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ABSTRACT

The study aimed to optimize the growth and synthesis of phycocyanin in Synechocystis sp. CACIAM 05 through the influence of
light and periodicity (light:dark) in cultivation. Red LED light and continuous photoperiod enhanced biomass production. On the
other hand, for the production of phycocyanin by Synechocystis sp. CACIAM 05, blue LED light proved to be the most suitable
wavelength under partial light exposure.
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1 INTRODUCTION

Phycocyanin (PC) is a type of phycobiliprotein that acts as a light-harvesting pigment.* Phycobiliproteins are biotechnologically
significant products produced by high-value sources such as cyanobacteria.? In a cultivation system, the light source is essential
for the development of photosynthetic microorganisms, where light must be provided at appropriate duration and wavelength.®
Thus, light-emitting diodes (LEDs) can be used as an effective artificial source for cultivating cyanobacteria, serving as an optimal
parameter for inducing this metabolite.*

Therefore, with the aim of promoting the synthesis of phycobiliprotein by Synechocystis sp. CACIAM 05 for biotechnological
applications, the study focused on optimization and evaluating the production of this biocompound by manipulating different
wavelengths of LEDs (blue, red and white), along with varying photoperiods (partial and continuous).

2 MATERIAL & METHODS

The cyanobacterium Synechocystis sp. CACIAM 05 was obtained from the Amazonian Collection of Cyanobacteria and
Microalgae (CACIAM), located at the Laboratory of Biomolecular Technology (LTB) within the Institute of Biological Sciences
(ICB) at the Federal University of Para (UFPA). In the cultivation of CACIAM 05, different light-emitting diodes (LEDs) were used:
white (400-700 nm), red (630-675 nm) and blue (450-475 nm), along with different photoperiods: partialp) (13:11 h (light:dark))
and continuousg (24 h (light)). The experiment with white light served as the control and was conducted only with a partial
photoperiod. The light intensity was fixed at ymol m2 s?. Cultures were performed in triplicate over a 20-day period at a
temperature of 23 + 2 °C, using erlenmeyers flasks containing 300 mL of BG-11 medium with an initial biomass concentration of
0,002 g/L. At the end of the experiment, the total biomass production yield (g/L) was measured. The obtained biomass was
centrifuged at 4000 x g for 10 minutes, and productivity was determined gravimetrically using a precision balance and calculated
using Equation 1.5
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The extraction of PC was performed in the dark with modifications, involving the addition of 10 mL of phosphate buffer to 60 mg
of lyophilized biomass from the cyanobacterium.®” Subsequently, to facilitate the extraction process, maceration and sonication
methods were applied to the samples.® The amount of PC was calculated according to Equation 2. Meanwhile, the purity (EP) of

the phycocyanin extract was spectrophotometrically monitored by the Ag15/Azg0 ratio (Equation 3). The extraction yield was defined
based on Equation 4 .°
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3 RESULTS & DISCUSSION

The highest biomass concentration (p < 0.05) was observed in the experiment with red LEDs under continuous light (Table 1).
This result was approximately 2 times greater compared to the control experiment, which used white LED light and a partial
photoperiod. Biomass production using blueg and red) LEDs did not show significant growth-promoting effects (p > 0.05) in the
cyanobacterium Synechocystis sp. CACIAM 05 when compared to the control group (Table 1), resulting in biomass production of
0.48 g/L and 0.42 g/L, respectively. Therefore, only the experiments with Red) and blue LEDs yielded statistically significant
results in terms of biomass concentration, biomass productivity, and specific growth rate (p < 0.05).

Table 1 Effects of light conditions and photoperiods on biomass production (X, g L), biomass productivity (P, mg L™ d!) and specific growth

rate (u, d).
Experiment LED Photoperiod X (g/L) P (mg/L/day) y, d?
1 Blue Partial (13:11 h) 0,31 £ 0,04¢ 15,23 +2,13¢ 0,24 £ 0,008¢
2 Blue Integral (24 h) 0,48 + 0,015 23,70 £ 0,79° 0,27 +0,001P
3 Red Partial (13:11 h) 0,42 +0,02° 20,75 +1,03° 0,27 +0,002°
4 Red Integral (24 h) 0,82 £ 0,062 40,90 + 3,042 0,30 £ 0,003
5 White (control) Partial (13:11h) 0,39 +0.03° 19,23 +1,76° 0,26 + 0,004°

The provided data represents the mean * standard deviation (n=3). Treatments that share the same letter in the same column indicate that there
is no significant difference between the values (p>0.05)

