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A Novel Bioassay System for Screening of Compounds Affecting
Anthocyanin Biosynthesis Pathway in White Corn Leaf Segment

Jin-Seog Kim*, Byung-Hoi Lee, Jung-Ae Lee, Kwang-Hoon Oh, Kwang Yun Cho
Bio-function Research Team, Kovea Research Institute of Chemical Technology, Daejeon 305-600, Korea

ABSTRACT This study was carried out to establish a novel bicassay system for screening of compounds affecting
aromatic aminc acid or anthocyanin biosynthesis through investigating a degree of sucrose-induced anthocyanin
fomation in white com leaf segment. Optimal conditions of varicus factors influencing on anthocyanin formation
such as size of plant material, buffer conditions, light intensity and iradiated duration, incubation temp., etc were
detemnined and standard procudure (suitable experimental condition) was set up as follows. The second leaf blade
of white com seedling induced by fluridone treatment. were segmented into a size of 5x 5 mm. The segments were
floated on the solution of 1% sucrose in 1.0 mM MES buffer (pH 6.0~6.5) and incubated at 26°C for 2 days under
the continuous light condition (70~100 umol m'zs'l)‘ Anthocyanin in the purpled tissues was extracted with
methanol containing 1% HCl and the optical density of the clear supematants was detemmined at 528 nm. Influences
of some chemicals were tested using this system. Glyphosate, b-enolpyruvylshikimate 3-phosphate synthase
inhibitor, showed most sensitive response with L, value at 3.3 uM. Dicyclohexylcarbodiimide (DCCD) and
parachloromercuribenzenesulfonic acid (FCMBS) had a relatively strong inhibition with L, value at 7.1 4M and 10.2
uM, respectively. These results show that sucrose-induced anthocyanin formation in white com leaf segment
provide a very simple and rapid system for searching new compounds affecting aromatic amino acid or antho-

cyanin biosynthesis by screening at less than 10 M.

Key words: Aromatic amino acid, bioassay system, glyphosate, sucrose-induced anthocyanin formation, white com
leaf segment

olo] &3l FAE B2 0% o)Ade] o] AP Axd}
X B3I 9t} (Haslam 1993; Herrmann 1995). el
shikimic acid S T8 aromatic amino acid A &4 A=se) 3
AeAHH0E Wy F8% 9 JRA dAled Tdes FH S AEH0E = A@Aed s FoHs &Y
shikimic acid 434 FFE AFRA TEelAT 2E0] Ut o] Slo fon FAA AEskd dEA< seedEZzAs
(Herrmann 1995). ) E 422 vitamine K1, auxin, tocopherol, S—enolpyruvylshildmate 3-phosphate (EPSP) synthaseS #3] 3}
plastoquinone, ubiquinone, lignin, tannin, alkaloid, flavonoid 5-©) += glyphosate S = = 21t} (Sammons et al. 1995).
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merase 5 <F 7} &g A2 0= A A ol AE
2] 8 4470 WAEA BHde 24, 54, BE T
¥l &do] =™ (Timothy and Comnish 1995), 2| &2] 44 %
B35 w2g gta) S4948HE Ak AEAd 288 E,
FTHAE 2 4 3, 39 3RS, B YA, A
2R AT 33 AEdAEAEY BE T dad 4984
7155 T @eAE it} (Chalker-Scott 1999; Winkel-
Shirley 2001; Forkmann and Martens 2001). 1<t ¢EEAo]d
ARG 2dsb e k80 83 = EopdlA Bl
A e=e] gt} (Winkel-Shirley 2001; Forkmann and Martens
2001). J28d 2% g T/ oAAARS Fsh|
gk 7 © 24 aromatic amino acid A4 55 ZH3A
g QFEAObAA] B2 sy ©gs Flekedy 9
7} F7HE ALE 4R ol Jle] BAREE A
+ A gt o] it} (Martens etal. 2003). @A) 0|53 Sl= 8
FEZAE AUy F= AEET Sl abscisic acid
(Lecetal. 19975 = + =4 ol= IEAND S35 &
#AAo = f7]471th

