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AzANE G938 AdYo] Yok vAd 48 EAIF Ax AzA7 At
3, B Fxo 2V UE ARAR Y B, ZE 2L FAHA H2s
£ AZAE Aok H9YY AZAE AET A9, 4BE HsdTE oFL YA
B oAER N2 AU4 S48 A0 BEE A % & 94 90 wge 6y
9o AZAE AEHN BE F2E AA & = QAW JEE 44 AAE
QA Bk W29 537 AAE o 69 haz 19719%] Fzol @ At
$ 259 olgithe mast ATk ST 54X WAL o 2008 haol ™ ha o)
A (B, REAME, RERSE £5)S 1000008922 2@ A7 2000980 &
42 Aoz ANED. 22X A9, #29 UUoz AuAel WolNA HA 2
Ao ANE HokdTh 2y ek AxA WAS AL GAAE Bose 2a
A =gFoEM AxA WY FAAT 4B ATITY 2x9 AAgolE 2

o 3 AA4el ¥ 22AE A%Fez 44 ¥ + A

Paraquate M EE¥e A&W, vAY4 AzA2A 10589 vF ICIAH7} 22
seojete 4Fo2 Auagen, ARux edse] o BASHY s7te] A
dome Fudd AHEA A BuHT U SPuIE 197086 ol
245%2) AAZH BEAREAALCE AHgHo] Fom, JAANNRE 45
Qo] ol27|7x) APALZ &3 Aol FFH FERAINE £I4 Az
. o] AzAY FE&A %L paraquatel BEAY FRLANN ARE wol FY
o 93, 98 paraquate] AE o) ARAGAE olgad WrFY dx (=
BEBE, 0:)8 S9AA superoxide (0)E TEH, oW FHoistA A=
superoxide® #2|8Hx ZatE AEE Adan AW AAE FAYEE 4x &
37} JeptA "o
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4. Paraquat? 37309 FAE= AF4872

Paraquat& X 83 ZE A ZxA S Fdo] AL Fo g golgts EAE of
7184 Bt 2822 7tg¥old FIFE AL A FAY BAAGA FF ©

BESHE ASFOA BAEAS A dosle A AR AR @
gk aeY A% ABFotel AUHA G 4F ol sohge Fue

HEAAF FAT Fags AR EAE oSt E Aeojt. a8EE oY

rir

¥

7t Y e FoAA P BAHC g @ AWM a7 2312 AALE 7
A Fg dHUsHA Adsiorst g aAo] gttt Paraquate EE AE A E s}

o £4& 7FAA T AXE paraquate H{ g =& HE AL o3t HA B
A, EFo HEFH A2 HEH SA EQG Z3A FAHER AL o
Ald d3= A9 glid & EauAd 9t 12397t paraquatS AFEd EYo R
B #&3 FZEA paraquate] A9 HEHA @gddn . a3z g2 4
AeEld A zAE FolA paraquate 87 334U AEg AzxAgda 2 4+ ot
2 479 A2HFFANA paraquate]l =EFANA EFA FF, 23 4 vAE
EE UVel 93 Eal7]3& WeWoerzn AR HE paraquate]l 7H34 873 & € 2

N7 £ A dgS FA 2 RAelnh

5. Paraquat WA 5% AuiAld = AxA AHEFE 43 €9 4+ o

Paraquat WA FAAE 73 528 AT 2, paraquatS At&sttast= &
ZoE 7t 8918 Aol ox7 Wi "a o]4e paraquatd AlEFOE T
ujgtol BA gl o JtFHA FS7 e I & F Uk 28y A=
t 2%A &t} Paraquat WA °] fle 52 & A4 A7 HalAe 49

7bA o] MeEA AxAZ 4 3o dAH A& okstA| 9, paraquat WA FAAE 7



A ExE Audte 2AdAE FEE Al7ld & & W9 paraquat A0 Z Az

7t b7l WEol AxA AL 2L 454 29 4+ 94
6. Paraquat®] 2 AA

Paraquate 7WE®EA] 2 o] ojn] EAEFH 77te] Agomz IuydA
AfF2HA AadeE gl Paraquat® 22 B AEA AzA FodE A9
(Glyphosate)$} Basta7} $low, ZAulE vl EAEjAM E3dL 71Ax
Ao Bastat @& oA AGAA EHPFE /MR L oB2 o]F F AxA

£ paraquatel ¥]ste Y5 3HA vlR)
7. Paraquat WA FAA 9] Eao ¥

2 AT AR AFAANAE 3d ARY v AEZHEE paraquat WA FHARE
2837l A AT FHFdo we AFPHFQ o] H|ZA o] fAAY Ead
AEsta. fElvety B2 dqdd A v A9 A=A bialaphosol @t Ul

3

tlo

7tA &= A A bar gened glyphosateo] tsle] WA & 7}A & glyphosate
WA T AR disted A49d A3/ A Jon 433 Agst g Aol A}
Aolth. 138} glyphosate WA FARE ul=+e] EAEjA EAE 7HA 2 9l

o & AxA WAFHARQ bar gened YEQ HWojA A LA EFHPS B

o

AZZ FAAGE AES HEG sHFE EFEE R
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Al 1 AXAA : Paraquat WAFAAL] A7 7 d4Y 2 paraquat WA Ex 74¢

1. 71 2% paraquat 7 1. DNA sequencing, B #2539
AR & 2 FxIY homology Hl X, F+##+e] Fx3H

2. B2 ARsA 2 2. = Al FF AERSA FH,
HAAEA FH Agrobacterium®$ o] &3 FAA3A Y

1. Paraquat WA ##=} 1. 99842 93 deletion clone?] 24,
Hdod9 A Paraquat®] §=% A3,

)E Paraquat WA # A 99 ¢ 84

2. Paraquat WA A A} 2. iAol EAFr,
e o] EASH A3 paraquat3} @ interaction <l

3. Paraquat WA &7 z12] 3. Paraquat WA {32t =9,
AEA =9 2 HA 2449 ¢33, dAAE g

1. Original Aol A paraquat 1. Southern hybridization®ll 2] %} paraquat
WA #HAE fAxke] A WA f-Adxbe] G AdolAe 9,

Genomic DNA library 24, Paraquat

WA ARl A 2 g9 BN

2. AzA ALAHEY 2. A AgA ] A7t 2 kanamycin
ARG AL WA test, Northern blotell 2|3 w3
ZAL, dg e m2 JAdHdE A}
1. Paraquat WA F4 =k 1. Paraquat WA FAA 47 7999
AALZE FA2Y 2 sequencing, Gene mapping, JA}ZZ
Hd2e 28], Promotere ®4,
’ Aoy zte] QA A=A
| 2. Paraquat WA A &2 2. ZAZRY =9 FAx -84 2AL
AL B ZA A& A 718 paraquat WA ZA}

homozygote 2] &9 &4,
FAAG A2 T4 B




A 2 AE-ZAA : Paraquatd] EY 373 = 54
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Paraquat®] & 2kAr7 @ HERE B F71EA AT FHEY,

@ T3t e FaAAN

@ 2% pH ¥ A Jol2d n& FHAA

@ E, pH, Ad&g A 2% paraquat®l
gzt

@ A7) 9% 23 paraquaty] 2HEA 79

@ Paraquatd] E¥ & &3 vzl 74

& led;
Paraquat®] 2249 @ Incineration® 9% =% % paraquat?)
ol A 71
® a -Cyclodextrin, sulfure] ¢& E%X =
paraquat®] 3G 79
® vl AEo] 23 paraquate] #3717

e

@ —Cyclodextrinell 2§ 23] 2
A 9

Paraquat®] W&o o8 | @ Sulfurd] 9 B3 £ 284S 79
B 79 @ Oxalic acid®ll 2% B3 2 sz 74
@ v AE g 23 & Eefntge w7
® Follojg 23 2 Enge 79
@ Cyclodextrin®] B el®¥ remediation
712 A3
Eofo] F34 @ ATSo) 93t remediation 7]3 A+
paraquat®] remediation @ Microcosmoll 2] 3 remediation 712t |+
@ Ocxidative catalystsol ¢] 3t

remediation 713 A3




V. d7/13d3 2 &84 g
Al1dAFALE 4%

7b. A 1 A%HA : TParaquat A § AR HAAT 7 2
paraquat WA S X 7% 3 Fdd A+AL A5

Paraquat WA A 2@7FY ¥ L At EXe2RE Mwe paraquat
WA " AEQ] Ochrobactrum anthropi JW-2¢] genomic DNAZYE paraquat WA
FAA (pgrA)¢t 2899 A FHA (pgrRIF} pgrR2E sl 2 EAFL 793}
At Paraquat WA FAA (pgrd)E EdAEQ Fulo] FAASS e, pord F3
Aol FHI@ol| 43 paraquat WA FE5& FU8A. Paraquat WA SR M
< f8o] B Fxd eA=ag 29 ot Folagad AYA fE R A

A AZsAE FHE O, pgrd FAAE AN paraquatell HF WA

=
952 gastgon, ol del A%e aotaw e w,

)

1) Paraquat WA-FA Aol A+

Egoeiy HAdYgAd AZAQ paraquatd]l WS 7 AAE W28 &
vk £ WAEY HEstH, A, YA B L AEAAYN 24 5E =
ARgE A3 B2 d5 JW-2%5 Ochrobactrum anthropi® SR HJeH HAZ2Hoz O
anthropi JW-22 ™89t} Paraquatel] W3 WS dixz2TA E coli ]M105¢ H)
W3R S wl paraquat 100 mMol A E coli JM105% AF AAsiA Eag o), O
anthropi= paraquat 37t ¢ 23 RAE o oF 70% HE=7tA st

Paraquat A 8A] HZT2 E coli ]M105E superoxide dismutase (SOD)e] @A



o] Z7FstR oy O. anthropi JW-2+ SOD &4 ¢ W3lE el A &o} paraquatell
e WAgol AE W Fastase] 84 Frbod & AHo] obd tE wWojrjzes
Qs AL Yeldo. O anthropi JW-2+& paraquat® 22 redox-cycling
compound?! plumbagin®} menadioned] WA E WAL YENA  gsroew,
paraquat °]9l¢] ©& FIFFo dAME HAE A Fdd. webd, O
anthropi. JW-27} paraquatel] tstd WA & 7HAE A2 Ax9 d9ido 28 o
8 paraquate] AJEZ WE FYHE e AgHoz AfsAU, AX H=2 Fd€
paraquatg$ M X 22 $EHLR wjEste AL T Aoz FAHUL

O. anthropi JW-29] genomic DNA library25-8 E. colidl paraquat WA & Fo
3t 25 kb DNA ©# & cloningdtth. 25 kbe DNA ©#e] =9l€ E coliv H
Z7 5o} 6u) o]AF =L paraquat A S JEMINSH, o] DNA ©
Atk pgr Az 471G S EME A3, F Aol 2520 bpR o, ¥ Jhe &
Ag ORFst 7 719 E<¢4% ORFZ TAHo AT 449 & /e &¥d% ORF

%l orfl (position 643-1875)2 1,230 bpe} 410719 ojm|itoz FAH UAR F
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Ase @A BAge 42 kDaolith & orfid] 5 AFolE AP E FAzY
3% promoter A 8% TTGACA (—35¢ TTTAAT (—107F MAZE ATGERH
Z+zF 80 bpet 56 bp AFH ) &84 2™, ribosome binding site (AAGGA)E 7}
AMIEESZHE 10 bp AFIGA EAsE Aoz Uewth waA, orfiE pgrA

=y

o]

=z

Ol

Az B99stAx, 2 #3844 AEE Par

o

3

2) Paraquat WA F3AAe 54 9 27+ 3

PagrA ©¥ A& hydrophobic 717} AA olv]x=t FA7)9] 53%E AR od,

1178¢] transmembrane helices 7+Z2 o] UUvt. E3I helix 59 6 Aloloj&=

membrane® cytoplasmic side® FA ¥ 2 hydrophilic loop7F 2tk BLAST



system& ©l&3t] PqrA¢] otvliil Mg AFAE A & A, oA A 2
transporter G¥AEN AFAHAL e EY 53], EmrB, SmvA, TetA 281
LmrP9}t 22 membrane transporter® 7153t @R 2A & & 454& el

o}
parA FAAE =U3 E colio] E44a T FA g g B4 e A
Z 7, menadione¥ plumbagin®] WalAdE WAES Jellx] gttt 28y paraquat
3 Z&  pyridyliumAl AxAQ  diquat® paraquat® #L  gol 2  3FEQ
ethidium-bromide (EtBr)e] tisix s WAE vet ot ParA® O. anthropi JW-2
ol &4 ¢XE immunoblot B4 o2 ZAE A PgrA ©W AL membrane
fractiono| A7t #FEHATH o] AH=
FdEE AL ASAY AE Y
=2

B PgrA @92 paraquate] AlEX U=

2 99 paraguatg AX gre g siEAZloZH
paraquat WA & F-odle Aoz ATEHJAT pgrA FAzLe] &Ed FAS 2AE)
A3t paraquatE Az d THE northern blot 41& A4
el A ekolM pgrA A A7} paraquatel]l 98] @de] fFEHE Rol oiv A
Aoz wdste FHAAYE & F AUTh

pgrA A AdHHNUE orfZ D orf39 full-length clone® Ztz £33 g,
DNA 97148 ZAAsIY A3 A o5 vlAE Fd9 transcriptional
regulator @HAEFH L AFAHES UeAAT wEpA, olE fFAAES A4F
pqrRI (orf2)3 pgrR2 (orf3) & 33ta )

pgrA FRAx e THxH 717 ANEE A parA, pgrRl1 R pgrR29 Z47+e]

o
(™)
K
2
{-l i
of
Ke)
2
o
ru\m

FAR, AR 2 L deleted-sequences® TAE construct® FE3t E. coliol
HAARS ohg, paraquat X8 T HAEL ZASIAY. 1 ZH, pgrRI L pgrR2

AE & paraquat WA TE FAHHA d#AA e gled, pgrA AHE©] paraquat U4 el

AF #BAsE Aoz Yveigth EI, pgrA FAAY #d x2-™dE pgrRl 2

o3

parR27Y AA #AA3 A @1 pgrRI1¢ partial sequence (2,383~2,875 bp)7t pgrA
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pgrA FHAE A EH FAHIL binary vectord] pGA748¢] CaMV 35S

promoter 3} @Asle] Zdl

0
ot

9 2ule] FAHHASAT. Southern blot £4&
A8 pgrA #3878 =4& #9% thE, northern blot ¥ immunoblot #41&
AAEte] FAAS Ful oA pgrd4 §AAIE AAH oz AA @ g Ho] ojnx

A AdzRY FAHE A% 42 kDa9] PgrA @& o] membrane fraction®] &3

BAAE 2 =948 FARe] A4AA LDdo] A To AEAY AEAE 5
ko] Ty FAE AF3A Ti 29 kanamycin Z5AS &893 A =& QA
7t 3119 EEYHE YERRY} pgrA §AA7F 2ule] genomeol 1 copyd E=UHAS
< Y38 Homozygous lined 3tz T) AEA Y A7sEASE 539 T
FAE AF3 200 pg/mle] kanamycine] FA7FE MS viAldl 3%l kanamycin
of 93] TAE= AAE SUE QE lineS homozygote® Aslr) o9 7L
homozygous line®| A AAE F39 pgrd F+3H2A7F A G oA ZFH

frAse] ddETE 2AS FA3A

Tz homozygous line®] HAHAE & o]&3d pgrA FHAe LdF
paraquate] W¥ WAde =
A %ol 2 paraquatel W3 WA g5 A=) wEste F7138t92n, paraquat
=

2] ¥ chlorophyll ¥#& 7|22 HWe YL of FAA3
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32 &8 wild-type A&
Aol w3 5w o] el WA F7ME JehiATh T3 AEY o, E7] 2L By 23

9] northern blot ¥ immunoblot 240 28 pgrd FAAE %7 Eo|xg oz Wy
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St Aol opdE RE ZFolN Yoz WS YL FAFNeH, FHA

7130 oA 9} v A2 8] FEA 7B B M E paraquatd] thE WS =
7Nl A2 Yelgt ol ANZXRE E colidl paraquat WAL BAgw
pgrA FAAE LSAEAME AHdH o2 2FHEo paraquatd] HE JAE A%

e Qe A

2

o EY, 154E UAME slQEcAg go] PgrA ¥ o]
membrane fraction]| 4] F2 FZ o] paraquate] AE Wz F49 Ad =& F
¥ paraquatd] AE 2o wWE HlE FEoT Ade YRS Bdde

transporter®] 715& B33 A2 FZHHAUY.

) 5&2 LAY &4

Paraquat WA 5 %9 7S

:\9

st B FxQ A=A o]t go
HE AdEste] AHE F = 2 HEA AEsAS S

exteagre AsER wjddA Aels AT AEA AR ETE27 Ao

X

i

d]

ZASE A7, FAIEE F Potomacd] A2 AAFo] 208 mgeE 7Y =Sk, A
A AEHEE 28%2 7HF A Z2AHAC Ed s A Fo] FAL FFAA
HEA AL €I PAE AT A2 v go] BT A eyt ex=a
2o TGN A YA AEH AESE AT MNENAZE MS #A 7}
7B EFAQ Aoz veEd. 48 AFZAAAZE g2 FEANE 3 mg/L 9
24-D7F 7b% EARA e, HEA AEstel= 1 mg/ L4 NAASH 5 mg/ ¢ ¢ kinetin
FE7t M EFRH oA

olgrg|¢t dolag 29 HuFA WM FA AR AEA ALY FFT
Aol & ZAME Ad, FAEF F Jeanned] Hx PYA|Fo] 176 moE /T Y
E3&E 51%E 7Hd A AHHJG. ojgel holae 29 F At

FolA Aels AT ABA ALHE 99 NRANEZE MS HAZ 7 BZHAHQ

4

il
2
)
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Ao2 UBRD A& AFzdAZE dea §EAE 2 ng/0 9 24-D7F 7%
aoHolda, HEA AEoE 1 mg/0 9 NAAS 5 mg/ L 9 kinetin FE7}+ 73

Aoty e wix Wl HAIHE gade J&S 2=AS A sucrose’} 7
T ERAJA Aoz yehyt)

5) Paraquat WA Sx9] 7

Paraquat WA %9 /A4S A8t pgrd FHAE 23 FAATL binary
vectorql pIG121-Hme] CaMV 35S promoter 380 =¢8] pIG-pgr2.1& T3
Ak =9, A} 2 YolA pgrdA 82 LATL Z51A477] Y5t pgrd
+3d2E 355 promoterd]l AAE TS, thAl 355 enhancer sequence® tetramerZ
355 promoter Aol =915t plG-Epqrl.3& F&&Uch F=H construct® 2zt
Agrobacterium tumefaciens EHA101°]l =3 t}& ox= a3~ (cv. Potomac)Sh

olgel¢t gtolag 2 (cv. Jeanne)d BAA G| o] &3Fg o).

=% ALEA] FYFPAA AL BHS YR B FAARS WA
A#, plG-par2.19] B¢ ex=agzolM 7AHe) HEAES, aan ojgaet Fola

ol A 25719 hygromycin AE® A EAS AYeh 3 pIG- Epqrl.39] 7
Ao 5749 , 23 ojgeEt gelagacA 22789 A EsH
AERS AY

Astd HE2He do=H¥ genomic DNAS £ g, NPTII 2% s}

1}

il

A E A

2 4N

He
A

35S promoter R pgrA FHAAE o] &3 construct @ F F¥9 PCR
o, AFHOZ plG-pqr2.122 FAAHE ex=ae2 5 sA9 olgelot o] 1

2 20 AAE AEstH o, pIG-Fparl.322 FAASE =182 4 AAG o
gk ol A 17 AMAE Al

FEAARl Ad eA=adast oj2edt Foladia WA pgrA FAxY

_13._



THAHEE &Us7] A3 northern blot £4& AA 8 A3, pgrA F3x71 83
A B2 A A4Hes 2ddns 2 FAsR e, pgrd fuAte] BEY
ARG =L ojgdEet goladadA BT A zke] olsp aA
et =8 plG-par212 FAAFE FZo) wste plG-Eparl.3es FAATH
zoM 2 pgrA FAAY w@F] AA ] Aol YA oF 2~3u) o] T
RoE YEH.
parA F3Ae =13 Edo] g FAAHM ox=ase) ojgggt ol
A= (To)el o BHE ©]83te] paraquatel dlE WA 58S gad A7, 3
A% Sz d27<d wild-typedl Hldted Al 20 4 M9 paraquat FE7HA WA
9 5L YEudd. ¥FHdE exzadas ojgzgr delaga (Toe

homozygous lineS F%3td &4 FFoM paraquat WA T AR pgrAs] @& o)

rlo

paraquat WAdl ¥ Xl FIFE AL, o]E Fste] FFAHOE paraquat WA Ex

A7) st A 2348 (vernalization) & T, 2AE AZE S Yok

mlm

Y. A 2 AFHAA : "Paraquate] EG &4 T Fd, o #48 A7AL 49

EY FolM AxA1Q paraquate] TElE BEE] FHE7] 93 dFEA BEY F
Mg & - 2F 3} paraquato R 2HE EYORRE AEFHRZ o]y sIEA
I 2 35ty Bd e die 78 £ AgEL vy g

Paraquat®] &3l vlXe AR Fol29 %L #7|E (humic acid and fulvic
acid), EGAE (soil A and soil B), ¥ E3E (montmorillonite and kaolinite)2] %= 2.
2 3A Jegz, Fol2ez ¥3Ho] e FH A )& paraquate] FIF A Y l
A AEREL F71EClY EF AR Hstd w8 FHAEE HY Foq {718

o] FZAz EMFT A$, Na', Ca¥ TE Cu’'ol®2 paraquat®] Fo] B2a 4%

- 14 -



€ "3t 283 EG FEEFE paraquatd] ES] di@ FEo] d¥S vAA &
k™. Microwaveg ©]8% EY Z¥E paraquatd] F&o i@ NP ZAH,
7ot FEste BSEY FEA0] 159 EEHRA
3, FFES o 128 & FFELE Ve

Ze AgA 2 43 A fenton A% A8l dH paraquat®] &y

-

microwaveZ F&% 3%

flo

8
oA 24X3F ool FZAHUIL, d2HAA NEAIE Fxo wel 51-69%, UV
o] ZALHE =AME 60-9%5%9] EH&E EHvh 283 Fe¥'Y =/t BobdF
g & &l 7181 paraquate] Tt Hi0:9 BxEo] g E3{&9 ol Ye
1A erskch Hydroxyl radical®] AAdol o8 paraquat®] E3)7t o]Foix&=xE =
Abal7] 9181o] hydroxyl radical® #Z& free radicalE & AA3E Roz A

=

ofd

mannitol & H7F3te] ¥HgS ZALE AH, fenton A% UVel €3 paraquate] &3l
¥H-8-& hydrogen peroxideol Al A ¥ hydroxyl radicalel &3t LATL & = 9
Aok FxAA TiOE M@ A $olE paraquate 13% E3H A3, H:0:E TiO:
b FA RN BEE %7t AFHJTE UVE ZAlee uhe 2o A TiO:%
HE NS A9 8%, H:0:% AU HTE 9%, TiO¢ H:02E 7 W& A2 2
 90%7F £ = At

EFAE 22U A9 paraquat®] &3 ¥Vl 015 kg ai/10 a FFE2E AT
T AE 2034, 0.29 kg ai/l0 a FFZ HEF FAAE 33042 veEwo}, A
Ag 28 AM 9] paraquat®] £33 HA71E 25 mekeel AR FelAE 2319, 50

mg/kgol A ToAAME 43392 vEbwth £ Edel FF€ paraquate] Eo 9
3}

o

& 2F JbeAdE AN 2 B A% AFFE % FHRFEL EFoZNEHY
paraquat B3] o}F¥ FFE vXA @e AL YEHoH, o EGH A
2asso] & paraquate] 5ol o3 BFHol olFHAH el UEE AMALR
o} Paraquat®] €& AMEHOI pH WH #ARLC] o]FARA &t °|2H
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SUMMARY

This projéct, "Development of forége plants tolerant to paraquat and expression
regulation of the paraquat resistance gene” was designed to elucidate the
expression mechanism of the paraquat resistance gene, to develop some fbrage
plants tolerant to paraquat and to clarify behaviors of paraquat in soil

environment. The results of this research are summarized as follows :

1) Results on rElucidation of expression mechanism of the paraquat

resistance gene and development of paraquat resistant plants
@ Screening of paraquat resistance gene

A bacterium cell line, Ochrobactrum antﬁropi JW-2 tolerant to paraquat, a
non-selectable herbicide was screened from a soil. O. anthropi JW-2 could grew
about 70% level of the control (paraquat free medium) in the 100 mM paraquat
concentration. It was cleared the resistance to paraquat of O. anthropi JW-2 was
not by the increment of antioxidant enzyme activity but by another defense
system because it did not show the SOD activity shift with paraquat treatment.
O. anthropi JW-2 showed tolerance neither to redox-cycling compounds like
paraquat, plumbagin or menadione nor to other agricultural use chemicals.
Observing the data of absofbed paraquat level in bacterial cytosol, we deduced
that the tolerance was by inhibiting to transporf paraquat molecules through cell
membrane selectively or aétive pumping out the absorbed paraguat molecuies from

cytosol. A 25 kb DNA fragment endowing paraquat resistance to E. coli was
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screened from O. anthropi JW-2 genomic DNA library. As the result of DNA
sequencing, it was 2,520 bp long and had a perfect ORF, orfl and 2 imperfect
ORFs. The orfl (position from 643 to 1875) was consisted of 410 deduced amino
acid residues and the calculated molecular mass of it was 42 kDa and it was

named as pgrA.
@ Characterization of paraquat resistance gene and analysis of the gene structure

About 53% of the total protein of the paraquat resistance gene product PgrA
consisted with hydrophobic amino acid residues and it had 11 transmembrane
helices. A large hydrophilic loop which was considered to be situated at the
cytoplasmic site of the membrane exists between helix 5 and 6. A BLAST system
search showed a high homology with drug resistance and with transporter protein.
In an investigation of specificity to the active oxygen evolution drugs, E. coli
introduced with pqrA did not show resistance to menadione or plumbagin at all.
But they showed resistance to diquat, a pyridylium series herbicide like paraquat
or to ethidium bromide, a cation molecule like paraguat. PgrA protein in the O.
anthropi JW-2 was localized in the membrane fraction only when measured with
immunoblotting. Thus, we concluded that O. anthropi JW-2 was tolerant to
paraquat by inhibiting influx of the paraquat molecules into or by excluding them
from the bacterial cytosol. It was confirmed that the gene was not induced by
paraquat but was expressed constitutively when analysed by both northern and
immuno blotting. orf? and orf3 situated in the vicinity of pgrA were also cloned
and sequenced with full length in this research. Both of them showed higher

homologies with transcriptional regulators of the microbial origins and we named
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them as pgrRI (orf2) and pqrR2 (orf3), respectively. But each of them did not
show paraquat resistance when introduced into E. coli cells. They also did not
affect the expression of pgrA, but the partial sequence (2,383~2,875 bp) of pgrRI

seemed to have a function of enhancer for pgrA expression.

@ Introduction of paraquat resistance gene to a model plant and acquirement of

paraquat resistance

pgrA with CaMV 35S promoter was introduced into tobacco model plants using
a binary vector, pGA748. Transformation was confirmed by Southern blot analysis.
Transcription of the introduced pgrA also confirmed by northern blot analysis and
protein accumulation was detected in the membrane fraction of the model plants
by immunoblot analysis. Homozygous line (T2) of the transformed tobacco plants
with pgrA was produced by repeated selection. It was ascertained by analysis of
kanamycin susceptibility that every one copy of pgrA gene was allotted in the
genome of every transformed plant and the gene introduced was expressed
normally in the transformed plants. Paraquat resistance of the transformed plants
was increased in response to the amount of accumulated PqrA protein in which
they showed the five times greater resistance to paraquat than wild-type plants
did. PqrA protein was expressed constitutively in all the tissues of transformed

tobacco plants and even in the roots of non—photosynthetic tissue.

@ Establishment of regeneration system in forage plants

A system for callus formation and regeneration for gramineous forage plants,
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orchardgrass and Italian ryegrass was established. Among the various varieties,
Potomac seeds were best for callus fresh weight yield and for regeneration. MS
was the most efficient medium for callus formation and regeneration of Potomac.
For callus formation, 3 mg/ ¢ 2,4-D brought the best result and 1 mg/ ¢ NAA and
5 mg/? kinetin were best for regeneration of Potomac in the plant growth
regulators test. Jeanne seeds were best for callus formation and regeneration
among Italian ryegrass varieties. MS medium was also best for callus formation
and regeneration in Italian ryegrass as in orchardgrass. For plant growth
regulators, 2 mg/ ¢ 2,4-D was best for callus formation and 1 mg/ ¢ NAA and 5

mg/ £ Kkinetin were better than any other combination in Italian ryegrass.

® Development of paraquat resistant forage plants

A binary vector, plG-par2.1 with pgrA gene at the downstream of CaMV 355
promoter was constructed to transform forage plants. A vector, pIG-Epqrl.3 with
a tetramer of 35S enhancer sequences in the upstream of CaMV 35S + pgrA gene
was also constructed for increased expression of pgrA gene in the transformed
forage plants. Orchardgrass (cv. Potomac) and Italian ryegrass (cv. Jeanne) were
trasformed with above vectors using Agrobacterium tumefaciens. Transformation
of the plants was confirmed by Southern blot analysis and PCR in which 5
individuals of orchardgrass and 20 individuals of Italian ryegrass transformed with
pIG—pcirZ.l and, 4 individuals of orchardgrass and 17 individuals of Italian ryegrass
transformed with plG-Epqrl.3 were selected. Normal expression of pgrA gene of
all the transformed plants was detected by northern blot analysis but there was

some difference in the amount of expression level among individual transgenic
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plants . both. in orchardgrass or in Italian ryegrass. Expression level of plants
transformed with pIG-Epqrl.3 was 2 or 3 times higher than that with pIlG-pqr2.1.

Paraquat resistance in transformed orchardgrass (To) or in Ttalian ryegrass (To)
was investigated using leaf segments gained from them. Results showed that
segments from transgenic plants could tolerant to:20° #M paraquat solution under
light conditions while those from wild-type plants could not. Transgenic
orchardgrass (Potomac, To) and Italian ryegrass (Jeanne, To) are - under
vernalization to get the seeds of homozygous lines for confirmation of paraquat
resistance on the whole plant level.

In the near future, we will get Ti, T: and T3 generations of transgenic
orchardgrass and Italian ryegrass with pgrA gene, will analyze the expression
patterns and will test paraquat resistance on the generation and line levels and

finally we will select the paraquat resistant forage plants.

2) Results on "Behaviors of paraquat in soil environment

To understand the adequate fate of paraquat in soil, we have investigated the
aspect of adsorption and desorption of paraquat with soil and the possibility of
uptake and translocation of paraquat from soil into plant, and finally the
remediation of soil contaminated with paraquat.

We investigated the adsorption-desorption characteristics of herbicide paraquat
on clay minerals, humic materials, and soils under the laboratory conditions.
Adsorption time of paraquat on clay minerals was faster than organic materials

and soils.. Adsorption amount on montmorillonite, 2:1 expanding-lattice clay

_29_



mineral, was largest among the adsorbents tested. The adsorption capacity of
paraquat was approximately 2126 of cation exchange capacity in soil, 45.1% in
kaolinite, and 80.6% in montmorillonite. Humic materials, humic acid and fulvic
acid isolated from soil, adsorbed larger amount of paraquat than kaolinite and
soils. Distribution of tightly bound type of paraquat was larger in clay mineral
and soils but loosely bound type was larger in humic acid and fulvic acid. In
oxidized soil, the adsorption amount of paraquat was decreased to 85.1~955% of
original soils. Distribution of unbound and loosely bound type of paraquat was
decreased in oxidized soil but tightly bound type was increased. The competition
cations decreased paraquat adsorption on humic materials and soils but not
affected on montmorillonite. No difference was observed as the kinds of cations.
In cation-saturated adsorbents, the adsorption amount was decreased largely in
humic materials and soils but decreased a little in montmorillonite. The tightly
bound type of paraquat in all adsorbents was not desorbed by pH variation,
sonication, and cation application but loosely bound type was desorbed. However,
the desorption amount was different as a kind of adsorbents and desorption
methods.

The potential degradation of the herbicide, paraquat by Fenton reagents (ferric
ion and hydrogen peroxide) under UV light irradiation (365 nm) in an aqueous
solution was investigated. When 10~500 mg/{ of paraquat was reacted with
either ferric ion or hydrogen peroxide in the dark or under UV light, no
degradation was occurred. However, the simultaneous application of both ferric ion
(0.8 mM) and hydrogen peroxide (0.140 M) in paraquat solution (500 mg/ ¢)
caused dramatic degradation of paraquat both in the dark (approximately 78%)

and under UV light (approximately 90%). The reaction approached an equilibrium
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state in 10 hours. In the dark, when 0.2~0.8 mM ferric ion was added, 20~70%
paraquat of 10~500 mg/¢ was degraded regardless of hydrogen peroxide
concentrations (0.035~0.140 M), while under UV light, 95% of 10 and 100 mg/ ¢
paraquat was degraded regardless of ferric ion and hydrogen peroxide
concentrations. At paraquat concentrations of 200 and 500 mg/f, paraquat
degradation increased with increasing ferric ion concentrations in the dark.
However the increase in hydrogen peroxide concentration did not affect the extent
of paraguat degradation. The initial reaction rate constants (k) for paraquat
degradation ranged from 0.0004 to 0.0314, and 0.0023 to 0.0367 in the dark and
under UV light, respectively. The initial reaction rate constant increased in
proportion to the increase in ferric ion concentration in both conditions. The
half-lives of paraquat degradation (ti2) were 20~1,980 and 19~303 minutes in the
dark and under UV light, respectively. This study indicates that Fenton reagents
under UV light irradiation are more potent than in the dark in terms of herbicide
paraquat degradation in an aqueous solution.

The aspect of degradation of paraquat by microorganism was studied. When E.
coli with pBpg2.5, a DNA fragment showing paraquat resistance and O. anthropi,
an indigenous microorganism was incubated in the medium containing 10 ppm and
50 ppm of paraquat, the degradation rate of paraquat by the transformed E. coli
and O. anthropi was 65% and 29.4% in medium containing 10 ppm and 50 ppm
of paraquat, respectively. The degradation rate of paraquat by O. anthropi was
higher than that of paraquat by the transformed E. coli.

The possibility for remediation of soil contaminated with paraquat by
cyclodextrin (CD) was investigated. When soil adsorbed with paraquat was

incubated with CD under laboratory condition of 28°C for 2 days, the removal rate
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of paraquat was 71.0%. Removal rate was: increased to 85.6% with increasing: -
amounts . of CD added, incubation .time and field capacity. Sterilization effect was
not significantly : represented. In test of SAC-WB 'with CD-amended soil, the
SAC-WB value was 240 mg/kge. When CD was added to soil with paraguat
adsorbed, . paraquat was not released from soil by . CD. Therefore, it seerhs - that
CD has no effect on wheat growth under different concentration of paraquat.-
These results suggest that -CD can play an important role in the remediation of
soil contaminated with paraquat..

- The possibility to-use ammonium.thiosulfate (ATS), a fertilizer for remediation
of soil contaminated with paraquat was studied. When, soil adsorbed with paraquat
was . incubated with ATS wunder laboratory condition of 28C for 2 days, the
removal rate of paraquat was 344% in 4:1 (ATS'PQ) molar ratio. In test of
SAC-WB (strong adsorption capacity-wheat bicassay) with ATS-amended soil,
the SAC-WB values have no effects on plant growth. Removal rate was
increased to 70.7% with increasing amended amount, incubation time, field
capacity and incubation temperature. In a field experiment, the removal rate of
paraquat by amendment of ATS was increased to 40.0% with vinyl mulching..
ATS is currently used as a fertilizer and is, therefore, available readily at a low
cost. Therefore, ATS could be used as an applicant for remediation of soil

contaminated with paraquat.
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Ochrobactrum anthropi JW-22%¥ genomic DNA® &+ Marmur (1961)°]
o YL Hyste AAEH. LB WA A 2 s sigd 100 mE 44
2sleq #AE 3 Fete] TE buffer (pH 80 dE3F F, lysozyme (10 mg/ml)<
A7ste] 37CoIA 4087 wI3ted §FAAT AT FErt 1%71 H=F SDSE H
743t ©A] 37CHAA 1Az o 8l9¥E ¥, CTAB (cethyl trimethyl ammonium
bromide)9} NaCl& Ztd HFF = 1% 01 Mol HA H7ksto] 65ToAA 1083 A
glstsdch 15000 rpmol A 583 FAR st 4F AL 3|3l ©|F chloroform/
isoamylalcohol (chliso; 24:1; v/v)E 13], chloroforme.2 23] F&34vh. 3=
DNAE CsCl =78 (d=153 g/m)2 Y4 Ee s (Beckman, TL-100) DNA
band® E&3tgrt #8 3 genomic DNAYE water saturated n-butanol® < 3 A
A8t ethidium bromide® AA3i, 2 volume? 100% d&2Z HAAZ g,
70% ethanol® 133t TE buffer (pH 8.0)° =3t}

B2z 0 2HE genomic DNAS £+ cetyltrimetyl ammonium bromide
(CTAB)E o] &3 Murray®t Thompson (1980)8] o g Bt JE2F 5 ¢
& HHALE o] &3t FEH F¥2E FHT B, 5 me 2XCTAB buffer (2%
CTAB; 0.1 M Tris, pH 8.0; 1.4 M NaCl; 1% PVP)E ¥, 55T g=Fx94 10
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=

A 2 &9 o}, Chloroform/isoamylalcohol {(chl/iso; 24:1; v/v)& H7}alo] A2 4

s

30%7F ek £ 3000 rpmoll A 1587 A EE ] FEAL Ik 353
A& 42 chlfiso®2 3H v FZ3 g 1/10 volume? 10XCTAB buffer (10%

CTAB; 0.7 M NaCD¢ 1 volume® -8 buffer (1% CTAB; 50 mM Tris-HC],
pH 80; 10 mM EDTA)E #H7}sl¥th 3027 sk ofg 3,000 rpmolA 1587 €
AEEste FAEE 34313, 1 M NaCl-TE buffer (1 M NaCl; 10 mM Tris-HCY,
pH 8.0; 1 mM EDTA) %9 & %9 isopropanolg A7}etdth. 3,000 rpmol Al
1583 d4Esq AHDES 348 70% ethanolZ 23] MAstx, AF AZFI
% TE buffer (10 mM Tris-HCl, pH 80; 25 mM EDTA)®] = RNase AE =g
st h

5. Total RNA¢] &4

O. anthropi JW-22%F total RNAE £83}7] 98t 355 vtk vty 2
mE 100 mee] LB wiA o HF3ted 28TolA vl = dAEstd dAE 343
Avt. #AE TE bufferol @8t AAST thA] &£ lysis buffer (50 mM Tris,
pH 75, 100 mM EDTA; 2% SDS; 0.25% Sarkosyl; 0.2% Triton X-100)o] =<1 t}
S, 5%Y glass beads (100 mm, Sigma)®t 25 volume$ phenol/chloroform (1:1)<
2o} vortexingstal YA ET S S NS 33 h Phenol/chloroform F% 74

S 23 o WHES T dEgg A, 0% AEE A8 oS, DEPC AMd ddso
54t HAFFE 4 Mo| HEF LICIE 718t E&odlA 3080 AAT 5, dAE
23] RNA pelletg 343 &, dHF 59 =59 phenol/chloroform 5%, &8
AL AAM 710% dEE2 AAT v JFHe=2 DEPC A daFol =3
=2

Bz o Z2BE total RNAS #8 = guanidine thiocyanate (GTC) H o2 A
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At 4Ex7 1 g€ AAALE ol&3tod f2F fFEo=2 43 0L, 4 MY
GTC extraction. buffer (4.2 M GTC; 0.5% N-Laurylsarcosyl; 25 mM Na-citrate;
0.1% antiform A emulsion)®t 50 02 pB-mercaptoethanol 2 400 w2 3 M
Na-acetate (pH 52)& #7lstd @3] E&E39c) 15000 rpmol A 587 942
3] ol AAEAT. 4FE 3FEto 2

L}

sto| JHMES AASI, phe/chl/iso FE2&
volume® ethanolS F718le &35 &

o HAES 1w FEFo] 4As

, 15,000 rpm, 4Tl A 2087 A4 &2 8HA

5

15,
=2 og, 250 uL9] 10 M LiClE #7tste] <
o 30&3 AR AT 15000 rpm, 4ToA 1587 ARt A

hd )

=
& 70% ethanol® 23 M As}:, Ao AZF 3 DEPC &3 Ao
o},

HE o1 gd AAFLE ol&dd FUF F¥o2 T O, 1 M FF
€ buffer (50 mM NaH:POs; pH 7.0; 10 mM EDTA; 0.1% Triton X-100; 0.1%
sarkosyl; 10mM B -mercaptoethano) & #7}slA . 4ToA 15000 rpme. & 1087
ARG E v, FFdg 3ty 20T @t @A ¥ T = standard
protein® 2 BSAZE o]&3% Bradford ¥ (1976)& o]&3}o, 595 molAle] EF3x
wez AAS A

7. DNA =3}
DNA® Ha& AeadELE H7H% 3, HF volumeo] 10-20 w7} HA 2A3td

Zzte] B4 FRLENA 1 AT o4 HEAAT T s4A ol AsEL Ao

= RA B d sxdA &40 e 2A

Nlﬂl

28] 3 th&, phenol &% % ethanol
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A& T5te] DNAE 358 ¥, 52 d 5E0A 840 g 428 Aysgoh
BHEAE S 08-12% agarose geldlA TBE buffer (89 mM Tris-borate; 2 mM
EDTA)E Al83te] #7958t ed, old running bufferdl] ethidium bromideE 3
FF% 05 pg/mlE H7MeY 9% 3 ¥, UV transilluminator AolA #2135t}

Gel2¥8 DNA® 3+E& 8, o2 3= DNA bandE Zadd ug,
Elu-Quik kit (Schleicher & Schuell, USA)E Al&3ta] AASYLoH, A=3ALY
protocold] w2} A A 8¢t}

DNA ligatione vector®} insert DNA2] molar ratio® 1:2~32.2 34 T4 DNA
ligaseg ©o]&3dtd AR, HELEE sticky endd A$E 16THA, blunt
end® A¥E 22TAA Z4Z% 12417 o4 ¥wEAZTh. DNAS =z& 9% 7)g
DNA modifying enzyme®] A2l A F3]AL¢ protocold] uwheh A A8 ch.

