RICE BLAST CONTROL

MELANIN BIOSYNTHESIS INHIBITORS (MBIs) FOR CONTROL OF

RICE BLAST

Yoshio Kurahashi, The Institute of Physical and Chemical Research (RIKEN), Hirosawa, Wako, Saitama
351-0198, Japan, discusses DHN melanin biosynthesis as a target for rice blast control agents
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discovered in a study using a melanin-deficient OH OH OH

mutant of Verticillium dahliae (Bell et al., 1976);
the process appeared to be common in P. oryzae,
Colletotrichum lagenarium and various fungi
belonging to Ascomycetes and Fungi Imperfecti
(Wheeler, 1983) (Figure 1).

In many fungi that produce DHN melanin,
the reasons for its accumulation are unclear.
However, in a few fungi belonging to Pyricularia and
Colletotrichum, DHN melanin plays an important role in
fungal penetration into the host epidermis through an
appressorium. The appressoria are formed at the tip of the
germ tube and turn dark brown as they mature by accumu-
lation of DHN melanin. An infection peg is formed directly
under a matured appressorium and penetrates mainly into
the motor cells2 of the rice epidermis (Figure 2). A melanin-
deficient mutant of P. oryzae and the wild-type strain treated
with MBIs formed a hyaline appressorium which failed to
penetrate the cellophane membrane and the rice epidermis

1 There are various kinds of melanins, classified into eumelanins, phaeome-
lanins and allomelanins. DOPA melanin is the most common eumelanin,
produced in many animals including humans from tyrosine through DOPA
(3,4-dimethylphenylalanine). DHN melanin is one of the eumelanins
observed in several genera of fungi and produced by polymerisation of
1,8-DHN (1,8-dihydroxynaphthalene).

2 motor cells are observed between vascular bundles of the epidermis in

rice leaf blades. The rice blast fungus penetrates into the motor cells via the
penetration peg at the beginning of infection.
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Figure 1. Fungal melanin biosynthesis pathway.

Abbreviations for intermediates: 1,3,6,8-THN = 1,3,6,8-tetrahydroxynaph-
thalene; 1,3,8-THN = 1,3,8-trihydroxynaphthalene; 1,8-DHN = 1,8-
dihydroxynaphthalene; 2-HJ = 2-hydroxyjuglone; 3,4,8-THT = cis-dihydro-
3,4,8-trihydroxy-1-(2H)naphthalenone; 4-HS = 4-hydroxyscytalone; 4,8-
DHT = 3,4-dihydro-4,8-dihydroxy-1-(2H)naphthalenone.

and did not show any pathogenicity (Kurahashi et al.,
1997). Therefore, melanin accumulation in the appresso-
rium is essential in their penetration ability into host plants —
indispensable in accomplishing the pathogen’s life cycle under
natural conditions.

The function of DHN melanin in P. oryzae has been
gradually elucidated in studies over recent decades. Sisler
and coworkers proposed that melanin accumulation in the
appressorium increase cell wall rigidity and contributes to
cell capacity to resist turgor pressure (Woloshuk et al., 1980,
1983).

Moreover, DHN melanin, which accumulates at the inner
layer in the appressorial cell wall, changes the porous
condition of the wall. As a result, an efflux of any large
molecules from the cell is hindered and an osmotic gradient
arises due to an increase in intracellular glycerol concentra-
tion. Because of the osmotic gradient, influx of water
molecules into the cell is accelerated and a turgor pressure
(>8.0 MPa) is generated, enabling mechanical piercing of
such a hard barrier as the rice epidermis (Howard et al., 1991)
enzymes excreted from the germinating spores in the dewdrops
may contribute to perforation by softening the plant barrier.

DOI: 10.1039/b1008060

This journal is © The Royal Society of Chemistry 2001



RICE BLAST CONTROL

appressorium

blast spore
; germ tube

melanin synthesis are enzymatic reduction and
dehydration. Reductase and dehydratase are
therefore considered to be the target enzymes for

Figure 2. Appressorial penetration mechanism of Pyricularia oryzae into

rice epidermis.

Germinating spores, germ tubes and appressoria of P.
oryzae excrete adhesive materials called mucilage, which
enable the fungal body to tightly adhere to the rice epidermis
within 2 hours after the spores landed on the rice epidermis in
the infection drops (Xao et al., 1994). By these ingenious
mechanisms the rice blast fungus can physically breach the
defence barrier of rice and achieve infection (Figure 2).

Mode of action of MBIs

The action sites of the main inhibitors in the melaninbio sy n-
thesis pathway are summarized in Figure 3. Studies involving
such melanin biosynthesis inhibitors as TCZ (tricyclazole),
PRQ (pyroquilon), CAR (carpropamid) and BFS in P. oryzae
and C. legenarium showed that the main reactions in DHN
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Figure 3. Inhibition sites of MBIs in fungal melanin biosynthesis pathway.
Abbreviations for inhibitors: CAR = carpropamid; DCM = diclocymet;
AC = fenoxanil; TCZ = tricyclazole; PRQ = pyroquilon; FTL = fthalide;

PCBA = pentachlorobenzyl alcohol.
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developing new melanin biosynthesis inhibitors.

