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Abstract

b-1,3-Glucanases in tomato roots were studied after arbuscular mycorrhizal (AM) symbiosis establishment and/or pathogenic
infection by Phytophthora parasitica by polyacrylamide gel electrophoresis (PAGE). Two species of AM fungi, Glomus mosseae
and Glomus intraradices were tested, and Phytophthora inoculation was performed on both non-mycorrhizal and mycorrhizal
tomato pre-colonized for 4 weeks with either of the AM fungal species. The protective effect of both AM fungi on tomato plants
against Phytophthora was assessed. In control roots two acidic b-1,3-glucanase isoforms were constitutively expressed, and their
activity was higher in mycorrhizal roots. Two additional acidic isoforms were detected in extracts from G. mosseae-colonized
tomato roots, but not in G. intraradices-colonized roots. Roots infected by P. parasitica displayed stronger activities but the
pathogen did not induce the isoforms related to G. mosseae colonization. Only one basic glucanase isoform was detected whether
the plants were non-inoculated or colonized by any of the fungi when inoculated singly. However, when plants were
pre-inoculated with G. mosseae and post-infected with P. parasitica two additional basic isoforms were clearly revealed. Results
are discussed in relation to the possible role of the additional acidic and basic b-1,3-glucanase isoforms in the establishment and
development of the AM symbiosis, as well as their putative implication in plant bioprotection. © 1999 Elsevier Science Ireland
Ltd. All rights reserved.
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1. Introduction

Arbuscular mycorrhizal (AM) associations are
the most common type of plant–microbe symbio-
sis involved in nutrient cycling in natural ecosys-
tems and in man-made agrosystems [1]. Root
colonization by AM fungi induces important phys-
iological and biochemical changes in the host
plant, enabling it to better overcome biotic and

abiotic stresses [2]. Among these changes, qualita-
tive and quantitative alterations in protein expres-
sion within host tissues have been reported in
various AM associations [3,4]. A certain local,
weak and transient activation of some plant de-
fence mechanisms occurs as a consequence of root
colonization by AM formation, although no gen-
eralised defence reactions have been found [2,5].
Current research has focused on the differential
expression of defence related genes in arbuscular
mycorrhizal plants [6,7], including genes coding
for hydrolytic enzymes such as chitinases and b-
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1,3-glucanases. The induction of these enzymes in
arbuscular mycorrhizas is receiving increased at-
tention due to their possible implication in the
regulation of the symbiosis [6,8–10] as well as in
plant bioprotection [2,9–11].

Concerning chitinases, their transient activation
as well as the induction of new acidic isoforms in
response to arbuscular mycorrhizal fungi has been
reported in different plants, including tomato
[10,11]. Some research has also been undertaken
on b-1,3-glucanases in relation to AM symbiosis,
showing transient changes in their activities as well
as at the mRNA level [7,8,12,13], but up to now
only a few studies have dealt with their isoenzyme
patterns in AM plants [14,15].

b-1,3-Glucanases (EC 3.2.1.39) are able to par-
tially degrade fungal cell walls by catalysing the
hydrolysis of b-1,3-d-glucosidic linkages in b-d-
glucans, which are, together with chitin, the major
cell wall components of most fungi. These en-
zymes are constitutively expressed in different or-
gans and tissues of higher plants, and are
regulated by normal developmental processes,
ethylene and other plant hormones. b-1,3-Glu-
canases are also induced in plants after pathogen
attack and exposure to various biotic and abiotic
elicitors, and they usually act in synergy with
chitinases [16,17]. Both chitinases and b-1,3-glu-
canases show a complex isoenzyme pattern with
isoforms differing in their biochemical characteris-
tics, primary structure, antigenicity, enzyme activ-
ity, subcellular localisation and antifungal
properties [17]. They are considered to play an
important role in plant defence responses against
fungal pathogens, and recent studies involve them
in plant resistance against different Phytophthora
species [18,19], whose main cell wall component is
b-1,3-glucan. Although these enzymes have been
extensively studied in tomato leaves, only a few
reports deal with glucanase activities in tomato
root/fungal interactions [20].