8. P FAAS
7}, AT competent cell®] F=H]

HFd MEQ single colonyE 3 me] LB sixjo] HEFE th2, 37CA 8A3F
ol’d Hwujdstiet. vkl 400 wE T 40 mee] LB wiAlel HFF ohg, 37T
A Aex©l 047F B wi7kA wigstdch wFdE dgol 108 FAI F, 3,000
rpm, 4CTelA 5&7 AAE=ste TAE A 20 M9 ice-cold 50 mM
CaClz &40 TAE @EHSA Aol 02T AAT thg, L3 FAE 3
33 4 meo stoék buffer (50 mM CaCly; 15% glycerol)ol @Eslact €A S
Eppendorf tubeo] 100 pt¥ 5% vhg, A A F&FAs ~-80T wASA
=23
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U 3248

DNA sample (50-100 ng)< 50-100 x£9] W& competent cellel H7lsld &
S g, 5o 3087 AASFACL 42TCTolA 9027 A8 I o, g &9 5
3 AAst4rTh 1 me] LB wixE A7tsle] 37ColA 1417 e 3 50-100 x4

il

FHolo ALEXZA A7 A7 LB agar plated] =23t 37T A colony

lo
oft
oX
o
Ho
1
ok
38
i

9. Southern blot #4]

Genomic DNAE Z}7Z}e] Agtasz A obg, 08% agarose geldlA] A7|9%
39t Gel A9 DNAE nylon membrane®® transfer 3}7] 938t vacuum

transfer A X o) AF+FE A blotting paper$t membraned ¥ 1, geld ¢& g

Hn:

7NEE AABAT. AFE A gel Yl depurination €94 (025 M HCHOo.&
7+, transfer 9 (0.4 NaOH; 06 M NaCheo 2 3087 A3 <, membraned 3
3t 2XSSC (03 M NaCl; 30 mM sodium citrate)ol]l 1¥37F AA3I
UV-crosslinker (UVP CL-1000, USA)E ©]$-3}9] fixation® A&t

Probe DNAS] AFs ¥41& $15t¢] Multiprime Labeling kit (Amersham, RPNI60DE ©]
3tk 10 18 (25 ng)®) template DNAE 587 #Q F, thA] E&o 583 BASAL 5
142] 5Xlabeling buffer, 25 #£2] random primer/BSA €9, 265 149 nuclease-free water, 1
#09) Klenow enzyme 2 5 st¢) [a-"P] dCTPE H7lsta] 37CAA 308z HEAA

o,

t}. Hybridization® 93t membrane % 10-15 x£¢] probe DNAE 587F o W
AN G, @ IAAA HA

Membraneol high stringency hybridization £ (50% formamide; 5XSSC; 5X
Denhardt’s solution; 50 mM Na-phosphate, pH 6.5; 0.1% SDS; 100 pg/m{ denatured
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salmon sperm DNA) ZE+ low stringency hybridization &< (20% formamide;. 5X
SSC; 5XDenhardt’s solution; 0.1% SDS; 100 pg/mé denatured salmon sperm DNA)
< Z7 9 md AU g, 3 w9 50% dextran sulfateE H7}ste] 42Tl A 347
Z o} prehybridization AA AT [¢-*2P] & EAE probe. DNAE 713t 4
2TColA 182%F &< hybridizationg® HAA¥ TS, membranes 42TA 2X
SSC-0.1% SDS fdo=z 208 F 01XSSC-01% SDS £Ho=z 147 MAS A,

intensifying screens ©]| &3ty -80T oA X-ray filmo =&A AT

10. Northern blot 4

~ Northern blot #4]& Thomas (1983)9] W o2 AHAstPgen, BE A79F &
A 3F Ao 2% Absolve NEF-971 solution (Daichi chem, Japan)S 2 *]g]s}o
RNase® AAZ oS BTFR 7o ALESATE 15 pgo total RNAE 5 e Ed
o @A =9 the, 15 9 RNA sample bufferst 1 @£ Et-Br (1 mg/md)E #
7betddeh 65CAIA 1583 BMAAZ o, 1.2% formaldehyde agarose gelolA 40 V,
ANZE Bt A9 5 S AAEYTE Gelg 10XSSCE 2087 A& $ o Funapad
(Funakoshi, Japan)& ©o|&3}o] capillary transfer WHoZ gel 449 RNAE
membrane & 2 transferd} i th

MembraneS UV-crosslinker® fixationdt 2xXSSCZ 587 A& S, high
stringency Z7A 2.2 Southern blot #4o| A e} FU3st WP OS2 hybridizationdt A
Hybridization probe2¥ ztzZto] §AAte] Eo|AHQ probed PCRE FE 3t AH&3t

At

11. PCR

ol)
I
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PCR ¥H82 Tag DNA polymerase reaction buffer (50 mM KCI 10 mM
Tris-HCI, pH 9.0, 1.5 mM MgCls;, 0.01% gelatin, 0.1%6 Triton X—lOQ)Oﬂ 0.2 mM¥]
dNTP mix, 100 pmol9 sense 2 antisese primér,s; ’100 ng 2 temblate DNA 183
2 units®] Tag DNA polymerase (Takara, Japan)& 7}ste] 43 3}93\9—‘34, 50 L9
mineral oilS #H7}3l¢ ‘E‘l%‘?‘%ﬂ’ s HJX]%}%E}. 8k-2-2  Personal Cycler
(Biometra, Germany)ol A 30-35 cycleE AA| ‘3}93}3}. 1 cycle® denaturationg 94T
ol 4] 187} annealing® 50;63"(:3 of] A 1-5"_—?} _ﬁﬂ.ﬂ extensiong 72TCAAM 183 =

slo] sty B dFelA AHg" PCR primers= ¥ 2-1° EAIEFH )
12. DNA 9714 € 43 2 £4

DNA¢ 471X 4¥8L& dideoxy chain termination % (Sanger 5, 1977)2. 2 4 A3}
Ath. DNA cloneg AgEALE o]F Hwrsk g, Exonuclease M9 Mung-bean
nuclease® A Fdtel A%E  nested-deletion mutantS A &ETt. £FH o
deletion® clone_"li—‘f—ﬂ' Wizard Miniprep kit (Promega, USA)E A}4-3}9] plasmid
DNAE ##3lg e, ALFexpress AutoRead Sequencing kit (Pharmacia, USA)%}
AlLFexpress DNA Sequencing System (Pharmacia, USA)S ©]-&3o DNA 9714
g8 ZASIAT. 24" DNA EJ7IX¥E2 GENETYX-MAC program (SDC
software Development, Tokyo, Japan)® DNASIS program (Hitachi Co., Tokyo,
Japan)€ ©] &34 ORF$} hydropathyE #43dod, 454 AL #3849 Basic
Local Alignment Search Tools ¢3ilg]l& (BLAST, Altschul %, 1990)S ©] &3t

nucleotide ¥ o}r] =4t M Eo] HFAL HAMHATT
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Table 2-1. PCR primers used in this study

Primer Sequence

pPgr5N 5' - CTGGCACTTATCTTCGTCG - 3
pgr3C 5' - TTAGCGGATCCCGCTCGTC - 3!
pgr-Salls 5' - GTCGACCGTTACGGACARAAG - 3'
pgr-Sallas 5' - GTCGACCACCCAACCGGAAAC - 3!
PArAs; 5" - GAAGCTTCGGCATAACCAAC - 3!
pgrAas: 5' — CTTACCCGCTCGTCCCTATCTA - 3!
parRls 5' - GTTAAACATGCTGTTCCCGAC - 3!
pgrRlas 5' - AGTAGCTAGATAGGGACGAG - 3'
PgrRZs 5' - CTTGCATACGGTCCGTATGT - 3'
pgrR2as?2 5' - ATCCTGACAGGCGATACCTC - 3'
pqrA-Xbals 5' - CGGACCGTATGCRAAGTCTAGAAAT - 3!
pgrA-Saclas 5' - CTTACGAGCTCGTCCCTATCTAGCTA - 3
NPTIIs 5' - GAGGCTATTCGGCTATGACTG - 3!
NPTITIas 5' - ATCGGGAGCGGCGATACCGTA - 3!
358s1 5'" - CCCACCCACGAGGAGCATC - 3!
pgrias:; 5' — GCGCCTGAAATATAGACCAGTTC ~ 3!
355-Xbals 5' - GGCCATCGTTCTAGATGCCT - 3'
355-Spelas 5'" - GTCTTGCGAAGACTAGTGGG - 3'
pPBEs : 5' - CCATGATTACGCCAAGCTTGCA - 3!
pBEas 5" - GCTTGATATCGAATGCATGCAGC -~ 3'
358-Es 5' - CGCAATTAACCCTCACTARAAGG - 3!
35S-Eas 5' - AGCTTGATATCGAATTCCATGCAG - 3!
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13. &9 A

7b. ParA @@ o] 3ad

parA FAA AES #$adEL Y5t glutathione S-transferase (GST) gene
fusion system (Phamacia-LKB)2] pGEX-4T-1 DNAE& A &4 EcoRIF Xholl &
H9d g, orfl (1.2 kb)9] N-terminal9] 0.6 kb& A& 0.6 kb ©¥ (189 amino
acids)& PCRZ Z %3l =89t AZEE 28 vector, pGEX-par0.6& E. coli
JM109¢] HAHB3HQ 2™, reading frame®]l LE=A9] oHE pGEX sequencing
primer (Phamacia-LKB)& A}-£ 8o DNA sequencing®.2 #<¢184},

gulde] ARdE A8 E coli®l 4] log phase 271 (Asw = 0.4)Y
IPTGE AZF¥x= 05 mMe 527t HA H7tste], 30CTAA 642 o sjgste] &
BA) w@dg FESAT MIAE AL} FAE 5T 5, 1xPBS buffer
(137 mM NaCl; 26 mM KCl; 1.8 mM KHyPO, pH 7.4, 4 mM NaHPQs)ol| & E3t
Aok 285 #H7] (Ultrasonic homogenizer, Cole-Parmer)E& ©l &3t 4L olA
TAE 4% s, 4T, 15000 rpmeE 10827 YA 83l soluble protein
fraction¥ insoluble protein fraction (inclusion body)2.2 3ttt SDS-sample
bufferg& #7138t} Laemmli (1970)2] SDS-polyacrylamide gel A719E 02 2435t
th 23y owAL Glutathione Sepharose 4R column (Pharmacia, USA)S ©]-&3}
o AA% v}, preparative SDS-PAGEZ fractionation3t4] fusion ©¥& band T+
< ZEol FAIR Fste] TE buffer2 @9dS 353 Ac

Y. FARE ¢ o]THIIA B

Polyclonal & X317 Aste] FA® 93 02 mgoll Complete Freunds
adjuvant (sigma, USA)E F3F o2 H/lete 3 & o, EZ9 Astd FAEA
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o FA -, 25 o|Fd v 2~3F +A 22 Incomplete Freunds adjuvarit (sigma,
USA)E AH&ste] 34 gAo] &9l & w7t 8 Falabgr

olTHG G4 ¥4& Ouchterlony9t Nilson (1986)¢] w¥ oz AA &4t 09%
agarose gel2 0.5XTBE buffere]l %ol &7 90 mn petri-dishell 20 m¢% 21 gel

S SIAANZ F, T4 wellel ZAZ FHIbetar outer well 5719 &9 Qo] 4T
2

14. Immunoblot ¥4

9G-S Protein assay kit (Bio-Rad, USA)E o] £3ld ©wld =v2 AArs o}
&, lane B 20 pgol @¥A-S loadingdte] SDS-polyacrylamide gel (12%) A 7)%
st W71 9Ed gel® TGM bufferel 5%1F AAF ¥ semi-dry blot X
(Atto, Japan)E AFE3te 10 V, 2417k F<t nitrocellulose membrane (Protran,
Schleicher & Schuell, Germany)ol transferstdth. Transfer® membrane< blocking
&l g0 A2 A 1A17 S shakingdtar, 2000002 343 12} &A%} 147
Fet ¥ AR TTBS buffer® 23] A4 % membrane® blocking £l A ThA
2,0008] A%k 22 3] (AP-conjugated Goat anti-Rabbit IgG, KPL)$} A2 1

Al B-§ A7) NBT 893 BCIP §4o= Az

15. 718} BAAZHAQ JBAA AHELS standard WHEL ol FHY o], 4E =

Al 9 FAAB o g8 PUSE AReN AR
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A34d Paraquat WA FAA HA XAV 9 Y

1. E¥° 2% paraquat WA &9 Ochrobactrum anthropi JW-29 A%

i

x5t

o

Paraquatg 4zt AEE AT ddd As-d EF FEd
=

paraquate] thalel WAL 7AXE #& ALsAh E coli IMI055

o

¥t & paraquat 0.5~40 mMol H7IE LB uixlolA 10A17F vl & F
ZA4std YFAEE AT A, ALdTL 10 mM9 paraquatoll 4| = paraquate 3
ek e WAGAS YA AP, d2FA E coli IMI05E 1 mM ol
delAe AR Xadd (2 2-1). AEde] 2R J4XE FAsr] Astd 3
By 2 Y EAS 2AS 2, 2¢ $4 AT LR catalased) oxidased] i3]
FAE JEAT (B 2-2). @29 °]&%5E& AR Ao ME glucose, malate,
arabinose ¥ maltose & O]%fi}ﬁgﬂl-(ﬁ 2-3), AR FAAE oleic acid
(C181)7F AE At 249 dREoz AA At F3F9 806%E AR A
o2 YT (B 2-4). ol49 AfzrE MA@ FFZF Ochrobactrum anthropiZ
FA%NAN, AFHCE O. anthropi JW-22 BB}t O. anthropi JW-22] Hj<
AR £x 30CHeH, 44 pHE 72~7.88 Yl

E. colil Al paraquat (PQ*)< 484 cytosolic NADPH-dependent diaphorase®]
9|8 PQ"" (monocation radica)Z #YHo] AEX HE Eo7l0, PQ ' 09 W&
sted AR O & AR o8 AAY] As) FikstaL<d SODS FAdol
=9t (Kao®t Hassan, 1985). E}E}./\i, O. anthropi JW-29] ‘paraquat°ﬂ g Aol
SOD &49 F7tdl 9% AJAE #FAsr] Y3t 0. anthropi JW-28 0.1 mM
paraquat®] FH7Fd wjR )M 3A wiEs F total proteing FE3I] native
polyacrylamide gel A719 %S A& SOD A FME stxvh HEFE paraquat
of kgt NAS UeElE E coli JM1068 O. anthropi JW-28 paraquatl. B = &3
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Fig. 2-1. Effect of paraquat concentration on the growth of E. coli JM105 (A) and
O. anthropi JW-2 (B). (@, control; &, 10° M; W, 10° M; 0 107 M;
O, 10° M 2, 10° M [, 10" M paraquat)
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Table 2-2. Morphological and physiological characteristics of isolated O.
anthropi JW-2

Gram straining —

Oxidase +
Catalase +
Fluorescence pigment none

B — Galactosidase -
Arginine dihydrolase -
Lysine decarboxylase -
Ornithine decarboxylase -
Citrate utilization \ , —
H2S production -
Urease production +
Tryptophane deaminase -
Indole production —
Voges—Proskauer reaction —
Gelatinase production -
Nitrate reduction +
Denitrification +

B —glucosidase production -

+, Positive; —, Negative

_61_



Table 2-3. Assimilation of carbon sources by O. anthropi JW-2

Carbon compounds Assimilation

Adipate ‘ -
Arabinose

Caprate

+ o+ +

Citrate
Gluconate —
Glucose

Malate

+ o+ o+

Maltose

Mannitol

Mannose

+ o+

N-Acetyl-glucosamine

Phenyl-acetate -

+, Positive; —, Negative

Table 2-4. Cellular fatty acid composition of O. anthropi JW-2

Fatty acids Contents (%)

Straight-chain acids

Cis 30.6
Ciso 8.1
Ciso 4.0
Ciz1 20H 1.2

Cyclopropane acid

Cigo 24
Unknown 3.7
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¥ SOD &4 |AEL ¥ 23 (29 2-2), E coli®) A$E paraquat Ao 2]
MEZL SOD isoenzyme® band’t #AHUOY O, anthropi JW-29] AL:=
paraquat A 2JA] AEZE SOD isoenzyme$?| band’} ##EHA ¢S mwut o}z
SOD9 &4 ®¥a®= ATk oled AHE O anthropi JW-29) paraquate] o3
WAl AE o 84204 Aoz A9 FAsELe 4 27t 948 Aol olug}

e ol ger A% AYe gusE Aol

2. Ochrobactrum anthropi JW-22%-¥ paraquat WA -&Ax9] 23

Add =4 ulAE Ochrobactrum anthropi JW-22 28 genomic DNAES %3 8
o ATEL: SauBAICZ FERT S, 2~6 kb =7]¢] DNA BHEL 3358 A
$EA BamHIS. 2 HY 3 pBluescriptll SK+ol £¢atdt. A28 9 plasmid DNA
€ E coli DH5a 9 HAAEE % 01 mM9 paraquate] E7tE LB plates] =23}
o Hobde 11709 colonyE Mwatgch A2¢¥ colonyE thAl 3 mMe paraquat®]
A7ve LB wiA o) widste AA427t b wE 19 cloned Awdign Muw
colonyE LB wjxe]A ®j¥E o}&, plasmid DNAE #adte] 9% An 25 kb
insert DNA ©@#& ¥¥ste 2oz vehnth (29 2-3). B34, o] insert DNA ©&
"ol ¥4 plasmid7t E. coliv] paraquat A S Yol onz o] E pBpq258 o
Batart.

A2 ¥ pBpq259 paraquat WAS &93l7) 8]  pBluescriptll SK+2 A=A
#49 E coli DH5a % pBpq252 ¥2AEE E coli DHSe & 242 0~3 mM ¢}
paraquat®] #7}g LB ®ixle] wjFsle] 660 nmol o] EF 52 24 HYAAT
€ Hastgt (28 2-4). 2 A, 2T pBluescriptll SK+2 ¥AA8"E E
coli DHSe & 0.1 mM ©l%}9 paraquat =M o] FA3 A3d7 A zsid
05 mM 9|39 FEAA= A AAE 34X R399t 23y pBpa252 HAAS



1 2 3 4

Fig. 2-2. SOD activity staining of polyacrylamide gel containing total proteins of
O. anthropi JW-2 and E. coli JM105.

After native gel (7.5 %) electrophoresis, the gel was assayed for SOD
activity. Each lane contains 200 pg of protein. Lanes 1, E. coli JM105
unexposed to paraquat; 2, E. coli JM105 exposed to 0.1 mM paraquat; 3,
O. anthropi JW-2 unexposed to paraquat; 4, O. anthropi JW-2 exposed
to 0.1 mM paraquat. Arrow indicates constitutively expressed SOD
protein and asterisk represents newly synthesized SOD protein by

paraquat treatment.
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Fig. 2-3. Restriction enzyme analysis of plasmid pBpg2.5.

Plasmid DNA was digested with either Xbal (lane 1), or Xbal
and Kpnl (lane 2), and separated on a 0.8% agarose gel.
Arrow indicates 2.5 kb insert DNA.
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Fig. 2-4. Growth of E. coli cells transformed with either pBluescriptll SK+ (open
circles) or pBpg25 (solid circles) in LB medium containing different
concentrations of paraquat.

After grown at 37C overnight, optical density of each culture was
measured at 660 nm.
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9 E. coli DHSa v x| vl3] £ 434S EY+El, paraquat FH 779 vm

g o 05 mM 7HAE AFd AE AHES @z &kon 05 mM oA A= tra

lo
fru
Iz
El
ek
=)

Za37) A&t oy paraquat F5% 1 mM due AAXNE 7
HE=FRT 68 o4 & WS YA LB agar plated] paraquat 1 mM< &
7beted wgatgl e Wz AA wiAdMe 2o AFAE YR EY, dEFe A
3 colony® ¥A43stA E3lY oy pBpa25bE FAAEAE E coli DHoe = AAAOZ
colonyZ} A HJ (28 2-5).

T3, paraquat Ao A& HFEEE B}y -ﬂ%}ﬂ paraquat 0.5 mM& 7}
¢ LB ®iA M wjFAE AFES FRER 2ASGY. 2 4%, dxde A
3 43eA Eild ey plasmid pBpg2.58 7FA 3 9l E. coli DH5 e & paraquat
FAZMT vlE) 271470 Az AR NAH e Aot MY 16417 o)Fd =
paraquat TH7FTS HlE Y ARRS UEAAT (2F 2-6). MY Zrlol MY 8
AlZE 4E9) log timee WATF A% v AL4RY paraquat = (01 mM) 2ot =
& %EQ 05 mM paraquat Aol BE E coli AAS ARAN] B A% E
coli W¢ plasmid pBpq2.52 A X% copy number’t Z7}317] $18] WQ s A 7to)
e 2ARd Aoz wddch ol#jd AHEL paraquat WAFFYA O. anthropi
JW-2259 2% 25 kb® DNAGH o] tF o] paraquat HAL FAPLSL <n)
gt b, pBluescriptll SK+o 4+9€ 25 kb= 719 insert DNAE paraquat WA

(paraguat resistant) F3*} &, pgr2 93t o
3. paraquat WA A&, pBpq2.59 DNA 9471449 44 92 24
7h AR Ax 24

Paraquat WA /A2 (pgrE 7HA 2 U+ pBpg2.58 A& 714 Astagr2 Ads
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Fig. 2-5. E. coli cells containing plasmid pBpg2.5 show an increased resistance to

paraquat.

E. coli (DHba) cells were transformed with either plasmid pBpg2.5 (A)
or pBluescriptll SK+ (B). Transformants were streaked on LB medium

containing 1 mM paraquat.
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Fig. 2-6. Growth of E. coli cells transformed with either plasmid pBpqg25
(squares) or pBluescriptll SK+ (circles).

Transformants were grown in either liquid LB medium (open symbols)
or LB medium containing 0.5 mM paraquat (solid symbols).
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ts, M719%83t9 HFAE insert DNAS ¢ 2 o|EAYE zAgo2H Aas
AEE FASAT (¥ 2-TA). Y€ 25 kb9 insert DNA Wol| Psde 3784 A

rok

4 HAARE 7 EA59en, Sale 270 28l3 Apal, EcoRl @ Hindllle] A3+
B4 ddEdE 47 147 &Rk

1}, Deletion clone®] Azt

pBpa25 DNAE A#EA EcoRIF Kpnle® AHwag t}hg, exonucleaselll 9
Mung-bean nuclease® A #lste A% ¥ nested-deletion mutantsE A &Hsl g o).
Antisense deletiong 913t E pBpg258 ATEA Hindllz A3 g 21 kb &
HE pUCLI9 ligationdte] A &L Kpnlt XholoZ Ad3d thg  deletion
mutants& A &3tg ot FLEFo 2 Zrzh 200-250 bp A Z7)17F £xFH 02 deletion
d 1578 ¢] mutantsE& @3t DNA G714 4& AAs (2@ 2-7B).

th. DNA 971448 2A

pBpa2.59] A4¥ 25 kb insert DNAS A H7]4 €L ALFexpress AutoRead
Sequencing kit (Pharmacia, USA)®} ALFexpress DNA Sequencing System
(Pharmacia, USA)& ©] &3t AA 3+t

O. anthropi JW-29] genomic DNAZ#H #3d FHA FZole 2520 bpdA
o AA FG/MEZRE FAHEYE ZE open reading frame (ORF)S XAlsiE 2
3 MAl codon® £Z codong 7FAE 1719] &A% ORFY 7AA codon BE F
codonTrS 7HAE F9 E94AS ORF7F ZAHY. 1 F orfl (nucleotide
positioh 643-1875)2 1,230 bpe] nucleotide$} 410718) ofv|wilo 2 FA o] A
FARAEHE gde EAFE 42847 Daolth B dFE9 dAYENA FEFHL
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e P

Fig. 2-7. Construction of nested deletion clones containing different sizes of insert
DNA.

A, Deletion clones. Arrows indicate orientations and positions of nested
deletion clones. B, Agarose gel electrophoresis of deletion clones.
Arrowhead indicates vector DNA of pBluescriptll SK+.
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Z WHEE promoter G749 -35 99 (TTGACA)T -1099 (TTTAAT)®] 7H‘
Al codon ATGEH¥ 80 % 56 bp AFol 77 &89 29, ribosome binding site
(Shine-Dalgarno ¥l €)% AAGGASE 7§A] codon®] 10 bp AF Al &Astatt (2
g 2-8). watr, &3 promoter 9 ORFE &3l U orflS pgrdA 43
2 BEIdn, 2 42 AEL PgrAR WHIGTh (28 2-9). 11 e 2749

ORF7} ©§ &A3stg9<sd pgr §4A9 3 &9 7BA codono] i A codon ¥

tio

7FA 3L &= ORFE o2, 5 29 7 codon®] ¢l 7HA] codon & 7tAix
ORFE orf32 Ztz} ®§stAtth orf29 orf3s pgrA #AxS el wha) wioy
S.2 coding®ol AN (ZE 2-9).

FAHE pgrA® 7BA codon (6434 A71)el Bk AFu dhF Fgo AL Tt

0] AVE s, pgrAd ARdAE dddE 2 AHYENA LAHE M A

rr

32

%
oo

)1
e

A Q0 Al codon?] ATG7F EA8HA] gevhe M, 4F A4 E &

codon®.® o] &5+ GTGZ} nucleotide position 259+ 389014 ztzb WA o v
2 Hol £4 codonol TARGE #H, pgrA TR 5 AFe 3 shFel dAYE
AR AAE FAANIIE F2E EHA stem-loopA ol EAgHE H, agn
ribosome binding site’} HIF & AP E FHAA A FEHoZ BHAYE XU 7
Al codono. 2HE 5-13 bp AFol EASL -35 497 -10 99 EJ EAseE F
o AT m2o] MPS W 24Y A codonOZRE £ codonZhH 410749 of
mjxedtoz P E pgrA7t paraquate] WA S Fdst= &4 ORF ¥ stud AL

2 FZEHEAG.
2. @714 Qe 4

233 pgrel 9714E #4248 DNASIS (Hitachi Co., Tokyo, Japan)$} Genetyx

software (SDC Software Development, Tokyo)E o] &334 .
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61
121
181
241
301
361
421
481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

GATCGTCTGAATTGGCAATCCATTGTGCCGCAGCACTGCTCGCCGCATTGATCAGCCGCG
CGGCGECTTCCGGGTCAATATCAACAATGACACCATCTTTTCGTAGGGCGTCGAGACCTG
TGGTGATCGTGCGGATACAGCCGTTGGCACTCGGCCAACTGGACGGATCGCCGAAAACCG
CCGGCCCGTCGCGAAACATGATCCGCTGGATTTCCGGTTCGAGCGCCATCTCGATATAAG
CCGTATTCTCTTCGACAAACCCCTGCCAGCGGTCGGGCGCTTTGGCAGAAATCATGCACA
ATCTCGCGGCCATCTCGCAATCAATTTCGTTGATCACGGCCTGCAGAAGGCCCTTCTTGT
CACCGAAATGATGATAGAGCGCGCCGCGTGTCAATCCGGCGGAGGCGGTARAATCATCCA
TCGAAGCTTCGGCATAACCAACGTTTCCAAAAGCCTTGCGGCCCGCAGCCAACAGCTTCG
TCCTCGTTTCAGCAATCATTTCGCTTCGCGGTTTACGCATCATAGTTCCTTTTATTTGCA

- -10
TACGCTGCGTATATTAACGCCGCGTATCAAT’I‘TACATACGGACC

>>>> >>>>>> <LK <<
GTATGCAAGTGTAGTAATTTTCCCTTTCAAGGACCCACTCCGATGTCCAATCCATATAGA
SD M S N P Y R

- PgrA
GAAATTTTCAGCGCTCCAGECGCTATCGGCTTTTCGGCGGCGGCCTTCTTCGCCCGTCTT
E I F S A P G A I G F S A A A F F AR L

CCCATCGCGATGGCCCCTGTCGGCATCGTGGCCATGCTTGCGCAGACGCACGGCGAATAT
P I A MAUPV I VA MULAOQTHGE Y

TGGCTGGCTGGCGCCGTGTCTGCCACCTTCGCGCTCACGAARTGCATTCATATCGCCGCAG
W L A G AV S ATV FAULTNA AFTI S P Q

Sall
ATTTCACGCCTTGTCGACCGTTACGGACAMAGCCGCATCGTCATGCCTGCCACAATCGTT
I S R L VDU RYG QSR IVMUP-ATTIV

TCGGTGATAGCCTTCGTCTTTCTGCTCGTAGCGACAAATCAAGGCTGGGCARACTGGACA
s viI A F YV F L L VATNGQU GWANWT

TTGTTCGTCTCGGCATTTTTTGCCGGTGCCATGCCCAGTATCCCGGCAATGGTCCGGGCA
L F v s A F F AGAMUPS I P AMVURA

AGATGCACGGAAATTTTCCGCAACCGCCCCGAACTGAACACCGCTTTCGCGTTCGAGTCG
R W T E I FRNUZRUPEULNTWATFAUFE S

GCGGCGGATGAACTGGTCTATATTTCAGGCGCGTCCCTTTCCGTGGCGCTGGCGEGTGTCC
A A D EVL VY I S GA SL SV AL AV 8

CTGTTCCCCGAAGCCEGEATGCTGATCAGCACGGCTTTTCTGGCCGTGGGCACGATCGCC
L - F P EAGMULTI S T A F L AV G T I A

TTCCTCCTGCAGCGTTCCAGTGAACCGCCGETTCETGCGCTCGATCAAGACAGCCCGCAA
F L L Q R 8 S EP P V RALDOQUD S P Q
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120
180
240
300
360
420
480
540

720
26

780
46
840
66

900
86

960
106

1020
126

1080
146

1140
166

1200
186

1260
206



1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101
2161
2221
2281
2341
2401
2461

pqr5N

—ee—p
CGITCCGCTATCTGGTCGCETCCCGTTCAGATCATCACGCTGGCACTTATCTTCGTCGGC
R 8 A I WS R PV QI I T L AUL I F V G

TCGACCTTTGCGACAGCCGAAGTCAGTGCTGTAGCGATCACAAGCGAGCTTGGTCAGCCC
s T F A TAEV 8 AV A I TS EULGOQ P

GGTGCGGCCAGCCTTGTGATCGGTGTCTATGCCATCGGTTCGTTTCTTGTGGGGATAACG
G A AS L VI GVYAI GSFL VG I T

CTCGGTGCATTGTCGCTTCGTATGCCCCTGCAGCGCCAGTTGATGATTGCCGTCAGCGTG
L G AL S LRMPIULIQRIQILMTIAVYV SV

CTGGCACTGACTGCCTTGCCATTACCCTTCGCGGGCACATCGACCACGCTTCTTGCCGTG
L AL TaALPLPTFAGTSTTTULTELAUV

GCGGTGTTCGTCAGCGGCGTTGCGATTTCTCCGACATTCATCACGEGCCTTCGGCCTTATC
AV FV S GVAISPTT FTITA ATFGTLI

GAACGCCGCGTGCCTGAGACGATGCTGACGGAAGGCATTACCTGGGTCATGACCGGCATC
E R RV P ETMULTEGITWVMTGTI

Sall
GGCATCGGAATGGCGTTTGGTGCGTTCGTTTCCGGTTGGETGGTCGACAATTTCGGTGCA
G I G M A F G A FV S8 G WV VDNV F G A

GCAARACGGCTTCTGGGTTTCTGTTGTCGCCAGCCTGAGCGCGGTTGCAACCGTCGCGCTT
A NG F WV S5 V VA SL S AV ATV AL

GGTCAAGTCAGCCTGTCCGGCACGCGGGAAGCAGCCGAATGCGACGCGCTGTGCGCAGCA
G g vs L § G T R EAAECDA AIULCA DA

GAAGCGGCAGAGTAGCTAGATAGGGACGAGCGGGTAAGGCCCGCTCGTCAATCTCCGTAA
E A A E *%% pqr3c

ATACGGTTTTCCAGCGGTGTGGAAGCGATCAATCCCTTCAATCCGGCCAGCATGGCTTTC
TCGGCCTTGTTGAGATIGGTTTCCGGATTGTGGATCAGCGAAAACATCGATGGCGGGCGEE
>> 500>> << K<

TTGTCGTAAGGCGGCAAACGCCAGAGAAGGCCGTCATCAATCTCGCGTCGCGCCACGTGC

AGCGGAAGCGGACCGATGCCAAGGCCGGTAATGATCATCCGGCGCACTTCTTCAAGGCTC
GACGAGGTGCCGACGACATCCGGTGAAAGCCGCGCCTCACTGCGCAGCAGAGCTACCGGG
CGCAGCGCGTCAGCAATGTGGTCGGTCTGGAATGARACCGACGGTTCTCCCTTCAGATCG
GCAAGCGTCAGTCCGGACTGGCCGAACATCCGGTGCCGGGGCCCGCAGAAAAAGCCGAAG
ARTTCACGATAGACCATGGTGTAGTCGAGCGCCGGATCACGATTGCTCACCAGCCCAAGA
CCGAARGAAGCGCGCTTCTCTCGAACCAGTCGAGCAACTTCGGTGCTGGCGGARACATTG
ATTGTCAGCGTCGCTCGCGGATGCTGTTCATGAAAAAGCTCAAGTGCCCGGETCGAAGATC
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Fig. 2-8. Nucleotide and deduced amino acid sequences of pgrd gene in O.
anthropi.

Nucleotides and amino acid residues are numbered from 5’ -end and
N-terminus, respectively. Deduced amino acid sequences for pgrA are
shown below the DNA sequence. The putative promoter elements (-35
and -10 regions) are boxed, and possible ribosome binding site
(Shine-Dalgarno, SD) is underlined. Potential transcription terminator
sequences of stem-loop structures (> <) are indicated. Hybridization
probe DNA fragment of 0.9 kb used in Southern and northern blot
analyses is underlined. Arrows indicate positions and orientations of
primers, parbN and pqr3C, used in PCR to produce GST-PqgrA fusion
protein in E. coli.
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/I L SN W M AE

+——0orf 3 pqrA > « orf 2
179 Aa. 410 Aa. 149 Aa.
[ I T 1
0 1 2 25
(kb)

Fig. 2-9. Structure of 2.5 kb-genomic DNA fragment containing pgr gene in O.

anthropi.

Open reading frames (ORF) are shown by boxes. Arrows indicate
orientations of ORFs. Restriction sites of Pstl (P), Hindll (H), Sall (S),
EcoRI (E), and Apal (A) are shown. Numerals indicate number of amino

acid residues of each ORF.
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4 A1 PgrA @A 9] olu) Ak hydrophobic 7] (Val, Leu, Ile, Phe, Met 2
Ala)7h A 719 53%= W4 & v&E2 FAH Aded (29 2-10A), ParA
9] isoelectric point (pD¥ 4.890]Ath (2 2-10B). Kyte®} Doolittle (1982)¢] =
of wet o]x FZ=¢] hydropathy profile 414 & A3, 11719 transmembrane
helices +22 ¥o] AAUIL helix 59 6 Atelel= membrane®] cytoplasmic sideZ F
A =& 2 hydrophilic loop7F 1t (L™ 2-11A), ®=3F TMpred system (Hofmann
ot Stoffel, 1993)& ©]-83to] opml:ilEe] B4& #4¢ A7, 11709 hydrophobic
region® 7}A i YE integral membrane protein® E4& Jehidd (29 2-11B).
olsh FAte F2E 7M1 2R R4l BHAE Lacococcus lactisZRE
2] ¥ multidrug transpoter A A ImrPE ofv|x=4ke] FAlo] ParAst HAMSHA 4
Ebxtth (Bolhuis &, 1995). LmrP hydropathy #4]¢l4] 127§¢] membrane spanning
segmentsZ TAHO Qo Fdeo plasma membrane® spanning3dtE
hydrophilic loopg gl st EAdHtn BustHch = tetracycline WA fFH24d
norA (Yoshida %, 1990)$} Bacillus subtilis®] multidrug WA FA AN bmre PgrA
9] A4 11 HA 12719 membrane spanning segments® TAAEHo] gtim B
st EH (Neyfakh 5, 1991), o]#l g ofr|x=4ite] EA S uHlws] B2 u PgrAE ©]
E FAXRETS A 715 S & Aoz FAF}UL

BLAST system& o] &3] Parae) oful:tl Agde] 4548 A4s € 29
F2 %A g #d FHA 2 transporter GHAET ¥ mFH L2 4E5AHL JEh
A=, Streptomyces coelicolor25€ 8§ ofzx 1 7]%o] VAR ggtor} of
o] = A FA A membrane proteinl 2 —%zéil% SCQBIO.ZSC (Redenbach %‘,’ 1996) ¢}
62%6% 7b w2 A¥AdE YRS (identity 41%), E. coli tetracycline
transporter T A TetA (31% identity, Allard and Bertraﬁd, 1993)9} 54%,
Salmonella typhimurimQ. 258 33 methyl viologen resistance §dA AFE¢l

SMVA (30% identity, Hongo %, 1994)9} 52%, E. coli multidrug resistance A}
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A Amino  Count HMol% Amino acid content (%)

Acid 0 10 20
Ala €9 16.
Arg ig 4.
Asn 8 1.
Asp 6 1.
Cys 2 0.
Gln 12 2.
Glu 17 4,
Gly 31 7.
His 3 0.
Ile 29 7.
Leu 40 9.
Lys 0 0.
Het 12 2.
Phe 28 6.
Pro 20 4.
Ser 37 S.
Thr 27 6.
Trp 8 1,
Tyr 5 1.
Val 40 9.
Total 410 8s.
B =0
1.0

14.09 llsoelectric point {pl) = 4.89 I
7.0 /

&
}:-; 0.0
S -7.04
-14.0
-21.0
-B.04
T T T T 1] T 1 T T 1 T 1 1
2 34 5 6 7 8 9 10 11 12 13 14

pH

Fig. 2-10. Amino acid composition and isoelectric point of PgrA protein.

A, Molar percent of each amino acid residue in PgrA protein was
represented as solid bars. B, Isoelectric point was calculated from
deduced amino acid sequence of PagrA protein by DNASIS software.
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1 100 200 300 400 410

Extra cellular Space
N-terminus

C-terminus

Fig. 2-11. Hydrophobicity plot and the proposed model of PgrA protein.

A, Hydrophobicity plot.

B, Model of PqrA protein. A computer-assisted hydropathy plot of
PgrA was generated as previously described (Kyte and Doolittle, 1982)
over running window of 11 amino acids. The x axis indicates the amino
acid positiqn and y axis indicates hydrophobicity values. Roman
numerals denote transmembrane spans. The positions of amino acids at

the membrane interface are indicated by Arabic numerals.
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AEQ EmrB (29% identity, Fleischmann 5, 1995)9} 52%<) ASA4-< Jelgdx
Lactococcal lactis25-¥ £ multidrug transporter @32 ¢ LmrP (29% identity,
Bolhuis &, 1995)¢F 50%9 454¢ Z47 Jegudd (E 2-5). PgrAst 713 =2
+F
TASE obrxedl £71 HWE B oly#} N-terminaldl A C- termmalﬁ}xl d
g oprldte] 2 A REE O it (¥ 2-12). ©]23 54L& & oA AR
AREFY obwixd Wd HAAME TYsA et wes, B d7da 2a
g PagrA @A o5 %A UAFARERY L AEAT auay 23 T4
o] 5Lz E FF3H BAg 9 g4 WARAAER FAE 75z YA B
o3l paraquat A A FHALE 55 & F AU

oX

S 29" SCOB10.25cste] olmjxalt MidS wjms) 2 A}, zhzte \:}-1@37‘%%

rir

Bolhuis (1995) %<& Lactococcus lactis2H€ 53t LmrP$t Bmr (Neyfakh %,
1991), NorA (tetracycline resistance gene, Yoshida %, 1990)9] o}n| x4t A&
g B3, 2749 TF o= AEE AR AREH TF o=t AE
A= 27 39 transmembrane ©H o] cytoplasmo] £38tE 2 loopE HAFT o=

loop7t +ZA 22 F23% 9L 3&d transporters| A channel 7AHE st g3

o
o

ttksr =AYt (Pausen® Skurry, 1993). 28]l® PgrAE olE $ARE9Q o}
Ul dmE E A FEAGE 2AHR ggoy FxrIFozE 5 69
membrane spanning region Apo}el| cytoplasmel WAstE & loop FZ7F HAH A=
ol ©] loop &7} Bohuis (1995)7F A& 7|53 dX& 7l5AE B9 FAT (2
Y 2-11B).

