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Abstract The plant cell wall is a cellular structure directly interfacing with the external environment, and
comprises three main types: the primary wall, the secondary wall, and the middle lamella, which composed of vary-
ing types and proportions of cell wall polysaccharides—cellulose, hemicellulose, and pectin, etc—along with cell
wall proteins. Those components form a complex and highly organized structure that enables the cell wall playing
crucial roles in cell support and protection, material exchange, and signal perception. Plant cell wall has deep inter-
action with nutrient homeostasis. Certain mineral elements, such as Ca (calcium) and Mg (magnesium), act as co-
factors for cell wall biosynthetic enzymes, structural components of the wall network, or signaling molecules, there-
by regulating the initiation and development of the plant cell wall. Meanwhile, the movement of mineral elements is
reciprocally constrained by the plant cell wall. Cell wall polysaccharides, such as pectin, can chelate metal cations,
enabling the cell wall to function as an ion sink. The hydrophobic lignification and suberization of endodermal cell
wall in root construct the diffusion barriers, which are key structures in regulating the radical transport of water and
nutrient. The diffusion barriers play vital roles in plant environmental adaptation, especially in dealing with abiotic
stress. Their key biological significances make the diffusion barriers an emerging hotspot in plant developmental bi-
ology and stress biology research. This article aims to review the interactions between the components and structure

of plant cell wall and ions and summarize the recent advances in diffusion barrier development and the critical roles

of cell wall diffusion barriers in regulating plant water and nutrient homeostasis.
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A: schematic structure of the cell wall of a mature cell (top left); composition of the secondary cell wall; bottom left: schematic structure of the cell wall

of a developing cell (top right); composition of the primary cell wall (bottom right). B: crosslinking of boron with RG-II. PM: plasma membrane; SCW:

secondary cell wall; PCW: primary cell wall; ML: middle lamella.
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Fig.1 Schematic diagram of the structure and composition of the plant cell wall (adapted from references [5,28,38,49,etc])
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A: regulation of pectin content and methylesterification levels by mineral elements such as Fe, Mg, Cd, etc (adapted from references [38,40-42,etc]). B:

changes in the ionome of the shoot (leaves) of diffusion barrier mutants (adapted from references [57,79-80,98,etc]).
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Fig.2 Molecular mechanisms of cell wall-mediated regulation of mineral element homeostasis
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A: developmental structure of the Casparian strip and suberin lamellae in the endodermis (adapted from reference [54]). Both the Casparian strip and
suberin lamellae develop progressively from absent to present and from discontinuous to continuous. The establishment of the Casparian strip repre-
sents the first stage of endodermal cell differentiation. MYB36 initiates Casparian strip formation, resulting in a “bead-on-a-string” pattern of lignin
deposition. Subsequently, the small peptides CIF1/2 secreted from the stele move to the endodermis and activate the Schengen pathway, filling the gaps
in lignin deposition left by the MYB36 pathway. Suberin lamellae formation occurs later than functional Casparian strip development and represents the
second stage of endodermal cell differentiation. B: regulation of material transport by diffusion barriers at different stages of endodermal differentiation.
When endodermal cells are undifferentiated, nutrients can enter and exit the plant root via the apoplastic pathway, symplastic pathway, and transporter-
dependent transmembrane transport. During the first stage of endodermal differentiation, the Casparian strip blocks the free apoplastic diffusion of
nutrients between the cortex and stele, enabling selective absorption of mineral elements by the root. It also partially restricts the leakage of water and
minerals from the stele, enhancing the root’s nutrient uptake capacity. In the second stage of endodermal differentiation, suberin lamellae uniformly
cover the endodermal cells, blocking transmembrane transport and further sealing the endodermis. This almost completely restricts the leakage of water
and mineral elements, promoting the upward movement of nutrients to the shoot.

E3 BREMARERR RSB RIT R T

Fig.3 Structure and transport-regulatory functions of the Casparian strip and suberin lamellae
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