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Article Addendum

Peptide signals for plant defense display a more universal role
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Hydroxyproline-rich systemins (HypSys) are small defense
signaling glycopeptides found within the Solanaceae family that
until recently were thought to only induce defense genes to
herbivore attack. The glycopeptides are processed from larger
proproteins with up to 3 different glycopeptides being processed
out of a single precursor protein. A conserved central hydroxy-
proline motif within each HypSys is the site of pentose sugar
attachment. Recently, it was found that in Petunia hybrida, these
defense signaling glycopeptides did not induce protease inhibitor
but instead, increased levels of defensin, a gene that is involved
in pathogen attack. More recently, a HypSys peptide was isolated
from Ipomoea batatas (sweet potato) of the Convolvulaceae
family and found to induce sporamin. The proprotein precursor
contained six putative peptide signals and had a propeptidase
processing region with homology to solanaceous proHypSys.
Thus, the HypSys defense peptides are no longer confined to
defense against herbivory or exclusivity to the Solanaceae family,
redefining both function and dispersion.

Plants have evolved an arsenal of defense mechanisms for
survival against the wide array of predators and pathogens that they
encounter. Each species has evolved within its unique environment
and the protective defense mechanisms must evolve and refine over
time to allow a plant to compete in its niche.! Plant peptide signals
have recently been discovered that induce defense genes for protec-
tion against both herbivores and pathogens.? This raises the issue
of how these peptides, their receptors, signaling pathways, and the
downstream regulated defense proteins and compounds have evolved
to meet the unique and specific needs of each plant. Our recent
papers># reveal that these defense signaling peptides are not confined
to a single family of plants and that the end products of the signaling
pathway may be more diverse than expected.
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Systemin was the first peptide signal discovered in plants.’> The
18 amino acid peptide is processed from the C-terminal of a 200
amino acid precursor; prosystemin.® Although lacking a signal
sequence, prosystemin reaches the apoplast and the mature peptide is
processed upon insect attack, signaling downstream events leading to
the production of defense proteins, such as polyphenol oxidase and
protease inhibitors.” Systemin has only been found in the Solanaceae
family and more specifically, only in the subfamily Solanoideae,
which contains tomato, potato, nightshade and pepper.

The hydroxyproline-rich systemin glycopeptides are similar to
systemin in size (18-20 amino acids in length) and, like systemin,
are processed from larger precursors.>® Both systemin and HypSys
induce the production of methyl jasmonate and function to amplify
the defense response. Each HypSys peptide contains a hydroxyproline-
rich inner core that is the site of glycosylation and both the peptide
backbone and the carbohydrate moieties are important for receptor
recognition (Table 1). The HypSys precursors, unlike prosystemin,
contain a signal sequence, which, along with the post-translational
modifications, indicate that they are secreted to the apoplast. Both
systemin and HypSys have been localized to the plant vasculature.”1°
Although there is no sequence similarity between prosystemin and
hydroxyproline-rich systemins, it has been suggested that because of
their size, structure and functional similarities, they should be clas-
sified together.!!

A second defense peptide family, the ArPeps, was recently discov-
ered in Arabidopsis and like systemin, the precursors lack a signal
sequence but the mature peptide interacts with the extracellular
domain of a membrane bound receptor.®!? The active peptides
are 23 amino acids in length and like systemin, processed from the
extreme C-terminus. One of the major induced defense genes of the
AtPeps is defensin and the AfPeps have been found to protect the
plant from pathogen attack.!> AfPep orthologs have been found in
many of the major crop plants.

The precursors for HypSys peptides, unlike prosystemin, were
found in a wider range of Solanaceous plants including the
Cestroideae subfamily that includes tobacco and petunia. Each
precursor contained multiple peptide signals; for instance, tobacco
contained 2 HypSys peptides per precursor,' tomato with 3 HypSys
peptides,'* nightshade with 3 HypSys peptides,!® potato with 3
HypSys peptides,'® and most recently petunia with 3 and possibly
4 HypSys peptides per precursor.” Surprisingly, the petunia HypSys
peptides were found to induce the pathogen defense gene, defensin,
like the AtPeps, rather than proteinase inhibitors. This expands
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the known role of HypSys peptides from exclusive involvement in
protection from herbivory to broader defense responses, including
pathogen defense.