ParAe] 54& <otr7] fstd 44 AT fda F 1 71%°] ¢wExn 4%

Aol 2 WA #H FAAES ofu At vide] thE hydropathy profileS H] i3]

-

2 A% (¥ 2-13), TetA, SMVA, 1831 EmB 2% FxFoz ¢ uj£d
hydropathy profiles WEIWA+=4dl, PqrAx 3 hydrophobic o}v]x=4tSo] R om
AA ol i=ite) 50% ¢3S XAIF 9o, transmembrane helix®] FRE wj$
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Table 2-5. Percent identity (similarity) of ParA protein with other related gene
products

SCIB TetA SMVA EmrB LmrP

PqrA 41 (62) 31 (54) 30 (52) 29 (52) 29 (50)

SC9B — 29 (50) 28 (49) 28 (48) 28 (47)
TetA — — 31 (51 28 (49) 28 (50)
SMVA — — — 39 (52) 29 (50)
EmrB — — — — - 29 (B0)

Amino acid sequence of SCO9B10.25c is taken from Redenbach et al. (1996),
TetA from Allard and Bertrand (1993), SMVA from Hongo et al (1994), and
LmrP from Bolhuis et al (1995).
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PqrA MSNPYREIFSAPGAIGFSAAAFFARLPIAMAPVGIVAMLAQTHGEYWLAGAVSATFALTN 60
SC9B M---------~ Pr--mmmmmmme - LSM-MG-IGVVIMISQLTGRYGLAGALSATIALAA 35

* * * * * k % * * k hhkkk khkk kk

PgrA AFISPQISRL~-VDRYGQSRIVMPATIVSVIAFVFLLVATNQGWANWTLFVSAFFAGAMP 118
SC9B AVAGPQVSRLFTVDRYGQRRVLRPATLVSLTAAAVLLPAAHYGWPDWVLFAACYGIGCVEP 95

* kk ki *Trkkkk X* hkk kk * *% * * % * k% * *

PgrA SIPAMVRARW--TEIFRNRPELNTAFAFESAADELVYISGASLSVALAVSLFPEAGMLIS 176
SC9B SLGAMVRARWAFTALYRGTPQLHTAYSFESVVDEVCFIFGPIISIGLSTAWFPEAGPLLA 155

* *okkokkokk * * * Kk k% * k% * % LA * * kdkkkk *

PgrA TAFLAVGT- - IAFLLORSSEPPVRALDQDSPQRSAIWSRPVQIITLALIF - -VGSTFATA 232
SC9B ACFLATGVFWLTFTSQRATEPEPHPREHKGGG-TALRSRGLQVL-VG-TFAATGTIFGAI 212

*kk Kk * * %k * % * * % * * * *

PgrA EVSAVAITSELGQ-PG-AASLVIGVYAIGSFLVGITLGALSLRM--PLQORQLMIAVSVLA 288
SC9B DVVIVAFAEEQGHKAAFTASLVLALYAAGSCTAAMIFG-L-LRFAGPPERRWLLGVCAMA 270

* * % LI * Kk kk *k kk * Kk k% * * * *

PgrA LTALPLPFAGTSTTLLAVAV--FVSGVAISPTFITAFGLIERRVPETMLTEGITWVMTGI 346
SC9B VSMIPLLLVG-NLPFLAAALFTFVAGLSIAPTMITTMSLIEEHVPRTQLTEGMTWVSTGL 329

* %k * *k * *k k * kk kK * % Kk *k h khkkk kkk Kk

PgrA GIGMAFGAFVSGWVVDNFGA--ANGFWVSVVASLSAVATVA-LG- -QVSLSGTREAAECD 401
SC9B AVGVALGSSAGGWVIDASGARFTAGYGVPAVAGAVAVA-VGFLGYRRLKRPEPRRGGTVE 388

* % * *kk *k kk * ok k% *hkk ok k% *
PgrA ALC-A--AEA-AE---- 410
SC9B QHTHGERQDERPERHMA 405

*

Fig. 2-12. Comparison of amino acid sequences of PgrA with SC9B.25c protein

from Streptomyces coelicolor.

Amino acid sequence of SCOB.25¢c protein is taken from Redenbach et
al. (1996). Asterisks represent identical amino acid residues and dashes

indicate gaps introduced to optimize alignment.

- ‘32 -



5.0 g
4.0 Average:
Z 3.0
£ 2.0
2 1.0
£ 0.0
83200
£-3.0
-4.0
-5.0 L —L -
1 100 200 300 410 ;
5.0 -
B 4.0 Average:
2 3.0
2 2.0
3 2.
° 1.0
S 0.0
9-1.0
©-2.0
£-3.0
-4.0
-5.0 - > > -
c1 100 200 300 405
C 5.0
- 4.0 Average:
= 3.0
o
5 2.0
_8 1.0
a 0.0
R
£-3.0
-4.0
_5'0 A L 1 1.
1 100 200 300 400 496
D 5.0
> 4.0 Average: 0.76
£ 3.0
a5 2.0
Q 1.0
5 0.0
E
£-300
-4.0
-5.0

1 L il
1 100 200 300 400 510

Fig. 2-13. Comparison of hydropathy plots of PqrA protein with other proteins of
drug resistant genes.

The plots were generated as previously described (Kite and Doolittle,
1982). A, PagrA; B, TetA; C, SMVA; D, EmrB.
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HlR8HA UEstth oM E AFA oivcite] BE AL wuwMde B4 F syl
H, & &4 olvx=AEe 7 iR 9Xse= HAA (integral) o}v| =R A

2 W HA helix 722 Hojlo] o8 7§l membrane spanning regiong A3

-r

A 8. Bawido) J5 % 5554, ion pump, ion channel 5 o}F theksty] o=
A HAARFARE] oW g slFol sted kA 2 FAA A WAL SAA FH
A AFggHoz EYsA g3 Bus ¥x gt

4. Paraquat 2 o2 <Alo] did A2 &9

Paraquate A E oA 0.9 A¥ste] A2 0,8 BFoz AAggozH

v Eo) & FA Hed paraquat #7F ¢}y @ menadione™ plumbagin® Z< 7]
T gt H4ts s Ee dFoltt (Morimyo 5, 1992). wWatA, pBpa25% 7HX 3

N E coli DHS5e 9 xR pBluescﬁptH SK+& 7t1A1 Y& E coli DHh e &
0~1 mM9] paraquat, menadione ¥ plumbaging Ztz} A elste] 37°CA 18417t ul
Fite] 2 HAAAEE AwdllA FFEZ ESASAT 1 FH, paraquate] M E
pBpa2.5% 7IA|= E. coli DH5a 7} pBluescriptll SK+& 7}X)&= E. coli DHS5a Xt}
o ¥ AAAE Y AL 2921, menadione® plumbagindl A e A3

S Rolxl drtl (ZE 2-14). 018§ A= menadione® plumbagine] <] &4

rr

AZ W #4027} AFoz Yasio] WAE 4ol A1 FA Fv paraquat
oA gANE AZ W BN A AsAEe] AHNE Aem AzZEY AE
W gAdast AARE e A, AT W2 #9€ paraquatel EY FARY
$4¢ 7d & 9 B4 ez wAAY EX, A48 YA

1
£E WE S22 F53 AJle F9, 283 AAE paraquate] AE HE FYHA)

s

AT E FAY $LHYY PP E AE 92 WS 4 Q9= membrane B A

15l 98 Aoz FAAG. old FAE ZFA7F Morimyo $(1992)9 o3 =B
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Fig. 2-14. Effect of superoxide generators on the growth of E. coli DH5a with
(solid circles) or without pBpa2.5 (open circles).

Cells were cultured in the various concentrations of paraquat (A);
menadione (B) and plumbagin (C). Optical density of each culture was
measured at 660 nm.
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nHYEY E coli K-122%E E#3 paraquat A FHA murCel paraquat 2
plumbagin®] ©ig WAdE& ¥lwId ZF, paraquatl HEIAAE WA S JhRey
plumbagin®l & E W& 7HAA EstAtha &

Paraquat® %ol 3pgrEolnt. wWabA, Eeld pgrA7l tE Yol sg=el o
AME NS 7HAEAE EUs7] 93t ethidium bromide (EtBr)& A &3ttt
pBpa252 ¥ A AEH E. coli DHS5 e 9 pBluescriptll SK+E‘ A AZHE E coli DH5

¢ & EtBr 0~200 pg/m= A7} LB wiXol HF 3t 37CollA 18417+ wi g3t

DH5¢ & EtBr 50 ug/mt ool Aol Asidslovt pBpa2bz Fdd&d E
coli DHoe® WAS Yeldddd (18 2-15). Bolhuis (1999)E imrP #d#<]
transport 42 ¢olr 7] 93] A XEo| hydrophobic cation 3}3HE< EtBrg A
st AE ol 49 EtBry ¥& FAsAed 2 2%, ImrP7t B8 AEE

EtBrol tia WAlel Z7bstden AE W) EtBrel £4FE st £ of

L
®

e o)L 31322 daunomycin 2 tetraphenylphosponium (TTP)e] tisis = W
4 AAdn S90. P 1% SAZC Y 2ol@ opl WA SAA Tedst
a% gAToERy EE@ gA WARAA Bmr 5% B2 4EA4dE UEldE
b, o] §AAREL MEZA energy dE3F< HlE (energy-dependent efflux)&
zujgto 2 WAL /Xt FAsEh £3, Lomovskaya®t Lewis (1992)< E
coli®] multidrug resistance AR emrBel Wi dtolA emrB7t EtBrét #2
okol-2 BFE =] fisiA WAL veEded, 454 A A} Staphylococcus
aureus® multidrug resistance pumpg] QacA, tetracycline resistance pumps & &
HEe Jebde wel EmB 9 AR o5 §AIS 7|5 oR Fol2 sihEdl o
AN YA HHgT g B ATl E EBry AXJ HFE APAHLE T
3

A AT ParAst AEAdol A Jewd LmrP9 EmrBo ofv|:=4hd]

R

El

membrane spanning T&9 AT EtBrol thid uiAe] 5 g A4S H
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Fig. 2-15. Effect of ethidium bromide on the growth of E. coli DHba cells with
- (solid circles) or without pBpq2.5 (open circles).
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& BgkS w PgrAXE paraquat = T2 %ol|-2 3dE9 3|4 energy-dependent
efflux 28l &3 E colil W& Fofdte A= FAHIAUD.

Yerusalumi 5 (1995)2 multidrug transporter® #+3A4& ABC type, TEXAN
type 2 mini-TEXAN typel & TE3I4th (Yerusalumi 5, 1995). ABC typed dof
A9 Aoy ZEAEY EA3E p-glycoprotein®] U+dl, ©] transporters
ATP o128 024 olulx=4t Ad Ud 27019 conserved sequence motif7t &3k}
(Schmees® Schneider, 1998). 121} PqrA9] ofujxdl A& dolA e ojzid
conserved sequence’} £A8tA] ¥ken walrA PgrAve ATP 9&3F transporter’}
old e & 4 Atk EI miniTEXAN typel 2 tiEZA < Aol E coli®l multidrug
transporter A4 emrEZF Uk emrE FAAE 1107019 opn|eqtoz FA4 E o
91 o™ paraquat @ EtBro] tisiA SAldl A4S 7HREH, o f3AE ATP ¢

g oux] oEAo] ot} proton®] HAEAH W= Fule] oA EtBrd efflux

ok

T3 Rastth ParAt 410719 ofmlito g FAgs o] e ofvxite] A7)

we
Jm

A& Bagle ol TEXAN typel® EFHAUTH

Paraquat2 2%7+9] pyridine 258 4.4'-bipyridyl& FAAA ol methyl
chlorides} ¥+8-A1#A %4 & bipyridylium#Al el Az ety & ©hE bipyridyliumAl A
2A2A diquatE T2 o2 vl%3lY methyl chloride WAl ethylene dibromide
9o} FAFPYEd BN Az F&L paraquat® FAFETE whebs, E2€ pord
A7t paraquat ©19]¢] bipyridyliumAl A ZzA F9 A diquate] HAME= W
AL 7R =R #edts] feto diquatE 0~2 mME A §F 18413 ufFste] 660
mmol A EFEE A9 11 AT, paraquat 27 obyd diquatol A E WA
S YgdEd 2 4% #E paraquat® & wiet {F2<Q Aolrt glo] T
stath (28 2-16). o8& A= pgrA FAAE diquatel W)X paraquat®l -
g} ge NB5eE WAL FAFde ¢ F AATh ol ZX A7t Pohlenz

(1992)0] 984 RBusEd:vl ped (phenylcarbamate degradation) fAAbE

1
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Fig. 2-16. Effect of bipyridylium herbicides on the growth of E. coli DH5a cells
transformed with either pBluescriptll SK+ (squares) or pBpg25
(circles).

Transformed E. coli cells were incubated in LB medium containing
various concentrations of diquat (solid symbols) or paraquat (open
symbols). '
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phenmedipham 37t ofyg 2 o2 {Ag demediphamo] M= WAL 713

o E¥, AxA atrazined ®#HIFE HFHAR] eptAT  atrazine Byk ol

O.u
ruio

7Hathal B3kt (Shao®t Behki, 1995).
olde ParAel WA Fo 71%E& AU A AHEEd A X FAE

(menadione, plumbagin, EtBr, diquat)ol t$ d4% Z2#25E PgrAd WA7TE

A g A EA Fx B dve Aol oty 71A gEA AAee #Ho

NS ¢ F AUY (F 2-6). &, paraquat® FRAH o2 FALE 2719 pyridine &

simazine, propazineo| WA % WA

ATzE stz da AE WA 7ITE paraquat FAF®  menadioneo] Y
plumbagine] WM = WAEE 7HAA E3A o, paraquat®t 33 AEj7b vl
diquat® EtBrol WA= UiAdE 7M. oA diquat®} EtBre ®EaATx Yo
paraquat® Zo| 17} £& 27ke) Pol&g 7HAZ U3 ParA: o F Fol&g AA

Fo2A AL WS $9% JARAY A9 BAL AL %o $E5Hoz 4

¢ Aow FAHC Yamaguchi ¥ (1993)< vlA &9 MDR transporter proteindl
B8 S4o] $& AFA MDR transporter proteino] 2143= 7] AL oFole 33
ol Bon &4 F2A3Y ¥F8AHL ot AT F V139 AR AAE <
Aste Aol ofyzt A AHE JAAFozA wWES sted, R FAE

Z
gatoll s AxFute] A ojFF UFE HUstA =L MDR transporter protein
2 AR o]FFol A Ue Aol obd HEoHI EHE UXEY wiEdE 54
of gt 3k oldE FA dEsH AEAHY FAS 2 R Bolhuis F
(1995)°] ¢j&] B 1% antiporterd MDR transport protein?l LmrPolth. LmrP= Al E
T A HolFF Fel de AN wEsted dol2 FFEQY EtBre HHAE
u MEate] A o]FFoFE FU9 EtBrg drug-proton antiporter®] <& A= %
o2 FEAZGT RAAT old 4 2 4 AAREEZFE vFo BYS o
PgrA @ AL paraquat Al AE W2 o o8] FY8 paraquatS #8)3HA

b 843 AFE 713 o Aol oflE, paraquate] 33HH FEE A4 st Al
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Table 2-6. Structure of chemicals used in the resistance test

in microorganisms.,

Resistant chemicals Sensitive chemicals
Paraquat Plumbagin
N N X
[CHSQQ crgrzcl O‘ CHy
Diguat ) : OH O
[/ \% \].ZBr.
=\ =
Menadione
O)
Il
EtBr l I CH,
H,N ©
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X 2 WMo RA AMEZ stg WS A st Ao 2P

5. PqrA9 &A A&

7t ParA @i o] ity g A

pgrA 329 coding region 1.2 kb % 5 Z9 A 0.6 kb deletion ¥ 06 kb ©&

rLl

7S PCRE FEZA|A pGEX-4T-1°] 4rdéle] GST:PqrA fusion construct® #HA &}
o pGEX-pqr0.622 WHIAT (18 2-17A). o] A=2FD L& vectors E coli

JM109o FAHg3t 30T A w %3 IPTGE #H718le oz

iy

i)
el
o
o
kT
o

3;1
Att (2% 2-17B). GST-ParA fusion ©HAL ol gstd SEsuz o o] g
w2 4oy duiad A 12 kb

EFE 7ML & e E colivh 719 AAsA RSAE ¥k olyt ParAe)

parA S AA 12 kb EFE @d {3

}_‘

N-terminalZ %8 £31%4 2 32 deletionAZ] F4Ax 9HE 083 &g AFJgALE E
coli7t 2373tA] BatHh, g HH vectord FFH, IPTGY 5%, Az 2 ik
S ex B ofr 2 WEAA BHL FES9SU pgrAd full lengthol F17HE

construct® =YsIAE WellE S5 E coligl 43 A=A

ol¢t Zo] wFT E. colivt BA3A Ede olFEE pgrA FAAI AYn gl
H promoter 4GS AASIL NA codoni-E & vectorol =UEHUA7] wWE 4
kel ol pgrA’t 7hA i e promoterdl 9 ZEFE Aol ol vectordl

A9 Aoz =gHo} gt ZES promoters] ofal BHol §EHs @EA Rez
_;'TL_
dude) 2ANoRT FEH Fudoz AF do FHHYL Y ey AT

o = T wRAEY THYEY Astel 12 B3I ¥ unbalance o) o3 A

FAA ] AFAEES E Aoew FAAG ol#F PgrA dw a2l gverexpression®
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PGEX 'GST (29 kDa) | PqrA (C-terminal 189 A. a.)—
B Marker 123456
(kDa) . .

94
67

43

30

20

14

Fig. 2-17. Overexpression of GST-PqgrA fusion protein in E. coli.

DNA fragment encoding the C-terminal part of PqrA protein was
amplified by PCR with pBpq25 as a template. Oligonucleotides pgr5N
and pqr3C were used as primers for the PCR amplification. PCR
products were digested with EcoRI and Xhol and ligated into an
expression vector pGEX4T-1. A. Expression vector, pGEX-pqr0.6.
Plasmid DNA was introduced into E. coli JM109 and expression of the
fusion protein was induced by IPTG. B. SDS-PAGE. Proteins were
separated by 12% SDS-PAGE. Lane 1, E. coli cells containing
PGEX4T-1, + IPTG; lane 2, total proteins from pGEX-pqrA0.6 cells, -
IPTG; lane 3, total protein, pGEX-pgrA0.6, + IPTG; lane 4, soluble
protein, pGEX-pgrA0.6, + IPTG; lane 5, insoluble protein,
pGEX-parA0.6, + IPTG; lane 6, purified GST-PqgrA fusion protein.
Arrowhead and asterisk indicate GST-PqrA fusion protein of 48 kDa
and GST (28 kDa), respectively.
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)
lo
fo

HE E colidl Y 54& Aoz ¢HA

S} Zo] pGEX-4T vector3t& IPTGE WHULS Wl 28 kDael GST w#iauto)
et eu, GST:PgrA fusiond| A& pgrA®]l 06 kb DNA®HO| coding Ho =
189 ofm|:=4te] #xpaFo] F71E 48 kDadl band7b FHE AT HdEE gwr =

iy

[o]
ro,
o)

BS YAEH3A solubled} insoluble fraction®.Z 283 F A7|dEsl &
<}

GST-PgrA fusion protein®] inclusion bodyE& ¥As}7] wEojch guizel A

1,
e
il

TEHE gFde] iR o] insoluble fraction]A UElGEH, o] 23

H

i

é
il

st @¥d f = F inclusion bodyE QA &Esle] e ths TE buffer® 4 3|

AAstn FA F=g A% AE= o) &3H

W,
L
of¥
g
it
o
2
e
X

g A=

Polyclonal &A1& %3171 93t AA¥ ORF19 ©¥ad 02 mgo] Complete
Freunds adjuvant (sigma, USA)E S HoZ H7lste] & HL ote, E7|9 w3l
FALS AT FAL F 2F o]F o= W) 2~3F A2 Incomplete Freunds adjuvant
(sigma, USA)E AM&ste A Aol Q) E wi7tx] vrE FaAlste] ZAE A ztst
At

o]F R &L E4L Ouchterlony¢t Nilson (1986)¢] W o2 HA st 09%
agarose gel< 05XTBE buffero] =o]3 %7 90 mm petri-dishol 20 m% ¥ 3 gel

=2

< €32AZ T, centerol 1702 welldl FAE P outer well 5719 FLL Lo

4ToAA 20717 WA & AZAE FAdtdtt (29 2-13).
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Fig. 2-18. Ouctherlony double immunodiffusion patterns of protein from the

recombinant expression vectors.

The center well (A) contains antiserum against orfl protein. the
surrounding wells contain 05xTBE buffer (B), total protein induced
from pGEX-par (C), purified pgr (D), total protein induced
PGEX-4T-1 (E), and total protein from transgenic plants (F).
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6. pgrA FARL 54 4

7}. Southern blot &4

28¥ paraquat WA A7} O anthropi JW-29] genome w212 ARIXE

>

2183 genome FolA 2l copy &5 #<23t7] $138t Southern blot #+4& AAI3HA
t}. Paragquat WA+ 2 pgrda2 09 kb Sall ©H S probe® 3+9] hybridization3dr 2
W A §EFA EcoRl, EcoRV ¥ HindlllI2 A3 genomic DNAGIA Z}zt 17) 2]
hybridization band %ro] #ZHATH (2¥ 2-19). webA, E¥ pgrd 347 O.
anthropi JW-2 23¢9 A4S <35t 0™, genome AolA single copy® &3}

= A8 VeSS
1}, Northern blot #4

PgrA A28 &d FArS zAlety] Yt Al O anthropi JW-22 4417t
) oFsl il paraquatS 0.1 mM ¥ 10 mMe =2 H7Fsle 6A1¢F o wlYFst
FA2

paraquat?] A2 FF L A Tl mE ddFF zolE YEhA FUH (&
2-20). o|¥ 3 A=z wFo Roks W pgrAE paraquate] ] L o] Fr ¥

KRR} U FyHes A A4S & 5 ATt

&

total RNAZ 283l northern blot 48 AA&AT. 2 23, pgrd

o

rr

. Immunoblot £4

ParAel AX Ul £4 94A& &<lst7] 918t ParA FAE ©1483t°] immunoblot

B AAFGY. Add O anthropi JW-2Z LB wix]ol A 4A]3F 8] %3

o
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Fig. 2-19. Southern blot analysis of genomic DNA from O. anthropi JW-2.

Genomic DNA (5 pg) was digested with EcoRI (lane 1), EcoRV (lane
2), or Hindll (lane 3) and separated on a 0.8% agarose gel. Sall
fragment (0.9 kb) of pgrA gene was used as a hybridization probe.
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Fig. 2-20. Effect of paraquat concentration on expression of the pgrA gene in O.
anthropi JW-2 cells.

A, Northern blot.
B, EtBr stained agarose gel after electrophoresis.

Cells were cultured in designated concentrations of paraquat for 6 h.
Total RNA was extracted and separated by electrophoresis and then

probed with pgrA specific probe.
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paraquat 1 mME& H7Fstd 6A1ZF o vjgste] FAE 343 v}, total protein 2
membrane vesicleg 23T (McMurry ¥, 1980). 23 @wzdL SDS-
polyacrylamide gel Z7]% %3l nitrocellulose membrane®l transfer 3 %, PqrA &
Ag ol&ste EAsAT. 24 A PqrA @93 band:= soluble fractiondl A& #
ZE 2] &% insoluble fractionol Ak UEFE O™ paraquat A3 #Fo A#glo]
AEFo] LA (2™ 2-21). ©]# & A I+ northern blot 4ol A 9] Az} o
At A2 ParA® AX oA F4FHoz ddgs Jeus Adgod, =
ParA7} membrane proteing coding3lE FHAYS JAWAS FE= ASE PgrAY

paraquatell gt WA 7]Ho] PgrAdl 938 paraquate] AlEX U2 FUHE AL

2

AL AX W2 F9 % paraquatS AX FIO= efflux A17]7] BEYE dv)se
Aoz JIHUH

7. orf2 B orf39] €323 9 DNA 971448 EA

Paraquat WA FAAQ pgrAS 3= pBpg259 insert DNAS 2A7)E 25 kb
9ovl, ofyldl= 3709] ORFE 7Hm glgol #aAHAd. oF 3709 ORF7
paraquat HA4el o 715e FAFEAE A Pste] BAE FAALL AR
B9 onfl (pgrd) ol9lol or2%h orf3s] BAE clone MLH T, 2 A7

=451 715 S AR A

tlo

7}. Southern blot 4]
A7 O, anthropi JW-22 88 288 genomic DNAZ g 71X AgaL=s

dA HAAI F 0.8% agarose geldlA H7)FEsATt. Gel A2l DNAE nylon

membrane 2. £ transferst®, [e-7P] & XX 3 orf2 #3429 06 kb BHT orf3 &
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verer  _-PQ_ _+PQ -PQ_ _+PQ

Fig. 2-21. Immunoblot analysis of PqgrA protein in O. anthropi JW-2.

Cells were grown in LB medium (-PQ) or LB medium containing 1 mM
paraquat (+PQ) for 6 h. Total proteins (T) were fractionated into
soluble (S) and membrane protein (M) fractions. After SDS-PAGE, gels
were stained with CBB (A) or were subjected to immunoblotting (B).

Each lane contains 20 pg protein. Arrowhead indicates PgrA protein.
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AAre] 0.6 kbe] @HE ZZF probeZ AFE3e] Southern blot 2418 A Alsgd. 2
A7, AFEL SalleZE BGF O anthropi®l genomic DNAGIA orf28] 7% 1.8 kb
¢ hybridization band® UEIHAZ (¥ 2-22A), orf39] A¥ 12 kb9
hybridization band& YEIA T (29 2-22B).

Y. Genomic DNA libraryd #&3 A+

O. anthropi JW-22%¥E E2 3 genomic DNAEZ A& &L Selled SHE 3

% 05~4 kb Z71¢] DNA ©HE #4349 pBluescriptll SK+ vector?] Sall A
FHol 43kt A= E plasmid DNAE E coli JM1099] HA X3 the, o
-P] 2 AW o2 F+HAY 06 kb DHF orf3 FHA 06 kb TVHE Z+7
probe& A}&3}4 colony hybridization ®'H 2 & screening& AA&dtt 2 A3 A
B 802 HE o229 A$ 18 kb2l insert DNA ©#HE ¥33lE pBpgl.83# (1
¥ 2-23, lane 1), orf39] 4% 12 kb9 insert DNA ©¥E& ¥3%3l= pBpgl2 (29

2-23, lane 2)& A4l DNA 471449 2A39 ).
o} orf29h orf3¢] DNA 97149 AR

AEE orf29] 1.8 kb DNA @83 orf39] 1.2 kb DNA ©¥#HS DNA g7IHE&
AAs7] Y35t pBpql.83% pBpgl.2 DNAE E& 3y AFaL=2 o|Fddd vg,
exonucleaselll¢} Mung-bean nuclease® ] 3l nested-deletion mutants& =3}
Aot DNA g71M¥<e AL ALFexpress AutoRead Sequencing kit (Pharmacia,
USA)9} ALFexpress DNA Sequencing System (Pharmacia, USA)S ©] €39t}

orf2 328 E¥sh= 18 kb ©He DNA g71X9E BAste EA3 Ax
orf29] €73 ORFY Z7|e ATG MAZELZRE FAIAEY TGAZA 969 bpS
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e w18kb

we -a12kb

Fig. 2-22. Southern blot analysis of genomic DNA from O. anthropi JW-2.

Genomic DNA (5 ug) was digested with Sa/l and separated on a 0.8%
agarose gel. [a-"P] labeled 0.6 kb orf2 (A) or orf3 (B) fragment was

used as a hybridization probe, respectively.
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Fig. 2-23. Restriction enzyme analysis of plasmid pBpgl.8 and pBpql.2.

pBpgl.8 (lane 1) and pBpql.2 (ane 2) DNA was digested with
Sall, and separated on a 0.8% agarose gel. Arrow indicates insert
DNA. M, 100 bp DNA ladder size marker.
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O (29 2-24). orZR2RE FAHE ofvxAY £E 3R FARHE qAE
AL 36039 Daclith. e o FAAE pgrA FAAY 3 Fo AXEH

parA FHAL W} VRYFOL codingH ol AU ARE or2e) obvlet A

d& o83ty FEAH HAALE HAFT ZAH o2e YAE ;Y  transcriptional

regulator ¥ YWBI1 (B. subtilis® AALZAECA), OxyR (E. coli® hydrogen
peroxide-inducible 2 Z+2] regulator) ¥ LysR (E. coli®] A x4 gui=a)s zhz
47%, 45% 2 39%9 AFAS JErdATE (2" 2-25). @EA, o FHAE O
anthropi JW-2ol 4 paraquat WA GAA (pgrd)8] 23S 2H3IE AAzEAAE
dsste Ao FAH o FAANE porRISE BHEAT

orf3 FAAE EF3}E 12 kb ©#S DNA G7IMEE AAst] B A

(Fig 2-26). orf32 58 FAHE ot =i F€ 206/MR oY, FAHE o4&
& 22,429 DaclAwt. 2, of3 KAAE pgrA FrAAe] FFRAM pgrA FHAE
waknt wge s & onfzel $U% WHOE codingH ol AAJT. AAHE orf3d]
otujal AEE o] gdte] FEA AME AANT AR, orf2e} FHAMAR or3% H A
E 29 transcriptional regulator ©¥ & TetR (Mycobacterium tuberculosis®
AAFZANR) D PA2270 (Pseudomonas aeruginosad AAMZZEAZANI & 454
S Yehdt (2" 2-27). oA, o3 fHA FAl O anthropi JW-291A4
paraquat WA A2 (pgrd)e] HdL ZHde AAREJAE F3gse A=
FA 5ol o) FHAE pgrR2E W E AT

ol¢t Zo| pagrRI (orf2)™ pgrR2 (orf3)¢] DNA 7144 R obr|xet NEe &

A A o]E fAA AES 87 2EHLE 9 G4 WA FE FAAESY A=

lo

HAREH & F5AHAE Yehd o2 O anthropi JW-2 WellA pgrA Fd=ke) &

Azdo] Belss AR 3450 1 slEe BAsAT
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1 AACCGCAAAAACTGCGGTGGCGGCAATCGCAGCAGCGGCAATGAAACCCGTGAATTTGTT 60
61  AAACATGCTGTTCCCGACTTCCTCTTGTTTGTTTTTCTTGAGGCTATTTGATGCCTCCCA 120
121 ATTTTCATGATTGCTTTTATGGATGCATTTCGCAAATAGATAATCGGAATGGATTGCATA 180
181  GATTTCATGAATGGATAAAGCCATGTCGCTGCACCGCCCCGAGCGCCTTGTCTGGGATCT 240
M DKAWMSLHRPER RTLVWDL
241 GGACTGGAACCTTCTGCGCAGTTTTGTGGTGATTGCTGAAGTGAAAAGCATCACCCGCGC 300
DWNILLRSFUV YV I AEVKSTTRA
301 TGCGGAACGGCTCAATCTCAAGCAACCAAGTGTGAGCAATGCGCTGCGCCGGCTGGAAGA 360
AAERLNLI KO QPSV SNALR RRLTETHD
361 CCGCATCGGCCAGCGACTGGTGGAGCGTGACGCCACCCATTTCGAGCTGACCGAAGTCGG 420
R 1 6GQRLVY ERDATHTFETLTEWVSG
421 TAAACTGCTCTATGAACAGAGCATCGACGTCTTCGGCGCTATTTCGCAACTGCCGCAGCT 480
KL LYEQS I DVFGAI SQLPA QL
481 TGTGCGTGGGGTCGGTGACGATGTCACCGGCCATGTCACCATATCGGTGGCCAGTCACAT 540
VARGV GDDVTGHVT I SVASH.I
541 TGTTTCGCCGATCTTCGACCGGGCACTTGAGCTTTTTCATGAACAGCATCCGCGAGCGAC 600
vVvSPI1FDRALETLTFHEU QHT®PRA AT
601 GCTGACAATCAATGTTTCCGCCAGCACCGAAGTTGCTCGACTGGTTCGAGAGAAGCGCGC 660
LTI NV SASTEVARLVYVIBRETKTRA
661 TTCTTTCGGTCTTGGGCTGGTGAGCAATCGTGATCCGGCGCTCGACTACACCATGGTCTA 720
S FGLGLV SNURDPALDYTMUVY
721 TCGTGAATTCTTCGGCTTTTTCTGCGGGCCCCGGCACCGGATGTTCGGCCAGTCCGGACT 780
REFFGFFCGPRHRMFGA QSG L
781  GACGCTTGCCGATCTGAAGGGAGAACCGTCGGTTTCATTCCAGACCGACCACATTGCTGA 840
T LADLIKGEPSV SF QTDHI!I AD
841 CGCGCTGCGCCCGGTAGCTCTGCTGCGCAGTGAGGCGCGGCTTTCACCGGATGTCGTCGG 900
AL RPVALILRSEARTLSZPDUVVYVG
901 CACCTCGTCGAGCCTTGAAGAAGTGCGCCGGATGATCATTACCGGCCTTGGCATCGGTCC 960
TS§8§S8SLEEVRRMI I TGLG I GP
961 GCTTCCGCTGCACGTGGCGCGACGCGAGATTGATGACGGCCTTCTCTGGCGTTTGCCGCC 1020
L PLHV ARRETIDDGLLWRILZPTEP
1021 TTACGACAACCCGCCCGCCATCGATGTTTTCCTGATCCACAATCCGGAAACCAATCTCAA 1080
YDNPPALI DVFLIJI HNPETNTLN
1081  CAAGGCCGAGAAAGCCATGCTGGCCGGATTGAAGGGATTGATCGCTTCCACACCGCTGGA 1140
K AEKAMLAGLIKSGL I AST®PLE
1141 AAACCGTATTTACGGAGATTGACGAGCGGGCCTTACCCGCTCGTCCCTATCTAGCTACTC 1200
NR I 'Y G D »

Fig. 2-24. Nucleotide and deduced amino acid sequence of pgrRI gene in O.
anthropi JW-2. Nucleotide is numbered from 5’ -end.
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- Helix - Turn - Helix -

ParR 1 MDKAMSLHRPERLVWDLOWNLLRSFVVIAEVKS | TRAAERLNLKQPSVSNALRRLEDRIG 60
OxyR i M N--1R-—-DLE-~YLVA-LAEHRHFRRA-~A-DSCHVSQPTLSGQ | RKLEDELG 44
LysR 1 M-—A-AVN--LR-——H|E—~| FHA-VMTAGSLTEA-A-HLLHTSQPTVSRELARFEKV |G 47
YWB1 1 MDIRHLTYFLEVARLKSFTKASQSLYVSQPT | SKM IKNLEEELG 44

* T T Lx *

ParR 61  QRLVERDATHFELTEVGKLLYEQS|DVFGA|SQLPQLVRGVGDDVTGHVTISVASHIVSP 120
OxyR 45 VMLLERTSRKVLFTQAGMLLVDQARTVLREVKVLKEMASQQGETMSGPLHIGLIPTVGPY 104
LysR 48  LKLFERVRGRLHPTVQGLRLFEEVQRSWYGLDR | VSAAESLREFRQGELSIACLPVFSQS 107
YWB1 45  |ELFYRNGRQVELTOAGHSMYVQAQE | IKSFANLTSELND IMEVKKGHVRIGLPPMIGSG 104

* * ok . . x *

ParR 121 | FDORALELFHEQHPRATLT INVSASTEVARLVREKRASFGLGLVSNRDPALD-YTMVYRE 179
OxyR 105  LLPHIIPMLHQTFPKLEMYLHEAQTHQLLAQ-LDSGKLDCVILALVKESERF |EVPLFDE 163
LysR 108  FLPQLLQPFLARYPDVSLNI-VPQESPLLEEWLSAQRHDLGLTETLHTPAGTERTELLSL 166
YWB1 105  FFPRVLGDFRENYPNVTFQLVEDGS IKVQEGVGDGSLD I GVVVLPANEDIFHSFTIV-KE 163

*

ParR 180  FFGFFCGPRHRMFGQSGLTLADLKGEPSVSFQTOHIADALRPVALLRSEARLSPOVVGTS 239
OxyR 164  PMLLA!YEDHPWANRECVPMADLAGEKLLMLEDGHCLRDQAMGFCFEAGADEDTHFRATS 223
LysR 167  DEVCVLPPGHPLAVKKVLTPDDFQGENY|SLSRTOSYRQLLOQLFTEHQVKRRMIVETHS 226
YWB1 164  TLMLVVHPSHRLADEKECQLRELKDEPFIFFREDFVLHN-R-IMTECIKAGFRPHIIYET 221

. * . .. -*

PqrR 240  SSLEEVRRMI [ TGLGIGPLPLHVARRE iDDGLLWRLPPYDNPPAIDVFL IHNPETNLNKA 299
OxyR 224  LETLBNMVAAGSGITLLPALAVPPERKRDGVV-YLPCIKPEPRRT IGLVYRPGSPLRSRY 282
LysR 227  AASVCAMVRAGVGISVVNPLTALDYAASGLVVRRFSIAVPFTVSL IRPLHRPSSALVQAF 286
YWB1 222  SQWDF | SEMVSANLGIGLLPER I C-RGLDPEKVKY [PLVDPV IPWHLAI IWRKDRYLSFA 280

PgrR 300  EKAMLAGLKGL IASTPLENRIYGD-- , 323
OxyR 283  —EQLAEAIRARMDGHFDKVLKQAV—- 305
LysR 287  SGHLQAGL-PKLVTSLDAILSSATTA 311
YWB1 281  ARAWLEHTKSYL-WDPKKDSK-G—- 301

Fig. 2-25. Comparison of amino acid sequences of PqrR1 with other ﬁroteins.

The helix-turn-helix motif is uplined. OxyR, hydrogen peroxide-
inducible genes regulator; LysR, transcriptional regulatory protein of
E. coli; YWB], transcriptional regulatory protein of B. subtilis.
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97

193

289

385

481

577

673

769
865

ATGCAAATAAAAGGAACTATGATGCGTAAACCGCGAAGCGAAATGATTGCTGAAACGAGGACGAAGCTGTTGGCTGCGGGCCGCAAGGCTTTTGGA
MQ Lt KGTMMRBRKPRSEMIAETRTIKTLLAAGRIKATFSG

AACGTTGGTTATGCCGAAGCTTCGATGGATGAT TTTACCGCCTCCGCCGGATTGACACGCGGCGCGCTCTATCATCATTTCGGTGACAAGAAGGGC
NVGYAEASMDDODFTASAGLTRGALYHHTFGDEKEKSTE

CTTCTGCAGGCCGTGATCAACGAAAT TGATTGCGAGATGGCCGCGAGATTGTGCATGATT TCTGCCAAAGCGCCCBACCECTGGCAGGGRTTTGTC
LLQAVY I NEIDCEMAARLCMI SAKAPDRWQGEFV

GAAGAGAATACGGCT TATATCGAGATGGCGCTCGAACCGGAAATCCAGCGGATCATGT TTCGCGACGGGCCGGCGGTTTTCGGCGATCCGTCCAGT
EENTAY | EMALEPEI!I QR I WFRDGPAVFGDPSS

TGGCCGAGTGCCAACGGCTGTATCCGCACGATCACCACAGGTCTCGACGCCCTACGAAAAGATGGTGTCATTGTTGATATTGACCCGGAAGCCGCC
W PSANGCIRTITTGLDALRKDGVY I VDIDPEAHA

GCGCGGCTGATCAATGCGGCGAGCAGTGCTGCGGCACAATGGAT TGCCAATTCAGACGATCCGGAAACCACATCGAAGAGGGCGGTCAAGGCGTTC
ARLINAASSAAAQW I ANSDDPETTSKHA AAVKATF

CGGACGTTTCTGGAAGGTCTGCTGATCCGGCAGGAAAAGTGAAAGTCAGTCCCTGACCCTTTCGCGAATAGCTGCAACCAGTCTTTCGGGGTCAAT
RTFLEGLLI'I RQEK*

CGGCTTGTGCAGCAGCAGATAGCCGCTGCCAGATGCCTCGCGAAGTCT TTCCGGCGAGGTATCGCCTGTCAGGATGATCACCGGCAAGGCCCACTT
CAGCAGAGCGAATATTTCGCCCGCAGCTTCTGTTCCGGTCGTCTGGCCTTGCAACCGATAATCCACGATCAACAGATCTGGCTCCCCAGCCACTTC
AGATGTCTGATAGGATCGATAGGCCGCCGCAGT

96

192

288

384

480

576

672

768

864
897

Fig. 2-26. Nucléotide and deduced amino acid sequence of pgrR2 gene in O.

anthropi JW-2. Nucleotide is numbered from 5'-end.
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ParR2 1 MOIKGTMMRKPRSEM AETRTKLLAAGRKAF GNVGYAEASMDDF TASAGL TRGAL YHHFGDKKGLLQAV INE | DCEMAARL -CM i SA-KAPDRINOG

TetR 1 MEIK—HRRTQEERSAATREAL | TGARKLWGLRGYAEVGTPE | ATEAGYTRGAMYHQFADKAAL FROVVEVVEQDVMARMATLVAASGAATPADA
PA2270 1 ———MARKPRAEM! EETRAKL | DAARRAFADNGYAGASMDEL TASAGL TRGAL YHHFGDKKGLLAAVVOQ | DDEMNLRL—GA T LA-AGEDLWSG
Lok Lk Rk ko kL *hk hk kkkk kk k kk ok ok . L, *

ParR2 95 FVEENTAYEMALEPE | QR|MFROGPAVFGOPSSWPSANGCRT | TTGL-DALRKDGV1 VD IDPEAAARL | NAASSAAAQH | ANSDOPE TTSKRAV
TetR 93 1RAAVDANLEVSGDPEVRAL | LLDAPVVLGWAGFRDVAQRYSLGMTEQL | TEAI RAGRLARQPVRPLAQVL | GALDEAAMF | ATADDPKRARRE TR
PA2270 89 FRAYNRAYLEMALEAE|QRIVLRDAPAILGSPSSEASQLACL SSMTGAL-RELMDSGRVRATDAEAL AWLLNGAL VDAALR | ANAEHPPESLARAC

*..*.....*..-. ..*.*..,*... DI .* .* o * . .--* *. *k i’*.--.*

ParR2 190 KAFRTFLEGLLIRQEK

TetR 189 QVLARL | DGMLNG—
PAZ270 184 QALOVLLOGLLME—

..*-*

92

205
201

Fig. 2-27. Comparison of amino acid sequences of PqrR2 with other proteins.

