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Abstract—Here we report the cDNA nucleotide sequences of a calmodulin-binding catalase and an antiquitin from the latex
of the Mediterranean shrub Euphorbia characias. Present findings suggest that catalase and antiquitin might represent addi-
tional nodes in the Euphorbia defense systems, and a multi-enzymatic interaction contributing to plant’s protection against
biotic and abiotic stresses is proposed to occur in E. characias laticifers.
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Euphorbia characias is a Mediterranean shrub
belonging to the Euphorbiaceae family. Characteristic of
all Euphorbiaceae is the presence of laticifers [1, 2], spe-
cialized cells forming vessel-like structures containing
latex, a milky sap with a complex composition, which
includes alkaloids, terpenoid compounds, as well as a
number of enzymes that collectively are believed to pro-
vide an important contribution to plant defense mecha-
nisms by repelling and killing phytopathogens and sealing
wounded areas [3, 4].

Previous studies conducted by our group have con-
firmed the presence of several enzymatic activities in the
latex of E. characias, and some of the relevant proteins
have been purified and characterized. One of these is a
cationic peroxidase named ELP (Euphorbia latex peroxi-
dase), a member of class III secreted plant peroxidases [3,
6]. These enzymes can oxidize a variety of aromatic mol-
ecules in the presence of hydrogen peroxide [7]. The lat-
ter then participates directly to plants’ defense responses
mediated by the oxidative burst, and is also believed to act
as a second messenger for the induction of plant defensive

Abbreviations: ALDH) aldehyde dehydrogenases; CaM)
calmodulin; EAq) Euphorbia antiquitin; ECat) Euphorbia cata-
lase; ELAO) Euphorbia latex amine oxidase; ELP) Euphorbia
latex peroxidase; nt) nucleotide; RACE) rapid amplification
c¢DNA ends; RT-PCR) reverse transcription polymerase chain
reaction.

* To whom correspondence should be addressed.
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genes [8, 9]. Intriguingly, ELP activity was recently
shown to be regulated by its interaction with calcium/
calmodulin (CaM) complexes, the first example of a
CaM-binding peroxidase [6].

In plants, as in all eukaryotes, other enzymes can
play a central role in the modulation of a number of H,0,
signaling pathways involved in defense and in the control
of H,0, homeostasis, contributing to both the positive
and negative regulation of its levels. One of these enzymes
is the well-known heme-containing redox enzyme cata-
lase, which promotes the dismutation of hydrogen perox-
ide to water and molecular oxygen. Another example is
amine oxidase, which is also present in Euphorbia latex
[10], a copper-containing protein oxidizing primary
amines with the formation of the corresponding alde-
hyde, ammonia, and hydrogen peroxide:

R-CH,-NH, + O, + H,0 - R-CHO + NH, + H,0,.

Aldehydes, on their side, can be toxic for most
organisms, and therefore it is important that metabolic
aldehyde levels are strictly controlled. Many biologically
important aldehydes and some exogenous ones are
metabolized to their corresponding carboxylic acids by
the superfamily of NAD(P)*-dependent aldehyde dehy-
drogenases (ALDH). ALDHs exhibit four different enzy-
matic functions, i.e. detoxification, intermediary metab-
olism, NADPH generation, and osmotic protection, and
a recent survey of 145 sequences from various organisms
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revealed that they cluster into at least 13 subfamilies and
two main phylogenetic trunks [11]. A more recent analy-
sis highlighted the presence of some 555 distinct ALDH
genes occurring in archaea, eubacteria, and eukaryotes,
with the eukaryotic enzymes comprising 20 gene families
[12]. Within the ALDH superfamily, antiquitin is an evo-
lutionarily conserved protein that mainly catalyzes the
oxidation of acetaldehyde, although other aliphatic and
aromatic aldehydes are also substrates. This enzyme was
first identified in plants, and later found to be expressed in
mammals (including humans) and fishes [13, 14].
Overall, the evidence available points towards its role in
the synthesis of organic osmoprotectors, and hence in the
maintenance of osmotic balance and restoration of cellu-
lar turgor during period of water deficit. It has been
claimed that antiquitin might also participate in the
detoxification and removal of toxic and reactive aldehy-
des formed by lipid peroxidation under chemical and
drought stresses [14].

In this paper, we demonstrate the presence of cata-
lase and antiquitin in E. characias latex starting from the
detection and sequencing of the relevant encoding
cDNAs. The potential interaction of these two proteins
with the other enzymatic systems previously described in
E. characias latex is discussed.

