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Fluorescence Assay for High Efficient Mass Screening of the
Herbicides Inducing Rapid Membrane Peroxidation
Jin-Seog Kim* and Ok Kyung Kwon

Research Center for Eco-Friendly New Materials, Bio ¢ Drug Discovery Division,
Korea Research Institute of Chemical Technology, Daejeon 34114, Korea

ABSTRACT. This study was conducted to establish a fluorescence assay system for high efficient mass screening of the
herbicides causing rapid membrane peroxidation, based on the fact that peroxide in cellular leakage could be fluorometrically
determined through the fuorescent compounds formed after reacting with homovanillic acid (HVA) and peroxidase (HRP). The
assay procesure established in this study was as follows. Only single disc (4 mm diameter) excised from cucumber cotyledon is
placed on the well containing test solution (200 pL) with 96-well microplate. The plate is shaking-incubated for 8 h under light
condition. Then after removing the cucumber disc, HVA and HRP are supplied in the medium buffer and incubated for 5 min at
room temperature. Fluorescence values are determined at Ex 320 nm/Ex 425 nm. The higher fluorescence values are obtained in
the treatment of chemical having higher herbicidal activity. Using this assay with 96-well microplates, a large number of herbicides
inducing rapid membrane peroxidation seemed to be screened more efficiently than spectrophotometric microtiter assay reported
previously.
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A-l = W] =3 Itk (Ridley et al., 1998; Kwon et al., 2000).

a8 g ol 7hsstEd AE o) 2493 e

AlEoke THIGHE St EHA, A8 BUHE, o HEVIE A dest 2 A3 o] H|E| &

¢ 7 A Y NIRAIE AAEA B 2 FXbollA uff- AlEsHA AR ¢ s AARAAE
< ARt AL 28 E7] o]l AEERES wol7] 91 vEAY AAdsof gt

gk oy 7HA] A7l 7S AEHe = R ¥ tH(Duke, AzA Foll= AEAZvel 24t o WAIA

2011; Serrano et al, 2015). £3] ZAAA Holo] AL % FEAHo a2 uhlilzlE 97, /\1];.5— A o2 Az

]
FetelrlEe] W, dAdEst W fAsrie dEe 248 A48 Uehd= StEEol v dEA e,
AAsoF & A&7t G5kl 7] hlee] “ras tieF ol &t diEAQ RtesRe g A
7174 (High Throughput Screening)”o] 1990 ] o] 5 & o AIFAZFE HAE GFsto] SRS A7
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= paraquat®} diquat (Babbs et al, 1989; Hiyama et al.,
1993), @E4 AT 9] protoporphyrinogen oxidase
(PPO)E A dlislo] protoporphyrin IXo| 2= F5A|
(photosensitizer) & T ZHA|A Fof oJsf] EJ4AE
M A7)+ acifluorfen, oxyfluorfen, oxadiazon, azafeniding
(Kenyon et al., 1985; Becerril and Duke, 1989; Duke et al,
1989; Duke et al,, 1991)0] Qlt}. o]& o4 3] PPOA
A= et =T 10 g F=o] AFoA: E4S 7HAH
La/dolal AlxAgEGoe] Yol = HAdgHos AME
H7)% PN F, S, B, g, B 59 AEo= A
o g ARETRsT SlRbEEol v e o] 20134 7]
= $1,471 million®] (A A|2A2] 5.6%) AAAES AHA]
3tk gtoh(Phillips McDougall, 2014). 18|11 A= &
& AgAREo] PPOA A 7ol Al 2Ea A7

sl glomm olfd B4 StEe urt giEow Al
%3] AT 4 Qe o) Fye 2 ojols A @
A whaksly AzASe] AR eRs SR of

A& Aglste] Yeth= S-S S8R B (Kim et
al, 2005), F}el AlE2A] 5} H=S FAFSEALHKim
et al, 1990), opAAelE HERY 0B RE waE HEY
ArsS A7|HA AR ZA5t= 2 (Lee and Cho, 1996;
Cho et al, 1997), A|@-&Hol| & HAE T2 th5 o]2F
B raE AE ARS SAAA BRRAes 24
S}= H}H (Molin and Khan, 1995; Kwon et al., 2000)°| X