The analysis of hydrolytic isozyme patterns fol-
lowing AM formation in comparison to those of
pathogenic interactions could clarify the implica-
tion of these enzymes in AM symbiosis establish-
ment and functioning, as well as in plant
protection against fungal pathogens. In previous
studies, chitinase and chitosanase activities in
tomato root interactions with Glomus mosseae
and/or Phytophthora parasitica have been investi-
gated [10,11]. The aim of the present work was to

compare two species of AM fungi (G. mosseae and
G. intraradices) in their ability to induce specific
b-1,3-glucanase isoforms and to protect the plant
against P. parasitica attack.

2. Materials and methods

2.1. Plant and fungal material

Tomato seeds (Lycopersicon esculentum L. cv
Earleymech) were surface-sterilised with a com-
mercial bleach solution (10%, v/v), and germinated
under sterile conditions on wet filter paper at 28°C
for 3 days. Plants were grown in 750-ml (14 cm
height) pots containing a sterile mixture of quartz
sand and soil (9:1, v/v). Two species of AM fungi
were assayed: G. mosseae Nicol and Gerd (BEG
12) and G. intraradices Smith and Schenck (BEG
72). Mycorrhizal inoculation was carried out by
mixing with the growing substrate 10% of a sand/
soil (9:1,v/v) based inoculum enriched in fungal
propagules and containing chopped mycorrhizal
Allium porrum L. roots. At potting, plants corre-
sponding to all treatments received an aliquot of a
filtrate (B20 mm) of both AM inocula in order to
provide the microbial populations accompanying
the mycorrhizal inocula but free from AM
propagules.

Four weeks after potting, a set of plants from
each treatment was inoculated with the root
pathogen P. parasitica var. nicotianae [synony-
mous with P. nicotianae van Breda de Haan var.
parasitica (Dastur) Waterhouse] isolate 201 (kindly
provided by P. Bonnet, INRA, Antibes, F). Such a
delayed inoculation time with the pathogen was
chosen because bioprotection by mycorrhizal fungi
occurs mainly when symbiosis is well established
before the pathogen attack [2]. Phytophthora was
grown on a malt-agar medium at 25°C in darkness
for 3 weeks, and the inoculum was prepared by
washing the growing mycelia with sterile water (16
ml/plate). The suspension obtained was used to
inoculate the corresponding tomato plants by in-
jecting 8 ml per plant close to the root system.
Control plants were similarly supplied with 8 ml of
sterile water.

2.2. Growth conditions and plant har6est

Tomato plants were grown in a controlled envi-
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ronment room (25/18°C day/night temperature,
60% relative humidity, 16 h photoperiod with a
photosynthetic photon flux of 400 mmol photons
m−2 per s). They were watered three times per
week with Long Ashton nutrient solution at
one-fourth phosphorus strength. Plants were
harvested 4 and 6 weeks after potting, carefully
washed in running tap water, rinsed in deionized
water and weighed. The root systems were
evaluated for Phytophthora necrotic lesions by an
arbitrary scale from 0 (no symptom) to 5 (fully
necrotic root). The presence of P. parasitica in
tomato root extracts was evaluated by using a
commercial ELISA kit (Agriscreen, Adgen
Diagnostic Systems, Auchincruive, Ayr, UK)
following the supplier’s instructions. Root systems
were immediately frozen in liquid nitrogen, and
stored at −80°C until protein extraction. An
aliquot of each root system was kept for
determination of mycorrhizal colonization by
clearing and staining the roots using trypan blue
[21].

External mycelia of G. mosseae and G.
intraradices were collected from 4-week-old
mycorrhizal tomato plants. The roots were gently
washed with sterilized water and put on ice, and
the external mycelium was picked up using forceps
under a dissecting microscope. Phytophthora
mycelium was obtained from the fungal colonies
growing on malt-agar medium at 25°C in darkness
for 3 weeks.

2.3. Protein extraction and quantification

Frozen roots were ground at 4°C in an ice-
chilled mortar with liquid nitrogen and the result-
ing powder was suspended in 100 mM MacIlvaine
(citric acid/Na2HPO4) extracting buffer, pH 6.8
(1:1, w/v). Crude homogenates were centrifuged at
15 000×g for 30 min at 4°C and the supernatant
fractions were kept frozen at −20°C. Protein
extraction from the fungal mycelia was carried out
as for root material, except for the amount of
extracting buffer (10:1, w/v) and also that crude
homogenates were briefly sonicated before cen-
trifugation. In this case, supernatants were concen-
trated by lyophilization, resuspended in a minimal
amount of the extracting buffer and used as crude
enzyme extracts. Protein contents were determined
by the method of Bradford [22] using BSA as
standard.

