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Development of environment-friend herbicide
candidate using the gene of essential enzyme for

plant survival
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SUMMARY

This report describes the selection of new environment-friend herbicide candidate and
mining targets among the genes of essential enzyme for plant survival. We performed the
identification and validation two kinds of possible target for new herbicide development.
The one of 2 noble potential herbicide targets is 7-keto-8-aminopelargonic acid (KAPA)
synthase and the other is cinnamylalcohol dehydrogenase (CAD). The partially purified
AtKAPAS protein had the enzyme activity fit Michaelis-Menten kinetics for pimeloyl CoA, and
a Ky, for pimeloyl CoA of about 5.4x107 M, indicating that the AtKAPAS protein is a KAPA
synthase with substrate specificity for pimeloyl CoA. The antisense disruption of AtKAPAS and
AtCAD gene cause lethality in the early stage of plant development, respectively. We developed
the methods of target enzyme harvesting, isolation, and purification for high throughput
screening (HTS) system from cultivation of E. coli transformed the gene of each target enzyme.
The HTS system for enzyme assay protocol of KAPAS was made from the synthesis of substrate
pimelyl CoA and discovered 3 kinds of hit structure of phthalimid, phenylsulpamide, and
quinone for KAPAS inhibition from 13,000 compounds. Among them, 120 phthalimid
compounds were tested under greenhouse condition with 10 kinds of weed species according to
pre-plant soil and post-foliar application. In addition to this work, experimental agreement for
MOU concluded between KRICT and BASF in Germany for KAPAS inhibitor assay. The other
hand, 15 kinds of CAD inhibitors were selected from 45,000 compounds. The 17 derivatives
were tested to 10 kinds of weed species under greenhouse condition. Herbicide candidates
selected from in vitro enzyme assay and in vivo greenhouse test were performed field trial for
conform the herbicidal activity with contract research in National Institute of Agricultural
Science and Technology, Rural Development Administration. These research results were
patented to PCT as "Novel polypeptide having function of 7-keto-8-aminopelargonic acid
synthase of plant and method for inducing growth inhibition and lethality by suppressing
expression of the polypeptide" and Polypeptide having function of cinnamyl alcohol

dehydrogenase, a polynucleotide coding the polypeptide and those uses.
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| 1. Target Selection - Choosing the right enzyme |

- Target Selection Criteria

- Target Validation
Chemical Validation
Genetic Validation

2. Potent Enzyme Inhibitor Design and Synthesis
(in vitro Mass Screening S%/I;tem)

Enzyme extraction, purify
Enzyme kinetics

Mass screening system
Over expression
Homology

Group-specific reagents
Ground state analogues
Affinity labels

Suicide substrates
Extraneous site inhibitors

3. Translation of in vitro activity to in vivo Efficacy

- Optimization of the lead structure into
an effective herbicide

Fig. 1-2-1. Designing the target directed herbicides.
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Fig. 1-2-3. 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, (c¢) dwarf, compact cotyledon and leaf, absence of petioles, 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 petioles, (e)
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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Antisense

<) New Target

Essential Enzyme for
Survival

Inhibitor
DNA substrate
S e Y enzyme
[
Control mRNA J_>

product

Antisense approach Undisturbed plant growth

@‘7] >} substrate
L enzyme

Antisense —yp target RNA L A S S
construct Antisense-RNA degradation

product

Herbicide treatment substrate

Target enzyme : %
J product
=

From R. Hoffen, 1998

Fig. 1-2-4. Antisense technology for target validation.
(from Hdfgen. 1998)

8717 AT de AnE Bede] xABAL Ay FAstIor @
£ HFBede]l HAHL Ut B FFRL ol o] AR AnE Fud
A oln 27 AF wa ANTARNDE EHS FET FE ATHAbell et
al., 1993; Abell, 1996)

23 AGA Fu GGE AN & B 4§ Yo T 7

H =
o= 7€ 2d=4dS 7IEe® sto] dAdstr] widl A
°olF %

¥ ar el Aol Qa7 e Aol Ags WA 2
Atk oot Gy RE ARHS SRR ste AeEd NEe A oR oy
oo a2y S5 Aeds AAeA HY dAd R e 22 HoeR A
ot E TH(Abell et al., 1993; Abell, 1996; Saari, 1999; Rendina et. al. 1999). ™ 4|
55502 2F(group specific reagents)s &-&sHA HTh ol @YU A SolH2
FEe A jESAO A daw st 71d, £ 24 Fol /ML de vEFd
A g7 (binding residue)2] X5 Hlg o ® 3FES FAsE Aot tiEx A
o] 24 chloroacetamide 2l 3}3E 52> #A Q] chloromethyl”] 7} 2 &AW w2
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i
=
e
o

9] nucleophylic group¥} | 3WFSS Ao 7| AL} coenzyme A9} 4% 2
alkyl3t A1 71 Ao 44 rh(Fig. 1-2-5).

Chloroacetamides - Group Specific Reagents (2?)

0 0
»—CH,CI N>— CH,Cl
< >—N
)_ —O0CH;

propachlor alachlor

o N
=\_N>_ CH,Cl nucleophile

CDAA (allidochlor)

2-chloro-N,/N-diallyl-acetamide

Fig. 1-2-5. Chloroacetamide herbicides-possible group specific reagents.
(from Abell et al., 1993)

w2} A chloroacetamide 7l | A1 2] 2F-&4 o] o} 712] FHalA vrax] =] il
Rnom v AEHE VAL e ACE AAA L do F HARE 74
A E, a2, allosteric effectors 59 FAMAl 34 (ground state analogues)©] Tt
olZ@A A3 IFEES ERE LN o) o AgaA P thE A 27}
A 3}3E  methyl-(4-aminophenyl sulphonyl) carbamate (asulam)Z} 6-fluoro-5-enol
pyruvyl shikimate-3-phosphate(6-fluoro-EPSP)E <= 5 4 SUTth(Fig. 1-2-6). A H A
2% affinity labels2A4 o]& A7 F 7FA §4S BEF 22 E 3pAdst= Aol
d= 59 acivicinolgtE 3 EL  glutamine TF  FAFA©]W A anthranilate
synthase®} glutamate synthase &S 333 glutamine-dependent amino transferase]
cysteine {t71E alkylstA o2 A4S BG4St A7Ith(Fig. 1-2-7). U] HAR
+= suicide substrates, irreversible inhibitors, kcat inhibitors, Trojan horse reagents & 2
2 RdHe S EARE AFde 71dH A AFS o FAN Ake] A
st A FR O opm At 7l ef FTFARl AdS sto]l B9 H

= Aolw g xA o ZA cystathione-i-synthase S B4 38t A]7]=  propargyl

~

? dHE dskE
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glycineo]  QAth  (Fig. 1-2-8). oAl ®AZ W& FIHHE fFARAl (reaction
intermediate analogues)] ¥Adolt} ol 574 2&Hd vk Aey xdEAS
g5 7] 9ete] &3t AMEE = ol ol A g% 2HES 54 &
Aol g Aea3 7ls 2dadr vy =

Ground State Analogues

NH,

i
NN
N
e
N H
OH OH N._N._NH,
2+ N
w1
N ~N

2-amino-4-hydroxy-6-hydroxy- N
methyldihydropteridine dihydropteroate HN OH
4 synthetase \©\
CO,
dihydropteroate

H;N—©—c02‘
p-aminobenzoate

* _®_S02NH2 e H3+N_®_S02NHCOZCH3

H;'N
asulam

sulfanilamide
Substrate Analogue: 6-fluoro-EPSP

COy COy
J\ chorismate synthase
20,,0" X YO~ ~CO, ; Y OJ\COZ'
OH HY, PO4™ OH
EPSP chorismate
Proherbicide:
0. R, 0,C¢ H shikimate 0,C H
IR, EPSP synthase '@W Kinase @IF
20,p0" ¥ YO~ CO, 20,rp0" Y YOH HOY X YoH
OH OH OH
6-fluoro-EPSP (6S)-fluoroshikimate (6S)-fluoro-
3-phosphate shikimate
or (6R)-

(65) R;=H, Ry=F
(6R) R,=F, R=H or (6R)-
Fig. 1-2-6. Examples of ground state analogue inhibitors for dihydropteroate

synthetase (top) and chorismate synthase (bottom).(from Abell et al., 1993)
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E-SH FO 6)
g__g —_— H——H + NH;
T H—TH
H——NH;' H——NH,"
Co, Ccoy
glutamine acylenzyme
a o E-s
T \)=NH" SYENH =N
-SH E
—_— —_—
H—NH," H——NH;" H—NH;"
COy COy COy
acivicin labeled enzyme

Fig. 1-2-7. Acivicin: an example of an label for glutamine-dependent
amidotransferases. (from Abell et al., 1993)

fol

sfvfat® Jaek 71Ao Wgs F3 33F dolHAHelA W FIAEI Za
o A2 V"ol A=W AFHE et A4 A7 wFo|thFig. 1-2-9). v}
A a4} O F  extranous site inhibitors®] FA O F o= JFE FHLo] Adad WhHo R

¥A 9l 3}3Ee Wo] &4 A acetolactate synthase®} acetyl CoA carboxylase #] 3f
EHEREA 540 FE AT Z2¥etA @ SW F9e FEHew A

o 4454 ATE BAAE FRIFRS A3 5
q

i

A Sy
Ak opF AL FowAM He FHE YEbATKFig 1-2-10). 1 AEA
7 verd $ gue @3S shAa gtk o)dn ol adjEk ofe A

o
=

E

anl

Ly

el
Zol A 714 meEE 3l AL extranous site inhibitorse] A o)A Wk HES F AR
A E FAste A% EdAolth g olFEA FAST FREAES dEL
of i wig- MeAom ZgepA| vk, it & A=

59 Aol nAYgA AxAZ JfEsA =,
o Round-up ready Z=3 Zo] =4k AxA A
gL =4 sl Aotk
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Suicide Substrate

cystathione-y-synthase
‘0 C/\"/ \/\l/COZ . HS/\l/COZ y I Y-sy

NH,;" NH ;"
O-malonyl-L-homoserine cystein
NH;*
-Ozc)\/s\/\rcoz + _OZC/\COZ'
NH ;"

cystathionine

/\rCO 2

NH ;"

propargyl glycine

Fig. 1-2-8. An example of a suicide substrate: propargyl glycine and the postulate
mechanism of inactivation of cystathionine-¥-synthase.
(from Abell et al., 1993)

At AzA 2] EEes FAAS =¢ste, A4 JES T AR
7|Eo] st S e FHAe =
ek 107 ol A 10" 7he) gshEde] EAEAL 50,0000 7He] A& fHAA A=}
AAdE I Q7] witel o= AR E AxAY AEH TI TheAo] oA
g Aoty I F¢dlle 4zl AgRe] SAS ol&ste]l AR Hd=
antisense 7S &&3t= 7lwo]l AAtHH AEHS Folded AFAHA TeA

& HAATT ok AABE FEHS TF Fol a2 583, A3
A
2ol et thFer FEje] AajAEe] AAE £ YA, AAAA =

=l
Aol A2} antisense 7|HS &3, AE AT WSS V| xE o] =3}

affinity labels, AF2H7] 2 A, W85 722, 18]I extraneous site inhibitors 52 £
Yy
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Extraneous Site Inhibitors

ACC (acetyl-CoA carboxylase):

0 0O o
MgATP + HCO; + MgADP P;
Ageon + M ; oA con + MeaDP + P
XA
9/\/\0 HN N O a
oA L3
E
o o §
carboxybiotin a
y IS
ok
S\/ (0}
clethodim diclofop

KARI (ketol acid reductoisomerase):

2
_-Mg™  NADPH  NADP' oy

o Mg HO"
)S(OH _— /I'><0 ~ A IPKrOH

R CO, R co, Cco,
R=Me, Et R=Me, Et R=Me, Et
2+ 2+
..-Mg ) O,-l\,’lg
~ T ] T 1
PY_OH Nt O
- Y ) w/ Y _
COZ C02
OH
SP_oO N_O
COZ COZ
Hoe 704 IpOHA

Fig. 1-2-9. Examples of reaction intermediate analogue inhibitors of ketol acid
reductoisomerase (top) and glutaine synthetase (bottom).
(from Abell et al., 1993)

T Uk FREFEC] AAHAT stol AA AEed Agste] F, o, WAt
ol e Algo]l RE=A]l o] Fojxof gttt oFEo WYy FE3t &S
5o pro-herbicideo] thdt A5 WaPsA =W mpxetoz Fxeol ZE3He] A
ol e Eolel g4 FolA HwAdl od it AlzAL] AEe] HAFT



ALS (acetolactase synthase):

o

\)J\COZ' o
R g oH / )S(\ + CO,
— HO CO,
T o= :

o 2+
)J\ TPP, FAD, Mg
CcO

0

z R‘) ™~ )S(\ + CO,

0 HO CO;

)J\coz'

@CIH . ~COH cl
Mo CETL s
00 0 NQrN HNﬂ \N)=\1|\J/ o[

OCH o

chlorsulfuron imazaquin triazolopyrimidine
sulfonamide

Fig. 1-2-10. Examples of extranious site inhibitors: acetyl-CoA carboxylase (top)
and acetolactate synthase (bottom). (from Abell et al., 1993)
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M2 =de 7ls/d &

A 14 A9 ZAEEISA FHZAY WA

At ZAEREA Rzl dddd s FHAMEE Adlete slF, B, F
25 BAstE sk abdel AAARE 21A417]1¢] AERTA RS 84 A
shd B RISl tiek kS AN Fe, &4, AHEEE Aerodz W}
war ek(Fig. 2-1). wekA At Z=raA ez Wt uE Al 3A
o] Wisteo] 2141719 AR oAE MEsty] feiM= 53 ddol e At
AeAe WEder 71 By wRlelA Bloju Al 7lsdA AAe =
A AR FVE AAE TS du AAd R ERde FIAER

AT AR BAL AN DR PEI S, THG AR FAdm ),
—_L
=

E3] post-genome Al HAEE Z

4 2
Aol o)t Alqpaed g 9 2dEd o] dH ol dF 5o AlA
E} (Syngenta)Aloll A = metabolomicsE, =4H}E] 2~ (Novartis)AFoll A = antisense”]
=g &&= T ol9d X% proteomics 9 7E S &3t Y AEHS
gAlsa gl

)

From Gene To Drug

Old target —] New target

Me-too St (R EQALK|) — — Molecular design (Al 73182 )
DHEM L= — X Ests @4 1=(CCS)
DEX AT2Y — DS 8A3e|HHTS)
SUIIE SH/ES — S HIIE SH/HE H(GLP)

Fig. 2-1. The trend of new agrochemicals developing system.
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ZEH 4= 5F

204718 AERSA NES 4
Ao} BAHA &= Foly, V|EHoTE AxA LM W )%
© AsAl Hgte] AR E vt meEtd AxAE VIEoR st v
2ok AF7AA ANgE AZAES AT wet AAAAFA AsiAl, YA
A AsiAl, B A1BA L A2FA ARALA A, s Qdatslay
A A T ol FxA FAFY, ofv =AW FAA AA, AETEABNA, A
2 oA AT A, 2784 A A, TAA transport A3NA o A <

=
AUANY, AZDAFY ANA S| ApAngor FRY 5+ ArkFig. 2-2).

o
o

Agxle] 44 2wz 7EHq

o
rlo
2

)
3
=V

A

ka

1%

Lipid synthesis
Aryloxyphenoxypropionates
Carbamothioates
Cyclohexanediones \ Amino acid synthesis
Petroleum oils f Sulfonylureas, imidazolinones,

triazolopyrimidines,

Membrane synthesis glyphosate, glufosinate etc.
p-Nitro substituted Plant Death
diphenylethers

Cell division

ggg;oiﬁlgité:t;ljeg;%l light Carbamates, dinitroanilines,
reactlljon 1 & Structural Inhibition of difenzoquat etc.
Bipyridylliums disorganization growth or

reproduction

Nucleic acid or protein

E%l:gy supply Chlorophyll synthesis

T . destruction or Chloroacetamides
Oxidative phosphorylation low carotenoid
uncoupled level
Benzonitriles . AL Mimic IAA action
Metallo-organic-arsenicals Ve ~N Phenoxyacids, benzoic acids,

picolinic acids

Photosynthetic electron Carotenoid synthesis

transport (Hill reaction) Pyridazinones, isoxazolidones,
Ureas, triazines, triazinones, J amino-triazole \ IAA transport
uramls acylamlldes Naptalam
pyridazinones, bis-carbamates

Fig. 2-2. Summary of herbicide mechanism of action.

olg} o] B AxAE hFEE] metoo WHOZE FAF I random ==Y

=
o7 sy wiel dEom Jite oo AExe] v AA HAAR F
A

21049 Zo] AzA AERE FEA, B w=AFAHRY 5 B 5ol
Aol o atrhg wel maol BAlol PEFH] AFAA Awd AzA shed
A AN 20%, ohvleit AT ANAT 17%, ADATH AN 13%2

A ] 50%5 2HA 8kl A tH(Table 2-1).
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Table 2-1. Metabolic processesa affected by herbicides

Number of Active

Metabolic Process Ingredients

Photosynthesis (I and II) 49 (20%)
Amino acid biosynthesis (ALS, EPSPS, GS) 41 (17%)
Lipid biosynthesis (ACCase, others) 32 (13%)
Cell division 19 (8%)
Tetrapyrrole synthesis 18 (7%)
Auxin function 16 (7%)
Microtubule assembly 13 (5%)
Carotenoid biosynthesis 12 (5%)
Other process 10 (4%)
Unknown 33 (14%)
Total 243

147 herbicides interfere with 11 known SOA (ACCase, ALS, PSI, PSII, 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 are not associated with any particular MOA.

Pesticide manual®] 7] 2% ¥ 2-19 2437019 A|zA 719 14770 11719 =&
H(acetyl CoA  carboxylase, acetolactate  synthase, photosystem I}  II,
protoporphyrinogen oxidase, phytoene desaturase, 4-hydroxyphenylpyruvate dioxygense,
enolpyruvyl shikimate-P synthase, glutamine synthetase, dihydropteroate synthase,
microtubules)S A 35t Ao ATHAL, 63700 A= #&3] B A
FA 9k 87fe] 28 7]7-(bleaching, mitosis, cell division, cell wall synthesis,
uncoupling, lipid synthesis, auxin function, auxin transport)?} ZHF Hoz H7Fa
T k. ey oA v A 337) Al Aol thei A= 28 F(site of action)<>
& Z87]F(mode of action)Z=} €A 53} 9l TH(Saari, Pesticide Chemistry and
Bioscience, 2003).

AzAel WLAZIeE AR72E FFehd ¥ 233 Zow, 1940d ol =
24DE EFE SUBY AzA s AAAA AR gor, HErd
AaAge]l AE olo] AR, FEAANA, AAAF AdNASZ ool A
1970 d ) Fatell = 3} 3 A el A % A (graminicide) 4 acetyl CoA-carboxylase A
A7 N AS, 1980 d Ul =  acetolactate synthase, glutamate synthetase,

hydroxyphenylpyruvate dioxygenase #3]#] So°] 7Hut=] o),
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19|50 19|60 1970 1980 19|90 2000

! [ ! [ ! [ ! | g1 Hydroxyphenylpyruvate dioxygenase
[ Glutamate synthetase
I Acetolactate synthase
I Acetyl CoA carboxylase
I Enolpyruvylshikmate-P synthase
[ Protoporphyrinogen oxidase
I Phytoene desaturase
[ Dihydropteroate synthase
[ Cell wall biosynthesis
[ Photosystem II (Nitriles)
I Cell division
[ Microtubule assembly
[ Photosystem I
[ Lipid biosynthesis
[ Photosystem II (Triazines)
[ Photosystem II (Ureas)
[ Mitosis

Auxins

1940

T T T T T T T T T T T
1950 1960 1970 1980 1990 2000

Fig. 2-3. Year of the announcement for herbicides affecting the processes.

19903t o] FFE = el WEHAAY At AEAHEs WFeR AxAs

o]

e ok Algb AEHo®E Al 32> 4-hydroxyphenylpyruvate

dioxygenase, Dihydropteroate synthase A 3|AlEo]n, oz {Fdt 2gHo 2=

adenylosuccinate  synthetase, AMP deaminase, anthranilate synthase, ascorbate

peroxidase, asparagine synthetase, auxin transport, cytosolic glutamine syhthetase,

dihydrodipicolinate  synthase, dihydrodipicolinate reductase, carboxypeptidase A,

chloroplast NADH dehydrogenase, cinnamyl-alcohol dehydrogenase, geranylgeranyl

diphosphate synthase, glutamate dehydrogenase, glutamate synthetase, glutamate-1-

semialdehyde aminotransferase, glutamate synthase, histidine biosynthesis, imidazole

glycerol phosphate dehydratase, isopropylmalate dehydrogenase, isopropylmalate

isomerase, pheophorbidase, farnesyl transferase, p-hydroxyphenylpyruvate dioxygenase,

plasma membrane H'-ATPase, pyruvateorthophosphate dikinase, threonine dehydratase

ol e dow HE B2 Fu Aol geAA 2 Aela olE A6

i

¥d)

ol FA4 Mt @ Ao A7 Hri(Abell, et al, 1993; Abell, 1996; Bartley,

et al.,, 1999; Coulter, et al., 1999; Cromartie et al., 1999; Ficarelli, et al., 1999;
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Grossmann and Schiffer.

1999; Kishore and Shah,
Pillmoor et al., 1995; Rendina and Abell, 1994; Saari, 1999; Schloss and Aulabaugh,

1988; Kleier and Hsu.

1990; Subramanian, 1997). A= 74 NdE A xAE 2&7)2 7|Fo =2 dlEA

0§ AAE BRIW E 229 2

Table 2-2. Classification of herbicides with the mode of action

G | Molecular target | Chemical family Active ingredients
hibi ¢ clodinafop-propargyl, diclofop-methyl,
In 1bitgrs N Aryloxyphenoxy |fenoxaprop- ethyl, fenoxaprop-p-ethyl,
1 [acetyl CoA propionates fluazifop-p-butyl, fluazifop- butyl,
gestgl)aoxylase(ACC quizalofop-ethyl, quizalofop-p-ethyl
Cyclohexanediones |clethodim, sethoxydim, tralkoxydim
bensulfuron, chlorimuron, chlorsulfuron,
ethametsulfuron-methyl, halosulfuron-methyl,
metsulfuron-methyl, nicosulfuron,
o Sulfonylureas primisulfuron, prosulfuron, rimsulfuron,
Inhibition of sulfometuron, sulfosulfuron,
acetolactate thifensulfuron-methyl, triasulfuron,

9 synthase (ALS) tribenuron-methyl, triflusulfuron-methy
and also called . . imazamethabenz, imazamox, imazapyr,
acetohydroxyacid |Imidazolinones |- °°" - h

quin, imazethapyr
synthase (AHAS) — :
Pyrimidinylthioben ithiob di
Zoate pyrithiobac sodium
;Frlazolop i flumetsulam, cloransulam-methyl
. bul benefin, benfluralin, ethalfluralin, oryzalin,
3 MlCI‘OtLi ule Dinitroanilines pendimethalin, trifluralin, Pyridazine
?r?lsl%?tlgr}; dithiopyr, thiazopyr
Benzoic acid chlorthal-dimethyl (DCPA)
E:r%rz)(;x}{ic 2,4-D, 2,4-DB, dichlorprop (2,4-DP), MCPA,
id y MCPB, mecoprop (MCPP)
Synthetic auxins [2195 .
(action like Benzoic acids dicamba
4 |indoleacetic acid) [Pyridine carboxylic |clopyralid, fluroxypyr, picloram, triclopyr,
acids Quinoline
carboxylic acid quinclorac
Inhibition of IAA Semicarbazone diflufenzopyr
action
Trasnes i arwine ey ine, promeion
Inhibitors of — —— —

5 [photosynthesis at Triazinones hexazinone, metribuzin
photosystem Il |Uracils bromacil, terbacil
Site A Pyridazinone pyrazon

Phenylcarbamates |desmedipham, phenmedipham
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Similar to group

Nitriles

bromoxynil, ioxynil

6 |5, but different Benzothiadiazoles |bentazon
indi havi — .
binding behavior Phenylpyridazine |pyridate
G Targgtizlrtle of Chemical family Active ingredients
Inhibitors of Ureas diuron, fluometuron, linuron, metobromuron,
7 photosynthesis at monolinuron, siduron, tebuthiuron
photosystem II . .
Site B Amide propanil
Inhibition of lipid Thiocarbamates butylate, cycloate, EPTC, molinate, pebulate,
8 synthesis - not thiobencarb, triallate, vernolate
ACCase .
inhibition Benzofuran bensulide
Inhibitors of g
9 EPSP synthase Glycine glyphosate sulfosate
Inhibitors of
10 |glutamine Phosphinic acids glufosinate-ammonium
synthetase
Bleaching:
Inhibitors of
11 |carotenoid Triazole amitrole
biosynthesis
(unknown target)
Bleaching: .
Inhibitors of Pyridazinone norflurazon
carotenoid
12 |biosynthesis at  |[Nicotinanilide diflufenican
the phytoene
?I?]s)aél)lrase St |Others fluridone, flurochloridone, flurtamone
Bleaching:
13 |Inhibition of all  |Isoxazolidinone clomazone
diterpenes
. Diphenylethers acifluorfen, fomesafen, lactofen, oxyfluorfen
Inhibitors of . ' IN-phenylphthalimid|fluthiacet-methyl (thiadiazole),
14 grrlotoporp YInog |eg flumiclorac-pentyl
oxidase (PPO) Oxadiazole oxadiazon
Triazolinone carfentrazone-ethyl, sulfentrazone
acetochlor, alachlor, bqtachlor, meto[achlor,
Chloroacetamides s-metolachlor, pronamide (propyzamid),
15 [Inhibition of cell propachlor
division demethenamid
Acetamides diphenamid, napropamide
Benzthiozole mefenacet
16 [Unknown Carbonic acid ethofumesate
Arsenic, present as disodium salt of
17 {Unknown Organoarsenicals  |methanearsonic acid (DSMA)
Arsenic, present as monosodiumsalt of
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methanearsonic acid(MSMA)

Inhibits DHP

18 |(dihydropteroate) |Carbamate asulam
synthase step
Inhibits

19 |indoleacetic acid |Phthalamate naptalam
action
Inhibits cell wall |y, . . .

20 synthesis Site A Nitrile dichlobenil

21 gﬁgﬁ;g%ﬁ%ﬂ Benzamide isoxaben

22 gll::(éi(r)gzscti?\rggters Bipyridyliums diquat, paraquat

23 gﬁ:)bslitsors of Carbamates chlorpropham, propham
Uncoupling

24 |(ATP) membrane |Dinitrophenol dinoseb
disruptors

25 |Unknown aACri}clilamlnoproplonlc flamprop-methyl
Inhibition of lipid

26 sAy(s:nCtg::ls 10t eplorocarbonic acid [trichloroacetic acid (TCA)
inhibition

2’7 |{Unknown Cineole bromobutide, cinmethylin, dymron, flupoxam
E};ﬁ;ﬁlgfo fa Isoxazole isoxaflutole

28 gﬁ\f:;}jphenyl'p Pyrazole pyrazolynate
?fﬁ%%%l;‘se Triketone sulcotrione

* WSSA classification

ey 2RISR ste] Alat AlxAlE A IR e jla, 2a/F
&A oA A&

AA At ARAE NS = A Aotk webd AF57HA JhEE Az 59
ZHEHol Ga/g8a ol e ZE&HLES Acetyl CoA carboxylase(ACCase),
Acetolactate  synthase(ALS), Protoporphyrinogen oxidase(PPO), Phytoene
desaturase step(PDS), 4-hydroxyphenylpyruvate-dioxygenase(4-HPPD), EPSP
synthase, Glutamine synthetase(GS), Dihydropteroate synthase(DHPS) 53 %
2 Ml EHet o5& tidoE JNEE AxAS] 1 20051 i o
< % 2-40] YERAT
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Target site Representative group Sales

| Acetyl CoA carboxylase Aryloxyphenoxypropionates 770 $m
(ACCase) 950 $m (6.6%) = | Gyilohiexanediones I 180 $m
Sulfonylureas 1,173 $m
|| Acetolactate synthase —_ hr;idaz}éllinopeg ) —_— 543 $m
(ALS) 2,250 $m (15.7%) Triazolopyrimidines 299 $m
Pyrimidinyl(thio)benzoates 235%$m
I]?kilphgllnyletherls 547 $m
en es
N-phqﬁyylﬁhzﬁalinﬂd@s 120$m
Al , - Thiadiazoles 80 $m
— Protoporphyrinogen oxidase —> | Oxadiazoles —_— 123 $m
7 (PPO) 1,202 $m (8:4%) Triazolinones 9 $m
Oxazolidinediones 198 $m
| idindiones m
= — Crs 10 $m
= || Phytoene desaturase step Pyridazinones 240 $m
H (PDS) 250 $m (1.7%) = | Bidinecarboxanides - 3o
N - .
4-hydroxyphenyl-pyruvate- Triketones 12 $m
gt — diozygeﬁ}age@—{r@@%])) — | Loxazdles — 10 3m
37$m(0.3%) o 105m
|| EPSP synthase — ; — 4,532
4,532 Sm(21.6%) | Glyincs | —>[_45%28m |
|| Glutamine synthetase —_— . —
(GS) 505m(0.3%) | Phosphinie acids |—[  505m|
| | Dihydropteroate synthase
(DHPS) 10 $im(0.1%) —> | Carbamtes |—| 103m |

* 2005/Herbicide 14,340 $myTotal 29,695 $m, Wood Mac.
* 280 87} v SN 0901, 2184 1701341 Y2 AP B

Fig. 2-4. Putative sales of target site according to the representative group.

