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Abstract

Cyanobacteria are groups of microalgae with high ecological importance and have gained relevance due to
commercial interest for their nutritional and health value. This research analyzed the growth in strain of
Leptolyngbya sp. under different combinations of light and temperature conditions. Here, we present an
approach of bioprospecting-based study in the Gulf of Urabé, Caribbean Colombia where fifteen different
morphologies of cyanobacteria were observed among all collected samples, but after several months of culture
and isolation treatment Leptolyngbya sp. was detected. Several freshwater and salty culture media both solid
and liquid were inoculated by diluting the sample every 15 days of culture, a new set of serial dilutions was done
to obtain isolated strains. Results indicated that illumination with a green wavelength provides higher biomass
and protein content in culture if it is grown at 28 °C. A temperature of 35 °C was observed to be detrimental to
culture, presenting lower biomass (<50%), yields and protein percentages at all wavelengths. According to
protein percentage (60%), blue light in cultures grown at 28 °C was disadvantageous, as were all of the other
lights in cultures grown at 35 °C. Moreover, results regarding the evaluation of temperature and light effects
over Leptolyngbya sp. biomass and protein yield revealed that play a role on these responsible variables. These
biomolecules found have multiple applications in different fields from bioactive compounds to metabolites with
industrial, pharmaceutical and ecological uses. In conclusion, these finding provide insights into optimizing the
growth of local cyanobacteria and estuary could become a potential source of protein via microalgae and further
investigation is recommended to study the scale-up.

Keys words: bioprospecting; Lepfolyngbya sp.; phycobiliprotein; light spectrum; temperature; Caribbean
Colombia

Resumen

Las cianobacterias son grupos de microalgas con alta importancia ecoldgica y han ganado relevancia debido al
interés comercial por su valor nutricional y para la salud. Esta investigacion analizd el crecimiento en una cepa
de Leptolyngbya sp. bajo diferentes combinaciones de condiciones de luz y temperatura. Aqui presentamos un
enfoque de estudio basado en bioprospeccion en el golfo de Uraba, Caribe colombiano, donde se observaron
quince morfologias diferentes de cianobacterias entre todas las muestras recolectadas, pero después de varios
meses de cultivo y tratamiento de aislamiento se detectd Leptolyngbya sp. Varios medios de cultivo de agua
dulce y salada, tanto sdlidos como liquidos, fueron inoculados diluyendo la muestra cada 15 dias de cultivo. Un
nuevo conjunto de diluciones seriadas fue realizado para obtener cepas aisladas. Los resultados indicaron que
la iluminacion con una longitud de onda verde proporciona mayor biomasa y contenido proteico si el cultivo se
mantiene a 28 °C. Una temperatura de 35 °C resultd perjudicial, mostrando una biomasa mas baja (<50 %), asi
como menores rendimientos y porcentajes de proteina en todas las longitudes de onda. De acuerdo con el
porcentaje de proteina (60 %), la luz azul en cultivos a 28 °C mostré un comportamiento menos favorable, al
igual que todas las luces en cultivos a 35 °C. Ademas, los resultados relacionados con la evaluacion de los efectos
de latemperaturay la luz sobre la biomasa y el rendimiento de proteina en Lepfolyngbya sp. revelaron que estas
variables influyen en dichos parametros. Las biomoléculas encontradas tienen mdltiples aplicaciones en diversos
campos, desde compuestos bioactivos hasta metabolitos con usos industriales, farmacéuticos y ecolégicos. En
conclusion, estos hallazgos ofrecen informacién para optimizar el crecimiento de cianobacterias locales y
sugieren que el estuario podria ser una fuente potencial de proteina mediante microalgas.

Palabras clave: bioprospeccion; Leptolyngbya sp.; ficobiliproteina; espectro luminoso; temperatura; Caribe

colombiano.
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Introduction

Human activity, especially industrial production, has been the
central cause of environmental deterioration (McLaughlin et a/,
2013). Even in these times of global biodiversity crisis, it is
urgent to incorporate the values of nature into decision-making
(Pascual et a/, 2023). The biggest challenge in the modern age,
in which scientists have an important responsibility, is to
develop more sustainable production processes (Schneider et
al, 2011). The unmeasured use of natural resources currently
generates other economic and social problems. For this reason,
new sources and forms of eco-friendly food production are
being sought on a global scale.