TetR, transcriptional regulator of Mycobacterium tuberculosis;
PA2270, transcriptional regulator Pseudomonas aeruginosa.
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8. Paraquat A FAA 499 & € ddx4 7|4

Ochrobactrum anthropi JW-22%¥ £2|§ paraquat W4 #E {FHAAQ pgrA
(orfl), pgrRI (orf2), pgrR2 (orf3) ¥ #¥ sequences’} paraquat WA Sl Q1o
od AFe FYP=AE ] st A4 %ﬁz},‘%ﬁz} Z§ 2 deleted-
sequences® TA ¥ constructsE T3l E. colidl §H A& o}, paraquat A

3 AGEE XA
7}. Constructs®] T3
Ochrobactrum anthropi JW-29] paraquat WA #d FAA<Q pgrA, pgrRl1 2
=

olgatd ABEL B

% PCR 2E& 2A Zzte] $3, 84 2% 2 deleted-sequencesZ 74 ¥

pgrR2E X ¥3lE 39 kb9l genomic DNA ©HE F3 o

mutant cloneg THE th& pBluescriptll SK+ vector We] lacZ promoter 5ol 3
Wego g £9dte L3 2L construct® TE3QT (7Y 2-28A). ol WlRTE
£ pBluescriptll SK+ vector¥t =% % construct CE AMg3t9oH, 738 Zze

constructs® E. coli DH5a ol §dA8sc 4348e] Ao o] &atAT.
Y. Paraquat WAFAA 999 39 2 @dzd 7|7

Z}7}e} construct® HAAE cloned colony® 5 m¢e] LB wix]o] HFF st 3}
29 Hgehgch WFe 50 0 5 el LB Aol Al WFE ¥, paraquat A

F5E 05 mMe BEZ Asksted, 3TCAA 4847 MASAA 1247 B2 660
nmel e FAEE 2Rl YHHEE 2ASAT
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- 998 2,230
Construct 1 <+ >
2,263 3,238
2 D ———
280 897
3 G —
598 3.238
4 < g
280 2,230
5 < >
280 3,238
6 < >
358 2,875
7 < >
783 2.875
8 < >
358 2,383
9 < >

100
90 frorcee oo -
BO fr-ci 7 SRR B
70 f
60
50
40
30
20
10

012h
024 h
E36h
B48h

Relative growth (%)
R R R R R R R R

TR RN
A R R R R RN
T R R R

o
—
N
w
o~
o
[«
~
©
©

Constructs

Fig. 2-28. Effect of overexpression of pgr-mutant clone on growth of E. coli.

A, Construction of pgr-mutant clone. Each mutant clone was placed
under the control of lacZ promoter in meescriptII SK+ vector. B, E.
coli DH5a cells transformed with each plasmid were cultured for 48 h
in LB medium containing 05 mM paraquat. Optical density of each
culture was measured at 660 nm.
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olwl 4FH=E paraquatel H7HERA] B%E W (0 mM)9 #E 10022 RS o
of g AAFERZ YUY (2 2-28B).

Paraquat A g]79 AdFES A 2 gzF=2 o] &3 pBluescriptll
SK+ vector?t =¥ construct CE s FAIZ ARl 17~20%2 AHAZES
YEHH AT Construct 1~92 HAASE E. coli®] AR ZES ZAs AT, 27
3 2w FEIHNAY. F, pgrRIF pgrR2 W& Z+zt AR 1 YE construct 29 3
o %= dWEzTFU construct Co HIRFA 20% AL FiAdFEL el
paraquate] thal d3 WAL JehiA it

pgrA FAARTE 7HA L Sl construct 12 X7|AFELS Bgto}h ufgA o]
Zogtel wet Hd 53% (48 A7he AUAFES YehAUth £3 pgrA FA A
parR29} full-length® E#3}= construct 59 pgrA 3Rl pgrRlI 2 pgrR29)
partial sequenceE X33+ construct 95 pgrd4 SAATES JEA 1 Y= construct
13 AN A 8-S et o] construct 1, 5 2 99 AL 12A|7to| Ao 4
HAEES NE=TY construct Co+ FASIH S, Wi kA zko] ZA3}dte] wpet A
FEol F7tste] vk 48A17bl = 53~56%2 AUdFES JERAATH

Construct 4, 6, 7 % 89 A% 713 £ AUYAAES YUY =, oE
constructZ FAAFE E. coliv Y 122 AR A EL 28~66%F THF
g e et o, Mg 24~36A179) A FE LS T6~83%2 ]S GAMELAl
ThtRed, HFHOE W 48A1%ol = paraquat FH7HT9] 89~94%7HA| 43t
o] paraquate] W ¥ WA4de YEAC

o]¢} Z& construct ¥ AUAAZES ¥uF AT pgrRl L pgrR2 A

rlo

paraquat WA= HAF AU d#Ao] glem, pgr4 AHE o] paraquat WA A

Adts Aoz FoHUT X, paraquat H7HA JH B AUAdZEL ue

iy

=

construct 4, 6, 7, 8% FIA L] FWAZES Yebd construct 1, 5, 99] Aol &

P

At A3 pgrRI9) partial sequence (2,383~2,875 bp)Y] A §F| wak WA
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A5 Axd Aozt A& Ao ZAHYT =, pgrAS e T pgrR19] partial
sequence (2,383~2,875 bp)E& ¥ &34 &= construct 1, 5, 9= paraquat H71A] %

7187l AAHAGA WFAIZro] Aol wel FujdEo] 53~ 56%67+A] 4 33}
Rt ¥ parASt pgrRI19] partial sequence® X393t EE constructs (4, 6, 7,
8)= 05 mM®] paraquat % =o|l M= paraquat %7} v st 89~94% 7+ A A
#3ted paraquatl ¥ ¥ WAS GG BEA, pgrd SHAR e Ty =4
ol pgrRI 2 pgrR2 +AA7} Ad DR @3, pgrRI® partial sequence
(2,383~2,875 bp)7} parA @A) A wgy o)z Eat paraquat WA = o

24¢] enhancer sequence2A 9] 71%5& $yss Aoz & A A
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A44d Paraquat A Ex9 AL

1. pgrA F3A9] Sz =9 2 Ug &<

7v. pgrA frAAe] B vector2 e £

pgrA FAAY AEA =YL 93 binary vector®2FE pGAT748< o] £319 T
pBpa25 DNAE AF}EL Hindll2 Hetd pgrA FHAE EFste 21 kb
DNA @& 358 thd, pGAT489 Hindlll AGE e =4ttt (2 2-29). Al
Z%E vectore E. coli HB1019] A &34 kanamycin (50 pg/mi)e] 719 LB
R A e g3t FAHAED colonyE L33t} Plasmid DNAE 2a]ste] Ag

A 23 F A7I953S pgr4A FHA7F CaMV 35S promoterd] 8o =AY

rir
N
L

=dd 9¥e FAadt. A=FE construct®E pGApar21E 8,

Horsch § (1983)¢] freeze-thaw WA 2.2 Agrobacterium tumefaciens LBA44049] 3

i

At F4ASd Agrobacterium 238 plasmid DNAE 2o A&
2 Bl 2 PCR %202 ¥H vectord EYARE 88 g, A& A
183 A o}

O

SN REEREEE!

pPGApqr2.12 HAHWEH A tumefaciens LBA4404E2 kanamycin® rifampicin®]
27k YEP WAl HF3e % widd F, Horsch 5 (198)9] leaf disc
transformation WH o2 HEAE YAABFATG (29 2-30). Vo)A TFu LS
@ule] A& 05%05 o Z71Z Fet A tumefaciens LBA4404 g Ao g A7l
g, MS Wxol A4siol 28C, dyAANA oI EL WAL, WESE W2AE 5
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Fig. 2-29.

+«—orf3 | pQrA ———» +—orf 2
5 3
H"'"'-.. - ;i
- /

NPT i

RB

pGApaqr2.1 introduced into

Construction of the expression vector,

tobacco plants.

The HindlIl fragment of 2.1 kb was placed under the control of the
CaMV 35S promoter. Restriction sites of Pstl (P), Hindlll (H), Sall
(S), EcoRI (E), and Apal (A) are shown.

- 114 -



Fig. 2-30. Production of transgenic tobacco plant.

A and B, Shoot formation on the selection medium. C and D, Roots
induced in the medium containing kanamycin. E, Transgenic tobacco
plant cultivated in the pot for 5 weeks.
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3 AlEg 31 mg// 9 BAP, 0.1 mg/ ¢ 2 NAA, 100 pg/mlel cefotaxime 2 100 ug/
m 2 kanamycin®] A7FE MS vl & 27 shootd £3FE FE3AT. 529 shoot
Z micro nutrient®] %¥E 1/22 Zol1 kanamycin® cefotaximeo] H7tE MS Hix] 2

71 FYE fFEste] BEEQ AEAE L3NG ZIdelM o3 st 4ds

cth gAAg AEAe AE 2 homozygous lined ¢

HARSE AEAY genomed pgrA FAAT ZAHAEAES sty Yt
AEeE AEAL Yo 2ZHE genomic DNAE #]dled Southern blot #4 oz &
213} th. Genomic DNAE A& A HindlllZ2 $AEs)3 o} 2, agarose gel #7]

=3t nylon membrane®) transferst$t}. Hybridization probeZ HAlgs ZAEH 2.1

kb pgrA 32 GAHE A&te] EAe 23, FAAIEHA &2 wild-type ol

e

X & pgrA probe®}t hybridizationdt= band’} A3 velubR] gEgkont, d@A Az

2|

£ A9 genomic DNA M= oAd=71e} L8 2.1 kb9 hybridization band7} #
A AT (2 2-31). dEhA, §AASE G ZE A pgrd4 FAATE A2
2 2EdSe FddH e, 27149 FAHE @) (To plant)E Adstith
FA o] ol H 22/0A (To)EHE A7tsAE Fsto st oz G4dol
T FAV AAHoR AAHE F 12 lined AELE g, o|EEHE T TAE A
Zagth Ad®E T, 3= 200 pg/mle kanamycine] H7FE MS 8ix| o} &35l
kanamycin WA ZRA < A A ZERE #Ad A3 2= JHACF 319 29

Al vebglvh =3, 28 e 283 genomic DNAE =513 24
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Marker

() WT1 2 3 456 7 8
231

oa—ltiin
6.6—]
44—

23—
20—

Fig. 2-31. Southern blot analysis of genomic DNA of transgenic tobacco plants.

Genomic DNA (20 pg) from wild-type (WT) and transgenic plant was
digested with Hindlll and separated on 0.8% agarose gel. The HindIIl
fragment prepared from pBpg25 was used as a hybridization probe.
Numbers indicate independent transgenic lines. Arrowhead indicates

pgrA gene.
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vector Wol| EAstx &= A g2 Adte] Southern blot X402 &% 2
7 Z+z+o] lineol A 1709 hybridization band”} &< Av} (data not shown). ©]&

3 AREZRE pgrA FAA7E 2ol genomeel 1 copyd E=UEHASES A

o fHdH o2 FY3 homozygous lines #Hs}iixl o] & kanamycin WA A 5
Aol Bl w2 A AEAE 7} line HE 5HAY potell o] A% & At s

23ld Ty, 225 AEsdch Ty A2 oA 200 pg/mé e kanamycin®] H7Fg MS
vl Ko} 13E&S] kanamycinel 93] 1ANSHE AV FtUE YIE lined AEEH
=3

b4%s

olg} e HAL Esto] 12 line Z+2ko thd T: homozygous lines 233}

et FAAE HEA AN pgrA FAAe] U

1) Northern blot ¥

FAADD A=A WolA pgrA Ao ddH o Fof wy"g sty §skd]
homozygous & A A3AZ 2<% 12 lineol]l t3}e] northern blot #2412 A Alak3lth
BAA8H 12 lined] W8 northern 224 23, wild-typeoll A1+ pgrA transcript”h
Ae el 2oront HAASE RE Y linedl M pgrA transcript’t A X A&

S Fstget (18 2-32A). WA, L€ pgrA AT dEdE AEA el A

01,10, 11 2 15% W@ ko] v} transeript® = 7]17F shiftd ASo] BT
ole} o] FAME AEA UolA =dH Qe FHzr} LdEF 2ol E LERY
= AL positioning effect (Kuhlemeier %, 1987), co-suppression (Napoli &, 1990),

T-DNA insertion mutation (Feldman, 1991), gene dosage effects (homo- versus
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A WT1 47 8 9101112131516 20

rRNA

BWT1478910121315

42 kDa

Fig. 2-32. Expression of pgrA gene in transgenic tobacco plants.

A, Northern blot analysis. Total RNA was extracted from leaves of
wild-type plant (WT) and transgenic plants. Total RNA (20 wpg) was
fractionated by electrophoresis and probed with pqrA specific probe.
Numbers indicate independent transgenic lines. B, Immunoblot analysis.
Membrane proteins were prepared from wild-type (WT) and transgenic
plants. After SDS-PAGE, proteins were blotted onto nitrocellulose
membrane and analyzed by immunoblotting. Rabbit antiserum against a
GST-ParA fusion protein was used at a dilution of 1:2000. Each lane

contains 30 ug of protein. Arrowhead indicates PqrA protein.

- 119 -



heterozygous individuals) ¥ somaclonal variation (Larkin® Scowcroft, 1981) ¢l
71lete e ouA Qv a2Eln FAAE AEA F 1, 11 2 15404 JEd,
pgrA F3Ae AVEY 2 transcript7t WElYE @4L FE vector7t =Y E
genome A FFBAAN EASE promoterd] o3 HALE AEYL Ao FAHE

.

2) Immunoblot £ 4]

#e9 parA FAA 4B £YHALW FYHoE wAAR WG
o] A2 T2l vehd 979

lineo] thalA] PgrA A E o] €3t immunoblot ¥41-& AX 34t dAH3E &

=
EAE sty 94359, northern blot £ oA &&d

o] do2RE total ©HA ¥ membrane vesicle fraction® Z# &L dHAZFE

FA 2 da ¥g-S Al713L, o]A& A (AP-conjugated goat anti-rabbit IgG)E ©]&
st AT, o1 A7, FFAABEA ¢S wild-type® membrane fraction| A=
PgrA @A 9} ¥FS-8tE band7t #RHZA gkou, iR JFAHF AHEAZTE

A ©¥3d band2 A& EAF o 42 kDad|
band”t FFEHAT (1Y 2-32B). &H, Fd dHPE o] §37] st fusion &H

Z 9] N-terminal Z9] A9 UY GSTE 23 29 kDa9] Z71E 7HA & bande

2% membrane fraction®l A& Pqr

As AFHA Xk F, fusion GHHe] ALEHAW pGEX-4T vector®?] GSTel
g FA= Furt AAXE GSTE dA8A Rite ez FAAT. #eA, o4
Zo] GSTee EAFHoR SH3 FEddE FH vl pgr4A HFdxA=HY >
ZH e 410719 olvxtozRE FAHE o 2AFH A= F ToE2 nF

o] 213 2-32BAlA} #&H 42 kDa bande EUH 4R pgrae] AGAEE Ao
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Hgct 3A yAAE AEA2RE 283 soluble protein fractiono A+ PgrA &

WA bandE #2A37] e Hded, ol#ld 23E PqrA ©¥® A o] integral membrane

wudoly] BB Ao WHETh F, 48N 2HD PgrA ©HL S ofy %
%

i
i

AA B 23t 42 AXEY HEY EE Z organelle®] membraned]
targetingd gL 754 S UedE Reg HAEdEd O anthropi JW-2¢] djsh
immunoblot #2114l £ membrane fractiond| X pgrA FAA} AtEo] &F®E Ao}
S A (29 2-21). WA, MAE FHY paraquat WAFHAA perAe

HEA JelME AR Bd, Wy @ B ofvet O anthropi JW-2014 ¢ 2
o] 1 @ulgo] paraquat WA Folo] 71%3t7] HE HA x£7U membrane 29
localization®] €doivta U< yverdch @A, FAHAFE A EA AolA ParA @3
Hol £H3F& pgrA transcript®] FHFIH AL dAGA FHIHAH (2E 2-32).
oy AR o=2E PgrA ©¥AE  FAF AAE a9A A FobA
SDS-polyacrylamide gel 719 %A loadingd @9 &% (30 pg/lane)ol Wla] 3|9}
WestE gl ¢e FHth a2 99deze EYUHE pgrd FAA AHE ] 7]1%9] ion
pump WA E efflux 71%5< @ohe @AdA BRES o, o] TdullFo A Etex
Forst AL A X negative 8¢ =, A¥E W9 ion balanced 3, & £33 F

Ag¢d A T2 ZE3t AR 238 HE Fo] AR TEF] L FHA
g AEA7 &AF AEAZ AESFHA RHAE 7tedol ¥ ol AuAE=
A7t E. colidfA 9 #38 AFANME #ZHUD F, pgrd 7339 full-length

& HAEHANAE W E colic B3 ANE ol AL AFAsA RAT (data not
shown). & && vector WollA 73 promoter stFol 929 pgrA AR} basal
expression®]] o3} LEHE= % AT E coli oA FAFAR AXe AAd &
NE dozls A% 3 FAAE 4B A pgrA transcript®t PgrA @42
o] FHF Alolole A FAAAE /IAEW RNA BHdo] &5 dild 2IF
= A vetgd. weA, 48 =949 pgrA F8A49] 2¥o] paraquat WAl
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A= dFE A7) flet dE Tl MR OE A line ©]&3to] paraquat ¥ T
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c
2
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o,
=
o
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ro o]

ParA @i o] 3= wdoe] w2 g AolE Fstr] 998t immunoblot #
Aol A ParA @ ol Sl Hay AW JAASFAE 1, FUHHEY 4, 71
BkE 75 o] &8sl paraquatel tE Wd AEE FAFSEITh Paraquat #2719
TE WolE Fol7] 98t wild-type B FZAF A EAY T, FAE Hdste] MS
i zlo] s}Fete] 273 AEAIZ FAES Ao ALgstich

Paraquat2 A2 ol M el 28597 82 JEA 2R paraquat A F 444
o] o2 HE chlorophyll &#& ZAM8FA Y (2@ 2-33B). 2 Z 3, paraquatg =

2l8}7] A9l chlorophyll &2 wild-types &4

2
it
>
o
i—",

2% 08 ug/mg leaf A
%2 "8k, ¥ paraquat A # F 49 A 9] chlorophyll %L wild-typed 72
§- 027 pg/mg leafe® AA T Fasdot FAASR A EA
0.449F 048 pg/mg leaf, PqrA ©ide] &2k
= 0.72 pg/mg leaf®. = chlorophyll ¥=Fo] =A Yerwth Z wild-typee %%
paraquat A 2l° 28] chlorophyll &%°] 69.2%Y ZAsg o) dAHE 224 1,
4 9 7 77} 45%, 38% E 14.7% o] ZHAaF o

;A FEA 7L paraquatel]l g &4z HE JAS Jebd S 8159
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Fig. 2-33. Expression of pgrA gene in plant increases resistance to paraquat.

A, Three transgenic lines that expressed different levels of PgrA protein
were grown for 2 weeks and subjected to paraquat treatment. Numbers
indicate independent transgenic lines (TPl, low level; TP4, moderate
level; TP7, high level of expression of PqrA). B, Total chlorophyll
contents in leaves from wild-type (WT) and transgenic plants (TP)

before (open bars) and 4 days after (solid bars) paraquat treatment.
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%3, paraquat A2 9| chlorophyll 3% 4 &) PorA @i g el £ 23} wes)
od A3 #FaHe A2 veEd pgrd fHze) dd g yAgY g
Ao FadAZE BEHUT

FEAE AEAY WA 549K E chlorophyll %3} ol Eo] paraquatx g %
o wild-typedt FAHE AEA AEEZ ZAEIHY. 298 2-33AE 5 M9
paraquate A F 44 AFANAE 9] AE AEE YEd Aol 1 A,
wild-type®] 79 tiFE9 HEA 443 nAEIY oY FAAS AEANES ZAY
Hoe AR A FAAE HEANE] A& AT wjmoA PgrA w@Fe
Aol 7hd Bk 79 A 90%0l 3 2 AEES YEUUL o] Ae o
2-33Boll UEbd paraquat ¥l 494 $F9] chlorophyll §e] Wsle] o3l H]mol A
FAAR AEA 79 A9 wild-typedl Bl& 47819 =& chlorophyll o] 35
Y Ao dAgh mebs, PgrA @A el F2 o] A3 A EH 9 paraquatol
A% FIA 7B &G RE HaFozA FAAA FFA S XA,
A3 02 paraquatel] ™ WA 7WNZ Aog AzhdEr,

3 line®] ¥AAE 2 EA F paraquatel] e WAl 71 A veEhd TP79
paraquat A2 Fxo @& YFAEE AL Byt 9F F 258 K28 0~20
£ M9l paraquatS AT F WF 4dAe] I WE FFAG (I 2-34). 1 A
I, PZT7Q wild-type 2 EAE 1 M9 paraquat A EE <o ZHEA o
UEtYZ] Algstde, 5 pM ol de] AgsrdAe 44 nAstAn. 28v ¥
AAS XEH TPTL 5 pM7ZIA £ paraquat A o] 21§ B&A 3} paraquat H] X
gl 7ot ZolE UEMA FRom, 10 pMoIARE 3kl Ha) @] Jer] A
A&Ach A=A 20 4M MM E wild-typeol Hl&] BALEE S AQHA
oy HFHozr BF nAEIAT A EA9 paraquate]l 9 As] 4L A EA 9
4%, F 27 Tl w2 gEd £ dFdAe olgd alES gy 1 A
of #gol b A3 Av]el 1 W3E #AEY] Y3t FAE @AM paraquat

€ A3t paraquat A2 F 49A ] BAFACL

ot e

tlo
ol\
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Fig. 2-34. Effect of paraquat concentration on the growth of wild-type (WT) and
transgenic (TP) plants.

Plantlets grown for 2 weeks on MS medium were subjected to
paraquat treatment, then they were incubated at normal growth
conditions. Photographs were taken 4 days after paraquat treatment.

Numbers indicate concentrations of paraquat (UM).
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Paraquat 2] ¥ A& wjdades o A AEAEs ALHoz YFsto A3
2 AAHG o, WET wild-typed paraquat Ao &3 A ZHgoz o oA
A Rata &R nAEA. oled AHER nFo BYE W pgrd A
7h 298 FEHE ANEAS A9, paraquat A2 F 9] chlorophyll §H3e W3lE 7]
%22 3t v usRE W oF 5919 paraguatel Sig WA F7HE JElRied (29
2-33B), F-AE QANA 5 pM9] paraquat X2l 23 AEEL VxE P& de
ouj o] el WAe FrHt BEEAT (29 2-34).

2) BEAAE AEA A3 SFEA T HAE Y

Paraquatel] s} WAS 71 FEAAH AEA/ & s g2 diiA=
WAS 7R =RE dotrry] Hsle] 5 M2 paraquat, 5 M9 diquat, 1 mM¢]
menadione R 10 #M®] plumbaging Z+zt st 1 MeE 159 Fo #FsH
o (29 2-35). 2 A, paraquat? diquate] HisiME A9 B £F U4 g
& JEr o, menadione® plumbagin®l tiaiA & wild-typed v]ZE w WA
o] xpolE HolA Frh oleld AF}E E colidA e AR (29 2-14)9% A s}E

o2 AEA A" pgrd’t E colilMd e & 7% 2.2 paraquatdl] tis] Eol

4oz YAS 7MitE A& Yehe ez dvdn,

PFAAF HEA HolA pgrA FAAS 2F EolHQ #ES TAEY] AsHH
9, 7] 2 ¥IE o] &3 northern blot 43 immunoblot £4-& AAs gt
(¥ 2-36). Northern blot #41& $3lo] zt 2 o2 RE total RNAE E2dHe
W, probeZ % pgrdA FAAE EEstE 09 kb 2719 Sall @4HES AM&3FH T
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Paraquat Diquat
Transgenic | Wild-type Wild-type

Transgenic

Menadione
Transgenic

Fig. 2-35. Effect of superoxide generators on the growth of wild-type and
transgenic plants.

Plants were grown on MS medium for 2 weeks and then treated with

paraquat (5 uM), diquat (5 pM), menadione (1 mM), or plumbagin
(10 pMD.
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<« pgrA transcript
(2.2 kb)

:4 PqgrA protein
(42 kDa)

Fig. 2-36. Tissue specific expression of pgrd4 gene in transgenic plants.

A, Northern blot. Total RNA (20 ug) was extracted from leaves (L),
stems (S) and roots (R), and separated by electrophoresis and probed
with the pgrA-specific probe. B, Immunoblot analysis. Membrane protein
(30 pg) fractions were prepared from various tissues and subjected to

immunoblot analysis.
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I 23, =98 pgrA7t EE A Aoz EHEEHI Lol FAHAoH,
7t 220 wE 2EFY Folv HolA Ut (Z¥ 2-36A). Immunoblot EA &
7t 2o 2 7 ¥ membrane fractiong ¥ F PgrA FAE o] &3t B3t
3 A3, northern blot XA ¢t FdetA EE A oA PgrA @@z o] =g
onf, @FY o] EF YEA] FAdT (IY 2-36B). &, A& =UE pgrd F
HAds 24 Folxgoz @ddte Ao ofvzyt BRE ZA A gz Bdsn
dee BFAstAT. wetd, FHAAE AEAY dolA FAHUY paraquatel] o F
Aol WFAd 718 e AR TS vAEAE FAs =2k
Paraquat®] F2twol dAlA o B mAs dFE ZAE] 3o F
AE 5 M9 paraquate] H7FE MS wiAeo] ZFE F wol B wj7tA] el A

2

WFShn ol ¥ FUF FaANA WFHRGTh HF 67 F Yolg e SAsT B

g9 ASAEE Pellet (1996)9] W o2 AAS S paraquate] o8 Ba]e] o

,4
_>.i

&S ALY (238 2-37B). 5 £ M9 paraquatol A wild-typed® FH A A&
Al Zke] FA Eolg o] Aole RolA] ggtort, dd wolHI el HAHI A
2t 154 olFde AR Aole e wild-typedl A= shootd] F717F 7}
oA o] A& 844 Rt EF, paraquatS dH M MRS 9 A
2 F 29ATEH YeEiEd 29 1A @48 9 A 1o vkgo] A Ueuby

F 2% FRE A9 IAEARe] veEdr] AREc 2y 348 AEA:
paraquat A 2|7ok Bl PE W o] Hal LK At Ao <ol & A
Ha BE AFdHez ARAAT FF 65 F ¥y Holg uudy & Ay
wild-type2 paraquate] &3 As) Hgoz ¥l Holm FAgkon FAAHZ A3
Y =¥ Agkn 719 A= A8 =HAJo (2¥ 2-37A). 2y FEALG 4E
A& paraquat FA 2o BHla] thA o) AsjAEo] HolrlE dFoU do] AYHo=
AARAUL E719) A% 9 e dgo] FAgTe A9 FYsHth Paraquatol
o3 Hele] A3 F=E AN A, wild-typed B9 As) AE7F 63%F o

F
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Root growth inhibition (%)
N w B [8)] D
[w) o o o o

N
(o]
T

WT Transgenic

Fig. 2-37. Root growth of wild-type and transgenic plants on the medium

containing paraquat.

A, Wild-type and transgenic plants were germinated and grown for 6
weeks on MS medium containing 5 UM paraquat. B, Root growth
inhibition of wild-type and transgenic plants by paraquat treatment.
% root growth inhibition = [1-{root length in paraquat/root length
without paraquat}] x 100.
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FAHAEAE 20%2 Udeht 48 pgrA FAA o AfA=T % 1335 #HA
9t Aoz Yt ey A48 NEAAM 2dHE PgA @wde
paraquatol] e Zgdel M & 24 J1#d dxF 89 okvet v FFA 18

A BIYE WAES FoAe &3t

2. 52 AEIAY &1

Paraquat 4229 AL 9istel Sl 713 Bol A=z gt =2
A eAEaRAG A% Sl Bx A £UBY o 6%F AA e o2t
Bol1d A% Hdstd APx K= L 48A ALHAE FYhnA Sqch & @

7ol AFEE B2 FAE FEIFH FWIEATLAA ZEAWE LR Rl H o

AFd FAE EFdol TAFFLE AHEFAT

P

O

D eA=aR~
7k ARdE R egEd

A=~ (Dactylis glomerata L)} % % Potomac, Amba, Glorus, Key %
Udder®] A& 9% HdE& AAS b, 70% ethanolol 3027t EHA TS 1%
NaOCl &9 5083t 25% &, dF+2 33 AAGA TA4E 3 me/ L9 24-D,
30 g/ £ 9 sucrose, 6 g/ 89 gelrite’} A7FY MS (Murashige®t Skoog, 1962) Hi=A]
oA 429 ¢ HEEHE wigste FH2E fUIAR LY, oF AY2E AF 2~3
mn 2712 Al#E 1 mg/ L9 NAA, 5 mg/ £ 2 kinetin, 30 g/ 9] sucrose, 6 g/ £ 9
gelrite7t H7H8 MS #izle] o]23te] 26+1T, 16417 Aol HEANE A&

=

AR Ads 459 1 347 48 dos AAFS 7HBe
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o, 4EA AEse oldd Hzd AT AEAI FAHE A2 v &R Eh
Aot

LAEaH LY FAu G dRE HAWMAE FHE7] A8t Ne (Chu 1978),
Bs (Gamborg et al, 1968) ® MS WA & A&3te] A2 JHEH} HEA ALY
TEHE 7 WA mastdoh =8, ex=ag2o Fx udAl wiA] el 7t
© ARzAAY HAHTEE 797 Hdtd 24-DY ¥=E2 0,1, 3,5 7T m/LE
Ztzt 2-3o] GAHE WG g, olE FA2E A A ol4ste HEA

]

ex=agae) ASEA A A FAF AEA AR FF3 29
ZALE A3 (B 2-7), FAEE F Glorus?] A% 1 FA4% 448 A2 PAFH

HEA AEsHEol 115 mgH 9%2 7HE A WEten, Potomac?] 3¢ A= A

Table 2-7. Varietal differences of callus growth and plant regeneration in the

mature seed culture of orchardgrass

Cultivars Fresh weight of No. of calli No. of calli with

callus/seed transferred

Mean+SD (mg) A root (%) plant (%)
Potomac 208+89 100 32 (32.0) 28 (28.0)
Amba 185192 100 30 (30.0) 26 (26.0)
Glorus 11578 100 21 (21.0) 9 (9.0
Key 141 %85 100 24 (24.0) 13 (13.0)
Udder 168 8.0 100 28 (28.0) 15 (15.0)
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AFE 208 mge® 7H4 %3, AEA AL EE B%E 7HF =4 2AHEUAG. E
g A2 YA Fo] FAL FFol HEA AR FHE & Aoz vEygth o
Mo w AE AWML A2, WERE, A E genotype Tol w} ¥R
&ol 2w, olgd 8AE FolA EAES genotypeol 7t & IFS "AE A
oz @A o & dTFAME SN FHE A2z RE AEA AEse

o] FFol Wt 9~28%9 W2 WolZES Yehldi.
o} vjgzAL 79

eA=ag 2o FAWMFAM A2 AT AEA LS G WiAE 4A
suz, Al A4 2 HEA ARsEe] /M #A ZAME Potomacs AHE3HA
N, Bs ¥ MS iAo} wsjdstdet (E 2-7). 2 A7, A2 AAFE MS #iAddA
208 mg, No ¥ =lolA 189 mg Z& 3 Bs wfAIolA 122 mgo 2 Z+zh vehytth, 3 4
A AEFHES MS wiA|AA 28%, Ns #iAolA 21% 281 Bs #iAA 11%&
Zzt et wEka, eat=ad 2 FA Gl &0 A AT HE
A AESE AT MS wiAAA wigste Aol 7MY AHAHY Aoz ARIHIA
oh |

=g xe FAA G AFI AE YFzAAY FHS HAATE=E TH
71 18te] BFE FAE 0~7 me/ L 9] 24-D7F FE7HE wiAol Wik A (R 2-8),
ARZAAZ A7MEA @& X ANE A9 Aejxrt FAHA oy AF=H
A7t Z7rE wjA A FY2rt FREHAT. old Ax AAFE 1 mg/lY T
NME 176 mg, 3 mg/ L 9] FEIANE 208 mg, 5 mg/ L9 FEANNE 236 mg 1YL 7
mg/ £ ¢ FEAAE 207 mgS Vet 24-D9 FE7F SRS E QY AFAFo|
AL A¥FS YetdAo Y, 7 mg/ L oY FTrAAE 238 AYgds AAFo] #

e Aow ZAHYG.

B
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Table 2—7. Effect of basic medium on callus growth and plant regeneration in

mature seed culture of orchardgrass

Media Fresh weight of No. of calli No. of calli with
callus/seed® transferred
Mean=®SD (mg) root (%) plant (%)
MS 208+89 100 32 (32.0) 28 (28.0)
Ns 18989 100 25 (25.0) 21 (21.0)
Bs 122+9.1 100 16 (16.0) 11 (11.0)

3 Cultivar : Potomac

Table 2-8. Effect of 24-D concentration on callus growth and plant regeneration
in mature seed culture of orchardgrass

2,4-D Fresh weight of No. of calli No. of calli with
(mg/ £) callus/seed” transferred
Mean*SD (mg) root (%) plant (%)
0 — —_ — —
1 176+£8.9 100 20 (20.0) 21 (21.0)
3 20889 100 32 (32.0) 28 (28.0)
5 236+7.8 100 36 (36.0) 11 (11.0)
7 207£96 100 41 (41.0) 9 (9.0

¥ Cultivar : Potomac
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JNY A=Y Relyt G4 B2 WEL 24D BEA ¥L4E B
Ao, A8A ARSHEe 3 mg/Le 24-D7k 7Y wMANN FHR Az
28%2 714 BA ZARA

29 2-38& o= 19 Hoh H4E A2
A2AZ ARFAE F4e GEUT Utk eA=aA2e FARFAA WF 209
BARE Ewo] FLMMA xxo] AWt & Belx (¥ 2-38A-2)9 LA

oA Ewo] FeAH Aex (1 2-38A-b) T EWo] Fm xFo| AUsiH

l>
é"‘.:
1o
o
o2
ok
m;“:

friable®t A2 (29 2-38A-c)7t AU F=8 BH2E AR wjA o] o]
g & wF 59 FFB shoot (2§ 2-38B and C)o] FAH7] Alstien, ¥4%9
shoot& LZHIAZ &7 AT AEAZ EAAT (29 2-38D). 7IHdA A4
o AstR7t ¢4A3] AMD HEAE R A AFAAA AFAAG (29

2-38E).

2) olgal¢t ol (Lolium multiflorum Lam.)

7 ArdE R gz

olgeE|¢t ol FAFAA Az FA R AEA ARLE A AR
WA E HdAS7] A8k, JeannedE FAIEFTOLE 39 2 mg/29 24-D, 30 g/L 9
maltose, 2 g/ £ 2] casein hydrolysate, 5 g/ £ 2] gelrite’} H 7189 MS (Murashige®}
Skoog, 1962), Ns (Chu %, 1975) ¥ Bs (Gamborg %, 1968) ®ix]o| zZ}z} A& A
B T, 2621TAN GAEE wFssich. g 149 Fol Zopd FAZRE
shoot®} rootE& A AsIA, F71€ callus T2 wo] A wixE Ahsle] ohAa] 28Uz
gt B 2E 1 mg/ L9 NAA, 5 mg/ L 9 kinetin, 30 g/ ¢ ¢ maltose, 5 g/ ¢
9] gelrite7} H7Fd MS ujA]ell o)At wjF 46U Fo| A EA AE}E&E ZASAT
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Fig. 2-38. Plant regeneration from seed derived callus in orchardgrass.

A, Callus formation from mature seed of orchardgrass. a) Soft callus
with a pale-gray colour. b) Watery gelatinous callus. ¢) Compact and
friable callus. B, Development of plantlet at 5 days after culture. C,
Plant regeneratio 14 days after culture. D, Regenerated plantlets
with roots and shoots. E, Regenerated plants cultivated in pots for 5
weeks.
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azla WA el HrtHEe AR 249E 7Y st ZlEMAZ MS WA E
Abgete, Aels 2 2 A EA AE3 A maltose®}t sucroses 4zt H7behd
gado FRA @ A2 FA4 R HEA AR vHE vasth

olggl¢t grolaef2e] FARMAAA HEA AL THY FFL Aol E 2AS)
7] #9384, Jeanne ¢ 3¥%F (Surrey, Tachi-wase ¥ Rio)& ©o|&3t9 2 mg/t 9
2,4-D, 30 g/ £ 9 sucrose, 2 g/ 2 casein hydrolysate, 5 g/ ¢ gelrite’} H7}9
MS iAol FAE A4t AHEE #7IAY OF, AHEE 1 mg/L9 NAA, 5
mg/ £ ¢ kinetino] F7td MS wjx|ol o]¥ste] HEA AL THE v AL}FAH.