Az2g5e] 94 impactE: AHAH R ALE F fIANE AF7bA] e
A ZzA A 8o A& A A(ACCase, 9.598/Y; ALS, 22.59$/Y; PPO, 12
1$/Y; PDS, 2.5%1$/Y; 4-HPPD, 0.5%$/Y; EPSP, 45.39$/Y; GS, 0.5%]$/Y; DHPS,
0.1998/Y) F4 92998/ Y& &4 UVl & Aldow FdALstH 11.691$/YS] Al
FAE 7HAI ok AA FeRA Y AFES 3~-5%/ YOl AINE Al wHAl] QlE
At AgAed tig Fark 7] witel AEAA AFES 10%Gem odd
th 53 FE EAEHA @ AE 579 45 AE&HoRE s widd <

- L
5 oglom, RERAA AH AfUS %

[¢]
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=

2 Az AxAsS Adstax & 45 AAF]
Ak Alold Ad AEel o7 AR Fx7E TAEA(Fig 2-5), el

HaL, 1A

S0l mF wwlEe] #Aol

q
A FOMAE g Bl APHOE 7

Hir
o

A AA s Aol dFE F
ATt &Rl gAe] At AzAe el A a<le] Holgd A

(Pillmoor et al., 1995; Saari, 1999).

ofo
ol
L
rr

o,
)

1940 . 19?0 . 19|60 . 19|70 . 19|80 . 19|90 . 2000
E=— T ] awim
| | Lipid biosynthesis
| | Photosystem II (Ureas)
| | Carotenoid biosynthesis
] Photosystem II (Triazines)
| | Photosystem I

| | Cell division

] Microtubule assembly

| | Photosystem II (Nitriles)

| | Enolpyruvylshikmate-P synthase

] Acetyl CoA carboxylase
Acetolactate synthase
1 I 1 I 1 I 1 :l I 1 yn

1940 1950 1960 1970 1980 1990 2000

Fig. 2-5. Time of herbicide introduction (left edge of bar) and

appearance of resistance (right edge of bar).

e 5ol It AsiAl RS 97 A e dEdde

7 oRgstn b FAAE FESE Aol & A% mestn db o
50000 el fAA 7hed A AzA AgPow HET & Ax HAA
7F 0.1% EAs o 5070, 1%9 49 50070, 10%Y 49 5000702 AlF 2-8F
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o] MEA ©ME 4 S Ao|vth(Saari, 1999). wetA FAA Bilo] RFE &
off 71 & th = (Arabidopsis thaliana, The Arabidopsis Genome Initiative. 2000)< T
Foz At AxA NS s AEd G Fokd Ve FdA AT ZE

v

1
d
=
=
2
ol
ol
rr
Jo
)
>
1o
i3
r 1
o
rO
do
JN
g
ol
ol
2
>
)
o
o_>|:
m&
2
r U

"] "The 2010 Project"

(Chory, 2000). Fx=}o] #2let 71 7]5& elste &40 W Fo sl

cDNA sequencing@} 7]E=9] mutagenesis ¥ H o A

mutagenesis B 4 A=A FAAe] FEHAG ool AA FAAS VleS
et d AZE Uk ol 5ol VHAE dFAE S5

%
L RET S Y AR ABAN FA4E FAAD 3347 WA

il
o
ol
s
Ho
L
D)
~N
olr
2
-
il
x
44
a2
o

e
ofo
m
k£l
o)
rr
2,
5
o
Z

£ <
R=) 1 7]°5S 213l random antisense mutagenesis(RAM, Fig. 2-6)
Nes A HAxE x3Fdet (F)AmnklolA sidste] &83ka 9lthk. RAM
approacht= 2] & E9°]7}4 antisense® 3% 7 3 antisense cDNA libraryS ©]
4319 transgenic plant®] pools WEIL O] & poolol Al EAWIE T & o]d
@5t cDNAE Fehgk PCRol| o3 #ates s A8 & st oo 54
7H ok

a) WolA nAPe Aoz A V| A HolAE TAT 5+ Utk

cf. insertional mutagenesist= WolA| o] PP o] EH R HEITEH

b) Multigene familyoll A in vivod = 32 7| 5& 4T + AU

=

o I FAAEY 7leA sAH By A e
d) ZF FHA] antisense disruption> WolA|7} FET = gl XALE 9]
E Folt}. Z1#E 2 inducible vector®] Al-go] Aot}

e) Simple PCR methodE &sto]l 1A #+AA= clone® < Uth.

_35_



NEe e BT S Ae FAA AT AGHA G AANE ol
@ wobel APt BASSAAR, FRe FAA4 Aot AFE vl f94

and Sturm. 1999; Zou et al., 1999; D'Aoust et al., 1999; Bourque, 1995).

Construction of normalized-antisense
cDNA library

Selection of transgenic plants
Plant transformation

Isolation of Insert cDNA
Analysis of sequencing data Plant retransformation

Screening of mutants

Fig. 2-6. Principle of RAM (random antisense mutagenesis) approach in Arabidopsis.
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ZA =AM Zgo]l @ 4 glrk(Abell, 1993, 1996; Hofgen. R. 1994, 1995, 1998;
% 5, 2000). °]& =letr] 9= AHEH/ELE Adlste A om o] U
Azt EdS Agste] gAd & ot AEAUAA stetEde] Wty AL

SAA mdatA Kste Afdde S F7F gk ol & slAstr] Sl
T FRAEH] FHAA BAS Ste] E0E FHAE antisense”| H O F

A A AZAE e W AEA7F el = 23E S8tk FAE8Ae
N

| B

Normal Antisense

Antisense

Fig. 2-7. Phenotypic characterization for transgenic plants with sense and anti-sense
expression of target gene in Arabidopsis.

AzAL) target FARE] WZo) o] &L Agan Yow olgh BAW Rofol
Ao d el = A T antisense ©]8 FES Al ulgsta vk
http://www.bio.org/food&ag/foodwelcome.html, Genetic Engineering News 1997). ©|&
st 7les &8st el AE At A xA 28-S F 7-keto-8-aminopelagonic
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acid(KAPAS, £33 2002-0038011, PCT/KR 2003/001301)} cinnamyl alcohol
dehydrogenase(5 3] & ¥ & 2004-0013086) 5-°] 7§35 AT},
g4 2 2389 7<= W3t

2 AERoAE MEstr] 93 2add e VS 2=y A
A MEe =ddde] A=E8d = o83 Metootd ¥ ol 5o gk &+
2+9] 2~ =2 (random screening), T+ tHALZ A tha 5A iAol A A
d 7 (Bio-Rational design) 5 ©] A th(#4H+, 2000; Schloss and Aulabaugh, 1990; Saari,
1999; Rendina et. al. 1994). 12j1} Ahd 2= 7]ES 7|E9Ho| Z2E 2l
55 F AR, 27 A4 dAlA g3 it AEHA(EL/FEA)S dHdeR
96 W= 264-well o]§ste] tiFe] sFES AMste LES @ﬂ“&%(high
throughput screening, HTS)S.= 3 ¥ il vt FA7&%E ZF
chemical synthesis, CCS)7]<0] FHE&o] o2z oz 10°~10"/47} AT = d&=

e ol 71E el ve] A w) B e ow) mE SRE AP

Al

==

i

[*3

i
o

e

p
e
=
[«
=]
8
=8
=)
=4
)
.
=R

2

21 3L(Broach and Thorner, 1976; M+, 2000; Hess et al. 2001) 3}3t& 23o] 53
st AT Y SRt ES &8 5 A HIATH

|

A 38 AT FEH N SR

AT ZFgHo] U3k 532 B8ty Yate] H A4S (herbicide or insecticide or
fungicide*) and target>. = PCT M A7} 6671 0] LA H L) o] & FolAl T5-& wiA|
Al71a U 287102 gokdt ol5S EddRdE AHelsty 19 2-8¢ 2} =
20006 o] el = A o] JIA W o] F- F A 7] Al AFeto] 20043 7FA] A FFEk= AL
2 UERRTE o & w7 R w A sk wl=re] A 9] 66%S A shal 9lal, G =(16%),
= (11%)9 oo A =(7%)0] A ek 9l-&-S 918 % thFig. 2-9). T30l 244 5}

T AL B ATAANA E L 53] 5 o] ATh(Fig. 2-10).

_4

45 ATADEG 2o
204719 AEREAS Aer] A A% ol
s Ogow s FE2HY 71%73&1 AAS 24 AgA §H1& AAS T
shojob @ Aotk obalm AT AR Awe slold B sk <

FAe SHHOR 2Ty et Levt St AT 5 = At

e
s
2
=
i
ol
)

Hy

Hy
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Patents (21)

S = N W A 0N O

‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04
S5 S UC Y EA

=

R

FAE o glow, AAH R EEsl= FERaA LAl At

d

Fig. 2-8. Annual analysis of patents for pesticide.

Korea (7%)

o
German (11 United

om (16%)

USA (66%)

Fig. 2-9. National analysis of patents for pesticide.
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KRICT & Genomine
The University of York
American Cyanamid
Monsanto
Syngenta
Novartis
BASF

The Wistar Institute &
Creighton University
Paradigm Genetics, Inc.

Rosetta Inpharmatics, Inc.
Fig. 2-10. Analysis of patents for pesticide according to application company.

Queen Mary & Westfield College
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H 3% d7d e & 23

A 1A AT AR Fu A

1. A&

At AzA el ARk alo]l Hojgkw AL A A dIFes FA
FoWAE Y AEoe AEAor Agsts At ZHEA e 'l o]
22 A "HAS A 1 sk ;AT Do A A 5 A E 5ol
Al At - o #Ae] HFHEol gtk AEY wE2 Fd Y A5
obH| A 71E ol gl7] wliEell ol& Asfishe sEtEAES QA vAlE =

dol gAY B Aew dqistr] wwolth dAddE AS7HA JiEE olE9
A5 (LDso)>  4,000-5,000 mgkgO 2 -2 8o A FolE 4 9l (4,500
mg/kg)? Bl 52Eteh A5 7hA] NEE AlxA 24370 F 147709 A=A 1149 #F
8% (acetyl CoA carboxylase, ACCase; acetolactate synthase, ALS; photosystem I, PSI;
photosystem II, PSII; protoporphyrinogen oxidase, PPO; phytoene desaturase, PDS;
4-hydroxyphenylpyruvate dioxygense, 4-HPPD; enolpyruvylshikimate-P synthase, EPSPS;
glutamine synthetase, GS; dihydropteroate synthase, DHPS; microtubules)S #] &}l &}
Aoz Yo, 63709 Azl 28] ereAA FdARt 8749 287
(bleaching, mitosis, cell division, cell wall synthesis, uncoupling, lipid synthesis, auxin
function, auxin transport)$} ##HE Aoz FFHIT 4 i, U H] 33709 A A=
ZF8-Z(site of action)S =& Z-87]7(mode of action)Z2} ¥A| HF3lar it wat
A ol A AL o] WHAA e 997) AzAe] AeAe TR Hw 27
AzAE ARsts HgHgon BET + U Aotk T3 ABAL Bisu
oF 500009) A AR AL A AzAel AgHoR FEY F A F
Zkol grge] AAE 0.1%2 5070, BAE 10%2 500070 Al 2&5 ] A&
gA8 5 9 otk me] A AAHCE fAA ATt FEER QYL
UIL Arabidopsis thaliana®) f+AAF F2Jo] W Ewk7] wjio] H o= Al

| e 1 283 B okl Ve FAA A7 AsEa o

=
X
B

2!

2 AFAHER FB =S

A AR FHE £EeE e A 242 BRE 4 Ao AAE ¥
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R B )

fa Wel fu4 FRARS BH HAY o, AL =Ave] AuFon
J{

Validation of Possible Target Enzyme Validation of New Target Enzyme
using Antisense Gene Expression using Random Antisense Mutagenesis

Target Enzyme Selection

- N

Establishment of Enzyme Assay System
from Plants or Bacteria
In vitro mass screening and/or HTS

-
Inhibitor In vivo Screening Chemical Bank
Design and Optimization
Synthesis o N

New Herbicide Candidate

Fig. 3-1-1. From target to candidate

A7 9AA%e B9 2AY ¥
AT AzA AGYEEE AAHI) A5e] 1209 4F Sold &
o

49l BAES MUk A8 Soln mae

B
i
=

oz
o
it
N
N
olr
X,
o
M
/RN
ol
ol
s

Plant Biochemistry, Herbicide and Plant Physiology, Herbicide Action, Physiology of
the Herbicide Action, Data for Biochemical Research, Handbook of enzyme inhibitors,
An Introduction to Metabolic Pathways, Crop safeners for herbicides, Herbicides, Weed
Science & WO ®m TASIGITE A= Sol4 a4 & FolA AlaF AxAe =
SHoEM THeAdR 53 afoliE Hetd Ay HEHeR 13749 asn
adenylosuccinate synthase, AMP deaminase, antranilate synthase cinnamyl alcohol
dehydrogenase, dethiobiotin synthase, dihydrodipicolinate reductase, dihydrodipicolinate
synthase, farnesyl pyrophosphate, farnesyltransferase, geranylgeranyl diphosphate
synthase, glutamate-1-semialdehyde aminotransferase, pheophorbidase, imidazoleglycerol

phosphate dehydratase 5 22 ¢33} th(Table 3-1-1, 3-1-2).
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Table 3-1-1. Analysis of the information for target candidates

Target candidates Patent analysis
1. Adenylosuccinate synthetase -Patents of target for herbicide
2. AMP deaminase -Patents of target for herbicide
3. Dethiobiotin synthetase ‘No patents
4. Dihydrodipicolinate synthase -Patents of target for herbicide
5. Dihydrodipicolinate reductase -Patents of target for herbicide
6. Farnesyl pyrophosphate synthase -Patents of target for herbicide
7. Geranylgeranyl diphosphate synthase -Patent for taxol
8. Glutamate-1-semialdehyde aminotransferase ‘No patents, Many papers
9. Farnesyltransferase -Patent for drought
10. Imidazoleglycerolphosphate dehydratase ‘No patents
11. Anthranilate synthase (EC 4.1.3.27) -Patents of target for herbicide
12. Pheophorbidase ‘No patents, Many papers
13. Cinnamyl alcohol dehydrogenase -Patents for lignin biosynthesis

o5 T AEA EFEAE 1A AXA targete® Ao} 159 FHARZERE
BLAST, TAIR 5] Arabidopsis D/BE ‘&3t TAstal, T3k P4 7Hx& o
st7] flste] s Wd AHA&AFHES ZASFSITH(Fig. 3-1-3, Table 3-1-1). 2
I @he] gt AR 24 Ay, 2 AFEE TEAd e EAEHA ger
A 2 E 7}A = biotin pathway 2 lignin Aol #olst= a4dd diste
Ao AR A4S FIPsigint. ol AT+ %‘r@%@}@‘i A zA o] )

i

v nﬂﬂ

ofN 1o

ﬂli

2
= AEY A e Zadoln, & 9 Izt A= EAEA 7] wE ] biotin
22 lignin AFAEE A, FEY Izt Al AFS A A FoWA,
Tl AEe] S aRHoR AAT F# e Jtedoel Attt & F S A

=y ]
ol 2 A4EH2  biotin  pathwayell #HoJs= EAE  F T—keto—8—
aminopelargonic acid synthase(KAPAS)®} dethiobiotin synthetase(DTBS)E Al+f 284
oz HAste] dAdRql biotin ATAE AR 3 WA @A L-alanine?}
pimeloyl CoAS KAPAZ ©7F23:23} -§F(decarboxylative condensation) WH-g-o ¥+
o]5}i= KAPASO| ¥#sto] faxor A5 stz s3ivh
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Table 3-1-2.

Information of new target for new herbicide development

Possible enzyme

Information

Hydantocidin, blocked the two-step conversion of IMP to AMP in

Adenylosuccinate the de novo purine biosynthesis pathway. Adenylosuccinate synthetase
synthetase By : .
as a herbicide target of commercial potential
6-methyl anthranilate, traversing the tryptophan biosynthetic sequence,
Anthranilate exhibits noncommercial levels of herbicidal activity. Harpin and
synthase hydrogen peroxide both initiate programmed cell death. phenylalanine
Y ammonia-lyase(PAL), glutathione S-transferase(GST) and anthranilate
synthase(ASA1), an enzyme of phytoalexin biosynthesis
Farnesyl Farnesyl pyrophosphate synthase in the prenylbio- synthetic pathway
pyrophosphate and that this enzyme represents a new target site for the
synthase development of herbicides.

Glutamate-1-
semialdehyde
aminotransferase
(GSAT, E.C.54.3.8)

Vitamin Bs-dependent enzyme that catalyzes the amino group transfer
of glutamate 1-semialdehyde(GSA) to form S5-aminolevulinic acid
(ALA). It is the final enzyme of the CS5 pathway converting
glutamate into ALA in higher plants, algae and many bacteria. Eight
molecules of ALA are required to form tetrapyrroles, e.g. chlorophyll
or heme, Genes for GSAT have been identified in bacteria as well as
in higher plants e.g. barley and soybean. The enzyme is completely
inactivated by substitution of Lysy7» with alanine. catalyzing a reaction
step in chloropyll biosynthesis, plants with chlorophyll contents less
than c. 25% of that in the wild type died, the symptoms partially
resembled the effects of bleaching and photodynamic herbicides.
GSAT reduced antisense plants indicate that the inhibition of GSAT
enzyme activity in plants by about 75% would result in plant death
and the GSAT might be a valid target for biochemical design of
herbicides.

Pheophorbidase

Pheophorbidase catalyzes in vitro hydrolysis of the methylester
linkage in the C-13-carbomethoxyl group of pheophorbide a (Phed) to
yield C-13-carboxy pyropephorbide a (carboxylpyrophed) and
methanol. CarboxylPyrophed was converted to pyropheophorbide a
(Pyrophed) by a non-enzymatic decarboxylation reaction depending on
the concentration of acetone in the reaction mixture. The enzyme
activity was found in several other higher plants as well as
Chenopodium album. Kenji Watanabe et al.(1999) named this enzyme
"Pheophorbidase" and characterized its enzymatic properties to some
extent.

3-hydroxy-3-methyl
glutaryl coenzyme
A reductase
(HMGR)

The corresponding antisense constructs decreased general isoprenoid
levels

Aenosine-5"-phospha
te deaminase(AMP
deaminase)

(EC 3.5.4.6)

Following phosphorylation at the 5' hydroxyl on the carbocyclic ring
in vivo. inhibition of AMP deaminase leads to the death of the plant
through perturbation of the intracellular ATP pool.
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Continued 1

Aspartate kinase
(AK, EC 2.7.2.4)

Genetical analysis of this unique double aspartate kinase mutant
indicated that both mutations were located on chromosome 2, but their
loci(akl and ak2) were found to be unlinked. Aspartate kinase(AK)
that are subject to feedback inhibition by the end-product amino acids
lysine or threonine. Calcium chelating agent, EGTA or calcium
channel blocker, verapamil inhibit the red light effect confirming the
involvement of calcium in the phytochrome induced aspartate kinase
activity.

Chlorophyllase
(EC 3.1.1.14)

Catalyzes the hydrolysis of ester linkage between chlorophyllide and
phytol, is the only purified enzyme in the degradation pathway of
Chls.

Cinnamyl alcohol

Catalyses the last step in the biosynthesis of the lignin monomers.

dehydrogenase The down-regulation of the CAD enzyme was associated with a red
(CAD; EC coloration of the stem. Modulation of enzymes involved in lignin
1.1.1.195) biosynthesis
Dethiobiotin The penultimate enzyme in the biosynthesis of the essential vitamin
synthetase biotin. A new potential target for novel herbicides
Have attracted much recent attention as potential herbicide targets.
Dihydrodipicolinate | Dipicolinic acid was a reversible competitive inhibitor of DHDPR with
reductase(DHDPR) | respect to the substrate (4S)-4-hydroxy-2,3,4,5- tetrahydro-(2S)-
(EC 1.3.1.26) dipicolinic acid, as was isophthalic acid. These compounds represent
possible leads in the development of novel herbicides.
Dihydrodipicolinate | Have attracted much recent attention as potential herbicide targets.
synthase(DHDPS) | DHDPS was feedback-inhibited by Q-lysine; inhibition was reversible
(EC 4.2.1.52) and uncompetitive with respect to both (S)-ASA and pyruvate.

Glutamate synthase

The assimilatory enzymes glutamine synthetase and glutamate synthase
catalyze reactions that convert a-ketoglutarate and ammonia to
glutamate, which is then used in a wide variety of biosynthetic
reactions. Glutamate synthase (GOGAT) is a key enzyme in the
assimilation of inorganic nitrogen in photosynthetic organisms.

Phytoene synthase

Carotenoid biosynthetic enzyme. A possible regulatory role in color
formation during chromoplast (flower) development.

Phytoene
synthase-2

Both GGPP formation and phytoene desaturation were elevated in
these mutants.

S-adenosylmethioni
ne decarboxylase
(SAMDC)

Antisense plants display abnormal phenotypes. SAMDC is a key
enzyme involved in the biosynthesis of the polyamines spermidine and
spermine and is also known to influence the rate of biosynthesis of
ethylene.

Antisense transgenic plants showed a range of stunted phenotypes with
highly branched stems, short internodes, small leaves and inhibited
root growth.

Overexpression of the engineered SAMDC is lethal to the plants.
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. E9H¥o] AHFo=2RE AAE 2HELAE

RAM approachs &3le] FHE HolAES 9 &7/ AAE St &7
ATt 1) M4y WolAl: white cotyledon and leaf, yellow cotyledon and leaf,
yellow-green cotyledon and leaf, pale green cotyledon and leaf, dark green cotyledon,
2) Agjdd WolA: A oA, <lo] &3} R A oA, Top ol whd w Ao
Aol AAL =3/ T, 3) FEjHE WHolAl: no true leaf, U FHE|o]A,
long hypocotyl, 71E} 5. o]&ist &7/ A = ARG WHolAl= Agldd HolA|
% ol 9 ol ruk ThAo| A XA}, A AT WMol A|F white cotyledon and leaf,
yellow cotyledon and leafoll /] T A o2 MWHETHFig. 3-1-2). F7]19] 7/ A A
oA AARE WolAlE AdEste] WeolAo FHARE S tH(Table 3-1-3).
olu antisense effect® 7}A+= WHolAl= AUE cDNAZ EX3Y] F4dx ARE
AR o™, insertion effects: 7FA = WHo|A+= ﬂanklng DNAE #2438t f-3d2 A1
5 FreoH, o AAtdE WolA =Y fFd7e BAS ot gHE 17
T A=A B A AFe] gidt JH ot} o]F 10E 2 antisense effects 74| 7
F2  insertion effectE 7FXIth . fF3HA HH F CAD(cinnamyl alcohol
dehydrogenase)™= FA] “A" section®] D/BE &3t 29t 284 WzZoAx AHEEA
ohowhebd B ATEHE A7) AlEAl B FAA T olignin AR A mel dhofst
= 2AE T AR sH9 @Al EAlskE CADE AT 8 29A Wl 7
A FAA A7E T AR AxA Ao RE dAste] ALAQ ATE

Table 3-1-3. Candidates for potential herbicide target gene in the RAM pool

Phenotype cDNA inserts

1 H| 31
Line (mutant:WT) Flanking DNA =
lethal at leaf PSI subunit II precursor, No:AJ245906 insertion

GIR102420 | 4. (07:22) putative protein (No: CAB62006, effect

promoter region insertion)

GIR103157 no true leaf A.t ats1B, ats2B and ats3B gene for rbcS insertion
(09:21) RNA-binding protein-like (MNBS.12) effect
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Continued 1

white, almost no

insertion
GIR106143 true leaf hypothetical protein contains zinc- finger s
(11:17) motif, No: F24J8.17 ctfect
lethal (9), pale photosystem II protein X precursor .
GIR106165 |  (4), dark (5) (A12g06520) ancaense
(18:11) effect
Ribosomal protein S28-like (F8F6_60),
GIR110079 | lethal a‘t germ. : : NOZ.CABSSSOS insertion
(06:24) Arabidopsis thaliana Argonaute (AGOI) effect
-like protein (At2g27880), No: NM128347
T1 phenotype, unknown protein (At2g33460), .
GIR110801 | growth inhibition No: AAB80663 antsense
some seed effect
T1 phenotype, Chl a-b binding protein 4 precursor .
GIR110802 | bushy, dwarfism, homolog (AT3g47470), NO: AF325012 ant%?er{[se
little silique etiec
Tl phenotype unknown protein (AT5g06230)
GIR110808 B2 , A No: AF361591 antisense
H-= some effect
flowering
T1 phenotype, cinnamylalcohol dehydrogenase-like
severe growth protein antisense
GIRII0809 | hibition, dark effect
green, lethal-like
Tl phenotype E2, ubiquitin-conjugating enzyme, '
GIR110812 = = o putative (At3g52560), No: NM 115116 antisense
-, some effect
flowering
polyubiquitin UBQ10 (At4g05320) .
GIR110818 | Ll phenotype, No: AY139999 antisense
growth inhibition effect
T1 phenotype, mitogen-activated protein kinase 3 .
GIR110820 | severe GI, little (FOK21.220), No: AF386961 A ere
flowering
T1 phenotype putative alanine aminotransferase antisense
GIRI10846 | o \wthy inhibition (At1g23310), No: AF360195 effect
putative chloroplast protein CP12
GIR210049 | lethal a.t germ, ({\t2g47400), No:. AY 062839 insertion
(09:21) putative bHLH protein (At2g31220), effect
No: BT005711
RAM- T1 phenotype, acyl CoA binding protein, putative antisense
dwarfl dwarfism, bushy effect
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Pale green

Necrosis

Fig. 3-1-2. Lethal-like phenotypes of Arabidopsis mutants

Sequence analysis of target gene from microorganisms

'

Design of PCR primers

v

Sequence analysis of PCR products

Screening of Arabidopsis Blast search for
cDNA library Arabidopsis BAC clones

hd

Sequencing and expressional analysis
of target gene

Fig. 3-1-3. Development of lethal-related gene from Arabidopsis thaliana.
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H 28 A9 ZE73 KAPASO| W3 A+

1. ME&

Biotin 4 ¢4 gL A=t 2 %Xﬂ‘ﬂl“& EAshs AP =0l 7] el At
HEEAl HZAE Foe] vitaming Frstelof v mhEbA o] & didom sfekst
= AzxAde ANE Fedq ’5‘}0415 wold Ago] g7l wiEel Al W3

=Ao] YetUA] kALY ol WS Ao oFd 4= 9t} Biotin A 4 Z(Fig.
3:2-)ell= 74 At ASH o R Agets Hw nAE AEolA &E A ol7]
Izt A dod GdEDZA A zA e} At A
= 28 5 A 2 & dnk AF7HA biotin AEE =9 KAPASO tgk
=25 e AT 42 g4%
WA dn ey AEAdA s oA Ba | Wgo] A gle AAolth
7-keto-8-aminopelagonic acid synthetase(KAPAS)= A &3} wH|AETF &A=
biotin A3 g Fst= @A 0|t Biotin(vitamin H)-2 21 &5 ]2 E Aol
A dojul= E& carboxylase®} transcarboxylase®] 24 Z @ A o]t} Biotin®]
AL A= mAEAA FARSH] wlEel o] B doH aAES AxAL
A S 9% FE targeto = vl Holt). At (Escherichia coli)*l| A biotin
o] FAE 47§ AR bioA, bioB, bioD, bioF) AFEo]T}. bioF <]
AHEQD KAPASTE 3 WAl 24 & Zn1] 5= pyridoxal 5'-phosphate(PLP) &]&Ea A=
2] pimelyl CoA®} L-alanine®] Z&HAHEEH
CoA, CO& A/ ¢hrh(Fig. 3-2-2).
KAPASY PLP 9|F&4E Fol|A a-familyol] £8bxnwt %20 7= t}& PLP-

=)
Sl
=2
ol
L)
o

ll
o
e
oX,
2
%
2,
Ll

ol
f
rr
M
re
E
o
—_&4
il
oft
ol
ol
a2
o

iz

5O =2  7-keto-8-aminopelagonic acid 2}

gE=a e 2l aminotransferase type 119] dialkylglycine decarboxylase®} o}~
UASHA s o] k. KAPASO ofnst A4S wustd e 37]9
a-oxoamine synthase(5-aminolevulinate synthase, serine palmitoylrransferase, 2-amino-3-
oxobutyrate CoA ligase)5°] A & SAF-9 7] dlFio] HEHo] Ut}
o] AFAF PLP A AT Lys236°| imine linkage® 343

His133%} His2079] 714 #7)9F 45288 st 9+ Aoz FelHg)
Te e AAde] A% w= Sojggd glojA e Fad qee au

| =3
= Aot
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Pimelate Pimelowl-Coi

g-Amino-7-
o A.2.1.14 o 23147 O onomanoa e
KAPAS
26162

Dethiobintin O Baaa]—O 1A Diamina-
DTBS

N Eintinyl-
10tInEl-Cea S-AMP 62111
o 62111 - —

6.53.4.9 (6.35.4.10
6.34.11(16354.15

L)
=
(BBhnJo= =~
.

M6-Bintinyl-
L-lysine

34.--
thoxvlaze ]

Fig. 3-2-1. Biotin Metabolism in E. coli.

o]
J\/CH
HO H * From Ploux et al.
ey f:le E.J.Biochem., 1996.
0 :

H, HH, L-alanin O e

OH o5 #
0_,;‘,/'401:35—7:‘ NwlN Pimeloyl CoA HzNMOH

‘ AH o KAPAS oH
9 oH 3

7-keto-8-amino pelagonic acid

Fig. 3-2-2. Mechanism of 7-keto-8-aminopelagonic acid synthesis.