While 25 % of living species on the planet are found in marine
areas, it is estimated that only 10 % of the biodiversity present
in the oceans has been documented (Todd, 2018). Regarding
microalgae, it is suggested that out of approximately 200,000
species, only about 50,000 have been described (Mobin ef a/,
2019). This vast diversity of phytoplankton is associated with
their dominance in marine ecosystems, although their habitats
are as diverse as their species (Cordoba-Mena et a/, 2020; Not
et al, 2012), and interest in them for various purposes has grown
(Tang et al, 2020). They are fast-growing organisms that do not
require arable land, are independent of seasonal conditions, and
have the potential to transform solar energy into biomass (Khan
etal, 2018).

The rich biomass of different microalgal species varies in
compounds such as lipids, proteins, and carbohydrates, as well
as functional molecules (Tan et af, 2020). For these reasons,
microalgae could be used in both human and animal nutrition
(Kusmayadi et af, 2021; Sathasivam et a/, 2019), and in both
cases could contribute to efforts to strengthen global food
security. Currently, only a few microalgal strains are widely used
for industrial purposes, such as Spirufina sp., Chlorella sp.,
Haematococcus sp., Dunaliella sp., Botryococcus  brauni
Phaeodactylum sp., and Porphyridium sp. (Raja et al, 2008).
Consequently, expanding our knowledge about understudied
microalgae could lead to the discovery of new strains suitable
for industrial use, highlighting the need for bioprospecting
studies (Sanchez Rizza ef al, 2017).

Cyanobacteria are of particular interest for biotechnological
applications, including the production of renewable fuels, fatty
acids, and phycobiliproteins (Basheva et a/, 2018; Dominguez et
al, 2018; Kim et al, 2015; Sharma et a/, 2014). Phycobiliproteins,
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in particular, are water-soluble proteins with blue to red
pigmentation and diverse properties, including antioxidant and
anti-inflammatory activity (health sector) (Chen et a/, 2022); use
as pigments in industry (Nascimento et al, 2020);
thermostabilizing functions in industrial processes (Puzorjov
and McCormick, 2020); and heavy metal binding capabilities
(Bellamy-Carter et af, 2022).

From an evolutionary perspective, phycobilisomes are protein
complexes that serve as light-harvesting antennae in both
cyanobacteria and some eukaryotes. In cyanobacteria, they are
more externally located on the thylakoid membrane, whereas in
eukaryotes, they are more structurally organized within
chloroplasts (Stadnichuk et a/, 2023; Zheng et a/, 2021). These
biomolecules are found only in specific groups of microalgae,
such as rhodophytes, cyanobacteria, cryptophytes, and
glaucophytes (Rizwan et al, 2018). However, there has been
growing interest in novel uses, such as a protein source for food
production, in recent years. While studies have shown that
environmental conditions, such as pH, nutrient limitation,
salinity, and nitrogen supplementation, can affect the
production of phycobiliproteins in microalgae (Khatoon et 4/,
2018), even factors like the intensity and quality of light are
among the most influential, with recorded variations in protein
content ranging from 0.11 % to 12.7 % of dry weight (Rizwan et
al, 2018).

On a related topic, the Caribbean region of Colombia has a rich
marine biodiversity distributed across a wide range of
ecosystems (Mufioz Sevilla and Le Bail, 2017; Vallejo Toro et a/,
2016; Yanes et al, 2019). However, there are still large areas that
have not yet been studied in terms of phytoplanktonic
abundance (Contreras et a/, 2022; Cordoba-Mena et al, 2020;
Lozano-Duque et a/, 2010). One of these areas is the Gulf of
Uraba, considered one of the largest estuaries in the country,
yet poorly documented in terms of microalgae diversity
(Cordoba-Mena et af, 2020; Contreras-Fernandez et al, 2022,
Garcia and Sierra, 2007).

Moreover, microbial diversity shows a significant relationship
with other prokaryotic communities (such as Cyanobacteria),
better explaining the functional diversity of the estuary (Levipan
et al, 2024), and serving as a proxy for productivity and
accessory pigments such as chlorophyll a (Pacheco et af, 2025).

