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R 9. Acetolactate Synthase(ALS}= 7}A| & 713l o}n|cAt valine, leucine, isoleucine®] A§t43 #43oll ]
FEH 2 L3l RAolch ALS: M2 2 F414de] Sl 32l 78S sulfonylurea, imidazolinone,
183 triazolopyrimidine] A\ ZAES] FEH A HHe)}. BF2He] Belak ALSE ol Saie] Az ¥
A% 4,6-dimethoxypyrimidine =52 AL FAsiolc} 7P £ AL deidie fred
£ K115702.2 1C,7ko] 0.2 uMolu). sh5-2] ALSe]| digh K115702) & 3j|#4J-2 incubation A|Zto} F7}g}el
wa} Z7}std o, 714l pyravateo]] dj sl E¥3 As]/38-& 2o FAr}. K11570¢9} sulfonylurea Ally, 2.2] 1
feedback A #| 4] leucineol) ™%} dual inhibition A ¥ A} |5 | A|e] A2FH-47} HAY FEHLR A&
Ao AR Argg W7 &4+ Ki1570, sulfonylurea Ally, 223 leucine] A& gl7te] walr}
AakE] gl o, Tp2) Wy 2 A# 73 Tel g go] At

ABSTRACT. Acetolactate synthase{ALS) is the common enzyme in the biosynthetic of valine, leucine, and
isoleucine, and is the target of several classes of structually unrelated herbicides, including sulfonylureas, im-
idazolinones, and triazolopyrimidines. In an effort to develop new and desirable herbicides, we have synthesized
4,6-dimethoxypyrimidine derivatives, and examined their inhibitory activities on pea ALS. The most active com-
pound was found to be K11570 and 1Cs, value for K11570 was 0.2 pM. The inhibition of pea ALS by K11570
was biphasic, showing increased inhibition with incubation time. The K11570 showed mixed-type inhibition with
respect to substrate pyruvate. Dual inhibition analysis of K11570 versus sufonylurea herbicide Ally and feedback
inhibitor leucine revealed that three inhibitors were competitive for binding to ALS. The arginine modified en-
zyme showed decreased inhibition by K11570, sufonylurea Ally, and leucine, in constrast to, tryptophan mod-
ification did not affect on the sensitivity of ALS to the inhibitors.
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Fig. 1. The Chemical structrues of herbicide, SU: Sul-
fonylurea; IM: imidazolinone (imazethapyr); POB: py-
rimidyl-oxy-benzoate; TP: triazolopyrimidine sulfon-
anilide.
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olE H, 25°CollA 202 §2F WAz o) ¥, ¥
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22 A2k YHES AAY ¥ 2] =9
K11570, sulfonylurea Ally 22]3 leucineg ¥ 33}
£ assay Sl A7l3ted AT E A3t
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S5z e 22l ALSE o|£3}4 4,6-dimethoxy-
pyimidine F-EMES] A3 $43-& Hr1sict. Table
10 o] § f=AE2] F2AF ALS R EEF 50%
22 7)le AAA g oriste ICxghe] F+of
A ek 14709] K EAE F K115700] 71 53
AN L w9 end, Kil5708 ICs3tE 0.2 pMo]
t}. K115702] dose-response curve Fig. 201 viehu
et

K1157004 2|8t ALS2| XM&. K1i570% XA4-E
incubation )7t F7FA7]HA whEAZ] g, A

2 1 A4 BATE A3 ZY incubation A|7te] F7b
Table 1. The stuctures of 4,6-dimethoxypyrimidine derivertives and 1Csy values for inhibition of pea ALS by the com-
pounds
Name (ICsp) Structure Name (ICsq) Structure
K11570 cf, K11330
02 1M) @(/ﬁﬂ 0 CHy (0.1 mM) @\/‘CH 0 CH,
1 N:—
()CH:l OCH3
K11566 K11342
@ Co,H © OCH
(12.5 uM) cozn 0 CH, (NDY) kz N 3
N / \
N=
OCH3 OCHEI
K11559 a K11343
co,u
(25 uM) COH 0 oCH, (ND) kz . 0CH,
N:: ::
N#k(/ \ N& \
— N—=—=
N
K11560 K11643
€0,CH
(76 uM) o H o (ND) 23 . OCH,
SRR
=
(.NZ’J-!a
K11568 K11645 CO,H
(80 uM) o H o (ND) OCHy
N
§ n—o—y{ \§
N=
OCH._’

“Not detectable at 1 mM.
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Fig. 2. Dose-responce curve of the inhibition of pea
ALS by K11570.

