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Abstract : Representative synthetic piericidin-like compounds, such as hydroxypyridine and hy-
droxyquinoline derivatives, which showed high inhibition activity against NADH-ubiquinone
oxidoreductase on the respiratory chain revealed good fungicide activity. Especially, hy-
droxypyridine ones showed high activity against rice blast (Pyricularia oryzae) and barley powdery
mildew (Er;siphe graminis) ( Received August 13, accepted September 20, 1990).

Earlier studies have suggested that the structural re-
semblance between piericidins (1) and ubiquinones (UQ
2) should correlate with the competitive behavior of the
inhibitors at the site of NADH-UQ oxidoreductase, where
UQ plays the role of an electron—carrying substrate’ 2.
Although piericidins are extremely effective in killing
many kinds of insects®, application of these natural pro-
ducts has not been developed due to their chemical in-
stability and high toxicity to mammals®. In the con-
tinuation of the research for structure-activity relation-
ship between piericidin homologs and synthetic analogs,
and respiratory electroon transport inhibition, we
elucidted the structural requistites for the inhibition of
NADH-UQ oxidoreductase using various bioassay me-
thods™™®.

We wish to report the result of fungicidal activity of
representative synthetic compounds showing high inhi-
bition on NADH-UQ oxidoreductase using various bi-
oassay methods”™®,

We wish to report the result of fungicidal activity of
representative synthetic compounds showing high inhi-
bition on NADH-UQ oxidoreductase (Table 1) and cor-

relation between in vitro and in vivo activity.

Materials and Methods
Chemicals

CH,0

CH,0 = H

2. Ubiquinones

All the compounds were synthesized by the modified
method of previous papers and identified by instrument al
analyses”.

Submitochondria partices(SMP) and mitochondria

Suspension of SMP were obtained from bovine
heart by an established method™ and rat liver
mitochondrial suspension were prepared in the usual
way'P. NADH-UQ oxidoreductase was characterized by
the literature'®
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In vitro assays

Respiratory inhibition of compounds was measured by
an oxygen electrode of Clark type at 25C in 2ml of a
medium(pH 7.4) consisting of a mitochondrial suspen-
sion (0.2 ml), the phosphate buffer(1.8 ml), MgCL(10 »
mol), ADP(0.5 zmal), and Lglutamic acid(10 z mol),
or of a SMP suspension(0.2 2 mol), the phosphate buffer
(1.8m¢), MgCl,(10 zmol), cytochrome(0.03 x mol),
ADP(0.5 2 mol), and NADH(2 2 mol).

In vivo assays

Foliage disease assays were examined by the standard
procedures™ of the Korea Research Institute of Chemical
Technology (KRICT) using plants inoculated by plant
pathogenic fungi (Table 2), respectively, in the green-
house.

Results and Discussion

In the structure-activity study using piericidin-tike
compounds, some arylalkyls side chains were suggested
as a factor to overcome barrier effects of membranes in
the intact mitochondria. If it is allowed to extend those
principles in to the case of single cell organisms, some
new inhibitors of NADH-UQ oxidoreductase can be
expected to show bactericidal and/or fungicidal activity.
According to this idea, some highly active compounds
found in the in uitro tests® (Table 1) were applied to the
screening experiment for fungicide using several plant
pathogenic fungi (Table 2).

As shown in Table 3, some compounds selected for the
primary screening of fungicides indicated strong effect
on BPM, WLR, RCB, CGM and TLB, although those did
not affect on RSB. Surprisingly, obvious difference in
the fungicidal spectra was recognized for those com-
pounds in spite of their same mode of action, and this
phenomenon presumably represents a sort of chemical
function due to different structures of their lipophilic side
chains. Hydroxypyridine and hydroxyquinoline deriva-
tives which showed high level of inhibition in in vitro test
using mitochondria (3~8) showed higher fungicidal ac-
tivity.

