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is not only a major challenge in the construction of synthetic cells, but also a milestone from "understanding life" to
"creating life". Currently, building division systems in synthetic cells using division proteins derived from unicellular
prokaryotic organisms (Bacteria and Archaea) represents one of the prevailing strategies in this area. The Z-ring, which
is formed by polymers of the cytoskeletal protein FtsZ, functions as a scaffold for the assembly of the bacterial/archaeal
division machineries and a master organizer of the division process. Current research efforts have focused on the
reconstitution of the Z-ring within liposomes using FtsZ and its membrane anchors, aiming to achieve membrane
deformation and ultimately complete division. However, the diameter of reconstituted Z-rings in vitro is typically too
small to induce significant membrane deformation in giant unilamellar vesicles (GUVs). Recently, the Petra Schwille
group at the Max Planck Institute of Biochemistry in Germany discovered that the cytoplasmic domain of FtsN
(cytoFtsN), which is an essential division protein in many Gram-negative bacteria, can reorganize FtsZ filaments into
closed ring structures with diameters matching those of GUVs. Moreover, these Z-rings can cause substantial
membrane contraction, leading to the generation of dumbbell-shaped GUVs within hours. As a result, this work not
only overcomes the long-standing bottleneck of building large Z-rings capable of inducing contraction in GUVs, but
also greatly simplifies the protein components required for reconstitution of an FtsZ-based division machine, paving the
way for the realization of autonomously dividing synthetic cells. This commentary will introduce the aforementioned
research findings and discuss them in the context of related advances in the field, with the aim of advancing researches

on synthetic cells.

Membrane

+cytoFtsN constriction

cyloFilsN facilitales the assembly
of a single, fully closed ring
matching the GUV diameter

The Z ring supports progressive
constriction of the giant lipid vesicle,
leading to marked deformaltion

FtsZ organizes into mini-
rings, too small to encircle
the vesicle
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Table 1 Comparison of FtsZ-based Division Systems for Synthetic Cell
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Fig. 1 Different synthetic cell division systems based the bacterial cytoskeletal protein FtsZ
(a)FtsZ-YFP-mts system™”; (b)FtsZ-YFP+FtsA*(R286W) system™"; (c)FtsZ+FtsA+MinCDE system™; (d)FtsZ and its auxiliary division proteins
induce lipid vesicle deformation and membrane constriction. The Z ring is distributed along the inner surface of the membrane; the position of the Z

ring indicates the equatorial plane; the arrows represent the membrane constriction process; and the question mark indicates that complete vesicle

separation has not yet been achieved
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Fig. 2 FtsZ+cytoFtsN mediated two-component cell division system in synthetic cell

(a)FtsZ-mts system (without cytoFtsN); (b)Three dimensional projection of 5 uM FtsZ-366-mts (green) encapsulated in liposomes™". In the absence
of cytoFtsN, FtsZ forms micro circular structures with a diameter of approximately 0.4 pm, scale bar: 10 um; (c)cytoFtsN-FtsZ system, the red lines
indicate the schematic representation of the interaction between cytoFtsN and FtsZ filaments.; (d)Three dimensional projection of cytoFtsN and FtsZ
(green) encapsulated in liposomes™™. In the presence of cytoFtsN, a large Z-ring with a diameter of approximately 10.9 um is formed on the
equatorial plane of the vesicle. Experimental conditions: 5 uM FtsZ-366-mts, 100 pM cytoFtsN, 0.5 mM GTP, and 1 mM GMPCPP. Scale bar:
10 um. (e) Time-lapse images of the FtsZ-366-mts/cytoFtsN ring-driven vesicle constriction®". Upper panel: 3D projections of the merged image of
FtsZ-366-mts (green) and cytoFtsN (magenta) showing a contractile ring that progressively deforms vesicles into an asymmetric dumbbell shape.;
after 2 h, the FtsZ-366-mts signal disappeared due to photobleaching. Bottom panel: brightfield images of the equatorial plane of the vesicles. The
numbers at the bottom denote the aspect ratios of the vesicles at different stages of division. Experimental conditions: 5 uM FtsZ-366-mts, 100 uM
cytoFtsN, 0.5 mM GTP, and 1 mM GMPCPP. Scale bar: 5 pm
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