Y5F AN} F7IskdchFig 3). 79 ALS
off c @ K115702] Als] 53 (inhibition pattem)S &
oy 215t RY2 Y A3YA| FolA 7|
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“H{mixed-type inhibitiony2 B o Fg] ch(Fig. 4).
X3MES] FESP. ALSell dia) K115702} sul-
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Fig. 3. Rate curves for acetolactate formation by ALS
in the presence of K11570. The concentrations of K
11570 used were 0(©), 0.05(®), 0.2(7), and 0.5 pM
(v).
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dual inhibition analysis& E3ted FAMSIRTh. K
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A FUT AP L ko2 falale, 1/VE K
115702] %ol &) plot2 3t} Qe Paf4
o BolAe F 35 Hslle) AR} Mo
HEMog FHo| FE ujPt? 5] ALSH
i3 K115707} sulfonylurea Allyo)) c%} dual inhibi-
tiond Yol A &= Fig. 5A0] 32l uje} gho] A9} 3
#3 2 o] edo{Zr}. Feedback 2342 levcine
K115700) 33} Aol = 33t kinetic pattern-S-
Ro]FEc(Fig. 5B). o]|2]§F A= K11570, sulfonyl-
urea Ally, 18] 2 leucine?] ZA3297} #4d 42
FHo2 FEYS AARd

HsNel S0 Trp2} Arg T712| HYO| O|X
= 98 Trp A7]2) Wyo] A3 A2 Al vlA|
= 2EE Al 2, WdE ALSE KI1570, sul-
fonylurea Ally 722] 3 leucineo]| Z§3leulof ¥ o}
& ofgko] glglek(Fig. 6). K11570, sulfonylurea Ally
22] % leucine?] A& ALSS) Arg Mo o)) oF
& odskg gt gl o] FASIUcHFig. 7).
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Fig. 4. Lineweaver-Burk plots for inhibition of ALS in
the presence of different K11570 concentrations. The lev-
els of K11570 used were O(®), 0.05(% ), 0.1(¥), 0.
2(0), and 0.6(w ).
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Fig. 5. (A) Dual inhibition analysis of ALS at different
concentrations of K11570 versus sufonylurea Ally at dif-
ferent fixed levels. The concentration of sodium py-
ruvate was 20 mM. (B) Dual inhibition analysis of ALS
at different concentrations of K11570 versus leucine at
different fixed levels. The concentration of sodium py-
ruvate was 20 mM.

2 &

ALSE A 272 o}r| Al valine, lencine 28] 7,
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Fig. 6. ALS was treated with 2 mM NBS in presence
of 0.2 M pyruvate for 20 min at 25 °C. Excess NBS, py-
ruvate, and product acetolactate were removed by gel fil-
tration. Activity of treated(O) and untreated(®) ALS

was assayed in the presence (A) K11570, (B) sul-
fonylurea Ally, (C) leucine.




310 RRF - &R KRB - REE

100 A
.‘ 80 N
£ O\O\o\‘j
z
2 6ol
. N
=
% T RN \\
E
=

20}

0 n 1 1 1 1

00 02 04 08 08 1.0
[k11870), pM

B

100
" s}
£
I
£ swf -\’\oL
5
=

20|

° 1 1 L 1
0 10 20 30 40

[Ally], nM

100

Ramsintng Aotlvity.X

° 1 | 1 1

0.0 0.4 0.8 1.2 1.8
{Leu]. mM
Fig. 7. ALS was treated with 1 M phenylglyoxal in pres-
ence of 0.1 M pyruvate for 20 min at 25 Excess phenyl-
glyoxal, pyruvate, and product acetolactate were re-
moved by gel filtration. Activity of treated(O) and un-
treated(®) ALS was assayed in the presence (A) K
11570, (B) sulfonylurea herbicide Ally, (C) leucine.

