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Characterization of a paraquat resistance of Ochrobactrum anthropi JW-2. Won, Sung-Hye, Byung-
Hyun Lee, and Jinki Jo*. College of Agriculture, Kyungpook National University, Taegu 702-701, Korea — The
bacterial strain JW-2 which conferred resistance against paraquat (1,1'-dimethyl-4,4"-bipyridinium dichloride) was
isolated from soil. The strain was identified as an Ochrobactrum anthropi based on its morphological, physiological,
biological and fatty acid composition, and was designated as Ochrobactrum anthropi JW-2. We compared paraquat
resistance of O. anthropi JW-2 with Escherichia coli IM105. In the presence of 100 mM paraquat, E. coli IM105
was not grown whereas the growth rate of O. anthropi was about 70% of control. We compared the sensitivity of O.
anthropi JW-2 and E. coli IM105 to redox-cycling compounds such as paraquat, plumbagin or menadione, which
are known to exacerbate superoxide generation. O. anthropi JW-2 did not show cross-resistance to plumbagin or
menadione. Superoxide dismutase activity was increased in paraquat-treated E. coli JM105 while it was not
increased in O. anthropi JW-2. These results suggest that the mechanism of paraquat resistance in O. anthropi JTW-2
is probably due to selectively decreased permeability toward paraquat by membrane protein.
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WS e, ol paraquate] & FEs] 28I} EoF
A Ee] AE) FHel e B9, 13,21].
o]% w|AE2] paraquat F3lloll &3+ HAFM- 9 paraquat
o WEk WAlel] FAst ©e QA7) BaEglEd], Baldwin
131 Corynebacterium fascians, Clostridium pasteu-
vianum, Lipomyces starkeyi, Pseudomonas aeruginosa?}
paraquats Ralsle] HaAES w8 = A oE
ol g3l= A o=m MW Usigct. w3k FHTol:= Acetobacter
aerogenes, Pseudomonas fluorescence, Bacillus cereus,
Aspergillus niger, Penicillium frequentrans, Cephalosporium
sp., Fusarium sp. F-14 2 Penicillium sp. F-16%52]
paraquat #35f7} B a1EQc}20, 31, 33].
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Paraquat LHA&mE=e| Myt

Paraquats 97 A3t 19 EoF 50 goll FdF
50mlg Weol 3% Awan AHAZ F AFAS
paraquat ! mMe] FH7lel MC HAWR=|[17] (D-glucose,
10 g; KH,PO4, 310mg; KCl, 23 mg; NH,Cl, 10.7 mg;
MgSOy - 7TH,O, 22 mg; Ferric monosodium EDTA, 560 ug;
CuSO, - SH,O, 9.8 ug; MnSO, - 4H;0, 69 ug; ZnSO4 -
7H,O, 436pug; D-biotin, 0.2ug; Agar, 10g in 1L distilled
water, pH 7.0) o HEsle] 30°C, 347t whekslsd el
vlof & paraquat 1 mMe] 7k MC ZAiR]ol] xa2ts}
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sl QS &57) WE FFZ paraquat WATFE AL
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Paraquat WATF2 A¥=o] FAHE Ochrobactrum
anthropi JW-2= 30°Co|lX wiefatl-2m, paraquat, 2HAka}
HE Y AZA HAAARS A EZAFEE E coli
IM1055 ARE31RSL 37°CollA wi<FslsdTh.

sopRe| DME SN HY
6 M RlEAl 65, AFA 3F) B dst
A ARell ARgRE FoFRe] Al WS Table 15} 2
5ml®] LB wlA|[27] (tryptone (Difco), 5g; yeast extract
(Difco), 5g; NaCl, 5g in 1L distilled water, pH 7.4)l

sope] F& AFIL Wi 4Xzbe] AT F oA
FFE5 =7} 10mg/le] HEE 37} sjct

Paraquat W ZHISH SB1E0| Rz

Paraquat (methyl viologen, Sigma, USA), plumbagin
(Sigma, USA) ¥ menadione (Sigma, USAYE ==4H=
A7kt smie] LB wiRle] @8 HEIT 2442 wif F
I ARAHEE 0.D. 660 nmellA] F3EE A3k}

