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- Target Selection Criteria
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Suicide substrates
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Enzyme kinetics
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Over expression
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3. Translation of in vitro activity to in vivo Efficacy |
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herbicide

- Optimization of the lead structure into an effective

Fig. 1. Designing the target-site-directed herbicides.
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Fig. 2. Summary of herbicide mechanism-of action. (from Zimdahl, 1993)
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Fig. 3. Year of the announcement for herbicides. (from Saari, 1999)
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Table 1. Metabolic processes affected by herbicides (from Saari, 1999)

Metabolic Process

Number of Active Ingredients

Photosynthesis (I and 1I) 49 (20%)
Amino acid biosynthesis (ALS, EPSPS, GS) 41 (17%
Lipid biosynthesis (ACCase, dthers) 32 (13%:)=
Cell division 19 (8%
Tetrapyrrole synthesis 18 (7%
AuxinyfI;xrnctior}:n 16 (7%
Microtubule assembly 13 (5%
Crotenoid biosynthesis 12 (5%
Other process 10 24%2
Unknown 33 (14%
Total 243(100%)

147 herbicides interfere with 11 known SOA(ACCase, ALS, PSI, PSll, PPO, PDS, HPPD, EPSPS, GS, DHPS and

microtubule).

63 herbicides affect eight well-described MOA but are of unknown SOA(bleaching, mitosis, cell division, cell wall
synthesis, uncoupling, lipid synthesis, auxin function, and auxin transport).
33 herbicides have an unknown SOA and ars not associated with any particular MOA.
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Fig 4. The principle of antisense approach in the reverse genetics (from GenoMine Co.).
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Fig. 5. Examples of morphological mutants obtained by RAM Group, GenoMine. Phenotypic characteristics

represent as follows: (a)

callus-like form after germination, no hypocotyl,

no true leaf,

pseudo-flowering and lethal-like, (b) bushy and compact form, multi rosette leaves, growth
retardation and low fertility, () dwarg, compactcotyledon and leaf, absence of petiole, short stem, a
prolonged vegetative phase, a delayed senescence and severe reduction in fertility, (d) rose form in
leaf shape, compact cotyledon and leaf and no petiole, (¢) downward flowering and helix-like
inflorescence, (f) bushy and compact form, multi rosette leaves, a twist in inflorescence and low

fertility. (from GenoMine Co.)
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Fig. 6. Antisense technology for target validation(from Hfgen. 1998).
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Chloroacetamides - Group Specific Reagents (?)

[0} (0]
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o X
==__ >—cH,a
N

nucleophile

CDAA (allidochlor)

2-chloro-N,N-diallyl-acetamide

Fig. 7. Chloroacetamide herbicides-possible group spe-
cific reagents. (from Abell et al, 1993)
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Fig. 8. Examples of ground state analogue inhibitors
for dihydropteroate synthetase (top) and cho-
rismate synthase (bottom).

(from Abell et al, 1993)
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synthase®} glutamate synthase 5-& X33t glutamine-
dependent aminotransferase®] cysteine %7]& alkyls}
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glutamine acylenzyme
o an E-S
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—_—
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Fig. 9. Acivicin:an example of an label for glutamine-
dependent amidotransferases. (from Abell et dl,
1993)

Y] HA|Z+ suicide substrates, irreversible inhibitors,
kcat inhibitors, Trojan horse reagents o2 X HI <+
S84 Aol 7143 940l AGE o FAR A
Qo] AsehaA Fuel ofulwal W19 F744) AHS
sed B7liajo) Aelz WasE Hloln dEA Az
cystathione-  -synthaseE 2 84]3}A|7]= propargyl gly-
cineo] tH2¥ 10).

oA HAZ 9hg FIAHE fAlAl(reaction interme-
diate analogues)?] @goltt ol 54 AEHol tigh A
92 2AEdSs BHe] skl F8shl ARSEE

ok o3 PHF BAEBS B4 Edel tiE A
Vs ZAENL S o ot maot 71l W
Suicide Substrate
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Fig. 10. An example of a suicide substrate: propargyl
glycine and the postulate mechanism of
inactivation of cystathionine- y -synthase.
(from Abell et al, 1993)
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Fig. 11. Examples of reaction intermediate analogue
inhibitors of ketol acid reductoisomerase
(top) and glutaine synthetase (bottom).
(from Abell et al, 1993)

Extraneous Site Inhibitors
ACC (acetyl-CoA carboxylase):
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Fig. 12. Examples of extranious site inhibitors : acetyl

CoA carboxylase (top) and acetolactate synthase
(bottom). (from Abell et al, 1993)
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A prognosis discovering lethal-related genes in plants for target identification and inhibitor design
Hwang, LT* D.H. Lee!, JS. Choi, TJ. Kim, BT. Kim, YS. Park!, KY. Cho (KRICT, 'GenoMine Inc. P.O.

Box 107, Yusong, Tacjon 305-600, 'Environmantal Eng. Bldg. 225, Pohang University of Science and Technology,
Pohang, Kyungbuk, 790-784)

Abstract : New technologies will have a large impact on the discovery of new herbicide site of action.
Genomics, combinatorial chemistry, and bioinformatics help take advantage of serendipity through the
sequencing of huge numbers of genes or the synthesis of large numbers of chemical compounds. There are
approximately 10" to 10" possible molecules in molecular space of which only a fraction have been
synthesized. Combining this potential with having access to 50,000 plant genes in the future elevates the
probability of discovering new herbicidal site of actions. If 0.1, 1.0 or 10% of total genes in a typical plant
are valid for herbicide target, a plant with 50,000 genes would provide about 50, 500, and 5000 targets,
respectively. However, only 11 herbicide targets have been identified and commercialized. The successful
design of novel herbicides depends on careful consideration of a number of factors including target enzyme
selections and validations, inhibitor designs, and the metabolic fates. Biochemical information can be used
to identify enzymes which produce lethal phenotypes. The identification of a lethal target site is an
important step to this approach. An examination of the characteristics of known targets provides of crucial
insight as to the definition of a lethal target. Recently, antisense RNA suppression of an enzyme translation
has been used to determine the genes required for toxicity and offers a strategy for identifying lethal target
sites. After the identification of a lethal target, detailed knowledge such as the enzyme kinetics and the
protein structure may be used to design potent inhibitors. Various types of inhibitors may be designed for
a given enzyme. Strategies for the selection of new enzyme targets giving the desired physiological
response upon partial inhibition include identification of chemical leads, lethal mutants and the use of
antisense technology. Enzyme inhibitors having agrochemical utility can be categorized into six major
groups: ground-state analogues, group specific reagents, affinity labels, suicide substrates, reaction
intermediate analogues, and extraneous site inhibitors. In this review, examples of each category, and their
advantages and disadvantages, will be discussed. The target identification and construction of a potent
inhibitor, in itself, may not lead to develop an effective herbicide. The desired in vivo activity, uptake and
translocation, and metabolism of the inhibitor should be studied in detail to assess the full potential of the
target. Strategies for delivery of the compound to the target enzyme and avoidance of premature
detoxification may include a proherbicidal approach, especially when inhibitors are highly charged or when
selective detoxification or activation can be exploited. Utilization of differences in detoxification or activation
between weeds and crops may lead to enhance selectivity. Without a full appreciation of each of these
facets of herbicide design, the chances for success with the target or enzyme-driven approach are reduced.
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