HExr = YL g3yt Y sulfonylurea
bridge tHAlell amide bridge”} %4]¥ Zo|c}. 4,6-di-
methoxypyrimidine = 3& F M GAo] 74 F
L KI115709} ICsghe 0.2pMe2 ARESHE! sul-
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¢{z|v} imidazolinone |93 9] | ZA| €2 Arsenal(ICs
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o)o]] amide2 QA= glr}. 28] 1 ortho $fx]el] A
A} x5} o] gt 7171 X)3=]o] gl 7-$-(ell  -CF,
-NOy) =& A 84dE ebdch. Phenyl?]7} gl
pyrimidine f- %3 & A3l #843-& JepiA| ool

K11570¢] 23 ALS =] 8]84S incubation |7}
o) Z7hael mheh Fbshs 402 hebytet. of9)
A+% sulfonylurear] #)%4)] chlorimuron ethyls}
imidazolinoneA] A)ZA| Cadreell 2J%F 23] in-
cubation A]7}e| Z7}4tel| a}e} 2715} biphasic 3
B2 BodF g 0o * pyrimidyl-oxy-benzoateol| 2| &t
A8l incubation A[7tell BAGLS] YA 3iAct” In-
cubation A|7Z}e] whe} HAR N7 Frkele Yl
ZAR sl 1A Aol Uk Hefe|ch Az
Ao As|R8E& ot f8 o8] Fxe K
11570 £X3}ol|lA Q2 kg #EE Lineweaver-
Burk plot¥t 3 ¥ A3 H¥L BedFct
Sulfonylurea#| | ZA|Q] Gleant ALSel| o] 7 A
%] ] | (competitive inhibition}5, imidazolinone ] A
ZA| Cadre= 25 ALS<l sl £33 A& Rol
£ 712 ¥ wgEy o] ® pyrimidyl-oxy-benzoated|
3 AT XY AR dele AR
B usgnt” &4y e 3¢ AAEs £
EA7|A &3 2F Ayt F G A
A7t chZch Y AaAl= 2149 AipAe]
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F$7F AA A =AY o ¥ dual inhibitionS %3}
o FApstir). ALSel| tigt K115703} Allyel|l it
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ALSel triazolopyrimidine sulfonanilide, thifensulfuron,
a2l 3 imazethapyrS<] regulatory siteol] Z{3le=
HAE weqFoer? AEA G feedback AN R
A& 23 ALS TQHolEEel AR cross-resistance
#& AR} A7, o AL AR, w2, 2E
AL o AAAEY APt FHEE ¥
3 FEEA] W FEo] YA ZAtz AAH R
alr_}.ll)-is

2 AE2] AYF-Slo) EAsle orlmig @
ohuy] gAY AL v s w7} etk Beje
Al #2|3 ALSE Cys 7|8 Wy A7 HgCh2
Me] gk § feedback A A3l Val, Leus] &5
A A3 o] AMAEL] A AN o FHh
E 37t e Wolnh” e A2A|Eo|
heterocyclic ring® 7FA| 2 QLB F o] F A|xAe}
Aol Tp 37171 ARAY Hoz Azts]e] A
49 Trip A7 & VYAIA ANA S ANREE
ZARE Aol A) K11570, sulfonylurea Ally 22j %
leucine Ag¥-¢lefi= TrpAt7 17} 244814 e AL
2 vjelydrel. Phenylglyoxald o 48l Arg 37| &
W A7) Aol B3 K115709) ICsgh-E W3 A7
A &e A ICogtRe} 5uf ol Er) WHYR
A2 Allyel =% HHRA T Ki1570¢) 23t A
A= vlAVIE GojRiet. o] AFH2 K
115705} Ally2) 239l Arg 37)7F S-S
A|ARRc}. Leucine2) A s@AJE HY )72 4L
E2FE 7P dzAEY vidsld £ Fs
Arg A7) leucine®] Aol FAF} T QlSE ¢
4= i}, o] A= K11570, sulfonylurea Ally, leu-
cine ALSol 7A)x o2 AYdchz dual inhibi-
tion AP Aspe} YA} oleigt ololiike) 33t
A oy AYYPAINSL site-directed mutagenesis§
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