The aim of the study was to evaluate how temperature and
wavelength affect the biomass and protein content of
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Leptolyngbya sp. In conclusion, these findings provide insights
into optimizing the growth of local cyanobacteria, promoting a
valuable resource for the development of innovative and
sustainable applications. Bioprospecting in the estuary could
yield a potential source of protein via microalgae, and further
investigation is recommended to study the feasibility of scaling

up.
Materials and methods

Study area

The northern part of Caribbean Colombia (7.8°-12.5° N and
754°-77.5° W) (Figure 1) is a sub-basin of the Caribbean Sea
(Beier et al, 2017), where precipitation and river runoff are
controlled by the seasonal migration of the Intertropical
Convergence Zone (ITCZ) and the trade winds from the
northeast and southwest, which determine the timing of the dry
and rainy seasons. In the northernmost part of Colombia lies the

country's largest estuary, known as the Gulf of Uraba (7°55' N-
8°40"N and 76°53' W-77°23"W; Figure 1), formed by the mixture
of Caribbean seawater with the inflows of various rivers, most
notably the Atrato River. This river discharges approximately
4,000-5000 m3 st (Escobar and Velasquez, 2018) and
influences the coastal hydrodynamics of the Gulf of Uraba
(Contreras et al, 2022; Pacheco et a/, 2025), phytoplankton
dynamics (Cérdoba-Mena et al, 2020), and metabolic
biodiversity (Levipan et al, 2024).

Other tributaries also contribute significantly to the estuary. The
environmental characteristics of many coastal areas of the Gulf
of Uraba can be summarized by several factors: high nutrient
concentrations (eg, nitrites: 3-640 pg L™, ammonia: 70-2000
ug L™, nitrates: 100-11,900 ug L™, orthophosphates: values not
reported); high levels of suspended solids (9-4600 mg L™%); and
pH values within the normal range (<8 to 8.1) (Contreras et a/,
2022).

20' 10'

Figure 1. Study area in the Gulf of Uraba, Caribbean region of Colombia.
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Sampling campaign

even sampling campaigns were conducted under the framework
contract for access to genetic resources No. 126, May 2016,
celebrated between Ministerio Desarrollo y Sostenible de
Colombia and Universidad de Antioquia (Colombia). All samples
were immediately transferred to the laboratory of the University
of Antioquia (Col), biotechnology research group, for further
analysis. Samples were collected by horizontal and vertical drag,
using nets with different pore diameter sizes (Andersen and
Kawachi, 2015; Cordoba-Mena et al, 2020; Miao et a/, 2019).
The samples were processed immediately after collection, and
microphotography was used for morphological organism
identification. Several freshwater and salty culture media (Allen
and Stanier, 1968), both solid and liquid, were inoculated. By
diluting the sample, every 15 days of culture, a new set of serial
dilutions was done to obtain isolated strains. Regular
observations were made under a microscope to identify
phycobiliprotein producers and to monitor for bacterial
contamination.  Antibiotics  (ampicillin,  kanamycin, and
chloramphenicol: 150, 10, and 17 pg mL™, respectively), and
nitrogen depletion, were used selectively to minimize bacterial
growth (Bruckner, 2009).

Molecular identification

DNA from biomass was obtained using Genomic DNA Mini Kit,
Ref. K1820-02, Invitrogen, and it was quantified by colorimetric
method using the Picogreen method (Ahn et al., 1996). Deep
NGS sequencing of the 16S rDNA gene was developed using
variable regions V3 and V4, amplified with the oligonucleotides
Bakt_341F CCTACGGGNGGCWGCAG, Bakt_805R
GACTACHVGGGTATCTAATCC.  Paired  reads — with 300
nucleotides were obtained by lllumina MiSeq sequencing. Only
cyanobacterial sequences were filtered, and preliminary quality
processing was conducted using MOTHUR software.
Homologous sequences for 16S rRNA genes of cyanobacteria,
published previously and obtained from NCBI (Foster et al,
2009), were used for phylogenetic tree construction by
neighbour-joining with 1000 bootstrap replicates and using
MEGA software version 7.

Effects of light wavelength and temperature on
Leptolynghbya sp. cultivation

To carry out one of the experiments, one of the samples
collected in the estuary was collected using a net in a horizontal
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drag, with a porosity of 40 um pore diameter size net, and after
multiple serial dilutions, antibiotic additions, and maintenance
in the Aquil culture medium (Sunda ef a/, 2005), one isolated
culture of the cyanobacteria Leptolyngbya sp. was obtained.
Physical culture conditions were permanent white LED
illumination, 80 W cm?, orbital agitation at 99 rpm, and 28 °C of
temperature.