The sequences reported in this paper have been
deposited in the GenBank database (E. characias cata-
lase, accession No. AAX88799; E. characias antiquitin,
accession No. AAX09646).

MATERIALS AND METHODS

Materials. FEuphorbia characias latex and young
leaves were collected in the four seasons at several loca-
tions in southern Sardinia (Italy), frozen, and stored
at —80°C until use. All chemicals were obtained as pure
commercial products and used without further purifica-
tion.

Isolation of RNA from laticifers and RT-PCR.
FEuphorbia characias branches were sliced and secretory
cells content flowed directly into a tube containing 20 ml
of 2x RNA extraction buffer (100 mM Tris-HCI, 300 mM
LiCl, 10 mM EDTA, 10% SDS, pH 9.5) with 5 ml of
RNAlater solution (Sigma, USA) to stabilize and protect
RNA. The resultant solution was mixed and centrifuged
at 8000g for 15 min at 20°C. The supernatant fraction was
processed using the TRI Reagent RNA isolation reagent
(Sigma) according to the manufacturer’s instructions.
The quality of purified RNA from latex was verified by gel
electrophoresis using 1% denaturing agarose gel stained
with ethidium bromide, and by reading the absorbance
spectrum from 220 to 300 nm. To obtain cDNA:s,
FEuphorbia RNAs were reverse transcribed with an oligo-
dT primer using an enhanced avian myeloblastosis virus
reverse transcriptase enzyme (Sigma).
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PCR amplification with hybrid primers. Oligonucleo-
tide primers for catalase and antiquitin were designed
using the consensus degenerate hybrid oligonucleotide
primer (CODEHOP) strategy [15], starting from the
alignment of multiple catalase and aldehyde dehydroge-
nases/stress proteins sequences from different plant
sources. Four sequences each for both catalase and antiq-
uitin were chosen from the GenBank database and
aligned using ClustalW (http://www.ebi.ac.uk/clustalw),
and then cut into blocks using the Block Marker software
(http://blocks.fhcrc.org/blocks/). Primers were designed
using the default parameters at the CODEHOP server
(http://blocks.fhcrc.org/codehop.html).

For Euphorbia catalase (ECat), the sense primer 5'-
CGTGTTCTTCATCCGGgayggnatgaa-3' was used in
association with the antisense primer 5'-GGTCACGT-
CCAGGGGGtcraartcraa-3' (Fig. 1). For Euphorbia
antiquitin (EAq), the sense 5'-GCGGCAACTGCGTG-
gtntggaargg-3' and antisense 5'-GGTGCACCGCTGG-
ccengengtnce-3’ primers were employed (Fig. 2). For both
ECat and EAq, each primer presents the consensus clamp
given in upper case whereas the degenerate core is in
lower case: y = [C, T]; r=[A, G],and n = [A, G, C, T].
PCR was performed in a solution containing 1.5 mM
MgCl,, 100 mM Tris-HCI, pH 8.3, 50 mM KCI, 200 uM
of ANTP mix, 1 uM sense primer, 1 UM antisense primer,
1 pg of Euphorbia cDNA, and 1-3 units of Hot Master
Taq (Eppendorf, Germany). Thermal cycles of amplifica-
tion were carried out in a Personal Eppendorf
Mastercycler (Eppendorf) using slightly different pro-
grams for ECat and EAq. CODEHOP PCR products
were identified by Southern blot using homologous
c¢DNA amplified fragments as probes and standard proce-
dures.

Rapid amplification of cDNA ends (RACE). Rapid
amplification of the 5’ end was done using three antisense-
specific primers and two anchor primers provided in the
RACE kit (Roche Diagnostics, Germany) [16]. To per-
form 5" RACE for EAq, the first antisense-specific primer
5'-TTGGTGCACCTTTCCACACAGCGC-3' was used
in a reverse transcription reaction with 2 ug of E. chara-
cias total RNA. For ECat, the first primer was instead 5'-
GGTGTTCACACCCGAGCCGTCCATATG-3'. The
first strand of cDNA was purified from unincorporated
nucleotides, enzyme, and primers by the High Pure PCR
Purification Kit (Roche Diagnostics). A homopolymeric
tail was added to the 3’ end of RT-PCR products. The
obtained cDNA was amplified by PCR using the oligo
dT-anchor primer provided in the RACE kit according to
the protocol supplied, a nested antisense-specific primer
5'-CATGTGGAGGCTTTCAGGATGGTGGGAG-3'
for ECat and 5'-CAGCACATGGGAAGTTGAAAGC-
CG-3' for EAq. The amplification products for catalase
and antiquitin genes were then amplified using a third and
last antisense-specific primer and the sense PCR anchor
primer provided in the RACE kit. The sequences of these
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antisense-specific primers were 5'-GTCTGGAAACTT-
CATCCCATCACGG-3' for ECat and 5'-CTTGAA-
CTTCACCGATGCCTTCAGC-3' for EAq.