2. A %

7}. Antisense 7|H& o]-&3 ZE&d g9l

Arabidopsis thaliana® A 9): Arabidopsis thaliana(Colombia) X589 A%
3l 2 EA = 22°C2]  growth chamber(16h-light/8h-dark)ol A E%S T2 FE &
1/241712] Murashige and Skoog(MS) ¥l *|(Sigma, St. Louis, Mo., USA)°ll 2%(W/V)
sucrose, pH 5.7, 0.8%(W/V) agars &3 A7l Petri-disholl A ASA| Z k. shitel A Al
i w= 22°Ce] 2ol A 16/8A1%F HeF F7]E XA E = growth chambers Uol
A W gatge.
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RNA 323} ¢DNA library®] AZ: o}7]4 ] cDNA libraryS WHE7] ¢4
o] ZEajetAle] o7 Fdl oz HE TRI AlK(Sigma, USA)S AE3le] RNAE
3t9al, 5% A RNAZY-E] mRNA #2] 7] E(Pharmacia, USA)S] protocol
o] wz} poly(A)+ RNAES #&|at3th. Primer® Nofl-(dT)isS ©]-83F] poly(A)+RNA
9} ¢cDNA 34 7| E(Time Saver cDNA synthesis kit, Pharmacia, USA)Z ©°|% 7}
o] ¢cDNAE AZ3&} ).

e
oy

AtKAPASO) tjst §-Ax 2a]: K4P4Se] thdk £ 4 A1 E BLAST, TAIR 5
o] Arabidopsis D/BE -&3to] ZAFSGlaL, ©AE KAPAS FAAe] @714 EE 7]
Z2 3t Agtas BamHIS] X Eo] EstH HWEF primeret A @A A HindII2]

=
o ¥3d AW primers FASIATE o] F 7] F primers AH&SlO] f 7]

DNAS} RNA ZZ 2 BA. 223 DNAS ZoAn= DNAZS we] A7)

al, B4 R, WE, ligation, polymerase chain reaction(PCR), agroseﬁﬂ—
polyacrylamide gelS ©]-83+ 7|95, FAHE E coli @ Agrobacterium 2] A2}
2 v <F, DNA gel blot +2](Southern, 1975) 5> Sambrook et al.(1989)2] F "+
S oFF HPAA a5 TH RNA gel blot(northern) 41> T3 o] 434381
t} 10489l RNAE WA AIZ]3L, 1.2% form aldehyde-agarose gelsE ©|-83le] =73
2 %33}l5 nylon membranes(ICN, Costa Mesa, Calif, USA)°l 2#Et}. ol&

hybridization ] 7] T 225 %] ¢3S DNA 2Z5-L Oh et al(1996)9] o] Za}o]
Al = 3}l T

cDNA library construction: A. thaliana®] UOZHFE @d& EE RNAE
poly(A) RNAZ A 234t} 5ug2] poly(A) RNASE primer® Nod-(dT)18Z5 A}-&3}o]
Time Saver cDNA synthesis kit(Pharmacia, Piscataway, N.J.,USA)olA 2%Z 1A <]

cDNAE A AlzFsl3d),

PAAS E coli2HE] AtKAPAS protein®] 2&: PrimerZ KAPAFB(5

_51_



GGCGGATCCTTCGCCCAAATCACAATTC 3°)9} KAPARH(5° GGCAAGCTTTTCACT
GACAATATCAGAAACAA 39E #43% $ BamH19t HindlllE ©]-&3F] AtKAPAS
cDNA9| full-lengthS <18t 21, PCRS T3lo] AtKAPASS] EE A7|MIS
=3} 3tk PCRS F3le] THEo]3 2752 pCAL-n vector (Stratagene)ol| 7
FFAJA pCKAPAE A Z3FATE. pCKAPA vectorE M UAIZ! E. coli= Luria broth
media(LB, 200 ml Erlenmeyer flasks)oll 23l 100pge] ampicillin/mls 3 7}ske] 37°C
NA Ag=1.07FA %A FTE ©o]S YA EE 591(4,000xg, 15 min) H3kaL 1
mM isopropyl-D- thiogalactoside(IPTG)E #]2]3ato] 2A17bs<t SU3 oA F7}
W ettt ols YA REEFeI(4,000xg, 15min)  F I S50mM  potassium
phosphate buffer(pH 7.0, 50mM MgSO4 and 0.4M NaCHOo 2 A3 & L4 F 235}
o] -20°Cell K.kshHA ARR-s}SIt

Antisense AtKAPAS construct A2 2 Arabidopsis thaliana=2] FZ A3
AtKAPAS®] DNA full-lengths 7] st KAPAF(5° GCAGATCTTCGCCCAAAT
CACAATTC 3)9} KAPAR(5° GCAGATCTTTCACTGACAATATC AGAAACAA 3)E
stA st PCRS 53Fo] wHEolR AMEof Belll©. 2 digestiondt § pCSEN vector
of Adstaitt o= A wigiuteko g HHH pCSEN-KS 73 s H|5-9]4 promotor
SEN1< cauliflower mosaic virus 35S promoter Al A}&3to] WHEQITE o] &
Arabidopsis®| oI A1 717] 918t Agrobacterium-= 28°Coll Al 0.8~1.02] ODgoo 7FHA Hll
3t 2 25°C, 5,000rpmoll A 104 F<F Y42l (Sorvall RC5C; DuPont, Wilmington,
el., USA)3}A T} Bacteria pellet-> Infiltration Medium(IM 1MS salts, 1 Bs vitamin,
5% sucrose, 0.005% Silwet L-77)° FEA|A FHFH O 2 ODgodk 2.0~2.47}4 8] <&
SHATE 4L Eet AFAI o7 E  Agrobacterium HER HAAIZ &
vacuum chambere]l Wi 10 PaolAd 108 B¢ HAFEAFAT. o]E Aol
polyethylene foil® 24 h's¢t Folth o] AL o2 AFANAT) T4E ANED
Stk olw P HIAZ|A] &2 wild-type} antisense AtKAPAS7} ESHE Al @82
plasmid(pCSEN-K)RF Z o] A7 A& kAl Alul A F3F3itt.

Antisense AtKAPAS construct’} FAAEE T, 7| N lethality &<l
T. oH71&] FAZ 0.1% Basta® Mol 30& %%(Saito et al., 1992) IAA7l &
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5000719 PAHABZAE SuMe| biotins H7FEH A HIFSEAl 4 MSHAR
Z4J 3k agar plate(Petri-dish)oll 3E31At}h 3 EE Algo = ReulR o] Fx}
2 SHESI ImM biotin EIT 3 EFSA e FoL MY FietuA
A vl 811 TH(Schneider et al., 1989). 50007]2] FAZ5-E| basta 2]l <& Aute

A SollM LANAE ASEO] AALE R SRS

AtKAPAS -7AZ} antisense construct FZ A3 o 7| Ax © EAF B
A: Bglll F-917F ¥3H primerES ©]&31%] AtKAPAS Aol o3l of 7] th <]
cDNAZH-E] PCRS ©]&3te] DNAE 333tk 7] DNAE Algtas Bglll=

Ae3stal, pSEN ¥ Eol antisense constructE 7} A ZF vectors A2}l A

O

3

k1
finss

7] A2 vectorE Agrobacterium tumefaciens® electroporation®d S ©]-8-3}¢]
AN FH A3 © Agrobacterium= 28°Col A O.D.gpoik®] 1.00] 2 wj7}=] w3}t
a1, 25°CelA 5,000pmo. = 10+ B YA sty #AE st 2
TAE HF 0Dt 2.00] 2 w7}A] Infiltration Medium(IM, 1X MS Salts, 1X
BS vitamin, 5% sucrose, 0.005% Silwet L-77, Lehle Seed, USA) vj#]ellA] v <F 3}
of AN 45 o AFAIZ NV NE dgrobacterium A E N XA 7]
10% &<t 10°Pa2] vacuum chamberol Ttk A & FAAGH )71 FUE A%

BHNA FHTVE FEs,

T, B32AE o7 Zqe B4 4 A3 A2 o7l A F8s &
A= 0.1% Basta((7)74%F) SN0z

deke of71Z i 7F a2 Bl alst

HE fE: TZ¥ AKKAPAS cDNA TS BamHI Al gHE A9}
Hindlll A|$tg 2 Aekslal, pCAL-n vector(Stratagene, USA)S] BamHI #3349}
Hindll At F-Ho F2Ist] QX vectors: Azslch 7] Ax2d
vectorE U3 BL21-Gold (Stratagene, USA)°l A A3 A|Z1 2 ampicillin®] 100
rg/ml XESHE LB(USB, USA) HIA]ol A O.D.go #t©] 0.79] & wj7}+] 37°C, 150rpm
o= wyk wjketaith. AtKKAPAS Wil o]l ot AollA It A =S AT
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dAgtelo] IPTGE HF &% 1 mMo] ¥ HI7Eg So 243 o sttt wl
dH HAAS 50mM MgS0.8 0.4M NaCle] ¥38+%  50mM-potassium  phosphate
buffer(pH 7.0)% A %3k 5, ThAl 4,000xgell A 158 &9+ A4dEgsta, JHES
Tl 20°Col Hshich

o] Al 7] g I HES CaCl, binding buffer(50mM Tris-HCl,
pH 8.0, 150mM NaCl, 10mM B-mercaptoethanol, 1.0mM magnesium acetate, 1.0mM
imidazole, 2mM CaClL)ell e A2 ), @etelol] lysozymeS HF &% 2004g/mlo]

=5 AvbebaL, 158 Sk 3 , 30 2o Heste] #AS
| AL A WztA 7] 3, Tde g 28T
P

I3 F7] AJEE 10,000xgoll A 57 FoF A E

R

il
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calmodulin affinity chromatographyE ©]-&3}o] A&} T}
o] gt 3L electrophoresiss & 35Fo] 2215} T}

B 59 AtKAPAS & A3 EH%}E% ampicillin®] 100xg/ml ¥3+¥l LBHIA] plate
ol streakdlo] 28°Coll A 24A1F vl F&}ATh. Single colonyE F3Fe] ampicillin®] 100
pg/ml EEE LB NAMIAIZ %7 0D #t°] 1.00] 2 wj7b=] 37°Col A 250rpm
o= uyk Hj st AtKAPAS«] g AEZd fFEdSE FRchr] sk,
A7) detdlo] IPTGE HE ¥ % ImMo] HEE H7Ms 3o 28°CollA] 2417 ¢
et mdE MXEE 50mM MgS0s9F 0.4M NaClo] X3+ 50mM-potassium
phosphate buffer(pH 7.0)% A2 g -, thA] 4,000xgol A 157 &<t A4t o
HHAES o} CaCl, binding buffer(S0mM Tris-HCI, pH 8.0, 150mM NaCl, 10mM f3
-mercapto ethanol, 1.0mM magnesium acetate, 1.0mM imidazole, 2mM CaCl,)°ll & &}
Al o], el lysozymes HE F%=7F 200pg/mle] ¥ =% H7bstal, 158 F<F
SIAA F, 30 < 2eiEAE FAEGlth HHlE ARE 5T EF Eaol
A W@ ZEA71aL, ol 2]t I (2w
55 10,000xgoll A 53 &< DAY s, A A pelleto = g - A

ol Fol9li= AtKAPASE calmodulin affinity resin®} &7 A A13] over night &<t

P

[o
k=)
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i
=
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N
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e
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4°C2] cold chamber WolA YA AY. ths & SXE columnS CaCl, binding
buffer® 4ol AtKAPASO|®]o] && Wildg wF AAsh AF Y Fof &2
gl do] ¢leS F% I w2 O R clution buffers ©]83te] FAE o] 9w
AtKAPASE fraction collectorE AF&3le] 1ml¥ &3 3ISh ol&S 5 H7|9%E
sto] AtKAPAS®| &E%5 AMsIlaL, @l Shaks FAlSto] AtKAPASO] 3
Z wasiglh FUd =M AKAPASE HAAE A7IA e AGAH E

coli BL-219] £0]9)= whuld oFAbwl v wahgd o).

AtKAPAS 8457F: 7] 9ide a4 FHEE 30°CE 24s e 247
Z7A|(Backman DU series 60 spectrophotometer)S A}-&3}¢] 340nm°ﬂ ] Alexeev 5(J.
Mol. Biol., 284:401-419, 1998)°] Wil s =743ttt & 3 SAS 9w

S Imlol& 20mM potassium phosphate (pH 7.5), ImM NAD’, 3mM MgCl, 0.1
unit o-ketoglutarate dehydrogenase, 74l @A 2-10ugo] EZgH o] vy EE §
A A 7] S ] FE= 10uMO] AT} L-alanine?} pimelyl CoAS 7t Wh&-&
Hol| FEHE Hrlste] 5453

At} A3 Soft-Pac Module kinetics softwareS %
st BT B4 A aad

H14-S- 100uM pyridoxal 5'-phosphate(PLP)7} 3
StE 20mM  potassium phosphate buffer (pH 7.5) SMOZ 4°Co|A] 247 FoF
dialysisstith, &4 SAES 93 dxvozs 7] A dwds A

9
OE gEEe] $iE AN ASSAth 47 AAH v Ex B
5

o =

H

712421 pimelyl CoA°l t]$t Michaelis-Menten kinetics®l|] 438}l o, 714 7}
Walo] & Whg-& =5 743}, Lineweaver-Burk's plotZ= YEMH 23} K,z 2
Vi @kol 242} 5.4x107 M 2 7.930.2 vERTh o3t A= AtKAPAS A
ZHE ddE s whldo] pimelyl CoAo] Wt 7] 5ol & Zbi= KAPA synthase

ole Uetdth mak ggwE 2 spdels Asbel e F220] KAPASE] pimelyl CoA
of tigt K. #el 2+t 05mM % 25mMA Yl wEE), EElgh dulEe] K,ahe
54x10'M 2 =A delkth &, A7) wldo] digatoly upde e Wl aske

pimelyl CoA°ll thdt 2 714 Sold& zta &5 & o stk

||\

1}, AtKAPAS 484 A A %
AtKAPAS ¢DNA7Z} 82 ASH E. colivli%: A. thaliana®] KAPAS c¢DNAZ}
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PAHA3E E coliZ LB A4 (100 pg ampicillinml H7F) 19 &<k wiAIZ]
(37°C, 250 rpm, Ag=1.0) & YAF2](4,000xg, 15min)=Z WIFHE E colis =%
otz E. coli cell(pellet)S 50 mM MgSO0:8t 0.4M NaClS £3141%7] 50mM
photassium phosphate buffer&(pH 7.0)2.2 A&l o]& YAl A4 E2](4000xg,
15min)ate] 1 E #FAE -20°Co A H a3t

A

IPTG HFAZY, 250 WE AKAPAS A% B]: 1 ml¢] LB brothd] &
A ZH3A]7] single colonyE 50 pg/mle] ampicillin?} $H7] 220250 rpm &2 37°Coll
2] overnightA] A TH+ BL21-CodonPlus strain®| 1} BL21(DE3) pLysS strain¥} 7]
pACYC-based plasmid¥ 7d-$-oll & ampicillin®} 74 50 pg/mle] chloramphenicol S &+
7l golF=o]of pCAL plasmids HEE = AH). thad oF ZF tubedl A 50 pl¥
Aol M=L LB broth(FAA A7) 1 mlol]l 23 220250 pmo. 2 37°Co] Al 24]

b okttt ZF tubeoll A 100p1% microcentrifuge tubeoll Tl gel w24 Al7FA] &

2ol ZolFAth o5 IPTG A ansE el V5o AMg33i) YA
Hjekole] 1 mMe IPTGE 2|8l 220250 rpm o2 37904 2A]7F wjekalQiTh,
o] AmEW EF gl $A4S 9ste] Aol FEolFunh 7 xxdd wE

microcentrifuge tubeZ5F-E 20 plS 20 pl®] 2xSDS gel sample buffere} A =31s}k
o] Al 2% microcentrifuge tubeZ HZTth ©]& 95°Col|A 5+ &<t 7HEsta [

Fom WMES PSS,

AtKAPAS tiZdd AA: 23 F9l transgenic E. coliE 7] buffer&
oz AHAL F 1 mM I m@éﬂﬂ&ﬁuMMVb+£EzL%u+ﬂ]aﬁq
o] & YA EZ(4,000xg, 15 min)dte] FH3FL 30 ml CaCl, binding buffer(50 mM

Tris-HCl, pH 8.0, 150 mM NaCl, 10 mM [B-mercaptoethanol, 1.0 mM magnesium
acetate, 1.0 mM imidazole, 2 mM CaClL)°l| pelletS &HE A|FTE 7]
lysozyme(200 pg/ml)e HA7FA7]13L 158 &< 1wyt 3FQlk o] & Ice bathol]l &7]iL
3024 53] sonicator® AMAEE T AZ T YAEE](10000xg, 15min)= AT
T A NS calmodulin affinity resin®] FFH columel 2 7]l 4°C, 8A|ZHE<H
24 A 8] o] 21t} CaCl, binding buffer(50 ml)E =54 calmodulin affinity

resino] F-2E A e Ve @A et AAVIE BESF Ao vhA Rt R

(ot
e w
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calmodulin affinity resin®] §-2r¥ # A= elution buffer? sl A7|dso=z &

Z_-] R
st ExBYE ZHHAT

Calmodulin Affinity Column FH]: A| 9§ calmodulin affinity resin(Stratagene)
2 20%(v/v) ethanol, 0.1 mM CaCl,, 20 mM Tris-HCI(pH 7.5)2} 500 mM NaClo] 3%
Sty B8 M} A FFETh WeEkA] calmodulin affinity resine ARE3F7] 23l A
= e A dFgdom HYS FAAAF I HA BHAE dFEAE
w2t il 5ufe] CaCl, binding buffer§ 9 © =2 calmodulin affinity resinS A 3}+=
B4 23] 33} h Calmodulin affinity resin?} & %2] CaCl, binding buffer-&
(=4 3qEL/\]7] & 5;_;]240]] 1]0].0:11—4_

Calmodulin Affinity Column AAJ: Calmodulin affinity resin> ZAHF-3]2] 3
H] £°%(0.1 M NaHCOs, pH 8.6, 2 mM EGTA)S.Z A H 3}l o]o] A A7l 49
38 89 IM NaCl, 2 mM CaCh)So.Z A H3}3It} o]ojA] Ax]Fule] 30 &
(0.1 M acetate buffer, pH 4.4, 2 mM CaCL)SZ A %3} t}l vlA] 2 2 (binding
buffer, 1-2 mM CaChL)= A& 3t AFEsEQATE 7 E@Ad oz e A4 fol
AALA &S A9 0.1% nonionic detergent(e.g., Triton®X-100)Z 37°Cel A 133}
22 stal o]oJA] binding buffer? A B3 A|FTE o]E 20%(v/v) ethanolol] o}
4eco] HaSiTh

Thrombin *]2]°] 2|3k CBP purification tag®] #|A: CBP fusion protein<
thrombin cleavage bufferol] HEMA|7]3 AT thrombins 7 7}sle] A -2oA X
Hgoh AR G912 SDS PAGER w4138kl 27t 45 ='W calmodulin affinity
resin?} &3H2 mM CaCl,>200 mM NaCl)sle] A1H2](1000xg) = resine w2 Al %1
o (FaF oz 0.5 mMe PMSFE #H7FA17]H thrombine Eg4d 3} #tt})

t}. 7]1& (pimelyl CoA)2] 343
12HA]: [6-(phenylthiocarbonyl)hexanoic acid]®] 3Ad: Pimelic acid(1.5 g, 9.4
mmol)°l #o] FHF A thionylchloride(2 ml)S 60°Coll A 1A]7F &b wkS-A] 7

. olE 7t 5F5A1Z F methylene dichloride(2 ml)ol] &3] Al 7] 3L thiophenol(1 ml,
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9.1 mmol) F7FFGITE 30°COlA 1A1ZF F9F WHbAIZ] F 2%(w/v) NaHCOs O 2
33] AH&Gth HCIS o] 43te] pH 12 243 F methylene dichloride® 5% 3}

St} o 7] 9| Na,SOs& A}-8-3}o] AZA 7] AL, silica gel

o

chromatography(cyclohexane/ethyl ~acetic acid; 15:4:1, by vol.)= monothioester}
dithioestere]l ~ ©]o]4  mA O R pimelic  acidE® < EFHIAT.  AAE
6-(phenylthiocarbonyl) hexanoic acid(900 mg; 37% yield)= 2 A Z4 m.p. 45~46°C

£ AYa 9l

2 A|(Pimelyl CoA)2] ¥Ad: Wieland & Rueffe] ™ S =2 acyl-CoA thiolesters
o] A& 5l trans-esterifications TS TE WA 50mg(65 pmol)e] CoA
(lithium sal)E  1ml®] 2%(w/v) HaHCO; &N =o]x, 35 mg(130 pmol)2]
6-(phenylthio carbonyl) hexanoic acidE 0.5ml2] methanol®] = 33 TS 2% (w/v)
NaHCO;E AH8-3lo] pH 82 FA 3kl 2ol nRkseith, wh-g-o] #1 $ HPLC
2 F9l8}al conc. HCIE AF&3le] pH 22 A3t o] ¥H-$ S diethyl ether®
33 AlHE e Y 58 $AE pimelyl CoAE HPLCE 33tk A}
43k columne LiChrospher 100 RP-8¢e 5 um(Merck)©]lal, oo 2=
0.25M-triethyl ammonium phosphate buffer®ll 15%(v/v) acetonitrileS &3|A]Z] pH 5.5
€42 ml/min)S AHESFA T HF A S Z pimelyl CoA] E=E &<l3stal -20°C(pH

2)oll H.#3 th(Fig. 3-2-3).

2408 SAWH Y Alexeev 59 WHA £33t ImM a-ketoglutarate,
0.25mM thiamine pyrophosphate, ImM NAD', 3mM MgClL, 0.1 unit®] a-ketoglutarate
dehydrogenaseE Y-> 20mM potassium phosphate +% 8N (pH 7.5)° 20u12] KAPAS
¢k 713]1 pimelyl CoAE 718t &=Fo] 1.5mlo] HAl sfith. o] & 30°ClA 30
T &QF HESAIZ ¥ KAPAS &4 2 Soft-Pac Module kinetics softwares “&2Fgh

Backman DU series 60 spectrophotometerS A}-8-3Fo] 340nmell Al 5733t}
96-well2- 283} high throughput screening(HTS) system &¥: Alexeev &

o] Wil F#3F] 1 mM a-ketoglutarate, 0.25 mM thiamine pyrophosphate, 1 mM
NAD', 3 mM MgCl,, 0.1 unit®] a-ketoglutarate dehydrogenaseS - 20 mM
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COOH
E"z(C“z)acoo thionyl chloride

N : . at 60°C for 1 h Dissolved in &—— Addition of
Pimelic acid »  methylene dichloride thophenol
evaporation under vacuum ¢

Stirred at 30°C for 1 h. Washed three times with NaHCO,, Acidified with conc. HC1 to pH 1,
Extracted with methylene dichloride, Dried over Na,SO, and evaporated
Separation by silica gel chromatography(cyclohexane/ethyl acetic acid; 15:4:1 by volume)

’ 6-(phenylthiocarbonyl)hexanoic acid

CoA (lithium salt) |
pH was adjusted to 8 by addition of 2% (w/v) HaHCO,
stirred at room temperature

Analyzed by HPLC, Adjusted pH to 2 by the addition of conc. HCL.

Washed three times with diethyl ether,

Purified by HPLC on a LiChrospher 100 RP-8e Sum(Merck)

column with 15% (v/v) acetonitrile in triethylammonium phosphate buffer,

pH 5.5, as eluent (2 ml/min).
h Pimelyl CoA
keep in an acidic solution (pH 2)

at -20°C without noticeable degradation.

[o)
"
C-SCoA
:
CH,(CH,),COOH

Fig. 3-2-3. Synthesis of substrate Pimelyl-CoA.

potassium phosphate $+%8(pH 7.5)° 10 ule] KAPAS®} 712 <l pimelyl CoAE
H7bete]l ZF=Fe] 250 plo]l HA Stk o]& 30°ColA 30% F vREAI &

KAPAS 242 microplate readerE A}-8-3td 340nmell Al 574330t}

3. 2% 4 12

Arabidopsis thaliana®] KAPAS(AtKAPAS) ¢cDNA &9l: 2] EA 2] AtKAPAS?)
FA2F codes 167 Y3l Arabidopsis 715 sequence= E. coli, B. subtilis, and
B. sphaericus®] bioF sequences ©|-8&3Fc] 272 S} TE PCR amplification =
w8 cDNAS At 2qolM 2413 A3 AKAPAS FAA= 1,41070¢] 7]
#F(bp) open reading frame(ORP)O.Z A E o] Qlal, o]i= 4697]2] oflvn|w=Aito g -
Ayl ©lE R 513kDal] EAFFO R FAH ATK(Fig. 3-2-4, 3-2-5). AtKAPAS®] o}
=2 LS E coli (GeneBank accession number NP-286539), B. subtilis(GeneBank
accession number NP-390900), B. sphaericus BioF(GeneBank accession number JQ0512)
o} gdste] mlwd A3} AKAPASE ZHZE 28%, 34%, 38%% ofv|w=Ate] A3t
ST}t L3k E. coli BioF, B. subtilis bioF, B. sphaericus BioF$}i= 77} 43%, 52%,
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54%2 obm| At FAME S HoFATHFig 3-2-6). 18 3-2-79014 & gl%o]
AtKAPASY aminotransferase class 13} II domains C-terminali-9jo A 2S 4 <l

$13l, plasma membrane spanning H-9]%= EAHS & ¢ JATH

A: genomic DNA from whole plant

B: F9 ¢cDNA from leaves
C: F10 ¢cDNA from leaves
D: F11 cDNA from leaves

genomic DNA of KAPAS
cDNA of KAPAS

Fig. 3-2- 4. AtKAPAS OREF isolation from cDNA through PCR amplication.

5 10 15 20pL

= i 2 i—Aﬂ-{APAs
= =

N
TERB

Fig. 3-2-5. Expression of AtKAPAS using pCALn vector in the expression strain.
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ERWHE_b1oF
Ecoli_bioF
M 1ok
BﬁCSﬁ:g1DF
ALEARAL

ERWHE_kioF
Ecoli_bioF
SERMA_bioF
BﬁCSH_b1DF
ALEAR

ERWHE_b1oF
ECD11 1oF
SERM 1oF
EACSH_bioF
ALEARAL

ERWHE_biaF
Ecolqi_k+ioF
SERM ioF
EACSH_bioF
AtEAFAS

ERWHE_kiaF
Ecoli_bioF
SERMA_biaoF
BﬁCSH_b1DF

ERWHE_b1oF
Ecoli_b1ioF
SERM 1oF
BACSH_bioF
AtEAFAS

Intracellular Localization; plasma membrane—Certainty=.600(Affirmmtive)

« single, fully conserved residue, - conservation groups
W SWOOR TOT AL ATREAADALR TRRWWEDGAGR N LTWED — — == = = = m = = = m - m o oo
M EWOEFTNAAL DARRAADALRRRYPVADGAGR W LVADD - -
——— MSWOORTEQAL A RLNAAYRRRQTTEGGNGRQIRLGD——
MNDR R E LA TEEGLTRIC LR - L F ST N E SE YoMHG - -—-------_____________Z_Z211170
MADHSWDKTVEEAVNVLESRQILRSLRPICMSRQNEEEIVKSR#NGGDGYEVFDGLCQWDRTSUEVSVSIPTFQKWLHDE

————————————————————— SEYCHMESSMOY LGL S0HF AT WRE AWOOGAED Y GWE SGa SGHY Sa Y TRAHYALESELAEWL
—ROY LMFSSMDY LG L SHHFOTTIR AWOOGAEQFGTG SGa SaHY SGY SWVVHOAL EEE L AEWL
—RLYLNFSGNDYLGLSQD#RVIﬁﬁNQQGﬁR YGUGNGGSGHVTGFSAﬁHQﬁLEEQLAAWL
————————————————————— FSoMMY LGLATO SR LEKEAT EGL K Y aTaAGG SR LTTGNFOIHEQLESETAD

PSNGEEIFSGDALAECRKGRFKKLLLFSGNDYLGLbSHPTISNﬁﬁﬁNﬁMKEYGMGPKGSALICGYTTYHRLLESSLAQLK

wpwEREL L. o3 . Had et
GYFRALLFISGFARAN-—----0~AVT AR L TGKEDR - - —— - - - -, TV ADKLSHASLLEAASF S - -—-FAQLRR FAHMDW SOLA
GYSRALLFI;GF#AN— -LAADRLEHASLLEARSLE- —PSQLRRFAHNDVTHLh
GYPRALLFIS- —TLADRLSHASLL EARGAN - ——— A3 WEADST AGLA
KTEAAIVFSSGYLAN —————— 5 PGOT--———=--= IFSDAWHH&SIIDGCRLS————KAKTIVYEHﬁDMVDLE

KKEDCLVCPTGFﬁANMﬁﬁMVﬁIGSVASLLAASGKPLKNEKVﬁIFSDALNH&SIIDGVRLAERQGNVEVFVYRHCDISNCK

AL -LDEPCDGOGL AWTEGWF SMOGDSAP LAAT AEOWER AGAWL LvDDAHGT AWT GHEGRG SCO00 - - EWVEP ELLWWT Fiakl
E.L-LASPCPGOOMWYTEGWF SMOGDSAF L AETOOWT OOHNGIW LM vDDAHGT QWG EQGRG SCWLO - -KWEP ELLWWT Fakl
RICLAKFCDGOR LAVTEGLF SMOGOGAR LAELHR LTRAAG AW LMYDDAHGTGWR G ECGRG SCWO0 - -GWRE ELLWAT FGE
RKLROSHGDGLE FTWTOGWYF SMOGDIAR LPETIWELAK EYE AY TMIDDAHAT SWLGHOGCGTADY FGLKDETOFTWGT L Sk
MK - - ————— | IUVVTDSLFSMDGDFﬁPMEELSQLRKKYGFLLUIDDﬁHGTFUCGENGGGVAEEFNCEﬁDUDLCUGTLSK

1. W pEEER g - 5z g EEE L wowg

GFGWSGEAALCSEAVATYFEQFARHLIY ST SMPPAQAWAL S84 SWIRGEEGDORRTAL AGLTIOR FRHGARALFGRITHS
GFEWSEAANYLCSSTYADY LLOFARHLIY ST SHMPPACACLALRAS LAVIR SDEGDARREK L AALITR FRAGWVODLFFTLADS
AFGWSGEAAYLCDEATAEY LLOFARHLIY ST AMFPAQAC ALOAAL AR TR - -EGDOLR AR LODMIRR FROGAAPLALTLTOS
ﬁIGAEGGFVSTSSIﬁKNYLLNNﬁRS IFQTALSPSAIEﬁAREGISIIQ——NEPERRKQLLKNﬁQYLRLKLEESGFVMKEG
CHGGFIACCKKWKQLIQSRGRSFIFSTAIPUP AR - -KEIWRFEKAIWERMVKEFE -—-E

= % R T * a - - - - s -

O5ATOPLIWGOMSEALSLAER LROKGCWWT ATRPPTWF AGTAR LELTLT ARHOF EDIOR L LEWLHESGE
CEATORPLIWVGOMSRALOL AEK LROQGCWWT ATRFPTWE AGTAR LR LTLTAAHEMODTIOR L L EWVLHGH G-
OTATOPL LWGDOHORALDLATR LR ECGLWWSATRPPTWPPGGAR LR LLLT AAHOSODTOR L LEVLNDY SO - - - —-—— - - ———
ETPIISLITGGSHEAMOF SAKLLDEGWFIPATRPPTWPKGSSE LEITYMATHT TEQLOMYT SETK - - —K IGKEMGTIW - ——
—SPIISLUVGNQEKALKﬁSRYLLKSGFHUMAIRPPTUPPNSCRLRVTLSﬁﬁHTTEDUKKLITALSSCLDFDNTATHIPSF

An AtKAPAS encoded KAPAS of 469 amino acids, and shared extensive amino acid identity to bacteria and yeast KAPAS,

ranging from28%oto 38%, respectively.