Secondary cultures were prepared using 0.1 grams of wet
biomass, inoculated in 20 mL of Aquil medium, and their
cultures were carried out for 22 days with agitation at 99 rpm
and daily CO, supply. Two temperatures, 28 and 35 °C, and four
different illumination wavelengths were evaluated. The intensity
of each color was settled between 50 and 60 W c¢m? Each
replicate was observed at the beginning and end of the
experiment using fluorescence and differential interference
contrast (DIC) techniques in a Nikon® Eclipse 80i microscope.
The specific maximum peak wavelengths of lights (blue, green,
red, and white) were determined using a calibrated
spectrophotometer (see details in supplemental figure).

Biomass and phycobiliprotein isolation

At the end of incubation, biomass from each flask was obtained
by centrifugation at 8000 x g for 30 minutes at 4°C.
Supernatants were discarded, and the remaining pellets were
transferred to pre-weighed microtubes (weighed before and
after centrifugation) and centrifuged again under the same
conditions. From each tube, 80 mg of biomass were taken and
ground using a mortar and pestle until finely homogenized, with
liquid nitrogen applied to maintain a low temperature.

Subsequently, to obtain crude protein extracts, 1 mL of acetate
buffer (pH 4.5) and 80 mg of cold glass beads were added to
each sample. The mixture was then placed in a Disruptor Genie
Digital® and subjected to 10 cycles of 1 minute of disruption
followed by 1 minute of rest. During each pause, the samples
were immersed in liquid nitrogen to maintain a low
temperature. Finally, the samples were centrifuged at 8000 x g
for 20 minutes at 4°C, and the resulting supernatant was
collected and stored at -80 °C.

Protein characterization
Protein quantification was performed using the 2D-Quant Kit®

(BioRad®), and the concentration was determined by
interpolation against a BSA standard curve at 562 nm. A 30 uL
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sample of each protein extract was subjected to SDS-PAGE (12
% gel) at 100V for 1.2 hours, according to the Laemmli method.
The gel was stained with Coomassie blue G-250 (BioRad®)
(Brunelle and Green, 2014).

Statistical analysis

The assumptions were evaluated and met, therefore there was
no need to transform the data. In all cases, the underlying
assumptions of the model, normality, homoscedasticity, and
independence of the data were verified. Multiple range test via
Fisher's least significant difference (LSD) test was used to assess
the means statistical differences, and a p-value < 0.05 was
considered significant. The spectrophotometric behaviors of
crude protein extracts were analyzed by MUMA (metabolic
univariate and multivariate analysis) software on the R 386 3.6.2
package (Gaude et al., 2013). Principal component analysis was
performed using a vast scaling of dates, and the univariant p-
value was selected for MUMA analysis. Statistical analyses were
performed using the software StatGraphics XVI version 16.1.17.

Cyanophyta
9%

Clorophyta
13%

Alveolata
19%

The graphics plotted using Prism 6.0 for Windows, version
6.03A.
Results

Diversity of phytoplankton

The study presented a high diversity of phytoplankton. Some
groups were associated with river discharge zones such as
Chlorophyta, while the northern zone, characterized by more
pronounced oceanic conditions, was rich in Stramenopile and
Alveolata (figure 2). Moreover, different morphologies of
cyanobacteria were observed among all collected samples.
However, Leptolyngbya sp. was only detected after several
months of culture and isolation treatments. The distance matrix
showed a similarity between the obtained sequence and
reference sequences of Leptolyngbya sp. with distances of 0.019
and 0.027. These results were consistent with the phylogenetic
tree, where the target sequence is located as a brother group of
Leptolyngbya sp. sequences, supported by a bootstrap of 72 %
(figure 3).

Excavata
1%

Stramenopile
58%

Figure 2. Percentage of species per taxonomic group identified in the samples through morphological analysis.

Enero - junio de 2025

INTROPICA



INTROPICA

Effects of light and temperature on the growth of Leptolyngbya sp.

o[~ AF091321.1 Trichodesmium thiebautii

93| L— AB039015. 1 Oscillatoria sancta

EU249124.1 Hydrocoleum lyngbyaceum

ABO45906. 1 Lyngbya hieronymusil var. hieronymusii

AY599507. 1 Lyngbya cl. confervoides
AF218376.1 Phormidium sp.

AB039010.1 Geillerinema sp.
. AJO00724.1 Halotheeo sp.