Superoxide dismutase 2] 4AH

A F719 wiekdell paraquat®] FHEFEE7F 0.1
mMe| E=% AH7RE 3 342k o] wieksldc). dalEels)
o] 7S o} 50mM potassium phosphate buffer (50 mM
KH,PO,;, pH 7.0, 0.5mM EDTA, 0.1 mM phenylmethyl-
sulfonyl fluoride)o] Hest o, lysozyme (Sigma,
USAYS HE5E 1 mg/ml 3718k 4°CollM 1417 whek
F 257 371E o483l AHlEE isiec YAlEe
slod AFZlS- #3le] native polyacrylamide gel X7]°3%
< sivt

SOD A 942> Beauchamp®} Fridovich BPY [4]0]
F313t. 7.5%2] native polyacrylamide gel2. A7]°353}
% gelS 2mgml nitroblue tetrazolium (NBT) <o
el SPAEIE 3087t wioFsl WaE AAE o,
A Y (50mM KHPO4 0.028 mM N,N,N'N'-tetramethyl-
ethylenediamine (TEMED), 0.05 mM riboflavin) 2.2 15
E7b dAtelellA Ael3}al gel2- fluorescent-illuminatorol]
TEZ 2E3le] PHAIRA.

3 % &
Paraquat LM=Ee| M4t 9l 55

Table 1. Type and concentration of pesticides used in this
study

Contents of active

Chemicals Type ingredient (%) Remarks
Herbicides
Glyphosate ~ Organo phosphorous 100 R
Asulam Cabamate 100 R
Propanil Amide 99.0 R
Dicamba Benzoic acid 87.0 T
2,4-D Phenoxy 99.0 R
Simazine Triazine 98.0 T
Insecticides
Chlorpyrifos Organo phosphorous 96.2 T
Carbofuran  Carbamate 99.0 R
Teflubenzuron Benzyl urea 99.3 R

T, technical and R, reagent grade.



N

Paraquate 7 AX3 AAEE 2907 49 2
L EM &5 AEAE 1 mM] paraquate] M1
MC wiAlel wieFslsS o AA4EE 2 colony Helr}
Mz JE 35FY straine] YERRTE o] 5 5 mMe]Ak]
paraquat FEoIME Aopde 1579 straind Alslole
o AEE strain F AAETSL 7P whE colonyE wHE-
Aistel o] & Jw-22 Wwsisich. el F-F3H
ARAE FIs7] flsle] Fuld o AH EHE 2418
Aot HuAslelM 2 94 A FelHoRe o7t
4 Melg e, Ay EAL catalase®} oxidased)]
R3] Pl (Table 2). &t ]85S AR A=

)

Table 2. Morphological and physiological characteristics of
isolated Ochrobactrum anthropi JW-2

Gram straining -

Oxidase +
Catalase +
Fluorescence pigment none
B-Galactosidase -
Arginine dihydrolase -

Lysine decarboxylase -
Ornithine decarboxylase -
Citrate utilization -
H,S production -
Urease production +
Tryptophane deaminase -
Indole production -
Voges-Proskauer reaction -
Gelatinase production -
Nitrate reduction
Denitrification

B-Glucosidase production -

+: Positive, —: Negative

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

Carbon compounds Assimilation
Adipate -

Arabinose

Caprate
Citrate
Gluconate

+ o+ o+

Glucose
Malate
Maltose

+ + +

Mannitol —

Mannose

+ +

N-Acetyl-glucosamine
Phenyl-acetate -

+: Positive, —: Negative

Paraquat Resistance oF O. AntHrort 3

glucose, malate, arabinose, maltose 55 49102 o4
stget (Table 3). ZE]X A|HMAE BEAMoAj= Table 49}
o] oleic acid (Cig Pt AME AL 249 ojriog
AR AAE ] 80.6%F ARSI o3 ARy
B A #FE Ochrobactrum anthropiZ SR 3}9 1,
HEAHO 2 Ochrobactrum anthropi JW-22 39 slge}.
O. anthropi= WHTLo=2 d=lx glew[5], Laura
2512 O. anthropi’} A ZA atrazineS Fal|ste] w4
dez og3ty B wf glvh B AFPdAM=
O. anthropiZ} paraquats E3lsle] b9 = 2490
2 ol&sl=A A AHE 4T v ot paraquats
3)3A F3tAcRE wlAA)).