Fig. 3-2-6. Multiple alignment of putative AtKAPAS.
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1 atggcgqatcattogtgggataaaactgtgdaagaagca)tdaatgtcttgaatocagqrasattottogatctttgagqoccatttge
M & D H 5 WD EKTVWETESHKLNWNWNWILESREDOTILRSLREFPTIHTEC
91 atgtctaggraaaacgaajaajaaatagtgaaaagcajaqocaatggaggaqacgqgtacgaggtgttogacggtttgtgtcaatyggat
M 5 R 0N EEETITUWV K S R AHNGOGDG Y E N F D G L C 0 WD
Ll cggacttcagttgaggtqtctgtctogattcctacatttcagaaatqgottcacgatgaacccagraacgjagaaqajatttttagtgga
R TS %W E WV 5 %5 IPFPTF QEKEWLHUDDEWPZSHNTDGETETTF 5 G
271 gatqcattagotgagtqtagasaagqgagattcaagqaagetqottttgttctotgggaatgattatttgggtttgagotcacatoctaca
o s L & E CRUEK &RV FEKEKLLLTFSOGEHNTDYLGLS S5 HPT
*¥1 atatcaaacgotgotgoaaacgcagtcaaagaatatgqtatqggacctaagggttctgotttaatatgtggotataccacttatatogt
I 5 N & & & N & VW K E ¥ GG MG P K G 5 &8 L I CG ¥ T T Y HR
451 ttgottgagtctagtttgyogcaartgaagaanasagqaqgattgtottgtttgtcctactggqtttqctgocaatatgqotgcaatgtt
L L E S S L & 0L K K K EDICLYOCPTGF & & N M &8 &8 M W
E41 qraattggaagtgttgottotottttggocgotagogygaracctctjaagaatqasaaagqttgocatcttttctgatqogctgaatcat
A I &6 5 ¥ & 5 L L & & 5 G KPP LEMNEIEK VY &I F 5 D & L NH
631 qratcaattattgatgqtgtccgtottgotgascgacaaggaaatgttgaagtttttgtttatogacactgtyaratatcaaattgcaaa
s 5 I I 0D G Vv RL & ERDOCGENWVWENWMF Y ¥ RHLODISNILCEK
721 atgaagaggaagqtcgtggtgactgatagottatttagtatggacggtgactttgraccaatqgaagagotoctctcagottcggaagaag
M kK R E VYV VY TDS L F S MDG@DF A8 P METETL S 0L R K K
§l1l tatgqcttocttotagttattgatgatgotcatggaacattttctgtggagaaaacdqtggtqgcqtggctgajqaatttaactgtgas
¥ « F L L ¥ IODODOASLEHOGTTF FWWLCGEMNTGIGGE WY 8 EE F N CE
401 getgatgtagatttatqtgtgggcactttgagtaaggcagoagggtgtcatggoggtttcatagottgragraaaaaatqjaagraacty
A 0D ¥ DL CWV G TL S5 K &8 &8 & CHGGF I &8 C 5 K E W EKE 0L
991 atacagtcgagagqtogttcattcatattttcaacagoaatocctgtoccaatqqotgoagotgottatgoageagttqtagtggogagg
I 0«5 R GRS F I F 5 T &8 I F NP M &8 &8 8 & ¥ 8 &8 %W v VW & R
1051 azggajatatgqagaagasagjcaatatgyga)aiqqtazaajaqttcaaggaattatctggagttgacatctcaagooccat tatctca
kK EI wWRRERK A TIWEWZRWNYUEKETETFEKETLSIGGNVYDISSPITIS
1171 cttgttgtagqqaatcaajagaaagocctcaaagogagooggtatctattaaaatcaggottccatgtaatgycaatacgaccqoccara
L v v @ N 0OE K & L K& s R Y L L K S GG FHY ML IRPFPT
1261 gtqccacccaattottgraggotaaggqtgacactgagtgcagracataccacagaaqatqtgaagaaactcatcactgogotttcttct
¥ P P N 5 CRLREWNMTLS & &HTTETDWVWE EKELIT®HSLAL S S
1361 tgtttggactttgacaacacajocactcacattoottoctttotatttcccaaattataa 1410
c L b FDMNTATHTIUWPSTFLFP KL

Fig. 3-2-7. Nucleotide and deduced amino acid sequence of the putative

AtKAPAS.

Antisense AtKAPAS A3 A thaliana®] FeZ EFEA: AKAPAS] 7%
A& A7) $181e] antisense”| WS €83t A =AUl AtKAPAS mRNAS A
AstAY dASA AT o]lF 918Fe] constitutive cauliflower mosaic virus
35S WAl 7= gk H| 5] SENI promoterg AR&3Fe] $+73% AtKAPASE antisense
AtKAPAS +72F DNAZ BH 2713k ddde HeAE wHEdt 2a4ez ¢
A AEA= giE A AANSEES HolAY LA AT drabidopsis©l
A biotin A AEeF BATE e wotdE EAWo Al biolP} bio2= biotin 2
F£8 Aol AZ &2 F Y th(Shellhammer and Meinke, 1990; Patton et al., 1998).
w2}A] antisense AtKAPASE @A SAZ1 o 7| &% biotin o=FAA] oA F-E
vfotatz] 9&he] biotin oEEES A tH(Fig. 3-2-8). 164199 F A A3 lineo]
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bioting &7 3 FEONA AEIAAT biotine FHA L2 FE= 10449
lineo] &= th webs] 64199 linee AtKAPAS & Zo] W& %] 9FolA lethal
phenotype(ZLAHS K3t} BiotinS &3 38lA] &2 FEA 579 FAA3SAEA
© AT AEAMNTES BolA, S Agdt oS T Al v A
MAN = Aoz A=, o] antisense AtKAPAS mRNA<2| 32 7 $H&
o] thFsty] wWitolth 1E} bioting 3HE EES AEAES BF GAAo=R
AAEG T o]Ae] AIEZHE] antisense constructES FAAIAZ o7 F =
biotin AFAF AZet AAVE A= wloldE EAWOIA biol P bio29F 2] biotin
°]=9 A AL, AKKAPAS7F 33 H S W of 7]l g7 AALS
A7) Wl AtKAPAS A A7} 2HE3lE @4 KAPASE Al5F Al ZAl 7o) o}
T F A8 om FAHAY ol WAEN AEA AT EAEHH AbeES &4
B3] AdFsleloF sl vitamin H(biotin)©] 7] wiitol o]& A3l AxAl=
Aol A= Aol A YEhbA @7 ofd Zlo] 7] ool

i

¢}

O o

6,000 T1 zeeds sowing per pot = Basta
treatmend (F4)

Lefi: with hiotin {zurviral pland MNo:16),
Right: withoaw hiotin(survzralpland Mo 2

| ATKAPAS Anti(Bio tin) AKAPAS Anti

— bchs liey £ 29

Leadha licy (%)

I ofsu rvran kb

bisein i) bistn -3

Fig. 3-2-8. Phenotypic characteristics for transgenic plants.
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- 0 . .
80°C deep freezer Calmodull.n affinity Enzyme activity
resin |:> with paper disc |:> No activity
%% |:> method
I
sz.?cyﬂﬁf SDS page electrophoresis
centrifuge 200 KD
116 kD
97 kD
E. coli from 66 kD ' :
GenoMine Cell culture with Amp |:> KAPAS —» B B B -
keep in & over expression 45 KD = = = = E
refrigerator with IPTG -sETgE-g=9
31 kD
i | -

0 1+ 1- 2+ 2- 3+ 3 4+ 4
IPTG (hrs)

Fig. 3-2-9. Over expression of 1-keto-7,8-diaminopelagonic acid synthase from
transgenic E. coli.

e To] wWE AtKAPAS 23

7‘<
Ao 37°CE dEA oy, 74 wmAe wdo] ol
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i)

2

rlr v

(Fig. 3-2-10).
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200 kD

116 kD
97 kD —
. = =
KAPAS —— S =y —-—
IPTG 2 hrs 45 kD E =
 —

: Centrifuge, -t
== Lysozyme & =N T _
i Sonication, 3 KD [ — R e . —
) Centrifuge S P S P
Culture at 37°C and 200 KD
C 116 kD
Cell culture with 97 kD

Amp in LB broth 66 kD

KAPAS P s ™
Keep in glycerol under 45 kD ™
-80°C deep freezer 37°C -
31 kD

P- P+ S- S+ PS PS+

Fig. 3-2-10. Effect of temperature on the expression pattern of
1-keto-7,8-diaminopelagonic acid synthase from transgenic E. coli. S, supernatant;
+, with IPTG; without IPTG.

THE AKAPASS &EF FUUY &Y axdds St e

HAsta v 65,0000 stEEeo A S A3 HddlAeE B FY

AtKAPAS ©ilde] gtr 7t desirt, meps AULAAE o] &ete] &EFHS T
o

WA A seleh Av] AdMEo AT £ AR lsoymed 283t
g2 AZE 9IAZ] F guanidine(6M), urea(8M), % sodium dodecyl sulfate(SDS,
1%)E A gste] &aAI AT o] 5 10,000xgol A 58 Fot AR sle], 4 oz}
pelleto. &2 23k & 7} F-9]9] AtKAPAS &S SDS-PAGE electrophoresis@ <+
Q1&}th. A ]t buffer solution 5 olAl guanidine?} ureat™ AtKAPASS] &850
BIFE TA EIAAT SDSE AHEE A9 G N OE AKKAPAS THHo] of
40%4= &= He AL &

Astlct. Sps HelwEE WA A e
buffer solution®. ZF-E] SDSE A AsE Zdo] golslx] &7 W o}
H
i=]

712 3}l thFig. 3-2-11).
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Centrifuge &
Sonication, 200 kD

Centrifuge, 116 kD
IPTG 2 hrs Washing, 97 kD
Dissolving in
different oo
buffer, KAPAS T—> il
Dialysis 45 KD

8=

E. Coli from GenoMine W 2

31 kD
Cell culture with

AR |

Amp -
e —
Keep in glycerol under P S PS P S
-80°C deep freezer Guanidine Urea SDS

6M SM 1%

Fig. 3-2-11. Electrophoresis bands of the AtKAPAS dissolving in different

surfactants.

o UReR Pelletd] AlF B AFES A=Y S, 7] A3
S wjFe] 500mIZH-E] 4,000xgo A 152 E<L

lysozyme®} Z 3} A &2 MEE AT T 20,400xgol A 1683 P4l &2 A
o} AR RS Bgal o] = CaCl, binding buffer(CBB) = 23] A1 % ¥ %< buffer 10ml=
A A AA 253 A2 A AT - 20,400xg0l A 33 < LAl STt A
e & HAAES A A PH o2 AR o) welH 4

=
A Fo §& Fo] A+ AtKAPAS @S SDS-PAGE electrophoresis® <3135}

2 21
of w3 A Q1 W A= AtKAPAS T o] membrane binding form S 2 0] %]
+Hl ©]& CaCl, binding ¢+%& N AR&3te] thA] & 251 A2 E o] &35}
s AT F 20,400xgo A 3L A A4 sk HAAI AR A
Hol| W 4] AKKAPAS @i do] &FEH O LS 1T = ATt o]=A 7]
Lol WHEY 109 ol Be ds FEILE EE 12 dAEYE o] &5t
AtKAPAS ©]9]¢] €& did S AAT 5 Q7] witol =53 AtKAPAS ©#d
o Felades AA FFHAG olH T WL ofH7EA] o= FE el AT
A2 oY, AiKAPAS A Zeld Soldew AEd 5 = Wyl 7

W o] th(Fig. 3-2-12).
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AtKAPAS transgenic E. coli
Sonication 10sec x 9 (inter. 4min), Sup = Q M.W

20,400xg 16min, 4°C ’—‘
Pellet

¥ 205 | =
Sonication 30sec, Sup = e 116 | = =
20,400xg 3min, 4°C
Pellet 97 | —-—
v 84 | ==

Sonication 30sec x 2 (inter. 2min), Sup = e 66 J /

20,400xg 2min, 4°C [ Pellet | 55 | == N - -
v
Resusponsion, 4[: sp = @ 45 .
15,000xg 10min, 4°C [ Pellet | 36 | - -
; -
Resuspension, Sup = e 29 | - -
10,000xg 10min, 4°C [ Pellet | .
Pellet
2 e
; — -
Resuspension, sup = @ v 0000060
10,000xg 10min, 4°C

Fig. 3-2-12. Procedure of AtKAPAS separation from transgenic E. coli to
supernatant after different centrifuge and sonification conditions.

Y

ol

dHE AtKAPASS] SASH(EE ZE9 AtKAPASEER): 47| oo
= 30°CE FAEE spectrophotometer(Backman DU series 60
spectrophotometer)E&  AF-&3}] 340nmol| A Alexeev S (J. Mol Biol., 284:401-419,
1998)2] Wrilol o8] A3 thFig. 3-2-13). 4224 A4S 3 vk mlo]
i+ 20mM potassium phosphate(pH 7.5), 1mM NAD', 3mM MgClL, 0.1 unit
a-ketoglutarate dehydrogenase, A1 T 2-10ugo] X =0 Aty BE WESY
oA 7] @mdel FXx= 10uMO| It} L-alanine™} pimelyl CoAE 7} WHS
=2 Hrbste] SAS T A 3= Soft-Pac Module kinetics softwareS 742}
AT B4 A gAwE S 100uM PLP(pyridoxal 5'-phosphate)”} X $F
20mM potassium phosphate buffer(pH 7.5) &N S 2 4°Co|l 4] 2A|ZF &<t dialysisdk

£
2 oo
N1
oo 2

32

o 54y 542 A% dxwoRs 7] AAd 9udS Ao g 48
So] FHE FUS AT A AAE dwAe g4 FHeE 71E9

2

pimelyl CoA°l gt Michaelis-Menten kinetics®ll 2 33}slom, 712 7t 5% wWslo|

2 WS4 55 5743519, Lineweaver-Burk's plot® WEFH A3} Kodk 2 Vi dk©l
247t 54x10'M 2 7.930.2 el o83 A= AtKKAPAS FAAREE 2
== @ Aol pimelyl CoAdl Wit 7] Eo]A4d S 21 KAPA synthased S YERA
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oh g i 2 onpdE s Adbo] @]9 KAPASY] pimelyl CoAl w3k K
gtol Z+zF 0.5mM 2 2. 5mMSId Hhal, B3k g A o] K, e 54x10'M 2 %7
vebgth =, A7) giidoe] ooy vpa el 29k BlalEke] pimelyl CoAol gk

w2 71d Solde Al Jlee & ¢ SUth(Fig 3-2-14).

O
NAD-
-SCoA
Pimelyl CoA %l: ¢
CH,(CH,),COOH
(0]
CO, -NAD
SCoA HSCoA CH,(CH,),COOH
a-ketoglutarate ‘ ACHY);
dehydrogenase L-alanine
H* NAD-
a-ketoglutarate KAPA synthetase
W mY g
NADH Hi
l H, CH,(CH,),COOH
A 7-keto-8-amino pelagonic acid
340nm (KAPA)

Fig. 3-2-13. Proposed reaction mechanism for detecting activity of 7-keto-8-amino
pelagonic acit synthase purified from transgenic E. coli.

3 K,=5.4x10"M,V,, =793
y = 6.8124x + 0.1261, R2 = 0.9995
2 -
Z
1 —
2l L L L L

0.1 0.2 0.3 0.4
1/Pimelyl CoA (10° M 7Y

Fig. 3-2-14. Lineweaver-Burke plot of the 7-keto-8-aminopelagonic acid
synthase activity.
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o]%g#} o] KAPASY widh &4 AAl 2 &4 SAHAYHE 5319

“KAPA AlEHAl &4 75 Zbv A=9] 24t 88 sE 92 7] Z8389 =9
S Aaste] AERY A 2 XAME FEstes e R gigile 554
3} AL, ©]o]A “Novel polypeptide having function of 7-keto-8-aminopelargonic acid
synthase of plant and method for inducing growth inhibition and lethality by
suppressing expression of the polypeptide”= PCT 5—51%%3}93\13]—. A sharsiskd
THolA Bt e 38E 239 stES AEsklth

pCal-AtKAPAS solubility #4]: Primer® KAPAFB(5° GGCGGATCCTTCGCCC
AAATCACAATTC 3°)9} KAPARH(5° GGCAAGCTTTTCACTGACAATATCAGAAAC
AA 395 A F BamH19} HindlllE ©]-83te] AtKAPAS c¢DNA<] full-lengths
skl om, PCRE §380] AKAPASe] RE H7I1MES =3} S5tk PCRE
&oto] whEolR 2752 pCAL-n vector(Stratagene)oll 5 3HAI#H pCKAPAE A #}s}
Stk pCKAPA vectorE HIAIZl E. coliv= Luria broth media(200ml Erlenmeyer
flasks)oll ¥ 3l 50mg?] ampicillin/mlS %7} 37°C 200rpmoll Al Age=0.67FA] vl <F
A7ttt o]E AAEEE0)(4,000xg, 15 min) P73t 1 mM IPTGE A g a}o]
28°C 200rpmol| Al 5AIIFHESE 71 wjFElgltl. ol & P42 8F4(4,000xg, 15min)
F+3F3L 50mM potassium phosphate buffer(pH 7.0, 50mM MgSO, and 0.4M NaCl)S
2 A i?— DA EE 3] Ice batholl %713 3022 53] sonicator® Al¥E 3}
A 9A12](10,000xg, 15min)Z FAAIZ] & 737 H(soluble fraction)?} F A&
(insoluble fraction)s #7158 Q3T Lane 29 total fraction®] lane 37}
lane 49 insoluble fraction®} soluble fraction® 2 ¥ o] EAs= AL <lsth
(Fig. 3-2-15).

AT AzxA TR FPE G4 B FaPgA(=AYd): At AEA AtKAPASQ
vector system= 743t solubilitys A7 A
F=2d o] Este= 10,0007 oA hits: ST 5 AeF 5151\‘9}:)@@&1?1]741

g TE}qa0.

AtKAPAS &4 AAAASH L HIT B4: AtKAPASE ¢F 51.3kDad] #=F
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Foz 469702 ofn=AtS Gm3ElE 1,410bp 7] AALE| S S (open  reading
frame)S X33t glom, Av] ol HYEe c-Eydk H9jo] aminotransferase
class 1 2 class I =HQ1S X3Helal 9lo] KAPAS 7|5 ©]9]9] aminotransferase 7]
= 7L F Uds FAEYE 7 dvk ®=3h A7) oAt A Y-S plasma
membrane spanning region®. ® FAE = =w|0lS EoEtal o] B g A7) plasma
membrane®]| Al 2H-8§-& Zlolg} FA4E 4 Q. whebs oS3k vk}l ol E coliE
o]-§3to] AtKAPASO] W& sxFA P= BAhE BASHE A lA
10% °lHZ &=5S AT 10% HE=9 solubilitys 7H BinE a&4oR
AAE7] 1A 12 kel 2 AU S o &3t &

A RAATE 6500001709 3tetEs W o R AEFGHMNAAE FF6Hd = N
o]t} wEkA] MBP fusion AtKAPAS vectorS ©]-83l] AFH S 2 solubilityS

SAATI = etk o5 Wee Aestd vaa gk

AAES T3

M 1 2 3 45 67

kDa

15—
100— . MBPek

75— W W caeas

SDS-PAGE analysis

50—
e =.E -

37— System : Hoefer minigel system
; - = Acrylamide gel : 8%, 1mm thickness
- il Electrical condition : 120V constant current, 1.5 hr
Staining : Coomassie Brilliant Blue staining
M : molecular weight standard Sample loading : 20ul
1 : control

2, 5 : total fraction, IPTG induduction
3, 6 : insoluble fraction, IPTG induduction
4, 7 : soluble fraction, IPTG induduction

Fig. 3-2-15. Electrophoresis of pCal-KAPAS.

U} S 2+ calmodulin affinity column chromatographyE ©]-83Fo] 8315t
Bio-rad HR system= AF83}20 3L column< 1.1 cm x 30 cm(Millipore, USA), resin<
Calmodulin affinity resin(Stratagene), bed volume< 10ml®] %3, binding buffer= CaCl,

binding buffer, elution bufferv~ 50 mM Tris-HCI(pH8.0), 10 mM B-mercaptoethanol, 2 mM
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EGTA, 150 mM NaClS A}-8-3}$1 ) Flow rate= 1ml/min S 2 20mlE loadingd} At} ~1
=& insoluble fraction(Fig. 3-2-17)°| A o} 5= & 2 =t

Z 3} soluble fraction(Fig. 3-2-16)=

. = [e}
o] resin®l] F-2HE S < 4= A AT}

Fractions

12345 6 7 89 1011121314‘\3‘\(}11 1819202

' R
010{700.

007

005§

0.023

-0.0000¢

500.0

-400.0

300.0

2000

—m\

—+0.0

2 3 45 6 7 8910

e <+—KAPAS

Lane 1 : Protein size marker
Lane 2 : soluble fraction
Lane 3 : insoluble fraction
Lane 4 ~ 6 : flowthrough
Lane 7 ~ 10 : Elution

SDS-PAGE analysis

100.0

——— T
00:00:00 00:30:00
AU Hr:Min:Sec

T T
01:00:00

mSfem

System : Hoefer minigel system

Acrylamide gel : 12%, 1mm thickness

Staining : Coomassie Brilliant Blue R250 staining
Sample loading : 20ul

Fig. 3-2-16. Calmodulin affinity resin-soluble fraction.

Fractions

135 7 9 11131517 192123 2527 29 31 33 35 37 39 41 4345 47 49 5153 55 57 59 61 6365 67 69
0400 LT EEEEEEEE LD R 5000

1-140.0% Buffer B

0.100 250

i)

1-400.0

£-300.0

1-200.0

-100.0

—_— 00

-100.0

T T T T
00:00:00 01:00:00
AU Hr:Min:Sec

T
02:00:00

mS/cm

kDa

75—

50 —

37—

25—

7 8

”' == «— KAPAS

Lane 1 : Protein size marker
Lane 2 : soluble fraction
Lane 3 ~ 4 : flow through
Lane 5 ~ 8 : Elution

SDS-PAGE analysis

System : Hoefer minigel system

Acrylamide gel : 12%, 1mm thickness

Staining : Coomassie Brilliant Blue R250 staining
Sample loading : 20ul

Fig. 3-2-17. Calmodulin affinity resin-insoluble fraction.

Construction of MBP fusion vector: Maltose binding protein(MBP) oligomer=A]
NK-Nde 1: 5-AGC ATA CAT ATG AAA ATC GAA GAA GGT AAA CTG GTA-3'%}
CK-EcoR I: 5'- ATA AGT GAA TTC AGT CTG CGC GTC TTT CAG GGC TT-3'E A| 2}3}

%1 3L, KAPAS (K) oligomerZ 4] NK-EcoR I: 5' - CAA AAA gAA TTC gAC gAC gAC gAC
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AAg ATg gCg gAT CAT TCg Tgg gAT AAA - 3'%} CK-Xho I: 5' - gTg CAC CTC gAg TTA
TAA TTT ggg AAA Tag AAA ggA - 3"S A 2}31o] PCR-E 53l pBluescript2- = subcloning
% sequencing, A $F& A EcoR 12} Xho 12 ©]-83}9] AtKAPAS c¢DNA2] full-lengthES
g1l o™, PCRE &3ko] AtKAPASS] EE 97N 4De =3t 33tk PCRS

E3lo] el 2ZHES MBP fusion vectoo] A A (Fig. 3-2-18) A UAI7 E.

o

coliz= Luria broth media(200ml Erlenmeyer flasks)ell 23l 37°C, 200rpm, 18 hrs &St A
Hj okt 3 o] 2 thA] 50mge] ampicillin/mlg #7Fske] 37°C, 200rpm, ODeoo = 0.67+4]
HjoFaliT). o] 2 LA E2]38He)(4,000xg, 15min) Hdtal ImM IPTGE ]2l 3}o]
37°C 200rpmol| Al 5A1ZFESE 71 wiekelgltl. o] & 6,800rpmoll A 1059 DAl
gato] AR NS AAsAY. I AE-S 50 mM Tris-HCL, 1 mM EDTA, pH 8.0 &9 ©
2 23] AlF gk 3 6000 rpm, 10 mins ¢t AAlEE] s ThAl 50 mM Tris-HCI, 0.2 M
NaCl-& o 2 & EFA F T} SonicatorZ A EE5 33 A] 71 %= 1,200 rpm, 30 mins<F 4]
wEste] A HAES W79 E5 5 th(Fig. 3-2-19). L Z 3} total fractionol] <=4
3} MBPek-KAPAS band”} lane 4,79 soluble fraction®. & & o] 53t= AL & 4=

AT} ojue] A A column chromatographyS E3lA #43} th(Fig. 3-2-20,

promoter
Lacl

3-2-21).

Enterokinase
cleavage site

KAPAS

Fig. 3-2-18. Construction of MBP fusion vector.
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M123 45 67

i

M : molecular weight standard

1 : control

2, 5 : total fraction, IPTG induction

3, 6 : insoluble fraction, IPTG induction
4,7 : soluble fraction, IPTG induction

150 =—>
100 =—>

-5 - <= MBPek -

KAPAS

5() — |

37 —>

F ¥
e

o

Fig. 3-2-19. Expression analysis of MBPek-KAPAS.

Fractions
1 357 9 111315171921232527293 133353 3% 1434 547495153555 7596163656 169717375
A280 200,\\I\IIHIHI\III\H\III\I\II\III\HllllH\H\III\HIIIIII\HHIIIHIIIIIH‘SOOO
~1-100.0% Buffer B o
1754 i
] -400.0
1.504 [
1.257 -300.0
1.00< 50,0 .
0.75+ -200.0
0.50 i
] -100.0
0.25- [
0.00-6:0—/ e 0.0
0257 i
. —— —————-100.0
00:00:00 00:30:00 01:00:00
AU Hr:Min:Sec mS/cm

Fig. 3-2-20. Column chromatography and electrophoresis of MBPek-KAPAS.

Column chromatography =712 U3 2kt},



System : Bio-rad HR system, Column : 1.1 cm X 30 cm (Millipore, USA), Resin :
MBP Excellose (Bioprogen, Korea), Bed volume : 10 ml, Binding buffer : PBS (pH
7.4), Elution buffer : PBS (pH 7.4) + 10 mM maltose, Flow rate : 1 ml/min, Sample
: 20 ml of soluble fraction MBPek-KAPAS 5©|lt}h A2 o2 MBP fusion vector
2 pCal-n vector® HFFo] = A3} KAPASS] &35 AA S A3 L(Fig.
3-2:21), WiEFo® FE3 AAZE o] 83lo] enzyme kineticsE  2HA 3F th(Fig.
3-2-22). °o]& ol&siH nEHEAFHMAAS FFLE & A HAL, F=ESAT
o = Wi BEE 10,00070E o hits FAEATE KAPAS] o
& aEFaHAMAATE F5HE7] AF-E BASFAM S ZpAa Aol sirh

& g 28 FALLE email 1§02 o}AAAE AkS AAEA dAA
X

Wttt b AE welFa A
kDa
<_
190 — MBPek-
KAPA!
50 —> S
15—

M : molecular weight standard

L : loading sample (10 times dilution)
1 : fraction 15 (flow through)

2 : fraction 25 (flow through)

3 ~ 8 : Elution fraction

Fig. 3-2-21. Column chromatography and electrophoresis of MBPek-KAPAS.
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y = 343.66x + 19.994, r>=0.9716

Reaction mixture

70 K,=7.14x10°M 20mM P-phosphate, pH 7.5
Vinay = 00288 4 mM alphaketoglutarat
60 phaketoglutarate
1 mM thiamin pyrophosphate
50 4 mM NAD*
12 mM MgCl,
Z 40 0.035 20 mM L-alanine
- v =0.0119Ln(x) - 0.009
— 0.030 r2=0.9733 100pM pyridoxal-5’- phosphate
0.025
30 > 0020 0.01 units d-ketoglutarate dehydrogenase
0015

0.010
0.005
0

Pimelyl CoA: 32.5 uM
KAPAS: Protein 3.04mg/mL

0 5 30

5 10 15 20 25
Pimelyl CoA (nM)

0 0.2 0.04 0.06 0.08 0.10 0.12 0.14
18]

Fig. 3-2-22. Enzyme Kkinetics of MBPek-KAPAS.

