retrieved and lyophilized using
a freeze dryer at —45°C and 0.150 Kpsi®.

Characterization of phycoerythrin-Ag-ZnO nanobiocomposite

A double beam spectrophotometer (Systronics,
2201) was used to analyze the UV-Vis spectroscopy
of phycoerythrin-Ag-ZnO nanobiocomposite. The
Peaks were observed at wavelengths between 320 and
380 nm. The Functional groups characterization and
confirmation of the conjugation of phycoerythrin on
the nanobiocomposite was studied by FT-IR analysis
using BRUKER RFS 27 MultiRAM system. Powder
XRD (Enraf Nonius CAD4-MV31) analysis was done
to determine the crystalline nature of the nano-
biocomposite. The surface morphology and elemental
composition of the synthesized phycoerythrin-Ag-
ZnO nanobiocomposite was studied through SEM-
EDX analysis.

Determination of anticancer activity

To cultivate MCF-7 cell lines, 2 mM of glutamine
was added to DMEM. 10% FBS was produced at
37°C using 5% CO, and 95% air in a humidified
incubator. After two days, the media was switched
back to a fresh culture medium (DMEM with 10%
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FBS) and the growth of multinucleation in the cells
was used to assess the level of differentiation. Cells
were planted in 96-well tissue culture plates with
5%10° cells in 100 pL medium per well. The MCF-7
cells were exposed to different amounts of lyophilized
material (100 ng, 10 ng, 1 ng, and 1 pug). After being
cultured for 24 hr, cells were treated with MTT
reagent and left undisturbed for an additional 4 hr.
The reaction was halted by aspirating the media,
dissolving the formazan crystals that have formed in
DMSO and analyzing the absorbance at 570 nm
which is directly proportional to cell viability. Using
Eq. 1, the percentage of cytotoxicity was calculated.
The graph was plotted and the ICsy value was
determined using these values.

Percentage of cytotoxicity, % =
1-0D control— 0D test) "

0D control

100 (D)

Results and Discussion
UV-Vis spectral analysis of synthesized phycoerythrin-Ag-
ZnO nanobiocomposite

UV-Vis spectral analysis was conducted on the
synthesized phycoerythrin-Ag-ZnO nanobiocomposite
which revealed distinctive peaks within the
wavelength range of 320 to 800 nm. The obtained
spectral graph was depicted in Fig. 1. The
identification of specific peaks provided evidence for
the elemental composition of the synthesized
nanobiocomposite. Notably, the presence of Zn was
verified by the detection of a peak in the range of 320-
350 nm. While the presence of Ag was indicated by a
peak at 400 nm. Furthermore, the characteristic peak
at 500 nm confirms the presence of phycoerythrin
within the nanobiocomposite. The UV-visible
analysis affirmed the coexistence of phycoerythrin,
Ag and ZnO in the synthesized phycoerythrin-Ag-

ZnO nanobiocomposite.
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Fig. 1 — UV-Vis spectrum of the synthesized phycoerythrin-Ag-
ZnO nanobiocomposite

FT-IR analysis of synthesized phycoerythrin-Ag-ZnO nano-
biocomposite

The presence of functional groups within the
synthesized phycoerythrin-Ag-ZnO nanobiocomposite
was characterized through FT-IR analysis. The peaks
were observed between 500 and 3500 cm’. The
observed peaks were shown in Fig. 2. The peak
observed at 599.31 cm™ confirms the presence of Zn-
O stretching in the nanobiocomposite. A medium N-H
bending was identified by the peak at 1648.23 cm™,
while the O-H stretching at 3274.44 cm™ affirmed the
existence of Ag metal in the nanobiocomposite. The
peak at 859.76 cm™ shows the presence of medium
C=C bending and the occurrence of strong C=C
bending of the alkene generated the absorption peak
at 996.13 cm™. The significant absorption peak at
1068.99 cm™ was attributed to C-O stretching, while
the peak at 1234.82 cm™ was indicative of moderate
C-N stretching. The absorption peak at 3274.44 cm™
was attributed to the -OH stretching of the -COOH
group.

The presence of these functional groups
particularly those associated with phycoerythrin
protein, implicated in the capping of Ag-ZnO
nanobiocomposite was confirmed**”. The FT-IR
spectroscopic study suggests that the secondary
structure of proteins in P. purpureum remains
unaffected by their interaction with Ag" ions or

nanoparticles™**’".

SEM- EDX analysis of synthesized phycoerythrin-Ag-ZnO
nanobiocomposite

SEM analysis helps in studying the surface’s shape,
structure and distribution of NPs and also offers
information about nanoscale particles. Information
about the metals present within the material can be
checked by EDAX or EDS analysis*™". The surface
morphology of the phycoerythrin-Ag-ZnO nano-
biocomposite was studied through observed SEM
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Fig. 2 — FT-IR spectrum of the synthesized phycoerythrin-Ag-
ZnO nanobiocomposite
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images shown in Fig. 3 under the resolution of 1 and
2 pum. The elemental distribution of Zn, Ag and O in
phycoerythrin-Ag-ZnO nanobiocomposite was
observed from EDX images shown in Fig. 4. The
presence of Zn was confirmed by the peak at 1 keV in
the EDX analysis while the presence of Ag was
confirmed by the peak between 2.5 and 3 keV. The
results obtained from EDX analysis was shown in
Fig. 5. The peak corresponding to oxygen in EDX
spectrum might be due to the presence of
phycoerythrin protein in the nanobiocomposite®'.