Paraquat| CHSF LHA

AgAA AL PR F O 2T E coli
strain®] paraquat WAdel|l Wit «v] A¥ AR} E coli
IM1057} paraquatell W& WA o] 7H EdTh RE
ulAA)). web Al O. anthropi TW-22] paraquate))
A3t WS Felalr] g HE2FSE E coli IMI05E
AFSSEETE. O anthropi TW-29F E. coli IMI05Z
0~100 mM®] }oF38t 5 =2 paraquate] H71El LB wilR]o
&3 AAEEE wioF AI7PER 660 nmell MY 1=
2 vt (Fig 1). A2 E coli IMI0SE=
paraquat®] X7} FolAPE AALETIL ZFAEIeo
%, paraquat X 100 uyM7}A| & paraquat 73 7} ¢}
v|=gk AAEAE HERISICM, 1 mM ool AdAe]
FA3) FH4s] AFRIA 100 mMelME Ke ARl
X3l vbHe| O, anthropi JW-2% paraquat %ol
2 AAE BlaEeA = wel &x13e AAEe
A sldled e ol wel A% Ak 2k
= HolAl et} vl$o| 1EE2) paraquat (100 mM)L
2 AHIE d 27 =17 247 AR HARe
slodont 24X[2F wiF F paraquat F-H7}T-9} v @&
o FH7R oF 70%7HRA] AA3BIIEl. Peterson 5 [29]
2 paraquate] B]AEol| BIX& JdFel] FFF M IloA]

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

Fatty acids Composition (%)
Straight-chain acids
Cis:1 80.6
C]SO 8.1
Cis:120H 1.2
Cyclopropane acid
C]g;() 24

Unknown 3.7
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E. coli, P aerugunosa, S. cerevisiae X S. faecalis &
o] A AlEFZE 1 mM o] FEex FAe] AsfE
2 B o) B AFHA E coli IM1057}
1 mM o|Ake] gXellr] FAo] F43] A== At A
3l9t}. Anderson®} Elizabeth[2]<- paraquatg- -3l 3}od
BALES AARUCE oSS WS I £
¥l Lipomyces starkey’c paraquat 5% 54 mM o)A}
M S8R E3tehal ¥ usledel. webA O, anthropi
JW-2%¥ Lipomyces starkeyioll W3] 2w} o]Ake] WAl S
7HA AeZ FAHET Kim $[23]2 paraquatel] sk

a8 FAA 8ol A3 A7olA paraquarell g FA-
Abd o)A o] o st {714 AldEee 37
A Mol paraquatel] &3 YA S AHge] v =,
Aol Exol vlsl] F3o]e] paraquatel] Ht 4] =3
Ao 345 AdEca vyskgsd elx 29t
246l glol Ak 2740l B2 dEolT s
=3 AlFEeRe E27} paraquarl] 2J3F $A1A3)] A xo)
o 43tE=d ol MEHe| FERAFO Aelel HFHe]
leial B asiedct, X Aol MRl O, anthropi JW-2
= 374 "ﬂ‘&cﬁ"ﬂi B3}l B2Ql Lipomyces starkeyi
3ok o & WAlE JHEen ol: 0. anthropi TW-27}
paraquate]] ‘Hﬁﬂ o okel weir1de 7R SleS
AR,

-
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Fig. 1. Effect of paraquat concentration on the growth of
E. coli JM105 (A) and O. anthropi JW-2 (B).

(@: control, A :1pM, H: 10uM, € : 100 M, O: 1 mM,
A 10 mM, C1: 100 mM)

Superoxide dismutase (SOD)2| & M4

E. colil A paraquat (PQ* )y 84 cytosolic NADPH-
dependent diaphorase®l] 2|3 PQ -* (monocation radical)
2 3dH] AEIHE F7b PQ - T & 0% uhS3le
AR 05 AT olF AlFs] sl kst
F4¢l SOD9| Aol fFEEH22]. & A A=
O. anthropi JW-22] paraquate] T8k WAle] SOD A9
7l &gk AJAAE #R1317] $15ked native polyacryl-
amide gel 71935 ¥ SOD A GMS 3y} Fig 2=
paraquat 0.1 mME& 3A1ZF 2] F native gel2 A3}
A Z2 A paraquat H 2o 2sle] E coliz ME$
isoenzymee| WAFHYT 2#Y O anthropi TW-2%
paraquat H#A] AH2-E isoenzyme®] AAde] $il-S Wb
o2t sODS A< W3t= AUl Car F[7]2
v AEE2] paraquatel] &3t A3 ukgol] dis)] ® s}
et w8ES] F5ol wet paraquatl] gk ARk
2 goFshA vebden ol& A E]-@‘J-Zi vh-3-ol]
ula} paraquat°ﬂ ek AEAS ue] 7)12E AT 5
ekar slget. E coli®] 7%= paraquatel] <841 SOD,
catalase, malate dehydrogenase (MDH)&} 22 3hAbs}
ae| o] FTIslelnt. oo} o] ksl EAe] FA4