2.4. Electrophoresis and enzymatic assays

All extracts were analysed by 15% (w/v) poly-
acrylamide gel electrophoresis (PAGE) under na-
tive conditions, at pH 8.9 according to Davis [23]
and at pH 4.3 as described by Reisfeld et al. [24].
For all treatments 7 and 15 mg of proteins were
respectively loaded for analyses in acidic and basic
electrophoretic systems. A soluble fraction of
purified b-glucans from Saccharomyces cere6isiae,
was used as substrate for b-1,3-glucanase activity
[25]. b-Glucans were incorporated at a final con-
centration of 0.6 mg ml−1 directly in the separa-
tion gels for the Davis system, or in a 7.5% (w/v)
polyacrylamide overlay gel for the Reisfeld et al.
[24] PAGE set-up. In the latter, transfer of
proteins to the overlay gel was done by blotting
for 14 h at 37°C. After electrophoresis, gels were
incubated in 50 mM sodium acetate buffer, pH
5.0, for 3 h at 37°C. b-1,3-Glucanase activities on
gels were revealed by staining the gels for 15 min
with 0.025% (w/v) Aniline blue fluorochrome in
150 mM K2HPO4, pH 8.6, and visualized under
long wave UV (365 nm) light [25]. Gels were
photographed (Polaroid film No. 665) and
scanned (HP ScanJet 3c). All chemicals for elec-
trophoresis were from Bio-Rad (Prat de Llobregat,
Barcelona, Spain). Other compounds were from
Sigma (Alcobendas, Madrid, Spain).

2.5. Replication and statistical analysis

Two independent experiments were carried out
and five replicated plants per treatment were used
at each harvest. Data were subjected to ANOVA,
followed by Fisher’s Protected Least Significant
Difference test where appropriate. Since tendencies
were similar in both experiments, results from one
of them are reported here. All electrophoreses
were repeated at least three times, and results on
induction of new glucanase isoforms were confi-
rmed in the root extracts from both experiments.

3. Results

3.1. Plant growth and fungal colonization

The growth response of tomato plants subjected
to the different mycorrhizal and P. parasitica inoc-
ulation treatments is presented in Fig. 1. In the
absence of the pathogen, there was no significant
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effect on plant growth of any of the two AM
fungi tested, at any of the harvest times. Only G.
mosseae (Gm) induced a slight increase in
biomass production, but this was not statistically
significant. Two weeks after inoculation with P.
parasitica, shoot and root growth were
significantly reduced in non-mycorrhizal (Nm)
and G. intraradices-colonized plants (Gi), in
comparison to their respective, non-inoculated
with P. parasitica, controls. However, plants
mycorrhizal with G. mosseae did not show any
inhibition of either root or shoot growth as a
consequence of P. parasitica inoculation.

Mycorrhizal colonization with both G. mosseae
and G. intraradices was well established 4 weeks
after potting, when the pathogen inoculation was
carried out. More than 40% of the root length
became mycorrhizal with G. mosseae. After 6
weeks the percentage of root colonization
reached 55–60% for the different experiments.
These percentages were about 5–10% higher for
G. intraradices-colonized plants at both harvests
(4 and 6 weeks). The AM colonization level was
not significantly affected by the inoculation with
the pathogen (Table 1).

Table 1
Mycorrhizal colonization, disease index and pathogen
amount inside root tissues of 6-week-old tomato plants inocu-
lated (+Phyt) or not (−Phyt) with P. parasiticac

PhytophthoraDiseaseMycorrhizal
colonization (%) biomass**index*

+Phyt +Phyt+Phyt−Phyt

–Nm – 3 1.94a
0.50b56 1Gm 58

64 63Gi 3 0.98ab

c Nm, Non-mycorrhizal plants; Gm, Glomus mosseae in-
oculated; Gi, Glomus intraradices inoculated. Data not
sharing a common letter differ significantly at P50.05.

* Visual estimation of disease symptoms from 0 (no
symptom) to 5 (fully necrotic root).