XRD analysis of synthesized phycoerythrin-Ag-ZnO nano-
biocomposite

The crystalline nature of the synthesized
phycoerythrin-Ag-ZnO nanobiocomposite was studied
with peaks observed from the XRD data. Various
peaks observed at 2 theta angles of 27.45, 31.83,

45.51, 56.51 and 66.30 were shown in Fig. 6. The
hexagonal wurtzite ZnO along with face-centered-
cubic (fcc) metallic Ag was verified using (JCPDS
file no. 36-1451) and (JCPDS file no. 04-0783). The
average size of synthesized phycoerythrin-Ag-ZnO
nanobiocomposite was calculated with Debye -
Scherer’s formula,

D=k A /B cos 0,

where A - X-ray wavelength, § - full width at half
maximum of the XRD peak, and 0 is the Bragg angle.
The average size of synthesized phycoerythrin-Ag-ZnO

nanobiocomposite was found to be 32.97 nm™>.

Anticancer activity of synthesized phycoerythrin-Ag-ZnO nano-
biocomposite

The anticancer activity of the synthesized
phycoerythrin-Ag-ZnO nanobiocomposite against

1 : I
B, sl B2 ¢
E (' - l‘ .

ZnlLa1_2 OKa1

AglLat

Fig. 4 — Elemental distribution of Zn, Ag, and O in phycoerythrin-Ag-ZnO nanobiocomposite (A) Zn distribution; (B) O distribution;

(C) Ag distribution; and (D) overall distribution of Zn, Ag and O
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Fig. 5 — (A) EDX spectrum; and (B) Composition distribution of the synthesized phycoerythrin-Ag-ZnO nanobiocomposite
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Fig. 6 — XRD analysis of the synthesized phycoerythrin-Ag-ZnO
nanobiocomposite
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Fig. 8 — Microscopic images of anti-cancer activity of phycoerythrin-Ag-ZnO nanobiocomposite against MCF-7 cell line under various

concentrations (A) control; (B) 1 ng; (C & D) 1 and 100 pg

breast cancer cell line (MCF-7) was studied through
MTT assay. The cell line was subjected to various
concentrations (1 ng, 10 ng, 100 ng, 1 pg, 10 pg, and
100 ug) of the nanobiocomposite. The cytotoxicity
was observed and contrasted with the cell control.
Using the obtained optical values, the percentage of
cytotoxicity was estimated. From the observed results,
it was noted that cell line survival decreased with an
increase in nanocomposite concentration which
depicts that the synthesized phycoerythrin-
Ag-ZnO nanobiocomposite exhibits anticancer drug
properties. The obtained results have been depicted in
Figs 7 and 8. The lowest concentration of
1 ng showed cell cytotoxicity of 9%, while 100 pg
concentration showed the maximum cytotoxicity of
59%. The ICsy value indicates that 50% of cell death
occurs at 100ug concentration of the synthesized
phycoerythrin-Ag-ZnO nanobiocomposite. The
phycoerythrin-Ag-ZnO nanobiocomposite was
found to be efficient when compared to starch-based
copper nanoparticles, selenium nanoparticles and
nickel nanoparticles®®.  Thus, the synthesized
nanobiocomposite carrying phycoerythrin was observed
to be effective, reliable and a potential anti-cancer drug
making it useful in the biomedical field. The synthesized
phycoerythrin-Ag-ZnO nanobiocomposite can also be
utilized for medication administration which lowers the
harmful effect and enhances the drug availability™™'.

80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

1y

% of cyotoxc

0 Control 1ng

10ng 100ng 1pg

Concentration
Fig. 7 — Aanticancer activity of synthesized phycoerythrin-Ag-
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Conclusion

The phycoerythrin pigment with its recognized
potential as a chemotherapeutic drug was successfully
extracted and purified from the marine algae
Porphyridium purpureum. Subsequently, this valuable
pigment was used to synthesize phyco-erythrin-Ag-
ZnO nanobiocomposite. Evaluating its
therapeutic potential, the phycoerythrin-Ag-ZnO
nanobiocomposite demonstrated notable anti-cancer
activity against the MCF-7 cell line with an I1Cs, value
of 100 pg. The finding underscores its efficacy in
inducing apoptosis and significantly reducing MCF-7
cell viability. Beyond its anticancer properties, the
phycoerythrin-Ag-ZnO  nanobiocomposite  holds
promise for diverse applications in drug delivery. This
innovative approach not only expands the
understanding of phycoerythrin's potential but also
opens avenues for multifaceted applications in the
burgeoning field of nanomedicine. Overall, this study
reveals that the synthesized nanobiocomposite
exhibits promising attributes as a cost-effective, eco-
friendly and efficient chemotherapeutic agent as
evidenced by its successful performance against the
MCF-7 cell line. This makes the synthesized
phycoerythrin-Ag-ZnO  nanobiocomposite as a
valuable contribution to the field of cancer therapy
and positions it as a versatile platform for further
exploration in nanomedicine applications.
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