For the 3’ end, the first strand cDNA was obtained
using the oligo dT-anchor primer. cDNAs were then
amplified using the sense-specific primer 5'-GCTGAT-
ACTCAACGACACCGTTTGGG-3' for the ECat gene
and the sense-specific primer 5'-CAGGCGGTTCAGT-
TATAGAGTCTGAGGGG-3' for the EAq gene. For
both genes, the sense-specific primer used was associated
to the antisense PCR anchor primer provided in the
RACE kit. PCR reactions were performed using 1-3 units
of Hot Master Taq under different experimental condi-
tions.

c¢DNA blotting analysis. cDNA blotting is an efficient
technique to study gene expression in plants and is espe-
cially useful when applied to recalcitrant material like E.
characias tissues, where a broad variety of secondary
metabolites may interfere with other methods [17]. The
cDNAs obtained from total RNA reverse-transcribed
samples (5 pg) were run on a 1.2% agarose gel for 10 h at
18 V and then stained with ethidium bromide. After two
washes in both denaturing (0.5 M NaOH, 1.5 M NaCl)
and neutralizing (0.5 M Tris-HCI1, 3 M NaCl, pH 7.5)
buffers, the gel was transferred overnight to a positively
charged nylon membrane (Roche Diagnostics) by capil-
lary blotting in SSC 20x buffer. The filter membrane was
finally hybridized with a full-length ECat or EAq cDNA
as a probe.

c¢DNA sequencing and analysis. cDNA sequencing
was performed by MWG Biotech (Ebersberg, Germany).
Nucleotide and deduced amino acid sequence analyses
were performed with the OMIGA v.2.0 software (Oxford
Molecular, USA). Translation of nucleotide sequences
was done using OMIGA or the ExPASy translate routine
software (http://ca.expasy.org/). Similarities were ana-
lyzed with the advanced BLAST algorithm, available at
the National Center for Biotechnology Information web-
site (http://www.ncbi.nlm.nih.gov/), and with the FASTA
algorithm v.3.0 from the European Bioinformatics Insti-
tute website (http://www.ebi.ac.uk/fasta33/index.htlm). Se-
quences were aligned with ClustalW (http://www.exapsy.ch/
tools/blast/).

RESULTS AND DISCUSSION

Isolation and characterization of catalase cDNA from
Euphorbia latex. We cloned the cDNA encoding for
Fuphorbia latex catalase by RT-PCR as described above.
Catalase ¢cDNA sequence was determined for both
strands using a progressive primer design strategy. The
complete cDNA contains an open reading frame of
1479 bp, which extends from the ATG codon at nt 73-75
to the termination codon at nt 1554 (Fig. 1). The 3'-
untranslated region includes two potential polyadenyla-
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tion signals (nt 1695-1700 and 1726-1731), both match-
ing exactly the AATAAA consensus. It seems likely that
the second signal represents a near-upstream element
associated with polyadenylation of the mRNA 3'-end.
The ECat gene encodes a protein of 493 amino acids (Fig.
1). The calculated theoretical molecular mass for the pre-
dicted protein is 56.8 kD, with a p/ of 7.12.

Using a cDNA blotting method [17], the expression
of the catalase gene was detectable in latex (data not
shown). The transcript length was 1.8 kb, in accordance
with the results of sequencing reactions. The deduced
amino acid sequence of ECat has high identity (84%) and
similarity (91%) with other catalases from different plant
sources (Manihot esculenta, Prunus persica, Heliantus
annuus, and Arabidopsis thaliana). Analysis of the ECat
sequence performed through bioinformatics programs
(http://elm.eu.org/) reveals the presence of a heme-lig-
and peptide from residues 344 to 352 and the location of
the active site from residues 55 to 71. Protein kinase CK1
phosphorylation motifs are also present at the positions
82-88, 112-118, 249-255. CK1 denotes a family of ubiq-
uitous pleiotropic serine/threonine protein kinases impli-
cated in a number of cellular functions [18]. Two addi-
tional phosphorylation sites are found at positions 101-
107 and 109-115, both of them showing consensus
sequences for protein kinase A (R-X-S/T). Submission of
the ECat predicted sequence to the NetNGlyc 1.0 server
(http://www.cbs.dtu.dk/services/NetNGlyc/) permitted
the identification of two generic N-glycosylation motifs
at residues 29-31 and 247-249. ECat also contains a tyro-
sine-based sorting signal Yxx (LMVIF) repeated at six
different positions (45-48, 199-202, 211-214, 221-224,
256-259, 360-363), which could theoretically be respon-
sible for the interaction of the protein with the p-subunits
of clathrin-associated adaptor protein complexes [19].