MBIs as rice blast control agents
Reductase inhibitors

MBIs via reductase inhibition are shown in Table
1. All reductase inhibitors have a planar structure
of fused bicyclic or tricyclic rings and competi-
tively interfere with the binding of the planar
bicyclic substrates. Tricyclazole (TCZ) and pyro-
quilon (PRQ) were registered in Japan in 1981
and 1985, respectively, as granule formulations
by nursery box treatment or by submerged
application in irrigated paddy fields. From the
successful use of these compounds, various fused
bicyclic or tricyclic chemicals, thought to be
related to the melanin intermediates and TCZ
and PRQ, were studied.

Dehydratase inhibitors

MBIs via dehydratase inhibition are shown in Table 2.
Dehydratase inhibitors were not discovered until a long time
after reductatase inhibitors had been used for rice blast
control. In the 1990s, a few dehydratase inhibitors w e re
developed; e.g. carpropamid and diclocymet. Fenoxanil, a
phenoxycarboxamide derivative is also under development
for rice blast control. Recently, another potent inhibitor of
scytalone dehydratase, cyclobutane carboxamide, was found
through in-vitro screening of combinatorial chemistry of
existing scytalone dehydratase (SDH) inhibitors (Jennings et
al., 1999).

Further action of MBIs

In addition to the penetration inhibition of pathogenic fungi,
MBIs seem to affect the rice blast fungus and host
plants at a later stage. Reduction in the
secondary infection to other rice plants from rice
blast lesions treated with MBIs was observed
and has been ascribed to the decrease in spore
formation and the low virulence of the spores
formed on the treated lesions. These factors,
however, did not satisfactorily explain the effect.
MBIs clearly hindered spore release from blast
sporophores. Melanin accumulation in the spore
hilum and the pedicel is probably related to spore
liberation (Kurahashi et al., 1999b).

Present situation of MBIs in rice blast
control

Various MBIs, e.g. tricyclazole and pyroquilon,
have been used in practice for rice blast control
for more than 30 rice-growing seasons; FTL,
TCZ, PRQ and CAR are the principal MBIs in
current use. DCM and AC will be launched in the
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Table 1. Melanin biosynthesis inhibitors: reductase inhibitors.

Chemical Common Chemical Physicochemical Application Registration
group name structure property method rate(kg/ha) date in Japan
CH20H
Poly chlorinated PCBA c ci w.s.=2.0 pg/ml foliar 0.5-2.0 x3* 1966
aromatic compounds mp=197-198 C
[ 'Cl
(<] ?"
PCMN g w.s.=insoluble foliar 0.5-1.6 x3" 1966
mp=163-164 C
c ]
i ]
CPA " w.s.= pg/ml foliar 0.5-1.2 x3* 1968
mp= no data
ci Y 1
Fthalide** wd w.s.=2.5 pg/ml foliar 0.5-1.0 X3* 1970
{+]
(FTL) log Pow=3.01
i d mp=209-210 °C
Fused heterocyclic Tricyclazole /=N w.s.=700 pg/ml foliar 0.2-0.4 x3* 1980
compounds (Tcz) @ ! log Pow=1.40 systemic 0.8 x1*
' mp=183-189 C
Pyroquilon w.s.=4000 pg/ml systemic 1.5 x2* 1985
(PRQ) log Pow=1.57
mp=112°C
[~]
Chlobenthiazone i - foliar undeveloped
0 systemic
N
PP 389 :P‘ - foliar undeveloped
Mg, systemic
a ©°
Phthaladine - foliar undeveloped
(FTL) N systemic

CH,

Abbreviation used : w.s.=water solubility, mp=melting point, *ordinary application frequency per one growth season, ** fthalide is a bicyclic compound

market in the near future. Some of these MBIs are
formulated as special granule formulations for slow release
into paddy water. Such slow release of active ingredient is an
important property for nursery box treatment to keep the
residual effect.

Resistant strains of the blast fungus to MBIs used for
more than 30 years have not emerged to date. Since MBIs do
not exhibit direct activity on fungal growth there should be
a low risk of emergence of tolerant strains. MBIs should
continue to occupy an important position in the chemical
control of rice blast disease.

IN FUTURE ISSUES
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Table 2. Melanin biosynthesis inhibitors: dehydratase inhibitors.

Chemical Common  Chemical Physicochemical Application Registration
group name structure property method rate(kg/ha) date in Japan
Carboxamide Carpropam w.s.=3.6 pg/mi systemic 0.4 x1* 1997
drivatives (CAR) log Pow=4.23
mp=147-149 °C
chhlocymet w.s.= 6.4 ug/mi foliar 0.75-1.2 x3* 1999
(DCM) M)\( log Pow= systemic 0.3x1*
mp=154.4-156.6 C
Fenoxanil © ' w.s.=31 pg/ml foliar 0.2-0.3 x3* under development
AC 382042 J\I/\K’ log Pow=3.53 systemic 2.7 x2*
(AC) " mp=69-71.5 C
- - - undeveloped

D**@

cycobutane -
carboxamid N
4-aminoquinazolin -
derivatives ~©
Né‘u

found in combinatorial
chemistry of existing
MBls

based on the molecular
modeling study of
scytalone dehydratase

based on the molecular
modeling study of
scytalone dehydratase

Abbreviation used : w.s.=water solubility, mp-meltmg point, *ordinary application frequency per one growth season
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