‘— AY575934.1 Spirulina subsalsa
. X84809.1 Lepiolyngbya sp.

|: DQ471447.1 Filamentous thermophilic eyanobacterium

AF132032.1 Cyanothece sp.

AB039021.1 Symploca allantica
- LAFQ;‘DUQS 1 Halomicronemasp.

DQO58860. 1 Halomicronemasp.

45 AY172819.1 Synechocoeeus sp.
L— avag1622.1 Synechococcus sp.

s [—— AF132931.1tanieria cyanosphaera

™ AJ505041.1 Limnothr i

. 45| AB039011.1 Leplolyngbyasp.
EU249128.1 Leplolyngbya sp.

EA ] 8VFF 11107 100550848 OW0011681

*{ EU249119.1 Laptolyngbya sp.

5 ;L{ EU249120.1 Leptolyngbyasp.

9% EU249127.1 Leptolyngbyasp.

AF218375.1 Phormidium lumbricale
” AF132773.1 Synechococeus sp.
AY884052.1 Synechococeus sp.

o | AF445677.1 Uncultured cyanobacterium clone SM1D11

AF445731.1 Uncultured bacterium clone SM2FO9

AY768399.1 Gloobacter violacous

i 7 pm

Figure. 3. Neighbor joining phylogenetic tree of 16S rRNA cyanobacterial sequences and microscopic appearance of cells. (a) DIC, 40x; (b)
fluorescence, 40x, 600 ms exposure, red filter; (c) DIC, 100x.

Effects of light wavelength and temperature on  sp. biomass and protein yield, along with the multifactorial
Leptolynghya sp. cultivation statistical analysis, revealed that both factors had a significant
influence on these response variables. Moreover, their
The evaluation of temperature and light effects on Leptolyngbya ;t}:{;aucr’zo‘lr; also had a statistcally significant effect (Tables 1 and

Table 1. Summary of the multifactorial analysis of variance (ANOVA) results for each response variable: biomass content and protein percentage.
The table shows the comparison of means. Asterisks (*) indicate statistically significant differences between group conditions (p < 0.05; n = 3). G:
green; W: white wavelengths.

Interaction
between factor
Main effects Aand B Higher %

Response (p-value) (p-value) Observed for:
Factor A: Factor B: Factor A: Factor B:
wavelength Temperature wavelength Temperature
Biomass (mg) 0 0 0 G 28*
Protein (%) 0 0 0 WandG* 28*
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Table 2. Summary of one-way ANOVA results for wet biomass weight and protein percentage under different light wavelengths and two

temperature conditions.

Variance source Sum squares df  Mean square f (p-value)
Biomass (mg) Inter groups 185421 7 26489 105,94 0

Intra groups 4000,44 16 250,03

Total 189422 23
Protein (%) Inter groups 47,0635 7 6,723 63,94 0

Intra groups 1,68199 16 0,1051

Total 48,7473 23

The results indicated that illumination with green light
promoted higher biomass and protein content in cultures
grown at 28 °C. In contrast, cultivation at 35 °C had a detrimental
effect, resulting in reduced biomass yield and protein
percentage across all light wavelengths. Based on protein
content, blue light was particularly unfavorable at 28 °C, and all
light treatments were disadvantageous at 35 °C (figure 4).

The absorption spectra of aqueous crude protein extracts
revealed that cultures grown at 35 °C generally lacked defined
absorption peaks, with the exception of those exposed to blue
light, which exhibited a peak near 555nm. Conversely, all
extracts from cultures maintained at 28 °C displayed a more
prominent absorption peak between 550 and 570 nm, with the

* 1
*
4004 | @
. *
1]
4 300 * -
@ 200-
=1}
£
100-

highest value observed under green light. A second peak was
detected around 620 nm in these cultures, where the highest
absorption was recorded in extracts from red light treatments.
Cultures exposed to blue light at both temperatures exhibited
only a weak peak at this wavelength (figure 5a).

Due to insufficient biomass and protein production at 35°C,
only cultures grown at 28 °C were analyzed by SDS-PAGE. The
resulting protein gels revealed two prominent bands near
21kDa in all samples at this temperature (figure 5b). Band
intensity  corresponded  with the protein percentages
determined previously, with stronger signals observed in
cultures illuminated with green and white light, and weaker
signals in those exposed to red light.