Az AT MF 657 Tl 149 FAlA /719 29 FARZ A
on, ABA ARIE 61T, BAHAA 45U HFF b olA® Bz o
& AEA F718 Aelxd £E 422 YEAG

SEEE R EEES:

olgeiet grolaelael A& A WA B2 BT ABA AR EXD
ztel & ZAFE7] fste] olgEt FHola# 29 FF F Jeanned] FAE 2 mg/ L9
24-D7} A7bE MS, No 2 Bs wWixlo] wjoksted 2elx g4 FEsh 424 HE5e
& uEP A3, Bs WA IN TAY BH2Y AAFL 119 ngdl Wo] MS wjH ]
N HHE AdAE 179 me, 283 No AN 948 Ae2s YAFS 141
g 27t GEUT E3 ols AHAE 1 ng/0 9 NAASH 5 ng/ Lo kineting
A7 27t AR WAl oA E W, Bs A No AN FHW A2
SRHe YRS 1% 2%F 27 dehigo, MS A 49 g
£ 31%9 Be AR 5Ee YehiY (E 2-9).

duty oz 23 B ZAWIAME No A7} MS BT EgHolex
deA YEd (Vasid Vasil, 1980), A24E Ay BEagss Fxue
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(Griffin® Dibble, 1995; Van der valk &, 1995)% & # A< wl&u] (Bai®t Qu,
2001) ¥ A ¥l (Eizanga®t Dahleen, 1990)o14 &4 AE3jolE MS A&
F2 oj&3ta e Aot B AFAME o2t ol FAF A
ojx MS Hix7} Ns ¥ Bs siXIEch Aax F4 2 AEA A3} &gl A Y
B gl

Table 2-9. Effect of basic medium on callus growth and plant regeneration in
seed culture of Italian ryegrass

Basic No. of seeds Callus weight of No. of calli % of plant
media transferred per seed” (mg) transferred regeneration
Ns 100 141+37 100 22.0
MS 100 179+49 100 31.0
Bs 100 11.9i2.1 100 11.0

@Cultivar : Jeanne

Table 2-10. Effect of carbon sources on callus growth and plant regeneration in
seed culture of Italian ryegrass

Carbon No. of seeds Callus weight of No. of calli % of plant
sources transferred per seed® (mg) transferred regeneration
Maltose 100 17.9+49 100 31.0
Sucrose 100 205+37 100 51.0

dCultivar : Jeanne
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o WX W gage] 7o

olgEl grola 29 FatuFAA WA o] HItEE @i FFHI Ay
34 R HEA ARFL viAE 4FE FF ¥ JeanneE A}g3to] Z:Absgh
(F 2-10). 2 23}, maltose H7F79 24 Aels AAFH AEA AEF&L 179
mg# 31%E JEbd WA sucrose H7FTO A$ 205 mgd 51%E e
sucrose?t H7HE wjAeN FAE A2t BAFE TP AEA HJEHEE ¥
< FgE Uit AE 2Fu g oA wiA el FrtEE ga9e g9ty
S8 sucrose’t F2 o] &HI Yedl, AEe] wEkA glucoset} maltoseE M 71eHe]
MFEEs FEAZ 7t &, el Bad vk Ao (Vasild Vasil, 1984). £ A

Tl Mt maltose2THE sucrose® WA Wo] H7SIH widE & A FAHE A
L2 Yeged, g449 o FA¥A g THs] fdEHE 98 A g
e &g Ex 89 add dig Aol g AT ool @ Aow HyzHEY.

g FF3 o] ZA}

olgglet Frolaef2 FxIujdolA 30 g/ L 9 sucrose’t H7FE MS w7t A
B2 W4 2 ABA ARl ABAA AoE vehdeh meka, oee WA 24
o) e EF9 ABA ARH 5L JHE FoB UehisA oRE 2AEI) 9
st} Jeanne' 91 3 FES) HBA ALH FAS W@e AT (29 2-39), AL A
23} 5¥e F2o B 17~51%7449 2 o3 UHRATH, 53 Jeannes
5199 &¢ HEA AR 53 YA 224 Rio, Tachi-wase % Surreys
A2} 32%, 219% 2 17%9) NEA AR 58S vhehulo] BAE9) genotyped] we}
H 2 Aolg vehiE Aoz 2o,
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Plant regeneration (%)

Cultivars

Fig. 2-39. Varietal difference of plant regeneration ability from seed-derived calli
of Italian ryegrass.

Fig. 2-40. Plant regeneration from seed-derived calli in seed culture of Italian
ryegrass.

A, Callus formation from seed cultured on medium. B and C, Plantlet
development from seed-derived calli. D, Regenerated plants cultivated

in pots for 5 weeks.
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1 2-402 o]g Folad 2 FAMY AL YeEle AeE 2 meg/ L9
24-D7} A7td iAol FAE wjFstd F 15~204 FHE wiwtE e gt
FAHY (29 2-40A), B89 Zel2=E AL wiXd] o3t WY 104 FHY
HEAZL AESH] AZSAT (29 2-40B). 22 AR3E old AEANE Y
2FAZ} A7HHA #& MS WiAZ ol4sge | FF JEA (2¥ 2-4002 L&
Huew, olg AEAME €A F pot2 &A AW (27 2-40D).

olg¢t Fola 29 2w #F o|Fe] AHAZE RBol o]l Folaygx
o] FAMEANAE 2 mg/ LS 24-Ds} 30 g/ € 9] sucrose’t H7FE MS A oA
Fate] BH2E {71 B, 1 ng/ L9 NAASH 5 mg/ ¢ 9] kinetine] H7tE MS
wjlol] B2g ol4std AHEA At g Aoz Jehgth Eg olg ¢t
gtola =9 FF F Jeannew 51%9] L AEA AR $HE vEhdo] o FF
M FHE BI2E /& A FEAEE AT HEANER HFY A2 &
SE AT

3. Paraquat WA &% 9 A

Paraquat WA Zx2 /NES 98ty EFo2HH paraquat AT O. anthropi
JW-2& &3 o5, paraquat WA AR pgrAg ettt (M2% 34). pgrA
FRAAE 224 FAHAHAE binary vectorq! pGA748¢] CaMV 35S promoter 359l
=t A4 EQ Hullel A ARG v, paraquatel] tiEd WP F5E A3
R (A2 48-1). W&tA, pgrA FHAE Hxo =3t paraquat WA ZZE 7l
wetr] At B ExQ ex=adad ot gojadad AEA AR
AZ FHIAL (A2 44-2), oldl ZAs Y FAHH HEXE T 539 paraquatell
A WAd el A59EE FUA
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E3 FEAY B2 Mol pgrA FHAS] RHF. FUH7t paraquat WA E 5
nXE 9L 2AE7] Y938t CaMV. 35S promoter® enhancer sequenced 24
8t} 35S promoter®] 9ol multimerization (4 ¥HE)E g, A= a E o
gt Soladzd FAAGN] WA FS5HEE vustHrh

7} 28 vectord 7+

1) plG—par2.1

sl ExQ ex=agist ojgee Fojagae FAARE Y M
FX2A hygromycin WAFAAE 71A 2 U= binary vector pIG121-HmE& o] €3}

%ttt pBpa25 DNAE A& A Hindll2 HEstY paraquat WAFARQ pgrdS
X 3st= 2.1 kbS] DNA ©HE 3438 UL, pET28a vectoro]l =3t pET-par2.1
& T%319 k. pET-par2.1€ Al AFEL Notld} Sacle 2 Aw3dle DNA ¢H S
33 2, Notl# Sacle 2 A3t pBluescriptll KS+ vectordl =93t pBpg2.1
& F%359H. pBpa2.1E ATFEAL XbalFH Sacle.Z2 BAW3 A pgrAE X3 21
kbe] ©@AHE FHFdo AF}EL Xbald Sacdo2 EHdte GUS #AAE AAT
plG121-Hm®] CaMV 35S promoter?] 3&hfol =3ty HFTH oz HE vector
plGpar2.1& #&349Y (28 2-41A). +35 % plG-pqr2.1 plasmid DNAE #2354
Adasr £ F, agarose gel A719E3td pgrA F4Ae] =4S A (2
g 2-41B).
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HSp P X

i
[
NPT Il H{Twos rA (2.1kb) Tnos@ HPT | Tnos|<

B

Fig. 2-41. Construction of the expression vector, pIG—par2.1.

A, Structure of plG-pqr2.l. The 2.1 kb DNA fragment containing
pgrA gene was placed under the control of the CaMV 35S promoter.
H, Hindlll, Sp, Sphl, P, Pstl, X, Xbal; Ss, Sacl. B. Identification of
pIG-par2.1. pIG-par2.1 DNA was digested with Xbal and Sacl.
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2) plG-Eparl.3

(7}) CaMV 35S promoter enhancerd] &4

AEH FAATE A EE vectordl AMEHI Y= CaMV 35S promoters
enhancer 49 thd A8Z ZAE A3 CaMV 35S promoterd -343 ~ -46
sequence’t 7l SHEHE RuHtt (Fang 5, 1989). T3t -209 ~ -46 sequence’}

multimer 53| tetramer 4¥E)Z EAE W FAAE A EA YoM 35S promoter
o} 3tFe Tydd FHAe =

mEtA, FAAE Exo]l =YW paraquat WA FHA pgrAe] TEF FHE AsHS

L& o) M =& Ao BaHEYY (Fang 5, 1989).

mﬂi

CaMV 35S promoter®] enhancer sequence (-209 ~ -46; 163 bp; 18 2-42A)E&
PCRE o]&3te] ZFEZ&%d. olw 5'-sense primer WolEe Xbal siteS g
3’-antisense primer Wol& Spel site® 24zt =483t $Zd PCR HES Ag¢a
2 Xbal¥} Spele2 A3 thS, Xbal#} Spelo 2 A3l pBluescriptl SK+ vector

of 22434, pBEIE TZ39th (¥ 2-42B).

(1}) Enhancer®] multimerization

35S enhancer sequence® multimerizationg ¢33t pBEIE A& Noddh
Spele.2 He+3te] 163 bp9 enhancer DNA ©#H& 353 g, AE4L Notlz
Xbale.2 A3 pBEIY =939 enhancer’t 270 94 =¥ pBEINE F&34 0
pBEIIE oA A& FE A Notl# Spelo. Hdsle] 326 bpe 2Xenhancer DNA ©#
& 3 e, AFE A Nod#d Xbale® A3 pBEIY =93t enhancer’} 374
7} 44 E=9¥ pBEINE FF3Ach ol#id #AAS ¥ 1 ¥HE3St enhancer

sequence”} 4R 08 T 9% pBEIVE F&39tt (28 2-43).
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l\ -299 gaattaattc ccgatcctat
-239 actacaaatg ccatcattgc
-179 gtggtcccaa agatggaccc
-119 ccacgtcttc aaagcaagtg

Spel
-59 aatcccacta tecttcecgeaa

ctgtcacttc
gataaaggaa
ccacccacga
gattgatgtg

gaccctteet

-1 ggacacgctg aaatcaccag

tctctecteta

atcaaaagga cagtagaaaa
Xbal
aggccatcgt tgaagatgcc

ggaaggtggc

tctgecgaca

ggagcatcgt ggaaaaagaa
atatctccac tgacgtaagg

ctatataagg aagttcattt

ca

Fig. 2-42. Cloning of the CaMV 35S enhancer DNA fragment.

A, Nucleotide sequence of the CaMV 35S promoter and upstream

region. The nucleotide sequence from -299 to +32 is shown. The

transcription start site

is designated +1. The underlined regions

indicate the position of primers

Identificatin of pBE1l. The 163 bp 35S enhancer sequence was cloned

gacgttccaa
gatgacgcac

catttggaga

used for PCR amplification.

into pBluescriptll SK+ vector and digested with Xbal and Spel.
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Xbal Soe |
Enhancer PCR

Yy v
Sacl BstXISacll Notl Eagl Xbal Spel Hind Il ...,

pBSKi+ | | | 1 | i | [N
T3 l T7
v v
Sacl BstX1Sacll Notl Eagl Xbal Spel Hind Ul ...... .
pBEI For vector (pBEI) For insert (pBET)
T3 T7 (Notl | Xbal) (Notl / Spel)
Not I Xba I
v v : I
pBE | Sacl BstXISacll Notl Eagl Xbal -, Spel Hind I ..1... +
T3 enhancer I- - . . T7 Ligation (pBEII)
l ' . Not I Xba I’
.. .GCGGCCGo. ... ... .. VACTAGA
.. .CGCCGGLG. vt TGATCT
Eagl
pBE " Sact BstXISacli Notl Xbal'
T3 Il
v v .
BEI Sacl BstX|Sacll Nott Eagl Xbal Spel Hind {ll ......
pl
T3 l . T7
Eagl
pBE m Saci BstXiSacli Notl Xbal' Xbal Spel Hind il ......
T3 ] ] 7
\{ v
BE | Sact BstXiSacll Nott Eagl Xbal Spel Hind Il .....
pl
T3 T7
pBE v Sac! BstX|Sacll Notl Fagl Xbal' Xbal' Xbal' Spel Hind fli ...
T3 I\ m (] 1 17
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M 1 2 3 4

Fig. 2-43. Construction of multimerized enhancer sequences of the CaMV 355

promoter.

A, Schematic diagram for multimerized enhancer constructs. B,
Identification of multimerized enhancer constructs. pBEI (lane 1), pBEI
(lane 2), pBEII (lane 3) and pBEIV (lane 4) DNA was digested with
Hindlll and separated on a 1.2% agarose gel.

- 147 -



(th) &4 vector, plG-Epqrl.39] T

pBpg25 DNAE FH o238t pgrA F+3aE EL¥ste 13 kb ©HE PCR 5%
35 o.H, olu] 5'-sense primer Woll& Xbal site® 181 3'-antisense primer Ul
¥ Sad sites A7 =084t PCR $3FAME S Xbal Sacdoz 29T v,
pIG121-Hm®] 35S promoter 3tFo Z=¢ste] & vector, plG-pqrl.3& +&39th
(¥ 2-44A). plG-parl.3°] 35S enhancer? tetramerZE =U3}7] 98l pBEIVEH
B 652 bp9 4xenhancer DNA ©3# (4x163 bp)& 343 v+2 plG-parl.39 35S
promoter?] A9le] =Pt HAFAHoEZ U vector, plG-Epqrl.32 FE8ITt (1

3 2-44B).
1. Agrobacterium® 8 & A 3st

A2E @4 vector plG-par2.13 plG-Epqgrl.3€ Horsch % (1983)¢] freeze-thaw
Wl o Agrobacterium tumefaciens EHAL1010] Z+z} @@ A3t 2 4d3d

Agrobacterium S Z5-¥] plasmid DNAE ®|3Fo] A3k

a4
9E vectord] EUS #old oS, HEA A ol &5y}
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A

HSpP X Ss

|
ISy NPT L) pgrA (1.3kb TNOS@ HPT HTNOSJ—<

B
H HSpP X Ss

el
M Enhancer@i parA (1.3kb) TNW HPT HTnos|<

0.65 kb

Fig. 2-44. Construction of the expression vector, plG-pgrl.3 and plG-FEpqrl.3.

A, Structure and identification of plG-pgrl.3. The 1.3 kb pgrA gene
fragment was placed under the control of the CaMV 355 promoter.
plG-pagrl.3 DNA was digested with Xbal (X) and Sacl (Ss), and
separated on 1.2% agarose gel. B, Structure and identification of
plG-Eparl.3. The tetramer of 35S enhancer sequences was introduced
into pIG-parl.3. pIG-Epgrl.3 DNA was digested with HindIll (H) and

separated on 1.2% agarose gel.
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t}. Agrobacterium= ©]-£3 Bz dAdAE 2 gl

FEFH B2 ex=agast ojgdeet gojadiie) FFHBE #8tY binary
vector, plG121-Hm¢e] 35S promoter®] 379l pgrA FAHA

AAgEt AT B, FAPJE Fx oA pgrA FAAe ERF FUHE #ste] 3BS
promoter®] A¥o] 355 enhancerE tetramerZ =3 plG-Epqrl3x: €A AgsA

o,

g =4% plG-par2.l1e

pgrA FARE ol &3 ¥
goladse] AEs =1 FHAA L T3 (A2F 44-2) AL FAF HEA
AES Z&o 7HE =A debd 2= 2e) FF F Potomacd o2t ol
a2 FF F JeanneE IAFFLE AMGEATH HAASH AAo wiAzA H
MEFxaL g3 2 € ARd 249 Fd (A2 442014 A& WHe o
7 gt ARSsisiEh

o BHE

A =a# s (cv. Potomac)9t ©lEe ¢t ol A (cv. Jeanne) F2He] €9
Hds AAg , 70% ethanolell 30%, 1% NaOCldl 5083t 4w g BET 2
43 ojA AAsATH FAE MS B2 FEfA (MS basal; sucrose 30 g/¢; 1 g/
¢ casein hydrolysate; 1 mg/¢ thiamin-HCl; 0.25 g/{ myo-inositol; 0.69 g/
proline; 1.25 mg/ 4 cupric sulfate; 2 mg/ £ 24-D; 0.157 mg/ 4 BAP; 5 g/{ gelrite,
pH 58)°l A43le] 259 & FAE (20 nBE)A wFstATt Mg 25 T F
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A2 HE wold shootd) rootE A AL, A AvHS FHetd tiAl MS #HElx =
iAol &A 4F7 wlgsld A xo F4E FEISITY (28 2-45A and 1¥
2-46A).

(b A2 At (preculture)

MS A& FEuxolA 2~33 AW AHA2E FF 34 me IA7E Fe
MS ZAajx AHujgux] (MS A2 SEWAAA 24-DE 1 mg/ L & Fo]1 BAPE
0785 mg/LE EHE A 25T o3t F4"H (20 pBE)A 547 Aujs

(preculture) ¥+ ©h&, Agrobacterium gl o] &3tA ).

(t}) Agrobacterium BE N4 FH|

pIlG-par2.13} plG-Eparl3e2 ZvZt A ASE Agrorobacterium tumefaciens
EHA101€ AB %3uiR] (Chilton 5, 1974)e] =% b8, 28C, /oA 34zt
v gsld et #AE 358 100 M9 acetosyringone®] H7Fe MS #EH|A] (MS
Ao AujFul R A A gelriteg H7FetA] ¥ pHE 522 ZA) H (Asw = 04)
sto] A9 FFoll A& AT

(2}) Agrobacterium 7+d 2 Fujok

Aulge A=Y ss o2t Sojaxe] BH2E MS FHHIA ] 1A%

AAE e, 100 £ M9 acetosylingoneo] H7VE Agrorobacterium BE o] thA] 1

A zZv ARt IR A} Agrobacterium IS A 2E MS FHjgulix] (MS A

s Fuj Al &l pHE 522 )l X7gsta] 28T, el A 34zt wigstint.
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(vh) s A%

Agrorobacterium ZEE AH2F 250 mg/ L2 cefotaximeo] H7l® BIFFE
2~33] AAstd A& Agrorobacterium& AAF tE, MS Auhuix) (MS Huj
w2 ol 250 mg/ £ ¢ cefotaxime¥} 25 mg/ £ hygromycin® H7hHE &4 25T, F4H
(40 pE)llM 357 wiFstAch ojw wigzrlde A2 ZFAGAL @we] 2
P 4T JEiev 4% Aexe Fe e geio AZ2RY
hygromycin®l A34& Yelle M2 Ay29 F2o FFHJUY. WY 357 F,
A g 2 MS AAZ &4 §48 2002 25770 oA Aduigste] 2

Az AdE AASATE (29 2-45B and 2% 2-46B).

(b A EA AR

2 gA 2R AdHAg T3] hygromycinoll &8 W] 1AER Fa A
FAAES vete Z2E MS AL (MS basal; sucrose 20 g/ £; maltose 20
g/ 4; sorbitol 20 g/ 2; 25 mg/ £ cupric sulfate; 1 mg/ 4 NAA; 5 mg/ £ Kinetin; 250
mg/ { cefotaxime; 40 mg/ 4 hygromycin; 5 g/ £ gelrite, pH 58) &7 t}&, 25Ce)
FAE (40 wE)NA wigFete] shoot] #3E FE=sATE 2 A, wig 25 FHE
=3 (FR)Y Aol #FHNeH, Mg 3~55F A HE shoote] #3371 R
th (29 2-45C and ¥ 2-46C). Hygromycin®] #7189 MS ARz R oA 3~57
Az Yol 2 AEANE TE2ES H/EA & half-strength®] MS WA 2 &
A B 453 FLHA HEAZY AL FEIHUY (ZY 2-45D and ¥
2-46D). 71X AFHst AstRrt A3 AME AEAE A8 FE 63, ¥
F)E HS FELE A FES FES TFEE AHAA o2 J3d dFA

A OF, AFAR A AFAAT (29 2-45E and 2E 2-46E).
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Fig. 2—45. Plant regeneration from seed-derived callus of orchardgrass

transformed with Agrobacterium tumefaciens.

A, Seed-derived callus of orchardgrass. B, Hygromycin selection of
transformed callus. C, Shoots induced in regeneration medium
containing hygromycin after 3 weeks of culture. D, Hygromycin—
resistant plantlets with roots and shoots. E, Transgenic
orchardgrass cultivated in pot for 6 weeks.
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Fig. 2-46.

Plant regeneration from seed-derived callus of Italian ryegrass
transformed with Agrobacterium tumefaciens.

A, Seed-derived callus of Italian ryegrass. B, Hygromycin selection
of transformed callus. C, Shoots induced in regeneration medium
containing hygromycin after 3 weeks of culture. D, Hygromycin-
resistant plantlets with roots and shoots. E, Transgenic
Italian ryegrass cultivated in the pot for 6 weeks.
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ols} & HAEL B plG-par2.19 AS A=z TR JEAE, I
gla ojgaet gojagizoA 25709 HEAE AATH EF plG-Eparl.39] 734 £
Azadgzo A 571 AL, o ojgdd oz 22749 HEAE
LAt

2) BAAY Fx9 #Q

AEste eazagze ojget #ojadxe dozXE CTAB WHo=
genomic DNAE 28 g, ¥ 2% primerg o] 4% PCR P22 YAHEH o
BE #gslgyt. WA, pIG-par2.13% pIG*qurl.Sii 7tz JAASE =g s
olgg ¢t golaeg A RF binary vector Wol &4t NPTII +3A2 9§74

w2

) 2738te] 343 NPTI sense$} NPTI antisense primer &%-& ¢]83te PCR
22X AN 1 2%, FAARNA BL wild-type BEAMNE eR=aP
s} ojgggt golayA EF NPTI primersd] Eol&HYA FFAE] Yetx st
2o, hygromycin®] #7Hd #jAl]A ALsE L FxoANE & 271% §
A& 0.7 kbe) Eo]A<] PCR ZZAE L #9384t} (29 2-47B and 2-48B). &3
HAE RS A B FAs7) 989, plGpar2. 12 FFATE Ex9] genomic
DNAZEE 355 promoter®t pgrA A A Eol# ¢l 35Ss13 pqrAasl primer &%
g o3t PCR 2%& ANSYG. 2 A7 plG-pq2lz FAAHY 226
wild-typedl M= VElYA] 2+ 08 kb 35S promoter—pqrA FAA FHFEAES F
o1stg Tt (28 2-47C). w3 plG-Epqrl.3® FAAFY Ex9 Z$ 355 enhancer
9] tetramerol S0] A9l 35S-Eso} 35S-Fas primer 2%& ©| &3t PCR 2 & 4
Ag A, NPTI §37ke] =4o] gld RE BxA 43279 4% 05 kb
o] o}l PCR TZ4ES &Astdt (29 2-480).
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NPT Il > ¢ NPT Il

sense antisense
A D veri [T HIERD

358s1 —p <4— pgrAas1

Transgenic plants
1 2 3 4 5 6 7 8

G A T € 07 kb

Fig. 2-47. PCR identification of regenerated plants transformed with pIG—pqu.i.

A. Schematic diagram for PCR amplification of NPTII gene, 35S promoter

and pgrA gene fragments.
B. PCR amplification with NPTII sense and NPTII antisense primers.

C. PCR amplification with 355sl and pgrAasl primers.

Numbers indicate independent transgenic lines.
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NPT II ) ¢ NP_T 1l
sense antisense

A W NPT Il |Tnos [ Enhancer IV  parA_

358-Es~—p 4—358-Eas

Transgenic plants

MWT

1 2 3 4 5 6 7 8

Fig. 2-48. PCR identification of regenerated plants transformed with pIG-Epqrl.3.

A. Schematic diagram for PCR amplification of NPTII gene, 35S enhancer

DNA fragments.
B. PCR amplification with NPTII sense and NPTII antisense primers.

C. PCR amplification with 355-FEs and p35S-Eas primers.

Numbers indicate independent transgenic lines.
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o]} & construct ' 2 =9 PCR £4€ E3l9 HEHOZ pIG-pqr2l1o =
FHA"E x=a82 5 A olgeet FHolaga 20 AAS MUdsigdod,
pIG-Epqr1.32.2 PAMEEH oxt=adx 4 MAs oj2a et Fojaga 17 AAS
Fo ).

ikl

ol

3 BEAE 52 WelA pgrd FHze Td gQ

FAHGo] FYdd eA=aH29 o2t golad s WA paraquat WA H
Azt (pgrAd)el FAREE F37] A5 wild-typed FAAE A8 Jdozy
B tatal RNAE 2% 3% pgrd F34 998 (orfl)& probe® AF&3tad northern
blot 24& AAsH

(7} pIG-pqr2.1

AR, CaMV 358 promoter7t ¥#8 plG-pqr2.12 FFAHE ox=
2E e golag2g
wild-type A& ¢ 2T paraquat WAFAA] pgrAe) AALAZ Ae vervz @
Fot. 2y FEAAZ] Fa" eAd=aadd ot Fdejadaznyg 2
total RNASIAME pgrA AARe] o] FAEHAUY pgrA AAIAS] 23 ze ¥F
AEE ex=aeast ojguel HolazoA BF A k] Aolrt A Ye
o FEAHE AEA el =98 dHe R 2@ F] AolE YEE 99

< ile] YA ABNA AFE wpel 3ol positioning effect (Kuhlemeier 5, 1987),

M

a
Mg AT (oY 2-49), & %,% R HAATEIR] g&

-

co-suppression (Napoli &, 1990), T-DNA insertion mutation (Feldman, 1991), gene
dosage effects (homo- versus heterozygous individuals) % somaclonal variation

(Larkin¥} Scowcroft, 1981) S| 7|3+ Hez2 A=A
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(\}) pIG-Epqrl.3

FRAZ HEA HolAX pgrA AR EHEFE F7HA717] Aste, CaMV 355
promoter®] A$j ol 35S enhancer® tetramerE 23 pIG-Fparl3o® A ASHA
LAEaY L} ot HojaYrE EH
parA®] AAAZE M8 deuA] ggov, FAAE =g ogEt o
a2 2E B3 total RNANAME pgrA AAAY H3Ho] AFEHNUY (29

r.en

AT wild-type AEAANAE

2-50). =3 pIG-pgr2.1ol A ¢t vlFA A E plG-Eparl.32®2 FAAFAE exeadgs
¢t o2t golaf2AME MA ol pgrA WAL FAHF| AolE JYE

pIG-par2.12 ¥FAH8H Ex (¥ 2-49)9 35S enhancerE *#23 pIG-Eparl.3
a3, F
ANA pgrA FARS] EEFY Aolrt BAHAY. F, plG-pgr2. 12 FAH
gd Exd vt plG-Epqrl3ed FAHEE HxoAY pgrdA FAAe wdEF
of ZHA ko] Zole YAIRE, & 2414 38} o] F7HE YElHATH 28y Fang
% (1989)°] 35S enhancer®] multimerization®] <3 GUS fAxte] wa o] Huj

ok

=)

o2 FAAGE Hx (I8 2-50)014 9 pgrA AALA e =S H|IL

2E Abol

47 w7A *7}5“4‘“ By "dte pgrA AR HEF Frle B FES Y
Bhlilnt. ol2lg ool ddezE =dE pgrA HRA AEY 7150l AETelA
ion pump WAl efflux 715& @t FFAA K o o] dde] AEoA
9 #H}gk 23L& A X negative 29 =, AIX WY ion balance®] ¥ 3, =t
BATE As 522 &3t AP 238 e Fo] HAZ ddFe] ¥

tlo
oft
e

rlo
of
i)

A3 AZA7 GAF HEAZ YEIEHA EFPE Mol Eo AAR 2
Jiﬂég} olgtg ¢t golaei2e FAME FHAo|A hygromycin®] H7FE wiR oA

g9 %7] shooto] AXHA HEAZ E3HA R3tn AlEste ZA97F ¥ds @

i
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WT1 2 3 4 5 6 7 8 9 10

Fig. 2-49. Northern blot analysis of orchardgrass and Italian ryegrass transformed

with pIG-pqr2.1.

Total RNA was isolated from the leaves of wild-type (WT) and
transgenic orchardgrass (lane 1~5) and Italian ryegrass (lane 6~10).
Numbers indicate independent transgenic lines. Each lane was loaded
with 15 ug of total RNA. Transcripts were hybridized with *p_labeled
parA DNA. The lower panel shows an ethidium bromide-stained gel of
rRNAs.

WT1 2 3 4 5 6 7 8 9 10

Fig. 2-50. Northern blot analysis of orchardgrass and Italian ryegrass transformed
with plG-Eparl.3.

Total RNA was isolated from the leaves of wild-type (WT) and
transgenic orchardgrass (lane 1~4) and Italian ryegrass (lane 5~10).
Numbers indicate independent transgenic lines. Each lane was loaded
with 15 pg of total RNA. Transcripts were hybridized with *P-labeled
pgrA DNA. The lower panel shows an ethidium bromide-stained gel of

rRNAs.
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A48 HAoA hygromycino] 7te wWA el ALsE 27] shoot”7t FEA

EAz 2394 Edla nAEtE Qo2 dAZE YAATHA &S A
ol 4% 27| shoot’} FFFHSE hygromycinel o8& uAlEE A-§ AzE
T2 QAR pgrA AR A AE U FoSHd g A o4 A
FE Yok FAFG AHI) pgrA fAAe] gejRe] FEHGAME FEEHA

2}, Paraquat WA & ZA}

pIG-pqr2.] 2 pIG-Epqrl.3&.2 A A0 FAd 2xp=aegf 29 o2t o
a2 2AE o] §3he] paraquat WAFHAR pgrAe] W@ F@F oyt FHEAE
A BA) 9] paraquat WAY TR E Jee 2AEGT

Paraquat A9 #9& 93l dAA8E ox=ag2el olget ol
(Ty HEAE 7RlA SRz §74 AFUA o 810 £ AFA T,
As AME AL 3 en Dol AHale AlgEP) olm HERTERE S99 3
#54 @e wild-type AEAE ARG A7 90 mo) petri dishol 17 mee]

ogk
[>

al

)

1% sucrose &4& BFF g, HFFE 0, 10, 20, 50 E 100 #Mo] HEZF
paraquat (methyl viologen, Sigma M2254)& 27zt A 7189}, Paraquate] H7HE &
Aol wild-type? HHAAE AEAZRE AHF 4 UL g 25T FFHAA
12A1 7 ol A8t paraquat®d] FFE FET S, 26T FFHZE &7 st
At Paraquate] thgt WA FEARE Hlg 7243 Fo HAIH o2 YEve T
e ez gFSAT (2E 2-50.

I A3, FAASEA L wild-type AEA Y 4 dHL 10, 20, 50 ¥ 100 ¢ M
o] RE AHgsmdA wY¥ 6~12A413 °|FH¥ paraquatd] ¥ FF29 o
(necrosis)?t HEIHY] AlFgtd on, A Fxol wep sjgF 36~72A3% o] Folle &
M3 galEo] ASIE AoZ vETH
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Q uM 10 UM 20 UM 50 uM’ 100 uM

WT

pIG-
pqr2.1

pIG-
Epgr1.3

Fig. 2-51. Effect of paraquat concentration on the wild-type (WT) and transgenic
(pIG-par2.1 and plG-Epqrl.3) orchardgrass.

Leaf segments were subjected to the different concentration of paraquat
solution in the dark for 12 h and then incubated in the light for 3 days.

- 162 -



pIG-par2.1% plG-Epqrl.32.2 FAASRE ex=a2e) olgeet #olaz2g
d HHLE 10~20 M| paraquat FEIA WY 3UAAR A FEHE A
YetlA] edgtow, paraquat® 78R €2 FAHTY LA 54L #FA8S
paraquatel td WAe 5 Jehlich &3, 50 ¢ M o]’d9] paraquat ¥ =14
Tt 324 oA=ag 2 ojged gojadxe] o AUE AFAL9 T4 wE
gAEYe et oy, FAMEEA] &L wild-typedt Hladte] ZHAIHQA H3
JP&EE+ NAHE A2 velgrh

pgrA FARY LdF Aold W& paraquat WA FEAEE plG-par2.13
plG-Epgrl.32.2 FAANSRE ext=adgiad olgaet #ol1ei2A 9 northern blot
4 2% (29 2-499% 129 2-50)9 W3t #HAF A3, pgrA FAAY ¢ F
# Ade g54=e A9 FABAE UehiA &3 (2d 2-51). F, pgrd #+4
Zpe] Hd@F F71E $43te] 35S enhancer? tetramer’t %€ pIG-Eparl.3ez 3§
2A%E Ex9 355 enhancerg H 314 &2 plG-pqr2.l2 FFAZHE ExoA9
paraquat 49 A el YEUA Fdt. FAAY ex=ax9 ojge
< Foladzol e ol A FAAG HWlAA pgrdA RS LEFH
paraquat W-deol st ZAdAge Autd Aotk olHI Aol Fule A
homozygous lineg Awslel fdHoz FUT A AEAE ALgsto B4

dhdo], =g As ojgtad A B E3AY F AFAA I AUzt 1d
o] At B o2 Ad) To MH9 heterozygous A EA o FAL ALE3 Ao
e v 232 AZdo. des, A eA=ag 29 olgEed golaga
9] homozygous lines T-%% v, H4EH FFAA paraquat HAFAZL pgra€]
4@ Fol paraquat WA WA e FFH} FFHA WAHY Y5A=E T} 93
o A To AW x=ass) ol goladi=g #3348 (vernalization)
T T FAE AF o Aok o2 Ty, T L Ts Ao dFAR o= azasd
ojga ¢t grol1# 2 o] &8t hygromycin AL, PCR M& ©]€& pgrd #3129
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FAGY B4 RNA 2 B9z £ZoM2 pgrA FAR] AuE B@PY B, Y

a
2
et
Jfa
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ofN
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r o
A
o
flo
of
o
2

A5d 4dE&

Paraquat WA SdAe @779 si8e 95td Edoz Ry M2e paraquat
WA ol BE<Q Ochrobactrum anthropi JW-29| genomic DNAZ ¥ paraquat W4

TAZ} (pgrA)$t 2H4 WA FA1A (pgrRIF pgrR2)E £33t 1 XL 7943

e}

Ath. Paraquat WA FAZ (pgrA)E ZEA4EQ1 Fule] FAA& b, pgrd +4
Aol A Eol| 2% paraquat A9 5L #EH Tt Paraquat WA HFxz e
& Hste &2 BExQ ex=adze ojgyt goladay Aex fE 4 4

A ARLAE S O3S, pgrd FHAE FAHESS paraquatdl] oig WA 9

=
FES gdtgon, ol ARE 2%sd g3 o
1. Paraquat WA {2 A9 A

Ego2 Ry uldgA AxAQ paraquate] WAL 7HAE WAE JW-28 E
sk 2@ PAES FHety, 4, 48 54 L AxQud 24 5 =
A g A3, BEl dF JW-2% Ochrobactrum anthropi® EARAHF en HFFHo =z O
anthropi JW-22 3394}, Paraquatell thid WA txzd E coli IM105¢F 1]
W3EYE W paraquat 100 mMAA E coli IM1065= A3 AAstx EsRoey, O

anthropis paraquat Fd7F ¢t vl 2etHE o F 70% HE=7A A Fs A
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Paraquat X 2lA] WHE2#< E coli JM105% superoxide dismutase (SOD)¢] &4
o] F7FslR v O. anthropi JW-2¥ SOD &4 ¢ W3S el x] gFol paraquatol
A iAol AE W Fdastasre] &4 Frkd 9 o] ofd thE Wolrjzor
o1t AYS YeAY. O anthropi JW-2% paraquat® #2 redox-cycling
compound$! plumbagin® menadione]l dIAHE WAL YENRA  ggkon,
paraqﬁat olgle] & FFA  dHME WAES JEA R wEkA, O
anthropi JW-27} paraquat®] W3ty A& 7FA& RS Alxe @ade] 28 o
& paraquate] AME WZ FYHE AL Hdgxoz AsiAY, AE HWE FY€
paraquats AXE 2|8 FTEHoE wjEde 8o AdF Ae=EZ FAHHUT

O. anthropi JW-2¢] genomic DNA library2 %€ E. colil paraquat A& ¥4
3lE 25 kb DNA ©H-E cloningdtgt}. 25 kb9 DNA ©¥Ho] =8 E colit U
Z7Eoh 69 ol ¥ paraquat WAZE YEINI M, o]l DNA ©@HE pgrE W4
At pgr AR G7IMEE £AS A, F dole 2520 bpRom, & e &
A3 ORF F /i E946F ORFE FAH At L48 3 sj9 ¢4 ORF
2l orfl (position 643—1875)-"— 1,230 bpst 410719 ofvjxto 2 FAH AU
e ade Bae 2 kDaollth. &3 orfl9l 5 AFde LYAE FHA9
¥% promoter 8¢l TTGACA (-35)% TTTAAT (—10)7} A ZE ATGEZHH
Z+z} 80 bpst 56 bp AFH o] &A1 2™, ribosome binding site (AAGGA)E 7}
ANAZESZHE 10 bp AFFHAN EAstE 222 vetueh b, orfl& perdA &
2 {yaga, 2 AR AHEE PgrAE HE sl

2

<=~

A

2. Paraquat WA A A9 54 2 ¢d7]+ 9

ParA @9 3d & hydrophobic 2717} AA| ofu]x=it 79 53%E A5 LoH,
11719] transmembrane helices FF& o] AU E3F, helix 59 6 Alolo=
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membrane?] cytoplasmic side® FA ¥+ & hydrophilic loop’t 9%ltd. BLAST
system2 ©]-&3t9 PqrA9] ofn| =4l Mde FFAHE A4 & A, FA WA 4
transporter SHAEH AFA L YA Ed 53], EmrB, SmvA, TetA 231
LmrP2 € membrane transporter® 71%53t= @WAEN & AFAHL JeElug
=3

parA FARAE =9 E. colid] 40 4LE DA FA S Ui HolHe A
A%, menadione® plumbaginel WA WA S YehiA LUt 18} paraquat
I Ze pyrdyliumA A ZAQY  diquat®} paraquat® 2L FolL  FFgE<
ethidium-bromide (EtBr)el tisixd s A& YeEliAY. PgrAg O. anthropi JW-2
el &4 A2 immunoblot A o2 ZAE A7 PgrA @92 membrane
fraction°ﬂ/~1‘ﬂ AZF Y. ol AAzHE PgrA ©¥E L paraquate] AE Y2
FHHEE AL AdGAYG AE WE FYE paraquatS AE oz WEAHOEH
paraquat WA & Fd3te RAoZ AGHUY. pgrA FHAY TE FEE A
$18td paraquat& A 2l3F tH& northern blot 418 AAF A3 T&EHF] zo)F
YElN A ol pgrA F R A7t paraquatell 98 HdHo] fFEHE Ao otz 4
Hog dste FHAYE € F IR

pgrA Az AHNUE o2 E orf39] full-length cloneS Ztzt ¥ 3% g,
DNA $7144dE dAstY 43 A7, oL vAE f9 transcriptional
regulator @R A ET & AFAHAS JehAA. qElA of
(orf2) pgrR2 (orf3)Z BE3t AT

pgrA FAA S wdzE 7|79 AW A pgrA, pgrRl R pgrR29 %zt

>
st

FHAAEE 42 pgrRl

2

, AR Z2F 2 deleted-sequencesE TAE construct® T3] E. coliol

GO
2
5

FAADT oL, paraquat AT F AFES ZASAY. 1 AH, pgrRI R pgrR2
AHE& paraquat WA TE 2AFAHA d#dAel 1o, pgrA AFE o] paraquat WA ol

AR #Bdste A2 veEyd EH, pgrd FAAY 48 ZHd= perRlI R

- 166 ~



parR27} A VAR ¥ pgrR1Y partial sequence (2,383~2,875 bp)7} pgrA
Azte] FAZHQ L@ o]& £33 paraquat WA S %19} enhancer sequenceE A

9 71%E Pz Ao FAHHAUG

tlo

3. Paraquat A R-AAe 2d 4829 =9 2 YA g5

pgrA FAAE AEA FAAHAL binary vectord! pGAT48¢] CaMV 355
promoter 37 AZA3td EANEQ Huflo]l FFAESAT. Southern blot E4-&
AAE] pgrA FAZY =YL #FAF thE, northern blot ¥ immunoblot ¥4&
ANt FAAE G HAlA pgrA AR AFHLZ HA R A FH oprj=
A AdzRE FAHE BAF 42 kDa] PgrA 9 A o] membrane fraction®l %73
"o A& gAsdh

FAAE 2 =909 AR A4HA 2do| A" To HEAH AMFHE F
e Ty FAE AFSAc Ty FA9 kanamycin Z54S &3 43, ZE 74
7k 3:1¢] EHuE vehlo] pgrA #3127t @elel genomed 1 copy¥ E=UHAE
A3 ATt Homozygous lined &H3tuz T) AEAY A7+AE 39 Te
ZAE AE3d 200 pg/mle kanamycine] #7tg MS #jA o] 3Z3t kanamycin
of o mAEHE AAF SUE flE line& homozygoteZ AdEtch. o9 &L
homozygous lines] ME#A4& Fdlo pgrA A7 A4S du) Wl A4
o2 fA= dEEtE AL FAAT

T: homozygous line® FIHE FWE o83 pgrdA HFARS TAZFH
paraquatel]l & WA FE5AEE AT H3, FFAHE HEAE PgrA @A
%A o we} paraquatel S WA 85 =7} Hldtd 7138329, paraquat
A2 % chlorophyll §%& 7122 Hus9S o FAAR}A] ge wild-type 4 &

Aol wls] 5u ol el WAg F7HE WEWAY BE, H4E9 9, €71 £ B =24

o
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9] northern blot ®. immunoblot #4225 pgr4 AT £3 Folxoz @,
st Aol ofleEl BE zAA FHAHoZ WHITL Y-S FAsHon, FEHA
718 delA et w72 v BEA 718 BN A E paraquate] W WAHE F
NINE Reg veyth o33 ARZRE E colidl paraquat WA-E FoFd
parA FARAE LFHAEIAME AAH o2 THHo] paraquatd] thi WS Hd
e AE FUsHd. =23, 25AE HoAME wAENMS Zo] PgrA @y Eo]
Z-FAHo] paraquat®] AE W2 Y9 Ad & &
d¥ paraquat®] AE 29 wWE ¥WiE HEoE Uy WHES FAde

transporter®] 7|5 & ©23%te ALoE FEHIHIT
4. Bz AE3A9 g4

Paraquat WA 529 /Mdg st SFEF Ex A=adgi2e ojget g
a2 Adgse gys 2 € HEA AEIFAE FHEU

o=z A&FA Mgl A AT A EA QRS FFT Aol
ZAe A3, FAES F Potomac®] A2 AAFo] 208 o2 M %, A&
A AEsEE B%2 HF 2A ZAEAG. £ B2 GAFo] FALE FFAA
A g A3 sEH RYE A A2 v Eo] EF A UERH. 234=a
e FARwFAA A FAFH HEA ALFE AT 7B AEE MS ¥R 7}
714 AR Aoz yeiygt AE AFZIEARE dE2 FEAdE 3 me/ 9
24-D7} 7} AR Ho A, HEA AEstel= 1 mg/ L9 NAASH 5 me/ £ 9 kinetin
&7t M afA ol

ol ¢t golaElse] A&FA ol A FAAF HEA AL FFL
2polg ZAR A, TAEZE F Jeanned A2 AAFTo| 176 o= 74 3%

7, NEA ARNLE 5I1%Z MY EA RAFEC ol2edt o]awdas] FExbu
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FolAM Aeiz P4 HEA ALHE AT ARWAZE MS WA} A 1A
Aoz Uehgth 48 FrEA2E Ads REACE 2 ng/L o 24-D7 A%
E%golgn, 48A ALl 1 mg/09 NAAS 5 ng/ 09 kinetin SE7 73
a0tk BR, WA Wl AAHE wade 9¥E 2AF A, sucrosert 7
F E3H49 Ao ek

5. Paraquat A %9 A%

Paraquat A5x4 ALE st pgrA FAAE HEA FAH$E binary
vectorq! pIG121-Hm<] CaMV 35S promoter 3l5o] E¢38to plG-pgr2.l& T+&3F
Aot =S, FAAE 52 WolA pgrdA FARe] HE@FS FHA 7] Y5t pgrd
FAXAE 35S promotero] AZ thg, ©A] 35S enhancer sequence® tetramerE
35S promoter 9ol =Yde] pIG-Eparl.3S T3yt &9 construct® 47+
Agrobacterium tumefaciens EHA1019] =43 t}g ex=a#)2 (cv. Potomac)9
olga¢t Zolzef 2 (cv. Jeanne)o HF Ao o] &35t

52 AEFAL AN ALEE IHE dF WP FAAEE AN
A3, plG-par2.18l 5 2A=agd2dA 749 ABAE, a8 olgaet ol
B2 4 25719] hygromycin A#d AEAE AUt =3 pIG-Epgrl.39y AL &
A=zad 2o 5719 AEAE, aglu o2t ol 2279 AEsH
HEAE AU

AEstd HEAS A22HE genomic DNAE &% o, NPTII f3Ae)
35S promoter % pgrA #% A& o] 4% construct @ F 29 PCR B4 AAs}
o, HFHoZ plG-pqr2.122 FAAGY A=A 5 AA Y o2t gho]y

2 20 e A

0

O

9o, plG-Eparl.3e2 ¥AAEE ox=adlx 4 AAS o
22j¢t golag A 17 WA E Adsigt.
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FAARo] &Ydd eA=ag 2 ojgEt golada WA pgrA FAAe
YHAFEE FA57] 95 northern blot £4& AN A3, pgrd F3A7 82
A 5z oA AAHez ddddE A& ALY, pgrA AR FdH
< ¥EARE 2A=ag 29 o|gt FoladzdAM BF AA e Holrt 2A
YERE T B3, plG-par2. 18 FAA#E Fxol Hlste] plG-Epgrl3e g AW
BxoMe pgrA #HA LA Fe] A 19 Zeole UAT ¢ 2~3u) ) S
Aoz Yeuo.

pgrA FRAASY =43 ¥ A FAAY ex=adxe ot gela
e (Toe) o dHE o839 paraquate] W& WA FE5ARE A3 247, ¥
AAZE ExE gi272A wild-typedl w3t o) 20 x M9 paraquat F=7HA WA
g 5% YT FZAE exs=agiag ojgEd Holadx (Toe
homozygous lineg F&3te] A &3 FFA paraquat WAFHUA pgrAe] L3 o)

paraquat WA ol 9X & A&FE FAE I, ol& 89 FFH L E paraquat WA ER

il

Adrdtz] Ysld dx 2332 (vernalization) & T; £2E AFE Fo Yt
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A 3 & Paraquat?| EQ &H = SH

A1d A A

Paraquat (1,1’ -dimethyl-4,4'-bipyridirium dichloride)2 1958@ Imperial Chemical
Industries, Ltd (ICD) A7} 71'2% Gramoxone®] frEAdE 024 ZFEAZ &3
AEA el FFH AxEARE velde HAEA AzAoltt (Kanazawa, 1990).
Ut & 1970 d ol &7hEe] 1999de] AAE AA AExA FEAETY 23%E
AN Ax2 Z ¥FE 23 o (FFTHHES, 2000). Paraquate /el A
T 7% F84& Z< chiorine g9 Feid v F844 FeHdAE vi¢ dAL 2
7 Fol29 HE2 ZEAEY] wEd EY 4Td FA EYY SAs REH
charge-transfer complex& Fd3st] ZAstA F3E 2 LA 3HET} (Akhaviein,
1966). Paraquat®l EY¥ ¥ F#F2 FEZEY Fid d3tq aA F5=H1, f718
¥, 2%, A3, pH 59 2UdEd 3o FFE e Aoz ¢HA Y E
%4} paraquat ¥& T2 ol & &% (CEC)Y o 10~30% A=Y Ao=Z B
25} At} (Damanakis F, 1970; Tuker &, 1987).

