| COBBIND M\ ﬂrea’@ conneclions befeen WEJm@y and indilvial sa%hab@

August 25 to 28, 2024
Costé@o do Santinho Resort, Floriandpolis, SC, Brazil

BIOPRODUCTS ENGINEERING

MECHANICAL CELL DISRUPTION TO RECOVERY OF PHYCOCYANIN FROM
Phormidium autumnale

Reinaldo G. Bastos!’, Beatriz B. V. de Souzal, Maria G. N. Campos?, Catarina A. Oliveira®, Mariana A. da Silva!

1 Center of Agricultural Sciences (CCA), Federal University of Sdo Carlos (UFSCar), Araras, S&o Paulo, Brazil
2 Eastern Florida State College, Florida, United States
3 Federal Institute of Education, Science and Technology of Rio de Janeiro, Rio de Janeiro, Brazil
* reinaldo.bastos@ufscar.br

ABSTRACT

The cultures for microalgal biomass have a wide range of applications. Pigments extracted from these microorganisms can be
used in various industries, including food, pharmaceutical and cosmetics. Phycocyanin, found only in cyanobacteria, is a protein
of approximately 20 kDa and consists of two subunits a and . In solution, it is found in a complex mixture of monomers, trimers,
hexameters, and other oligomers. Phormidium autumnale is the cyanobacterium that has been gaining notoriety in research into
wastewater treatments via heterotrophic metabolism and obtaining bioproducts, mainly because it is recognized as a robust
species and tolerant to high concentrations of nutrients and temperature extremes. In this sense, the research aims to evaluate
the cell disruption conditions for obtaining phycocyanin from P. autumnale biomass. The results indicate that the highest
phycocyanin content (around 0.16 mg mL™) was obtained after 15 minutes of cell disruption at 55°C and mixing at 1600 rpm, with
higher productivity in terms of pigment around 8 pg mL* min. The reduction of the filaments facilitated the extraction of the
pigment and the mechanical disruption method presents potential for a cultivation system with this cyanobacterium due to its
efficiency and ease of scaling-up.
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1 INTRODUCTION

Microalgae are considered as a sustainable alternative feedstock for food, feed, fuels, pigments and bioactive molecules. Both
microalgae growth conditions and downstream steps must be developed to value the different biomass fractions for high yield and
robustness of large-scale production'?. Downstream unit operations are harvesting, cell disruption, phase separation, extraction
and purification. As there are no general and standardized protocols for downstream steps, it is always necessary to evaluate
separation methods depending on the type of cell and biomolecule. The costs of these steps using currently available technologies
can represent more than 50% of global exploration costs. Mechanical cell disruption, in particular bead milling, is a promising
technique for industrial application due to its efficiency of disruption and the commercially available at different scales *.

Phormidium autumnale is a filamentous cyanobacterium that has been recognized in several studies. This microalga has filaments
unbranched, and is capable of surviving for long periods in desert environments and freezing, becoming metabolically active after
rehydration 3. Furthermore, due to filamentous morphological, P. autumnale tends to facilitate the separation of biomass from the
cultivation media. This characteristic is fundamental considering that biomass recovery is a main technological bottleneck in large-
scale microalgae production. Studies have demonstrated the potential of this cyanobacteria by heterotrophic growth, in
bioremediation processes from effluents with high organic and nutritional loads, in addition to generating biomass with commercial
value 456, However, there are no reports of research in the literature that explore the potential for obtaining phycocyanin by this
species of cyanobacteria, nor is it associated with the use of byproducts in systems called microalgal “biorefineries” .

There is a growing demand for naturally produced pigments due to food safety concerns due to the harmful elements present in
synthetic sources. Among the various sources, microalgae are great producers of natural pigments due to their ability to synthesize
them in high concentrations, and can be cultivated in brackish waters or wastewater from the consumption of nutrients, reducing
dependence on chemical products . The classes of pigments found in microalgae are called chlorophylls, carotenoids and
phycobiliproteins. The most commercially valuable are carotenoids and phycobiliproteins, which are widely used in cosmetics,
food additives, biocompounds, pharmaceutical industries and food colorings &.

Cyanobacteria have phycobiliproteins, which make up granular structures called phycobilisomes and are found in the outer
membranes of the thylakoids. There are four phycobiliproteins in cyanobacteria: phycocyanin (blue color), phycoerythrin (red
color), allophycocyanin (blue color) and phycoerythrocyanin (red color). These pigments are generally produced in autotrophic
cultures; however, some species also perform in heterotrophic growth °. Phycobilisomes of cyanobacteria are located in
photosynthesis reaction centers and perform the function of transferring energy to photosystems. From there, phycobiliproteins
increase the spectrum of light capture by photosynthesis or act as a nitrogen reserve. If a situation arises where cyanobacteria
suffer from a lack of nitrogen, the proteins that make up phycobiliproteins are degraded and phycobilisomes are eliminated,
resulting in the release of nitrogen for the most essential metabolic processes. And if nitrogen is introduced into the medium,
phycobilisomes can be reconstituted. The concentration of phycobiliproteins in cyanobacteria can reach up to 40% of the total
soluble protein content. It is worth mentioning that the presence of a carbon source in the medium in photoautotrophic cultivation
can lead to the inhibition of other proteins, favoring the synthesis of phycobiliproteins. As the carbon/nitrogen ratio of the culture