*
—
b *
*
" i m G(35°C)
. W(35°C)
c 3 mE R(35°C)
2 B B(35°C)
E ) " m B(28°C)
e B R(28°C)
1 . G(28°C)
| | w(28°C)
0-

Figure 4. Effect of temperature and light wavelength on Lepfolyngbya sp. culture. Response variables: (a) wet biomass weight, and (b) protein
percentage relative to wet biomass. Light treatments: G (green), W (white), R (red), and B (blue). Asterisks (*) indicate significant differences
according to the LSD test from one-way ANOVA. Graphs generated using GraphPad Prism 6.
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Absorption

Wavelength

- B (28] === W (25C) === R(2BC] === (28°C)

PCstandart

PEstandart === G (35°C] == == B(35'C] == == W (35°C) = == R(35%C)

Figure. 5 (a) Absorption spectrum of aqueous protein extracts. Solid lines correspond to commercial phycobiliproteins PE (phycoerythrin) and PC
(phycocyanin) spectrum from Porphyridium cruentum and Spirufina, respectively. Dotted light and dark lines correspond to extracts coming to
cultures carried out at 28 and 35°C, respectively. (b) SDS-PAGE of crude protein extracts from Leptolyngbya sp. cultures developed at 28°C. (G:

Green, W: white, R: red and B: blue source of illuminating light).

PCA results revealed that the first principal component (PC1)
accounted for 623 % of the variance, while the second
component (PC2) explained 28.8 %. The second component
clearly separated protein extracts from red-light cultures at 28°C
from those cultivated under other wavelengths at the same
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temperature (figure 6a). Loading and significance of variables in
principal component segregation are presented as well, and it
can be seen that 370, 490, 500, and 650 nm absorption were the
heaviest variables for two components, but only 510 and 520
nm had a significant influence (figure 6b).
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PCA Score Plot (normalized + VAST)
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Figure 6. PCA protein extracts visible wavelength absorption. (a) Score Plot (b) Loading and p-value significance of variables. R i386 3.6.2
package.
Discussion the expected levels of biodiversity (figure 2) (Cérdoba et al,,
2020; Contreras et al,, 2022; Levipan et al., 2024). It is important
Diversity of phytoplankton to note that species identification was based on simple

morphological comparisons of fresh samples, without extended
The high biodiversity of the Gulf of Uraba, as an estuarine  observation periods. Consequently, the actual species richness
system, can be attributed to the wide variety of interconnected  in the samples may have been underestimated.
ecosystems. These include continental, estuarine, and coastal
marine environments, encompassing forests, mangroves,  Stramenopile organisms dominated the phytoplankton
amphibious vegetation zones, coral reefs, seagrass beds, rocky ~ community in the Gulf, with the genus Chaetoceros being the
shorelines, sandy beaches, and sedimentary bottoms (Contreras ~ most abundant. However, laboratory cultures were primarily
et al, 2022). The data obtained in this study are consistent with ~ dominated by cyanobacteria (figure 3). This discrepancy can
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largely be explained by the small size and morphological
simplicity of cyanobacteria, which limits microscopic
identification in fresh samples. In addition, laboratory conditions
may favor the growth of prokaryotes due to their greater
tolerance to stressors such as nutrient depletion, osmotic stress,
and fluctuations in pH or temperature (Casamatta and Haler,

Leptolynghya sp. a tropical marine cyanobacterium as a
study model.

Cyanobacteria have demonstrated remarkable survival
performance across diverse terrestrial and marine ecosystems,
which has generated significant interest in their resilience
mechanisms (Rastogi et a/, 2014), particularly for applications in
sustainable production and ecological damage mitigation.
Numerous studies have reported the dominance of
cyanobacteria in aquatic systems, including the occurrence of
harmful algal blooms in various environments, where high cell
densities are often observed at temperatures of 28 °C or above
(Mobin et af, 2019; Tilahun and Kifle, 2019).

However, not all cyanobacterial strains respond uniformly to
elevated temperatures, as their physiological reactions are
influenced by the interaction between temperature and UV
irradiance (Tables 1 and 2) (Islam et a/, 2019; Ktodawska et a/,
2019). In our study, exposure to 35°C resulted in significant
cellular damage in cyanobacteria, as evidenced by a marked
decline in biomass and protein content in the cultures (figure 4).