HTS system =21 & &
SAUHFEESY
G gtAo2 EF Ha

3 I H,
ot /OW
L1 oo A

H()—ll’—() (¢
JIE e EAa —_— o Pimeloyl CoA

(488 AN OZRY > a-KGDase

Q 80 RP8-07H
10,00000 2 CHESI&HS0ll CH & 9
sAHESY NE 5 i
J L Z a0}
KAPAS HTS 2+ 22,5000 28) > =
RPS-07H, RP$-08H &2 (25 uM) wr
0 +—+

0 5 10 15 20

Reaction time (min)

Fig. 3-2-23. HTS system for KAPAS inhibitors from Chemical Bank in KRICT.
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<Letters between Hwang and Andreas Reindl in BASF>

2003. 3. 31
2003.4.1

2003.4.3

2003.9. 12

2003.9. 12
2003.9. 18
2003.9. 28

2003.10.6

APWSS oral presentation. - Andreas Reindl

I would initiate communication to BASF research people on your subject. From
S.D. Song

If you or BASF have interest on my study, please keep in touch with me. We can
join together to develop new herbicide available for BASF interest.

I recently received information about your presentation on AtKAPAS from Mr.
Song. It seems interesting to me, so I would like to ask you for more details.
From Andreas Reindl, BASF Aktiengesellschaft Global Research Agricultural
Products.

I will ask some of my 11 questions. - Andreas Reindl

These are the answers on your questions. - Hwang

Thank you, I have received your message. I will contact you later, as soon as we
have discussed KAPAS. - Andreas Reindl

As promised I have discussed your target together with our experts. In total, we
are very interested about your work. So, I hereby write you some more questions

which are very important for us to know. - Andreas Reindl

2003. 10. 17 These are the answers on your questions. - Hwang

2003. 10. 28 Thank you again for your information. We are still very interested in testing app.

10 compounds for KAPAS. What would be the financial and legal
conditions for this? Please keep me informed, when you will be able to harvest
enough protein for testing. All other details can be discussed then. - Andreas

Reindl

2003. 10. 281 promise you that I will send information and discuss more detail when I can

2004.5. 17

harvest enough protein for the test. We can provide enough enzyme and

purified substrate for candidate 2. However, we are preparing patents for these
candidates. After patents application, I will send answers on your questions. I will
keep in touch with you and hope to work together.- Hwang

Thank you so much for you response and your offer to measure some compounds

free of charge. This is important to us since we can then get a feeling about the
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data you produce. This will be a much better foundation to afterwards discuss the
testing of more compounds. My question is, could you please determine the 1Cs
of 15 compounds we are currently preparing for testing. It would be extremely
difficult to select 10 of those, because we have no knowledge on selection criteria.
If you agree, we would send you in some time the compounds, together with our
standard material transfer agreement (which protects the compounds). I will
inform you as soon as we have finished synthesis. - Andreas Reindl

2004. 5. 22 Ifyou send 15 compounds and standard, we can test and check ICso with charge
free. Let me know what is difficult problem for your selection 10 among 15

compounds.

KAPAS A3 hit &2 Fd=348td 9 st 10,0007 sk, &
Eolo] g3k A EEo]4 g4 8] &2 (Biochemical Reagents) 107 2FA, A Z 4] <1 4]
55 oFAl, AgAl QA 173 kAl 55 A ® hitE 23 23} phthalimid Al (Fig.
3-2-24), phenylsulfamide 7 (Fig. 3-2-25), quinoneA|(Fig. 3-2-26)% =3}l o] & o
sk F = A A SHeHE A 100 9FA|l (K-series), 3473 315 17 9FA| (KO-series), $+/d 3+
& C 5 9FA| (EK-series)& #/d3F3I T} ol & 5 W31 %] 0.2 phthalimid Al 1202FA] & 4

HNA & ks Al =2 8 319 th(Fig. 3-2-27). 4] 8 phthalimid =] & 2] KAPAS# 8
A5 Bl aldk A 3K(Table 3-2-1) K-65, K-69, K-7301 4 7} 743F &A1 S Ho] L2438
o= gRlatveS st gk Ay hitsol A= ASH o2 FeAlE /st
A A AET o golth. 2AA PN Akd FRIFES dalAs 2gAES
gate] MArtsAd s AED Aot
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Phthalimide fungicides

Captafol 1C5)=56.2uM

(64%)

N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-ene-1,2-dicarboximide
Captan IC4,=54.1uM
(56%)
N-(trichloromethylthio)cyclohex-4-ene-1,2-dicarboximide
Folpet
(32%)

N-(trichloromethanesulfenyl)phthalimide

Fig. 3-2-24. ICs) and structures of KAPAS inhibitors among fungicides.
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Phenylsulfamide fungicides

Dichlofluanid

(69%) 1C4)=40.9uM

N-dichlorofluoromethylthio-N’,N -dimethyl-NV-phenylsulfamide

Tolylfluanid

(65%) 1C4,=47.1uM

N-dichlorofluoromethylthio-N’,N’'-dimethyl-N-p-tolylsulfamide

Fig. 3-2-25. ICso and structures of KAPAS inhibitors among fungicides.

Quinone fungicides

Dithianon

IC,,=11.1pM
(57%) 50 B

5,10-dihydro-5,10-dioxonaphtho[2,3-b]-1,4-dithi-in-2,3-dicarbonitrile

Fig. 3-2-26. ICs) and structures of KAPAS inhibitors among fungicides.
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K,CO,
H,N CN+ CcI—(CHyn-A ——— H,N CN
DMF
OH 0—(CHy)n-A
1 2 3
0 O K
3+ | o — | N CN
Acetic acid
0 0 0—(CHy)n-A

N= N=
4a: n=0, A=— :/> 4b: n=0, A= — :/>—c1 4c: n=0, A= @
N N

N= =N
4d: n=1, A= \ / 4e: n=1, A= —<\:/) 4f: n=1, A= \ N
N=
4g: n=1, A= —<\ :/>
N

Fig. 3-2-27. Synthesis of phthalimide derivatives for KAPAS inhibiting candidates.
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Table. 3-2-1. ICs of phtalimide derivatives to KAPAS activity.

Compound  ICy) (mM) Compound  ICs, (mM) Compound  ICy, (mM) Compound ICs, (mM)
K-1 0.42 K-31 - K-61 0.74 K-91 =
K-2 2.37 K-32 0.76 K-62 - K-92 -
K-3 131 K-33 0.86 K-63 0.58 K-93 =
K-4 - K-34 - K-64 - K-94 -
K-5 - K-35 1.01 K-65 0.13 K-95 -
K-6 - K-36 1.27 K-66 0.89 K-96 -
K-7 0.86 K-37 - K-67 0.44 K-97 -
K-8 - K-38 1.22 K-68 0.51 K-98 -
K-9 1.94 K-39 - K-69 0.36 K-99 1.25
K-10 0.59 K-40 - K-70 0.50 K-100 0.72
K-11 1.62 K-41 0.78 K-71 1.08 K-101 1.04
K-12 - K-42 - K-72 - K-102 1.16
K-13 1.69 K-43 0.76 K-73 0.30 K-103 0.50
K-14 1.24 K-44 - K-74 0.61 K-104 =
K-15 - K-45 - K-75 - K-105 0.85
K-16 1.24 K-46 0.97 K-76 - K-106 1.29
K-17 1.54 K-47 1.19 K-77 - K-107 0.71
K-18 2.87 K-48 0.92 K-78 - K-108 0.98
K-19 - K-49 - K-79 - K-109 0.70
K-20 1.47 K-50 1.85 K-80 - K-110 0.86
K-21 1.26 K-51 - K-81 - K-111 1.38
K-22 - K-52 - K-82 0.98 K-112 -
K-23 1.56 K-53 1.28 K-83 - K-113 -
K-24 1.29 K-54 2.03 K-84 1.05 K-114 -
K-25 0.67 K-55 - K-85 - K-115 0.49
K-26 - K-56 - K-86 - K-116 0.75
K-27 1.13 K-57 1.13 K-87 - K-117 -
K-28 - K-58 0.76 K-88 - K-118 -
K-29 0.97 K-59 1.47 K-89 - K-119 -
K-30 - K-60 0.67 K-90 - K-120 -
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A 33 Cinnamyl Alcohol Dehydrogenase(CAD) -7+

1. AE
Cinnamyl Alcohol Dehydrogenase(CAD, EC 1.1.1.195)% lignin A HAdo] 3o
= 342, AEAAA lignine phenolic polymers 2| 3|9 U= A XH S
o

S dte] AEAlE AAsHA sta, sl AFS &S Woldts Ves

off
-

7Ht wEbA lignine A=A7E XA A AANFE A dFE T
2e 8] ol Aol g WS FAAAET Wb A=A lignin A

Al
& A4 AA-E Adllete st ds AdsA HW AEY AL AlEH ] Bk, 4
Aol A Tom Qlato] AEo] aASHA k. 3, ligniné] FEWIE F
sto] A=e] FEMA, HAZE & =28 oA e AA] &g 2875 §
S A2t olt}. 53] antisense 7|2 C
A7) A& A 9] phenotypes &Q13gE vholl ofshi ofF Algh A )
AzAe] AgHom gAeqlar, ok 7bA] CAD A&7k BHal ¥ =
of At ZAHEHoEA] B3 BE AARAY 53E HETLS 28 At A
W7bsd o] uf§- =t} =, Cinnamyl Alcohol Dehydrogenase (CAD)+= A3 | W] o]
Ak, 15 B AT U142 7] & coniferaldehydeE coniferyl alcohol = %1
5&7\] 7]+ coniferyl alcohol dehydrogenase©]Utl. 7] &2 Al = p-coumaraldehyde,

1o
rlu

%
2
L)
o
N
)
N
=
s
i
=

w
N
—|—4 ==
i

coniferaldehyde, sinapaldehyde 5 lignins -/J 3= monomerE ©] T}. lignin 2] &-of ot

EA ek M o] T 2= cellulose= 75 ©] = L, hemicellulose= & ™©] & i1, lignin

o] Z1 Abo| Aol o] o] &g SR FHE O T matrix ZA] A B A& A A5 8% 9%

< $Uh(Fig. 3-3-1). whebA] g]rd o] WhE o] A A =tk Al 27} A H #] @47 o

37e ot FstAY FA 2 Aolth A& Aol A ligning A k= 7122 19 3-3-
s}

29} At} 12 de 5% nEFafdAAAE o] §ste] dasistd T IEE
8 2] 35,0007 3 | gt CAD A S FALEI T CADE AWHeS &
ato] ligning A= atx, g Bato] lignin® AHFS xHI|E

th WA FAHS E coliEHE AtCAD protein®] 7 wa o zRE AA| A
o] thF-ES AtKAPASE 913 AR FdstA vk a&oka A
Mitchell &< WHel F3te] shstEe] CAD AL S SAH3 = 3= &
gk Abgro]l skl oF 1,000t dES HAT & Atk o]FHA FrY

o] 96-well 14 kA A AE o-g3o] Bkt AT R HFEL Y
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atlth. 12h4 o= Aukgol visiA 7HE &b 2 dd 1071¢] shet

a1, o) =0l 3t in vivo testS =4 F EHA| T 0 2 35T

Hemicellulose

Fig. 3-3-1. Schematic representation of the lignified secondary wall.
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Phenylalanine

PAL l
Cinnamate
CGH l
4-Coumarate
4. 1 C3H and HCT CCoAOMT
p-Coumaroyl CoA == Caffeoyl CoA ===p Feruloyl CoA
urmaraldehyd Coniferaldehyde = _ VMO Gioaldehyde
pCo hyde coniferaldehyde
CADl CAD l CADl
SAD
OH OH OH
e 7 yZ
OMe OMe
OH OH OH
p-Gourmaryl alcohol Coniferyl alcohol Sinapyl alcohol

\
Transport to the cell wall

Oxidative polymerization: peroxidase and laccacase?
Lignin

Fig. 3-3-2. Lignin biosynthetic pathway in Angiosperms.
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2. As 2 W

7}, Antisense 7| o] &3 F8HFH 39

Arabidopsis thaliana®) A9: Arabidopsis thaliana(Colombia) <=3
Agk A &A= 22°C2]  growth chamber(16h-light/8h-dark)ol ] E%¥S ©& FE T
= 1241719 Murashige and Skoog(MS) Hl#|(Sigma, St. Louis, Mo., USA)°l 2%
(W/V) sucrose, pH 5.7, 0.8%(W/V) agars -£3|A]Z] Petri-dishollA] AASFA|Zth. £ E
ol Auje wiE 22°Ce] %ol 16843t WY FU|2 ZHEE growth
chambers oAl =83} 3t}

24

::1,

DNA® RNA 2% 2 £4: 254 DNA® Z2}~0|= DNAE o A7)
I, =8 g, WZE, ligation, polymerase chain reaction(PCR), agarose<}
polyacrylamide gels ©]-8&3 A7195, FAHAZ E coli R Agrobacterium®] A2t 2
%k, DNA gel blot +4](Southern, 1975) &< Sambrook et al.(1989)2] ¥ THHH S
okt WPA|A £33} th(Fig. 3-3-3, 3-3-4, 3-3-5). RNA gel blot(northern) #4]&
o3 2ol FAESYE 104ge] RNAE WAAI7]3L, 1.2% form aldehyde-agarose
gelsE o] &3lo] A7 E H53}o] nylon membranes(ICN, Costa Mesa, Calif., USA)
o 2EEUTh o= hybridizationA| 7] FEE A 4 DNA £ZEL Oh et
al.(1996)°] Rl Fsko] A=A

fo o

A BfCD
A,B: genomic DNA of At Col-WT

C,D: ¢cDNA of At Col-WT

1,631 bp & Genomic DNA for AfCADLP

Cj c¢DNA for AtCADLP

-

981 bp

Fig. 3-3-3. AtCADLP OREF isolation from cDNA through PCR amplification.

ne
rlo
i
rin
z
>
i

cDNA library construction: A. thaliana®] <O ZH-F
poly(A) RNAZ #2334t} 5ug2l poly(A) RNAS}H primer® Nod-(dT)185 Ab-8-3}o]
Time Saver cDNA synthesis kit(Pharmacia, Piscataway, N.J.,USA)SA 2% 14419
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cDNAE 4 Alzskaint

h pGEMT easy vector

q CAD like gene insert

Fig. 3-3-4. Subcloning of AtCADLP into T-easy vector & seq. request.

at ggca e 6556429.65580%3
6556501 aacagt got g aagot asagt gotgtgtgta acaggagect ccggttacat CQeCtCat gy /gens="ASgl M0
6556561 ct ogt caagt tectacttag cogtgact ac act gttaagg cctcegtoeg t gat cocagt . .
6556621 tcogtaccet ctettctcta tcacattcat ttgctttagg ottcatatac tattccaatt Inote=tynnym F7AA.190; cimeanyiobol
6556681 aagtctt ot tacttagtt taagatttgg gtttctactg ofasactctg totgcttoga Lovdveese, appletres
6656741 tectgattct attagtgeat cgaagoctac atcttaaasa ctoatacttt goeattogat PIRTIEOSsupported by full-lengh
6556801 accaattttg atcttaagaa caat ctasac acacaaacaa tgatcctttg atgitcttgt cDNA Ceres:6748."
6556861 ctetocttgt acacagot ga tccgaasaag acacaacact tagtttcact agaaggtgca TRNA
6556921 aaggasagac ttcacttgit casagcagac cttttggeac aagottcttt cgactctoet — -
6556981 attgatggtt gecatggagt tttccacact gettctecat tttttaatga tgccaaagec Join(6556:429. 556018 6556877. €557
6557041 ccacaggitt gottttttat tocctcasaa asttoctttt tattttgigy attgatttga 046.6557127.6557318,
6557101 tcttaactat gtatccacat ctccaggetg aacttattga toctgogotc aaguogacae 655746.65576086557718. 65579046
6557161 ttaacgittt gaattogtge gecasagect cttogottaa gaggottott gtaacctoct ssygl655ReR)
6557221 ccat goctgc cottggttac aat ggaasac cacgeacace tgat gttacc gt cgat gaaa Jaene="At5g1 90"
6557281 cttogttctc tgatcctgag ctttgegagg cctccaaggt otottttgaa tattgageca fnote="oroteinict AtSlOH0.1
6557341 tgattcattt cgattatttt gitgicatct actagcaact agtogtctta ttgtgotgta protenick ALIBHOL
6557401 atgttctctt casactasaa tgttatgett tottacttgy ctcagatgtg gratgttcta suppartedby cONA: 6743
6557461 tccaagactt togeggaaga tgcaget t gg aaact coct a aagagasagg cttagacatt /ranscript id="
6557521 grtactatta acccggetat gotgatcgot cctetectac agecaactct gaacacgagt /dbxref'Gl:18419916"
6557581 getgetgeta tattasactt aatcastggt aagageanaa cttttacttc tttcatgata
6557641 cttaggaccy gtttotcasa toctaget ag agasaccctt ttceacttgg tgtcttttat ——
6557701 ttatttcoga talgiaglg casagact tt cocasacttq aghttcogal guoitaargt JOMOSOH5.CSOIRESET.655
6557761 asaagacgt a gecast goge acat ccaage atttgagatc ccttcageta at gggogtta 46.6557127.6557318,
6557821 ttotttogtc gagegtgteg ttcaccactc cgagattott aacattctac gtgagettta 6557446.65576008,6557718.6559046
6557831 cccaaat ct ¢ ceact acctg asaggtansa cat geactaa atatattaca cegttattt s5pog1 6558125)
BE67941 tgtteatgie ctotgrcaat aacttttoee teatacgeay ool gl ggee Gageat COCt o arsolonyy
6558001 acgt gccaac gt at caagt g t ccaaggat a aaacgaggag ccttggeat a gact acat ac
6558061 oot t geaggt tageat casg gAACCOt oy agh et gpa ggeagaaggt ttcgoacagr oM St
6558121 tctga /protein id="

/db xref 2'GL:15239741"

Fig. 3-3-5. The nucleotide sequence of cinamyl-alcohol dehydrogenase-like protein

gene.
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FAHE E. coli2F-E AtCAD protein®] 2&: Primer® CADLP (5-AAG
GATCCATGGCAAACAGTGGTGAAGGTAAAGTG—3')94- CADLP(5'-CGAAGCTTTCAG
AACTGTGCGAAACCTTTTTCCTT-3"E A<t & BamHI$t HindlllE ©]-8-3}¢]
AtCAD cDNA®] full-lengthE Q13831 2.1, PCRE &3l AtCADS RE Q7MY
S F:=3} 3FT(Fig. 3-3-6, 3-3-7, 3-3-8). PCRS %3dlo] wEojx 45L&
pCAL-n vector (Stratagene)oll HEAIA pCCADE A 23} TE pCCDA vectors A<
AlZ1 E. coliv= Luria broth media(200 ml Erlenmeyer flasks)oll Y il 100pg<]
ampicillin/ml&  H7Fsko] 37°Coll A Ago=1.07H41 BlFAI AT o]& A &Eel st
(4,000xg, 15min) {33 ImM IPTGE ] alo] 2A)7Hset HA3 2o F7}
sl ol HAAlEElshe](4,000xg, 15min)  FFSFIL 50mM  potassium
phosphate buffer(pH 7.0, 50mM MgSOs and 0.4M NaCl)o.= A3t & A8}
of 20°Cell ByetHA AbEsSiT

Cloning of 4tCADLP into pCALnR vector for gene expression

1) Digestion of pCALn vector and 4tCADLP with various restriction enzymes
(BamH1-HindIII)

2) Elution of the digested pCAL vector and 4tCADLP

3) Gel extraction of digested pCAL vector and A¢CADLP using QiaexII

4) Ligation of pCALn vector and A?CADLP

5) Transformation into the E. Coli Top10 strain & confirm of transformants
6) Transformation into protein expression strain such as BL21-Gold (DE3)

] F A% E Em F # E & &4 W A F EH E 5 8 4

PCR primer set for expression study of AtCADLP

CAD-N:5'-AAG GAT CCA TGG CAA ACA GTG GTG AAG GTA AAG TG-3¢ (35 mer,BamH1)
CAD-C: 5'-CGA AGC TTT CAG AAC TGT GCG AAA CCT TTT TCC TT-3¢ (35mer, HindIII)

Fig. 3-3-6. Digestion of pCALn vector and AtCADLP with BamH1 and Hindlll.
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Fig. 3-3-7. Multiple alignment of AtCAD (I)
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[LIS = T

RELGTOYIPLYSIKETYESLKEKEFAOF
ESLGYEFYPLEVSIKETYESLRIKEFIRF
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oSLG14E, PAkoSLkET eSLktKef,

Fig. 3-3-8. Multiple alighment of AtCAD (II)
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Antisense AtCAD construct A2} Y Arabidopsis thaliana=9 FZ 3
AtCAD2] DNA full-lengths 7] $13F] KAPAF(5° GCAGATCTTCGCCCAAATC
ACAATTC 3°)2} KAPAR(5° GCAGATCTTTCACTGACAATATCAGAAACAA 3)E
A8 T PCRE B3to] w57 AkEo) BglllS 2 digestiondt ¥ pCSEN vector
of AdstlthFig. 9). ol=A Wt Fo = AHw pCSEN-K& 4H3 54
promotor SEN1<- cauliflower mosaic virus 35S promoter U] A}-&-3}o] &St} o]
5 Arabidopsis® 0| A7]7] 9138 Agrobacterium 28°Col A 0.8.1.02] ODgoo 7}4]
g & 25°C, 5,000rpmel A 10%% <t DA (Sorvall RC5C;  DuPont,
Wilmington, Del., USA)3}91 . Bacteria pellet=> Infiltration Medium(IM=1 MS salts, 1
Bs vitamin, 5% sucrose, 0.005% Silwet L-77)° AEAAH ZHFTH O E ODgodk 2.0-2.4
7HA Bl Fs Tt 47d 5 AFAI N7 S NE Agrobacterium A E ol F X A]
71 % vacuum chamberol YL 10'PacllA 108 F<¢F AFAZT. o] Ao
polyethylene foil2 24 hieQlt Ttk o]F AEFH oz AAAAT) TAE ANEs)
Sk ol FA HIAIZ]A] 22 wild-typeZ} antisense AtCAD7} EFHE =] @52

plasmid (pCSEN-K)®F oAl F-E& sUatA Avl] 2 F3F3iT.

LB.g | 358 Nos RB LB 35 Nos RB
T

Sense

L

Antisense

J

ra
¥ S 9

\

I',I ?1
||

{ T_I| -
) VS
+§‘T|!-

Phenotypic Characterization

Fig. 3-3- 9. Sense and anti-sense expression of target gene in Arabidopsis.
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Antisense AtCAD construct’} F2AAZH T, 7] N2 lethality &91:
of 71 the] FAE 0.1% BastaNol 308 HSK(Saito et al, 1992) HA| A7) i?
500071¢) HAAAEAE suMe bioting /I A7 A 4EA] kS MSHIA R
2433 agar plate(Petri-dish)oll ¥}£3}Ath 3H FE Ao Eujxo] FA}
5 IF3F3 ImM bioting EEeE §N¥ E A &2 §AS uld FHsHA
A vl &1 TH(Schneider et al., 1989). 5000712] FA} 25| basta 2]l <& Aty
A=A TolA AARAE At AAE R SAbEiT

2

u°1'

. AtCAD?] FA 2 54284 &3
JAHE E coli2FE] AtCAD protein®] AA|: FZA3 E colizF-F
AtCAD protein®] HZ wazxAdozRE AA|HAo tRES AtKAPASE 93
A9 FdsA stk F, -70°Cel Rl ACAD FAAT diFAE
ampicillin®] 100pg/ml ¥ ¥ LBHIA] platell streakdlo] 37°Coll A 24A]7F vl 3}

ul

?

AN

t}. Single colonyS F3}e] ampicillin®] 100pug/ml X 3+%¥ Luria-Bertani(LB) < A 8}l %

&7 OD.o #k°] 1.00] = wj7hbx] 37°Cel A 250rpm o2 w8k wj ksl ),
AtCAD®] g+t AlZ W dizrdde F=dtr] fiste], A7 Aol IPTGE AT
& ImMo] HES G $oll 37°Col A 2413 ¥ wigekith. AtCADS] oH

5+ SDS-PAGE electrophoresise  &3to]  &213}SIth(Fig. 3-3-10). HjFsH
transgenic E. colis YA2](4,000xg, 15 min)d}o] F3#3Fal 30ml CaCl, binding
buffer(50mM Tris-HCI, pH 8.0, 150mM NaCl, 10mM [-mercaptoethanol, 1.0mM
magnesium acetate, 1.0mM imidazole, 2mM CaClL)°ll pellet=> HEF AJFTh o 7]
lysozyme(200pg/ml)S H7FAI7] 2L 158 &< wHk 3T} o] & Ice bathdl] 73l
30%4 53] sonicator= A|XEZE IYAZTE YAEE](10000xg, 15min)= F A1
L A NS calmodulin affinity resin®] SZ1 ¥ columeS = & 7]3l 4°C, 8AIZHE<h
M3 EEo]59ltl. CaCl, binding buffer(50ml)E & FH A calmodulin affinity
resinol] -2 E A 42 Ve @M ASI AAVIE BT HolFn. iAo R
calmodulin affinity resin®] -2r¥ # A= elution buffer? sl A7|dsoz &

Asta BABHS P

i
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M.W

103

92 |l
52
—_—
35 ..
28
21 e
M NI

10% SDS-PAGE
M: marker

NI: no induction

I: Induction with ImM IPTG for 3 h

<€ AtCADLP band

1

Fig. 3-3-10. SDS-PAGE for the confirm of AtCADLP expression in BL21.

HA HAZA H: IPTG A A 7to] w2 AtCADY 28-S Aa# o

9.

iy

A}

A

9 thFig. 3-3-11, 3-3-12).

IPTG 2 hrs

Culture at 37°C and
28°C

Cell culture with

Amp in LB broth

Keep in glycerol under
-80°C deep freezer

= 0O

Centrifuge,
Lysozyme &
Sonication,
Centrifuge

2 @2 Fo] grEAT. ©]E5S calmodulin affinity columns ©]-83}¢]
J &

o
4% A3 AICADE A& 718 S84 wude] AEetA AAHE 2

29

=
Fol R a1, 53] AtKAPASOA 9} #o] membrane bound® .2 EAJSFA] il

A/CAD

| e S N |
M W P S

M : marker, W : whole, P : pellet,

S : supernatant

Fig. 3-3-11. Purification of cinnamylalcohol dehydrogenase from transgenic E. coli.
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MLW. M: marker

1: CaC(l, binding buffer
205 2: Final fraction
. 3: Fraction #1
1;(75 — 4: Fraction #2
84 = 5: Fraction #3
66 % 6: Fraction #4
55 = 7: Fraction #5
i - 8: Fraction #6
9: Fraction #7
36 - ke b b deaba i b d b 10: Fraction #8
11: Fraction #9
29 a 12: Fraction #10
- 13: Before separation

M1 2 345 6 7 8 910 11 12 13
Fraction No

Fig. 3-3-12. Separation of cinnamylalcohol dehydrogenase from transgenic E. coli.

524084 SAYE g9: Y & ]
+ CAD Halo|=2AUAY 7S zra A=Al Felatr] flete] zeaE ¢
(coniferyl alcohol)s 7]HA = AR&sle] a4 =S FASIL, ks
zv3 =A #A3sE7] 98Fe] conmiferyl aldehydeE 7] H =2 ALEsle a4 &
SAsAT 7] wHEel g4 FAHLEE 37CE 2EF = Microplate reader
(Bio-rad Benchmak )& A}&3Fc] 405nmollA] WA (HJ. mitchell et al. Planta,
208:31-47, 1999)%5-2] Wl o&] FAsAT}. axe Furs &4 SH4S A% 0
2ol 200mloll = 100mM Tris-HCI(pH 9.3), 100mM NADP', AA¥ wa 2.34g0]
Fejo] 9lal, @40 oqwkg &4 A4S 9% ¥H&9 200mlol= 100mM NADP'
A8kl 100mM NADPH7} E3tH %2 slgla 1 99 7S Auksap )
= A F%H coniferyl aldehydeE 2} Wh-g-

14
SYSRA BATY FHS A% WETORE 37 348 @
4

L)
it
vy
E:
N

M Z o] dHlo] 9 ¥l ATFA ] HAF

pul

-

off S
TR S

N

o
H

ke
juis)

T

BARR AW HHER WA A B 2AYEE SAY 7 A= A4S
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H

%3 & CADYl dElA = 96-wells AMEal aldoka AAAAR H3A 7
Zyg 140k 7M"xﬂxﬂ(HTS)E ggeto] st dT Y SFE2 oA BAo)
I Qe 45,0000 BEHE, A EEo|d FaANAl 10070, Al QA 2 ) Ekgt
& 2007l, phthalimide”] ﬁ}f}% 12071 & °F 46,0009 3}3 =S 100mM SE= A
goto] a4 AAAES A E3 At TASEES dYe®E 40mM
2 A F 80% ol AAstE B vsiAE s=IFdAPS F8H ICswk
= Akl

-U—U

H

ol

HITZYE 25 %A §A4: Benzoic acid 3-[2-(3,5-dichloro-phenyl)-1,3,3,3-
tetrafluoropropenyloxy]-phenylester(K0-200978) = 3-[2-(3,5-Dichloro-phenyl)-1,3,3,3-tetra
fluoropropenyloxylphenol =45 At th AW S HeEFsiAl desid oh&
¥ Ao dxE 87)d ZAAE FHAIZIHA resorcinol  monobenzoate(2.14g
0.0lmol)Z Z7}3taL oAl EYEY(CH;CN 10ml)3} Bl Eg}s] =2 FZ(THF 10ml)<

g7 TS EAHE(K.COs 1.38g 0.0lmol)S H7betal 22-UZF 0 2-1-E
ZFogW A3 5t F 2 2 EA(3.32g 0.012mol)S 7FEFaL A2 643t
HEAl A 3EHE K0-200978 3.91gS AATHFE 83%). 'H NMR 6§ (300MHz,
CDCly) : 8.20~6.96(m, 12H), MS : 471(12), 257(23), 105(100), 77(38). ©]°A]
K0-200978 3}3tE(471mg Immol)S WEHE(10ml)o] 5o]il FAF3L}EH(NaOH
80mg 2mmol)S F7}ete] A2eA 2412wk - KO-200977 3HEE 283mgS
ATHETE 77%). H NMR § (300MHz, CDCls) : 7.45~6.64(m, 8H), 5.48(bs, 1H), MS :
367(22), 159(21), 110(100), 93(37) 53 KR 0285539, page 12, A=A, 474 3t
IQR2-UEFLE-I-EYEFLEMZ35 -1 F 2 Q2 2EHal)o] 43} o] A& A
e 17700l gk 7725 11 3-3-13¢0 YEh Tk

2l
3l
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KO-200975 CHy
CuH1FsNO2 HO\N/
395.40062

KO-200979 @\ﬁ F
CoHuFO O 0./ O
L 444.47358 F CH,

KO-200976 KO-200980
C:1HoF:O2 CioHisF:sO2
380.38595 35434771
KO-200977
CisHsCLF4O2 KO-200981
367.12941 CsH2F4O3
458.45704

KO-200978 F
CzHQF:«O3 2 KO-200982
471.23874 O O CsHisF204

o F
39639431
a
KO-200983 ¥ KO-200988
C2HisCIF402 \@0 = a C2HiCIF:Os
422.81025 F 43679371
F
KO-200984 ©\ﬂ _ KO-200989
C2H14CLF1O2 \©/O b C2HisF103
457.25528 430.40286
a
KO-200985 f KO-20090
CisHoCIF+O2 Hﬂ\©/0 = Qa CsHzFOx
332.68438 F 406.45806
F
KO-200986 @\/0 =
CHoF4O2 \©/0 F
416.4194
CH3
F n,
KO-200987 H Z 3 KO-200993 N P
CrHuFsO2 O\©/O F CHsFaNsOu 07 e F F
326.29353 on, 599.63111  cw, b

Fig. 3-3-13. Compounds synthesized derivatives for CAD inhibiting herbicide candidate.

