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Fig. 1 Physiological response pattern of cyanobacteria in response to low phosphorus stress
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Fig.2 Cyanobacteria respond to low phosphorus stress by replacing phospholipids with nonphospholipids
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Fig. 3 Schematic diagram of non-phospholipid substitution for
phospholipid metabolism pathway
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ECOLOGICAL SIGNIFICANCE AND RESEARCH PROGRESS OF CYANOBAC-
TERIAL BLOOMS RESPONDING TO LOW PHOSPHORUS STRESS BY
REPLACING PHOSPHOLIPIDS WITH NON-PHOSPHOLIPIDS

XIONG Zhen-Gui', LIU Zheng-Han’, SONG Chun-Lei’, AO Zi-Qiang' and CAO Xiu-Yun’

(1. School of Ecological Environment Engineering, Guizhou Minzu University, Guiyang 550025, China; 2. Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Freshwater cyanobacterial blooms occur globally, with phosphorus (P) being a key limiting nutrient for
cyanobacterial growth and proliferation. Eutrophication is widely recognized as the primary driver of cyanobacterial
dominance. However, even under extremely low phosphorus conditions, cyanobacteria can maintain high biomass
levels. A potential intrinsic mechanism involves their ability to substitute phospholipids with non-phosphorus lipids
(e.g., sulfolipids and glycolipids), thereby reducing cellular phosphorus demand and overcoming P limitation, which
grants them a competitive advantage to form blooms. This review synthesizes strategies employed by typical bloom-
forming cyanobacteria to regulate lipid metabolism under phosphorus stress, particularly through replacing phospho-
lipids (e.g., phosphatidylglycerol, PG) with sulfolipids (e.g., sulfoquinovosyldiacylglycerol, SQDG) and glycolipids
(e.g., monogalactosyldiacylglycerol, MGDG; digalactosyldiacylglycerol, DGDG). The ecological implications of this
adaptation mechanism are critically examined. By unveiling novel phosphorus-sparing strategies in cyanobacteria, this
study provides new insights into the mechanisms driving bloom formation and proposes innovative approaches for
bloom control. This is particularly significant given that current prevention and control methods primarily focus on
reducing nutrient loads, underscoring the need to revisit conventional eutrophication management paradigms.

Key words: Phosphorus stress; Non-phospholipids; Phospholipid substitution mechanism; Ecological adaptation;
Eutrophication; Cyanobacteria
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