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If nucleic acids are required to direct the synthesis of proteins, and proteins are required to synthesize
nucleic acids, how could this system of interdependent components have arisen?
The prevailing view is that “a/an [:| world” existed on Earth before celis containing DNA and
proteins appeared. _
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Bacteria and archaea are taxonomically and metabolically the most diverse and abundant organisms on
Earth, but with only a small fraction of them isolated in culture, we remain grossly ignorant of their biology.
Although most model bacteria and archaea are small, some remarkably large cells, referred to as giant bacteria,
are evident in at least four phyla, and have cellular sizes in the range of tens or even hundreds of micrometers.
Some exceptional members of the sulfur-oxidizing gammaproteobacterial Thiomargarita namibiensis, for
instance, are known to reach up to 750 mm (average size: 180 mm). Such bacterial giants raise the question of
whether other lineages of previously unidentified macrobacteria might exist. Here, we describe a sessile
filamentous Thiomargarita species from a marine sulfidic environment that is larger than all other known giant
bacteria by ~50-fold. Our multifaceted imaging analyses revealed massive polyploidy and a dimorphic
developmental cycle in which genome copies are asymmetrically segregated into apparent dispersive daughter
cells. We show that centimeter-long Thiomargarita filaments represent individual cells with genetic material
and ribosomes compartmentalized into a metabolically active, membrane-bound organelle. Sequencing and
analysis of genomes from five single cells revealed insights into distinct cell division and cell etongation |
mechanisms. These cellular features likely allow the organism to grow to an unusually large size and circumvent
some of the biophysical and bioenergetic limitations on growth. In reference to its exceptional size, we propose

to name this species Thiomargarita magnifica, which is hereafter referred to as Candidatus Thiomargarita

magnifica.
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