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Abstract: To investigate whether photosynthetic autotrophic cyanobacteria maintain a metabolic dominance
in organic-rich aquatic systems, an experiment was conducted using Cyanobacterium Synechocystis sp.
PCC 6803 as a model. The strain was cultured in BG11-glucose media with varying glucose concentrations:
0 g/L(CK), 0.7 g/L(T1), 1.4 g/L(T2), 2.1 g/L(T3), 2.8 g/L.(T4), and 3.5 g/L(T5), under optimal
temperature and light conditions. Algal cell density and other parameters were measured every 2 days over
an 8 days period to reveal cyanobacterial responses to organic-rich systems. The results showed that the
CK and T1 groups exhibited rapid growth, whereas T2—T5 displayed a declining trend in cell density after
4 days, accompanied by reduced chlorophyll-a content, chlorosis in high-glucose cultures, increased alka-
line phosphatase activity, and elevated pH after 4 days. Scanning electron microscopy revealed structural
damage in treatment group(T1, T3 and T5), including surface cracks, irregular cell shapes, and enhanced
intercellular adhesion. Transcriptomic analysis showed that expression of photosynthesis-related genes
were upregulated and ABC transporter pathway genes (linked to ATP transport) were downregulated in
T1, suggesting enhanced life activity but impaired energy transport under 0. 7 g/L glucose. In T3, expres-
sion of genes associated with photosynthesis and carbon fixation were broadly downregulated, reflecting
severe metabolic suppression and compromised survival. These findings demonstrate that low organic
concentrations enhance the life activity of Cyanobacteria, whereas high organic enrichment inhibits their
photosynthesis and carbon fixation, and cellular integrity in Cyanobacterium Synechocystis is destroyed,
weakening its competitiveness and potentially allowing mixotrophic algae to dominate in such environments.
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