SRR

ol 718 AV lEe w2 SRted R et
© BE2 SHolA W AR Rl 8.9& ZHA AL Yok
2ha] by Al2Ale] nag FEHE sk 9
M= o 22 230] F|Eofok k= wf, 1) what
A AlzAlf Sol# ]l Hhe-& Hol= dAwolojof st
i, 2) A3k W2 AlEEe BuloA g 5 9l
of 3tv, 3) 2rdapgo] il st Rttt B A
P} ks sfiof staL, 4) Aol £8%= vgo] 7hegt
srofof gtk o] 59 FHjEdE FHA

N op

th. 71 o2 w72 AzAe] o) Amsto] Harskew
BE aFo) BhatskeArt wAlshe] AT 3 A9 4
|

ool mrh wazQl uaAky A
7Harsl] gla) SaE o).

AENE
L O] FAHBIFH 5
557F PR EE| ohFet -, W/ke| 2=7F 32/25°C2

ALY o 2 HE cork borers ©]-g3sto] A7 4mme| HH
(discyer @il o5 3% FHRTE A F AFARR AR

sisict.

SAEtEE

712&A|2A| acifluorfen, oxadiazon, oxyfluorfen, paraquat,
atrazine, diuron, norflurazon, glyphosate®] ¥YA|& A3}
o, g=3letdd I " TR Al st
KSC30811, KSC31669, KSC31673, KSC31675,
KSC31676, KSC31679, KSC316815 g(Ryu et al., 2001) o]&
sttt I 9o ampicillin, homovanillic acid (HVA),
horseradish peroxidase (HPR), IHAtsl4=4= Sigma Aldrich
A P Ao A,

=

=

T A8 52 dimethyl sulfoxide (DMSO)o] &9 3
(paraquat= S0l =4) S/l gJAste] o7 s
& FHI5HAL DMSO9] F s+ 1%7F 94| =5 5t
STt AEGANE Al AL 8] 915kl 50 ppme)
ampicilling 751t} o]& 96-well microplate®] welld
200 plA FEE5EAL, A% 5em HE T gfof] 7mL &+
sto] Aastoc

NEVESE T
96-well microplate®] 79 FH|H QORI FEH-S welld
HA &8E0, o]& 25+5°C =719 F=71(200 pmolm™
sec”) St A ARGV 2 S50l HA] it ghA
47 sem SEi4e] A0 AHA 40742 =Y vy
otk MAARES BET 4SS A2} 8417 0]%

o E
on, B= APs s Sk

HiFAY THiteteaE R4S el Aol Han
HFeH (Baggiolini et al., 1986) #-8-3}%t}. HVA AHA=
FEdo] ofyA|ut ISt} HRP7} EA5HA o5
W wk-gsto] §gS HAbskE &2 (2,2-dihydroxy-3,3-
dimethoxybiphenyl-5,5'-diacetic acid)2 712+ t}(Guilbault
et al, 1968). weba] viGfo] FREH HAHS 7L wig
oo 45mMe] HVA 20 pul@} HPR 349 (0.5mg mL™)
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USAYE o|-§5te] of
B2 ZAstgon Yol taete] Aol g Tatol
Al gwstero  BASG H FYLHEY
2 fluorescence spectrophotometer (SFM-25,
Instruments, Switzerland)S ©]-&3}0] ZA}SHA T

7] (Fluoroskan Ascent FL, Labsystems,
713 320 nm, 24T 425 nmof| A &

Kontron

M| Mz=Ed ZAb

A5t FAsFTE 0] Ao A o] A2 AL AFA

B 1= HPHo](Kwon et al., 2000; Kim et al., 2005) s=8}o] =%
I 2 FAAERA BYZECNE, AAE, o147,

waute), WE)Et ShE 2G4, 9, Y, kel v
Ae Agstom HEF 1098 S8 1kgha' 4
zow AAHUIT HelF 27l AZTYS DU
7kt 5 A 2Bl ek B PALE Fokdck