Subsequently, among all the growing cultures obtained, one
exhibited a distinctive red coloration and demonstrated a strong
response to isolation techniques involving antibiotic
application, nitrogen depletion, and high salt concentrations.
These traits were interpreted as desirable features in organisms
intended for biotechnological applications. The cultured
organism was identified as Leptolyngbya sp. and was further
characterized through assessments of its response to light and
temperature. The genus Lepfolyngbya is among the most
common  cyanobacterial genera, comprising numerous
ecotypes. While typically found in soil and freshwater
environments, our isolate was collected from a site with greater
oceanic influence despite its estuarine characteristics (Albertano
et al, 2000; Wall et al, 2014).

Several studies have highlighted the biotechnological potential

of this genus as an alternative source of food and bioactive
compounds, particularly antioxidants (Ghanbarzadeh et al,
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2019). In the case of the strain investigated in this study, recent
research by Lee et al (2024) reported that Leptolyngbya sp.
KIOST-1 shows promise as a protein supplement due to its high
protein content and lack of cytotoxicity. However, published
information regarding its application in aquaculture remains
limited, and further research is needed (Beal ef a/, 2018).

Effects of light wavelength and temperature on
Leptolyngbya sp. cultivation

Studies of cultures under controlled conditions have shown that
Leptolyngbya exhibits diverse growth traits, genetic adaptability
and other ecological traits. However, some factors can modulate
these characteristics and have consequences for their
applications in biotechnology if they are not adequately
evaluated (Donkor and Hader, 1996; Li ef a/, 2020; Sinha et 4/,
1996, 1997).

On the other hand, several authors have described the influence
of light intensity and spectral quality on phycobilin production
in cyanobacteria. Given the known biological role of phycobilins
as antenna pigments in photosystems, it is clear that light
characteristics can significantly affect cyanobacterial growth and
metabolism. Previous studies conducted on both freshwater and
marine phycocyanin-producing strains reported negative
effects of UV light exposure, including impaired carbon and
nitrogen fixation, altered phycocyanin spectral properties, and
disrupted phycobilisome integrity. These results suggest that
UV irradiance limits optimal energy transfer between accessory
pigments and chlorophyll, leading to photobleaching (Donkor
and Hader, 1996; Sinha et a/, 1996, 1997).

Nonetheless, some cyanobacterial species have shown effective
adaptive responses to environmental stressors such as UV
radiation, high-intensity photosynthetically active radiation
(PAR), and elevated temperatures (Moon et al, 2012; Paul,
2008). However, results from studies using different light
wavelengths indicate that cyanobacterial responses are not
homogeneous. For instance, experiments with Synechococcus
sp. and Microcystis aeruginosa demonstrated higher biomass
and phycocyanin productivity under red light, with some studies
identifying optimal light intensities around 55 pmol m=2 s
(Choi et af, 2013; Tan et al, 2020). In contrast, Gloeothece
membranacea showed lower efficiency in converting red light
into biomass, while blue-violet light enhanced its growth rate,
and green light maximized chlorophyll-a production in this
strain (Mohsenpour et al, 2012).
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Other studies have pointed out that improved biomass growth
at a particular wavelength does not necessarily translate into
higher pigment content. For example, assessments using LED
illumination on Spirulina sp. cultures showed that blue light at
an intensity of 3000 umol m™2 st resulted in the highest
phycocyanin vyield, while red light supported optimal algal
growth (Chen et a/, 2010; Park and Dinh, 2019).

To understand the variability in results, it is important to
consider that cyanobacteria can grow autotrophically,
heterotrophically or mixotrophically; however, these modes are
not universal across all species. Growth conditions, along with
additional bacterial presence and the type of strain used (wild
or domesticated), can significantly influence outcomes in
wavelength-based evaluations (Paerl et a/, 1985).

Previous bioprospecting studies on Pseudoanabaena sp. from
the Arctic have indicated that red light enhances phycocyanin
production, while green light favors phycoerythrin synthesis. A
similar pattern was observed in the present study with cultures
grown at 28 °C. Red light produced protein extracts with a
higher absorption peak around 620 nm, corresponding to the
characteristic absorbance of phycocyanin in Spirulina sp.,
whereas cultures exposed to green light exhibited a more
intense absorption peak in the region associated with
phycoerythrin from Porphyridium creuntum, around 550 nm
(figure 5a).