A2 ARSI S 2oHH FAgor T 22 33E
o] glofof T2 EE B F& AR | Felof gt
27| aromatic amino acid 2 FEA|ohd ARl F B
AEAPHE T2 BBy 530 &3 =0 (Siehlet
al. 1994; Shuto et al. 1989; Forlani et al. 1996), o]= A 3k4 o4
o P A7 FpA) &4 FF,7 B4 AFY HE, W
Aedy E - E2A T HdA Be 35 8] dg
ef7] e AgsioFd sE o B2 Atels HA 7
ek AES B8] 493 AFS dAd § 2L
= A&sle I AYBNEIS sk Ao HEHZ
Aolth @A olegt 24 EgE 9 7] AAHLE
AE WY (buckwheat)-2 712 A3 sl= vbH (Anwhein and
Roy 1993) o] 9]of] A9 7jdtd Zo] itk WS o] &g 47
W sl el SAEE A EA IS ZAREE 3]
o S B Fp R EFREAE ALASA JoF E4
sfe] sk ol AETYY £olA, A, v
9 2 ZEA Hell A we] ith

Park & (1998)& HE4F 2447 S5 do] 32 &
wopd SAHEA e Hls] SHEAepdo] HA3E] A AT A)
A5 By v glon, B A7 o] RIS o8y o
2] 3FghEE 4B aromatic amino acid 2 QFEA|opd A4
298 WAE PIEYRAL YAHOE BEHT BEA
Adsl= S 9332 Ak g5 s skEoh
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HAASE T F 1% sucroser} Sd 1.0 mM MES buffer (pH
60~6516 mlL.E AA 55 cmd petri-dishe]] EF8 oh&, 5
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E3E =A)s o) Bulfer £9 9] pHe 1.0NNaDHE 243}
o 6.3~65% ZFsETh 7} 242 71 WHI Ak
=3
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ol 7| HalMe SmMe HFZ|E buffers pH4--87)7]
ZA| 5k 2% sucrose S 718 thy S 4 ZAES petridish
9 0.15g 2448k o] 28C o] WZEA (110 umolm’s )
o 27} Fol EAIY 45 Fesdth

ek 2Eo] Age W AT 15C,20C,25C, 30C
& ZUFE Aske 29 B MEA K] FA FLE M|
wape] Bgkth 7le} 2 7B HhEe] Skl s

A7 12 BRI o4

A7) $E4E Fush] 98 BAoEA FEAGR
o) 39 A 2HE AL @0) 2AN $7 %, FE
ohd G Wizl AN Yoher] sl 5UA TN
2Aeh53

% 71A| BREE0] AN B R0 OlRl 8&

A7) ARHEE AX AR V8 ARWHE Y 2
712 BlghEo] QREAOPd HA fred WAl His EolR
ok WA A e 2 @e] AMEEE ethanol, DMSO,
acetone | Hks o] Hsje] vl Yo 0~10% WY
2 &d) TR 239 e AdEskad 98 AEA £=
AR A =4 glyphosate [N-(phosphonomethylglycine],
diuron (3-(3 4-dichlorophenyl)-1,1-dimethylurea), tralkoxydim {2-
[1-(ethoxyimino)propyl])-3-hydroxy-5-mesityl-2-cyclobexen-1-
one}, metsulfuron-methyl fmethyl 2-(3-(4-methoxy-6-methyl-
1,3,5-trlazin-2-yDureidosulfonyl Jbenzoate} , aminoethylphos-
phinate (AEP), parachloromercuribenzenesulfonic acid (PCMBS),
dicvclohexylcarbodiimide (DCCD) S FA sk 0]50] SHEA|
obd FA fried A= 4I¢E At 2 s &
= acetoned] o BA3E O acetonel] A== 1%
At} 2 B ES 50% As)rEE Pobit 45 53 233}
A

