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In most non-photosynthetic eukaryotes
it has been demonstrated a conserved
signal transduction pathway, namely

TOR-S6K, that
and cell proliferation. This pathway

coordinates growth
targets the translational apparatus to
induce selective translation of ribosomal
mRNAs as well as stimulate the cell cycle
transition through the G,/S phase. Thus,
by activation of this pathway through
environmental signals, nutrients, stress
or specific growth factors, such as insu-
lin or insulin-like growth factors (IGF),
this pathway allows organisms to regu-
late growth and cell division. In plants,
evidence has shown that TOR protein
has been highly conserved through evo-
lution, being involved in growth and cell
proliferation control as well. Particularly
in maize, a peptide named ZmIGF has
been found in actively growing tissues.
It targets the maize TOR pathway at the
same extent as insulin and, by doing so it
induces growth, as well as ribosomal pro-
teins and DNA synthesis. Thus, higher
metazoans and plants seem to conserve
similar biochemical paths to regulate cell
growth through equivalent targets that
conduce to activation of the TOR-S6K
pathway. Recent research shows evidence
that supports this proposal by uncover-
ing the ZmIGF receptor in maize, pro-
viding further means for analyzing the
role of the conserved TOR signaling
pathway in this plant.

Signal Transduction by TOR
Pathway

A mechanism that modulates growth and
proliferation through signal transduction
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has been reported for both, animals"? and
plants.> It is referred as the TOR path-
way and it is well characterized in no
photosynthetic eucaryotes. Several inputs
such as nutrients, stress, cell energy level
and growth factors stimulates or represses
this signaling network,”” where the ser-
ine/threonine protein kinase TOR plays
a central role. Insulin and insulin-like
growth factors (IGFs) are effectors of this
growth regulatory pathway,® which selec-
tively activates the translational machin-
ery regulating protein synthesis, ribosome
biogenesis and ultimately cell growth.”!
In plants, an increasing number of reports
describing several components of the TOR
pathway, such as TOR, RAPTOR and
S6K1 and S6K2 kinases®'>!®* and other
proteins involved in regulate TOR activ-
ity, such as FKBP12," or the translation-
ally controlled tumor protein (TCTP),”
are found across the literature (Fig. 1).
Particularly in maize, orthologs of TOR
and S6K kinases have been described and
characterized.”*'® However, there are few
reports regarding the plant growth factor
that activates this pathway. Our research
group has, recently found and isolated a
small peptide from actively growing maize
tissues, namely the maize insulin-like
growth factor (ZmIGF),” that has proved
to perform this role. Indeed, ZmIGF as
well as insulin, have shown to stimulate
growth through the TOR signal trans-
duction pathway' as well as to increment
DNA and protein synthesis in maize seed-
lings and callus.**® Further, this factor
stimulates cell mitotic transition from G
to S phase on geminating seeds (unpub-
lished data). Moreover ZmIGF as well
as insulin induce phosphorylation of the
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Figure 1. Putative plant PI3K/TOR-S6K pathway. Pathway activation by plant IGFs or insulin turns
on a signaling cascade of reactions through the phosphorylation of kinases, mainly TOR and S6K,
ultimately targeting ribosome synthesis. Arrowheads denote activation and truncated lines inhi-
bition, interrogation marks denote no confirmed function (Modified from Sotelo et al.).

TOR and S6K kinases, main components
of this pathway (Fig. 1), and accelerate the
synthesis of specific proteins, mainly ribo-
somal proteins.

These data are consistent with the large
selective movilization of 5' top mRNA
into polysomes achieved for selective
translation in maize embryos activated
by either effector during germination.”
Lately, purification of this factor to homo-
geneity showed that, ZmIGF is a 5.7 kDa
peptide, with similar functional structure
as insulin, demonstrated by its specific
recognition by insulin antibodies®® and
by circular dichroism data.” Recently,
unpublished data from our research group
have demonstrated that the transcriprome
patterns of stimulated maize calli, either
by ZmIGF or insulin, showed discrete
changes as compared with their control
non-stimulated tissue. However, these
changes were identical regardless the
effectors tested. These data suggested the
presence of a unique receptor at the cell
membrane level that recognizes, both,
ZmIGF as well as insulin, for activation
of this signaling pathway. Competition
experiments performed between ZmIGF
and insulin at the maize protoplast mem-
branes, showed that the ZmIGF receptor
is the initial target of the pathway, since
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both, ZmIGF or insulin, compete for the
membrane receptor site, within the maize
calli cells before internalizing the signal
(in preparation).

In summary, the maize growth factor
ZmIGF or insulin, targets TOR pathway
in plants, as well as in animals, suggest-
ing high conservation for the effector and
the receptor structures. Taken together all
these data indicate that an ancient pep-
tide such as insulin, or its analog ZmIGF,
regulates growth and cell division by tar-
geting animal as well as plant membrane
receptors, suggesting high conservation
of the TOR pathway in photosynthetic
as well as non-photosynthetic eukaryotes
from yeast through mammals and plants.
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