The effect of different wavelengths on the absorption patterns
of the extracts appears to have influenced the chromophores
contained within the phycobiliproteins in distinct ways. The
protein percentage was lower in red-light cultures compared to
those irradiated with green light (Khan et al., 2019). In our study,
the phycoerythrin absorption peak was higher, suggesting that
phycoerythrobilin is likely the preferred chromophore in this
strain, consistent with previous reports on Leptolyngbya sp..
Additionally, the marked decrease in the phycocyanin
absorption peak under blue light resembled patterns previously
observed under UV exposure (figure 5a) (Gan et af, 2014
Tilahun and Kifle, 2019).

Under the same blue light condition, the intensity of two
prominent protein bands (~21kDa) observed in the
electrophoretic gels was reduced (figure 5b). These bands likely
correspond to the a and B subunits, which are characteristic of
most phycobiliproteins. Similarly, previous studies reported two
bands at approximately 18 and 21kDa as phycoerythrin

subunits in Leptolyngbyasp. cultures (Pumas et a/, 2012). In that
study, the maximum absorption peak of phycoerythrin was
recorded at 562nm, suggesting the presence of a single
chromophore type. In contrast, our results suggest the presence
of two types of chromophores in some extracts, although
electrophoretic profiles did not indicate the presence of more
than one phycobiliprotein type. This could imply that a single
phycobiliprotein may incorporate two chromophores, as
reported in other strains (Basheva ef a/, 2018). Nonetheless,
protein sequencing is required to confirm whether only one
type of dimeric phycobiliprotein subunit is produced.

Principal Component Analysis (PCA) of the visible spectrum of
the protein extracts revealed clear differences based on culture
temperature. Moreover, significant variation was also observed
among protein extracts from cultures grown at 28°C. The
second principal component distinguished the red-light
treatment from all others, primarily influenced by absorption in
the 500-650 nm range, with strong loadings around 500 and
650nm (figure 6). This region encompasses the maximum
absorption peaks for both phycoerythrin and phycocyanin, as
reported for Porphyridium cruentumand Spirulina, respectively.
This result is consistent with the fact that red light was the only
wavelength yielding comparable absorption intensities at both
phycobiliprotein peaks.

Contrary to our findings, a Leptolyngbya sp. strain isolated from
the Arabian Gulf exhibited higher biomass and protein yields at
elevated temperatures between 30 °C and 40 °C (Schipper et a/,
2019). These differences may be attributed to the environmental
conditions of the strain's native habitat. In our study, the
maximum in situ temperature recorded at the collection site was
29°C, which is considerably lower than the 69 °C reported for
Leptolyngbya sp. from the Gunung Pancar hot spring (Prihantini
et al, 2019) and is considered high for some Leptolyngbya
strains (Neif, 2015).

The optimal growth conditions determined for Leptolyngbya sp.
in this study were 28 °C and green light at a mean intensity of
50 W/cm2, However, further optimization is required to improve
both biomass and protein yields. Despite these limitations, this
initial bioprospecting effort represents a valuable step toward
the sustainable use of Colombia's underexplored microbial
biodiversity. Owing to the wide distribution of the Leptolyngbya
genus, extensive information is available regarding its genetic
and biochemical properties, including successful examples of
molecular transformation (EI Semary, 2013; Taton et a/, 2012;
Nakamori et a/, 2014). Therefore, the isolated strain may be
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suitable for the development of regional biotechnological
applications.

Additionally, the high protein content observed in this species
highlights its potential as a nutritional resource for both direct
and indirect human consumption. It could also serve as a
promising alternative to conventional protein production
systems, which are known to have significant environmental
impacts and raise concerns about sustainability (Henchion et a/,
2017). The ability of this strain to grow under artificial conditions
was among the most important findings of this study.
Leptolyngbya sp. exhibited a positive response to laboratory
cultivation, with green light and 28 °C yielding the best results.
Nonetheless, the observed productivity was still low, and further
optimization is necessary as a next step in the strain
development workflow.

On the other hand, cyanobacteria are known to produce a
variety of cyanotoxins, which can pose serious risks to human
and animal health (Panteli¢ et a/, 2013; Wood, 2016). For this
reason, it is essential to evaluate the molecular and biochemical
potential for toxin production in this endemic strain before
considering its use in food or feed applications.

Finally, the observed temperature response also has ecological
implications. Despite the favorable growth performance of
Leptolyngbya sp. at 28 °C, its low abundance in natural samples
suggests that elevated water temperatures in situ may not
support the persistence or proliferation of this strain under
natural conditions.
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