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Enzymes and fungal virulence
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ABSTRACT: This paper presents a comprehensive literature review of celf wall degrading enzymes (CWDEs).
Plant pathogenic fungi secrete extracellular enzymes that arce capable of degrading the cell walls of their host plants.
These CWDEs may be necessary for penctration of the cell wall barrier, as well as for generation of simple molecules
that can be assimilated for growth. Most of these enzymes arce substrate-inducible and both specific and global
regulators control their expression. CWDE-inhibitors have been isolated from plants and some evidence indicates that

they are components of general resistance. @JASEM

When microorganisms acquire the ability to enter and
grow within healthy tissues, and subscquently
circumvent plant host defense mechanisms, discase
develops. Recent investigations on  fungal
pathogenicity have focused on defining the virulence
factors produced by these pathogens, as well as the
methods used to penetrate their hosts. Nevertheless,
the ability of fungi to cause discase is dependent on
their fundamental ability to penetratc and grow
within plant tissues.

Penetration into plant tissues and utilization of the
nutrients  found therein are requirements for all
successtul infections. Because cell wall constituents
such as cellulose, xylan, pectin and proteins arc
typical among plants, the mechanism for penetration
may be common across a variety of fungal pathogens.
Most fungal pathogens and many non-pathogens
" produce large numbers of cell wall degrading
enzymes (CWDEs) including pectinases, xylanascs,
cellulases, and proteascs, which are capable of
depolymerizing the various components of the host
cell walls. Consequently, they have been studied in
relation (o tissue maceration, penetration, or nutrient
acquisition from the cell wall polymers. In
pathogenic fungi, these CWDEs may be required not
only for tissue maceration, penetration, or nutrient
acquisition, but for virulence as well.

Fuel, Enzymes and Virulence

A major reason for microbial attack on plants is to
obtain nutrients for growth. To achieve this, they
must first overcome the physical barrier presented by
the plant cell wall. Fungi utilize the food substances
in their immediate vicinity to promote growth toward
other arcas of food availability. This continuing need
to reach new food supplies for growth and
reproduction may be the most significant driving
force of fungal virulence. Both the plant cell wall and
the protoplasm contain nutrients that can be utilized
by the growing fungus. Loosening and growing
through the plant cell wall would allow the fungus
access to simple sugars, amino acids, minerals and
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nucleotides that are -abundant within the cytosol of
the plant. In addition, degradation of the cell wall
macromolecules would gencrate simpler compounds
such as xylose, glucose, and amino acids that could
be absorbed for growth.

Fungal extraccllular enzymes may have the potential
to degrade the structural cell wall constituents of
living plants, but proving that such interactions
initiate or promote pathogenesis has been difficult
due to redundancy of these enzymes. For example, C.
carbonmm secretes at least five enzymes that can
degrade the xylan component of the maize cell walls
(Tonukari er «l., 2002). Functional redundancy
provides a means to adapt to different conditions, and
is indicative of processes with vital importance to an
organism. Despite this redundancy, however, single
constitutive pectinase genes have been shown to
contribute to the virulence of Aspergillus flavus on
cotton bolls (Shieh et al., 1997) and Botrytis cinerea
on tomato (ten Have et al., 1998). While a specific
CWDE may be very important for virulence in one
pathogenic fungus, others may likely require a
combination of several CWDUEs (Tonukari et al.,
2000).

CWDE regulation

The expression of most CWDEs depends on external
conditions such as substrate availability or the
specific stage of disease development. The majority
of CWDEs are made at low basal levels on sugars
such as glucose or sucrose, but are highly expressed
when the fungus is grown on the appropriate
substrate. For example, the expression of C.
carbonum xylan-degrading enzymes are induced by
xylan, and inhibited by glucose (Tonukari et al.,
2002). Kolattukudy er al. (1995) also reported that a
cutinase present in spores of F. solani pisi releases
small amounts of cutin monomers upon contact with
the plant surface, which then trigger cutinase genc
expression. This induction of CWDEs by cell wall
components suggests a possible signaling pathway
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from the plant cell leading 1o the expression of
CWDE-encoding genes inside the fungal cell.

Investigations have indicated that both specific and
global regulators control the expression of CWDEs.
XInRp, a transcriptional activator of the xylanolytic
system, has been identified in A. niger (van Peij et
al., 1998). While Chactomium gracile xylanase A
gene (cgxA) is repressed by binding of a protein
designated AnRP (Mimura et al, 1999). The
involvement of CrecA protein, the carbon catabolite
repressor, in the regulation of CWDEs has been
reported in several fungi. CreA binds to the promoter
region of several genes and inhibits their expression
(Ronne, 1995). The gene encoding the CreA has been
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identified in Trichoderma reesei, C. carbonium, and
other fungi (Mach et al., 1996; Tonukari e al., 2003).