_95_



=

3. A% % uF
7h. A5t Z8" CAD F4: AtCADo| tig DNA 42} c¢DNA library
construction A2}, FA A3 E coliZF-E| AtCAD protein®] &, Antisense AtCAD
construct A2 R Arabidopsis thaliana=°] 3273k, Antisense AtCAD construct”}
FAAGE T) o714 lethality 291 & S3te] CADZF 23+ A3 A5
AA = Qlate] ABAstA] Hstal aAMES ko] At AlRA AR o mA
Coniferyl alcohol dehydrogenase (CAD)E =313t} =, CADE ¢ 3tal+ 243

AEAE ot =D a LY S FA5 A THFig. 3-3-14).

Nos

poly A RB

AtCADLP

Rescue with ? Confirm of lethal-like phenotype Down-regulation

Transformation

Fig, 3-3-14. Confirm of phenotypic characterization for transgenic plant.

Lignin® A%Ae] 71714 A8 Bashs Jrons, dgstgon ¥
gl goldE o 5 ARolth Lignn® 3 WAFe] AUW 240 g
gede AMow Jsonn 4B A8 ALL FolFE 482 2u 9
7)% Stk Lignine] el gl A7l e 4@ wiel, BE AZA L Azt
o} BEelt EAA B lignn AFAY o] BEAew EAsa . ol

=L
ot
it
()
o,

|
g lignin®] A LS LA™ HAHS A AYHA H=dH, dA
L-phenylalanine®| phenylalanine ammonia-lyase, ferulate 5-hydroxylase, hydroxycinnamate
CoA-ligase 2] EAE] 2J3lA], coumaric acid, ferulic acid 2 sinapic acidS 43}

© Zgolt}. o] o] HFZ phenylpropanoid pathwaylH] o= AW Ql 7 2= A
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lignin A3l Seol&Ql A== ol 47| 4] cinnamoyl CoA reductase(CCR)
o 934 cinnamaldehydes, < coniferaldehyde, coumaldehyde, sinapaldehyde® %+¢1%]

31, 71 cinnamaldehyde”} cinnamyl alcohol dehydrogenase(CAD)®ll 29]&|A Ei-g] 191

>
°
g
o
o
l

4 =, =, coniferyl alcohol, p-coumaryl alcohol % sinapyl alcoholZ Z3+E|+=

otk o] A2 glod Aol SolAd Adreolth 9 Aud 4= HF
© =2 peroxidase, laccase’s ol 23A] lignino = A E A Hr} Lignine] A 3}

of ojglst7] wjFell, 91 lignin BAFE FolA A=l wolsta = Aud &=
Grast G40 7)so] AsEA HWE gad Aol AsE rhsdel Uk o
= gade A=A oA BETHoRE I FaAol A7 Wil 2lad AP

g AAR olold 5 A& AAEHE Alolt,

=

2

o

X

ol
]
A
)
1>
il
1o,
ox

N

i

Y. €3 AtCADS] a4 EAFE4A 2 HTS system T%: CADE o3}
b= FrAAt 34 M3 g g S =5 E CADE A AelY] flete] HA 2108 gy
shal, AtCAD ©ldo]l g4 =5 30°CE2 245+ Benchmark™ Microplate
Reader(BMS)$} 96-wellS ©]-&3to] 43Sl th(Fig. 3-3-16). A€ ool g
= Aukg 712 100mM coniferyl alchol B 9WES 7] 100mM coniferyl
aldehyde®l Tt Michaelis-Menten kinetics®l] 2 &3}l om, 714 ZF Fx W3l w
B MSEEE 543}, o]F 94 L3HE(Lineweaver-Burk's plot)= UERH A3} A
WS90 Kot 2 Vawdtel ZHzZE 3.7x10°M ' 0.102(Fig. 3-3-16), Swk$-& zhz}
1,98x10°M % 0.238,2.% EFTHFig. 3-3-17). ©|#8l3 A= 4iCAD F-HARFRE

I‘ﬂ_ A

B 2EEE gwdo]l Auks 71A 100mM  coniferyl alchol Fi 9

)

[o5

< 714
100mM coniferyl aldehyde®l] w3t 7|2 5o]AS Zt& cinnamylalcohol dehydrogenase
S e Lineweaver- Burk's plotS ©]-8-3F enzyme kinetics 29 2 3} 4] 1}
% AAHHE 4 A3 lignins FA S AW coniferyl aldehyde 2 5-F
coniferyl alcohol® R 3}5 =H] #st= a9 7| dof gist X8t % K, value7} sk
of gk 4,68 557 YER A el A o] kg S Edska vk =, 9%3Fe] CAD

DAL A Wl M o] 2 zFgolgk= Ao e 5= AT

o
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Coniferyl alcohol Coniferyl aldehyde

e ¢

e — e
H e
] i T
i ' "j‘:[ rl HH }

P g I'°\..,. “:' T L ] y
rﬁhiﬂ\u_ﬂ_[:_u_ﬁ;:?r ! ]- o L_"T 1]
"}_Lm [ T = e ¥ ; e a0 ,I;- a % i--ln-...-"-" |
-:-I 4 oH S —
" i iaH [Tla T“'
TR l.'l":‘ g}
oM

e L L

Fig. 3-3-15. Reaction mechanism and 96-well after reaction.

120 y = 0.9384x + 3.8531, r2= 0.9979

K, =1.98x10~M
100

80

Z 60
]

V (Abs/min)

¥ = -0.4548x2+0.6451x + 0.0088
r’=0.9955

40

20

e e
L L J
7 50 100 15
1[s] 0

Fig. 3-3-16. CAD Kinetics in coniferyl alcohol to aldehyde.
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40 —

y=10.5041x + 6.0987, r>=0.9736
K,=3.7x10°M
30
>
— 20 y=0.85x +0.0155
~ og0f 09972
E o008
€ 006[
10 > 0.04
0.02 [
/ 09 0.05 0.1 0.15
[S] (mM)
- [l [l [l
0 20 40 60
1/]s]

Fig. 3-3-17. CAD Kinetics in coniferyl aldehyde to alcohol.

o} AtCAD A#A] T WA 19 3-3-1800 = A 554 G048 gstEA
(1207 =55 &A% hite] 7-%E YEFSITE Nordihydroguaiaretic acid (MW 302.4,
ICsp 0.18 mM), Agaricic acid (MW 416.56, ICso 0.25 mM), Kojic acid (MW 142.11, ICsp 1.21
mM), Traumatic acid(MW 228.29, ICsy 2.34 mM), N-Ethyl maleimide (MW 125.13, ICsy 3.30
mM), Sebaic acid (MW 202.25, ICso 6.38 mM), Citric acid (MW 192.13, I1Csp 7.9 mM),
o-Chlorocinnamic acid (MW 182.61, 1Csp 9.81 mM), Itaconic acid (MW 130.1, 1Csy 9.87
mM), Oxalic acid (MW 90.04, ICsp 9.97 mM) -5 ©] XA Th(Fig. 3-3-18). ©] =& ¢} 4] 7}#] CAD
S} v FAdo] Bal s 3lA| &7 wiZol A9 CAD A&l Al 24 2] 7] 55 23] 8
g o, B} 3 CAD Aol A=A S FAst=d 83 ARE AlgstA 2 A

oty 3t f- A & 4 3l=Hl lead compound 24| o] &3HA] & Fo|t}. o] oA in vitro
A A} in vivo A A E vl 4 317] 9184 Arabidopsis thalianas ©]-83Fo] W
of & 27| A5 Ushhit 3}HEE2 =SS A A ZH(Fig. 3-3-19) in vitro©ll 4|

hit= A9 e 8} gHE 5ol A] Ttaconic acid®} Nordihydroguaiaretic acid - in vivo©ll 4|
= 558 A dA S vEtlio] CAD As) AlxAe] A 7HsAdS =4 & FA
(Table 3-3-1).
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HO H;C CH;

o COOH

CH CH
HOOCJ%/( 215CH3

i . COOH
Nordihydroguaiaretic acid Agaricic acid
MW 302.4 MW 416.56
1C5, 0.18 mM 1Cy, 0.25 mM
COOH CHy
N G
HOOC \ ’/
Traumatic acid N
MW 228.29 o o
ICy 2.34 mM COOH S
= N-Ethylmaleimide
COOH MW 125.13
1Cy, 3.30 mM
HO—C—COOH cH
2
COOH COOH
OH HOOC
Citric acid o0-Chlorocinnamic acid I . d
MW 192.13 MW 182.61 ‘;Ic“)’;"lgzcl‘
1C,, 7.9 mM 1C5, 9.81 mM 1Ce 9.87 mM
50 7

© H
-

Kojic acid
MW 142.11
1C4, 1.21 mM

NN TN
HOOC COOH

Sebaic acid
MW 202.25
1C4, 6.38 mM

HOOC—COOH

Oxalic acid
MW 90.04
1C5) 9.97 mM

Fig. 3-3-18. Valuable leads from 120 plant specific enzyme inhibitors tested

for developing CAD inhibiting herbicide.
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Fig. 3-3-19. In vivo test with Arabidopsis thaliana.
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Table 3-3-1. HIT compound selected from in vivo Arabidopsis germination test

In vitro HIT compound In vivo
50pM  16uM  5uM 0
I50(9.87uM) Itaconic acid k. _};‘_T..__. ;T # 7

S50pM  16pUM  5uM 0
L

I5o(0.175pM) Nordihydroguaiaretic acid || , 4 AT [;.

9 tH(Table 3-3-2).
12 FEEE] o FHEA A=A olEe] A
(e}

% =
Ao E=7F oA &go] HE Fuid Zol7] wiEelth o5 TolA Wi
2

m &
o
il
ofN
=
>
~J
S
X
o
o
12
2
ol
ol
X
i
AP
™
ol
ol
rlr
s
i)
o
o
i)

Table 3-3-2. Hit compounds for coniferyl alcohol dehydrogenase inhibitors

among chemicals of CB in KRICT

Code No. IC,, (UM)
A0279-E09 6.7
A0358-B10 6.9
A0358-Bl11 7.9
A0226-H08 9.9
A0092-H09 19.0
EX0014-A12 233
EX0013-D12 237
CB0075-G09 27.3
A0313-F08 31.0
NCBO013-El11 51.0

* Tested compounds : 65,000ea
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Fig. 3-3-20. Valuable leads from 45,000 chemicals in KRICT Chemical Bank tested

for developing CAD inhibiting herbicide.
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A 44 FRIPE EFZ4HE 2 EZAND)

1. A8

7h AYEA 2R 24A4F
NBEA: olojz Mursl Aujgda E2S KAPAS & CADE tj¥o® &
gx ArE s, dF YA EFANE a4 A FAH S Ho]

Mo

A} oleld AW ANE wwow LANWE Ed o5 IFEY Az B
o

2
o
!
et
[
o,
o
1o
.
2
tT
R
2
ol
%
vl

“
of\

H
48 ZehaE A EREQESOem)Ol Hob dEE wE s A¥E gxE
Kok
=

Skal(Table 3-4-1), w7l A For HES] 24 FoAth 24 A 3=

o,
off

3lod(8kg ai ha') acetone Y=+ dimethyl sulfoxide(DMSO) 52 &ufo] <l thg H
ol AUBAA(Tween-207t H7Hel SH-2 34ste] XE T M4mlE T
Ao, f7] &l HE FE+ acetone 60%, DMSO+ 1%7F U4 F=

stoinh. ojm Eobd A 2(Pre-treatment)= I F 1, ol - A A
(Post-treatment) = I}& 14 Fo ZAE FAIE A FAE A AE
< 2AoA 257 7% v o)=Y AR a3E dH B® A aF 279
olato] @yt ZAEA tH(Table 3-4-2). WAl &3/ A3 e ko o, 943

WA 10022 ste] 1lewo® Zzte] Ax &4 A=E Hrisk=d, 70 o
of &S v 2 Aol tig Ax &adrh vkar 18 ti(Table 3-4-3).

Ax 2 3z AP - Ui Ax 24 "F Ay, B AP dA
]

oFA o] ATH
(Table 3-4-4). T3 Az FAde] Ade AHIA EA Fad T4 93
(Stunting), 3LAH(Desiccation), 2 (Chlorosis), @ Z+= 2-4J((Nastic response or altered
leaf and stem structure), -5 = 3}(Darker green leaves), ™} 3}(Bleaching) ‘5 ©] %! tH(Photo

3-4-1).
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Table 3-4-1. Test plants used

in herbicide screening

Abbrebiation Scientific name Korean name English name
SORBI Sorghum bicolor T Common sorghum
ECHCG Echinochloa cruss-galli 3 Barnyardgrass
AGRSM Agropyron smithii 7 Cheatgrass
DIGSA Digitaria sanguinalis u}2j o] Large crabgrass
PANDI Panicum dichotomiflorum R Fall panicum
SOLNI Solanum indica 7hap= Black nightshade
AESIN Aeschynomene indica 24 #E Indian jointvech
ABUTH Abutilon avicennae o} A7 Velvetleaf
XANSI Xanthium strumarium RSy /TAs] =1 Cocklebur
CAGHE Calystegia japonica LIS Bindweed

Table 3-4-2. Life table parameters

Rating Description

percent of main Crop description Weed description

control categories
0 No effect [No crop reduction or injury No weed control
10 Slight effect |Slight discoloration or stunting Very poor weed control
20 SStc;rél; 1((1)1Sssczoloreu10n stunting or poor weed control
30 Crop injury more pronounced but Poor to deficient weed

not lasting
40 Moderated |Moderate injury, crop usually Deficient weed
effect recovers
50 Crop inj more lasting, recove Deficient to moderate
P mjury & ™Y |weed control
60 Lasting crop injury no recovery |Moderate weed control
. Control somewhat less
70 Serve effect |Heavy injury and stand loss than satisfactory
80 Crop nearly destroyed a few Satisfactory to ood weed
survivors control
. . Very good to excellent
90 Only occasional live plants left conirol
Complete . Complete weed
100 offect Complete crop destruction destruction
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Table 3-4-3. Description of footnotes

Necrosis or necrotic spots

Stunting

Desiccation

Axillary growth stimulation or tillering
Nastic response + altered leaf/stem structure
Growth stimulation

Defoliation

Chlorosis or abnormal color of plant

: Negative root geotropism

Bleaching (Lack of pigmentation)

Darker green leaves

Abnormal root growth

Other unique symptoms

No valid data ; This will be used for any instance where the data are
question.

XCRTZZ-IOWMUAO®D >

o] Ag&A] EZ FolA bromuconazole2 A 2] &I HF HFUHeoer E
4 A gyt 58y, s, T2 &4, 53 5 udet 9384
YeRJ 3L 9tk DNOCe] Ag-de= EY 2 A AgldA 7vts

&S 4 dAES th(Photo

3-4-2). Pentachlorophenol> E%F 2 S AgolA Fx HAl a7t -3t on,

53] A4 AgolAe MEE At BE 2FS& &3 WASSATE Flubenzimine

< EY Ay 5a¥e /ol A AdelAw A Ax A4S dEhde, 53] 5

T A =TS & WAATZIL AJTE EFF naptalamS EG AP ZIHE B

A o Z%E vz ddd. a8y 44

Aol A= shEate] gk WA ¥ glar Fd 2Tl disiArt BA g3E
et Adedol tigk o] dad Aow AU,

A2]gd 24 FolA 53] dichlone®} fentin-acetate™= in vitro Aol 4] PAPASO]

3k As &4 Axr Zh2E 83% 2 81%©] At} Dichloned #3302 213 Waj=

W] QF HEAG B4 AFAR AEHE, FE714S SH BAE ANFOR
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A A 23S el s Aoz ddx 9t} T3 fentin-acetate

5= Alekez ATP ZA oy nEZ = ol A o] Q1tst 317 ol A

=P

A E A
=

gom A Ay AL UYehge Aoz Az . oEe i 24419 A}
= R ook RE B Ay gy g 49 Ay a3 9=, fentin-acetate
= ES AYE RE 2F Oist WA Gy A SFEgon, B3 5%
o] B #Fxx= obd WA Ak 12} dichloneS A|Zx &4 Aw7F tha
oF3l # o] ATk
Table 3-4-4. Herbicidal efficacy of biochemical reagents
Chemical (5;;;) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
2Phenyl | o [Pre| 0 0 0 0 0 0 0 0 0 0
phenol Post| 30C | 50BC| 0 |60BC| 0 0 10 0 0 0
8-Hydroxy Pre | 0 0 0 0 0 0 0 0 0 0
inoli 8
L lfate Post| 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Aldimorph |8 5 0 0 0 0 0 0 0 0 0
nilagine | 8 Ll O 0 0 0 0 0 0 0 0 0
azme Post | S0BCI| 50BC | 0 | 50BC | 10 0 |70BC| o0 0 0
raconumole] g LBl O 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Benalacel | g |PE]0 0 0 |60BN| 30B | 0 0 0 0 0
Y Post| 50BC | 60BC | 0 | 70BC | 20 0 |70BC| 40C | o 30
T A Y 0 0 |30BN| 0 0 | 20N | o0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Benomel | g L]0 0 0 0 0 0 0 0 0 0
enomy Post| 0 0 0 0 0 0 0 0 0 0
Binaracrel | g PO 0 0 0 0 0 0 0 0 0
pacry Post | 70BC | 60BC | 30 | 70BC | 50BC | 100 | 95 | 100 | 100 | 100
S 0 0 0 0 0 0 0 0 0
peny Post| 0 0 0 0 0 0 0 0 0 0
Bromucona | ¢ | Pre [ 80BP [ 100 [ 0 [ 100 [ 90B | 100 [80BP [95BP| 10 | 100
zole Post | S0BC | 70BC | 40B | 80 | 40BC | 50BC | 60BE | 50BP | 60BP | 100
Busirimate | 8 1P 0 0 0 0 0 0 0 0 0 0
P Post| 30BC | 30 | 20 |70BC| 0 10 | 30C | 0 0 0
IBuyla | o |Pre| 0 0 0 0 0 0 0 0 0 0
mine Post| 0 0 0 0 0 0 0 0 0 0
Pre | 0 0 0 0 0 0 0 0 0 0
Captafol |8 5 T 10 0 0 0 | 10 | 10 0 0 0 0
Carbenda | o |Pre| 0 0 0 0 0 0 0 0 0 0
zim Post| 0 0 0 0 0 0 0 0 0 0
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Continued 1

Chemical (f;;;) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Chinomethio 3 Pre 0 0 0 0 0 0 0 0 0 0
nate Post | 30BC | 40BC | 0 | 60BC| 20 | S0BC| 20 | 30 0 0
Pre | 0 0 0 0 0 0 0 0 0 0

Chloroneb |8 15 | o 0 0 0 0 0 0 0 0 0
Climbasole | & |0 0 0 | 50B |40BP| 0 | 100 |30BP| 0 0
Post | 40BC | SOBC | 0 | 60BC | 40BC | 70BC | 40BI | 50BC | 40BP | 40BC

Cyprodinit | § | PO 0 0 0 0 0 0 0 0 0
Post| 90C | 70BC | 10B | 90C | 80C | 30 | 30 | 20 | 10 | 40C

S A S 0 0 0 0 0 0 0 0 0
Post| 10 | 0 0 10 0 0 0 0 0 0

Diclone | g Pl 0 0 0 0 0 0 0 0 0 0
Post| 40CI | 50CI | 0 | 50BC | 40BC | 40BC | 60BC | 20 | 10 | 40C

Dichloro 8 Pre 0 0 0 0 0 0 0 0 0 0
phen Post| 30CI | 40BC| 0 |60BC| 20 | 10 | 60BI | 0 | 80B | 40BC
Diclobutra | o | Pre | 40BP [ 80BP | 0 [ 95 [80BP | 100 | 80BP | 70BP | 100 | 80BP
zol Post| 20 | 30B | 0 | 40BP | 10P | SOBP | 30BP | 30BP | 40EP | 20P
Dicloran | g Pl 0 0 0 | 20B | 40B | 60B | 0 0 0 0
Post| 40CI | 30 | 0 |40BC |40BC| 95 | 20 |40BC| 20 | 20

Dicthofen | ¢ | Pre | 0 0 0 0 0 0 0 0 0 0
carb Post| 0 0 0 0 0 0 0 0 0 0
Difenocona 8 Pre 0 0 0 0 0 0 0 0 0 0
zole Post| 10 | 20 | 0 |30BP| 20 | 30 | 30P | 40BP | 0 0
Dinicona | ¢ | Pre [40BP [ 100 [ 20 | 100 | 90 [80BP [ 70BP | 70BP | 40BP | 0
zole Post| 20 | 30BP | 10 | 60BP | 10 | SOBP | 40BP | 40BP | 60BP | 30
T B S 0 0 0 | 70B | 10 | 0 0 | 70B | 0
Post| 80C | 60BC | 20 | 80C | 95 | 100 | 60BC | 30 | 100 | 100

Dinocap | 8 || O 0 0 0 0 | 100 | 0 0 0 0
Post | SOBC | 40BC | 30BC | 50BC | 40BC | 100 | 70C | 80 | 100 | 100

Diphenyl | ¢ |Pre| 0 0 0 0 0 0 0 0 0 0
amine Post| 90BC | 40B | 0 |70BC| 20 | 90 |30BC| 30 | 20 | 40BI
Ditalimfos | g Pl 0 0 0 0 0 0 0 0 0 0
Post | 50BI | 40BC | 20 | S0BC | 40BC | 40BC | 20 | 30 | 100 | 100

- Pre| 0 0 0 0 0 0 0 0 0 0
Dithianon | 8 1 T 0 0 0 0 0 0 0 0 0 0
DNOC o [Pre| 0 [20 [0 [9o5 [100 [ 100 [ 100 ["100 [ 100 | 100
Post| 90C | 95C | 50C | 100 | 100 | 100 | 100 | 100 | 100 | 100

Pre | 0 0 0 0 0 0 0 0 0 0

Dodemorph | = 8 17 " 30cr | 30 0 |60BC| 30 | 20 | 20 0 30 | 10
bodine | g Pl 0 0 0 0 0 0 0 0 0 0
Post| 40C | 30 | 0 |60BC|S50BC| 95 |60BC| 30 |40BC| 0
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Continued 2

Chemical (E;I;) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Drazosolon | 8 1P 0 0 0 0 0 0 0 0 0 0
Post| © 0 0 0 0 0 0 0 0 0
Evoxi Pre | 95BI | 95BI | 40BP | 100 | 95BI | 95 | 90BC | 90BP | 60BC | 100
poxicona 8
zole Post| 20P | 30BP| O |40BP |20BP | 20 | 30BP | 30BE | 40BE | 20
Etaconazole | g |Pre| SOBP | 9SBP | 9SBP | 100 | 100 | 95BP | 70BP | 80BP | 0 100
Post | 80C | 90BP | 40BC | 100 |50BC | 90 | 60BC | 90BP | 60BC | 60BP
. Pre| 0 0 0 0 0 0 0 0 0 0
Ethirimol 18 5 T 0 0 0 0 0 0 0 0 0 0
. Pre| 0 0 0 0 0 0 0 0 0 0
Ethoxyquin | 8 75 4T 0 0 0 0 0 0 0 0 0 0
Fenamino | o [Pre| 0 0 0 0 0 0 0 0 0 0
sulfate Post| 0 0 0 0 0 0 0 0 0 0
Fenbucona 8 Pre 0 0 0 0 0 0 0 0 0 0
zole Post| 20 0 0 |30BC|40BC| 0 20 0 95B 0
Fenpiclonil | 8 Pre| 0 0 0 0 0 0 0 0 0 0
Post| 20 0 0 30 0 0 0 0 0 0
Fenpropidin | 8 Pre| 0 0 0 0 0 0 0 0 0 0
Post | 50BC | 50BC| 0 |40BC| 20 |50BC| 50C | 95 | 50BP| 30
Fenpropi g | Pre | 70BI | 90BC| 0 | 9SBI | 9SBI | 0 0 0 0 0
morph Post| 30C | 40CI | 0 |60BC| 30 0 20 0 0 0
Ferbam g [ Pre| 0 0 0 0 0 0 0 0 0 0
Post| © 0 0 0 0 0 0 0 0 0
Fluotrima | o |Pre| 0 0 0 0 0 0 0 0 0 0
zole Post| 0 0 0 0 0 30P 0 20P 0 20
. Pre| 0 0 0 0 0 0 0 0 0 0
Flutolanil | 8 15 70 0 0 0 0 0 0 0 0 0
Flutiafol | g |Pre | 40CL| 100 | 80B | 100 | 100 | 100 | 95BI | 70BP | 70B | 100
Post | 40CI | 30 20 | 40BC | 40BC | 60BC | 70BC | 80BC | 50BP | 40BP
N-Phenyl Pre| 0 0 0 0 0 0 0 0 0 0
thiourea Post| 0 0 0 0 0 0 0 0 0 0
. Pre| 0 0 0 0 0 0 0 0 0 0
4-Chloranil | =8 15 T 0 0 0 0 0 0 0 0 0 0
Pentachloroe 8 Pre 0 0 0 0 0 0 0 0 0 0
thane Post| 0 0 0 0 0 0 0 0 0 0
Pentamethyl | o | Pre | 0 0 0 0 0 0 0 0 0 0
benzene Post| 0 0 0 0 0 0 0 0 0 0
TBTO g | Pre| 60B | 100 |40BC | 100 | 100 | 100 | 100 | 100 | 100 | 100
Post| 90 | 100 |40BC | 100 | 100 | 100 | 100 | 100 | 100 | 100
Tebucona | o |Pre | 70BP | 95BI | 20 | 100 | 100 | 95 | 70BP | 40BP | 100 | 100
zole Post| 40C | 60BC | 20 | 70BC | 40BC | 70BC | 40BC | 40BP | 70BE | 40BP
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Continued 3

Chemical (f;;;) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
S o [Pre| o 0 0 0 0 0 0 0 0 0
0¢ Post| 0 0 0 0 0 0 0 0 0 0
Pre | 0 0 0 0 0 0 0 0 0 0
frobenfos |8 o | a0c | 30 0 | 9oc | 40c | 70C | 20 0 0 0
Pre | 0 0 0 0 0 0 0 0 0 0
Mancozeb | 8 5 0T 0 0 0 0 0 0 0 0 0
Pre| 0 0 0 0 0 0 0 0 0 0
Maneb 8 post| 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Mepronil |8 5 T 0 0 0 0 0 0 0 0 0 0
Methfuro | o |Pre| 0 0 0 0 0 0 0 0 0 0
xam Post| 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Chloropicrin| 8 15 T 0 0 0 0 0 0 0 0 0 0
Myclo o |Prel 0 [70B [ 0 [100 |9 | 100 ["40B [ 40B | 100 | 100
butanil Post | 30CI | 50BC | 30 80C | 50BC | 50BP | 50BC | 50BE | 20 | 40BP
Nabarm g [Pre| 0 0 0 | 40B | 95 0 0 0 0 0
Post | 40BC | 40C | 0 |70BC| 80 | 80C | 30 | 40C | 30C | 0
thilinone | 5 PO 20 0 30 | 100 | 30B | 0 0 0 0
Post| 95 | 80C | 30C | 100 | 100 | 100 | 95 | 100 | 100 | 100
Pre | 0 30 0 | 80BI | 70BI | 30 0 0 0 0
Ofurace | 8 15 T 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Oxadixyl | 8 15 T 0 0 0 20 0 0 0 0 0 0
Oxyear | ¢ |Pre| 10 [ 20 0 20 | 10 0 | 40BC | 30BC | 80B | 20
boxin Post| 10 0 0 0 0 0 20 0 0 0
penconagole| & |Pre | 95BP [ 50B | 20 | 100 [95BP | 95 | 80BP [ 60BP | 0 | 40BC
Z Post | 70BC | 70BC | 2BC | 80BC | 70BC | 100 | 60C | 100 | 100 | 100
prochlorag | 8 PO 0 0 95 | 30 | 40B | 0 0 0 0
ochio Post| 40C | 30C | 10 | 70C | 30 | 40BP| 0 | 30BP | 40BP | 30
Ropicona | o | Pre [40BP | 95 | 20 [ 100 [70BC | 100 [70BP | 100 | 0 95
zole Post| 40C | 30BC| 0 95 | 70BC | 70BC | 30BC | 100 | 40BP | 60BP
Pyracar | o |Pre| 0 0 0 0 0 0 0 0 0 0
bolid Post| 0 0 0 0 0 0 0 0 0 0
SR A I 0 0 0 0 0 0 0 0 0
yrazop Post| 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Glyodin 1 8 5 T 0 0 0 0 0 0 0 0 0 0
. . Pre | 0 0 0 0 0 0 0 0 0 0
Griscofulvin| 8 5 10 0 0 0 0 0 0 0 0 0
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Continued 4