** Expressed in absorbance units from the ELISA test.

The extension of necrotic lesions caused by P.
parasitica in the root system correlated well with
the loss of weight: plants mycorrhizal with G.
mosseae showed less areas affected by necrosis
(average rating 1, very few symptoms) than
non-mycorrhizal plants (average rating 3,
medium level of symptoms), while plants
colonized by G. intraradices displayed a similar
extension of necrotic lesions than the
non-mycorrhizals (average rating 3) (Table 1).
Disease indices were further supported by data
from P. parasitica detection by ELISA, since
absorbance values of 1.94, 0.5 and 0.98 were
obtained respectively for extracts from
non-mycorrhizal, G. mosseae- and G.
intraradices-colonized roots infected with P.
parasitica (Table 1). Plants, mycorrhizal or not,
non-inoculated with Phytophthora showed
absorbance values around 0.1, which correspond
to the background value of the assay.

Protein content of the root extracts from
mycorrhizal plants (either G. mosseae or G.
intraradices) was significantly higher than that
from non-mycorrhizal plants at both sampling
times (Table 2). However, no statistically
significant differences in protein concentration
were found between plants mycorrhizal with
either of both fungi. P. parasitica inoculation did
not significantly affect protein content.

Fig. 1. Effect of mycorrhiza formation with different AM
fungi on shoot and root growth of tomato plants post-in-
fected (+Phyt) or not (−Phyt) with the root pathogen
Phytophthora parasitica, after 4 and 6 weeks of growth. Bars
sharing any letter in common do not differ significantly
(PB0.05) according to the Fisher’s LSD test. Nm, non-myc-
orrhizal; Gm, Glomus mosseae- and Gi, Glomus intraradices-
inoculated plants.
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Table 2
Protein content (mg/g root fresh wt.) in tomato root extracts
corresponding to the different mycorrhizal treatmentsc

Phytophthora Mycorrhizal Time (weeks)
treatmenttreatment

4 6

0.45a−Phyt 0.53aNm
0.78bGm 0.95b
0.85b 1.09bGi

–+Phyt 0.43aNm
Gm – 0.82b

–Gi 0.59ab

c Nm, non-mycorrhizal plants; Gm, Glomus mosseae- and
Gi, Glomus intraradices-inoculated, post-infected (+Phyt) or
not (−Phyt) with the root pathogen Phytophthora parasitica
var. nicotianae. Data in the same column not sharing a
common letter differ significantly at P50.05.

AM fungi tested displayed the constitutive iso-
forms at both sampling times, the one with higher
mobility showing enhanced activity (Fig. 2, lanes
Gm and Gi). Additionally, two new isoforms were
induced in G. mosseae-colonized roots (Fig. 2,
lanes Gm). A general increase in glucanase activity
and a faint band corresponding to an isoform with
higher mobility were observed in extracts from P.
parasitica infected plants, either non-mycorrhizal
(Nm) or pre-mycorrhizal (Gm and Gi) (Fig. 2,
lanes +Phyt). No b-1,3-glucanase activity was
detected in protein extracts from either G. mosseae
or G. intraradices external mycelium (data not
shown). Phytophthora mycelium displayed b-1,3-
glucanase activity, but this activity appeared as a
wide lytic zone in the upper part of the gel, and it
was not possible to resolve it in differentiated
bands, even when different amount of proteins
and/or acrylamide percentages were tested (data
not shown). This could be due to high affinity
between this/these glucanase/s and the glucans
embedded in the gel. Affinity during electrophore-
sis, based on interactions between natural polysac-
charides and proteins has been previously
described [26].

Basic glucanase isoforms were detected when
proteins were separated at pH 4.3 using the Reis-
feld system. Only one basic constitutive isoform
could be detected in all root extracts (Fig. 3). No
time-related differences were found (results not
shown), nor when comparing non-mycorrhizal
plants (Fig. 3, −Phyt, lane Nm) with those colo-
nized with either G. mosseae or G. intraradices
(Fig. 3, −Phyt, lanes Gm and Gi). However,
significant differences in response to P. parasitica
infection were found (Fig. 3, +Phyt). G. mosseae-
colonized plants clearly reacted to the presence of
the pathogen through the induction of two new
isoforms (Fig. 3, +Phyt, lane Gm), while these
isoforms were not detected in non-mycorrhizal nor
in G. intraradices-colonized plants infected by the
pathogen (Fig. 3, +Phyt, lanes Nm and Gi), and,
as indicated above, they were also absent in plants
colonized by G. mosseae alone (Fig. 3, −Phyt,
lane Gm).