Inhibition of gene expression by the CreA complex
has been postulated to be relieved a protein Kinase,
Snflp whose gene has been isolated in C. carbonum
(Tonukari et al., 2000). Therefore, a gene disruption
that abolishes the Snfl activity should down-regulate
CWDE expression. Mutation of the SNFI gene in C.
carbonum leads to a decreased expression and
activities of several CWDEs including B-1,3-
glucanases, pectinases and xylanases (Tonukari et al.,
2000). The C. carbonum snfl mutant also shows
reduced virulence on maize, which is consistent with
the hypothesis that CWDEs are virulence factors,

Table 1. Proteins known to regulate cell wall degrading enzymes

Reference

Regulatory factor  Organism _Comments
AnRP C. gracile
cxpression.
XhnR A miger
CreA A niger
B. cinerea
T. reesel
C. carbonum
ceSofl C. carbonum

Binds to a sylanase gene (cgxA) promoter and represses its
Transcriptional activator of xylanase genes.

Carbon catabolite repressor which binds to the promoter region
of enzymes and down-regulates gene expression.

Relieves CreAp inhibition, thereby promoting expression of

Mimura et al., 1999

van Peij et al.,, 1998
Mach ¢t al,, 1996:
Ronne, 1995;
Tonukari et al., 2003

Tonukari et al., 2000

catabolite-repressible genes including CWDEs. Required for

virnlence in C. carbonum

plant response to CWDLEs

Although  plants  are  exposed to  many
microorganisms, some of which are potential

pathogens, they are naturally resistant 1o the vast
majority. In addition to the cell wall barrier, other
pathways that activatc a battery of defense
mechanisms against potential pathogens may also
exist. In general, resistance could involve small
molecules or proteins that inhibit or promote the
digestion of the fungal secreted enzymes thereby
denying access to the host cell. For a pathogen to be
successful, it must be able to circumvent or overcome
these antifungal defenses.

The identification of CWDE inhibitors in plants
provides indirect evidence that CWDEs are virulence
factors. A glycosylated, basic protein that inhibits A.
niger and Trichoderma viride endo-1.4-B-xylanases
has also been identified in wheat (McLauchlan ef al.,
1999).  Furthermore, an inhibitor of pectin

methylesterase from kiwi fruit is also a glycoprotein,

but has an acidic isoelectric point (Giovane et al.,
1995). Polygalacturonase-inhibiting proteins (PGIP)
are typically effective against fungal
endopolygalacturonases (Cervone et al., 1989). The
PGIPs are predominantly bound to plant cell walls,
and their levels increase in bean hypocotyls when
primary leaves begin to develop (Salvi et al., 1990).
PGIP forms specific and reversible high affinity
complexes with fungal polygalacturonases, thereby
regulating the activity of the fungal enzymes
(Cervone et al., 1989). High-level expression of pear
PGIPs in transgenic tomato fruits leads to increased
resistance td B. cinerea (Powell et al., 1994). The
PGIP inhibition of B. cinerea polygalacturonases
slows the expansion of disease lesions and the
associated tissue maceration in transgenic tomato
plants. (Powell er al, 2000). A schematic
representation of the expression of cell wall
degrading enzyme in fungi and its interaction with
plant defense mechanism is depicted in Figure 1. Itis
envisaged that more CWDE inhibitor proteins will be
identified in the near future.
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Figure 1. Schematic representation of the Snfi-CreA possible pathway of cell wall degrading enzyme
regulation. Snfl protein kinase in the presence of non-glucose substrate phosphorylates CreA protein. The
phosphorylated CreA is unable to bind DNA and repress CWDE gene expression. Translation of the message
produces CWDE proteins that are processed and secreted to the extemal surface of the fungal hyphae. Upon
cncountering it, the CWDESs degrade the plant cell wall generating simple compounds including amino acid,
and mono- and oligosaccharides that are assimilated by the fungus for growth. As long as most of the
absorbed molecules are not glucose, Snflp is active and CreA protein is inhibited and CWDEs are made.