OHEA|Of 24

A9ge] TEH petri-dish] &) FHS AAY &7 AAR
B 0]Z 1% HClo] 849 methanol 10 mLel| 4 28,000 ipm 2]
£CF 30& Z<F #235kskY (Polytron, Brinkmann) 27,200 g
A 2087 4R (J221M/E centiifuge, Beckmann) 5154
o ASAS FHij A ERA (DUSS, Beckmann) S ©]-4-3)
<] 528nme} 657 mmel| M2} FREE S F oEF 2L
4] (anthocyanin value = AS28 025X A657)¢l] 2)5] QFEA] 0}
o e A A £R1F E4] 35 (Mancinelli 1990).
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o3t

lohde] 2 AT 48 TTAL AME, BT
A7, WD, 55, 555, 57 Fo| QoA Aok B A7
Lo 5552 89T At T hEAE ART
Yol Eolsha, H=4-9) thylakoid membrane©] §i+ W52
(Wrischer et al. 1998)3- Al&s]c AAHL =2 <HEAJopdo] 3
Awo dxd =ad Ao|m, FRYAAT) g7 fIel £
A A BEL e FIEE o o MEAE A D
T 93, A gole EEY 53lEA B o) gaknae A9
StEAobd Ao SrhaT (Paketal. 1998)= ] 8171
mzo|th g QHEAJold Mgl E Be oA sk
W REd A A 2 o]FoAE FoE deA Jled
(Chalker-Scott 1999; Weiss 2000) 32 FFsh= Fo] A494
£018 Bb opde} FTATH] g dgzAs RS
G327 = dee 719 8] mEel B dreys TR
Aoz g FFE Bl ¢kEA e HEHEE 9t

WA Hde] 238 o FHY I7E FEA M A
B v s Btk 250 AR 1FE d AF AA
2] g A7kle 55 AAskA €5 fmm do|E
g Aol A 7P B A S REoY, 6mm 0|3k E AFEE
AEe A 7 At & A0)7y AFEHA] gskth (Table
D). 28 28 Zo|d= vaws] B {25 zbe)r} A =
S= vhAE dolrl drE QPEAOM 55 Fer) WU
Agolsink ol 23 Y29 7 7 Bt EE 30
Jd= A Z2gen HHo] &9 gue| & HEEHLE A
A7E Ze} Adske Ao S8tk 28d 2 mm 27]¢
A2 2ol v B8 Aol AUt A Aas5HE iE
W Alxart EbEls o ol AdEska] Eshyt
(Table ). ghH o2 B o, H F7|= 3~5Smmr} 3D
AeE shdu Gt

215 Ao vl kEAold B Ao oM A}

Table 1. Effect of size of white com leaf segment on the anthocyanin

formation.

Length of segment Anthocyanin {A528/0.13 g FW/10 mL MeOH)
{longitudinally,  whole leafincluding ~ Main rib-removed
mm) main tib halfleaf
2 1889+041" 1.795+046
4 0.528+0.10 12724005
6 0.899+029 0.767+007
3 0318+008 0.609+027