Since activation of catalase by calcium/CaM has
been previously reported in Arabidopsis [20], we screened
the predicted ECat amino acid sequence for putative
CaM-binding sites, using the tools provided by the Web-
based Calmodulin Target Database (http://calcium.
uhnres.utoronto.ca/ctdb). As interaction between CaM
and target proteins is known to be mainly hydrophobic in
nature, and to require the binding of CaM to short basic
peptides in target sequences folded into amphiphilic a-
helical structures, this method scans sequences for fea-
tures such as hydropathy, a-helical propensity, residue
charge, and hydrophobic residue content. A normalized
score (0-9) is attributed based on these criteria, a string of
high values indicating the location of a putative binding
site [21]. Through this analysis, the presence of a putative
CaM-binding domain between residues 300-313 of ECat,
a 14-amino acid sequence (LQEIGRLVLNRNID) with
the characteristics of an 1Q-like motif, was identified
(Fig. 1). In addition, three related motifs for CaM-bind-
ing belonging to the subclasses termed 1-8-14 and 1-16
can be spotted between residues 64-77 (VHAR-
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tttttttettttttagetttecagttttttcacaaattttcttcteoecttttecttectecaa
aactctatcaaa

atggatccttacaagtttcggccatcaagtgcatacaattcaggcttecttcaccacaaac
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tctggtgctectgtectggaacaacaacaactccctcactgttgggtctaggggaccaatt
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ctgctggaggattaccatttggtggagaagctageaaatttegacagggagaggattecg
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ataagccacctcacctgtgcagattttcteccgagcacctggtgttcaaactcecggtgate
I 8 H L T¢dADE L RAPGVYVOQTU®PV I

gtcaggttctcgactgtecattecatgaacgtggcagcectgaaacteteccgagatcccaga
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ggttttgcagtcaagttctacactegagagggcaatttegacctagtgggaaacaattte
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caagagatcggacggctagtattgaacaggaacattgacaattggttcgcagagaatgaa
g E I G R L vV L N R N I D N WUVF A E N E

atgctggegtttgaccecgggtettategtgeeccgggatttactatteecaagacaagttg
M L A F D P G L I V P G I ¥ ¥ &8 Q D K L

—s
tttcaacttaggacgtttgcttatgctgatactcaacgacacegtttgggtectaattat
F QLR TF A Y ADTGRHEHRTLGPNIFN

aagatgctacccgttaatgctcctaagtgtoccttataaaaataatcattttgatggtget

[k M 1] P VN A P KCP Y XKNNUHTFDG A
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cctgacaggcaggaaaggttoctotgoagattggectaatgecttgtectgaacctegtate
P D R Q ER F L C R L A N AL S8 E P R I

tctcaagaaattcgeggtatctgggttteottggtgggetcagtgtgaccaaactectggge
S ¢ EI R G I W V 8 W W a g C D Q T L G

cagaagctagcttctogtctcaatgtgaggeccaatatatga
Q K L A S R L N V R P N I end

agataacatatatattctatgaatatataatgatggatggagaggagaggagatcatggt
tgttaaagatgcacattaagccctaattaagatgtttaattgctettetgettgettttg

1452
460
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cagtttgtgtatgtgatt

1752

Fig. 1. Nucleotide and deduced amino acid sequences of E. characias catalase. The nucleotide sequence is numbered in the 5’ to 3’ direc-
tion. The terminal tga codon is indicated by “end”. “M” corresponds to the N-terminal residue. Arrows indicate specific sense (—) and
antisense (<) primers used in RACE experiments. The predicted CaM-binding 1Q-like motif (residues 300-313) is underlined, 1-8-14
motif (residues 64-77) is double underlined, and two 1-16 motifs (207-222 and 408-423) are underlined with a dashed-dotted line. The pre-
dicted active site (aa 55-71) and proximal heme-ligand peptide (aa 344-352) are in dashed boxes. Protein kinase CK1 phosphorylation sites
in positions 82-88, 112-118, 249-255 are shaded in gray. Protein kinase A phosphorylation sites at positions 101-107 and 109-115 are in
bold. Asterisks in amino acid sequence indicate N-glycosylation motifs (aa 29-31 and 247-249). Tyrosine-based sorting signals (aa 45-48,
199-202, 211-214, 221-224, 256-259, 360-363) are boxed. The two potential polyadenylation signals aataaa (nt 1695-1700 and 1726-1731)

are underlined with a dotted line.