2 o

DAslSael ST Hiek Sojo) ME EENSH
ZAEo| oy

LEE YFARS el TF AEsago] 2o
sejsto] 7| RA 0% 96-well plated o] &a1= Ho] Hhgt
A3}, B AolA AEshaAt HE BN g
AZela 7|8 ARxAe ARslid el Tk
Zeoto] Whe e Bholsloltt. Hhgale] HulE 50~200 L
= 51 7k ool A o] IAIEGA SRS 5 UMEE 20 uM
7R GelE e A Pasiee 2A A 3

o2l Fu]el e BatEMpd: SEE WS A A H o]
1 ggole] Rujvt 348 FUgol B4 et 4
kel
s

Fo|3lth(Fig. 1A). o]o] Rhgo] F=¥ F FFgke| st
2 ZA8) & A7}, 10871A= Ao WEo] glglenw
(Fig. 1B) kg0l ofsf F4% FF=d2 vlaz bt

Aoz AtmE it

HMAE MEEN 20Xy HHES 0|8 ©o g
Ny g

o] =2 ZA|E oxadiazon &N 96-well Ut} 50 ul

= 200 uL @i AW URAE He & Frdsto Al
Gt ohe, Ao R RE R Alxzdo] 23 wieks
NS FAIZATE T A3 50 uL Fa]o A= A2A 5
o] &JEsto] FFgko] RA F7ksk= REH, 200 pL of| 4]
= w=o oJEsto] FFgho]l A S716F S (Table 1)
AAH 2 50 uL o ATt Fggto] =4 vebuttt ot
A 2 AR T3 vAS A7) Yot e H

250

A —— 5uM —v— 15uM B
S o < o
.o u i
200 4| —v— 150l AR v vV —g — v
—+ 200 pl /
- N
150 Foox] T ——v—v
) s
100 A V/ Ve 1 © OO 0O
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Hydrogen peroxide Reaction time
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Fig. 1. The change of fluorescence values according to reaction
volume and time at 5 min reaction (A) and after reaction stop
(B) in peroxide-peroxidase-homovanillic acid reaction system.

Table 1. Effect of application rate and volume of oxadiazon on
the change of fluorescence value (peroxide determination using
homovanillic acid).

Oxadiazon Relative values of fluorescence
medium medium
(uM) 50 uL medi 200 pL medi
0.1 0.47 0.44
1 0.65 0.87
10 0.72 247

52 Fsst 3 7N Ao] £ AoR
o] 200 L W}

o] welle] 285218 125}

HVAS| HEsE=x

HVA Ag|szo] m2 g3t o] Zpolg Yotk
12; ujekHof o e Fro] IHitskeaE Il ATt of
2 5%9] oxadiazon -§-Hof E-2 HAH O ZHE =ZH A
322 gohe 74231 A3 2 AT}(Table 2), 45 mM HVA
(45 HVA) = 225mM HVA (22.5HVA)S} 1 mgmL™
HRP (1 HRP) %= 0.5mgmL™ HRP (0.5 HRP) & z}z}o
x3o 2 AE|PS o B Azl 7] T HVA
o] Frot A Agglo] Hlgl FPpES Bt o] &
g ISt Bl SR WS Jro] g

ol THEY] HEoR AAF

ofaf 74x| H=HISo
AFRIES 230 @ 1 27] HEE of

2 45, 44 P Ae

2A7L M 2 ARE S Qe
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Table 2. Effect of concentration of homovanillic acid (HVA) and horseradish peroxidase (HRP) on the change of fluorescence value
(peroxide determination using HVA).

Relative values of fluorescence

Chemicals Conc.
(LM) 45 HVA/1 HRP* 45 HVA/0.5 HRP 22.5HVA/1 HRP 22.5 HVA/0.5 HRP

5 1.21 1.50 1.34 1.47
Hydrogen 10 2.30 242 2.60 2.72
peroxide* 15 3.36 341 3.89 4.09
20 4.55 4.36 5.10 5.45
0.1 0.02 0.07 0.22 0.18
Oxadiazon” 1.0 0.81 0.79 1.17 1.18
10.0 1.50 1.79 2.16 2.18

*Oxadiazon and cucumber leaf disc were not added in culture medium. Reaction was conducted after adding peroxide in the medium buffer.
YOxadiazon and cucumber leaf disc were added in culture medium. After 8h culture, reaction was conducted according to the given method.
45 HVA/1 HRP: 20 mL of 45 mM HVA and 10 mL of HRP (1 mg mL™") were added in 0.2 mL medium buffer for reaction.