L eaf segments were floated on the solution of 1% sucrose in 1 mM
MES buffer and continuously irradiated with a light Intensity of 70
~80 gmol ms " 4t 26°C for 2 days. Data represent mean+ SE of
three replicates.
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o]7} 21t} (Rengel and Kordan 1987). 57 FE2] +k €&
Agahe Ao] vl SR E GokRr] HEkd 3ETR FA
sfd ZAbel B AR A 1E CFElA 71 B EA0ID
TS Y G A3gel 7R 2sked Ay 271 E
= §719 AL A3gy ARG gk =2 AU
(Figure 1A). A 192 StEAlopde] o] M2Y AEF 4
B AT 5 ks AFHo 9o HT £ Y= AETD) A
WAL E A, ASEE A 7o) doAR7] Aol A3 &
87)7ke] dejAn gheAdo] oAk B0l Sl upebA
A2EE AMEse o] vAE ALE BENY A2E Fo
Al 2719 A8 o= £7]Y o] o & Agel|gioy
Ael7h A4 gove ZFe] AHF & o= A7]¢] Fse
wHrer Aoz WaEt} (Figure 1A). #2249 g4 4
Z -8 ZAZE EAleld F3 Aol AY iR
(Figure 1B), §9 o|Hd} W F oL Ho] Lo P =
e Aol F2AE 22 Aozt YithE ogk A4
.
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Figure 1. Anthocyanin formation in the leaf segments detached from
different leaf sources of white com seedling. In the experiment A,
leaf segments were obtained from early stage of 1st leaf (1st L-E},
carly stage of 2nd leaf (2nd L-E}, late stage of 2nd leaf (2nd 1-L}
and early stage of 3rd leaf {3rd L-E}, respectively. Apical, middle,
and basal part of the 2nd leaf blade detached at 3rd leaf stage of
white corn seedling were used in the experiment B. The segments
were floated on the solution of 1% sucrose in 1 mM MES buffer and
incubated at 267 for 2 days under the continuous light condition
{100 pmol m”s ). Vertical bars represent standard errors of three
replicates.

QPEA(D[L WEH T EEZA AL

S e /20 /7 |7 anthocyanin £ A

Fo] FEHE FEAepde] FriEEd o)y dd5 7
Fdoz Q@ AFY Ao BEoz AHANE H
(Tholakalabavi et al. 1997), 7 B o= A3 |¢]| sugar responsive
domain®] Slef 2o] AF o] ks WA «F J1A] JlE
o e FHAE BdeAzithE FAE0] AAEHT Sl
(Smeekens and Rook 1997; Mita et al. 1997; Chalker-Scott 1999).
A QHEAoP] A= Fo] "4 ot} (Kerckhoffs
and Kendrick 1997; Chalker-Scott 1999).

£ d7dAe s A Ads fg ZEAA &
Hell Yol digae 2 3=, e w7t 52 25
A3k 1%,2%,4%2] F Lodo] YHES Hyy A7 F
£o AN Fo| WP R Aa2H HES 2NN
o AT QlEAeld 24 AolE B A 2 dE27Y
B APAOE BETh BESE FEA £4 L2
% AEA ¥ AIND Fgwe?). F STUE WP 7
-, 4% sucrose A7} A% & 197 o= T2 AM2FRTH 4
4 ghake) ARt 1 o)% 3udse| = 2% sucrose A 2B &
Ble 2RV 4dA widell= JPY HE @s Bt 59
4% sucrose®]| 4] 55 pmol m’s! o)x}e] Bee] wjekd AL
A 2o} 4dA] w28 4k ko] topr] 2o
FEkd og Faheeo] ekttt (Figure 2). Sucrose 2% W %H
o] Ao fFE 0 E A} & 3472 A48 v
BoleA bt W 39 o)l damo] v
AL As AnsA SR Fgwe2). BAZ AL
03% o1l Wee] Gehby 3% BE5b £ Wgs T3
Frolm (dolegl mAA) B w7l 209 AsjA it
ZAride] 2o s ke o AFHE S AsiMs 1% F
T Ferh AR T (Park etal. 1998; Kim et al. 2001).
FE9 AfelE Aol 23 SEE B 4 60100
pmol m’s o), W77 HAWREZ BolE 297k whoo)
22 o= A=