GASAKGFFQV), 207-222 (VNTYTLINKAGKAHYYV),
and 408-423 (IPNAIISGGRRMKTVL) (Fig. 1).

Mean residue hydrophobicity (H) and hydrophobic
moment (u) were calculated using the Kyte—Doolittle
scale of hydrophobicity [22]. The average propensity for
a-helix formation was calculated using the Chou—
Fasman values [23].

Isolation and characterization of antiquitin cDNA
from Euphorbia latex. The cloned cDNA encoding for
FEuphorbia latex antiquitin contains an open reading
frame of 1427 bp, extending from the ATG codon at
nt 43-45 to the termination codon at nt 1469 (Fig. 2). The
3’-untranslated region includes a putative polyadenyla-
tion signal (AATAAA) which lies 17 residues apart from
the poly(A) tail. The predicted 508 amino acid protein
has a calculated theoretical molecular mass of 54.6 kD
and a p/ of 5.54. The cDNA blotting method [17]
revealed the expression of the EAq gene in latex and con-
firmed that transcript length was 1.6 kb, detected through
sequencing reactions (data not shown).

The EAq amino acid sequence shows a significant
degree of identity (72%) and similarity (82%) with antiq-
uitins (aldehyde dehydrogenase family 7, member Al)
and stress proteins isolated from several other higher
plants (Arabidopsis thaliana, Oryza sativa, Brassica napus,
and Pisum sativum). Antiquitin also shows ~45%
sequence identity with some aldehyde dehydrogenases
belonging to different classes. Analysis of the predicted
amino acid sequence using ELM reveals the presence of a
CK1 phosphorylation site at position 427-432, and two
additional protein kinase A phosphorylation sites are
found at positions 297-304 and 486-492. Three generic
motifs for N-glycosylation are found at residues 26-28,
135-137, and 417-419. The EAq catalytic domain shows
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a number of conserved residues implied in the catalytic
reaction of ALDHSs. According to the reaction mecha-
nism suggested by Marchal et al. [24], Cys300 performs
the nucleophilic attack on the aldehyde group of the sub-
strate to form the thiohemiacetal. Asnl65 stabilizes the
intermediate and facilitates the transfer of the hydride to
the co-substrate. Glu266 activates the subsequent deacy-
lation step by directed hydrolysis of the thioester bond.
The nicotinamide ring of NAD could interact with
Gly224, Ser245, and Glu396, as described for other
ALDHSs [25]. An RGD motif is detectable at position 94-
96 (Fig. 2). This motif is found in several extracellular
matrix adhesive proteins, where it seems to be involved in
the adaptation of plant cells to salt and cold stress [26].

Potential multi-enzymatic interactions in Euphorbia
latex. In general, very scant information is available for
what concerns the physiological role played by plant lati-
cifers and latex biochemistry. In our experimental model
system, E. characias, two distinct latex enzymatic activi-
ties have been characterized so far: i) the H,0,-producing
amine oxidase (ELAO), a copper/quinone-containing
enzyme that catalyze the oxidative deamination of
diamines and polyamines to aldehyde and ammonia,
concomitantly with a two-electron reduction of dioxygen
to hydrogen peroxide [10, 27]; ii) a Ca?>"/CaM-regulated
class 111 secreted peroxidase (ELP), probably involved in
the activation of plant defense responses and in the
homeostasis of H,0, [5, 6].