Conclution

Virtually all fungi produce a great abundance and
variety of CWDEs that may be needed for softening
up of the plant cell walls for penetration by fungal
hyphae, as well as provision of nutrients for growth.
The application of molecular technologics to the
study of fungal-plant interactions offers a new and
more definitive approach for examining the role
played by CWDEs in disease development.
Resistance to CWDEs may be part of the constitutive
and/or acquired resistance that plants possesses
against various pathogens. Any factor that will inhibit
the production of CWDEs in fungi could lead to
reduction in virulence.

REFRENCES

Cervone, F; Hahn, M G; De Lorenzo, G; Daville, A
G; Albershim, P (1989). Host-pathogen
interactions. XXXIII. A plant protein converts a
fungal pathogenesis factor into an elicitor of
plant defense responses. Plant Physiol 90:542-
548.

Giovane, A; Balestricri, C; Quagliuolo, L; Castaldo,
D; Servillo, L (1995). A glycoprotein inhibitor of
pectin methylesterase in kiwi fruit. Purification

by affinity chromatography and evidence of a
ripening-related  precursor. Eur  J Biochem
233:926-929.

Kolattukudy, P.E., Rogers, L.M., Li, D., Hwang,
C.S.,, and Flaishman, M.A. (1995). Surface
signaling in pathogenesis. Proc. Natl. Acad. Sci.
USA 92, 4080-4087.

Mach, R.L.; Strauss, J.; Zeilinger, S.; Schindier, M.;
Kubicek, C.P. (1996). Carbon catabolite
repression of xylanase I (vyn/) gene expression
in Trichoderma reesei. Mol Microbiol 21:1273-
1281.

McLauchlan, W R, Garcia-Conesa, M T;
Williamson, G; Roza, M; Ravestein, P, Maat, J
(1999). A novel class of protein from wheat
which inhibits xylanases. Biochem J 338:441-

446.
Mimura, §S; Rao, U; Yoshino, S; Kato, M;
Tsukagoshi, N (1999). Depression of the

xylanase-encoding cgxA gene of Chactomium
gracile in Aspergillus nidulans. Microbiol Res
153:369-376.




Tonukari

Powell, A L T; van Kan, J; ten Have, A; Visser, J;
Greve, L. C; Bennett, A B; Labaviich, J M
(2000). Transgenic expression of pear PGIP in
tomato limits fungal colonization. Mol. Plant
Microbe Interact. 13, 942-950,

Powell, A L. T; D’hallewin, G; Hall, B D; Stotz, H;

Labavitch, J M; Bennett, A B (1994).
Glycoprotein inhibitors of fungal

polygalacturonases: expression of pear PGIP
improves resistance in transgenic tomatoes. Plant
Physiol. 105, 159.

Ronne, H (1995). Glucose repression in fungi. Trends
genet. 11, 12-17.

Salvi, G; Giarrizzo, F; De Lorenzo, G; Cervone, F
{1990). A polygalacturonase-inhibiting protein in
the flowers of Phaseolus vulgaris L. J. Plant
Physiol. 136, 513-518.

Shiech, M T; Brown, R L; Whitehead, M P; Cary, J
W; Cotty, P I, Cleveland, T E; Dean, R A
(1997). Molecular genetic evidence for the
involvement .of a specific polygalacturonase,
P2¢, in the invasion and spread of Aspergillus
Sflavas in cotton bolls. Appl. Env. Microbiol. 63,
3548-3552.

8

ten Have, A; Mulder, W; Visser, J; van Kan, ] A L
(1998). The endopolygalacturonase gene Bepgl
is required for full virulence of Botrytis cinerea.
Mol. Plant-Microbe Interact. 11, 1009-1016.

Tonukari, N J; Scott-Craig, J §; Walton, J D (2000).
The Cochliobolus carbonum SNFI gene is
required for cell wall-degrading enzyme
expression and virulence on maize. Plant Cell
12,237-248.

Tonukari, N J; Scott-Craig, J S; Walton, J D (2002).
Influence of carbon source on the expression of
Cochliobolus carbonum xylan-degrading
enzyme genes. Afr. J. Biotechnol. 1, 64-66.

Tonukari, N J; Scott-Craig, J S; Walton, J D (2003).
Isolation of the Carbon Catabolite Repressor
(CREA) gene from the plant-pathogenic fungus
Cochliobolus carbonum. DNA Seq. 14 103 -
107.

van Peij, N N; Visser, J; de Graaff, L H (1998).
Isolation and analysis of xInR, encoding a
transcriptional activator co-ordinating
xylanolytic expression in Aspergillus niger. Mol.
Microbiol. 27, 131-142.