1 2 3 4

Fig. 2. Superoxide dismutase activity staining of total
proteins 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 ug of protein. Lanes: I,
E. coli IM105 unexposed to paraquat; 2, E. coli IM105 exposed to
0.1 mM paraquat; 3, O. anthropi JW-2 unexposed to paraquat;
4, O. anthropi IW-2 exposed to 0.1 mM paraquat. Arrowhead indi-
cates constitutively expressed SOD proteins, and asterisk represents
newly synthesized SOD proteins by paraquat treatment.



o] F7ksIR= AL paraquate] MIEWHE AT ME
ANAM el AT AARET o) sS3sr] SlE)
SODS| #Ae] FrtatA VS ow|ge7]. ubd Pseu-
domonas sp = paraquatell 2]3] SODE v|E3} 3AlkE &
40 A9 Fte AH dde a1RdxE Bk
Psuedomonas spX= E. coli®Ev} 1008} ¥ paraquatol]
3 AdE B} ol Pseudomonas spi paraquatol]
3t AW Hlei7l SODY} catalase®} 72 3RARE} F Ao
23 GRS AATFLEAM WS 7R Hol ohEt
Alz=ke] 715l 28 paraquate] AEHE HFHE 70|
AA L ou|gH Yk O anthropi JTW-2E
Pseudomonas sp2] 739" SOD A9 Wil e
w] o] paraquarcl] HEF WA o] ME A Ao
J3F kst B4 4] Folel o3t Flo| ohd 9E
Hlo] 71423 gt AYE FATE 4 gl

st BiEE WSRO 28 HE

O. anthropi JW-27} “52F5ol| disle] Quht PS8
WS 7HIERIE Relrr] 913l ofe] FHe] A=A
2 ASAE X2sle} (Fig. 3). £ coli IM1055 W=
To= ARl e WA B9 djETol digt el
ME ZAAHEZ ZAEE Fig. 3o Jephd wlel 7ko)
E. coli IM105% chlorpyrifos, carbofurano] w3dle] O
anthropi JW-2R4 AdjHezs & A4S vehligl,
paraquate Alg & kA Foll HEM= O. anthropi
Jw-28e} gt 52 AR Yehigicl. 22y paraquate)
Waie 0. anthropi IW-27}V E. coli B} ¥ AAE
$ JeMideh Kim 5231 wAES] F40] Fok
AePexe} A7 5 AdE et Jiks e}, 5
2% (10 ppm)llA] paraquate] o2 5Fel BlsIA
o)A Eell gk FAAA A=ErF €53 B e,
AzA LA = BT AFHA AdA S v
733 ARERAE Holual Harsiolo). B oAl ARt
T2 0. anthropi ITW-27F T2 S dFeHs YA S
7FA A 38R A5 paraquatel] M E T WS
ba2anibric

MenadioneZ} plumbagin?- paraquat?} wBd7}A 2. redox-
cycling compounds2A] #AES}L 313HE] YFolct. o] 2ol
&k O. anthropi TW-29] WAS X138t A3 Fig. 49
%t} Paraquat, menadione 123l plumbaging ZH7Z}
0~0.5 mMEZ A F 242t wiFslel 1 4% =S
2Tl gt AFA g vepgler. Rl E. coli
JM105% menadione®} plumbaginel] T 0.3 mM7IA]=
O. anthropi JW-22% A AAFe] &4 Jepgev}
0.5 mMellA= A3 AYA3EA] X31912™, paraquatel] =3
Me 2E A FoM 0. anthropi TW2XET AJAE-)
ekl a2 0. anthropi JTW-2E2 menadiones} plum-