In this study, we extended our observations to
demonstrate the expression of catalase and antiquitin
genes in E. characias laticifers. Scheme depicts the poten-
tial interactions involving the enzymes currently known
to be present in this tissue. One could hypothesize that
ELAO controls the level of mono-, di-, and polyamines,
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tttatttccatcttcacaacccaattccagatcacggtagag 42
atgggttttgcgaggaaagagtatgaatttctgagcgagattggtttgagcgaacgcaac 102
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ttgaaatcatacaaacaagttaagatcggagatccactggaaaagggtactttgeteggt 1062
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ccagtgcatactgctgaatcaaggaagaattttgagaagggaatagagctaattaagtee 1122
P V H T A2 E 8 R KN F E K G I EUL I K s 360
—s
cagggagggaagattctaacaggcggttcagttatagagtctgaggggaattatgtacag 1182
g 6 6 K I L. T 6 G 8§ V I E S8 E G N Y V Q 380

ccgacaatagttgagatatcttcaaaagoccgaagttgttaaggaagagttatttgeotect 1142
P T I V E I 58 58 K A EV V K EEUL F A P 400

gttctttatgttatgaaatttcagactttagaagaagccattgaaataaataattcagtg 1202

v L ¥ v M K F ¢ T L E E A I E I N N 8§ V 420
*kkkkkk

ccccagggattaagtagttccatcttcaccegtagacctgatgttatcttcaagtggett 1262
P Q G L &8 § 8§ I F TR RURUPDV I F K W L 440

gggccacatggaagtgactgtggcatcgtgaatgtaaatataccgacaaatggtgctgaa 1322
G P H G s D CG I V NV NI P TDNG A E 460
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attggtggtgcttttggtggagagaaggcaactggtggeggecegtgaagcaggaagtgac
I ¢ G A F G G E K A T GG GURE A G S5 D

tcctggaagcagtatatgcgagectecacatgcacaatcaactatgggagegaattaccea
S W K Q Y M R A 8 T C T I N Y G S§ E L P

ctagcacaaggtattaacttcggctag
L A Q G I N F G end

tcgataaactacacaaaggtgaagcatcttaacttccatattcacagtggagtttcggat
ggggaacatatgtgctaagetttaagttaataacaataataaacaatcatcatgattgta

1382
480

1442
500

1469
508

1529
1589

507

ddaaddaaaaa

1600

Fig. 2. Nucleotide and deduced amino acid sequences of E. characias antiquitin. The nucleotide sequence is numbered in the 5’ to 3’ direc-
tion. The terminal tga codon is indicated by “end”. The polyadenylation signal aataaa (nt 1567-1572) is underlined (dotted line). “M” cor-
responds to the N-terminal residue. Arrows indicate specific sense (—) and antisense («—) primers used in RACE experiments. The RGD
motif (aa 80-82) is boxed. CK1 phosphorylation site at aa 427-432 is shaded in gray. Protein kinase A phosphorylation sites at positions 297-
304 and 486-492 are in bold. Asterisks in amino acid sequence indicate N-glycosylation motifs (aa 26-28, 135-137, 417-419).
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Potential interactions between enzymatic systems in E. characias
laticifers. The oxidation of biogenic amines by Euphorbia latex
amine oxidase (ELAQO) generates hydrogen peroxide, aldehyde,
and ammonia (a). Hydrogen peroxide is a substrate for two enzy-
matic systems: ECat, which promotes the dismutation of H,O, to
water and molecular oxygen (c); Euphorbia latex peroxidase
(ELP), which utilizes hydrogen peroxide to oxidize a second
reducing substrate (indicated as XH, in (d)). The activity of ELP
is enhanced by the Ca*"/CaM activated complex, and since ECat
also contains CaM-binding sites, it is likely that also this enzyme
is calcium regulated (b). Finally, aldehydes produced by the action
of ELAO could be oxidized and detoxified by EAq (e)

and presumably participates to the lignification of cell wall
and, through the production of hydrogen peroxide, to the
defensive oxidative burst. The oxidation of biogenic
amines, on the other side, may generate biologically active
substances, specifically aldehydes. EAq, therefore, could
either catalyze the oxidation of these metabolic and
potentially toxic products, or could use them as substrates
for the synthesis of osmoprotectors, thus assisting the tur-
gor control in laticifer cells. Finally, both ELP and ECat
are involved in the regulation of a number of H,0,-signal-
ing pathways related to defense against invading
pathogens/environmental stresses and in the control of
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H,0, homeostasis in many better-characterized plant
organisms, and it is reasonable to expect them to have the
same functions in Euphorbia laticifers. A particularity of
ELP and, inferentially, of ECat is that they are calmod-
ulin-binding proteins, which might call for their stance as
important nodes in the finely tuned cross-talk between
calcium and H,O, that is increasingly emerging as a sub-
stantial characteristic of plant defense systems [20, 28-30].
Whereas ELP represents the first example of a peroxidase
regulated by the classic Ca’"/CaM signal transduction
mechanism, recent findings have indicated the activation
of a catalase from Arabidopsis by the same system [20].
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