ol

Buffere| st

SFEAlolA FAS Fsh7] Y3l 25 35T A+ I
slof & 4}8E9 sk bufferg o] F 5 Ee FEA]
obd A Al gelof Sk Aot B2 BeE| &
e BElA PEALE AEAY TE T AR AE
o] g obel| Easl= proton-sucrose cotransporters E5{ 4
FEALZ Ens|E gt} (Riesmeier et al. 1993; Bush 1992).
24] 0]%-& apoplastic movement$} symplastic movemente=
T 7 AEE BE olFelAs, 2 A2 dE AEes
25 Zo| ugl 02 ACE BIHY Yuh (Turgeon and
Beebe 1991). v} buffer 57, buffer strength, pH 50] 24
7 % o5 d%s v 7 37 gqdel i e buffer
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Figure 2, Effect of sucrose concentration, light intensity and incubation duration on the anthocyanin formation in white corn leaf segment. Leaf
segments from the 2nd leaf blade of white cormn seedling were floated on the sucrose solution in 1 mM MES buffer and incubated at 28°C for 4
days under the continuous light condition (A: 21 anal m %t ,B: 55 ol m’ gt ,C: 110 pmolm’ 3 ) The each value represents mean+ SD of

three replicates.

27 4% %Hf’é Aol gasith
uffers} H]F 7192 MES buffer7he] SHEA]
b A j}q% | Zshe) Bk K P buffer= 1.0 mMe] 4]
HE chEAlold Aol 9A|Ho] 10 mMo e oF 50% 73
AH9) 01} MES buffer®] AL4E 10 mMe|A 2k 6% Azt
ZHeme] B} B2 w419 donic stregth o] e SEEA opd o]
2H5)= Aot} (Table2). MES bufferS th o & 210
mM7A] 2mM = MY E AEsle 2 AFPS
§mM7}A = 1.0mMel|l M9} Zhel7b A& fI9E 10 mMel| A
ArZd L7} o)t FahEe Age|dokd elel 1A A)).
Buffer £ 8] pH7} StEAlel] B4 Fxeof mA= 9%S
golB 7] HajH= SmMe HF7|E buffers pH4~872)
ZA B 2% sucrose &3l M MAEASL FrAlFT 2

Table 2. Effect of buffer sclution and its strength on the anthocyanin
formation in white corn leaf segment.

g 43,

Buffer Strength Anthocyanin

(pH6.5) {mM} {A528/0.15 g FW/10 mL MeOH)
MES 0.1 0.843+0.055"

10 0.821+00098
100 0.793 +0.044
100.0 0.078 +0.005
Potassium 0.1 0.835+0059
phosphate 10 0.752+0021
100 0.385+0055
100.0 002240011

23 pH4o A 7} 28 #4945 BEX, pHS 87kl = ¥
=5 A ~E— BEr}h (Table 3). 0]59 235 & o, MESS}
72 w7742 buffers 8 mM ¢] 32 A3} pHE 58
o] FAHEE AEsh= Ao vfF AT A0 = qAZ

ees

AP £E2) 9E 8] AHAE 19%2) 3 B Aol
UHE-S BT 15C,20°0C,25C, 30T e 2715 4335k
29 B QeI B4 BES HEsl B3tk 1 23,
ISCAAE A9 GRs GROR olF 0T ARA
Mg Bolr} HEAoRde] $AHUT (Figue 3).

TAAZ| S A

olel APAANA B whe} o) EAoh) SH

Table 3. Effect of pH of buffer solution on the anthocyanin formation
in white com leaf segment.

pH Buffers (Aszgfo.l?lgnhlzowcff(l}m ml MeOH)
40 5 mM MES 1.8546 +0.0547

50 5 mM MES 24853+0.182

60 5 mM MES 27396+0.254

70 5 mM MOPS 27411 +0.049

70 5 mM HEPES 30356 +0.011

80 5 mM TRICNE 2.5686+0.060

PLeaf segments were floated on the solution of 1% sucrose in each
buffer and conu.nuously irradiated with a light intensity of 70—80
panol mo s at 261 for 2 days. Data represent mean +5E of three
replicates.

