Analysis of The Morphology of Citrus limon Seedlings Inoculated
whith Trichoderma harzianum and Alternaria alternata

Luz M. Pérez', Daniela Seelenfreund', Jorge Garrido® and Angela Roco'

ABSTRACT

ANALYSIS OF THE MORPHOLOGY OF Cious
timon SEEDLINGS INOCULATED  WITH
Trichoderma harzianum AND Alternaria altermata.
Luz M. Pérez, Daniela Seelenfreund, Jorge Garrido
and Angela Roeo. Universidad de Chile. Casilla 233,
Santiago-Chile.

Lemon scedlings were inoculated with conidia
from Trichoderma harzianum or Alternaria alternata,
and were observed by optical and electron microscopy.
Observations were ade at time periods corresponding
to maximal induetion of the phenylpropancid
pathways, measured as the activity of phenylalanine
ammonia-lyase (PAL). The induction of this pathway
leads to the synthesis of defense metabolites,
umbelliferone and scoparone, which are part of the
hypersensitive response of lomon scedlings against
inoculation by these fungi.

Seedlings inoculated with 7. harzianum showed
degradation of cell walls, an observation that can be
explained due to the cellulolytic activity of this fungus.
On the other hand, 4. alternata produces loss of cell
structure without obvious disruption of cell walls,
which correlates with its pectinolytic activity,

Results showing the kind of damage observed in
lemon seedlings, is related to the major enzyme
secreted by each fungus. Therefore, the complete
destruction of the plant cell wall is not necessary to
induce the hypersensitive reaction, since both 7.
harzianum and A. alternata are able to elicit this
response FITOPATOLOGIA 29 (3) 1994: 202-206

INTRODUCTION

The hypersensitive reaction is characterized by
the appearance of localized necrotic zones in the plant

(7, 8), flavedo (15) and gland structure (10).

tissue, when an incompatible interaction between a
microorganism and a plant is produced. Through this
response, the plant effectively limits the spread of the

pathogen thus preventing the development of the
discase. At the molecular level, changes such as an

increase in respiration, accumulation and oxidation of
phenolic compunds, loss of penmeability of cell
membranes and production of phytoalexins are
observed (3,12). A number of evidences indicate that
one of the major subcellular structures invelved inthe
response is the plant cell wall. Cell walls not only
maintain the structural integrity of the plant cell, but
in addition their components play an active role as ion
exchangers (4) and in the defense against inducing
antifungal proteins (6) and releasing oligosaccharides
that may act as elicitors and putative second
messengers (20, 21).

Citrus species are infected by a number of fungal
pathogens (13). Most studies have been done on fruits
in a research effort directed to improve post-harvest
conditions (11). Also, ultraestructure of Citrus species
has been examined mainly in fruits and focused
towards specialized tissues, such as secretory cavities

Cirrus limon seedlings develop a hypersensitiv
reaction when inoculated with Trichoderma
harzianum (19) and Alternaria alternata (17). Thi
hypersensitive reaction is characterized by the
induction of the synthesis of umbelliferone and
scoparone (18). Synthesis of scoparone has heen
previously reported in some Citrus species, although
these studies did not include a morphological analysis
(1,2,11)

In this work we examine structural changes of C
fimon seedlings after inoculation with 7. harzianum
and A. alternata, two fungt usually found associated
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 with sooty molds (16), at time periods where maximal
- PAL induction has been observed (17,19).

MATERIALS AND METHODS

Chemicals. All chemicals were reagent grade.
Biologicals. C. limon seeds were directly
. obtained from ripe fruits and washed extensively with
 tap water. Seeds were then heated at 50°C for 10 min.,
quickly cooled with sterile water at room temperature,
surface sterilized with 10% NaCl for 30 min., rinsed
- with sterile water and placed on sterile pleated filter
paper imbibed with 1% Captan. For germination,
seeds were incubabed at 28°C at 1060% humidity in
complete darkness. Once hypocotyls reached 2-3 om
length, the seedlings were transferred to light (3000
- lux) in a 16/8 1/D period and grown for an additional
- 1-2 weeks. These seedlings were used for all
- experiments.

7. harzianum and A altermata were isolated
from Cirrus trees infected with sooty molds (16), and
were grown on solid Mandels medium (14) containing
1 g Citrus pectin per liter. Conidia were harvested
nsing a 0.85% NaCl solution , as described (5). They
were used fo inoculate lemon seedlings as previously
described {(18,19). Petri dishes, containing six
| seedlings were incubated at 28°C in complete
© darkness: 24 hours for 4. alternata and 32 hours for T
| harzianum. These time periods were selected because
they corresponded to the time of maximal
phenylalanine  amunonia-lyase {(PAL}  activation
observed after inoculation with 4. alternate (20} or
with T harzianum (19). Controls were mock
inoculated with the same volume of the saline
solution, and were incubated at 28°C in complete
darkness for 32 hours.

Light Microscopy (LM).

Seedlings treated as above were cut mfo 6
scctions spanning the tip of the hypocotil through the
radicle, Slices of 1 mm were cut from each section and
fixed in 2% glutaraldehyde in 0.2 M cacodviate buffer
pH 7.4 during 3 hours. The tissue was embedded in
Epon, stained with uranyl acetate and toluidine blue.

Transmission Electron Microscopy (TEM)

Slices from seedling sections prepared as above
were fixed during 3 hours in 2% glutaraldehyde in 0.2

|
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M cacodylate buffer pH 7.4 and postfixed in 1% OsOy
tor 1 hour. Tissues were embedded in Epon after
dehydration in acetone series and thin sections were
stained with lead citrate and uranyl acetate.