Paraquat® HEZES FAFdE H-typeol A EF /718739 FAFde
L-type2® Uehyd EG frl88tde JEFEFN B FaA Z2¢dds 318 ¢
T Atk 1996d 2 =AM vt feAe Ao EY F paraquate] EAFE
E OiREo] AsA AG® IFd (tightly bound)E EA3H ostA 23¢d Fele
AEHA & Ao YeElg:, 199730 & paraquate] ZFEH e EF 2
g Adstd e A5 FEACd vxe I} ArRY £ VAR fle

Juete) EXEE FAAE paraquat ofF ZF3tA A¥E FHE

»

4

PRt
|o

=z

A s}

i
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Paraquat< E %3 7J3}7ﬂ a’_—‘"} |- w & ol D]*§§°ﬂ —4?5_ _"f": H7?r qf'%.ix, ﬁ?ﬂj
SEHA Fon 2% 9 FUIUdH 2 34 2UEY tﬂﬁ}"ﬂ 338 AA st
(Hance, 1987) =43 & xbgtrizt o 7deA 10d AE=2Z FHHIL UH
(Constenla %, 1990). =& X712 ZALE svle] 93tH 97 e} ol Da;aquaf" AL
¥ paraquat A HFFS AF HF 80 ppm REQ AHOE FAE o] paraquato]

Zd E%g UREES paraquate] 2UZ ZAEF A Ao vebgd ey

paraquatS A§3te] FEIAF ST paraquatd] FHFo] o FEA WHE FHH
2 @ska 3 EYo| paraquate] A& FEE o]Fe ol FTEV AAHE A

& AL o B 7hed R B sbsAE A Fe Aol A

wetA E%e 4XH paraquatd] EY FA BT A EHol EY FAAY
paraquat®] FEldl € YFE 7XA doh £, U AFHE BE2W EYoRR
el g% steAdd 1¥EE paraquatE AT EGOA 87t fudo

(Kanazawa, 1990)= 237} Ru® H} QO 22 paraquats ASZ o2 OHFOE A}

$9TW AAAE BHod FAS A2E FAHA AL HART B & Ue
Aolth ¥} paraquate] EF #7 F BFF4) 4P ATE oby FREA %@
eel7) W&ol paraquat 2 A WA Feivt A £ 874 BA BAS o

g A& dAE oEe K3t

A B 74 HEH paraquate] AFEANS LotR7] A frlE, FERE
2 EFANEE FAAZ AEstY Ed EXste o 7R Fol2Eo] EATY A
4, paraquat &3 % 2&e] EAS zAE L EYY] FEFIZ wE FAFH BEY
F7180 A4 BA R 9% 2Y JHeA e £AE] A8 A8 - 89 ELAE o
£33t B R Ed] BdS FAse 48 A SFEF WS ART

A, EYol 98 paraquate EFF ZE 0|24 2FE g9 EAsRE B

A go] &A38tE paraquat A& 84 = paraquatS B3A17]7] $8) Aoz A

Yokl £A7 Boke) BRAYL A st of 2FHAAA BE AT oY
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A7k 2BHE o2 deAd ok wetd, Edel Z8A AEE o & paraquat®)

THANE dEA7E Aol B ARE BN d &4 Y Aot Paraquatd

FEANTE GFAI] A8l EY F paraquat FEHHOE AEHol & IgEEE
W A3 microwaved AHE3 & 48 S et 28 1 paraquate] E3)

A=E A7Me7) AF dve dfo2A ZEE 438 JFAE fenton A}
TiOE ol &8t} +8 Y FoA paraquatd] ¥3) A=E HrlstnA %)
E% paraquatoE U3 TAE & dE ELEF #YE FAS dE RALLS

A3tz #dte] paraquate] ZEHA F&FHE o JdE EROA paraquate] BEF o 3

.]::

-

42 FEE $27 A d8 AR x2ddA Bo FAFHes wEm £
F& =0 2l paraquate EFHOE AANZD £ de Wyl dste APt
a -Cyclodextrin®] 2% =% T paraquat®] A 7bsA4& wete2 F39 paraquat
9 é}%x‘ﬂié] o]8) 7548 SAC-WB (strong adsorption capacity measured using
wheat bioassay) ZAME %ﬁcﬂ TR ATtk SAC-WB FALR Eg U
paraquatS ¥ ¥ E % (equilibrium solution)d] @322 A8 Al paraquate] £ W
383t A &3t paraquatd] FEE SAC (strong adsorption capacity)olgt & o3}
®, o) o WYl EYH ¥EH 4P Bel Pelo] ool paraquat F12) %
MRA 50%8] B 4F A%E Usd FEE Fat 4% A¥e AN
@3t 283 a-cyclodextring o] &= WY ol A AAAY WS
3t paraquaf% AAE & e BEE 2437 H5te] dA vE2 Algstn

ammonium thiosulfateE ©]§ ¢ paraquat AA %d3 SAC-WB (strong adsorption

Pk
tlo

o,
o

i?..
rir

capacity measured using wheat bioassay) RAME £3t9 ammonium thiosulfate
(ATS)ol 93 AMAE paraquat®] 2] EA o i FFS FHstnA 4t =8 4
W Ao AE vgoeg dAA EF 2doX ATSY paraquat AA EFE 3
7] skl dA T FUF AP & HAFAC

netA, B d7e EY FoA paraquate] THE B &3 #9sly] 98 A7
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dozA EF FoAMY F-gF dA4W paraquato® S EE EGozRE AR

Az ol Fhe4dt 1 88y Sddyed g AT E +Psth

A24- Paraquat? &334

1. A&

EY¥ FoA paraquat®] FEIE B3 F957] Q% AT dBozH EY
T4 A¥3 paraquat®] ZEEAE Goluy] A #U1E, HEFE L EFARE
FHAR A3t Eg EAgte A 7tA do|&Ee] EAE 73S, paraquat ¥
I 9 2R EHS ARl EQY SRS e T EY {718 A3
A AR g 9% AF TS A A8 A3 #d ZAE ol §3d EF F
gAY g e A48 X FFEF He AR

¥, EF #99 paraquate EFT FF 0|24 AFL o] EAdEZ EY
k

ih?
N

0

A zel EA8tE paraquate] ¥4& 93 paraquatg 2FA7ldd Faoz At
o FAF Fe BFBFAAHE Ak e, o FE2HANAA 2L AT YA}t
ARHE RAoE dEA v wEs E% ZdA AdFEHo] Q= paraquatd] E4

Ag @5A71E ol e ARE BHRE U £EHY Aot B dArdMe

9ok,
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2. 45 9 9y
7k A A
Paraquat £FF (99.7%)2 W% (-20C)q BaAsHA o3 52 34319

APARE ALY T Paraquate] 3 - 334 4L 8 3-13 2t

Table 3-1. Physico~chemical properties of paraquat

Chemical structure :

CH3——N+ \>—</ +N—CH3 | - 2C|
C12H14N2Cl

Mol.wt.257.2
Chemical name ' 1,1'-dimethyl-4,4’ ~bipyridinium
Solubility : In water ; c¢. 700 g/l
Practically insoluble in most other organic solvents.
Uses : Broad-spectrum control of broad-leave weeds and grasses in

fruit orchards, plantation crops, etc. Also uses for general
weed control on non-crop land.

Toxicology : Acute oral LDsy for rats ; 157 mg/ke.
Lethal dose for man is ¢. 30 mg/kg

L F3A

EGNEE 2503y w30t dF £ FAAGY FES (Soil A), F+4d
E¥ (Soil O AREE AAAF EF (Soil B)E AFAsA &AM FA3% o

- 175 -



+ 2 mmAE THAANA TA EGOR AR FA EFY B - 3std B4
< X 329 29 {f71EZ LS Tan (1977)¢] W &5t soil BE%E humic acid
¢t fulvic acid& EEd Agsda, FEZEEZAE 21 BFY HAEXEA
montmorillonite$} BB Z3Y HEHFE<Q kaolinited AE3l9 2w ©]E9 CEC (cmol/

ke)= 247+ 831 2 1552 EAH YT

Table 3-2. Physico-chemical propéerties of soils

S S M e
(%) (ng/g)
Soil A 24.2 43.1 32.7 5.8 09 10.3 0
Soil B 27.2 43.8 289 73 47 18.1 0
Soil C 115 427 458 6.5 19 8.0 12

* by reflux extraction

o Fo FESE Folo] paraquatd] FFo n A= FFE XAME7] HEHA
humic acid, fulvic acid, montmorillonite, kaolinite, soil A¢} soil B 100 mgell
paraquat % £ 5 mE #H7st3, Na', NHy, Ca¥’, Mg”, Cu® EE Fe¥ol&g
7+z} NaCl, NH(CI, CaCl;, MgCls, CuCly, FeCls 8} (5 mi)¢] Bl 2 paraquat” ¢ &
d EHlE Frleld &3 HIAD B FEARS T AR A A5
€ 045 im nylon filterZ o83l o33 F odg HPLCE JIFZFE EA4stAh

AgEA HPLCY 771274 ® 3-3% 2o

o ©
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Table 3-3. The operating conditions -of HPLC for paraquat determination

Model : Young-In HPLC-9500

Detector : UV 254 nm

Flow rate 1.0 mé/min

Column . 1~Bondapak Cis (3.9 mmx 300 mm)

Mobile phase : Buffer solution (10 mM CsHi7SOsNa + 200 mM HsPO4 + 100 mM
(CoHs)oNH + CH3CN (8:2, v/v)

2h Fole g FAAA A% & AP

°$°]%9_E x3tg FAA ) g paraquat®] FE THES A A% AEL
humic acid, fulvic acid, montmorillonite, kaolinite, soil A¢} soil Bel i3l CEC9]
29)ol ) F&tE NaCl, NHLCI, CaCly, MgCly, CuCly, FeCls &9 10 & #H7lste <
B A9ty FFAE Na', NHS, Ca&, Mg”, Cu* ¥ Fe¥'oleon ¥sAzl ¥
AR HE5AES AA}AC. A ME paraquat (humic acid and fulvic acid,
515.0 ppm; montmorillonite, 1,030 ppm; kaolinite, 1544 ppm; Soil A and Soil B,
775 ppm)E H7Fste] FRAPFAIL ¢ FEIGS F AR} Ao FF Y
& 045 ym nylon filter& ©|-&&e] &g F 2] paraquat T7F % HPLCE &

Hagom goleoe ToEA ¥ FAAE WETE Agsuch

N

v, £3&5Fo| W paraquate] FF BF

Soil At Soil Bell =& L5229 25 50, 100, 200, 400, 500% =H =2 H0E 7}3f
I, FF ANPAY 5YFEY paraquate A2 FAFYPAN 54 FEAH A

FHAZ F H0E 10 mt 713t 24130 $EIGE F A48t dojd &5
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< 045 /m nylon filter& ©] &3t 7% F oJde] paraquat FFFHE HPLCE &
A4,

v}, Microwave& ©] 8% E%o| A%9 paraquate] %

Paraquat& 10 ppme]l HA HE§ EU ¥ paraquatd A€ o2 A FFe
paraquat®] F}F IR FEHE EFAE 25 gofl 656 89 H:0, 35 M9 18N-H:SO4

¢t Octan-2-ol 1 M& 7}8t3 5A1H 5S¢ 3F 35 & microwave® & 7] (Milestone

‘TET
200008 AH&3t 2 ¥3F 250W, 2 37k 0W, 6 B3+ 250W, 5 37+ 400W, 5 &3

32

600W 2} microwaveZ F 20 ¥t &3
F99Hst 1 AFNE FHFE AHEE 1 (2 AT T FoleagFA (Dowex
50W-X8, H type, 100-200 mesh)2 A=A At} Fol&nFFXE NaOH ¥ 3183
H0E o] &3t pre-conditioning3dl A2 98 %o]2ugFRd] EFHAIZ] & 50
me] Hz0, 25 m9] 2N-HCl, 25 meY H:O, 100 me] 25%-NH.Cl 25 me H,0E =}

HE SHAA AHE 93 FolLn@dFAd FhE EEEES AAs L HFHo

ot F&HL glass-fiber filter& Z3}4

2 50 mY NHCl E3E8NXCZE paraquatS &390 €59 50 meol] L4
oF (sodium sulfate)2.Z T, BAE I free radical® 3% %4 (Shimadzu

Model 160A UV/VIS spectrophotometer) & A %&} 9 o},
A, Absl - 89 G40 93 humic monomer9ho] ®¥H$-Al

15 m¢ vesseldl 02 mM paraquat EFEY 5 mE Y1 humic monomers
(catechol, protocatechuic acid, hydroquinone, caffeic acid, syringaldehyde, pyrogallol,

vanillic acid)E 02 mM %+ 2 mM HEE A2 g S He 65 unit/ml laccaseE

go] 25Ce AgujdrlelA vreA ATt YRTEE laccaseE: BA €& Aoz 3}
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At 24 A WA F 35% HCI 100 ws 7tete] ¥gE AAAIIZL 045 m
nylon filter& o] 43t 33 F o N9 paraquat FFFS HPLCE £43 At} A
23 laccased] 42 25T, phosphate buffer (pH 7.0)914 0.01 mM 2,6-dimethoxy
phenolg 7122 468 nme HAFNAM 10x Fez2 FIFEE FA3NH9 102 ¢
0.001¢] F#4xe HWIHFE opjAIE FE 1 uwmit2 FHT FFEE UV

spectrophotometer2 &4 3l t}.
o}, 89 oA fenton Aol o3 Hsf

15 m¢ vesseldll paraquat EF &% 5 ME ¥ 004 M FeCls®t 30% H:0.8 €A
FFEo2 /I ugdg 4z ultraviolet lamp (UVM-57, UVP)Y] 9@ UVH
(365 nm)e] ZAIEE ZAdA GAHAAT HEAFHT HERTFEE FeCl #8474
30% Hy0:& ¥A ¥ wgAoz gta AN dgA ] F ¢ o9 AgE #
7] 913} methanol 50 W& w¥k-&Ao FA3A. o]HE 045 mm nylon filterE o] &

st g#e F N paraquat FFFS HPLCE E43A
2 g ol A TiOzel <% &3l

15 m¢ vesseloll paraquat EFE& 5 mME ¥ TiO: 0.005 g3} 30% Hx0:E 0.035
M HEE A7 B8 A S 42AT ultraviolet lampel 2% UVH (365 nm)o] A

E 2744 AT H3AAG. d2TEE Ti0E WA & WEdos Fju
AZAZE A F o o] AE %] A% methanol 50 W E WHE-Hol F4)
3H . olRAE& 045 mm nylon filter& ©] &3t A3} F o9 paraquat FFF

HPLCZ #2433t
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. EFel B FE FolL 97

8% FoA paraquate] TE FolEH} FEIE UM Az FFAC Ul
3t paraquat®] E&EHS FAME AdE ¥ 349 z2vh 4ol H &R A A paraquatd
B WA e AR ol ¥ FVE, EY AR, FEFEY ¢o2 YEHYS
9, montmorillonite®} kaolinite®] 2% A gl AL&H AA Fol9] FFHo #A Qo]
87-99% 2 paraquat®] F< FFHES UEUAY. LT FHAANAN 2 AT
BA Gl FFo W Hole YEuA I, FE Fol29 AT wHE
Ao ztol= YehA ekdth Humic acid®} fulvic acid’t FHAZ EA4E 39
Na', Ca® EE Cu”ol &L paraquatd] %ol 438 9L F& A2 Yy

7189 7% Fe¥'o A9E Adad 2 FolLo] Jdod FHEo HEFE

Lo

o,

sl ZA @Eed ol F7]152 carboxyl, phenolic, enolic hydroxyl, nitrogen”]
5 g% 279 Sl T4y EE HFTH AAEE /AL AT (Best, 1972)
& TR/ gol2 FAEVE MHAE HEZE vla] ¢ 2 SHEEE P )
7] &< Ao 2 FAHEY Bums 5, 1973a, 1973b). EGAIE soil A9 soil Bel o

F FFL 75-99%HI, T FFY Fol2o] ETAY AF soil A%t soil BollA
paraquat?] FF &= A9 zolrb ATt 28R soil A%t soil Bl o FFol
F188 HEFEY FUAZY IS W 42 AFPAA FHAY FE BF
FFoz Ygornz EYAR U9 R71EFH HEFEY Fo] Aoz H2 A
o 71d3te Aoz AlmdEH.
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Table 3-4. Effect of competitive: cations on.paraguat adsorption

Adsorption ratio of paraquat (%)

Paraquat
Adsorbents  cation amount _ Competition cation

added (#mol) Control* NHy' Na*~ Ca* Mg” Cu“ Fe”
Soil A 3 100 77 1 B 75 9 9
Soil B 3 100 719 8. 77 99 99
Humic acid 20 100 65 ND° ND 67 ND 87
Fulvic acid 20 100 66 ND ND 67 ‘ND 9
Montmorillonite 40 100 99 99 9 99 99 99
Kaolinite 6 100 87 89 89 87 99 99

? . added paraquat only, ® . not determined

uh Fole E3t FRAA I FF MY

Joleoz E3lHo 9t FFA | W paraquat®] FF AE EAE & 354
Zt}h Paraquat®] &% AEE FHAY TH w2t 2y ZE FHA N dz2T
of "late Hase AEFS UEUReH, AT FHAN A T Fol29
ZF wE FFFY Aole vetA Ut HEFELS Jojker EId A&
o 43-99%2 f7]1Boly EYF Agd vstyq HuY 2 FAES B FUAH. °]
T HESEC U@ paraquatd ¥ FF Fold& Usehle] F& @it (Weber
%, 1965 Knigh and Tomlinson, 1967). 8% humic acid$} fulvic acid7} Na', Ca”
EE Fe¥'2 TFHYL S paraquate Na', Ca® EE Fe'9} x& 5o F25x
gatth Soil A%} soil BolAlE ol FFel met 30-99%9 FFHFS YU
ot} A F7180] ERE EYo] X ™ paraquate FEld AEHE EAT sMeA

=)
EAE)
ol § ¥ AoE 54

e

T
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Table 3-5. Adsorption of paraquat on cation-saturated adsorbents

Adsorption ratio of paraquat (%)

Adsorbents Saturated cation

Control> NHj' Na’ Ca” Mg* Cu* Fe*
Soil A 100 38 37 40 35 99 99
Soil B 100 31 35 34 30 69 99
Humic acid 100 25 N.D° N.D 24 23 ND
Fulvic acid 100 23 ND N.D 26 32 ND
Montmorillonite 100 71 72 73 71 63 77
Kaolinite 100 45 45 43 44 53 99

? ! not saturated with cation, ® . not determined

ok ¥ 8¢ wtE paraquate] 3 A

¥FE&TFl W& paraquatel &3 A¥ AY A2A= F 3-6% 2ok ¥FEF
< 25, 50, 100, 200, 400, 500% 2 P& A-F, EF&F = ARl paraquat2 soil
A% Bel EF FEAHJC. HHA EF FEFFS FH oW IdFE 7AA &
T Aoz Azdd

Table 3-6. Adsorption of paraquat on soil with the different field moisture capacity

Adsorption ratio of paraquat (%)

Adsorbents Field moisture capacity (%)
25 50 100 200 400 500
Soil A 99 99 99 99 9 99
Soil B 99 99 99 99 9 99
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2}, MicrowaveE o] &% E<%o| AHE paraquate] F&

MicrowaveE& ©]-&3 E%o] ZFE paraquate] FZo] g ANg A= ¥ 3-7
I 2t} 2%l 10 ppm £FLE paraquat H#AA #FF 9 microwaveR F53}

oz 3Fg AES 3 A, microwaveZ F5 8 A 97t BFeo FE3E

rr
rl

SHT FE dY A 47 208, 30022 microwave® 528 37t &F
5t FE3te AS-HT} 158y @EHAL, 5SS 47 96%, 81%E o 1.24] ¥
< FELE YEYY. Paraquats A&3A A &9 paraquate] ¥HRITDL F
ZHE EYozZ ANE3 AdE ¥ 3-8% 2o, Z4z 13 ppm, 12 ppm 22
microwave® F&& 73 ¢7t &Fstd FEsE ALERT ¢ 22 FEE FEHA

=

o 22L& FELUE ASSHAT FFFE Eo microwaved] ¥ FEEE]

S AL BFFEo] FE2E9 71gg gEs= Aol ¥ microwavet FE &)
o 7td&® #wr olyet microwave’t FEARINE AFH AJFE 7Xn Add g

i
47 WA =2 43 A FE2LE Aae vrEEA sy WEY Aoz A}
k=820

Table 3-7. Recoveries of paraquat from soil A fortificated with paraquat by different
extraction methods

Extraction type Paraquat conc. (ug/g)
Reflux 12+£0.2
Microwave 13+0.2

Table 3-8. Extraction efficiencies of paraquat from soil C by two extraction methods

Paraquat conc. Extraction t Extraction time Recoveries
(18/g) ype (min) (%)
10 Reflux 300 8105
Microwave 20 9%6+1.4
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ul, 4kl - 39 &40 93 humic monomerste] ¥ES-A3

EY @70 #9449 w0l wrtgH oz EY {1 EH A BHeS ¥ &
e o] ¥Ee o A AR - EH - H3}H A g Zujdd. 2 FolA
BEY A F A8 - Y Zhe o3 FHE sy A2 v
BEEEE AASE AR ojn Hud v Ao (Dec and Bollag, 1990). 344 gt
FAEAR 22 EFR/ES BT FEH EFojnz 74
ko] A ABIZIZ vig FE Aot o)™ o fFE olg #UH AFEL

EE HEAEZY #5722 &4#E A caboxyl, hydroxylZ’] $€ 71X 9 IFHE,

o0
rlo
o
i)

ok
[
olo

2

=

AN

onomerE Al-g3le] A3l Y FAE 4# R laccaseE Ev|E e AH3HH

=
e
g
S
g

A& WeAS ZAEYE Y (Simmons %, 1988). & 3-99) A ¢ Zo] paraquat (0.2
mM)& @502 BSAE A9 laccased] Y3 ML o] F XA &%, laccaseol
g3 A=A F2 FHAAZ LI &g EFEXAZL F e catechol,
protocatechuic acid, hydroquinone, caffeic acid, syringaldehyde, pyrogallol, vanillic
acid®t #& humic monomers’} A8 7, humic monomers® ¥%E7} 0.2 mM
T 20 mMY W, A ¥EEAdo] ik A3l - B9 G 93 AbstE #x g v
S 1 349 93 33FEo] free radicals®]lY quinones, benzoquinone imines® 4t
5o} BF M EZ cross—couplingg AU AARA HauwrLoz 2L &4 Hiw
(Tatsumi %, 1994), ©] ¥rg-o] A paraquat®] B5-oll= T34 %*é’b“-?%@" 2ol M
o} kA E Fer FASEE paraquatE T EGA S 3¢HE< humic monomers7t
48l - B G4l 98 AtsEo] AAAAR Wiz, olgd AMAA] A3
paraquate 284 o8 %83} humic monomers#}e] ¥Hgo] dojux] ko o=
AEdT g BEG 873 FolA olefd - #d mad 4% BEd {71E%
A%7ts 4L Ao ArgH A

¢
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Table :3-9. Transformation of paraquat (0.2 mM) with humic monomers by laccase

Transformed rate (%)

Humic monomers , Humic monomers conc. (mM)
0.2 ' 2
Control - _
Catechol 1 0
Vanillic acid 7 2
Caffeic acid 1 3
Pyrogallol 1 0
Hydroquinone 0 0
Syringaldehyde 0 0
Protocatechuic acid 2 5

vt $8-9 ol A fenton Al ofel 95 £3f

Fenton ¥&& Fe’'s} Hx0p7b whg-stel 7@ 2stasg Jvehlie wgozA

hydroxyl radicaldl] 8] w44 vebdct

3 — 2+ +
2Fe”” + H202 (several sieps) » ZFe + 0y + 2H

Fe* + H;O» +> Fe* + OH + OH-

aela of W& 300 nm °]Fe UV 334 B& ¢ A aseg yetdga ¢
dA4  ged  (Pignatello, 1992, Sun and Pignatello, 1993), ©]& o]&%
polychlorinated  dibenzodioxins, dibenzofurans Z#l3 halogenated aliphatic
compounds®] EalAF g Axrt Bad 8 9t} (Pignatello and Huang, 1993).

Fenton Ao 2 Ha g FAd UVE ZAMg B9, paraquatd] 23juke-2 244

kool FAHATG (29 3-1). 28I paraquat®] Fxl o E whgAE HIgs
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£ 3-10% 2o BE FE9 A, gxAoy UV o] ZAHE AN 24 A7t
HEAZE W, 004 M Fe' 256 m& FUF LTl E paraquats] F= W3is}
BolA &skeh Fe®'st 30% Hx0: 3 wt7h &7 Azg we78 gzAdA weA7
4--°l= 10 ppm, 100 ppm, 200 ppm F%9| paraquat®] 51-69%7} 2315 A, 500
pom FEY WE A 2R FAth Larson 59 AHA Fe¥'g& H0.810] UV
7t 2AHHE ST A AE B, AFHY triazined FoFe] EHE BEH v
A% (Larson %, 1991), ¥ @l Fe''#t A2 @ vte7E UVHo AHE 2
AAME paraguate W37t YATh Fe¥'d HO07b 7 A=d wgFE UVHo
ZAE] e 2794 10 ppm, 100 ppm®) paraquat® 90%°l4 B3 = 13, 200 ppmd
739 79%, 500 ppme] A $ 60%9 B34S UVEIAATE Paraquate 9E02 UVH
o] ZAIHE ZZAA ¥wEAZl B $ paraquatd FEME M3rt Ut Paraquat
9 ¥= (10, 100, 200, 500 ppm)$t Fe™¢] B% (02, 04, 0.8 ppm), H0d BE
(0.035, 0.070, 0.140 M)E 2E3td dxW7 UVIE ZAEE 2404 w8417 A
FzZANNE Fe¥'d ¥E7t Botd4E B go] 27813 paraquatd] BE9 H0;
o} s=o w& Es&9 Aol vehvA @it (2¥ 3-2). UVZE F2AHE uhe-x
AANE 2& FE2 AP 2% 94 & E3Le Rolx 02 mM F&'s
AeBE Aot paraquat®] F=7t EEFE B &0l gAY (29 3-3). &
273 mA7HAZ H:0:8 = W& E3&9 Aeole YeA gsith AAlz o
HEES FAd] Astd Ao wE FI A4S AHE A dzACdAM 01 M
paraquat® A PL o, 0035 M HeO0:9} Fe'& 02, 04, 0.8 mM AU A%,
paraquat®] E3|ut7lE 63417 8AIZF 20802 Zz vElgm (28 3-4), UVE
ZAE ez AgAME BAIZE 5AI 20802 © ALsHA REHEE ez vEy
% (29 3-5). Hydroxyl radical®] A7gol 93] paraquat®] 37} olFojAeA &
ZAe7] $18ted hydroxyl radical® Z& free radicalES AAE Hoz= gz
mannitole A7}8le] (Misra and Fridovich, 1976; Gutteridge and Halliwell. 1982;
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Pignatello and Chapa, 1994) 88 ZA3E 23 ¢Z74A 0.1 M paraquat 584
o} 0.02, 0.2 M mannitol 283 0.035 M2 H.0.3% 02, 04, 0.8 mM9] Fe™'& Aa g
& 7%, paraquat® W71 002 M mannitole] £AE A$ Fe¥'9 FEs}
FolAo] wle} paraquatd E3HZA71E 290, 23, 5417, 0.02 M2 mannitole] &A%
A4, 267, 115, 1172re2 Jepbygo walA fenton A%#} UVl 9§ paraquat
#3982 hydrogen peroxideol Xl A4 @ hydroxyl radicalell ol3te HAFE & +
AKX (F 3-11).

100
80 —
®
2 o —e— Fe’' /H,0,/dark
E —m— Fe’’ /H,0,/UV
- —&— Only Fe’* /dark
[ 3+
= —w¥— Only Feo" /UV
@ 49 Y
o
20
0 * * ] * *—
0 5 10 15 20 25
Time (hrs)

Fig. 3-1. Time course for degradation of paraquat (500 mg/ £ ) by Fenton reagent
(0.8 mM Fe*/0.140 M Hz02)
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0.2mM Fe®*

~ 100
% co [—] 0.035M H,0,
= ' 0.070M H,0,
% 60 — 0.140M-H,0,
é 40 —
A 20 -

) N N [N e
S 100 0.4mM Fel*
S 80
S 60 —
S 40 —
g 2N
el S
- 0.8mM Fe**
9 100
2 80
put 7
5 0 - % Z
S 40 —

0 4& %\

10 100 200 500

Paraquat con. (ppm)

Fig. 3-2. Degradation of paraquat by different concentrations of Fe* and H:0.
under dark condition.
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0.070M H,0,

Yy 0.140M H,O0,

7.

[ 0.035M H,0,

X

izzzizzz;

_ A

iiizzzz;zz?z
AT hiN

0.2mM Fe®*

1
o © o
<+

100
80
60

(%) ones peperfaq

0.4mM Fe’*

iizzizizizi
I

W2z,
TN

zzzzzz;iz
AIMHIHTITHtTRY

ol ! _

o (=] (= (=4 (=}
[~-] o < o

100

(%) oner paperfa(g

3+

0.8mM Fe

Qiizzz?z;zzzz
AT

iiizzizziz;z
_////////;//////////////

iz
A IITITHIIHnIH

idiizizzizzzdd
ATIIHITHTHTTTT

100
80 —
60 —
40 —
20 —
0

(%) oner papeifa(Q

200 500

00
Paraquat con. (ppm)

—

10

Fig. 3-3. Degradation of paraquat by different concentrations of Fe® and H:O:

under UV irradiation,.
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—@— FeCl;02mM .
) —mi— FeCl; 0.4 mM
J ) —a— FeCl; 0.8 mM

InG/C

0 — T T T T T T T 1
0 60 120 180 240 300 360 420 - 480

Time (min)

Fig. 3-4. Effect of various ferric ion concentrations on degradation of paraquat
under dark condition.

6
—e— FeCl, 0.2mM
—@— FeCl, 0.4mM
5 —A— FeCl, 0.8mM
4
3
v 3
£
2
1
0 T T T T T T T

¢ 60 120 180 240 300 360 420 480

Time (min)

Fig. 3-5. Effect of various ferric ion concentrations on degradation of paraquat
under UV irradiation.
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Table 3-10. Degradation of paraquat in the aqueous
under various conditions

solution by fenton's reagent

tifr{:lezc(tgg) Para?;ga/tg)c onc. Condition Degraded rate(%)
No reagents/dark -
Fe* only/dark 0
10 Fe®"/H;0y/dark 58
No reagents/UV 0
Fe* only/UV 0
Fe*'/H:05/UV 95
- No reagents/dark -
Fe* only/dark 0
100 Fe*' /HyOx/dark 51
No reagents/UV 0
Fe** only/UV 0
o4 Fe'/H0o/UV 90
No reagents/dark -
Fe* only/dark 0
200 Fe’'/HOz/dark 69
No reagents/UV 0
Fe* only/UV 0
Fe*' /Hy02/UV 79
No reagents/dark -
Fe* only/dark 0
500 Fe’'/H;0x/dark 1
No reagents/UV 0
Fe** only/UV 0
60

Fe*'/H,0/UV
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Table 3-11. Rate data for paraquat in the aqueous solution by fenton’s reagent with
reaction times

.. FeClz conc.  Mannitol ) 1
Conditions (mM) conc. (M) ti2, min k, min
0.2 3850 0.00018

Fe*'/Hz0: (dark) 0.4 0 470 0.00148
0.8 20 0.03135

02 3300 0.00229

Fe*'/H:0; (UV) 04 0 300 0.00230
0.8 20 0.03805

0.2 17300 0.00004

04 0.02 2000 0.00035

Fe:j * /HZO?/ mannitol 0.8 300 0.00277
(dark) 0.2 16000 0.00004

04 0.2 6900 0.00010

0.8 680 0.00102

A}, gg ol A TiOel o3 &3

TiOxE UV7F AN 8 2704 Dol & F53td A7t S 245
AAE W&t 25 HOE HO- & H'Z ASA|7) 1 fenton W3 vlazix 2 o
714 #Ag hydroxyl radicale]l #3I}ES RIHE FIAUG A U4
(Haarstick %, 1996; Torimoto %, 1996; Kesselman, 1997). 0.1 ppm& paraquatS 24
A0 A3, FzACA 500 ppme TiOE
A g Agole 13%7F BAHAL, UVl 98] hydroxyl radicals 2AAZ + 9

A BG4 A we 2NN W

oo

AM #g B 2JAZL 54l YE 0035 M H0:E TiOxe 7 whgAI2
B¢E 8%7F AFHAAT Wt HO:E TiOxel A& A3 wgo A &g 74
A FEE & F AT UVE 2ARE B8 23AA TIORHE: AL F+E

82%, H:0.%t AL B-FE 9%, TiO% H:0:8 A wr-gA 23 90%7F &30
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=HAT (F 3-12). '

TEA FeelX o2 1A FEAE AP paraquat®] £ I ES &3
°of EAstE paraquatd] AeE 71HE  UA Fvh AAZ EF FHEAY Fid
paraquat 285 nmo|de] UVagg 1 o|ste] g3 ut wol § ‘

4
ol
'
pos
o
et
ne
I,

2

NS BE paraquatl® 2PE ELFE UV ZEmE ol &M A&sA A3

F 9e Aoz Ardt

Table 3-12. Degfadation of paraquat in the aqueous solution by TiO: under
various conditions

Reaction Paraquat TiOz conc.

time (hrs) conc. (¢g/g) (ue/g) conditions Degraded rate (%)
TiO; (dark) 13
TiOz/Hz0z (dark) 8
24 0.1 500 TiO; (UV) 82
Hx0; (UV) 9
TiO»/H202 (UV) © 9
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A34d paraquate] 2F G

1L A8

Paraquato. 2 3 ZAE ¢ s EYSE B8 FAEd e dxugtes =4

L

3171 915t¢] paraquat &F Yol FHE LS EUE paraquate] ZEA EF
Hol & EYNA paraquate] BFEo BHLAEE 2 7 JdEAE oY
7HA 2R A HY FRAew wEx w3 FFFHo ¥ paraquatg EHFHOo=E
AAND & 9lE wgel date aFssch

2. Ag € 4y

7}. Paraquat®] E% 5 £3] u)

Paraquat®] E% 5 £33 w718 &d367] At drd EFS AQstd A
AE Z2AME 25 ppm# 50 ppm FELE, TZAE ZAAE 015 kg ai/10 a
9} 029 kg ai/l10 a +F S Z paraquats A X3t A|zto] A3t W} paraquat©)
o AE B HEAE RASY paraquat®] §HRVE ZASIAT #5d ESY &
g -38d d4e & 3-137 29 #5449 EY 25 gol 66 me H0, 35 md
18N-H2S04¢F Octan-2-ol 1 méE 7}8tal B5ARESG #HFFET F, FEAQS
glass~fiber filter& &3l U FAsd e, dfHe F

Ag & o]l 2@ 3R (Dowex 50W-X8, H type, 100-200 mesh)E A}-&3t] A A

4
-
]
_'>:4
oo
_C)L
®
il
M

3ttt FolnFAE NaOH ¥8+843 H:0& )83t pre-conditioning 3t
ANEHRE gol2uEdFX o E3AZ oL 50 mle HO, 25 me] 2N-HCI, 25 mi9
H0, 100 me9] 25%-NH4Cl, 25 mle] H:02 AdzZ SH/AA AT T go]2ng
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FAd FHE BLEES AAS: HFHoZ 50 me NHCl, E3gdoz
paraquat$ &&AIATE &€ 50 mF 10 Mg FHdtd FALMAIY (sodium
hydrosulfite) 22  #UAA APE I free radicals £3%EA (Shimadzu
Model 160A UV/VIS spectrophotometer)2 A %38} t}.