DL eaf segments were floated on the solution of 2% sucrose in each
buffer and continuously irradiated with a light intensity of 110
pamol m’s ™ at 28°C for 2 days. Data represent mean+ SE of three
replicates.
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2} SkEAlold gas Aoz} gigioh

% 7R s gt BE

B Az AgA 2H9 AEAFPHE 5497 shikimic
acid A g41-2 T 85} aromatic amino acid A 4] #3, aromatic
amino acid &4 ¢]E2] olEAe)ld AAFAA, Pl S
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Figure 3. Effect of incubation temperature on the anthocyanin
formaticn in white com leaf segment. The segments were floated on
the solution of 1% sucrose in 1 mM MES buffer and incubated at
various Iacmpezramres for 2 days under the continuous light condition
{75 pmol m™s ) The each value represents mean =SD of three
replicates.
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Figure 4. Change of anthocyanin contents dependent on the duration
of dark and low temp. {(4°C) incubation of the purpled leaf segments.
Vertical bars represent standard deviations of three replicates.

9 z0E aALY
94 322 £3d Lo 399 e AREES W)
Y3 7 #F AME RS acetone, DMSO, ethanol©] SFEA]
ohd Bl mAlE e 2. 1 A, FEA
Ao "AE d%E "AA = ko acetone 125% o
3}, ethanol 10% ©]3}, DMSO 125% v| 9]¢t} (Figure 5).
Fo A%HES B8 A=A vEe 2o ey 4
85 ZAF5E 43 Table 49]4 4} 7it} Metsulfuron-methyl-&
2150 acetolactate synthaseS A3 3}= A E2A| =4 dok 2
EA4 AEE A% 49 Ad2 o9 (Park et al.
1993)-113'14 Basrr YAH AEE A= AgF
TolA tEAORd FAd HE dS =AA @t
(Table 4). o]= =4FA¢| A 2]® metsulfuron-methylo] 23}
AL B8iA e 2y sikZY o]FE AsfPoEH
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Figure 5, Effects of some solvents on the inhibition of anthocyanin
formation in white comn leaf segments. Leaf segments were floated
on the solution of 1% sucrose containing tested compound in 1 mM
MES buffer and continuously iradiated with a light intensity of 90—
100 umol m’s" at 26C for2 days. The each value represents mean
=+ SE of three replicates as a percentage of control.

Table 4, I, values of some chemicals for inhibition of the antho-
cyanin formation in white corn leaf segments™. K

L Conc. of 50% 05% limits

Chemicals inhibition (I, M)~ Min  Max
AEP > 1,000
DCCD 7.1 6.3 8.1
Diuron 803 539 1389
Glyphosate 33 20 40
Metsulfuron-methyl > 100
PCMBS 102 80 12.8
Trallcoxydim 54.1 397 716

YLeaf segments were floated on the solution of 1% sucrose
containing inhibiiors in 1 mM MES buffer and2 continuously
iradiated with a light intensity of 70—80 gmol m™ s~ at 26C for
2 days. Ig; values were obtained by Probit analysis.

AEP aminoethyl phosphonic acd; DCCD, dicyclohexylcarbodi-
nmdc FCMBS parachlommercunbenzenesu]fomc acid.



