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Signal transduction of secretory peptides that regulate leaf epidermal
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2L W 5§ & Jewaria Pawan Kumar
A stoma consists of two guard cells and a pore between them and regulates gas and water vapour exchange
between plant and their environment. During early stages of leaf development, the epidermal cells of leaf
primordia known as protodermal cells either terminally differentiate into a pavement cell or become a
meristemoid mother cell (MMC). MMC and perhaps its precursor cells are maintained by a basic helix loop
helix-type transcription factor, SPEECHLESS (SPCH), which is preferentially present in these cells. MMC
divides asymmetrically and produces a small triangular-shaped cell, meristemoid, and its sister cell. Cell
lineage initiated by MMC is called the stomatal lineage. The meristemoid eventually becomes the oval
shaped guard mother cell (GMC), which divides symmetrically and finally becomes a pair of guard cells of a
stoma.
Positioning and density of stomata are regulated by three secretory peptides, EPIDERMAL PATTERNING
FACTORI1 (EPF1), EPF2, and stomagen. EPFI encodes a small secretory peptide, which expressed in
meristemoids, GMC and young guard cells and controls stomatal patterning through regulation of
asymmetric cell division. EPF2 is expressed in MMC and protodermal cells, and inhibits additional
formation of MMC. This feedback loop plays a critical role in regulation of epidermal cell density.
STOMAGEN expressed in mesophyll cells and positively controls stomatal density in Arabidopsis. TOO
MANY MOUTHS (TMM) encodes a leucine rich repeat receptor-like-protein (RLP) and ER family encode
leucine rich repeat receptor-like-kinases (RLK). The loss of function mutants of tmm and er erl! eri2 show
increased in stomatal density with violation of one cell spacing rule. The loss-of function mutants of genes
for YODA encoding MAP kinase kinase kinase, plants with decreased expression of MKK4 and MKK3S
encoding MAP kinase kinase, and double mutants of MPK3 and MPK6 encoding MAP kinase, stomata are
increased in number and are formed as clusters.
Several lines of evidence have suggested that receptors containing TOO MANY MOUTHS (TMM), ERECTA
(ER), ERECTA LIKE 1 (ERL1), and ERL2 perceive EPF1 and EPF2, and activate a MITOGEN ACTIVATED
PROTEIN (MAP) kinase module, and the MAP kinases phosphorylate and destabilize SPCH, resulting in the
decrease in the number of stomatal lineage cells. Stomagen acts antagonistically with EPF1 and EPF2.
However, there is no direct evidence that EPF1 and EPF2 activate and stomagen inactivates the MAP kinase
cascade and through which, peptides regulate the SPCH protein levels. I reconstituted this signaling pathway
in differentiated leaf cells of Nicotiana benthamiana, to examine the signaling pﬁthway without the effect of
cell-type change. 1 identified that EPF1 activates a MAP kinase, MPK6, and EPF1 and EPF2 decrease and
stomagen increases the SPCH protein level. EPF1, EPF2 and stomagen require different receptor components
to change SPCH protein level. I identified that YDA (MAP kinase kinase kinase) and constitutive form of
YDA decreased SPCH protein levels. I suggest a plausible model in which EPF1, EPF2 and stomagen require
different receptor components and through which regulate MAP kinase activity and SPCH protein level and
their by, maintain specific cell fate in Arabidopsis.
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