The secondary screening results listed in Table 4 re-
veals this trend in activity more clearly, namely, hy-

Table 1. Inhibition activity of synthetic piericidin analogs
on submitochondrial particles (SMP) and mitochondna
(MIT)

Compound Structure Pla”
No. SMP MIT
. Piercidin AL 114 | 110
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a0 \/i CH,
4 CH,O :‘)'H 104 10.0
o, \/| CH,
5 ano N 102 | 97
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] o7 s 106 | 96
c,H:o \/Nl R
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)
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1
. v ® 107 | 93
L
o v Qg 103 | 90
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no Q0 104 | 91

*) The negative logarithm of inhibitors amount (moles/mg protein)at
50% inhibition.

Table 2. Plant pathogenic fungi tested in fungicide
screening for new respiratory inhibitors

Abbreviation Common name Scientific name
RCB  Riceblast pyricularia oryzae
RSB Rice sheath blight Rhizoctioria solani
CGM  Cucumber gray mold ~ Boinytis cinerea
TLB  Tomato late blight Phytophihora infestans
WLR  Wheat leaf rust Puccinia recondita

BPM  Barley powdery mildew Erysiphe graminis

droxypyridine compounds 3, 4 and 7 showed as much ac-
tivity against RCB amd RPM as natural piericiding® ¥.

In the case of hydroxyquinoline derivatives, the iiso
prenoid side chain compound is thought to be more effec-
tive than arylalkyl side chain one because the highly ac-



— 266 —

g5 sla sl z] 4337 (1990)

Table 3. Fungicidal activity of new respiratory inhibitors

Table 4. Results of the secondary fungicide screening for

In the primary screening new respiratory inhibitors and standards
Compound | Conc. Activity value (%) Compourd | Fungus Concentration(pprm)
No. |(ppm)| RCB RSB CGM TLB WLR BPM No. 20 10 5 10 1
3 |20 l100 18 0 3 100 100 3 RCB | 10 100 97 & 9
4 (20| 9% 19 0o 7 8 100 GM - 0000 0
5 100 (3 8 0 1% 10 9% WLR | 100 o %6 16 2
BPM | 100 % 98 419 0
6 78 89 8 23 79 8 100 4 RCB % o4 94 45 0
7 250 9 18 28 34 8 100 CM 19 0 0 0 0
8 250 40 11 93 57 100 63 WLR 88 66 6 0 0
9 250 45 1 28 8 0 38 BPM | 100 100 9 83 42
10 00/ 0 18 0 27 4 55 7 RCB | 9 o % 2 0
1 |20 |8 8 n 18 0 17 oGM | 180 0 0 0
WLR 88 54 0 0 0
BPM | 100 100 99 80 50
tive one (9 : pl=10.7 for SMP) in witro test showed 8 RCB 20 0 0 0 0
lower fungicidal activity than geranyl side chain com- oM 93 _ 35 0 0
pound (8 | pl=10.1). WLR | 100 9 82 21 17
In addition, the fungicidal activity of hydroxypyridine BPM 63 53 1 13
compound 3 was higher than that of hydroxyquinoline 9 RCB 45 0 0
one 9, however, they showed almost same level of SMP GM 28 0 0 0 0
ir?}Tibition. In consid.ering the. gap in the degree of inhi- g}iﬁ 3_8 ;i’ zz g 22
bition between mitochondria and SMP it may be Beamn RCB — — ST %
explained by a barrier effect at the outer membrane of Vindozolin | CGM _ _ 100 85 _
mitochondria. In other words, if there is a big gap in the Flusilazol | WLR - - - 9 60
activity level between the SMP and the mitochondrial bi- Flusilazol | BPM - - - 99 82

oassays, an in vivo activity can be no longer expected for
this compound. However, 1t is clear that chemicals in the
binding niche gives fatal damage to the organelle®.

Although the activity of selected compounds does not
reach that of commercial pesticide this result suggest
that inhibitors of a specific bioreaction can be used as a
lead for a new pesticide. The finding of fungicidal
activity for synthetic inhibiors of NADH-UQ
oxidoreductase is valuable for further investigation with
consciousness of the biological parameters such as bind-
ing affinity to the receptor, mobility and stability in the
living entity.
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