Chemical (fgjlt;) Trt. | SORBI | ECHCG |AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Hexachlorob 3 Pre 0 0 0 0 0 0 0 0 0 0
enzene Post| 0 0 0 0 0 0 0 0 0 0
Hexachlorob| ¢ Pre | 0 0 0 0 0 0 0 0 0 0
utadiene Post| 0 0 0 0 0 0 0 0 0 0
Hexacona | ¢ Pre | 90BP | 95B | 40B | 100 | 100 | 100 | 80BP | 80BP | 90B | 100
zole Post | 50CI | 70BE | 30C | 100 | 30C | 90C | 95C | 100 | 40CE | 30
Fenfuran g | Pre| 0 90B | 10 | 90B | 90B | 60B | 70BI | 20 100 | 201
Post| 95 100 | 30 100 | 100 | 100 | 95C | 100 | 70C | 20
Pentachlorop| ¢ Pre | 0 100 | 20 100 | 100 | 100 | 100 | 90 100 | 90
henol Post| 100 | 100 | 70BC | 100 | 100 | 100 | 100 | 100 | 100 | 100
2-Amino g | Pre| 0 0 0 0 0 0 0 0 0 0
butane Post| 0 0 0 0 0 0 0 0 0 0
7-Bromo-5-¢ 8 Pre 0 0 0 0 0 0 0 0 0 0
hloro Post| 40C | 60C | 30C | 70BC | 80BC | 100 | 95C | 100 | 40C | 40C
Acetonchlo 3 Pre 0 0 0 0 0 0 0 0 0 0
roform Post| 0 0 0 0 0 0 0 0 0 0
I-Chlorde | ¢ Pre | 0 0 0 0 0 0 0 0 0 0
cane Post| 0 0 0 0 0 0 0 0 0 0
Cyprofuram | 8 Pre | 0 0 0 0 0 0 0 0 0 0
Post| 40C | 60BC | 20 | 50C | 60BC | 50BC | 60BC | 70BC | 40C | 60C
Eugenol g Pre | 0 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Fenclorim | 8 |20 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Fentin- g Pre | 20 100 | 20 100 | 100 | 100 | 50B | 20 100 0
acetate Post| 70CI | 70BC | 30 | 90C | 100 | 100 | 100 | 100 | 100 | 100
Flubenzi g | Pre| 0 0 0 0 0 0 0 0 0 0
mine Post| 70CI | 95 | 40C | 100 | 100 | 100 | 100 | 100 | 100 | 100
Fuberida g Pre | 0 0 0 0 0 0 0 0 0 0
zole Post| 70C |50BC| 0 |70BC |70BC| 100 | 100 | 100 | 40C | 40C
Hexach]orop 3 Pre 0 0 0 0 0 0 0 0 0 0
hen Post | 30CI | 70BC | 20 |70BC | 100 | 100 | 100 | 100 | 100 | 50C
. Pre | 0 0 0 0 0 0 0 0 0 0
Morpholine | 8 15 /10 0 0 0 0 0 | 30E | o 0 0
Naptalam | 8 Pre | 70BE | 80BE | 30 | 60BE | 70BE | 70B | 80BE | 40E | 90BE | 90BE
Post| 0 0 0 0 0 50E | 40E | 100 | 100 | 100
Nirit g Pre | 0 0 0 0 0 0 0 0 0 0
Post| 20 |40BC| 0 90C | 90C | 90C | 60CE | 20 | 40B | 40C
Pyroquilon | 8 Pre | 0 0 0 0 0 0 0 0 0 0
Post| 40C | 70C | 20 | 60BC | 50BC | 80C | 60C | 100 | 40C | 90C
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Continued 5

Chemical (li;htil ) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Quinoxyfen | § | PO 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
_ Pre | 90BP | 100 | 50B | 100 | 100 | 95 | S8OBP | 70BP | 95BP | 90BP
Quintozene | 8 T 1 70c | soc | 30 | o5 | soc | 9oc | socE | 95 |soBp| 20
Tebucona 8 Pre 0 0 0 0 0 0 0 0 0 0
zole Post 0 0 0 0 0 0 0 0 0 0
Teenarene | 8 Pl 0 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 | 100 | 0 | 100 | 60BC| 50C
Thiabenda 8 Pre 0 0 0 0 0 0 0 0 0 0
zole Post 0 0 0 0 0 0 0 0 0 0
. Pre | 0 0 0 0 0 0 0 0 0 0
Thiram 8 5 &1 0 0 0 0 0 0 0 0 0 0
Tolyfuanid | 8 || 0 0 0 0 | 60B | 0 0 0 0 0
Post| 20 | 40C | 0 |S80BC|70BC| 20 | 60C | 30 | 40C | 0
Teindimefon| g || 90BP | 100 | 60B | 100 |95 [ 90C [ s0C | 100 | 40BP | 40B
Post| 50C | 90 0 | 100 | 95 | 90C | 50C | 100 | 40BP | 40B
Tringoxide | g Pl 0 [ 70B [ 0 [8oB [ 95 [ooB [ 20 | 20 [ 100 |
Post| 80C | 95 | 40C | 100 | 100 | 100 | 100 | 100 | 90C | 100

Photo 3-4-1. Major symptoms of weeds to biochemical reagents.
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Nastic response, altered stem structure

Darker green leaves

Bleaching

Stunting

Chlorosis

Desiccation




Etaconazole TBTO

Photo 3-4-2. Herbicidal efficacy of postemergence treatment of several
biochemical reagents on grass and broad leaf species.
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Table 3-4-5. Dose-response of diclone and fentin-acetate

Chemical (li;;;) Trt. | SORBI | ECHCG |[AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Pre | 0 0 0 0 0 0 0 0 0 0
! Post | 30 20 0 20 30 0 20 0 0 0
Pre | 0 0 0 0 0 0 0 0 0 0
: Post| 0 0 0 0 0 0 0 0 0 0
Diclonc 1 Pre | 0 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Pre | 0 0 0 0 0 0 0 0 0 0
03 Post| 0 0 0 0 0 0 0 0 0 0
025 Pre | 0 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Pre | 0 0 0 |[70BC| 100 | 80 0 0 0 0
! Post | 70CI | 70BC | 50BC | 60BC | 100 | 100 | 100 | 100 | 100 | 100
Pre | 0 0 0 0 0 |40BC| 0 0 0 0
2 Post| 40C | 60 60 50 80 | 100 | 100 | 100 | 100 | 100
Fentin- 1 Pre | 0 0 0 0 0 0 0 0 0 0
acetate Post | 40 40 0 50 60 80 95 100 | 100 | 100
Pre | 0 0 0 0 0 0 0 0 0 0
03 Post | 40 40 0 50 60 80 95 | 100 | 100 | 100
Pre | 0 0 0 0 0 0 0 0 0 0
025 Post | 30 40 0 30 50 30 | 70C | 40C | 100 | 30
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el oFAl7F 9 1tK(Table 3-4-6). Blastidin-S©&= B @] &y 79 gixuh

A A" &3 Add] s vetged 53] 39 2Fel daiAe ks
Al 235 YERHATE Nuarimol> EF 2 A4 A2 EF Ax 245 JEd

A e, ddAer EG A a3rh gkl st i 3 2% F

oM o AFE Alefstar ¢k WAl H AT} Tebuconazole L3 EF Aol 57,
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Table 3-4-6. Effect of preemergence and postemergence treatment of fungicide

Chemical (f;;fa )| Tt | SORBI |ECHOG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Benomy g | Pre| 0 0 0 0 B 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
L Pre | 0 0 0 0 70B 0 0 0 0 0
BlastidinS | -8 1 T T795¢ [ 70C | 90C | 100 | 100 | 100 | 100 | 100 | 100 | 100
Captafol g | Pre| 0 0 0 0 70B 0 0 0 0 0
Post| 10 10 0 |60BC| 10 |50BC| 40C | 30 | 40C | 30
Captan g | Prel 0 0 0 0 95 0 0 0 0 0
Post| O 0 0 30 0 0 0 0 0 0
Carbenda | o |Pre| 0 0 0 0 40B 0 0 0 0 0
zim Post| 0 0 0 0 0 0 0 0 0 0
Carboxin g | Pre| 0 0 0 0 70B 0 0 0 100 0
Post| 40C | 40C | 20 | 80C | 95C | 100 | 70CE | 100 | 100 | 70C
Carpromid | 8 Pre | 0 30B 0 0 40B 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Chloro g | Prel 0 0 0 0 95 0 0 0 0 0
thalonil Post| 0 0 0 0 0 0 0 0 0 0
Cymoxanil | 8 Pre | 30B | 30B 0 60B | 40B | 20 | 30B 0 50B | 90
Post| 0 0 0 0 0 0 0 0 0 0
Dichloro g | Pre| 0 |70BL| 0 20 | 70B | 20 | 30B | 20 | 30C 0
fluanid Post | 40CI | 70BC | 0 80C |[40BC| 20 | 30C | 20 | 30C 0
Diethofen | o |Pre| 0 | 70BI| 0 0 60B | 20 0 0 0 0
carb Post| 0 0 0 10 0 0 0 0 0 0
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Continued 1

Chemical (f;;;) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
, Pre| 0 0 0 0 95B 0 0 0 0
Diethmorph | 8
Post| 0 0 0 50C | 20C 0 0 0 0
o Pre| 0 0 0 0 90B 0 0 0 0
Dithianon 8
Post| 0 0 0 50C | 20C 0 10 0 0 0
Pre| 0 0 0 30B 0 0 0 0 0
Ethaboxam 8
Post| 0 0 0 0 0 0 0 0 0
Famoxa q Pre| 0 0 0 40B 0 0 0 0 0
done Post| 0 0 0 0 0 0 0 0 0
_ Pre | 90BP | 100 | 40B | 100 | 100 | 100 | 30BP | 40BP | 20 0
Fenarimol 8
Post| 0 0 0 0 0 0 0 0 0 0
. Pre| 0 0 0 0 40B 0 0 0 0 0
Fenhexamid| 8
Post| 40AC | 70BC | 0 90C | 60BC | 100 | 30 |50BC |40BE | 30
, Pre| 0 0 0 0 0 0 0 0 0 0
Ferimzone 8
Post| 10 20 0 20 20 | 70C | 60C | 70C | 30 | 40C
Pre| 0 0 0 0 0 0 0 0 0 0
Fluazinam 8
Post| 30 |50BC| 0 80C | 40BC | 80BC | 40C | 50C | 100 0
Pre| 0 0 0 0 0 0 0 0 0 0
Fludioxonil 8
Post| 70C | 50BC | 30 100 | 40BC | 60BC | 90 90 | 50BC | 60BE
Folbet g [ Pre| 0 0 0 0 B 0 0 0 0 0
P Post| 0 0 0 20 0 0 0 0 0 0
Hexacona | o |Pre|80BP | 100 | 30 100 | 100 | 95 95 95 10 90
zole Post| 0 0 0 0 0 0 0 0 0 0
Imazail g [ Prel 0 0 0 0 0 0 0 0 0 0
Post| 40BC | 30 0 |50BC| 30 |70BC| 50C | 90 20 20
rodione | 8 1Pl 0 0 0 0 0 0 0 0 0 0
p Post| 0 0 0 0 0 20 0 0 0 0
Isopro 3 Pre 0 0 0 0 0 0 0 0 0 0
thiolane Post| 20 20 0 |70BC| 20 0 |40BE| 0 10 0
Kresoxim | & |Prel 0 0 0 0 0 0 0 0 0 0
Post| 10 [40BC| 0 |70BC| 20 0 90 20 0 20
Pre| 0 0 0 0 0 0 0 0 0 0
Mancozeb |8 15 T 0 0 0 0 0 0 0 0 0 0
Mepani g |Pre| 0 0 0 0 0 0 0 0 0 0
pyrim Post| 0O 0 0 0 0 20 0 0 0 0
: Pre| 0 100 0 |40BN | 1000 | 100 0 70B 0 90
Mepronil 8
Post| 50N |70BN| 0 |70BC |40BN|70BN| 95 |70BC | 40N | 30
Pre| 0 0 0 0 0 0 0 0 0 0
Metalaxyl |8 15 T 10 | 10 0 | 40C | 10 | 20 | 40C | 30 | 10 0
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Continued 2

Chemical (li;htea ) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANXI | CAGEH
Metominoatr| o | Pre| 301 | 70B | 20 | 70B | 60B | 6B0 | SOBI | 20 | 30 |70BC
obin Post| 60BC | 70C | 20 | 100 |40BC | 50BC | 95 30 | 30 | 40C
. Pre| 100 | 100 | 40BP | 100 | 100 | 100 | 100 | 30 | 95 | 100
Nuarimol 8
Post| 50BC | 50BC| 0 |70BC| 30 | 30P | S0BP | S0BP | 40BP | 40P
. Pre| 0 0 0 0 0 0 0 0 0
Pencyeiron | 8
Post| 0 0 0 0 0 0 0 0 0
Pre| 0 0 0 0 0 0 0 0 0
Prochloraz 8
Post| 20 | 20 0 |40BC| 30 |40BP| 40 |50BP| 30 0
Procymi | o |Pre| O 0 0 0 0 0 0 0
done Post| 0 0 0 0 0 0 0 0
Tebucona | o |Pre| 100 | 100 | 40BP | 100 | 100 | 95 | 90 |70BP| 20 | 100
zole Post| 40C | 40BC| 0 95 30 | 40BP | 50BC | 40BP | 20 0
Thiflwza | o | Pre] O 0 0 0 0 0 0 0 0 0
mide Postf 0 |40BC| 0 |50BC| 20 0 0 0 0 0
Pre| 0 0 0 0 0 0 0 0 0 0
Thiophanate | 8
Post| 0 0 0 0 0 0 0 0 0 0
Pre| 0 0 0 0 0 0 0 0 0 0
Tolyflusanid| 8
Post| 30 | 20 0 | 70BC | 40BC | 40BC | 70C | 30 |40BP| 0
Trindimefon | g 1Pl 100 [ 100 ["20 | 100 ["100 [ 100 [ 90 [408BP | 60BP [ 100
adimeto Post| 30 |50BC| 0 |60BC |40BC | 40BC | 50C | 50BP | 40BC | 0
Trichlamide | 8 1PTL_0 0 0 0 B 0 0 0 0 0
Post| 50BC | 70BC| 20 | 80 | 20 [e60BC| 95 0 95 0
Trevelagole | g PO 0 0 0 0 0 0 0 0 0
cyclazole Post| 20 | 20 0 30 | 20 | 30 | 70C | 70C |70BC| 0
Trifloxy | o |Pre| 0 0 0 0 0 0 0 0 0 0
strobin Post| 0 0 0 [50BC| 0 0 0 0 0 0
Trifumizole| 8 1PT]_0 0 0 0 0 0 0 0 0 0
Post| 50C |50BC| 0 95 | 40BC| 30 | 40C |50BC| 0 0
Triforine | g |0 0 0 0 0 0 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
. . Pre| 0 0 0 0 0 0 0 0 0 0
Validamyein| 8 15 0 0 0 0 0 0 0 0 0
Vinclogolin | g 1P 100 [ 100 | 0 100 | 95 80 0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0
Joxamide | g PO 100 | 0 100 | 100 |70BC| o0 0 0 0
Post| 0 0 0 0 0 0 0 0 0 0

- 17 -




ok A A AAd g JAGA A

A EEA: KAPAS T+ CADE Adlsts AtAl FolAl blastidin-S, nuarimol
2 triadimefonS A A A Eoll dig Az o] v FoE YT mEkA ol
AtAle] dislte] sE WS FAME] BOo2M KAPAS B CADZF AlZ$ Az
&l ®arzk sl

A AR P

JX&"

& mE

“
ofN
tio
bl
ot

)
i)
rlr
B
o
(1
>
U |
=
offt
ne
ol
ol
X
o,
O
ol

As 2 U

Az D 3z ARG A A9 Al s oEA veE Kol A

=
> ZA4S e I tK(Table 3-4-7). Blastidin-S= 4 kg ai ha! 5% 5744
B A a3 Ao, 53 F 2T dEiAE o] selA ¢

A= ARk ZE 2 kg ai ha! o]F FEAME B 2 AH A

A4S Jel A &kth NuarimolS 12 A @3 mlz7A 2 2 AgHths EQF
Al g3 EQ At e e EF A B9 2 kg
A =9, vkgol, m=h71E ol SR Fxe stek, Al
A WAlEta e, 1 kg ai ha'sEol L vl=go] s} U]:'?7H7V§}°ﬂ o gk A
A= 100%2 YERETE 18 Y 2 kg ad ha! o]8) FEolA = g =
A8 A Th Triadimefone 72§ AlEoh EF A8 a7t & X—iii -5}
om, EY A 4 kg ai ha'sEeA =3, npee], 7npES oA whAlEi T
gt e 2Fe i BA g ofPon, A4 Ag @ o3 AL
Epsktt.

o] o] M 7HA AatAls e FEoAAME FEe g kAol FRIEo] ARE
= ofAo]A|RE, L AR o A 9 o] KAPAS H:+= CADel|l tiele] A8 &4 v
Eh= 7)E AAE £ sRolA = Ax 24 YEY 2

1

& AzA GEHOR b ANSHE Aow 47 + Uitk

3.‘3
rir
o
0

- 118 -



Table 3-4-7. Dose-response of several fungicide

Fungicide (1;1;%2) Trt. | SORBI | ECHCG | AGRSM | DIGSA | PANDI | SOLNI | AESIN | ABUTH | XANSI | CAGHE
Pre 0 0 0 0 0 0 0 0 0 0
8 Post| 80 100 80 100 90 100 100 100 100 100
Pre 0 0 0 0 0 0 0 0 0 0
Blastidin- * [Post| 70C | 70C | 60C | 100 | 20 | 100 | 100 | 100 | 100 | 100
S Pre 0 0 0
2 Post 0 0 0
Pre 0 0 0
! Post 0 0 0
Pre | 100 100 | 70BP | 100 100 100 95 80 80BP | 100
8 Post | 40CI | 60BP 20 80 60BC | 40BP | 70BP | 50BP | SOBP 90
4 Pre 95 100 60 100 100 100 90 40BP 30 100
Nuazimol Post| 30 30 0 70BC 30 40 50 50 40 60BP
) Pre | 70BP | 100 0 100 100 100 80 30 100
Post 0 0 0 0 0 0 0 0 0
| Pre 50 95 0 100 100 | 70BP 20 0 95
Post 0 0 0 0 0 0 0 0 0
Pre | 70BE | 100 20 100 10 100 80 70BP 20 40BP
8 Post | 40CI 95 20 60BC | 40BC 90 70BP 80 20 70BP
4 Pre 10 100 0 100 95 100 | 70BP 60 0 40
Triadi Post| 30 [40BC| O | 40 | 40 | 80 | 30 | 20 | 20 | 50
mefon Pre 0 100 0 80 90 80 70 20 0 0
2 Post 0 0 0 0 0
| Pre 0 80 0 0 0
Post 0 0 0 0 0
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Al7]aL e, K-692] H9-oll= Eo ﬂr‘MW% =3¢ ANY, B9 AgdA =
9 Atk A, K-732 A &3 o

o
H
ColE SgEel 4 SAe ol AY ¥ oE wd £u7h 49
z %

A A= AT ] =

8] whEA DA w =, oAl A 1Y Fell 9P A dol dEoen, Fa
o 4 aAbeh AwWolrh g A EA WA e o] & o]Fojx|A] o}
i AR A 2 A= kAl A = 9 717ke] AV Al A (Recovery) = A
},

ool Algl Ao 95l phthalimidesd] 3}3HE-2 KAPASE Adllsh= 28-S o)
e, oF gES EY H A AgdA BF HdgAoR Ax G4
el = F23% s3Ed 2oz dad 4 gtk wEbA] phthalimideZ] 3=
o] gk KAPAS A=49 H4 ofFd g F714<1 3ol dod Ao= &
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Table 3-4-8. KAPAS assay of phthalimide derivatives

Compound  IC,; (mM) Compound  IC,; (mM) Compound  ICy, (mM) Compound

K-1 042 K-31 - K-61 0.74 K91 -
K-2 237 K-32 0.76 K-62 - K-92 -
K-3 1.31 K-33 0.86 K-63 0.58 K-93 -
K4 - K-34 - K-64 - K-94 -
K-5 - K-35 1.01 K-65 0.13 K-95 -
K-6 - K-36 127 K-66 0.89 K-96 -
K-7 0.86 K-37 - K-67 0.44 K-97 -
K-8 - K-38 1.22 K-68 0.51 K-98 -
K-9 1.94 K-39 - K-69 0.36 K-99 1.25
K-10 0.59 K40 - K-70 0.50 K-100 0.72
K-11 1.62 K41 0.78 K71 1.08 K-101 1.04
K-12 - K42 - K-72 - K-102 1.16
K-13 1.69 K43 0.76 K-73 0.30 K-103 0.50
K-14 1.24 K44 - K-74 0.61 K-104 -
K-15 - K45 - K-75 - K-105 0.85
K-16 124 K46 097 K-76 - K-106 1.29
K-17 1.54 K47 119 K-77 - K-107 0.71
K-18 2.87 K48 0.92 K-78 - K-108 0.98
K-19 - K49 - K-79 - K-109 0.70
K-20 1.47 K-50 1.85 K-80 - K-110 0.86
K-21 1.26 K-51 - K-81 - K-111 1.38
K-22 - K-52 - K-82 0.98 K-112 -
K-23 1.56 K-53 1.28 K-83 - K-113 -
K-24 129 K-54 2.03 K-84 1.05 K-114 -
K-25 0.67 K-55 - K-85 - K-115 0.49
K-26 - K-56 - K-86 - K-116 0.75
K-27 1.13 K-57 1.13 K-87 - K-117 -
K-28 - K-58 0.76 K-88 - K-118 -
K-29 0.97 K-59 1.47 K-89 - K-119 -
K-30 - K-60 0.67 K-90 - K-120 -

Table 3-4-9. Herbicidal efficacy of newly synthetic

phthalimide derivatives

Chemical  Application Control value (%)
name
SORBI ECHCG AGRSM DIGSA PANDI SOLNI AESIN ABUTH XANSI CAGEH
K-65 Pre 100 100 95 100 100 100 100 100 100 100
Post 100 100 90 100 100 100 100 100 100 100
K-69 Pre 100 30 30 100 100 100 100 100 9 100
Post 100 100 40 100 100 100 100 100 100 100
K-73 Pre 70 70 30 100 100 80 30 20 20 100
Post 90 95 50 9 100 100 100 100 100 100
* Application rate : 62.5 g a.i ha’!
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- A oAl 3FGCEE)SE ta<TR E AHEwE> g

- Code No. KRICT-001, KRICT-002, KRICT-003 2.2 3 7|3k},

- RE obe]

YA E acetone/tween(50%/1%)° =<1 T Ao 5 AL SC]

_ /\] —:qr 7] X(}n}) e 7}%01] -
71ebALEl: A 3R o oelxel =n9le] ol Eale] WA 2=
e B E3e) T
Tz 2 A=
Code No = o =
KRICT Isoxazole
600, 300, 150 g/ha
B (5229)
KRICT Triphenyltin
600, 300, 150 g/ha
002 acetate
KRICT N |
600, 300, 150 g/ha 3-amino-1,2,4
" triazole
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A5 & ARNUE Do HEA
A1d d7AEas
<HAEHEU>
3 A%
Ho
=44 == =9 s
n of cinnamyl alcohol dehydrogenase, a

Polypeptide having functio
polynucleotide coding the

polypeptide and those uses.

PCT

PCT/KR2005/000454

2005/02/18
Polypeptide participating in pyridoxine biosynthesis, a polynucleotide coding
7 |the polypeptide and those uses.
2005/02/18 PCT PCT/KR2005/000453
Novel polypeptide having function of 7-keto-8-aminopelargonic acid synthase
of plant and method for inducing growth inhibition and lethality by
3 suppressing expression of the polypeptide
2003/07/02 EPO 03738731.3
2004/12/30 USA 55
2003/07/02 PCT PCT/KR2003/001301
<FUY 55 E >
=35 A%
HS - . .
=99 =9 =9z
N AP B V)5 2 FRECE mgshs Beideers
1
2004/02/20 Elen 2004-0011517
A dE Eeast 34758 e EYPHE, O YU EE
2 |HolEe &=
2004/02/26 Elen 2004-0013086
A Add 3 7les e EYPHE, ols dsgete EEar
3 |BEUSEHE B o5 &%
2005/02/01 El=n 2005-0008970

- 132 -



= A=

&
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Protoporphyrinogen [X-oxidizing Activities involved in the Mode of Action of
a New Compound N-[4-Chloro-2-fluoro-5-{3-(2- fluorophenyl)-5-methyl-4,5-
dihydroisoxazol-5-ylmethoxy]-phenyl}]-3,4,5,6-tetrahydrophthalimide

2004/010/30 Pesticide Biochem. & Physiol., 80, 123 ~ 130

New 2-phenyl-4,5,6,7-tetrahydro-2H-indazole derivatives as paddy field
herbicides

2005/03/30 Pest Management Science, 61, 483 ~ 490

EK-2612, a new cyclohexane-1,3-dione possessing selectivity between rice
(Orysa sativa) and barnyardgrass (Echinochloa crus-galli)

2004/01/30 Pest Management Science, 60, 909 ~ 913

<T U StE >

=
p

A =

A

A 9 | A A

Synthesis and herbicidal activities of cyclic imide derivatives substituted with
epoxy groups

2005/0630 | ghtg opt et s« 99 25 181 ~ 184

New method for the synthesis of 3-chloro-2-(4-chloro-2-fluoro-5-hydroxy
phenyl)-4,5,6,7-tetrahydro-2H-indazole

20050330 | Gt ora s« 99 13 23 ~ 25

5)
AT A ZxA TR 3EE BEK-54399 MElA 9 E = FPTEA

2004/0930 | ghstg op e s]#] 89 3% 175 ~ 183

219t 8}3HE EK-54399] =4 2 protophorphyrinogen oxidase A 3l&4d

2004/0630 | s okt el 8| %) 89 23 79 ~ 87

A 2= & 9-(5-isoxazolemethoxyphenyl)imino-8-thia-1,6-diazabicyclononan-7-one
rieAle] A Al 2 A

2003/1230 | ghstg opat e s« 74 45 310 ~ 313
AeAdE Aeas FAASE A5 AlxA 484 =@
2003/9/30 | gl A] 239 35 179 ~ 189
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0 53]

Al qf Al 2287 7-keto-8-aminopelagonic acid synthetase (KAPAS) o= 2
A A 'EAY

2005/10 Sk 5 ok 3} 3} 3

At Al ZzA| 287 Cinnamyl Alcohol Dehydrogenase (CAD) 2= 2
A A A

2
2004/10 gh=ig of 7t 5} 3
Protoporphyrinogen IX-oxidizing Activities involved in the Mode of Action of
3 |a New Compound EK-5385
2004/10 g5 of 7t 5} 3
Synthesis and Herbicidal Properties of 5-Benzyloxymethyl-1,2- isoxazoline
4 |Derivatives
2004/10 g5 of 715} 3
Characteristics of 7-keto-8-aminopelagonic acid synthase as a novel herbicide
5 [target.
2003/10 gh=ig of 2t o} 3
; AEAE dFasd FAAEE At AxA A8 24
2003/10 B e
Characterization of a gene encoding 7-keto-8-aminopelagonic acid synthase in
7 |Arabidopsis thaliana, and its potential as a novel herbicide target.

2003/7 | Asian-Pacific Weed Science Society

24 88738

AFAA NLEA G ALAE Fow A AZAE AL B
i

AAAR A zA Aol XdstAl & Aolw, vl a8 AxAE NE
gt A5 AxA A ZE(d: Round-Up Ready )& 7Wdsl=d]
A5 875

FAg FAAASY V=S Eote] AdF AEAGAEdS Ed -
nom, 71Ee AxARA WAst7] ofH]E AF 72 WA, Vs
Ad g AL 2 2 T 283§ 95
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M6 E el ey

A 18 71€ FEAH g EJEAAE
2005 =7kl AR el FEE AxA At FEHd dis 535 =
AFE A 87 EA/AE Al d B3 2T 2707 0UT) o5 FolA PPOCI
3 537 657o 2 7 wekow, ALSol tid E3|7F 5971, EPSPSOl gk
E3)7} 4771, GSol W3 E3]7} 4671, ACCasedll W3t 5317} 277, PDSol 3k

53|17} 1871, DHPol| tig 53|17} 51 2= EFRth(Fig. 6-1).

Dihydropteroate synthase
(DHP)

Acetyl CoA carboxylase
(ACCase)

Glutamine synthetase
(GS)

Acetolactate synthase
(ALS)

Enolpyruvylshikmate-P synth
(EPSPS)

Phytoene desaturase

(PDS) Protoporphyrinogen oxidase
Phytoene desaturase (PPO)
(PDS)

S4l & 2704
(1993~2003)
Fig. 6-1. Patents analysis for herbicide targets.

o
i

15 & ACCasedll tHgh v=53 F 201 F 1130l 4 53|o]nf 4310

%

oftt
i

[

& 7=, 7B AR 2=, ‘301’1117]%, oF3)] 74 7+ Al, E3HAl, Promoter’t 7+ 1
==

A= A}k, ACCaseol| toff 3

[e]
o
o, A& 2=, el d A, A7 22 1704 2 A E 91t (Table 6-1).