Table 3. Effect of light incubation time in various herbicide
solutions on the change of fluorescence value (peroxide
determination using homovanillic acid).

Table 4. Activity comparison of newly synthesized compounds
between at foliar treatment in the greenhouse and at this
fluoresent assay system.

Herbicides Light incubation (hr)

(1.0 mM) 8 24 48
Acifluorfen 1.01+0.12* 3.01+0.44 5.38+0.37
Oxadiazon 0.72+0.06 3.59+0.19 10.24+1.09
Oxyfluorfen  0.35+0.28 3.73+0.11 7.31£1.45

Paraquat 1.88+£0.76 4.38+0.42 12.40+1.20

Atrazine 0.07£0.10 0.00£0.06 0.29+0.23

Diuron 0.00£0.23 0.00£0.20 0.11+0.13
Norflurazon  0.00£0.19 0.03£0.22 0.00£0.16
Glyphosate 0.00£0.17 0.16+0.17 0.09+0.04

“Fluorescent values were determined at Ex 320 nm/Ex 425 nm after
reaction. Data represent the means of 4 replications with standard
errors.

oxadiazon, oxyfluorfen, 2) A 1 FAE 2 E&HOZ 3=
paraquat, 3) A 2 A ] HAAALES AFddl= atrazined};
diuron, 4) phytoene desaturaseE #|3[|3}o] 712 E|o|=
A& A 35k norflurazon 5) 5-enolpyruvylshikimate
3-phosphate (EPSP) synthaseE #|3l|5}+= glyphosate 5-°|t}
(HRAC, 2014; Kim et al, 1999). ZA|FAE0] Lrt
1.0 uME 3t} 71 A3, PPOA| A2} paraquatef] A9t HE
5/d0] F25HA UERTtH(Table 3). FF2AF Al7He 48A17F
7HA] B AA sHE B9 8AIZE W ol A A
7 ) sRbEol A= wiFAIg o] Aaes ke ot
FAEE 716t oFA|9] 9= Wi Al EEE WA
o] S7IeHAl= U TH(Table 3).

o)
N
oy

Lt gdslElEe| 24| xedn) SEEEAMY

96-well microplate assayo]| 42| A3}7| AA|
AR IS ol A LA 2 sletel] Sla] %
Frol A PPOABIAI R == o7 229 Al+F &4
SIS (Ryu et al, 2001) Ao A AJEs5}e] Table 4

Herbicidal activity

Compounds  (mean control %) at Fluore;cfence vazl ues

foliar treatment” at this assay
KSC 30811 45.5 1.13+0.18
KSC 31669 0.0 0.15%0.12
KSC 31673 93.5 2.60+0.26
KSC 31675 90.0 2.08+£0.42
KSC 31676 32.0 0.91+0.18
KSC 31679 64.5 1.39+0.18
KSC 31681 62.5 0.97+0.14

"The material and methods were explained in the referenced article
(Kwon et al., 2000). Herbicidal activities were designated as the mean
control values of herbicides against 10 weed species with 0 ~ 100%
scale system (0 = no effect, 100 = completely killed).

“Fluorescent values were determined at Ex 320 nm/Ex 425 nm after
reaction. Data represent the means of 4 replications with standard
errors.

o Mt o] AzBAo] 3t AT Bl The e RS
A b olF ZHT B Aol FHRANS AN

3 A As AS7E Blaskyich 1
oA 102 tigh ot :HAREo] 90% oPo]E KSC31673
7} KSC31675+= & A o] g4 ollAl 2.0 o]Fe] 3
BIFS BT, HFYA|Lo] 50-65% FEAE KSC31679,
KSC30811, KSC31681 717} 1.4, 1.1, 0.97 A%=2] ¥F33k,
it WALl 32%AH KSC316762 0.91 H=2] B33k,
AzeA o] e KSC31669%= 0.1 ©]5ke] mf$- okt wl
= UEY F AARANAY ARt fARE Bk U
EFSlth(Table 4). 71 5 /o] Flojd 471A] oFAIE9] A
7] w S B Table 594 A kAol wiat 1 3
E7F =27 st srt STkekel wet FEtiE St
S A o= UEhth
o] AE E uf, 2