A second major finding was the isolation of the first non-
solanaceous HypSys peptide from sweet potato, a member of the
Convolvulaceae family.* The precursor was larger than any found
within the Solanaceae (291 amino acids in length), and contained
a surprising 6 putative signaling peptides. The precursor contained
a signal sequence and a propeptidase splicing region with homology
to the Solanaceae precursors. Since the discovery of the sweet potato
proHypSys, candidate proHypSys genes have been found in nucle-
otide data bases of other non-solanaceous plants, including poplar
and coffee (Table 1). Cumulatively, these findings indicate that the
HypSys peptide defense system may be utilized by a wide variety of
plants and may elicit a defense response against either herbivores or
pathogens or possibly both.

These recent findings have revealed two peptide signaling systems
that work through a receptor mediated cascade to produce defense
proteins. Future work will elucidate which peptide signal is working
in which plants, whether HypSys and APep homologs might work
together within the same plant, and whether there are other plant
defense peptide systems yet to be discovered.
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Table 1T Comparisons of the amino acid sequences of
isolated and putative Systemin and HypSys
peptides

Peptides Peptide Sequences Pentose Units
S1 systemin* AVQSKPPSKRDPPKMQTD
St systemin I AVHSTPPSKRDPPKMQTD
St systemin II ARHSTPPSKRDPPKMQTD
Sn systemin AVRSTPPPKRDPPKMQTD
Ca systemin AVHSTPPSKRPPPKMQTD
NtHypSys I* RGANLPOOSOASSOOSKE 9
NtHypSys II* NRKPLSOOSOKPADGQRP 6
S1HypSys I* RTOYKTOOOOTSSSOTHQ 8-17
S1HypSys II* GRHDYVASOOOOKPQDEQRQ 12-16
S1HypSys III* GRHDSVLPOOSOKTDPIIGQ 6
StHypSys I RTPYITPTPPTSSPPTNQE
StHypSys II GRHDHVAAPPPPEPQDEQRQ
StHypSys III GRHDHVLPPPSPKHEPIIGQ
PhHypSys I* RSLHKSOOOTOKPSDEQGQ 10
PhHypSys II* RHDYHLPOOOAOKPADHTGQ 10
PhHypSys III* RGKRLPOOACEYDPOYHQ 3-6
SnHypSys I* GRHDHVOACOAOKPEDEQGQ 6
SnHypSys II* RNRPYITOSOOEASOSTKQ 6
SnHypSys III* GRHDHVLPOOSOKHEPIIGQ 6
IbHypSys I REAKSPPPSPKPSDPKNP
IbHypSys II RGAKSPPPSPKPSDPINP
IbHypSys III REPKSPPPSPKPSDPKNP
IbHypSys IV* REEKPOOOACETDDPNRP 6-12
IbHypSys V REARSPPPAPEKDIPTHP
IbHypSys VI RTARPPPPAPKPAAPTHP
PtHypSys I GRSYSSPPPSPSPIPSPSSE
PtHypSys II GRTTPSPPPPKPASPKGELE
CcHypSys I GRPLSAPPPPMPASPTHYHE
CcHypSys II GRPLSAPPPPMPASPTHYHE
CcHypSys III GRPLSPPPSPKPASPTHYHE

Tomato systemin was aligned with the putative homologs from potato (St systemin | and I, Solanum
tuberosum), nightshade (Sn systemin, Solanum nigrum), and pepper systemin (Ca systemin, Capsicum
annuum). HypSys peptide from tobacco (NHypSys | and Il), tomato (SHypSys I, Il and 1I), petunia
(PhHypSys I, 11 and 1, Pefunia hybrida), nightshade (SnHypSys 1, Il and I11), and sweet potato (IbHypSys
IV, Ipomoea batatas), and the putative peptides encoded in the precursor protein deduced from the (DNA
of sweet potato (IbHypSys 1, 11, Ill, V, and VI) were aligned by the hydroxyproline/proline central motif.
The poplar (PHypSys | and II, Populus trichocarpa) sequences were deduced from Map Viewer Gnomon
model: hmm3236034, and the coffee (CcHypSys 1, Il and Ill, Coffea canephora) sequences were deduced
from Unigene SGN-U311058 in the Sol Genomics Network (http://sgn.cornell.edu). The hydroxyproline-
rich regions of the isolated peptides are red and the proline-rich regions of the systemins and the putative
HypSys peptides are blue. The isolated peptides are marked with a star.

2008; Vol. 3 Issue 12