H538 & 71 T 4310 FAA e B Aol

32 AL
o

ALSe tigh m=535 F 371 F 97lo] A 5doln FAME 7= 41,
A 2ZHE 84, Fel A Al 57, EFA 41, HA s 21 AAHJLL F7t
o7 AFAZA, A& deA Promoter, Marker, A& &% AW7|& So] 2+

1712 A= A TH(Table 6-2). ALSel W3t F5 53 F 1971 & 530] 7 =}el
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=
K3

547

&

3

TR

3|

PPO°I o

I =] 91 TH(Table 6-8).

] Al
AN

g&

7E 2310

SHA

=

= ¢lth. PPOo o3k

A4

- 137 -



Table 6-1. Patents analysis for ACCase inhibiting herbicides

App.- No |Reg. No| Contents
o=

1 | 4225600 5910626 OAtpelngfel—CoA carboxylase compositions and methods 442

2 | 244537| 5854420 2{[;1;&; acetyl CoA carboxylase encoding DNA 44 2

3 | 956700| 5539092|Cyanobacterial and plant acetyl-CoA carboxylase. - A}

4 | 934386 6306636 Nucleic acid segments encoding wheat acetyl-CoA Eep
carboxylase.

5 | 485607|5792627|Cyanobacterial and plant acetyl-CoA carboxylase. 7 2}
Nucleic acid compositions encoding acetyl-coa o

6 | 611107} 5801233 carboxylase and uses therefor. A

7 | 475879| 5972644|Cyanobacterial and plant acetyl-CoA carboxylase. - A}

8 | 418893|5559220|Gene encoding acetyl-coenzyme A carboxylase. 74 =}

9 | 468793| 6177267|Acetyl-CoA carboxylase from wheat. -7 A}

10 | 433043| 6399342|Cyanobacterial and plant acetyl-CoA carboxylase. 7 A}

11 | 476537|5756290|Cyanobacterial and plant acetyl-CoA carboxylase. A 2}
Method for imparting cyclohexanedione and/or & 2 2

1 | 917462| 5290696 |aryloxyphenoxy propionic acid herbicide tolerance to | 5 73‘/:
maize plants. s
Methods and an acetyl CoA carboxylase gene for & 2

2 | 417089| 6069298 |conferring herbicide tolerance and an alteration in 5] ==
oil content of plants. s
Methods for expressing a maize acetyl CoA & 2 2

3 | 695651| 6146867 |carboxylase gene in host cells and encoded protein | § 7‘3‘]‘,:
produced thereby. vl

4 | 14326| 5498544/ Method and an acetyl CoA carboxylase gene for A
conferring herbicide tolerance. 7=

1 1 538674! 5162602 Corn plants tolerant to sethoxydim and haloxyfop A f%:‘é
herbicides. A&

H}
1 | 179946| 5428001 |Method for combating weeds among maize plants. S ﬁ]
7=

Herbicidal compositions and method of safening ok 3|

1| 484562 6281168/ . 1)icides using benzothiazole derivatives. 73 A
Tank mixtures and premixtures for weed control

1 | 264775| 6239077 |Programs that include postmergence applications of 594
glyphosate plus graminicides in glyphosate tolerant = o
soybeans.

1 | 735545/ 6025131 |Facile method for identifying regulated promoters. |promoter

%4
1 9292393| 615547 Z[;iéi acetyl CoA carboxylase encoding DNA A7)
2 9691272| 820514|Acetyl CoA carboxylase compositions and - A}
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methods of use.
9392318| 663012|Cyanobacterial and plant acetyl CoA carboxylase. | -7 A}
9490566 680511|Acetyl CoA carboxylase gene. =}
9691256 820513|Transgenic plants expressing Acetyl CoA A fotfé
carboxylase gene. A=
Herbicidal compositions and method of safening oF 3]
300301.9) 1021953 herbicides using benzothiazole derivatives. 33 A
3011111.6| 1348336 Mixtures for weed control in glyphosate tolerant 58
soybeans.
Table 6-2. Patents analysis ALS inhibiting herbicides
App. No Reg. N0| Contents
e
362022 5605011 Nucleic acid fragment encoding herbicide resistant 442
plant acetolactate synthase.
564109/ 6018103 Chimeric plant genes possessing independent 442
regulatory sequences.
984151/ 6130366 Chimaeric gene coding for a transit peptide and a 447
heterologous polypeptide.
164360! 5013659 Nucleic acid fragment encoding herbicide resistant &2 2}
plant acetolactate synthase.
892305 5378824 Nucleic acid fragment encoding herbicide resistant &2 2}
plant acetolactate synthase.
Mutant acetolactate synthase gene from
137478 6225105|Arabidopsis thaliana for conferring imidazolinone | 71 A}
resistance to crop plants.
642976 5141870 Nucleic acid fragment encoding herbicide resistant 447
plant acetolactate synthase.
Mutant acetolactate synthase gene from
363208| 5767366|Ararbidopsis thaliana for conferring imidazolinone| -7 2}
resistance to crop plants.
Gene exhibiting resistance to acetolactate synthase| o
321356] 5633437 inhibitor herbicides A
Brassica transformation via microprojectile ER R
416450/ 6297056|, -~ dment. 7%
& A 2] 3
389389| 5717129 |Methods for maintaining sterility in plants. O%%‘j =
& A A 3
687550| 5283184 |Genetic engineering of novel plant phenotypes. °%g =
& A A 3
501076| 5231020|Genetic engineering of novel plant phenotypes. °%§ =
SF AL
747099| 4774381 |Herbicide resistant tobacco. Zlf’%o
Sk A
533497| 5198599|Sulfonylurea herbicide resistance in plants. leuo
a3
313788 6376754 Plants having resistance to multiple herbicides ZL ;JU"J
and its use. A=
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Imidazolinone and sulfonyl urea herbicide

A&
761197 5859348 resistant sugar beet plants. 2=
783030! 5808174 Maize resistant to aryloxyphenoxyalkanecarboxylic A 3;04
acid herbicides. A
682303 5773707 |Imidazolinone herbicide resistant sugar beet A —otj/‘é
plants. 2t =
SF AL
414449 RE356? Sulfonylurea herbicide resistance in plants. Zlf"%o
Genetically transformed pepper plants and A&
796152 5262316 methods for their production. 2=
Herbicidal compositions comprising a growth ok 3
452456| 5614466|regulating herbicide to safen imidazolinone 1 o1
- 78 7
herbicides.
Safened herbicidal compositions comprising a L
phytotoxicity reducing phenoxy acid herbicide and| 2F3]
351863 5739080 a sulfonylurea, sulfonamide, or imidazolinone 7 7HA
herbicide.
Compositions and methods for protecting oF3
353410| 6235682 11;vated plants from herbicidal injury. 73 7 A
Mixtures of herbicides and antidotes, oLz
461443| 5698539 |(hetero)-aryloxy compounds, their preparation, 21 A
compositions containing them, and their use. ° =
oF3
866654| 5846902 |Safened sulfonamide herbicidal compositions. 781_'75 A
684408| 5084086|Herbicide utility on resistant crops. Z A
938370| 6683027|Herbicidal mixtures. = &A
396372| 6034034 |Process and composition for controlling weeds. EEA
Herbicidal compositions comprising a growth o
452166| 5612284 |regulating herbicide to safen sulfonylurea A
herbicides.
Herbicidal N-[(1,3,5-triazin-2-yl)-aminocarbonyl]- At
2681971 6214769\ 17ene sulfonamides. A Z A
. s e84
633274| 6833494 Regulation of lethal gene expression in plants. =) 'ﬂiu
735545| 6025131 |Facile method for identifying regulated promoters. | Promoter
583337| 4626505 |Selectable markers for yeast transformation. Marker
RE3617|Methods for detecting acetohydroxyacid synthase |- 57 2=
692059 5|inhibitors. AAE
Use of the oxygenase activity of acetolactate A A0 ] 2
635013| 5206135 synthase for herbicide detection. HA7)E
kA
37961| 5932434 Method for identifying weeds resistant to Xlgji%o
inhibitors of acetolactate synthase. A7) 2
= =3
dE
20020063 200%38‘;’ Herbicidal composition. A
2001020%’ 2002(5)(1% Herbicidal composition for paddy field. =3HA
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3 199400078| 1995014 |Pyrimidinyl oxybenzoic acid derivative, its 21t
24 9735 |production, and use thereof as herbicide. A Z A
#
1 8730738 257993 Nucleic acid fragment encoding herbicide resistant &A%
plant acetolactate synthase.
Nucleotide sequence coding for an enzyme having
a acetolactate synthase activity, plant cell and o
2 9893368 920520 plant containing it, and method for weeding A
plants.
3 1982810| 1347056|Gene encoding acetolactic acid synthase gene. 7 A}
4 96105411 730030 Nucleic acid fragment encoding herbicide resistant &4 2}
plant acetolactate synthase.
5 2760304/ 1414982 DNA molecules encoding herbicide tolerant &4 2}
acetolactate synthase.
iy . A&
1 9191991| 557352|Herbicide resistant plants. PN
"ILE
Combination of ALS-regulators, insecticides and o
1 9212125| 547546|safeners, method of preparation and use as plant | =~
protection agent.
2 | 9292278| 580819|Herbicide utility on resistant crops. Z A
3 4013341 1468609 Combinations of sulfonyl urea herbicides and 537
safeners.
4 | 2026752| 1290946|Herbicidal composition. =3
5 | 2026751|1290944|Herbicidal composition. A
6 | 2026751|1290945|Herbicidal composition. =3
7 | 1101799| 1093722|Liquid herbicidal agent. A
Bacterial strain Comamonas testosteroni MC1 and
process for the microbial decontamination of 57 2] &
1| 99250333) 989098/ oterials polluted with phenoxyacetic acid #7478 st
herbicides.
1 1107593| 1116717|Substituted 3-phenylpyrazoles as herbicides. xﬂ?_]z‘j&ﬂ
2 | 4013876| 1481970|Novel herbicides. AE
4-Aryl-1,2,4-triazolidinedione derivatives and their Al
3 1T10137) 11204111 o726 herbicides. A Z A
Neue Phosphorverbindungen als Wirkstoffe zum Al
4 8481054 143078|Schzen von Kulturpflanzen vor der phytotoxischen xﬂLi Rl
Wirkung von Herbiziden. -
Use of Very Long Chain Fatty Acid Elongase A A 7] 2
! 1115693 1174517 for the identification of herbicides. Gkl
Table 6-3. Patents analysis DHP inhibiting herbicides
App. No |Reg. N0| Contents
e
1 444420| 5633444|Sulfonamide resistance genes and their use. RIS
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2 444718| 5719046|Sulfonamide resistance genes and their use. A=
Z] 8} A
3 347975| 6121513 |Sulfonamide resistance in plants. L_OUO
==
4 938370| 6683027 |Herbicidal mixtures. = &A
4
1 | 8931126] 369637|Sulfonamide resistance genes and their use. | 4R
Table 6-4. Patents analysis EPSPS inhibiting herbicides
App. No |Reg. N0| Contents
s
Glyphosate-tolerant o
! 306063| 5633435 5-enolpyruvylshikimate-3-phosphate synthases A
2 25082 §E3644 Chimeric gene for the transformation of plants 4 2}
Isolated DNA sequence capable of serving as
3 62| 6338961 |regulatory element in a chimeric gene which can =t
be used for the transformation of plants
4 564109| 6018103 Chimeric plant genes possessing independent &4 2}
regulatory sequences
5 477581| 5633448|Chimeric gene for the transformation of plants 74 2}
Chimaeric gene coding for a transit peptide and a| o
6 9841516130366 heterologous polypeptide A
RE3728 . . . o
7 25042 7 Chimeric gene for the transformation of plants 2 =}
8 251621|5510471|Chimeric gene for the transformation of plants 7 2}
Glyphosate-tolerant o
0 137440] 6248876 5-enolpyruvylshikimate-3-phosphate synthases A
Glyphosate-tolerant o
10 §33485| 5804425 S5-enolpyruvylshikimate-3-phosphate synthases A
11 591407| 5932479 |Genetic engineering of plant chloroplasts 2 2}
Glyphosate-tolerant o
12 476008) 5627061 5-enolpyruvylshikimate-3-phosphate synthases A
Mutated 5-enolpyruvylshikimate-3-phosphate
13 945144| 6566587|synthase, gene coding for said protein and 4 2}
transformed plants containing said gene
Recombinant plant expressing non-competitively EAE]
1471 465609) 5866784 binding insecticidal crystal proteins 74 2}
Recombinant plant expressing non-competitively EAE]
15 463240] 5908970 binding Bt insecticidal crystal proteins 2 2}
1 351123| 6492578 Expression of herbicide tolerance genes in plant & 2 A 3
plastids
T
2 | 2697015639951 |Doubled haploids & i
3 20625| 6307123 |Methods and compositions for transgene A
identification 7<%
T3
4 56073| 5914451 |Efficiency soybean transformation protocol © %%‘i =
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T
5 389389| 5717129 Methods for maintaining sterility in plants © %%‘i =
. SREE

6 737698| 6462258 |Plant expression constructs 7] é =
Methods for making plants tolerant to glyphosate 284

1 800130| 6803501 |and compositions therecof using a DNA encoding o’
an EPSPS enzyme from Eleusine indica =

) 213788 6376754|Plants having resistance to multiple herbicides and XL fo:‘é
1ts use =
Inhibition resistant 284

3 697808| 4769061 |5-enolpyruvyl-3-phosphoshikimate synthase, o’
production and use =

. & 3} A

4 719841| 5866763 |Inbred corn line ZS01220 N

2]
ok 3]

1 39046| 6331660|Maize DIMBOA biosynthesis genes 76{'7{)];]

=

1 938370| 6683027 |Herbicidal mixtures = &A

2 719429| 6534444 |Herbicidal mixtures having a synergistic effect A
Use of glyphosate salts in seed dressing herbicidal| & 3

3 101330| 6096686 10 itions = A
Maize H3C4 promoter combined with the first

1 37531| 6750378|intron of rice actin, chimeric gene comprising it promoter
and transformed plant

2 312038| 6232526|Maize A3 promoter and methods for use thereof | promoter

3 312285 6194636 Maize RS324 promoter and methods for use promoter
thereof

4 695782| 6433252|Maize L3 oleosin promoter promoter

5 113690| 6271444 Enhancer elements for increased translation in promoter
plant plastids
Maize glycine rich protein promoter compositions

6 532806| 6747189 and methods for use thereof promoter
Rice actin 2 promoter and intron and methods for

7 312304| 6429357 use thereof promoter
Maize RS81 t d methods fi

8 312266 6207879, 5o promoter and methods or use promoter

3
Glyphosate tolerant o

1 9191709] 546090 5-enolpyruvylshikimate-3-phosphate synthases A
Chimera gene with several herbicide resistant

2 9793287| 937154|genes, plant cell and plant resistant to several A=}
herbicides.

3 9810234| 924299|Transit peptide DNA sequence RIS

4 | 9242006] 508909|Chimeric gene for the transformation of plants 2 2}
Transformed plants with improved tolerance to )

1 1130565| 1217073 phosphomethylglycine family herbicides containing | 373
a gene encoding a mutated 25
5-enolpyruvylshikimate-3-phophate synthase

2 | 1202315|1167531|Corn transformant PV-ZMGT32 (NK603) and ] kA
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compositions and methods for detection thereof

2]
. . A&7
3 9791055| 946737 Herbicide resistant plants 2
2}
Assays for the determination of pesticidal damage, | v 13 51 =
1| 302765.3| 1043402 resistance, and pesticide mode of action H71E
dE
| | 20000345]2001019|Glyphosate resistant o A 2}
384 7841 |5-enolpyruvylshikimate-3-phosphate synthases e
19880128| 1989003 |Glyphosate tolerant o
2 iy S A=
134 9984 |5-enolpyruvylshikimate-3-phosphate synthases
Table 6-5. Patents analysis GS inhibiting herbicides
App. No Reg. N0| Contents
A=
Hybrid genes incorporating a DNA fragment
containing at least one gene encoding an
insecticidal protein and a gene encoding a o
1 837625] 6335008 glutamine synthase inhibitor, plasmids, transformed A
cyanobacteria expressing such proteins and method
for use as biocontrol agent
2 620167 4605165 Constant rate volatile composition dispensing A7)
article and process for using same
& 2] %] 3
1| 466125]5792929|Plants with modified flowers Oiﬁg &
~ ~ FAAF
2 466123| 5723763 |Plants with modified flowers A5
2]
L SEEE
3 485793 6316699 |Plants with modified stamen cells 25
2]
. . EERE!
4 27580| 6372967 |Plants with modified stamen cells 25
2]
. . EERE!
5 485788| 6320097|Plants with modified stamen cells A5
2]
. . EERE!
6 485511|6344598|Plants with modified stamen cells EARe
2]
Recombinant plant expressing non-competitively A A3
7 465609) 5866784 binding insecticidal crystal proteins &
Recombinant plant expressing non-competitively A A3
8 463240] 5908970 binding Bt insecticidal crystal proteins 2=
9 465526| 5723762 |Transgenic plants expressing a prokaryotic B! 7% ‘de o}
ammonium dependent asparagine synthetase A=
10 | 360176 554581 9| Transgenic plants expressing a prokaryotic _ézel e
ammonium dependent asparagine synthetase A=
T3
11 361467| 5633441|Plants with genetic female sterility °%§ =
Expression of wild type and mutant glutamine & 2 A 31
1 10612/ 4975374 synthetase in foreign hosts 7&
2 556434| 5098838 |Expression of wild type and mutant glutamine FEA
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synthetase in foreign hosts

7=

3 A

485516| 6627799 |Plants with modified stamen cells x%%ﬁq]
464295| 5502271 Maize resistant to aryloxyphenoxyalkanecarboxylic XL ?:L"é
acid herbicides A=
Genetically engineered plant cells and plants .
exhibiting resistance to glutamine synthetase A4
463241) 5646024 inhibitors, DNA fragments and recombinants for 2=
use in the production of said cells and plants
SIS
395649| 568904 1|Plants modified with barstar for fertility restoration XLE’%O
700116| 5145777|Plant cells resistant to herbicidal glutamine A 1}:3
synthetase inhibitors Al 3E
715751| 5391725|Organ-specific plant promoter sequences Promoter
938370| 6683027 |Herbicidal mixtures = 3HA
719429| 6534444|Herbicidal mixtures having a synergistic effect A
Method of improving the growth of crop plants
485360| 5908810|which are resistant to glutamine synthetase A vl 7] <=
inhibitors
Method of improving the yield of BY
583076 5739082 herbicide-resistant crop plants A7l =
413618| 5948612 |Biological screens for detection of herbicides A7 =
4
8910418| 333033 |Glutamine synthesis gene and glutamine synthetase| %1%}
9812313] 919119 Aryloxy-phenoxy-alkane carboxylic acid herbicide XL ?L"é
resistant maize A=
9031249 430511 Soybean plants resistant to glutamine synthetase A ?J;‘é
inhibitors A=
Plant cells resistant to glutamine synthetase A &g
8740054 242246 inhibitors, made by genetic engineering A 3
Plant cells resistant to glutamine synthetase A&
8740014 242236 inhibitors, made by genetic engineering A 3
Plant cells resistant to herbicidal glutamine A&
8710285 239801 synthetase inhibitors A
Plant cells resistant to herbicidal glutamine A&
8790194 258410 synthase inhibitors A 3
Plant cells resistant to herbicidal glutamine A&
8590514/ 200746 synthetase inhibitors A
Transgenic plants expressing a prokaryotic R
9190205 S11979), 1 onium dependent aspargine synthetase <1 34
R
128293.8[ 1090999 |Plant with modified flowers e
2790224| 250481 |EXpression of wild type and mutant glutamine FAH
synthetase in foreign hosts. 7=
2710393| 240797|Expression of wild type and mutant glutamine A
synthetase in foreign hosts 7|
9410049| 608722|Biological screens for detection of herbicides A7 =
9492484| 714237|Method of increasing the yield of A vl 7] =
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\herbicide-resistant crop plants

g8

19880071| 1989024 . . o %
d X
1 550 3990 Gene capable of coding glutamine synthetase A =}
) 19890122/ 1990030|Gene coding precursor of chlorophyll-localized o7}
625 3491 |glutamine synthetase
3 19890154 1990018 Gene coding glutamine synthesizing enzyme =2t
157 2190
19890052| 1990024 . . o %
] X
4 708 2684 Gene and enzyme for synthesizing glutamine 2 =}
19840102| 1985024 .
; : fo SLA] 7] 4
1 189 2190 Preparation of phophinothericin g
19940023| 1994025
. . . . . 1 A0 ] 2
1 612 3229 Biological screening for detecting herbicide A7 &
Table 6-6. Patents analysis HPPD inhibiting herbicides
Reg.
App. No No Contents
EES
1| 969032| 9691l i i i A7) 42
5 ethod of controlling weeds in transgenic crops A 7] &
DNA sequence of a gene of hydroxy-phenyl
626854[Pyruvate dioxygenase and production of plants
2 945515 containing a gene of hydroxy-phenyl pyruvate 2 =}
dioxygenase and which are tolerant to certain
herbicides
624596 Mutated hydroxyphenylpyruvate dioxygenase, DNA
3 252292 sequence and isolation of plants which contain A =}
such a gene and which are tolerant to herbicides
676804 Chimeric hydroxyl-phenyl pyruvate dioxygenase,
4 567615 DNA sequence and method for obtaining plants 2 =}
containing such a gene, with herbicide tolerance
1 484562 628116|Herbicidal compositions and method of safening oF3
8|herbicides using benzothiazole derivatives 73 7 A
584386|Inhibitors of hydroxyphenylpyruvate dioxygenase 2
1 369875 9/and an assay for identification of inhibitors w71
578651|Inhibitors of hydroxyphenylpyruvate dioxygenase 2
2 462621 3land an assay for identification of inhibitors #A71E
655571 |Inhibitors of hydroxyphenylpyruvate dioxygenase 2
3 16600 4|and an assay for identification of inhibitors #A71E
675037 Maize H3C4 promoter combined with the first
1 37531 intron of rice actin, chimeric gene comprising it Promoter
and transformed plant

k-
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102906 Chimeric hydroxy-phenyl pyruvate dioxygenase,
1 | 98954545 DNA sequence and method for obtaining plants 4 2}
containing such a gene, with herbicide tolerance.
102905 Mutated hydroxy-phenyl pyruvate dioxygenase,
2 98954531 9|DNA sequence and method for obtaining 2 =}
herbicide-tolerant plants containing such gene
DNA sequence of a gene of hydroxyphenyl
pyruvate dioxygenase and production of plants
3 | 9692088| 828837|containing a gene of hydroxyphenyl pyruvate 2k
dioxygenase and which are tolerant to certain
herbicides
Chimera gene with several herbicide resistant
4 | 9793287| 937154 |genes, plant cell and plant resistant to several =}
herbicides.
5 | 9794056| 938546|HPPD gene and inhibitors &}
131580 Hydroxyphenyl pyruvate fused with a signal
6 | 962580.7 peptide, DNA sequence and use for obtaining =}
plants containing herbicide-tolerant plants.
1 13003019 102195|Herbicidal compositions and method of safening o3
: 3|herbicides using benzothiazole derivatives 73 A
Hydroxyphenylpyruvate-dioxygenase inhibitors A ] =
1 9410263/ 614970 and assay for the identification of the enzyme w71
1 |98401657| 968649|Adjuvants for novel dry herbicide formulations A A7) s
Table 6-7. Patents analysis PDS inhibiting herbicides
Reg.
App. No Nef Contents
o5
| 359302 630384/Method for conferring herbicide, pest, or disease 2 844
8|resistance in plant hosts
a4
| | 20010127) 200203 Method for detecting enzyme modulator in B A7) &
652| 55040|biosynthetic pathway of carotenoid. = =
19930163| 199403 . . . . 234
2 06l 43473 Production of plant resistant to bleaching herbicide FANA
Table 6-8. Patents analysis PPO inhibiting herbicides
Reg.
App. N tent
pp- No No Contents
s
680890 |Herbicide-tolerant protox genes produced by DNA o
1 730525 4|shuffling A2t
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2 102420 608415 |Herbicide-tolerant protoporphyrinogen oxidase a2 2
5|(protox) genes
3 50603 602301 DNA molecules encoding plant protoporphyrinogen a2 2}
2|oxidase
593960/DNA molecules encoding plant protoporphyrinogen o
4 808931 2|oxidase and inhibitor-resistant mutants thereof A
S
1 770738 675953 Inbred maize line NP2171 xlf’n/\o
5=
5
2 | 248453 099399 |soubean cultivar S80-12 A2
1 25
5
3| 251920] 926234/50bean cultivar M001483 A2
7 A=
S
4 | 234274] 0721 b red maize line NP2029 G
0 25
YA
5 | 251308| 929443 1nbred maize line &lt:&IENP2141&gt:&et; ENC
8 A=
S
6 | 317334) ©188%nbred sweet com line SN
5=
5} A]
7 | 364849] 016630 1pred maize line NP2208 K
4 =
3} A
8 | 465068 ©17nbred maize line NP2138 K
5=
5} 4]
9 55746) 7999 |nbred maize line NP2276 A28
- =
5 A
10 | 240405| ©1%923/nbred maize line NP2031 A28
- =
5 A
11| 240167) 3% inbred maize line NP2115 A2
=
5
12 | 249125) 09405050ybean cultivar B630518RR K
=
5
13 | 250211 83732 soybean cultivar €910928 K
=
5
14 | 250233] 094050I5 vhean cultivar C405323 A2
2 25
5
15 | 249037| 096678|5  bean cultivar 1335752 A2
4 A&
S
16 | 249214| 003413\g 0 phean cultivar M003360 A8
8 25
S
17 | 598755 033993 |50ybean cultivar M713612 AR
7 2 5
514
18 | 575631 36240IS0ybean cultivar $38-T8 G
=
S
19 | 604588| 933313|s0ybean cultivar LRR969242 A2
7 A=
S
20 | 603491| 933993|s0vbean cultivar M714376 A8
8 25
S
21 | 598756] 934063 |soybean cultivar S24-K4 A2
9 2 5
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SIS
22| 251922 27 Soybean cultivar 540909 A28
==
8} A
23 | 262399| ©140°8/inbred maize line NP2151 A2
==
8} A
24 | 318102 603432 Inbred sweet corn line R398D xlfn/\"
==
8} A
25 | 470609 %3333 |nbred maize line NP2213 A2
==
8} A
26 | 318103| > /imbred sweet com line W1498A 8 Lf"g’
2}
&} A
27| 241585| 9371 nbred maize line NP2015 K%
9 A&
512
28 | 874805| ©00091Ig  hean cultivar S32-M2 G
3 A&
¥ A
29 | 874639| %004 I5ovhean cultivar 1604217 A2
0 A&
5 A
30 | 874640| %7398 I55ubean cultivar M800188 B
9 ==
1A
31 | 873519| 907952(50bean cultivar S1743473 A2
9 A=
1A
32 | 874800 %44 ISoybean cultivar S10-T1 K
==
3} A
33| 605159| ©42643ISoybean cultivar M001219 A28
==
34 19199g| 630712|Herbicide tolerant plants, plant tissue or plant cells A&
9lhaving altered protoporphyrinogen oxidase activity 2=
8} A
35| 707589| 723 /bred maize line NP2052 A2
==
628830/ Methods of selecting plants, plant tissue or plant A&
36 15683 6 cells resistant to a protoporphyrinogen oxidase A=
inhibitor A7 =
Methods of controlling the growth of undesired
628283 |vegetation with herbicide tolerant plants or plant - Y
1 196268 7|seeds having altered protoporphyrinogen oxidase A7
activity
. . A 3} A
630845|Herbicide-tolerant plants and methods of controlling| = 5% °
2 497698 ; . 25
8|the growth of undesired vegetation ur o
YA 7] =
3 371770 67236El§ Herbicidal compositions for tolerant or resistant w7 7] <
cereal crops
4 762673 667727|Herbicides for tolerant or resistant oil seed rape v} 7] 7] <
6/|cultures
5 336602 559972 Stabilization of non-aqueous suspensions A A 7] &
671343 |Coformulation of an oil-soluble herbicide and a Y
6 75351 3|water-soluble herbicide A7 &
1 729233| 943340 | erpicidal composition =3

9
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670334

304808 o|Enhanced herbicide composition =3
676215 . Qo 5 51
23100 1 Methods of and compositions for plant defoliation = 3HA
529850(Method and composition for photodynamic 5 =)
814305 2|treatment and detection of tumors S
540780|Method and composition for photodynamic 5 51
170467 8|treatment and detection of tumors S
808323 60181(5) ggggoters from plant protoporphyrinogen oxidase Promoter
617724 Manipulation of protoporphyrinogen oxidase A
71296 o] 4 . =
5|enzyme activity in eukaryotic organisms <
576737|Manipulation of protoporphyrinogen oxidase A
472028 ] 4 . =
3lenzyme activity in eukaryotic organisms =
4
102052|Novel protoporphyrinogen oxidase tolerant to o
98941799 5|light-requiring herbicides A
940419.5 12006% Herbicide-tolerant protoporphyrinogen oxidase 2k
DNA molecules encoding plant protoporphyrinogen o
9750798| 833682 oxidase and inhibitor-resistant mutants thereof. A
2793460 14596(3) Mixed fine grains containing glyphosate A A7 &
2792064 145965 Fine grains for controlling weeds stable to climate A A 7] 2
changes
Use of certain herbicides in cancer treatment and A5
9090135) 447491 production of protoporphyrin IX 7| =
9591872| 769050/ Manipulation of protoporphyrinogen oxidase Ei\—*gﬂ‘_}
enzyme activity in eukaryotic organisms. <
51 A
100770 Methods of conferring PPO-inhibiting herbicide A2
96944520 3 resist to plants b oulati A2
resistance to plants by gene manipulation ANary] 2
9790884| 885305 ggggoters from plant protoporphyrinogen oxidase Promoter
2722807 143072 Herbicide composition E3HA
dE
5} Al
19960%2 lgggg% Transgenic plant resistant to herbicide XL?%O
248453 60639? New protoporphyrinogen oxidase 2
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