The growth of cyanobacteria under blue light is notably slower, resulting in lower biomass production. This occurs due to the lower
efficiency with which cyanobacteria utilize blue light for photosynthesis compared to other photosynthetic organisms.®
Alternatively, red LEDs cover the absorption spectrum of phycobiliproteins (550 nm to 620 nm) within the range of 620 to 645 nm,
leading to greater energy utilization and consequently higher biomass production by the cells.** Therefore, an increase in biomass
production was also observed under red light for Spirulina sp. LEB 18, Haematococcus sp., and H. pluvialis.??13.14

The content and yield of phycocyanin (PC) in Synechocystis sp. CACIAM 05 after exposure to different spectral light treatments
and periodicity are summarized in Figure 1. The highest amount (p < 0.05) of PC, 0.49 mg mL™, was obtained using blue LED
light (partial photoperiod), resulting in a yield of 0.083 mg g*. Meanwhile, the PC content under exposure to other light
treatments—white (control), blue (continuous), red (partial), and red (continuous)—did not show significant differences among
them, with average values of 0.15 mg mL™, 0.32 mg mL*, 0.19 mg mL*, and 0.11 mg mL, yielding 0.025 mg g%, 0.054 mg g1,
0.032 mg g, and 0.019 mg g%, respectively. Similarly, blue light also photo-stimulated phycocyanin accumulation in A. platensis,
Porphyridium purpureum, and P. mucicola.516:17
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Figure 1 Effects of light conditions on phycocyanin concentration (mg mL™) and yield (mg g*). Treatments sharing the same lowercase letter
indicate no significant difference between values (p > 0.05). Treatments sharing the same uppercase letter also indicate no significant difference
(p > 0.05).

The comparison between full and partial photoperiod treatments with blue LED illumination showed no statistically significant
difference (p>0.05) in phycocyanin concentration and yield (Figure 1). However, the PC concentration under partial photoperiod
(13:11 h) was slightly higher than that observed under continuous photoperiod (24 h). This suggests that cyanobacterium CACIAM
05 maintains comparable growth efficiency even with a shorter light exposure time. Therefore, to achieve higher pigment
concentration and improve cost-effectiveness, partial light exposure can be utilized. Partial illumination also favored PC
accumulation in Spirulina and P. amphigranulata USMAC18.181° Thus, partial photoperiod significantly reduces electricity
consumption, as light sources operate for shorter periods, extending the lifespan of LED bulbs and reducing related costs.
Similarly, the treatment with blue LED light and partial photoperiod achieved the highest purity, corresponding to 12 (Figure 2).
Meanwhile, treatments with Red(,), Redg, Blueg, and the control LEDs reached concentrations of 3.6, 2.0, 6.3, and 1.7,
respectively. These experimental results align with previous studies. Lee et al. (2016) observed that although blue light led to
slower growth, it exhibited higher phycocyanin production rates in terms of both content and purity. A purity of 0.7 is considered
food-grade, 3.9 is reactive-grade, and samples above 4.0 are considered analytical-grade.?°
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Figure 2 Effects of light-emitting diodes (LEDs) and different photoperiods on phycocyanin purification. Treatments sharing the same lowercase
letter indicate no significant difference between values (p > 0.05). Treatments sharing the same uppercase letter also indicate no significant
difference (p > 0.05).

Various studies indicate that blue light is most effective for phycocyanin (PC) production in cyanobacteria due to its specific
wavelength. Blue light is not easily absorbed by these organisms, resulting in the production of large amounts of phycocyanin to
capture light energy. Additionally, under rapid growth conditions, these microorganisms require significant nitrogen, and they can
use phycocyanin as an alternative nitrogen source for biomass production. The use of blue light can slow down cyanobacterial
growth, allowing for nitrogen accumulation in the form of phycocyanin.?

4 CONCLUSION

This study revealed that stress induced by different LEDs and photoperiods effectively stimulated biomass and phycocyanin
production. The results showed that the treatment with red LED and partial photoperiod achieved the maximum biomass
concentration of 0.82. Alternatively, blue LED under partial photoperiod resulted in the highest PC concentration of 0.49, yield of
0.083, and purity of 12. In comparison, other treatments exhibited lower concentrations of the target pigment. It's worth noting that
various strategies are widely used to enhance phycocyanin production and reduce associated costs. Therefore, partial
photoperiod can be employed to achieve higher phycocyanin concentration in Synechocystis sp. CACIAM 05 and improve cost-
effectiveness. These results provide valuable insights for the high-purity phycocyanin production through cultivation of a
cyanobacterium collected in the Amazon region.
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