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Abstract  With the development of imaging and analytical techniques, the understanding of cells is becom-
ing increasingly profound. Decades or even a hundred years after the discovery of classic membranous organelles,
more and more membraneless organelles have been discovered. This review focuses on the discovery, distribution,
and evolutionary conservatism of a new type of membraneless organelle, the cytoophidium, and explores the struc-
ture, function, and application of cytoophidia and metabolic filaments.
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Fig.1 Cytoophidia (CTP synthase, red) locate at the boundary (green) of Drosophila fat body cells

(cell nuclei appear white; image provided by LIU Jingnan)
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E2 CTPAEGIIAN 7 FLRRXBHI MY BRI LEHI(LRE: X E1E)
Fig.2 The four molecules of CTP synthase form an X-type tetramer structure (illustrated by LIU Julia)

E3 GTPRET—HEECTPABFHNESBIELOGRE: X =)
Fig.3 GTP acts as a stopper to block the outlet of the ammonia channel in CTP synthase (illustrated by LIU Julia)
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A: schematic diagram of the control adipose tissue, whose organization and architecture is based on tight adipocyte-matrix adhesions as mediated by
collagen I'V-integrin binding. A’: a signaling feedback looping involving both cytoophidia and Collagen IV in the extracellular matrix. Cytoophidium
promotes Col IV (collagen IV) mRNA expression and protein deposition, which in turn, via binding to integrin, is essential for adipocyte adhesion.
Binding by collagen IV activates integrin signaling, which via downstream components including PINCH and ILK, promotes cytoophidium formation.
Furthermore, cytoophidium formation is a multistep process, including an early, integrin-independent step where unstable (U) monomers and tetramers
form stable (S) polymers. It also include a late step that is integrin signaling dependent, where the polymer forms of CTPS undergo a higher order
assembling step and form the microscopically more visible metabolic filaments. B: mutant adipose tissue with weakened cell-matrix adhesion and
defective organization and tissue architecture. B’: adipocyte adhesion can be weakened by any one of the steps along the signaling feedback loop. The
steps that were experimentally manipulated in the current study were marked in red and by an asterisk (*). As a result, integrin-mediated cell adhesion is
reduced, resulting in defective adipose architecture.

El4 iR SEEZFHESSMEIIERD, NTise Rk NEARNARERFIHEGE: XFES)
Fig.4 Positive feedback between cytoophidium assembly and integrin adhesion complex, coupling the tissue structure
and metabolism of Drosophila adipose tissue (illustrated by LIU Jingnan)
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