(Hall and Devine 1993; Kim and Vanden Born 1996 A Z 1]
2 EAL ol AAElE 244070 ve Al]F (Pak et al.
1998)S 2 s ooh g4 ARG 12 24
L2 7FA= diwonsd 803 uMel A S0% As] TS Bth
Tralkoxydim 2] 7Z-f= 10 M o]/ 37 H QGEAeME 4.5 71
2AZ)17] AlZebe 100 @Ml A F0% oS A EE T
(Table 4). o]+ acetyl CoA carboxylase (ACCaze)S Y=p2-&4
L2 5= AFAEH ACCase ASASLE AZ2Y mem-
brane potentiale] ©)/+-5 Z2HAZIvh= B3 (Shimabukuro and
Hoffer 1992)2 B0} suaose2] 548 E43 A4 e
Aleyd 85 udA FTpkelr 2HaaZ AL E F=Hh
39 glyphosate= FALE A EA S 7P R 2o A
W5 yehfio] 3.3 uMeld 0% HA == Aot
(Table 4). o)= M'Z-S o]&8 AFe| A (Amrhein and Roy 1993)
B} (I =60 M) oF 178) e dhgAdo] =2 Aot o
el H9E AAALE 4RSS S50 7R A Est
7] el el FEE 5 &3y PEAoPd AT
L = AL E Az o8 &4 A glyphosate
7} A 2)=™H EPSP synthase?} A3|= 2 (Steinriicken and
Amrhein 1980) o] Z <13 FEAJoP A o] HAF] A ==
Zlo g2 7A@t} Aminoethyl phosphonic acid (AEP)= 253
el A acetylphosphinate 2 3} pyruvate dehydrogenase S
Asjadr Gex 9t (Laber and Amrhein 1987). |02 o]
S5 tEA 0P AP G A= 50% Al 320 10 WMol %
T} 519t (Amrhein and Roy 1993) 2 AFd|HS 1 mM
7hA A2 dgke] glgith o= B H#bHe] shikimic acid
pathway = F3]4 =A< hydroxycinnamyl CoA A5
FZe] B} Jolide]l slaS AAlE] Stk PCMBS+ thiol
protein®] 755 A3fshH F8| 22 apoplast 0|55 WA A
Seldez Asjary deA sinh (Bourquin et al. 1990).
DCCDE ¢3dae) H ATPases) 242 %A A7)E 34
B2 (Hsu et al. 1992) H-ATPase”} 24 =™ sucrose
cotransporter 2] 7|5-0] BolA 2 F77} JAE ALE 4
ath B dPzdel A POMBS S DCCDY I w2 <4t
102,71 @] ST} (Table 4).

olde] AP A s A BHPE FellA 10 M o5}
o AekdA Ly, & 7= A glyphosate, DCCD,
PCMBS A|l7}A] $om I oA glyphosater} A|d whe4d
o] =gtk webd B whHS o] 238l shikimic acid A TS
E @38l aromatic amino acid A8 As] A EA, SHE AP
A 23A, D EFF E= o575 Aslsle 3gE T2
ARE 7 U 10 S 7B E ARsk 2 o] sfelA
TS 7P e Bges s A 2o & sk
2 2E 518 A= gt ¢ S T A
44 72 7 UL s 4 dE9E v 3 2994
Ak B AdEACPS FAANE 7 3ol dAEA 4
B 7 glom, A Aol THde] gl7] wfFe] F40]
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Zol3ld, &) £4d wet g AHS 2 AR 052 7
T 9¢] minlaturation assay™ 7FESlEE AAESAT =Y
T & Aotk olzE B WS QhEAold AAld] fEd
AR 42152 AL Pelx: ZHA 82 7 35 Aot

g @

B A7 HE G2} ANE BFSSS GHEL oL
sl QtEAlOlY EAACS X FE aromatic amino acid A 3}
Ao BEY AEA E= dEAN AP =IAS BT
ZHEEY A&shA 7te] AR wEL BYshvA) 2 &)
£ AT %8 24D C W) 25 2 BRA =
A7) B2 A thed 22 32 ARWiye 893
9t} Flridone S o]4-3)ed wigha|zl 2% A2 GAS
AHz3} ¢ o, sucroser} 19% T8 1.0 mM MES buffer (pH
60F 7B 20T Fhs Wkl 7R wgeioz ZA 8
NREEE 296 Fdele oS 25C Feo) 94 g2
(70~100 gmol m’s o 297 Evh AMslE =2 9] ShEA)
ofd2 1% HClo] 4% methanolZ F&38 t}& 528 nmo|
A9} RS 29T 55 Ao s 2 A 59
o dgkg zilek A, A8 BYE FoAM gyphosate,
DCCD, PCMBS7} 10 @M ©)5h2) A5 6lA Iy, b ek
k. me B hHS o83k 10 M /2T E 4Y
S mdr} B 25e A BAELS £44 BAD £
98 Aoz Wad.
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