4. Discussion

Tomato growth was not significantly improved
by inoculation with any of the AM fungi tested in

3.2. Detection of b-1,3-glucanase isoforms

Separation of acidic and neutral proteins from
tomato root extracts using the Davis system en-
abled detection of two main bands with b-1,3-glu-
canase activity in control tomato roots,
corresponding to constitutively expressed isoforms
(Fig. 2, lanes Nm). The activity of the upper
isoform appears to increase with plant age. Ex-
tracts from mycorrhizal roots with either of the

Fig. 2. Acidic b-1,3-glucanase activities after separation of
proteins by the Davis system in 15% (w/v) polyacrylamide
gels containing soluble b-glucans as substrate. Root extracts
from non-mycorrhizal (Nm), G. mosseae (Gm), and G. in-
traradices-colonized (Gi) tomato plants after 4 (4 weeks) or 6
weeks of growth (6 weeks) either uninoculated (−Phyt) or
inoculated (+Phyt) with P. parasitica were studied. Constitu-
tive isoforms are indicated by bars, and additional isoforms
by arrows.
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Fig. 3. Basic b-1,3-glucanase activities after separation of
proteins by the Reisfeld system in 15% (w/v) polyacrylamide
gels and blotting to a 7.5% polyacrylamide overlay gel con-
taining soluble b-glucans as substrate. Root extracts from
non-mycorrhizal (Nm), G. mosseae (Gm), and G. intraradices-
colonized (Gi) tomato plants either uninoculated (−Phyt) or
inoculated (+Phyt) with P. parasitica were studied. Results
correspond to extracts from plants harvested after 6 weeks of
growth (2 weeks after pathogen inoculation). Constitutive
isoforms are indicated by bars, and additional isoforms by
arrows.

Hydrolytic enzymes have been proposed to play
a role in plant development, morphogenesis and
plant/microbe signalling, in addition to their evi-
denced antifungal character [16]. Southern blot
analysis indicates that the tomato b-glucanase
family is relatively small, with a few genes encod-
ing either acidic or basic glucanases [17]. We have
detected one basic and two acidic isoforms consti-
tutively expressed in tomato roots. Two newly
induced acidic b-1,3-glucanase isoforms have been
detected in the present work in G. mosseae-colo-
nized roots, but these new isoforms were not
detected in G. intraradices-colonized plants. Du-
mas-Gaudot et al. [14] reported the induction of a
b-1,3-glucanase isoform during AM symbiosis in
pea plants, whose activity depended on the AM
fungus involved, but no similar response was
found in leek or onion. In the present work P.
parasitica infected root extracts displayed a faint
new acidic isoform, different from any of those
induced by G. mosseae. Thus, the induction of the
new b-1,3-glucanase isoforms in G. mosseae-colo-
nized roots seems to be a specific response in
certain plant/AMF interactions: specificity con-
cerning the AM fungus, as shown in the present
work, and the plant, as evidenced by Dumas-Gau-
dot et al. [14]. This specificity, besides the absence
of b-1,3-glucanase activity detected in the ex-
traradical mycelium of G. mosseae, strongly sup-
ports a plant origin for the activity.

Differential host-responses to several AM fungi
have already been described. Lambais and Mehdy
[8] found both differential regulation and expres-
sion of defence-related genes coding for chitinases
and b-1,3-glucanases in soybean colonized by two
strains of G. intraradices differing in infectivity.
The different ability of diverse AM fungi to mod-
ify defence-related enzyme expression in various
host plants, besides time-related variations in these
activities, and the different approaches used,
makes it difficult to draw conclusions about the
regulation of these enzymes in AM symbiosis.