RESULTS AND DISCUSSION

Tissues from seedlings obtained 32 hours after
inoculation with 7. harzianum and 24 hours after
inoculation with 4. alternata were first examined by
LM. At these time periods,the maximal PAL induction
has been reported for lemon seedlings inoculated with
T. harzianum (19) or with A altemata (17),
sespectively. The organization of inoculated {Fig la,
1b, l¢ and If) and control (Fig l¢ and 1d) hypocotyl
tissues differed markedly. 7. harzianum produced
extensive disruption of cell walls (Fig. la and 1b),
while 4. altermata (Fig. le and If), induced a general
loss of tissue structure. Similar results were obtained
when root tissues were analyzed (resuits not shown).
Observation of the same materials under TEM
confirmed that cell walls and plasma membranes from
seedlings inoculated with 7. harzianum showed a
notorious breakdown (Fig 2a) that was absent in mock
inoculated healthy control seedlings (Fig. 2b). On the
other hand, cell walls of specimens inoculated with
A.alterata, showed areas where the cell wall had lost
its original shape (see arrows), although destruction or
breakdown was not apparent (Fig. 2¢).

it has been reported that 7. harzianum mainly secretes
cellulases (2.6 wmg protein for total cellulolytic and
46.5 p/mg protein for endoglucanase activities},
although a low level of endopolypalacturonase has
been detected (0.4 w/mg protein) (16). The destruction
of cell walls observed in lemon seedlings afier 32
hours of inoculation with 7. harzianum, correlates well
with the major enzymes produced by this fungus.

On the other hand, 4. alternata mainly secretes
endopolygalacturonase (105.8 p/mg), while it only
produces 0.9 w/mg protein of endoglucanase. Total
cetlulolytic activity was not detected in this species
{16). The loss of tissue organization and integnity of
cell wall structure observed both by LM and TEM in
lemon seedlings after 24 hours of inoculation with 4.
alternata agrees with the enzymes secreted by the
fungus. In the absence of total cellulolytic activity, and
only low levels of endoglucanase, complete destruction
of cell walls cannot oceur. ©
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1 with Trichode harzi ar Alternana

alternata. Svedlings inoculated with T, harzianum were fixed after 32 hours of treatment (Figs. Ia and 1b). Control seedlings mock inoculated with
saline solution and fixed after an incubstion of 32 hours (Figs. ¢ and 1d). Seedlings inoculated with A. alfernala analized after 24 hours of treatment
(Figs. le and 1f) Bar: 1000 um (Figs. & ¢, ¢, % 200 jun ( Fig. b): 400 pm (Fig. d ); 300 pum (Fig, £),

From this work we conclude that the morphology
of the attacked cells can be correlated with the major
enzymes secreted by each fungus  species.
Nevertheless, it is noteworthy to point out that
although each fungus attacks the cell wall by different
mechanisms, both are able to induce the
hypersensitive response. Therefore, it is not necessary

to produce the complete destruction of the cell wall, to

induce this reaction. Previous work has shown that

endopolygalacturonase from A. alternata, catalyzes the

formation of pectic fragments from lemon seedlings

(9), which in turn act as elicitors of the plant defense
onse (20).
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Figure 2. Transmission electron microscopy of hypocatyls fram lemon
seedlings inoculated with Trichoderma harziamum or Alternavia
alternata. Seedlings inoculated with T harziamum fixed after 32 hours of
teatment (Fig. 2a). Control seedlings mock inoculated with saline
solution and fixed after an incubation of 32 hours (Fig 2b). Seedlings

- inoculated with 4. alternata analyzed after 24 hours of treatment (Fig.

Ze). Bar: 120 nm (Figs. a, b), 100 nm (Fig. ¢). Arrows show distorted
areas in the plant cell wall and sumounding structures.

Hence, it s posible that the low pectinase
activity excreted by 7, harzianum (16) could account
for the release of enough oligosaccharides to enable
the elicitation of the hypersensitive response {19).
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RESUMEN

Plantulas de limonero fueron inoculadas con
conidias de Trichoderma harzianum o Alternaria
alternata, y fueron observadas por microscopia optica
y electrénica de transmision a los tiempos en que las
plantulas presentan la méxima induccién de la via
fenilpropanoide, cuantificada a través de la reaccitn
catalizada por la fenilalanina amonio liasa (PAL). La
induccién de esta via conduce a la sintesis de los
metabolitos de defensa umbeliferona y escoparona, v
corresponde &.uno de los eventos de la reaccién de
hipersensibilidad que desarrollan las plantulas de
limonero en respuesta a la inoculacién por estos

hongos,

Las pléntulas inotuladas con conidias de 7
harzianun muestan una degradacion de la pared
celular, hecho que coincide con su capacidad
celulolitica. A su wvez, 4. alternata produce una
desorganizacién de la estructura celular, sin
degradacion evidente de la pared, lo cual se
correlaciona con su actividad pectinolitica,

En consecuencia , el dafio producido en las
plantulas de limonero se correlaciona con las enzimas
mayoritarias secretadas por cada hongo. Sin embargo,
la destruccion total de la pared celular vegetal no es
necesaria para que se desencadene la reaccidn de
hipersensibilidad, va que tanto 7. harzianum como A.
alternata son capaces de inducir esta respuesta
defensiva.
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