Paraquat ResisTANCE oF O. ANTHROPI 5

bagin A2}FolA E. coli IM105ET} A o2 Aol
Wokot paraquate] HEiAE Aoz AEe] &
vebge, 0.5 mMellME 24 o] T2 ARES vieh
o] Z& redox-cycling compounds Fol|A{% paraquatell
daiMTt WAAE Velisich ol AR ZA37t Kaosot
Hassan [22] Z12]31 Morimyo 5 [28]el <Jsir RHI=¢]
=19 Kao®} Hassan[22]2> paraquatel] WA 71X+
E9Ho] E. coliol paraquats} #-2 redox-cycling com-
poundsg] plumbaging H2|3}5-& | plumbaginell A
= A WS 7HRIA el Bt =3 AlEy
29| paraquat®] F5&S ZARE A3 FAHoAE
A Zol| B8] MEW paraquat T A3
o): paraquats A" o2 FIHIRA] FEIA FoEH
paraquatel] W3l WS HRIGkR dlodet. E8F Morimyo
Z[28)2 E. coli®] paraquat VMA-FAxIY mwrCe] o)z}
TE2F #elg A o sz F2E I glsien,
mvrCE FAIAHE 9 paraquat A ME7}E para-
quatel]l ENE WAL 7FEou} plumbagined] A=
WS 7R Zaldedl oA Mt e o3

Insecticides

A

Herbicides

Relative growth (%)
o 8 5 3 8 8 1

- = =

o N

o o o
y T

D
o

Relative growth (%)
5

N
o
T

o

Control
Glyphosate
Asulam
Propanil
Dicamba
2,4-D
Simazine
Paraquat
Chiorpyrifos
Carbofuran
Teflubenzuron

Fig. 3. Effect of pesticide chemicals on the growth of E. coli
JM105 (A) and O. anthropi JW-2 (B).

Organisms were cultured in the presence of 10 mg/1 of each chem-
icals for 24 hours. Optical densities of the cultures were measured
by absorbance at 660 nm. The values are represented as the rela-
tive growth rate against each control.
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Fig. 4. Effect of redox-cycling compounds on the growth of E.
coli JM105(88) and O. anthropi JW-2( ).

Organisms were cultured in the various concentrations of paraquat
(A), menadione (B) and plumbagin (C) for 24 hours. Turbidities of
the cultures were measured by absorbance at 660 nm. The values
are represented as the relative growth rate against each control.

AEH 27 paraquate] MEZRZ Y= AL JAA7)7]
wEo)et Bustecl. O. anthropi TW-20l| paraquat&
A& 4 AEZY SOD Ao W3t gla, =3
plumbagine] tHaljA WAL 7R Z3he 59 AAES
u]fo] Xk W, O. anthropi TW-27} paraquatel]l 3]
YAE 7X= 2L paraquate] AENE FYEE AL
T M o e] 2kl ogh Aol Ay, = Al E
2 #4Y¥ paraquats 55HLE M XL wiEsl= TS
o] Exjef] ot AYE Al ARBR 9ld

2 ¢

Bk g e wAddA] AlzAQl paraquate] WS
7HE vAE TW-25 223, deishy, A= Asist
A 9 MEAAE 24 & 2ARE A9 FeEF IW2
= Ochrobactrum anthropiZ AR H Lo FEHo=

Ochrobactrum anthropi JW-22. 3438}l v}. Paraquatol]
N WAE NEFQ) Escherichia coli IM105%} ¥ 8}9]
< 9 paraquat 100 mMollM E. coli IM105%= A& A=At
812 F8ld e}, O. anthropie paraquat F287172) B2
39S W oF 70% 7Rl A3 Paraquat A E|A|
Hzxz7el E coli IM105% superoxide dismutase (SOD)
2] #He] Frlslol et 0. anthropie SOD 849 w3}
7F 95k 0. anthropi'= Paraquat®t -2 redox-cycling
compound?] plumbagin® menadiones *2]3}gl S o
plumbagin®} menadionesl] WeiME A3 WAL 7HX]H|
23133}, Paraquat ©]9]9] R sokel HiME WS
7R Zapodet. elelst A= BkE W O. anthropih
paraquatel] wate} WAL FHRE AL AlER Al
2Rgel &8l paraquate] A EZWEZ e 2E AL
2 9}, A ZEUE 595 paraquatS M EQE SEH O
2 ufEshe A8l o3t ez FAFHAC

#Atel 2

o] AFE FU/LNLATHAA @I 2970614)
A7ale] Jsjed Sl Aze] ¥olni, olol) A=},
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