Arbuscular mycorrhizal fungi contain b-1,3-glu-
cans, chitin and/or chitosan and glycoproteins
[28]. All these molecules are known to be potent
elicitors of plant defence reactions [29]. When
colonization by AM fungi is successful, some fun-
gal strategies of self camouflage may occur such as
important wall modifications during the coloniza-
tion process, or repression of the induced plant
defence mechanisms [28]. In fact, the host plant

the present study, as was expected because the
substrate used, based mainly in sand, does not
impose important limitations to nutrient diffusion
towards the root. This is important when trying to
avoid the indirect effect due to a better nutritional
status of mycorrhizal plants on the susceptibility
to pathogens. However, the inoculation of tomato
roots with P. parasitica resulted in a visible reduc-
tion of shoot and root weights and the appearance
of necrotic areas in the root system. Colonization
by the AM fungus G. mosseae decreased the nega-
tive effect of P. parasitica infection, in relation to
both plant weight reduction and root necrosis.
These results agree with previous reports [11,27],
confirming G. mosseae as a protective agent of
tomato plants against P. parasitica under different
experimental conditions. A similar reduction in
disease symptoms was not detected in G. in-
traradices-colonized plants. Thus, it can be argued
that the ability of AM symbiosis to enhance resis-
tance or tolerance in roots against soil-borne
pathogens is not similar for different AM fungi
and needs to be ascertained for each particular
combination of AM fungus, host plant genotype,
pathogen and environmental conditions [2].
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influences wall morphology and composition of
AM fungi as they develop within the root tissues.
Lemoine et al. [30] described a progressive disap-
pearance in wall b-1,3-glucans during root colo-
nization. This was confirmed for G. mosseae
developing in tomato roots. Extraradical hyphal
walls contained a large quantity of b-1,3-glucans,
but they were less abundant in intercellular hyphae
and became undetectable in arbuscules [28]. In this
context, it can be hypothesized that the new acidic
glucanase isoforms could help the plant to control
the AM fungus development. However, it is
difficult to understand the induction of new glu-
canase isoforms by G. mosseae and not by G.
intraradices. It remains to be clarified if this can be
related to the different colonization dynamics of
both fungi, or to differences in their wall composi-
tion and/or structure.

Important differences have also been found
among non-mycorrhizal, G. mosseae- and G. in-
traradices-colonized plants concerning responses
to infection by the pathogen P. parasitica. While
one basic isoform was detected in controls or
mycorrhizal roots, two new basic isoforms were
present in extracts from roots post-infected with
the pathogen only when they were previously colo-
nized by G. mosseae.

b-1,3-Glucans are a normal component of hy-
phal walls of the oomycete P. parasitica. High
levels of glucanase activity have been correlated
with plant resistance to fungal pathogens, includ-
ing oomycetes [31]. Transgenic tobacco overex-
pressing b-1,3-glucanase was resistant to P.
parasitica var. nicotianae [32]. Recently, Cordier et
al. [33] have reported modifications in P. parasitica
wall during infection of mycorrhizal tomato root
systems, since b-1,3-glucans were not detected in
Phytophthora hyphal walls when the development
of the pathogen was blocked by papilla formation
in the mycorrhizal tissues. This reaction was not
observed in non-mycorrhizal tomato plants, sug-
gesting some sort of break down action by the
mycorrhizal plant. Therefore the role of b-1,3-glu-
canases could be crucial. Since different isoforms
can have different subcellular localisation and can
be differentially regulated, the study of the role of
specific isoforms is crucial to understanding the
features in pathogen/host plant interactions.

In the present study, changes in acidic and basic
b-1,3-glucanase isoform patterns were detected in
response to mycorrhizal colonization and patho-

gen infection. However, available information
does not allow to correlate conclusively the acidic
or basic character of the isoenzymes with their in
vivo functions. The induction in G. mosseae-colo-
nized roots of new acidic isoforms was indepen-
dent of the presence of the pathogen. Vierheilig et
al. [34], using transgenic plants, reported that con-
stitutive expression of an acidic glucanase delayed
root colonization by G. mosseae, while it was not
affected by the expression of a basic one. These
data suggest a role for specific acidic isoforms in
controlling G. mosseae development inside the
roots. On the other hand, the induction of two
basic isoforms only occurred in plants infected
with P. parasitica and previously colonized by G.
mosseae, the plants that better overcome the
pathogen infection. Consequently, basic isoforms
appear to be good candidates to be involved in
tomato plant protection by G. mosseae against the
fungal pathogen P. parasitica. This hypothesis is
also supported by studies showing that the anti-
fungal activity of plant protein extracts against
different Phytophthora species lies in basic glu-
canase isoforms [18,19,35]. Work is in progress
trying to gain further insights into the precise role
of the different induced b-1,3-glucanase isoforms
in mycorrhiza and pathogen interactions.
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