Table 3-13. Physico-chemical properties of orchard soil

Particle size Dist. (%) ( pH 0. M. CEC
Soil Texture soil:water,
Clay St Sand  wp) (%) (cmol/ke)
Or;})‘fl'rd Loam 115 42.7 458 65 19 8.0

L}, E<to] &3 9 paraquate] 2ol 93 g3 Ay

Ego &3 ¥ paraquate] Zol 23 @&FHE sl5Ao] dEAE 2AE Y5t
paraquat®] 10 ppm TEFL2 F3E EF 25 goll B8 FH7lste 5A05¢ AgE2

dFFES g E&HAR = paraquatd] ¥& EZZE=AZ Y FIATt
)}, E%ol] &32¥ paraquate] @3] i pHe 43

pH W37t Edo] FHE paraquatd] 3o wXe= JFL AN 98y
paraquat®] 10 ppm FE22Z FId EY 10 gol pH 3.0, 40, 50, 6022 =49
Clack®} Lubs buffer £ 100 m¢& d7}5to] 48X FEAEE 5 A 2ste] o
Ax 454E& 045 m nylon filter2 A& F Y9 paraquat 7% HPLCR

=48t @24 paraquate] ¥& FFEACH
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2. Edol] &&49 paraquate] @&d] Wi ABEAGA e gk

Ego F2E paraquato] AREGA o3 Ead stsAel eAE A
A&t paraquate] 10 ppm FELE F3E EY 25 go vlo|2A AWEAGAY A
%9l Triton X-100 (Junsei Chemical Co., Ltd.)d 2o]24 AWEAAY =<
Sodium dodecylbenzosulfonate (Junsei Chemical Co., Ltd.)& Z7138la] 5A -5 &
2A9E £ QARARA 207 FFAL 045 m nylon filterd ol g3kl of3a

3 o HL HPLCE paraquatd] ZEFFE 2439k
ul, A7]gEo] 3 Edo] F3E paraquatd] @3 A

E¢l &€ paraquat®] H7|AYA 2% 7HeAHE Z2AMSHZ] 98t 500 ppmF
2,757 ppm&] paraquat €% 1.0 M& EY¥ 1.0 gol #7138 ¥ o] ELAFEE ALE35ld
Native polyacrylamide gel electrophoresisE& 4 Alst¥t}. Separating gel 15% T
5% Cuis polyacrylamide gel2 A}-&3902™, tank buffer2+= 0.025 M Tris pH 8.3,
0.192 M glycineS A&ttt 100 mA, 180 VoA 308 F<¢ A719%% 3 03 M
NaOH 25 méol sodium hydrisulfite® 00588 g 59 #ALMA kS separating gel
FHo] Fo] WML E F&Ad o paraquate] SEAARE AT WERTFEZE 500
ppm®] paraquat £4& A&t

v}, Incineration®] W& E%Y F paraquat®] &4 A¥
Incineration &% o2 EY Z paraquatd AAEAE FANE7 flEd

paraquat®] 10 ppm $£&2°2 F%® E% 25 g2 200T, 300C, 400C 133 550C

9] 3)3l2 (Leaton thermal designs limited, Ultraspeed)°lA] incinerationA]# Z+Zt¢]
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SEoA Aztel wel #3019 paraquatd ¥& EFFEAZ ABGr)

AaA el Hrle] ©WE EY F paraquat®] Eso]l WX = incineration®] AL
EALSY] 98t paraquate] 10 ppm FFELE FZE EY 25 go] dxARZA
ethanol® HA& dAF H713to] direct incinerationA] 7l ¥ paraquat®] 23L& =
Ab8toitt. Ethanole EFFAT 04~109d dlgste 25 EFd Arsidod,
P& EFFAT 1~1086] sigsls F& driste =rhy ¢ty B &y
direct incinerationZ] ¥ #FFEH FYo|2AAAAL AR EFATA=Z BEY F

paraquat®] FFHFS FAMSYG T
At @ -Cyclodextrin®l 23 E% % paraquat®] 3] 49

E¢o &9 paraquat®] £ ¥ = a-cyclodextring 93IFL A7) 98t
o paraquate] FFHE B¢ EY 2 HEF EF 25 godl 10% e -cyclodextrin
solutiong 1.0 mé H7F3te] 28TCelA 3¥3F incubationAZl ¥ Ed zEstE
paraquat®] ¥& TFFEZAEZ Ay

a -Cyclodextrin solution®] #H7}% W3l @& EY ZF paraquate] B UL
ZALet7] 918t 10% a-cyclodextrin solutiong 0.2, 1.0, 3.0 m¢ B7}lsled 28°C ol A]

3Yzt incubationA 71 ¥ EYe] Z&EEE paraquat?] Y& 2R YAz AP
o}. Sulfure]l 23 E% % paraquat®] &3] 4¥

B F&d paraquat?] 34 PIAE sulfurs] F9FE FAE] Yty
paraquat®] F& € @5 EY €L HgF EY 25 gol sulfur® 1.0 g¥ 718t 28C

oAl 397t incubationAl 7l ¥ E %o ZA&E8tE paraquatd] S BFBTAE A dks}
At
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Sulfur®] H7}F WMo we& EY F paraquat®] EHFEES A 96
sulfur powderZ 02, 1.0, 3.0 g #7135t 28CellA 3YU7F incubationrl 1 & E 9o

ZE 3= paraquate] 4 EFFE=AR AFAC
2, vl B Eol| 2% paraquate] 3 H¥

vl Bl 28 paraquat®] 3 FFES XASHY] ¥t pH 689 MCY HjAll
paraquatS 10 ppm¥™ 50 ppm FELZ A3 oS EF v|AEQ] O anthropist
paraquat WA HAE L pBpa252 FAMEE E. coli¥ FF3t 28TolA
oF 6217 MANZ T AHADEE 2 DHES A% FEI} paraquat®] £3] &
& 2AEAH

Ao A" MCY wWiA9 242 FFF 10 £ 2 D-glucose 10 g, KHz2PO,
310 mg, KCI 23 mg, MgSO, - TH2O 22 mg, Na-EDTA 560 ug, CuSOQ4 - 5HO 9.8 peg,
MnSOQO;, - 4H:0 69 pug, ZnSQ,4 + TH2O 436 pg, D-biotin 0.2 ug, yeast extract 0.1 g&. &
T4 5o Aot

NAE FFEE EYFEEZTE paraquatel W3 WA S JHAE AlEe Adst
o O anthropi JW-22t1 B e A O anthropi JW-29 genomic DNA library2
HE A3 paraquat WA R AAE L35HE pBpa252 FHHEAE E. coliE A8
Abg3sta Tt O anthropi 2 pBpa252 HAAEE E. colix LB ®iXol| A FE3]| A
et e inoculum 2 E A3 ™ paraquate] A EHA ¥ FE HEZTE
gtk 48 MEAZPER 3 A wiFAE AFA A MBEY S A=
paraquat®d] FHF FAH] AR Aen, wAE A% Frxe MCY #ix F

paraquat®] FHFZHE 747 BE4F 57 (660 nm)9k HPLCE A3t BA A
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3.7 U8 2L AH
7}. Paraquat®] E¢ F 23 wzt7)
D ZZANY Z2dAM 9 paraquate] £3] w77
EXZANE =0 9 paraquatd] 3 9@V E #E 3-149F # o™, 0.15 kg ai/l0

a FELZ AT FAAE 203%, 029 ke ai/l0 a FELE A TFAXE 330¢¥
2 ey

Table 3-14. Half life and residual concentration of paraquat in orchard soil under
field conditions

Application Elapsed days Residual concentration Half life™
concentration after application (mg/kg) (day)
(mg/kg) i
0 2.5
30 2.4
60 2.3 203
. 90 1.7
O.l5i<gaa.1./ }gg } g R=2 45086 %034t
240 10 (r=-0.9733")
300 0.9
360 0.8
0 43
30 37
60 35 330
. 90 31
O.29i((g)aa.1./ 120 26 R=3.8340¢ 00021t
180 24 (r=-0.9518")
240 2.2
300 2.1
360 2.0

* Significant at 1% probability level
** Half life is by theoretical equation (R=A - &™)
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2) AN E 210149 paraquate} £ w37

AWAIE Z7A A paraquate] 3 ¥V ® 3-159F Z o, 25 mg/kgo] A

48 TAAE 2319, 50 ng/keo] AP Fol A 433U = bt

Table 3-15. Half life and residual concentration of paraquat in orchard soil under
laboratory condition

Application Elapsed da Residual concentration Half life™
) VS
con(cggn/tlzg)tlon after application (mg/kg) (day)

0 25

30 2.1

60 2.0

%0 18 231

2.5 120 13 R=2.2605¢ ****

180 12 (r=-0.9556")
240 1.0
300 11
360 0.8

0 4.3

30 3.9

60 34

%0 32 433

5.0 120 2.9 R=3.8632¢ 0%

180 2.7 (r=-0.9401")
240 24
300 2.5
360 2.3

* Significant at 1% probability level

** Half life is by theoretical equation (R=A - e™)

4. B0l $24 paraquat®) ol & 2%

E%o] F3H paraquatd ol 93 2 steAdS =AM Ade #F 3-16% 2
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%22 E¥o2RHY paraquat B3l olFY 9
& PAA g Qo dehgor, ot EYF F5A AEHl Ut paraquate] 3

ol o3 gFHol o]FH|A Aol YEE AALEH

Table 3-16. Desorption of paraquat from soil by shaking with water and soxhlet

extraction
Conc. of Desorption ratio of paraquat (%)
paraquat )
(mg/kg) Shaking with water Soxhlet extraction
10 0 0

o B¢l F& 8 paraquatd] 2Fol oig pHY I

EYd FZd paraquate] @3] v x= desorption solution?] pH 9 && FASE
A= E 3-17% 2o pH 3.0~6.022 ZA| ¥ desorption solutiono] ¢}% paraquat
o] g3 ALgEojZ pH WMol #AIgle] o] FAXA &urt. ol2H EF F3H

paraquat< pH 5.60]8F9] 4tAdule] &3] 23d 7teAe gl Aoz Algdr.

Table 3-17. Desorption of paraquat from soil by different pH of desorption solution

Desorption ratio of paraquat (%)

Conc. of

paraquat pH range of desorption solution

(me/ke) 3.0 4.0 50 6.0
10 .0 0 0 0
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2t EFol ¥ € paraquat®] 2ol tig ARGAA ] Q3

H

EF #3249 paraquatd 2Fe] WX ARGAHAY dFE 2AG dRe
3-18% Aok AWZAA Y FHA FAQQCl a2 HrtE ZZe AVZAHAY
=of ARl Edol FHE paraquat®] BAdE W FIE A g Ao

off

2 JEyttl Paraquate] §39 ESO 2 BE paraquatS 2FA17)7] S8 welo g
ARG A ] 21§ 7hsAHS AES B A AdgAAY Hld wE Eg F
paraquat®] @2 o|Fo|Xx] & Ao F AlgHC)
Table 3-18. Effect of surfactant on paraquat desorption from soil
Desorption ratio of paraquat (%)
Conc. of
araquat Nonionic surfactant Anionic sulfactant
D(mg/cll( 2)1 (Triton X-100, ppm) (Sodium dedocylbenzosulfonate, ppm)
g
T71.5 155 310 610 715 155 310 610
10 0 0 0 0 0 0 0 0

vl H7]gFo] 93 Edo] FFE paraquate] 2

Native polyacrylamide gel electrophoresis® ©}-&3}9 paraquate] 500 mg/kg
2757 mg/kg $FE02 Aul® ERL separating geldol loadingdte] 3027 A7|9E
A2l A3 paraquate] F&E E<%o] loading® separating gelidoll A A A] e
ot Aol o|FojR A Pgtew, 500 ppme paraquat solution©] loading®
separating gel FolAE B4 THo] o]Fox ZHA|A band’t FAHAUT. olE

paraquate] E¥3 ZaA F2E FHE EAY Fdde A7198 & Ede=
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H-E] paraquat®] ©Z o] o]Fo|RXA] ¢&E AlALEIY paraquate] 2719 %ol FE
2 5o EA3te solutionFEl AfolE A7IGFd 28 paraquate] (-)F

2 olFHAE 4 A7) WEQ Ao A5H

£

8}, Incineration®] W& E% 3 paraquate] &4
1) Incineration &%x 9] <3k

Edd &9 paraquat®] £33l PlA £ incineration &9 ¥ FE ZALG
43 200ColA = paraquate] FFH¥E EFES 8A incinerationA A& WE-H
paraquat®] M EFH7} X A3 Yehr] AFEte] 124128744 incineration A H & 7
2 oF 10%9 E3l&e JeEllATh 300CoIME incineration timeo] Z7lHoid <«
& paraquat®] #3)&o] Fa F7tH o] 8A1ZF ©] 4 incinerationAl & A ¢ 87%°] 4t
9] paraquat E3E&S JEUHAT 400Ce 550CoAE AL 247 ojAkg
incineration time©®. 2 99%°}42] paraquat #3182 uYElHUL. detA Edd F
¥ paraquats EFHSEZ EHAFI7] YA E 400TC 1449 incineration 2X oA

#Ha 2417 o142 incineration timeO] STHIAE Aoz e

2) SaA2l HAJlel W& direct incineration

™

A9 Hrtel wWE direct incinerationg F¥ E¥ ¥ paraquat®] 3%

tlo

A% 3= E 3-199 Z o) Ethanol® d94AE #H718tY paraquate] FE &

frt

&g direct incinerationAl 7l &7 A-$ H7bFe] #AQle] paraquate] e o

——

Fo|x]A] ggrow, HAL ALARE H7Ist direct incinerationA]Z! A& Fe B¢
x

A7kl BARe] paraquats] EE ol FolXA Gtk wepd, £ Fol £
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Ho] 9l paraquatE WHolY A

b
ojfl

& EF AdA daAAR ZlEA #E A

o7 JdEFdEy.

Table 3-19. Effect of ignition materials on . paraquat degradation from soil

incineration
Degradation ratio of paraquat (%)
Conc. of } . ... .
Species of ignition material

paraquat

Addition of ethanol (mf) Addition of straw (g)
(mg/kg)

10 25 250 25 100 250

10 0 0 0 0 0 0

A} @ -Cyclodextrinell ¢J§ E% 5 paraquat®] 3|

Ecko] EXH paraquat®] E& ol v A= @ -cyclodextrin® 9FL 2A3 di=
¥ 3-20% 2t} 10% e« -cyclodextrin solution 1.0 Mg B4 E%kd] H7Me A F9
7% 30.0%, vlgs ESo] A Helte A9 71.0%9 paraquat £33 &S VHERY
o] ¥ BTl vgdg Eo| Al paraquat®] ESiEIHI) ¢ 40%AE o =A o
eyttt weld, EY £ paraquate] EHE A3 10% @ -cyclodextrin solution$]

P g4 EQuTe HgF BG4 aHHde & 5 Uk

)

10% a -Cyclodextrin solution®] #H7ls % WE7l ESF paraquat®] & 1]
E 98e A8 Adge § 3-213 2. Paraquate] F3E BlESF Ed 10% o
—cyclodexdtrin solutiong 0.2, 1.0, 3.0 m¢ H7}8 AT HH paraquat®] FHE
7t7t 160, 69.3, 73.1%% et #7bsEst Z719dl we} paraquate] B EE F7)

He A% By

- 204 -



Table 3-20. Effect of a -cyclodextrin on paraquat degradation under different soil

condition
Conc. of - Degradation ratio of paraquat (%)
paraquat Addition of 10% a -cyclodextrin (1.0 mé)
(mg/kg) Flooded soil Upland soil
10 30.0 71.0

Table 3-21. Degradation of paraquat by different addition of @ -cyclodextrin on
paraquat degradation under upland soil condition

Degradation ratio of paraguat (%)

Conc. of

paraquat Addition of 10% a -cyclodextrin (mf)

(mg/kg) 02 1.0 | 30
10 16.0 69.3 73.1

ol Sulfurel &3 E¢ F paraquate] 3

EYdd F&4 paraquat®] E3ol "X & sulfure] JFE 2AMG A E 3-22
¢} 2. Sulfur powder& @4 EY H7Hg M9 A9 802%, g Ed
A7 MEle A$ 456%°] paraquat BE&E e} HEF EYGROE @4
EY¥NA paraquat®] EMEFAT F 434%H= o A dEbgch @SN EF F
paraquat®] E3AE AE sulfurd Agde HgsF EGRoE G5 ESAdA £33

& ¢+ 9o
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Table 3-22. Effect.of sulfur on paraquat degradation under different soil condition

Conc. of Degradation ratio of paraquat (%)

paraquat | - o Addition 6f sulfur powdér (10 g

(mg/ke) Flooded soil ’ Upland soil
10 80.2 45.6

Sulfur powder®] #7}s %= ®¥87l EY F paraquat®] E3lol vlX& J3FE A}
g AdfE E 3-233% 2o Paraguate] E&FH @5 EQ sulfur powderE 0.2, 1.0,
30 g #7ter M= A paraquat®] #3&& 7+ 286, 77.8, 93.6%E UENY A

77t S71g . el paraquatd] E3&% F/EHE AEE BT

Table 3-23. Degradation of paraquat by different addition of sulfur powder on

paraquat degradation under upland soil condition.

Conc. of Degradation ratio of paraquat (%)

paraquat Addition of sulfur powder (g)

(mg/kg) 0.2 1.0 30
10 28.6 718 93.6

2z}, v A Eo 93} paraquate] ¥ 3
u B Eo] 93 paraquatd £33 FFE 2AE AA= 10 mg/ked] paraguate] A

J8 7o #$ 39 36 2 37, 50 ng/ks] paraquatel AAY T FLE 1Y

3-8 & 3-99 #gth
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—a— ; with PQ 10 ppm
—o— : only O. anthropi

Optical density (at 660 nm)

0.0 T T T T T T 1
0 20 40 60 80 100 120 140
Incubation time (hour)

Fig. 3-6. Cell growth of indigenous microorganism (O. anthropi)
in the MCY medium with paraquat 10 ppm.

77 | —e— : withPQ 10 ppm
—o— :only E. coli with pBpq2.5

Optical density (at 660 nm)

0.0 T T T T T T —
0 20 40 60 80 100 120 140

Incubation time (hour)

Fig. 3-7. Cell growth of E. coli with pBpg2.5
in the MCY medium with paraquat 10 ppm.
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10 ppm®] paraquate] A2® MCY ®jA A ELFvAER] O anthropi& BET
7% paraquate] A" TFrt APHA FL FrRU A{ AEIL @A YEHY
paraquate] 7 ASE JAAIE HeZ Vet £¥ paraquate] A &2
T AS wWF 60AZAA MM E F Kol FUETrE 60~120A%ke] 2X F A
ol 7HF Easiglen I ojFde #HAFHAUT. 22y paraquate] B T 7
FE 30A 7R T AFol A3 FrlEke 30~120A%e] 24 EHE wEge A
SAHAEE KA F 120428 ol Fele SH =T #4EAY (Fig. 3-6).

10 ppm®| paraquatel A &l¥ MCY ¥iA|9A paraquat HAFARE EFst=
pBpa25E BHIAHAFE E. colis FFF 4% paraguate]l AFd 77+ AGHA ¥
T A% A= #A vewoh Paraquatel AHA ¥ o S uld 204
AR #F 5ol MA3E Frtstthrt 20~80A1Zkel B4 ¥rE WEgle] ASAEE
FA &7k 80~120A12tel & A fo] b gEEon 1 o|FolE FAFIAT =
¥ paraquate] A" 79 A= FAE FEFE YRR (Fig. 3-7).

10 ppm®} paraquate] =@ MCY ®ijA A @3 O. anthropi®t pBpg25=2 E3&
AZE E coliE HEY B F TF EF ASHAEY Aol A venuA &%
t} ol A% paraquat®] =< 10 ppme] & Ao ALE FFo A& A
FFL MAAE FR7] WEY Aoz ArdH

50 ppm¢] paraquatel HJ@ MCY wiAAA #F O. anthropi® HFT 3¢
paraquate] Agd F& A HA F& T A§ F=rF FASA dERed 10
ppm® paraquate] M E A$rE e A4S F7HE YeEh AT Paraquato] A
A Fe T AF AT G BALA MM & K F7HE BHolvrt 35
Azt olFolE AKAEY FTZL 7 Uy & Hsgle]l otz FAHUT
Paraquate] A€ 72 %

= wg BAIAA & BFol AME Frhste] BAIZE
o] el ¥WthE AL AX Wsglel a2 FAHUY (Fig. 3-8).
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50 ppm¢] paraquate] A z® MCY WX oA pBpa25% FAASH E coli® #
F% 7% paraquatel AL 77F HAAHA Fe FRU AL AEs 038 A
et Paraquate] @ Hx & T 3¢ wWid 1BNAR A% A=st 323
Z7hatel Wik 0AZAA He 4SS Yoy I o FdE ALHA BaAE
UeEbgleh 28y paraquate] Held 7o A4E wY 18NNAA S A= F
7% 2743171 9o paraquate A A e AHFRUE A% AEIt vghe
o 2 olFdE AUE 4% Fxo walglel adE FXHYT (Fig. 3-9).

50 ppm¢®] paraquate] 2@ MCY WA A @5 O. anthropi$t pBpg252 32

AEE E colit BEFT AS E. coliBWE O anthropi7t 2318 ASo] &3t

rir

d] ol& paraquat WAFHAAE 71A3 e Aoz d8iA pBpg2s57t LAz &
o AdujgE& B3+ paraquatd] W3]l WAZIZE JEUE fAHxe] 248 oy

H7] e Aoz Algdu)

2

—o— : only O. anthropi
—=— : with PQ 50 ppm

Optical density (at 660 nm)
- w
!

0.0 T T T T T T — T T 1
0 20 40 60 80 100
Incubation time (hour)

Fig. 3-8. Cell growth of indigenous microorganism (O. anthropi)
in the MCY medium with paraquat 50 ppm.
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- .50+ —o— :only E. coli with pBpq2.5

45 —e— : with PQ 50ppm
T 40-
g
g 35
©
= .30+
Z 254
|77}
§ .20
o
E 154
B a
8 .10

.05 A

0.00 — T T T T T T 1

0 20 40 60 80 100
Incubation time (hour)

Fig. 3-9. Cell growth of paraquat resistant strain (pBpg2.5)
in the MCY medium with paraquat 50 ppm.

10 ppm¥® 50 ppm¥ paraquate] #zld MCY Hx|oA EZu|AEQA O. anthropi
9} pBpa252 HAAPEE E. colidl 943 paraquatd £33 FFE 2AS A X
3-24¢% 2ot

10 ppm& paraquate] H2l® T2 A HF wdr1del X pBpg2s5E A A
=" E. coli?} 65%, O. anthropi7} 29.4%9] paraquat® 33 RALZ YEIRT.
10 ppm® paraquatel H@ FolM F FFY 4% FE Aoyt X FUThE
AL 128 v 10 ppme paraquatS EMAIZL F A= TEHol pBpg2sbE FAHE
A E. coliBthyE O. anthropi7t ¥ 3ue AL & F Avh

50 ppm paraquatel He® Fo A$ HE wArIze]l 2A pBpa2sE FAA
39 E. coli7t 14.3%, O. anthropiZ} 22.1%9] paraquat® #3&s= Aoz el

50 ppm% paraquate] AR FolA pBpg25E FAASH E. coliit= O
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anthropiZt A5 R=7F 179 ¥A Yety 50 ppmel paraquatg EHAZE F JE
T8 % A% JT7t pBpa2hbE FAHEH E. coliRTE O anthropiZt o Ate

¢ 4 AN

7

tjo

Table 3-24. Degradation of paraquat (10 ppm and 50 ppm) by indigenous
microorganism {(O. anthropi) and paraquat resistant strain
(pBpa2.5)

Conc. of  Incubation Degradation ratio of paraquat (96)

paraquat time Species of inoculum
(mg/ke) (hour) O. anthropi pBpa2.5
21 159 11
48 22.0 2.8
10 70 254 3.8
96 273 4.7
128 294 6.5
6 19 12
24 7.2 1.9
43 11.1 19
50
72 12.1 79
98 20.0 14.0
114 221 14.3
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A44d Paraquat®] A E A =9 o]

1. A&

a -Cyclodextrin®ll 9]& E% % paraquat®] #AA 7}lsAd& blgoz Fag
paraquat®] 2EX 2 o8 steAE SAC-WB (strong adsorption capacity
measured using wheat bioassay) ZAIE Z38te] FEs oA st

SAC-WB A& E% Y paraquat® B3 5T (equilibrium solution)d] =E3 &
£ A2 paraquate] EF Wl ZE3tA FH8E paraquatd FEE SAC (strong
adsorption capacity)el2t Aejsln, o] W FH| THd FEoIM 14UPe o B
2ol tdted paraquat FA T HEA] 50%9] R AEE UEA FEE FIe

e AL AASE e TE

o

2. A8 24y

7}. SAC-WB ZALE 53 paraquate] 2] & A o] 3

1) SAC-WB %A}

AR Ao AHEE EF SAC-WB #& 7317 1389 paraquatE =4 (0,

180, 200, 220, 240, 260, 280 mg/kg)E A 2jdte] ol ¥ paraquat®] SAC-WB #&

st =3 HA A FE=E FAA37] 98t paraquate =9 (0, 10, 20, 30,
0 mg/kg)E A 83ty SAC-WB @t RAIE A A)st Tt
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2) HEA ] Fie BE 9T

@ -Cyclodextrin®ll % paraquat®] Hee} Qe g JFFE A&7 934
SAC-WB ZAE AAI8tA. paraguate] F2#E EF 10 gol 10% e -cyclodextrin
solutiong 1.0 m¢ 7 }stil o1& H02 200 A A FH7Fsld 300 rpmol A 16412+ 5
ot ME3la 4000 gol A 1287t centrifugedt 4t ¢ 45de XEJ g1 01 g9
CaCOsE ¥ ¥ 58 253 &35t ¢4 Hag 2L A JFdtn 42
(28Il A oF 30X ¢ FFA HAA Be dort 5 mAE AdEE FHopAgl
o FHob 2 6718 TE UJAE AR ZEFn 44H, dexddA 1247
Bt Bt fAKo2 ARetA ok o F 16417 479 ARAH (FILr)E 28~3
2C, AA71E 18~22T)lA FFFTE BEsH 1493 A&AZ F Helsh deof H

24 245 ASAEE FAsar

o

3) a-Cyclodextrin 7} #3lo] uwl& g

a -Cyclodextrin solution®] 713 W3le W& A& () 4% Jgs A

#38td 10% @ -cyclodextrin solution®] H71%& 10 nf ¥ 30 2 HIANA FLd&

U o2 SAC-WB RAME AASE Y,

1}, %4 paraquat® « -cyclodextrino] &% A A

1) AEFZo £239 paraquatd % A% 4Y

Paraquate] F& 5o = AERE AH @ -cyclodextring 839 paraquat

9 & oBE 2AEY] %9 HEFE montmorillonite, kaolinite®)] paraquatS &
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=2 A 47 10% «-cyclodextrin solutiong 1.0 med718 % 28ColA 29
Zt incubationdt ¥ HPLCZ2 A B A sl o).

2) Paraquat®] AA 3 incubation time® &

a ~Cyclodextrin 7+l &% paraquat®] AAd] F&LS WA E incubation timed)
YIS HAs7) A% paraquate]l FFE EF 25 gol 10% @ -cyclodextrin
solutiong 1.0 m¢ H7}8t< incubation timeS 2, 15, 30U E WA A Ekd A=3

= paraquat®] ¥ FFFEAE AFsArh

3) Paraquat®] A|Ae| Wi incubation temperature®] < 3F

a —Cyclodextrin A7l 213k paraquat®] A A4 9FE v|XE  incubation
temperature®] F&¥< FA37] 943le] paraquate] FHE EF 25 go]l 10% «
~cyclodextrin solution® 1.0 m¢ #7134 incubation temperature® 4, 28, 56CZ

BFAA EF TES}E paraquat®] $& EFFEAZ FFago

4) Dehydrogenase &40l v x|+ 43

a -Cyclodextrin R 7tol 9§ paraquat?] AANM vlFEe Q4 7HHHo=
gQ3t7] 9138l paraquate]l FHE EX 25 goll 10% e -cyclodextrin solutions 1.0
mE7hske] 28CellAl 297t incubationdti o] E%S AZHEE 2 g¥  #H o
triphenyltetrazolium chloride €< 2 m¢-& #7183 30Col A 24A17 incubationd %
centrifugedte] 564 nmolA FFEE ZAHE YT 1 unit® dehydrogenase?] A%

= 2,3,5-triphenyltetrazolium chloride2%¥ 2,3 5-triphenyltetrazolium formazang A
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HNA 564 nmol A FREE 01HF ZrH71EY Bed 529 Foz HHY
=

5) Glucose #7}9] 4%

a -Cyclodextrin #7tol 93 paraquat®] AANA vjABEe] JFS 7HHHo=Z
gast7] $1g = sl Wy oE D-glucoseE A7t E%d] R&ESE paraquat
9 ¥& B39t} paraquate] F&E EY 25 gl 10% o -cyclodextrin solutiong

1.0 ¢ H71$ F 10% D-glucose 1.0 meE 95, & Ao Egd A&s

rr

at)

paraquat®] %<& EFFEAZ AFI}IYh E£I} D-glucoseE HIIEA H
potential dehydrogenase 4712 A& £ gorns o] EYGS AMERE 2 g¥ H

3l dehydrogenase &4& £33t
.93 Y& 2 4ax
7}. SAC-WB ZALE 53t paraquat®] &£ o] 3
1) SAC-WB ZA}

A 218" EY9 SAC-WB #& 2AME A= ¥ 3-259 #v). Paraquats
A etA e T} umA 50%9] B ASE UYEE BEE 240 mg/kglE
el Ago A48 E%el SAC-WB L& 2F 240 mg/kgol Yot

AEd A8 EYNA paraquate] AEH Ho AFFZo mAE FHa /_’ﬂfiﬂ%E

£ HAF A= £ 3-265 2o A FEE FAHTL vAA HEA Y 2
°l7} 10% #4d Aoz g W 2 AW FEE F 30 m/kedd o2 vEhgTh
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Table 3-25. SAC-WB of paraquat

Length of wheat root (cm) *

Concentration of paraquat (mg/kg)

0 180 200 220 240 260 280

151£20 95%*13 9618  84%x20 73*17 6.310.9 58*1.0

* mean of six replication of longest root

Table 3-26. Effect of paraquat on the growth of wheat root at low concentration

level

Length of wheat root (cm) *

Concentration of paraquat (mg/kg)

0 10 20 30 40 50

11.7%x13 112%1.1 11.1+1.3 10616 10.0£0.9 99*11

* mean of six replication of longest root

2) A=A TR W dF

a -Cyclodextrin®] 7t o1& {2 ¥ paraquate] B e Aol vAE 9

& ZAE e E 3-279% 2t b mg/kg FFLE A2 H paraquatd] FESAN=

ot

waje) 4Go] Bold AMa @ao] YEIA @9ki a-cyclodextrin Bt 9

Q

2
M= HE Hae AFo] AvEA &2 T ZA JEhy FF € paraquatd]
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Table 3-27. Effect of @ -cyclodextrin on the growth of barley root at 5 ppm

concentration of paraquat

Length of barley root (cm) *

Concentration
of paraquat , 10% a -cyclodextrin (1.0 mé)
" (mg/kg) ' ‘ o "
‘ No addition ’ Addition
5 15209 1514038

* mean of six replication of longest root

@ ~Cyclodextrin®l €@ paraquat®] Wol Wg FFe zAld e ® 3-28%
2tk 27 9E % (300 1e/10 g, 3,000 1g/10 g)9 paraquate]l &#Fd EF 10 gol
10% @ -cyclodextrin solutione 1.0 m¢ A71s A3 Do el A4S 300 peg/10 g9
35 15%e] #aste Aol YeErgten 3000 pg/10 g9 A 157%9 Ikt A
go] Uelgth Aex @ 1% =2 F2¥ paraquate o -cyclodextrin solution®] 3
7hell 9% f& Aol Aoy %‘%‘5} 2 B A dFE FA FE Aoz vy
Ebwteh =3 U B AFE 94FE FA g 22 YEY HEARY o

2 oFojXA @& Ao AzWh

Table 3-28. Effect of a —cyclodextrin on the growth of wheat root under different

concentration of paraquat

Length of wheat root (cm) *

Concentration
of paraquat 10% a -cyclodextrin (1.0 mf)
(ng/ke) No addition Addition
30 13616 134%23
300 4.3+0.6 51%t14

* mean of siX replication of longest root
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3) a-Cyclodextrin A7} W3l wE& FF

@ -Cyclodextrin solution®] H7}% ®igle] wW& ZAE A& FFE FAR A
£ X 3-29¢ Z V) 98 ¥ (300 we/10 g, 3,000 pe/10 g)¢ paraquate] &3
g E% 10 gol 10% o -cyclodextrin solutiong 1.0 m¢, 3.0 m¢ HE7}3 A3 Yo m
g A2 300 /10 g9 BS Z+Z 15, 74% ZA7 o] YElytod, 3000 ueg/10
gq A% #AZ 186, 93%S FHAFl uUswd ol ATz AL a

5

it

-cyclodextrin solution®] 3 7}8o] W& 45 paraquate] 2% F&H71&= o
dres a7 YEYR L8 A £ ATk £33 Y ¥ AR e
FA v AR e Y EARZY o]gdL o]FXR] & Aoz AZtE,

o2 |

Kii

o

Table 3-29. Effect of addition amount of « -cyclodextrin on the growth of wheat
root under different concentration of paraquat

Length of wheat root (cm) *

Concentration
of paraquat Addition of 10% a -cyclodextrin (mf)
(ng/ke) 00 1.0 30
30 136x1.6 134£23 12606
300 43106 51*14 47*09

* mean of six replication of longest root

watA], olate]l SAC-WB A3 AxE gostd Add A" EU9 SAC-WB
2 240 mg/kgo.2 VERGTH ®3 E%e EHE paraquate 30 mg/kg olUellME
ABHZ A FFHA WolA #g e HAd 94&e vXA &E A2 Yeiygo,

a-Cyclodextrin @7tol & paraquat®] §& @73l og 4 R HFL AT
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A7, 10% a-cyclodextrin 3.0 mi2] 7t osiAE AY FEHA ola @
9 AFdde 4% vAA g A2 ey

Y. 349 paraquat® e -cyclodextrindl 2% A|A

1) HEFE FA9 paraquaty §F o8 AF

Paraquate] §3d HEFE FAFH AYE a-cyclodextrin®] 4&S FA A7

£ ¥ 3-303} Zt}. Montmorillonite®] 7% a -cyclodextrin®] H7}o] 23} 1,000 ug

/10 mg A&l 135%, kaolinite®] 74 1,000 1g/100 mg M2 7oA 89% F&H
of UeE Aoz YyeEytth

Table 3-30. Effect of a -cyclodextrin for eluting of adsorbed paraquat on the clay

minerals

Concentration of paraquat (mg/kg)

Clay minerals Concentration 10% a -cyclodextrin (1.0 mf)
No addition Addition

100 1g/10 mg N.D. N.D.

Montmorillonite 500 ¢g/10 mg N.D. ND.

1000 £g/10 mg 9.83 11.16

100 ¢g/100 mg N.D. N.D.

Kaolinite 500 xg/100 mg N.D. N.D.

1000 1g/100 mg 6.54 7.12
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2) Paraquat®] Ao i3t incubation time®} %4 &

a -Cyclodextring #7}3}9 incubation time& W3A|#H F&FE paraquate] AA
AEE ZAG A3= # 3-31% Zo}. Incubation timee 2, 15, 30¥ & WA 7 A
$- paraquat®] AAE&E& 27} 637, 634, 856% % 2927 159 7F incubationdt 7 $-

i

i

Hastd 2 Wb/t A A T 30¢7t incubationdt 7 $-oll = paraquat] Al A& o]
oF 2%A% 571 B 4 A & incubation timeo] RO A ¥ paraquat®] A A
7t A8 E38LE ¢ 5 Uth

Table 3-31. Effect of a-cyclodextrin for removal of paraquat by different
incubation time

Conc. of Removal rate of paraquat (25)

paraquat Incubation time (days)

(mg/kg) 9 15 20
10 63.7 63.4 85.6

3) Paraquat®] A7) th3 incubation temperature®] <&k

a -Cyclodextring R 7}389 incubation temperature® W3Al#H FFE paraquat
o] AA HE=E FARE A= F 3-329F #o} Incubation temperatureE 4, 28, 56T
2 HANHE " paraquat®] AAELS 77 541, 637, 329%E 28CY A5l
paraquat®] AAEe] 7P & Ao FZ et
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Table 3-32. Effect of a-cyclodextrin for removal of paraquat by different
incubation temperature

Conc. of ; Removal rate of paraquat (%)
paraquat Incubation temperature (C)
(mg/ke) 4 28 56

10 - 541 63.7 329

4) Dehydrogenase &4l &= o4&

@ -Cyclodextrin 7}o] 23 paraquat®] AANA vjAYE F3FE HHPHo=Z
813}l7] 918t dehydrogenase A& A3 A} F 3-3374 Y. o«
-Cyclodextrin® 713 A 89 dehydrogenase &7dol #H713kA &2 AT 1

sol o w8 ¥ 4 AU

Table 3-33. Effect of @ -cyclodextrin on dehydrogenase activity of soil treated
with paraquat

Dehydrogenase activity (units)

Treatment Incubation time (days)
0 1 2 4
Control 1.54 0.91 0.84 0.69
a —Cyclodextrin 3.74 1.94 | 0.35 0.31
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5) Glucose ¥7}e] o3

@ -Cyclodextrin®] 23 E %ol &2 ¥ paraquate] AAol g D-glucosedl &t
£ &A% A8t D-glucoseE 713 B AESE paraquatd] %S AN 2
FE= E 3-349 2 D-glucoseE @502 g A$Lo= paraquat® AA & o]
81%% AA &I} wi$ X, @ -cyclodextrin®} D-glucoseE &3 A a s 3¢
o] AALEL 636%FE a-cyclodextrin G522 X F4o AAEL 546%HTh
9.0% B ®& AA &98 d& F Usdh

Table 3-34. Effect of addition of D-glucose and « -cyclodextrin for removal of

paraquat
Conc. of ‘ Removal rate of paraquat (9)
paraquat ) D-glucose +
(ne/ke) D-glucose a —Cyclodextrin # ~Cyclodextrin
10 81 54.6 63.6

a -Cyclodextrin®} D-glucose®] @5 &2 &3 A% paraquate]l 38 E¢Y
dehydrogenase &4< 2R3 AxE ¥ 3-359 #t Zzbe] 3994 D-glucoseE
713t 749-9) dehydrogenase /0] 2¥A F& AT vls] o #A vEET
mW et D-glucoseo] 98] potential dehydrogenase ZA7HA%E &R 7lssdn 2
AxE ¢ A uFslR 2 @ -cyclodextring #7138 A 2] 2] dehydrogenase &
o] a-cyclodextring H7FstA & A2 Fol watel ¥ &S T @ A FAY

T AN
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Table 3-35. Dehydrogenase activity by addition of D-glucose and o -cyclodextrin
in soil treated with paraquat

Dehydrogenase activity (units)

Treatement Incubation time (days)
0 1 2
Control 772 6.52 445
D-glucose 8.62 7.00 6.96
@ -Cyclodextrin 12.93 6.30 547
D-glucose + a -Cyclodextrin 19.96 ‘ 7.83 6.32
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A54 Paraquatl 2 g9 E%9 37 B

Z}ﬁ@i W& 0] 83t paraquatE AAT F U WEE EA437] Astq &
A HlE2A A}R33 9= ammonium thiosulfate (ATS)E o838t paraquat A
e FHstma gy, a8z $A o]43 SAC-WB (strong adsorption
capacity measured using wheat bioassay) FAIE E3le] ATSol 23] AAR
paraquat®] AEA ] ¥ IFE FHstA FAT £ AU H¥e A& by
o2 AA EY AN ATSY paraquat A7 EHE 81317 95l AA E A
A FLE AES AAERT

2. A5 2 9y
7} &2 9 paraquat® ATSO| &gk AA
1) ATS®} molar ratio ¥3le] & J3F

ATSY 7% Wsle] wE EY F paraquat®] EHFEE A8 Astd
paraquate] X9 E% 25 gol ATSS} paraquat®] molar ratio® 4:1, 81, 12:1, 161,
20:12 H2lsled 28CAA 297 incubationr 2 & E%}o] ZFESE paraquatd] I

ERZEAZ BFIAH

2) TFETFY IF¥
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ATS #7bel 9% paraquat®] AA dFE vAE £FE5F] FE &gt
71 98t paraquate] FFHE EY 25 gol ATS®} paraquat® molar ratioS 4112 #H
Jbete LS 50, 100, 150, 200, 250% 2 WSAA EFo] ZEFE paraquat
o ¥& BEFFEAZ AFA

3) Incubation time®] <3k

ATS #7}o) 98 paraquat®] AAN 43S vA+E incubation timed F3A4S &
Q13}7] 98t paraquate] FFE EN 25 go]l ATS®} paraquat®] molar ratiog 4:1
2 H78tY incubation timeS 2, 10, 204 2 W3IAA E9ko] &S} paraquatd

FE ERF=AR AFA

4) Incubation temperature®] <3

ATS #H7}bo| 9§t paraquate] A Al F3-S U)X+ incubation temperature®] %
FE Aty 948l paraquate] FFE EY 25 gol ATSSt paraquat®] molar
ratio® 412 H7}3}9 incubation temperature® 4, 28, 56 CE HEIAAH B &

3= paraquat®] %S EFFEAZ A FSHU
5) A EZA ) gt Fek

ATSS Holol 32 94 8o JIF & #EAE 7] §5o AL&dE Eoke] SAC-WB
Zrol AFsteE =59 240 mg/ke® paraquate] FFH EU 10 gol ATS$ paraquat

9] molar ratio® 12:12 %7}5}&1 SAC-WB ZA} WHld] 9j3led A& Ao g3
& ZAIA T
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Y. ATSH 9% paragquatd] AA &3 - T34

EFLE O9 3-10% Zeo] wiAsAnt & AT A7lE 7FE 50 en, AE 50 com,
Z)_'

B Zlo] 10 cnE AXSIE T ZF 3" AL 30 an® sk

[€—50 crmr—¥
2mgikg [ cont. 50cm|  4:1 4:1 (W) 4:1(B) 8:1 8:1 (W) 8:1(B)
{
1 —
50 cm 30 cm
!
10 mg/kg | cont. 4:1 4:1 (W) 4:1 (B) 8:1 81 (W) 8:1 (B)

(W) : white vinyl mulching
(B) : black vinyl muiching

Fig. 3-10. Field arrangement for experiment on the removal of paraguat by ATS.