W2 PPOA A B Al 1337
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o] AAE gHet A2A 5 WAkt aRH oo
2719 A¥ 7|EseE 1.0 uM7} A Ao 2 AR E Qi)

HVAS| HitelL &7} 750l WE FHUSXI0|
1aE A Ho = thFolof 5hE 7t vl W
7] Wizl SEd a8 = e dAHow &
Abebd w9 =2 Ani7t o webA 7Hsst gF A €St
o Tt AP UdeE B A Zojlune & A
AoAME 11 7Hed= AESH] flste] Fddael 714
9l HVA 2] §to] w2 whgajol2 2AFstelt
A7 5cm?] HEZ T 4o $F4 E+= oxadiazon 1.0 uM

Golls skl eolaky AW 407l 9] FufeFet uf
oFol-S 7}A] 31 HVA, HRP, THAISHA A 8] S5t uh2
FFAHEHS 2ASIT 1 A3, kA A E glo] Ak

Table 5. Effect of various herbicide solutions on the change of

fluorescence value (peroxide determination using homovanillic
acid).

Relative values of fluorescence

Compounds
0.1 pM 1.0 uyM 10 uM
KSC 30811 0.22+0.18* 1.13+0.18 1.56+0.23
KSC 31673 0.92+0.14 2.60+0.26 2.70+0.17
KSC 31676 0.61+0.16 0.91+0.17 1.61+0.31
KSC 31679 0.75+0.22 1.39+£0.19 1.93+0.23

“Fluorescent values were determined at Ex 320 nm/Ex 425 nm after
reaction. Data represent the means of 4 replications with standard
errors.

AR B wjoke = YA AHEYS B
n]%) 9] BAo| o]y E EElo] 7|iAe| kolx7] i 3
L} 0713 320 nm/HARE 425 nmof| 4 9] 1] F= A Q] LEL
YA gkgken] ol7]o] HVASH HRPE 7lstolw @4t
A7) S71ER] ekt (Fig. 2B). 18U oxadiazon 1.0 uM
9 glo] L0lAdL = F 8AZE FRAL A ok ujo
olo] Pt H=S Z4e Ak, oFg BH o Aok
2] o734 320 nm/HAHY 425 nmof| A I ZE ol of
| FF=Ho] A5k ch(Fig. 2C-1). o{7|o] HVA?} HRP
A7¥ekle o ¥kgo] ot ¥ wobxlaL(Fig. 2C-I), i}
Abekpas 20 uME F71E 78 kSO B STt =
75Fo| Q{rh(Fig. 2C-1ID). 0| BtubAkele} vl 2o] So|Ql
Fahgo] AZufell A Lofup wjekelo 2 -2 x| HVA
+HRPS} HE-Q8F 2= Qi HA0] TpALSI At ujokolo]
BhElo] SIEHE A& AR, AR el il
A 20 UM A7IeHH ZU1E THE9] Hhgo] UtE= A
< °|& S5k Ayfo|th(Fig. 24, Fig. 2C). ok ofA
Ae]e eojAgoriy FEH B 7ML £4
F2rHEHO] HH-2 7HAkS=A +HVA+HRPZ &%
AFE W HolF AHEY eyt A =Ust Aoke
ATh(Fig. 2A). o= FFHS-S 9ot WA A|efo] %
oj: A& tFAl SAo] e AUIO}
woll W& BHI= e ofAlE 1aes 44
= AARI 8y Ho E3ith vhg- Ay
+ HVAQ} HRPE 37}sto] BEg-AI71
HAG Aoz Al

¢

mlm

r& SO

nlo £ 20 H oo offt X

100
A B @
;\5\ 100 ]
~— Hyd roxids
= 80 lydrogen peroxide )
G 0uM
2 b 5uM ] i
8 s
£ 60 50 e EM 1
8 d 1
| et E el
3 b
2 40 I 1
= a
g ol i T
= 350 450 550 J
® 21 1 < ; 1
=
5 i
s 1
14 L.L‘\
0 = ; ; . 4 i o i
350 450 550 350 450 550 350 450 550

