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Subtilisin-like proteases

Large group of serine peptidases

S8 peptidase family (MEROPES)

Broad spectrum of biological functions

Pre-pro-proteins

Catalytic triad (Asp/His/Ser)

Pro-domain (19 inhibitor domain) Structure prediction of the SISBt3 monomer
(PDB code:1THM)

Subtilase domain (S8 peptidase domain)

C-terminal Fnlll-like domain
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Plant subtilisin-like profeases

Discovery of the first subtilase in Bacillus
subtilis (Lindstrom-Lang and Ottesen, 1947)

Elucidation of complete amino acid
sequence of subtilases BPN’ and Carlsberg
(Smith et al., 1966)

1969 1975
O O O O
1947 1966

Determination of subtilase BPN’
structure (Wright et al., 1969)

Purification of the first plant subtilase
from melon (Kanedaand Tominaga, 1975)

1999 1998
O O

Up-regulation of tomato P69 after Pseudomonas
syringae infection and SA elicitation (Jord4 et al., 1999)
Characterization of subtilase gene family in tomato
(Meichtry et al., 1999)

Accumulation of Fusarium eumartii subtilase
after infection of potato tubers (Olivieri et al., 1998)

Accumulation of P69 in CEV-infected
tomato leaves (Granell et al., 1987)

Identification of RuBPCase
as tomato P69 substrate
(Vera and Conejero, 1988)

O O

1987 1988

Identification of systemin
as tomato P69 substrate
(Schallerand Ryan, 1994)

1996 | |
& O
1994
Identification of leucine-rich repeat

protein as tomato P69 substrate
(Tornero et al., 1996)



Plant subtilisin-like profeases

Characterization of subtilase gene family
in rice (Tripathiand Sowdhamini, 2006)

Up-regulation of tomato P69 after Up-regulation of sorghum subtilases after MeJA and SA
Phytophthora infestans infection elicitation (Salzman et al., 2005)
(Tian et al., 2004) Characterization of subtilase gene family in Arabidopsis
Participation of oat saspases in PCD (Rautengarten et al., 2005)
induced by victorin or heat shock
(Coffeen and Wolpert, 2004) Activation of Vitis vinifera subtilase after methylated

cyclodextrins elicitation (Martinez-Esteso et al., 2009)

Accumulation of tomato stem cell wall subtilase after Ralstopnis solanacearum
infection (Dahal et al., 2010)

Identification of GmSubPep from soybean as a plant endogenous elicitor (Pearce et
al.,2010)

Participation of tobacco phytaspases in PCD induced by TMV (Chichkova et al., 2010)

Constitutive expression of
Vitis vinifera subtilase in
pathogen resistant genotypes
(Figueiredo et al., 2008)




Plant subtilisin-like profeases

2012

Accumulation of StSBTc-3 with DEVDase activity in
potato leaves after Phytophthora infestans infection
(Fernandezet al., 2012)

Inhibition of Vitis vinifera PCD by serine inhibitors after
Plasmopara viticola infection (Gindro et al., 2012)

Identification of Fusarium graminearum subtilase as
virulence factor (Gottwald et al., 2012)

Production of VIPrl by Verticillium lecanii to control
plant pathogens attack (Yu et al., 2012)

2016

2013

Elicitation of Arabidopsis SBT3.3 by SA and
identification LRP-containing protein as it’s
substrate (Ramirez et al., 2013)

Identification of AsES from Acremonium strictum as a
plant defence response elicitor (Chalfounet al., 2013)

Up-regulation of Vitis pseudoreticulata
subtilases after Erysiphe necator
infection (Weng et al., 2014)

2015

2014

Accumulation of subtilases in apoplastic fluid of
coffee leaves after Hemileia vastatrix infection
(Guerra-Guimardeset al., 2015)

Characterization of subtilase gene family in grapevine (Figueiredo et al., 2016)
Characterization of subtilase gene family in potato (Norero et al., 2016)
Activation of cotton GbSBT1 after Verticillium dahlia infection, JA and ethylene elicitation; PHB-like protein

identified as it’s substrate (Duanet al., 2016)

Figueiredo et al. (2018). MPP, 19(4), 1017-1028



Subtilisin-like proteases in biotic interactions

0

Oomycete

azal

PG6OB

Cytoplasm

SBT3.3/P69B and immune priming

Pathogen triggers the expression of SBT3.3/P69
— negatively regulates RADM — priming Increase
of SBT3.3 expression — enhances the expression
of OXI1 kinase, ROS and MAP kinase.

