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Background: Porphyridium purpureum is a red microalga with significant biotechnological 
potential, whose biomass composition can be modulated under controlled culture conditions. 
Increased nitrogen availability and optimized light intensity stimulate protein accumulation, 
reflecting adaptive metabolic responses to environmental variations. This metabolic plasticity 
enables the redirection of biosynthetic pathways toward target compounds. Moreover, the 
resulting biomass can serve as a biological matrix for generating reducing biomolecules 
applicable in the functionalization of silver nanoparticles and the development of stable, 
biocompatible nanobiomaterials.
Aim of the study: To identify optimal nutritional and illumination conditions for maximizing 
protein accumulation in Porphyridium purpureum and to validate the obtained biomass as a 
source of targeted proteins for subsequent use in the biofunctionalization of silver 
nanoparticles.
Materials and methods: Porphyridium purpureum was cultivated in three nutrient media 
under controlled temperature, pH, and continuous illumination to determine the optimal 
growth conditions. Nitrogen source optimization was performed using a single-factor 
experimental design followed by the Box-Wilson method. The illumination regime was 
adjusted stepwise according to the growth phases (adaptation and exponential). Biomass 
productivity and protein accumulation were assessed by protein quantification, MDA content 
evaluation, and antioxidant activity assays (DPPH and FRAP) using specific 
spectrophotometric methods.
Results: Optimization of cultivation conditions—by increasing nitrogen from 5.5 to 6.5 g/L 
and applying phased illumination (56 μmol photons·m ²·s ¹ for 6 days, then 72 μmol 
photons·m ²·s ¹ during the exponential phase)—significantly enhanced protein content 
compared to standard conditions, while maintaining low oxidative stress (reduced MDA). The 
optimized biomass reached ~45% protein versus ~33% under conventional conditions.
Proteins were extracted via alkaline solubilization, followed by centrifugation and pH 
adjustment, yielding a soluble fraction of ~16 g/100 g extract. The extract showed antioxidant 
and reducing activity (DPPH inhibition ~20%; FRAP ~27 mg ascorbic acid equivalents/g 
extract), confirming its suitability as a biological matrix.
Conclusions: Optimization of nutritional and illumination conditions significantly enhances 
protein accumulation in Porphyridium purpureum without inducing substantial oxidative 
stress. The resulting protein extract exhibits antioxidant and reducing capacity, supporting its 
applicability as a functional biological matrix for the biofunctionalization of silver 
nanoparticles.
Keywords: Porphyridium purpureum, targeted proteins, optimization, biofunctionalization, 
silver nanoparticles.
Acknowledgments: This research was conducted within the framework of the bilateral 
ROMD complex project – 25.80013.8007.12ROMD (NARD) and PN-IV-PCB-RO-MD-
2024-0254 (UEFISCDI).

95

INTERACTION MODELS OF ZnO MULTIPOD NANOPARTICLES WITH 
CYANOBACTERIUM ARTHROSPIRA PLATENSIS AND RED MICROALGA 

PORPHYRIDIUM PURPUREUM

Tatiana CHIRIAC1* , Ludmila RUDI1 , Liliana CEPOI1 , Svetlana DJUR1 , Ana 
VALUȚA , Tudor BRANIȘTE2

3.Institute of Microbiology and Biotechnology, Technical University of Moldova Chisinau, 
Republic of Moldova

4.National Center for Materials Study and Testing, Technical University of Moldova, 
Chisinau, Republic of Moldova

* Corresponding author: tatiana.chiriac@imb.utm.md
https://doi.org/10.52757/bsd26.28

Background: Zinc oxide-based nanomaterials exhibit distinct physicochemical properties 
that influence their interactions with biological systems. In microalgae and cyanobacteria, 
these interactions exert effects that are strongly dependent on morphology, concentration, and 
the timing of application relative to the culture's physiological state.
Aim of the study: To investigate interaction models of ZnO multipod nanoparticles with 
cyanobacterium Arthrospira platensis and red microalga Porphyridium purpureum, focusing 
on metabolic response and oxidative stress.
Material and methods: Arthrospira platensis and Porphyridium purpureum cultures were 
grown under controlled conditions and exposed to ZnO multipod nanoparticles at 
concentrations ranging from 0.1 to 30 mg/L. Nanoparticles were applied at different growth 
stages (lag, exponential, and pre-stationary/tardo-exponential phases). Biomass, biochemical 
composition (proteins, carbohydrates, lipids, photosynthetic pigments, and phycobiliproteins), 
and oxidative stress marker (MDA) were assessed. Statistical analysis was performed using 
Student's t-test (p < 0.05).
Results: The interaction of ZnO multipod nanoparticles with microalgal systems follows a 
general dose-dependent model, differentiated according to the cultures' physiological state. In 
Arthrospira platensis, the response is phase-dependent. It follows a sequence of patterns: an 
initial adaptation model characterized by minor changes at low doses, followed by a 
compensatory model in the exponential phase, defined by the accumulation of carbohydrates 
and lipids and a reduction in phycobiliproteins, and finally an advanced oxidative stress 
model marked by decreased protein content and increased lipid peroxidation markers. In 
Porphyridium purpureum, the interaction is predominantly dose-dependent and less 
influenced by growth phase, characterized by an early and persistent oxidative stress model, 
with lipid reduction, pigment variations, and a continuous increase in malondialdehyde levels. 
At low doses, a moderate metabolic adjustment model is observed, whereas at high 
concentrations, phycobiliproteins undergo progressive degradation.
Conclusion. The data obtained indicate that the interaction between ZnO multipod 
nanoparticles and microalgae and cyanobacteria follows a sequence of functional patterns: 
initial adaptation → compensatory response → advanced/persistent oxidative stress, 
characterized by correlated changes in biomolecules and oxidative stress markers. These 
results support the controlled use of nanomaterials to modulate microalgal metabolism, 
provided that the applied concentrations are strictly optimized.
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