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Reconciling the photosynthetic machinery relocation with the 

strong evolutionary conservation of PSII assembly both at early 

and late stages remains a key challenge.

The specialization of the DedA and prohibitin families emerges as 

a strong candidate for the missing link that enabled the relocation 

from the plasma membrane to thylakoids.
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Evolution of Membrane Biogenesis and Photosystem II 
assembly in early-diverging Cyanobacteria

What evolutionary changes in photosystem II assembly and membrane dynamics explain the relocation of the photosynthetic apparatus ?

Curation of 950 Terrabacterial genomes 

to sample a broad phylogenetic diversity 

of high-quality genomes from the GTDB 

and NCBI databases.

Dataset Selection

Identification of 

orthologous groups to 

track protein evolution 

across Cyanobacteria.

Construction of Maximum Likelihood trees to analyze 

the taxonomic distribution and evolutionary history of 

36 proteins involved in photosystem II assembly and 13 

proteins involved in membrane dynamics

Multiple sequence alignment and 3D 

structure prediction (AlphaFold) to assess 

functional conservation and identify key 

structural motifs.
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• The emergence of thylakoids in cyanobacteria (~2.0–2.7 Ga ago) was a major evolutionary 

innovation that likely contributed to the Great Oxidation Event around 2.4 Ga.

• The earliest-diverging cyanobacteria, the Gloeobacterales, lack thylakoids and perform 

photosynthesis in specialized regions of the plasma membrane.

• This raises a fundamental evolutionary question: How photosynthetic machinery was 

relocated from the plasma membrane to thylakoid membranes during evolution?

Emergence of Thylakoids in Cyanobacteria

Taxonomic distributions of 

36 photosystem II (PSII) assembly factors 

within Cyanobacteria
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incorporation

Thylakoid formation requires both membrane lipids and photosynthetic protein complexes, 

likely involving dynamic membrane-associated proteins.
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De novo Photosystem II assembly is a highly 
synchronized spatiotemporal process that 

begins at the plasma membrane (step 1), 
continues through an intermediate contact 

zone (steps 2,3 & 4), and ends in the thylakoids 
(steps 5 & 6).
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Structural changes observed in YidC, SecD, and SecF raise 

questions regarding their specific role in D1 targeting.
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