SBT5.2(b)

Interacts with MYB30 — nuclear exclusion —
defense gene expression impairment — HR
attenuation enhances the expression of OXI1
kinase, MAP kinase and ROS.

P69B(-like)

Inhibition by Kazal inhibitors from oomycetes.

Schaller et al. (2018). New Phytologist, 218:901-915



Grapevine SBTs and P. viticola resistance

""" | - Grapevine SBT gene family

. | *Composed by 87 genes encoding 109 predicted
PHENOTYPE il i | proteins

000 000
00 0000 istri
* Plasmopara viticola _IEI_ME’_['_\ ([fk\/ﬂ i .Unevenly dIStrIbUted among 15 Of the 19

inoculation
grapevine chromosomes
*80% secreted, 10% mitochondrion, 9% chloroplast

*Glycosylated

*Divided into 5 groups

FLICRMS

M Regent Trincadeira
:Z Selection of 14 grapevine subtilases:
22 | -Previous microarray and expression data
S 0 - = = m —— —m=s=—=—— - Sequence similarity with AtSBT3.3 and P69C
iz | -Location near RPV loci (RPV9 in Chr7 and between
€0~ ghpi 12hpi 18hpi 24hpi RPV1 and RPV13, Chril2)

Figueiredo et al. (2016). FPS, 7:1783
Figueiredo et al. (2017), FPS, 8:716



Grapevine SBTs

New RPV identified - revision of candidates
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Vitis vinifera cv Regent

Vitis vinifera cv Trincadeira

Figueiredo et al. (2016). FPS, 7:1783
Figueiredo et al. (2017). FPS, 8:716
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Lipid signaling in grapevine defense
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Lipid signaling in grapevine defense

Plasmopara viticola

Vitis vinifera cv Regent | \.
JA Biosynthesis SA Biosynthesis

(+)-7-iso-JA (-)-JA

/ € JAR1 > \
(+)-7-

Cytosol

26S Proteassome
9 o
&
6N 9

SA-responsive

. enes
JA-responsive g

genes
- ATMYBA4
N~~~
~
\~~
Nuo SA and JA-mediated
defense

~

JA

ng/g FW

O B N W b 1 O

)}

12 18 24
JA-lle

ng/g FW
O R N W b U1 O N

6 12 18 24
SA
400
350
300
= 250
T 200
g 150 > —
& 100
‘ 50
0
—~—Rm -=Ri 2 18 24
Time (hpi)

Guerreiro et al. (2016). FPS, 7:565



SBTs and lipid signaling

*Systemin is derived from a precursor called prosystemin, similar to polypeptide

hormones
*Systemin activates a lipid-based signaling cascade

*Wounding of tomato plants triggers the release of systemin from its precursor

prosystemin by SBT3

*Systemin is perceived at cell surface by a LRR receptor-like kinase - JA biosynthesis

induction — JA accumulation

B Grapevine Subtilases Gene Expression

140 in Jasmonic Acid elicitation
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SBTs and lipid signaling in P. viticola resistance

* Some grapevine subtilases are linked to defense mechanisms towards P. viticola
* Lipid signalling and jasmonic acid are also important players

*Subtilases, particularly SBT3.3 and P69C are believed to be associated to immune

priming events and activation of signalling cascades

*A link between JA and SBT3.3 has been shown for other model

¥

Are grapevine subtilisin-like proteins linked to lipid
signaling events — grapevine immune priming?

Apoplast
proteomics and Recombinant protein Interactome
lipidomics production (structure analysis

and substrates)
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