medium is fundamental in heterotrophic growth, it appears to play an important role in the concentration of these proteins.
Specifically, about phycocyanin, this pigment has its main applications as a natural dye, although it is also used in the
pharmaceutical sector as an antioxidant, anti-inflammatory and neuroprotective agent. Phycocyanin has been used as a food
pigment in gums, candies, soft drinks, and dairy products. Due to its spectral properties and high fluorescence yield, it is also
widely used as a fluorescent agent. Phycocyanin is stable at pH 5.5 - 6 and at temperatures below 47°C, with degradation of the
pigment due to denaturation in conditions outside these ranges . In this context, it is essential to evaluate the conditions of the
recovery and purification process of phycocyanin extracted from cyanobacteria, with cell disruption being one of the most critical
steps.

2 MATERIAL & METHODS

Cyanobacterium Phormidium autumnale isolated from the Cuatro Cienegas Desert, Mexico, was kindly provided by the Federal
University of Santa Maria (UFSM), maintained and propagated in standard medium ! at 25°C and 12-hour light-dark photoperiod.

For the recovery of phycocyanin, the identification of the best conditions for cell disruption of this cyanobacteria in disruptor bead
mill TE-099 and set up experiments for establish the experimental conditions of mixing, temperature and disruption time with glass
spheres, as bead mills. 5 mL of a concentrated suspension (around 18 mg mL™) containing the Phormidium antumnale inoculum
in BG11 medium was evaluated under various cell disruption conditions in bead mills. After the tests, the rupture efficiency was
evaluated based on the phycocyanin content extracted with phosphate buffer 0,2 M and measured by spectrophotometry 2. The
total protein content was estimated after cell disruption by absorbances at 260 and 280 nm 2. Furthermore, the cell microalgal
disruption was analyzed using microscopic images using the Leica LAS EZ Software to measure and compare the filaments.

3 RESULTS & DISCUSSION

Cell disruption of the Phormidium antumnale inoculum suspension was assessed by the amount of phycocyanin released into the
medium. Therefore, Figure 1a presents a phycocyanin profile measured in the liquid fraction after cell disruption at 25, 30, 35, 40,
45, 50, 55, 60, 65 and 70°C. Despite what is reported in the literature for Spirulina’s phycocyanin 19, that is, the use of temperatures
below 47°C to avoid denaturation, in the case of our results, the temperature that benefited the release of the pigment was 55°C
(0.16 mg mLY). These pigment contents are similar to those reported in the literature 4. The thermal effect intensifies at higher
temperatures, as the results indicate for 60, 65 and 70°C. These results may indicate a slightly superior thermal stability for
phycocyanin from P. antumnale. This highest phycocyanin value was around 0.98% (mass) of the total amount of biomass and,
as a comparison, this sample presented 48.4% of total cellular proteins. Furthermore, Figure 1b indicates at 55°C, mixing at 1600
rpm for 15 min the greater release than for 25 min (phycocyanin productivity around 8 pg mL"* min't). This suggests that thermal
stability can be maintained at this temperature as long as the downstream process occurs in a shorter time interval.
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Figure 1 Phycocyanin content of Phormidium autumnale extracted at different temperatures (a) and phycocyanin productivity at 55°C for 1200
(o) and 1600 rpm (o)

Comparison of the rupture behavior of different microalgae species reveals that rupture kinetics in ball milling are influenced by
cell size, composition and stiffness of the cell membrane and cell wall *. Microalgae cells are normally distributed in different size
classes corresponding to different growth stages. Cells in the growth phase tend to accumulate the first pigments and proteins
and then energy storage metabolites such as lipids and starch until the division step. In fact, the resilient structure of the cell wall
of some species of microalgae acts as a barrier to industrial exploitation of microalgae. The composition of the cell wall is
dependent on the species and can be used as an identification marker for its taxonomy 2.

Figure 2 presents the micrographs of P. autumnale suspensions before and after cell disruption under optimized conditions (55°C,
1600 rpm for 15 min. The illustrations indicate that cell rupture sensu stricto does not appear to occur, but the reduction of the



filaments by approximately three to six times the original value, allowing technologically viable phycocyanin levels and productivity
as shown in Figure 1. The images in Figure 2 indicate that the reduction of P. autumnale filaments appears to have facilitated the
extraction of phycocyanin and the mechanical rupture method presents potential for a cultivation system with this cyanobacterium
due to its efficiency of bead mills and ease of scaling-up.

(b)

Figure 2 Micrographs of Phormidium autumnale filaments before (a) and after (b) the cell disruption process (55°C, 1600 rpm, 15 min)

4 CONCLUSION

The mechanical cell disruption presents a potential for filament reduction and phyconicanin release from Phormidium autumnale
suspensions with selected optimal conditions of 55°C, 1600 rpm for 15 minutes. The results indicate a preliminary potential use
of a cyanobacteria little reported in the literature in obtaining biopigments, and other conditions and analyzes will indicate the
viability of the proposed mechanical method of cell disruption
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