1) ATSS 7t @& 4%
AA EF zA0A ATSY 7t ©e AA &7 &7 39 2 me/ke

a3a 10 me/keg?] paraquate]l FFHE EFO] ATS® paraquat®] molar ratioZ 4:1,

812 #H7ele] AEE Egkd] IEFE paraquatd] ¥ EZFEAEZ AHEEIT.
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2) Paraquat®} ¥%=o W& Y

AA EY ZANA paraquatd] ¥l wE ATSY AA EFHE &<l 93t
paraquat®] AEZE 2 mg/ke 2L 10 mgkeo® A dm ZZre] Eg dis
ATSS} paraquat®] molar ratio® 41, 818 H7Msl AIEE ESo F&Ed)=

paraquat®] 4<& E3Z=AZ Ao
3) Hld "o o JFF

ATSol 93 paraquat®] AANA =7 #&TF g &
o 2nE wgoz Wkg 2RE FoFy] A ez ¥d 2L AT £F
g Ao nE AA ZAFHE FAsty] st A udd AAY HdE Gz A
2349t 2 mg/kg 283 10 mg/kgd paraquate] EFE ES] ATS$} paraquat®
molar ratio® 41, 812 H7}g F Ztzboll diste] A ujd3 HAAN vdE HAY5
o NZHEE EFo] ZESE paraquatd] F& EFF=AZ AFEHAC

4) Bb-g Ajzbel] mE Y

ATSol 9% paraquatA Aol ®Hg Azte] wE AA &HE &UAS7] st
paraquat® A EFL 2 mgkg 2T 10 mg/kel 2 AT Zzhe] Ed] dd)
ATSS} paraquat®] molar ratios 4:1, 8112 FH7}ste] Alzbd (2, 10, 20, 30¥)2 EF
of Z&3E paraquatd F& ERFEAZ AFSAC EF vd BAE AT

HaME T PPz AP
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3. d+d g 2 23

7}. %29 paraquat®] ATSe] o8 A

1) ATS® molar ratio ¥3le] & J3

E%o] F#9 paraquat] #3fo] vXe ATSe 9FE FAE7] A8 ATSs
paraquat®] molar ratio® W3A|A H7IS A= E 3-367 Zth. ATS'PQ molar
ratio® 4:1, 81, 12:1, 16:1, 20:12 A g3 7§ paraquat®] AAEL 344, 39.8, 477,
406, 359%=2 ATSOl 9% paraquat®] AA &FH7 vetgch =% H7ks & ATS

9] ¥=7t E&F 5 paraquatd] AAV o EAHIE & F AATH

Table 3-36. Effect of ammonium thiosulfate on the removal of paraquat under
different ATS:PQ molar ratio condition

Removal rate of paraquat (%)

Conc. of

paraquat Treatment molar ratio of ATS (ATS : paraquat)

(mg/ke) 41 81 12:1 16:1 201
10 34.4 39.8 477 40.6 359

2) THE5FY 4%

ATSol 93t paraquat®] #AA] FdFE FE AA F A UA=z TFEFFE W

FAA BA Axe ¥ 3-37% 2ok LS 50, 100, 150, 200, 250%6% # st
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o 47} 443, 47.0, 584, 59.0, 59.0% 2 field capacity7}

A#HE W paraquat®] AAEE

%-& % paraguat®] AAZE © ZFHYES & F AU

w

t)

Table 3-37. Effect of field capacity on the removal of paraquat in ATS-amended

soil

Removal rate of paraquat (%)

Conc. of

paraquat Field capacity (%)

(mg/kg) 50 100 150 200 250
10 44.3 47.0 584 59.0 59.0

3) Incubation time2] <&k

1z 2 F WA E incubation time

rr

ATSO] 93 paraquat®] AA 43S F
S W3AAH BEAF A3 ¥ 3-387% Zto) incubation timeg 2, 10, 2094702 F

A& 9 paraquate] AAEL z}z} 398, 464, 46.7%E incubation timee] AW

paraquat®] AA7L o AAHAE ¢ F AU

Table 3-38. Effect of incubation time on the removal of paraquat in ATS-amended

soil
0O,
Cone. of Removal rate of paraquat (%)
paraquat Incubation time (days)
(mg/kg) 5 ” ”
10 39.8 46.4 467
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4) Incubation temperature®] <33k

ATSol 9§ paraquat®] AA] FFE F= AA F A HWAZR incubation
temperature® W 3IA1A 43 AxE ¥ 3-39¢ 2t} Incubation temperatureZ 4,
28, 56C= W3ANZ e @ paraquat®] AAEL Z+zb 129, 398, 70.7%2 incubation
temperature’t 22 A §-ol& AA &H}7} v)§ 23 incubation temperature’t Eo}

A4 E paraquatd] AA7E © ARAYE & F AN

Table 3-39. Effect of incubation temperature on the removal of paraquat
in ATS-amended soil '

Conc. of Removal rate of paraquat (%)

paraquat Incubation temperature (TC)

(mg/kg) 4 o8 i
10 12.9 39.8 70.7

5) SAC-WB ZAtE §8 ATSH 93] AIA®E paraquat®] HEA ] @ FF

ATSe Hrlo o8 EFF¥ paraquatd] ¥ A8 nxEe dFE 2AZ A=

|

¥ 3403} Zth AL8E E9 SAC-WB #tol sh@ate 240 mg/kerELE A E

y

paraquat®l FEoA ATSE H7Isl9S A S paraquatel] 93 g AZ Az U

BuA ¢ 2 %o AL o FoAE e FAT F AN
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Table 3-40. Effect of ATS on the growth of wheat root at 240 mg/kg concentration

of paraquat
) Length of wheat root (cm) *
Concentration
of paraquat Treatment molar ratio of ATS (ATS : paraquat)
(mg/kg)
me/ke 0 12:1
240 82 £ 10 208 £ 1.3

* mean of six replication of longest root

v ATSO] 9% paraquat®] AA EF - ¥4

1) ATSS H713Fd g 4

AA EF 234 ATSY Hrtge wE AA &axs A A= F 3-41
2 ¥ 3-42¢%F 2o}k 2 mg/kg®] paraquate] FFE ELAME ATS9 paraquatd
molar ratiog 412 713 A$ Hd A ALl 259%, 812 H713 F$ 296%9L
™, 10 mg/kg®] paraquate] &F2d EdNAE ATSS paraquat® molar ratios 4:1%
A7rE Af HU AALo] 258%, 812 HIME H$ 37.9% AT ATSS 7ol
Mg E AA Lol i F7te A& B F UAJL paraquatd FEF ¥ o

ATSS H71% 37F A37 o] 843 vded e 898 + Ak
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Table 3-41. Effect of different ATS to paraquat molar ratio on the removal of
paraquat under soil sorbed with paraquat of 2 mg/kg

Removal rate of paraquat (%).

Time (days) Treatment molar ratio of ATS (ATS:paraquat)
0 41 81

2 7.2 74 11.1

10 7.2 14.8 185

20 179 259 29.6

30 214 259 29.6

Table 3-42. Effect of different ATS to paraquat molar ratio on the removal of
paraquat under soil sorbed with paraquat of 10 mg/kg

Removal rate of paraquat (%)

Time (days) Treatment molar ratio of ATS (ATS:paraquat)
0 4:1 81

2 0.0 15 3.0

10 4.7 18.2 224

20 94 25.8 364

30 156 24.3 379

2) Paraquat®] s =l o2& 3

AA EY z2ANA paraquat®] 5] wE ATSY AA ads A d3s
¥ 3-41 2 ¥ 3-429 2} ATSS paraquat®] molar ratio® 4:12 A 2|3 Ege A

2 mg/kg® paraquate] FFHE EF9 AS A AAEe] 259%, 10 meg/kgol EFF

rr
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B B§ 268%HRo.™, ATSS paraquat®] molar ratio® 812 A3 EddME 2
mg/kg®| paraquate] ¥F2E EF 5 A AAE] 296%, 10 mg/keol FFHE 3
§ 379% At} paraquate] A ¥ % (2 m/kg) L LFE (10 igke)E F3H 35

F ATS 9@ AAEAZ detgern LFE (10 mg/ke)e] Aol ATS 93 A
A7 8 AFAHYS ¢ & AU

ka

3) Hld BAo] oG %

ATSel 9% paraquat®] AANA v]dHEA] o3t aFE AT HAA4: =
3-43 2 E 3-449 2ok ¥d EAL S BE 2¥A ¥ FLERG AA 2R
7b 2 AL B 7 UAdDh dE £9 10 mg/kgd] paraquate] FFE E
ATS9} paraquat®] molar ratio® 412 #H71sle vld #AL 3 A AAEL)
B3%E, vld BAL A FE A9 AAE B8%REG F 2%EE S & F
AN B HE Agol WE AA AAE A A A nvd AN 8
e & zole AAAT AAN vd2 AT A F 5-10%3 = AALZY} =
= AT 5 AAR ol 2 mg/ke®] paraquate] FHE ALl F3o] dEET F
2 mg/kgd] paraquate] FFE EUdA ATSE paraquat®] molar ratio® 4:12 H7}
sto]l @M widz 2AYE A Hd AAEC] 261%, Hed vdE FAJ BS

35.7% % o}
4) Incubation timeo] W& <3
ATSel 238 paraquat® Aol Al incubation timeo] W& AA ETFHE A3 A3

T HoM UEhd E 3-41~449] AaeA FA £ ok AW A¥dE 29 92
A wbgol dojye dHe Aol i A8 HAL AlZte]l AEFE ATSH 9@
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paraquat®] A&l FolH S EAT + AT 2y 20 ol FdlE o o] 49 A
AL 7k YEVA &stth AR Ho® 23 AYe AF ATSo| 2§ paraquat®]
AAL] AW APAAY AAERT tha Wrle oy o= Ax axt gl
Aoz Aztdc

rr

Table 3-43. Effect of vinyl mulching on the removal of paraquat in
ATS-amended soil sorbed with paraquat of 2 mg/kg

Removal rate of paraquat (%)

Treatment molar ratio of ATS (ATS:paraquat)

Time (days)
4:1 31
white vinyl black vinyl white vinyl black vinyl
2 10.7 7.2 148 179
10 179 214 25.9 32.2
20 25.0 32.2 33.3 32.2
30 251 35.7 33.3 35.8

Table 3-44. Effect of vinyl mulching on the removal of paraquat in
ATS-amended soil sorbed with paraquat of 10 mg/kg

Removal rate of paraquat (%6)

Treatment molar ratio of ATS (ATS:paraquat)

Time (days)

4:1 81
white vinyl black vinyl white vinyl black vinyl
2 59 59 7.6 9.2
10 235 25.0 24.3 26.2
20 38.2 382 36.3 38.5
30 38.3 39.7 39.4 40.0
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-
Jfu

agla #7bHolW ATSY o] BesE, dld @A s W 27t 58
a@s whe A7Ho] NG5S ATSOl 9@ paraquatd] AA7Z EHHIL & F AN
£ ols APe] HEH F 1A paraquatd 3= (2 me/kg, 10 me/ke)ol dHEA
2o A%g et et A vE2 A8 E I Y ATSE paraquat® £
49 EFe gty B ol gder aRHYd Ao AzE

o

Aed 24 £

EY¢ FdA AzAQ paraquatd] THE B3I 7] A ATEM EY
Zo M F 28 AT paraquate® LEE EYOoRRE AEA R o] 7%
A3 1 33ty B whgel Oid 47 FI4F 2FELS O FH 2o

Paraquat®] F&o| uXe FA Fol2e &L #71€ (humic acid and fulvic
acid), EZAIE (soil A and soil B), HEFE (montmorillonite and kaolinite)®] &<
7z 3A Jdebhgm, Foleoz ¥ A FFAN i paraquatd] FFH A E
A HEFEL F71EY EF AR HEtd 22 FFEE Ho Fed #U1E
ol FRAAZ EAY A$, Na', Ca¥’ £ Cu’'o] &L paraquat®] FFol 423 A4
< "t a8x EY FEEHLE paraquatd] ESOl oid FF G WAA &
3kttt MicrowaveE ©l§3% E%o] AFE paraquatd] FEo WiFd AF A,
microwave® &% Z$7} #Fslo F&E}E F SR FEAZ] 158 FEHHIA
I, H5ee o 124 ¥ FFE22 YEyth

A% Mgz g8l fenton A% AelsH paraquatd] TS FEY W
ol A 2417k olUe] FAHUR, GFEAANA HEAIH Fxol w2} 51-69%, UVH
o] ZAlEE ZANAE 60-95%2] EaH&L Byt 1T Fe¥' FES gobds
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£ B3¥&o] F718l3 paraquat®] ¥ES H0:9 FEo] W& E&&9 Aole YEL
Ux] ¢rgkth Hydroxyl radical®] AAdol 93] paraquate] £3|7F o] FolA&=AE %
Ab8l7] 918t hydroxyl radical® #& free radicale & AASE Hoe=z dEA
mannitol& F7}ste] wEE& 2ALE A, fenton A3} UVel )& paraquat®] &3l
¥h-8-& hydrogen peroxidedl A4 ¥ hydroxyl radicalel ¢j&te] HAgLS F A
Ark. dEAAM TiOE A8 3ot paraquatd 13% M= AL, H0.E TiO:
o FA SN BEE 8%yt AEHATE UVE ZAbete w8 £AA TiOk

o

it

AEPE S 82%, HO:T A A& BTE 9%, TiO H:0:& A weAZ
3 90%7}F 23 = A

EZANE =AM paraquate] £33 w71E 015 ke ai/l0 a TELE AT
TFoME 203Y, 029 kg ai/l0 a FFEL2L2 A FMT 33042 et AU
AN ZA)AM 9 paraquat®] #3] wR71E 25 mgkeol AEE TFAAME 2319, 50
mg/kgo) A H FolAE 43392 Yetgth £F Ede] &€ paraquats] Eol 9
3 g3 JtsAE 2AE A B9 3 A"FE L #HFEFL EFLEFEHY
paraquat B3o] o}FH FF& nXA gv Ao vEhgen, ol EFF A
A3tE o} gl paraquate] 7Sl os 2aH ojFHA el f5E AR
t}. Paraquat®] 2 AL&Eo1Z pH HHel #AYCl o]FolAA &gt o|=H
E%o] ¥%3% paraquate pH 5.60]3te] AbAdulel o3 23g 7Hede fle A2
Aadch =3 AQEHA] "o AT 2HL ojHE ALE ARET ES

)
o] F#¥ paraquat®] ¥l v A& incineration £X9 FFL XAE A3} EF

Ol

pet

b

rle

o

%9 paraquate EFHOT EFHAI7] AsiAE 400Tol4] incineration &%l
A A 287k o)A incineration timeo] LT HoIAE AoZE UERTh EF Fol
&5l & paraquatd WO HAEx F& EY SoA d2xAAR BAHA @
Aoz HqZdt

W wlABe] ¢ paraquate] £ FE FAME Z#% 10 ppmF 50 ppm

o
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]

EstE pBpa252 A ATE E. colidl A% paraquate] 23 FdE& A

e

W 10 ppm¢] paraquate] HZE Fo B HF wlgrid 2 pBpa2s5E ¥

ASH E. coli7t 65%, O. anthropi?t 29.4%9] paraquatd #& st Rz velgto

—

0 ppm¥ paraquate] AZE FolA F FF9Y AL HE9 zolyl AKX FUHE
A& 2H1E 9 10 ppm®] paraquatS AL F A= 0| pBpg2bE FEAAS
¥ E colilte O anthropi7t H Ate 2A& ¢ ¢ Atk 283 50 ppmé
paraquate] A El® TolA pBpq2bZE HAANEEH E. coliRtie O. anthropi7t A5
A7l 179 EA vely 50 ppme paraquatd EAIZ F JdE TE 2L ASAE
7} pBpa252 FAABEH E coliRthe O. anthropi7b B At+e AL & F YU

E9%o) &9 paraquat?] ®8jo] U A& @ -cyclodextrin®] 93-S ZAMS A Y]
g Bk H7ME A9 71.0%9] paraquat &S JEMNR D HIMEES F7HE
of wWel paraquat®] EHEE F/lE+ AFE B Yt E3 incubation timeo] ZH o
A paraquat®] AAZF 6L EHFHo|gor Hd 8.6%7A AAH= AHE E
y2lt}l. @ -Cyclodextrindll &8 E %% paraquatd AA 7FsXE& bigoz F&d
paraquat®] AEAZ9 o8y s}5AHL SAC-WB (strong adsorption capacity
measured using wheat bioassay) &£AME Bote] HstnAl At # AP AHE
d Ed9 SAC-WB &2 o 240 meg/kgolth  a-Cyclodextrin &7bel o ¢
paraquat® & Aol 93 W B9 HFE FA% A, a-cyclodextrin®] H7t
o galxe AL FEHA &obA d e Al
UHE ST

E %o F&% paraquat®] #alo] Ul XE ammonium thiosulfate (ATS)9] <

rir

4

o
to

HEERCES

b

o5

3

odl
o

ZAbEL7] 9)a ATS$F paraquat®] molar ratio® W3AA H7MS Az Hobs &
ATSY F=7t &%, EZETF] BE&FF, incubation timeo] ZojHAFF,

incubation temperature’} Fo}ZA4E paraquate] AA7F © ZFHFHo|Pow Hu
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AC-WB ZALE E3l9 ATSe H7}
of 9%t F&E paraquatd E ASo WA= TS FAE A AMLEEH E%o
SAC-WB #tdl| sidsle 240 mg/kg 5303 A7

7Yet& ¥ paraquatel o B AR A dEtdA G A Aol ARHe

il

paraquat®] FEojA4 ATSE H

T A dde ZAE vy oz HA BEY FAMAM ATSS paraquat A7 &
AE sy st EFA 5L AHS 2AAE Ay ATSH 2% paraquat
So] AW AdAe AAEERT A dreE ot oy Ax guE vhe}

paraquat®] AA7F AAHAE & F UNT EF o dFd AHE&H F A
paraquat®] F% (2 mg/kg, 10 mg/kg)oll A #e AFAE et

@A ATSE HB=E A8H e EF2=2N g4 o188 + e nd H3 &
ot 2 aRE F7MAE F e Aol oM ATSE paraquat® 2 FE EY

9 sy Eol o] gsted BN Aoz A4dn.
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qad S &ZEE

B A7 e paraquat WAFHAS] FA| 7o HS 98l EdozRE A
w3t paraquat WA ©IAE <! Ochrobactrum anthropi JW-29) genomic DNAZY-E
paraquat WAFHA (pgrA)et 229N A FAR (pgrRIF pgrR2)E #e|sle 1
54€ 18T tF, pgrA FAE ZEdAEA Dol g2 A5 pgrA FAAY
Tgrde] 9@ paraquat WS F5& FA3Y T Paraquat WA EZ9 ALe 9
atof BRI ExQ ox=agae olgEgt gloladlxe AL fE Z AE
AsAE AEY o, pgrA FAAE A @t paraquate] g Hd 85

X1
¢ oA paraquat®] F - BF FFF paraquate Z 2@

2

fllo
]
r o
Prl('
3R
v
i
&t
Hm
i)

EYoR2Re AEANZY o8 e 2 gegy B e g dFE 9
22X EY FolA paraquate] FEIE TN oAt AnE mAEE Qokstd
53 #Zo,

L

7h Al 1 AF#AA 0 "Paraquat WA KRR HA7) 7 Y 2

paraquat WA EZ AU, 3 AAA AFAR A%

 Paraquat WA SAAS WH/ITFS HEE Ased EFOoRVH MUY paraquat

WA P AEQD Ochrobactrum anthropi JW-22} genomic DNAZ ¥ paraquat W4

F32 (pgrA)et 2HDd {A:R (pgrRIF pgrR2DE ¥dstd 1 54 798

% Paraquat WA SAA (por)E ZUAE ool FAABD 02, pgrd 4

Aol Ha@ol] 23 paraquat WA 5L syl Paraquat WA E XY A

& Hsto] 3 HxQ =g 29} olgeer goladie] AYs FE 2
3

A A %3l paraquatel] Wi WA 9

i

1>
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1) Paraquat WA A =pe] At

EcogzRe HMHA AzAQ paraguate] WAL 7IAE uAE JW-28 £
stat. 28 uAEY FHEH, A, Astety 5 @ AxARL 24 58 %
AYst A3 Bel #F JW-2% Ochrobactrum anthropi® A HR oY HFHo=ZE O

anthropi JW-22 ¥ 34t} Paraquatel]l ths WS dZ2FQA E coli JM105¢ H]
23 RE ® paraguat 100 mMo A E. coli ]M105E Ad A Az EF3kg o, O
anthropi® paraquat FH#7b79 MRS o oF 70% A=A e

Paraquat A& Al HZTQ E. coli ]M105% superoxide dismutase (SOD)e] &4
o] Z71dtg ey O anthropi JW-2¥ SOD &4e W& Yel x| go} paraquat®l
gk Aol AXE W FikstEae] &4 FUhel g Aol ofd thE HWolr|Fe=w
o3t Ade ALt O anthropi JW-2¥ paraquat® 2<  redox-cycling
compound¢! plumbagin® menadioned] tIAME WAHAES YENR Lgor,
paraquat ©]9]9 TE FdFel dEAE WAL JYeErWA Fid. webd, O,
anthropi JW-27} paraquatell tiste] W& 7HAE A2 Az gdd e g 9
3 paraquate] ME WEZ FAdHE A& Addxor AfdAY, AX HE FU=
paraquatg AE 92 FEHoT H|ESIE o o3 HAoeE FAHHAUG

O. anthropi JW-22] genomic DNA library2% € E. colil paraquat 13 & 54
3t 25 kb DNA @3 & cloning3tith 25 kb2l DNA ©@¥Heo] =¥ E coliv U
Z78 68} o4 ¥ paraquat WA S YENI S, o] DNA @8 & pgrE B
gt pgr FAAY GG S BAG A", F HolE 2520 bpRed, & Y &
M8 ORF9 F e 2443 ORFE TAH Agch ¢A" & 749 ¢43 ORF
Q1 orfl (position 643-1875)2 1,230 bp} 410789 ofmj=ito =2 FAHO YA F
Aele o] 2% 42 kDaolUth & orfle] 5 FRHE AP E FAA
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¥ % promoter A €U TTGACA (—35)9 TTTAAT (—10)7} AAZE ATGEH¥H
Zkzt 80 bpst 56 bp A FH G A3 .21, ribosome binding site (AAGGA)E 7}
A|RZELZHE 10 bp AFF G A8 Aoz vebgd ba A, oflS pgrA &

Az BHagdn, 1 F38x AEE PorAZ W stg

2) Paraquat 4 f-8xe] B4 % €@/T A

e

ParA ©@¥2& hydrophobic &7]7F AA olvl4t 2719 53%E A &P oH,
11789l transmembrane helices T2Z =Ho] SIith EE, helix 59 6 Aloldle
membrane®] cytoplasmic side® FAHE 2 hydrophilic loop7t 94t BLAST
system& ©]-§3t] PqrAd] opvxit MEe AE4e AN & 2o oA Ay 2

transporter ©WAE AEA

o

YetlidlEd 53], EmrB, SmvA, TetA 283
LmrP¢} Z& membrane transporter2 7153l @l AER =2 4FAL Yl
=3

parA FARAE =Y E colid) AL T FAEC I Bol4E& zAG
A7, menadione® plumbagino] WA= WAL YeblA]l ¢gtt). 18y paraquat

3 Ze pyridyliumAl A ZAQ  diquat® paraquat® Ze Fo] 3FFEQ

i

ethidium-bromide (EtBr)ell thsisd = WS Jetidch ParAel O. anthropi JW-2
e EA AAE immunoblot A 02 ZAg A7 PgrA ©¥ AL membrane
fractiono| A2t B EH AT o] AHREZRE PgrA @¥F - paraquate] AE W2
FdHE A& AdMStAY AE W2 FY€E paraquatd ME FO2 wjEALOEA
paraquat WAE 93t AL2 AIEHAY pgrd FHAe] TH A A
9138t paraquat& 2] TS northern blot ¥4& AAF An, L3F o)
YEW R @FolA pgrA f+AR7L paraquatel 93] 2d@e] fEHE Ro| ofye 4

ez wAde HA4YE ¢ & AL
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parA AR A-AHUE o E o039 full-length clones z+z} 283k oh&,
DNA 497IME8& ZAASY B4 ZAH, olgL vwAE F2 transcriptional
regulator SR AEF} 2 AFAE UYEUdY. TEA olE FHAES 247 perRI
(orf2)# pgrR2 (orf3)E BH3tHeh.

pgrA Az ddx2E 7179 WS st pgrd, perR1 2 pgrR2°] zt7hel

AR A4 2% 2 deleted-sequences® T4 HE constructE T8t E. colidl

ot Ho
e
r_>tL

&3 o3, paraquat e F YFES 2ASIAY 2 A3, perRI R pgrR2

¢

&S paraquat WA I AP AL AdBA o]l flod, pgrA AHE°] paraquat WA el
Ay #AsE Aoz YERY. EF, pgrA AR #d z2dEdE pgrRlI %
parR27y AR B3Rl 3l pgrR19) partial sequence (2,383~2,875 bp)7t pgrA
Ao} 48 Gl o] & T3 paraquat WA H S )] enhancer sequenceZ A

9 715e susE Ao FHIYUL.

parA FAAE AEA F2AAHFR binary vector?l pGAT7482] CaMV 35S

promoter 3ol dAZdsle EdAE9 Hulo A A& Y. Southern blot ¥4

)
24
o
by
z
tfo
dob
0,
o

2 013k th2, northern blot ¥ immunoblot £4]-&
AA st @AM Gu HellA pgrA AR AdH oz HAF L HAdFHo] ojnn
5

B A 42 kDa9] PgrA @& o] membrane fractiono] &4

3t T, A2 AZFst9th T1 29 kanamycin 44L& #9213 23 ZE 7
Bl & Yetdo] pgrA FAx7F ©8l9) genomeo] 1 copy¥d E=YHAE

g
< #2139 tt. Homozygous lines Q’f’é@}ﬁlx} T AEAY A7tFAE B3t T
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FAE AFstd 200 pg/me kanamycinel H7FE MS #jAlo] 3}#3}e] kanamycin
o o8] :AERE JRAIZE StUE flE lineg homozygote® A@Hat Tt 5]9} z2e
homozygous lined] AAAAE 539 pgrA F3A7F FAAS Ga) YolA A3
t Tk

A FE ol&stod pgrA FARe EHFH
paraquatel]l tid WAl FE5RE 903 Ay FAAMZ 4EAE PgrA ¢ o
Z2 ol w2t paraquatel] e WA E5 FErt vt FrHeE 2, paraquat
A2 ¥ chlorophyll &3& 7|22 Hlustis of FEA&sA &2 wild-type 4 &
Aol wsf e o] Aol WA FrHE UEATh R, AEe 9 7] 9 Ry 237
9] northern blot ¥ immunoblot ¥4 22X H pgrdA FHA= £3 Bojxoz Wy

S Aol ojdg BE 2Xo|A FPHoT WHEHL LS BASHoM, FYA

L= A TEEYE AL &Y

ol

_4
_l_.

T2 homozygous lined] &=

718 el Ao} mpRstA g2 vFEA 718 HEolAE paraquate] HEd WHE F

i

M7 Aoz vElgt olgld AABEE E colidl paraquat WAL RAHA
parA F3AAE DA EANME HAHo R BHEO] paraquatd] I HAHE Fo35
Oe AL gAdsdoh £, 154E YodAE B A9 Zo] PgrA dH Ao

2 ZX=o] paraquatd] AX W29 49 A = #+
H¥ paraquat®] AE 9E9 wWE wEF FEoz Azt UHAHE FA3=
transporter®] 715& §3dc Aoz FHHUGD

Bz A2}AY B

O

Paraquat A B %2 MEe 9ste] & ExQ i=agix9 o|dE gt 8o
2R 2E AEsly B fE 2 AEA AEIFAS gt
SFA W Goll A Al A JEA ALY EEFL Aol

ZA e A3 FAIEE F Potomacd el AAFo] 208 oz M g, HE

]

A=

H
)

29 4

o4
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A AZEE 8% M BA 2AEHAY 2 A2 YAFo] FAL EFAA
AEA ALS Y3 g AT W29 vlgo] BT &4 Uegwt ex=a
o] FAMGAA A2 FP% AEA ALFHE AT 7| Rux2E MS A7}
7t AFAHY Aoz eyt A& AF2AAZE 482 fFEAdE 3 mg/L Y
24-D7} 7t AfH o Ra, HEA ARZAE 1 ng/ L9 NAAS 5 mg/ ¢ 9} kinetin
FE7 HE 2FA ot

ojgelet Folaexe] J&Fa gl Aeix Py HEA AR5 FE7N
Atolg zAVR A, BTAEE 5 Jeanned B2 AAZFo] 176 mo2 A %
I, 4R ALAEE 51%2 7Y BA ZAHAT o2t Polagzel FAu
Gl s FAH} HEA ALFEE A% 7B EZE MS WA7 b ZEA
Aoz eyt A48 AAxEAZE A8 FEAE 2 meg/¢ 9 24-D7F AHF
ZHHoIR T, A ARIANE 1 mg/ L9 NAAS 5 mg/ L9 kinetin =7} 713
adAoleh. Ed WX ol WrtHe wade) 9Fe 2AE FH, sucrosert 7

F 2HHA Ao E YElyt
5) Paraquat WA & z9} 7

Paraquat WA &% Mdg Ao pgrA F+31AE A EA FZFASFEL binary
vectorq! plG121-Hme] CaMV 35S promoter 5o =48] plG-par2.lS F&3}
Aok BT ARG BEx WolM pgr4 FHAe] 28I FIHA 77 A8 pgrd
FHXE 35S promoterel] AAZ TS, thA] 35S enhancer sequence?] tetramerE
35S promoter A ¥l =<8t plG-FEparl.3& FE3ATh F%HA construct® Zzt
Agrobacterium tumefaciens EHAI010] =943 o} & ex=182 (cv. Potomac)$h
ojga|¢t gto] a2 (cv. Jeanne)d H @A o] &),

Bz ARSA FYAA A5 Ye AR AFYs] FAVBe AT
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A3, plG-par2.19] Z$ 2A=adzdA 0 AEAE, a2n o2t ol
oA 25789 hygromycin AEe AEANE AUt £ plG-Eparl3e ¢ 2
AeadzoA 549 HEAE, 23 ojgEe goladxcN 22709 AR
HAEANE A}

AEstd HEAY Yo2HEH genomic DNAE ¥ oS, NPTI A}
35S promoter 2 pgrA F+AAE o]-£3 construct @ F 29 PCR BAL AAS)
o, AFHOE plG-pqr2.10.2 FAFAFE A= a2 5 AA S oot alo] 1
£ 20 HAE dgEAon, plG-Epgrl.3e 2 A eH=aRx 4 AAY o
g2¢t Foladg 2 17 AAE AEstdr

FEAGo] #AYd eA=adg 29 ot FolH;x YA pgrA FAR
LHAEE B3] A%hel northern blot BAE AT 23, pgrd §AAT B
g 52 YA AHoz dddEdE AL B9 o, pgrd FAA e w@

FEAGE =g 29 olgEt golad oA BFE AA zHe Holrt A

ettt & plG-par2.1E FAARY Exo) vste plG-Epqrl.32E FAASR

(L

fle

T

BxolA9 prd FAA) WAFe] AA B Aolx AW o 2~39) o4 Te
Asz Ve

parA AR =% Bdo] AW FAWY LAEIYA o2 ehola
A2 (T09) 9 AL )83t paraquatel HF WA YSeing By A, 3

g Zx

X

i

W27 wild-typeol H3tel At 20 M9 paraquat ¥ =7+ A
B85S UEddth 3348 extmagast olgEet dFeladla (Toe

homozygous lineg T%3t9 AEA FFNA paraquat HAFHRQ pgrAe] 23 o)

lo

paraquat W/gel "X & FI& FAE I, o]8 £33l FFH 2 paraquat WA E=

& 4937 A%ty dA £31x7 (vernalization) ¥ T, 25 A& Zo o}
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v Al 2 AE-FA 0 "Paraquat®] E% $74 F Fd, o #4849 Ad4AE A4

EY FolM AzxAQA paraquate] THE W] 7HEE7] A AFEAN EY F
e F - g3 J4F paraquateE SPEH EYLZHE AEARS oy st
I 2 33y B e dig drE 98 2AEL2 deH 2o

Paraquat®] F#ol wX= 44 Fole9 9% #71F (humic acid and fulvic

acid), EYAIE (soil A and soil B), HEHE (montmorillonite and kaolinite)®] <&
2 3A e, dol2er E3EH e FHAC t¥ paraquatd] FF A
AN AEZELS 780U EY AR HEY & FFHEE Ho FIeH {IE
o] FAAZ MY A%, Na', Ca¥° EE Cu¥ ol paraquat®] Fiel] 43 9%
< vFHY 2830 EY FEFHS paraquate] EFo] i Fao) 9FL vXA &
*th MicrowaveE o] &% EY ZHYE paraquat®] FEo oig ANF A,
microwaveZ FE¥ A7t &F3q FEFE FAFRY FEATTC] 159 EH5HU
3, e oF 128 & FFo2 Ve

A3 2dsA2 422 fenton A& AdH paraquat®] EfwHES FE&Y
oA 24A17r ool FAHUL, Y2AAA ¥EATIE Fxd me 51-69%, UVZ
o] ZAIHE ZAAAE 60-9%5%2 A& Btk 283 Fe¥'ol ¥E7 Holds
2 B&)go] 78t paraquatd FTES Hx0:9 ko ©E E3&Y Aole He
WA ko). Hydroxyl radical®] Aol 93] paraquat®] £3171 o|FoAA&AE =
Ael7] 93t hydroxyl radical®} #2 free radical®€ A At Aoz ¢EA
mannitol& #H7}8te] ¥HE& ZARE A3, fenton Al UV ¢ & paraquat®] &3}
¥t & hydrogen peroxideol A A4 ¥ hydroxyl radicalel €3t ZAFE & F U
Atk d=AGA TiOE A8 g A9+ paraquatd 13% E3HHA
ot g7 WA A$E 8%/t ME|HUW UVE zAbste w8 =
AHAL AF 82%, H:0.% A& AFE 9%, TiO2k H:0:5 &7 wSAIzl 2
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7 90%7F 2l = 2ot

EZANYE M9 paraquate] &3 WHA7IE 015 kg ai/10 a FE2E AT
T AE 203¢, 029 kg ai/l0 a FELZ AFF FAME 33022 Yo, Ay
Az M9 paraquat®] &3 WA71E 25 mgkgel HEd FelAe 2319, 50
mg/kgo] M@ FoAM v 433¢ 2 eyttt B3 Ed FFE paraguat®] Eol 9
3 22 JtedeE 2AG AR B 9% AEFE F AFFES EY2ENHY
paraquat B3l o}F¥ & UAA e AoE vEeH, o
A= o] Q& paraquate] 2ol o3 2EFHo o]FHo A JMeAl /|SE AAE
o). Paraquat®] E&2 AM&EZ pH W #@ARL] o] FolAA &gt ol2H

rr
fat
o2
8
ol
_O‘E
N

E%¥o] F29 paraquatZ pH 5.6013te] AtAdule} 93] &3E rtsde §l

Aeg. EF ARELAL] Aol dANE TR o Aoz AL EF

i
pok
o
it

o] &% paraquat®] ®3d] v A= incineration %9 JFL FAIG A EG

lop

ZE paraquate EFFH o2 BEA7]7] YslAE 400TCe]49] incineration & %9

2

A 2X7F o]AFY] incineration time°] ST HOAE Ho® ey EY Fo
Z5 o] Q& paraquatS HFOYU HAx 5L EY oA d2AAR BIHHA &

Ao Z Fdd

ook
ol

tlo

%

H " AEo] o3 paraquate] ¥ FFE AL ZF 10 ppmF 50 ppme
paraquate] A 2l® MCY izl A EUv|AEQ O. anthropi®t paraquat W3- =}
E ¥33E= pBpa2sE FAABE E. colidl 9% paraquate}l E3 FFE AER
€ o 10 ppm®] paraquate] &€ T B¢ HF wj%7|ztel FA pBpg252 FZ
A&E E. coli?t 65%, O. anthropi?t 29.4%%] paraquatS 28)stE Ao 2 eyt
10 ppm¢®] paraquate] M EE FoA F TF X A= Ho|7t A &=
A& 13l o 10 ppm9 paraquatS EHAZ F U Y| pBpg25E FA A
g E. coli®th= O. anthropizt © AZtte A& & 4 ot 283 50 ppm9

paraquate] A &8 FolA pBpg25E FAABE E. coliRthe O. anthropi?t A%
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Ax7t 178 A VYERY} 50 ppme) paraquatS EAAZL & JdE FH 2L ASHE
7} pBpa258 FAABD E. coliithe O anthropi7t © ZvE AL & 5 3ok
E9o] E&9 paraquat®] E3o] WX & @ -cyclodextrin®] ¥
wGe EGol F7HE A4 71.0%9) paraquat £3€S YERT ArbsES S0HE
of we} paraquatd] EAEE FUHEE AFE BAT. EF incubation timeo] 2o
A paraquat®] AA7 €L AHHolPgew Hu 8.6%7A AAHE AHAE HE
Wit @ -Cyclodextrinel 93 E%% paraquat®] AA 715A4& sigoz &34

ool
mlo
N
>
i
v
5
=

paraquat®] 2EAEY o]y sFAHL SAC-WB (strong adsorption capacity
measured using wheat bioassay) ZAME Eatd FHEuAl Ak B Aol A&
d Eoke] SAC-WB #2 9 240 mg/kgolth. e -Cyclodextrin 7t &%
paraquate] & @l €% U Bele 432 2B 23, o -cyclodextrind F7H
Jd dME A FEHA gotd 2 R AFde IFE AR Fe A=
2220523

E%o] F29 paraquat®] Esiol n Xl ammonium thiosulfate (ATS)S &<
ZAEH7] 98 ATS$ paraquat®] molar ratioS WSHAIA H7bsk A3 H7bs &
ATSY %7t =848 IF8&4FHFo] BL4E incubation timeo] ZAATEF,
incubation temperature’} %°0}d4E paraquatd] AAZF o EFHHeo|ew FHd
707%7%A AASE 235 Jebddch £F SAC-WB XALE F38t] ATSS 7t
of 93 EFFE paraquat®] Y AFol PAE 4FE AY A AHEE B
SAC-WB el sl9dl= 240 mg/kg 5522 A8 paraquaty FE=A ATSE 3
Vet A$ paraquatel o1& el R At dEUA] &n @ o] AYHL
2 olRojA e AL AT & AT

EE A A AnE ulgoz AA EYX FAA ATSE paraquat AA &
B2 elsly] st TFAN T APEL AN A ATSe| ¥ paraquat®
AAgo] AW AFAAMY Xﬂﬂ%iq i wrle sged o= Ax ERE YE
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Wer 1 A% dAsgth &, A7H ATSe %ol B&F%E, ud
o] whE =7l ¥&4E, 2Ela incubation timeo] Zoj@FE ATS 9%
tel AAZE aRHdE & F AT EF o A HEdH F A
paraquat®] %= (2 mg/kg, 10 mg/ke)ol d&A 2 AFAE YIS

A ATSe H82 ALEHI e EZEHA A o8 5 gon vd o
ot 1 AFHE SV T e FHo]l oA ATSE paraquat2 2 29 € EY

o) 8488 Belol ol ERAY Roz AzAT.
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