Emission wavelength (nm) at Ex 320 nm

Fig. 2. Effect of various treatments on the relative fluorescence intensity and spectrum change in peroxide-peroxidase (HRP)-
homovanillic acid (HVA) reaction system. A: Oxadiazon and cucumber leaf disc were not added in culture medium (Diagram in
the box shows the change of fluorescence spectrum dependent on peroxide concentration); B: Oxadaizon herbicide was added in
culture medium, but cucumber leaf disc were not placed; C: Oxadiazon (1.0 uM) and cucumber leaf disc were added in culture
medium; I: Before reaction with HVA+HRP; II: After reaction with HVA+HRP; III: After supplement of peroxide (20 uM)

additionaly at the reaction with HVA+HRP.
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+ W=k ul 7HRI7E A le o

S 2ok A, f3Hol oFAlE A ske] YEht
chlAbkE B o] oh(Kim et al, 2005). &
AEAg Al A FARRE UL of2l
A E Aelsto] 4 et webA] w2 33t
K38k SFA|A 2|5 913 AR 4 10 mL o]/4+e]
gHo] & asir) datitely AzAofwt Soldo s
St AL ofum XS VAH R 2ARSH|7F i
ot =4, gzl 7] Qo] = e 5o J3HE
A5 3gHE g9l xA4FstaL o] FxAd FHA =
3lEl= A& WS (Kim et al, 1990). % 274 5cm
o] HELHHE ol-85t7] wiZoll 1 mL o]/4Fe] §ofo] &
5kl Ade =AY QHAE shof|l A AAJstolof sk vk
ARl AR5 7] ek MAE FEdfjoF sk WA
go] Qe Haikels Al ZzAofvt SolH o2 W35k
AL ofuth AR, eolAHut 22 2 OoRHE 42 4
He AEE&H| BHe v 7281 Alxd A& A71A
A2 =A3}(Lee and Cho, 1996; Cho et al.,, 1997). 7}
& BoHA o] &dhs W omA HlwA & {7|(HEDT
4, T $)E ol SR IS wol AA|EtaL AJHE&
A F43E 7ml ofo] RFET S-S AR 51|
7h ofFrhs SRS 7HAAL Qlek A8 flof 24 =
o= AlRte] 19 A== Zo W whihilsly Al zAlo] &
o]A Rl ¥ Ho|A|Wt 11 o FH tE £33 A=A
of theA = WS et YA, AlE-8-Hol o AHE
e o o|2RE F=H Alxd d&ES 3-methyl-2-
benzothiazolinone hydrazone (MBTH)2} FeCLZ HFAA] A
B o g =A3)= "o th(Molin and Khan, 1995;
Kwon et al, 2000). o]&= 9]9] A|7}A] oh& W= 2
Sapikeke AlzAle] HlaA] o] Ql vhg-& Hilth 7]
2Ho2 A7 4mme| HA gk 7het 60 pLe] ¥R, 4
o] ukAAj ekt 9l o 75l 2 96-well microplate
£ o] & & Ut} ek AV AEEE S5k ATt
= B840l 7 4= Lo, Ao ol Aol
Q7] wj&of B} X3t 2ol 48 FHrH(Kwon et al.,
2000).

ool 7l vRel Zo] 7|E9 AAVeS W 3t
TES o Ao QNS B U mE AU
[R5 7L Q7] wiie] 7iAe] B astgict &
o= olF =&Y Stk WHFY shuEA 24
HgA thalel] FFEAS AASHE Hok a&do
WA A=A Aol T Elskith ook
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ofol il HVAE o] &3l BitstpaE 44 At = &
3ol o83k AteEllEo] HalE A vh(Baggiolini et al,
1986), A|2A| 222 o= of 282 2 A7 A3 A
O g2 oA 2 WO 84S 7E A== (Lee
and Cho, 1996; Cho et al,, 1997)7} B8] HH, A]&-gH
2 35uf, A4 IehE A7k A9 3500 A EU 4
19lom, Ae|d AFdH e Apk 20-407] 257 17
= 9131, microplate® E47|2 A1E 4317
AlRHE A 9f 80u He TEAI 4= ST F
?‘ﬂ—/\]-%]'o‘ .{’\_%_Q_E —6‘}-_?_01] A AT 2~ o]
F 6007 A7t 7Hs3 Ao R wEglo
ASSAIITE 1 8842 oS Eobd
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