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Isolation and Characterization of Chlorothalonil-dissipating Bacteria from Soil. Lee, Soo-Hyun, Jae-Ho
Shin, Jun-Ho Choi, Jong-Woo Park, Jang-Eok Kim, and In-Koo Rhee*. Department of Agricultural Chem-
istry, Kyungpook National University, Daegu 702-701, Korea — Chlorothalonil is a wide-spectrum fungicide
that is widely used in the world. Chlorothalonil is known as a potential toxic pollutant due to its high applica-
tion rate, persistence, and toxicity to humans and other species. With the increase of necessity of bioremedia-
tion, this study was conducted to isolate the chlorothalonil dissipation bacteria from soil. Soil samples were
collected from 184 sites of farmland and wastewater disposal soil. 661 strains resistant to chlorothalonil were
isolated by dilution method from chlorothalonil-containing enrichment culture. After incubating at 30°C in 1/
10 LB media containing 10 ppm of chlorothalonil for a week, dissipation ability of chiorothalonil was investi-
gated by HPLC. Finally, a strain SH35B, capable of dissipating chlorothalonil efficiently, was selected. The
strain SH35B was identified as Ochrobactrum sp. Ten ppm of chlorothalonil in 1/10 LB media were com-
pletely dissipated by the growth of Ochrobactrum sp. SH35B for 30 h at 30°C. In the isolated strain, the con-
tent of glutathione and the activity of glutathione S-transferase were supposed to be ones of the important
factors for chlorothalonil dissipation and were higher than those of control strains, Escherichia coli and Bacil-
lus subtilis.

Key words: Chlorothalonil, Ochrobactrum sp., dissipation

719487 s 2 ARHIES) AR 2 <lSel
gk A7 s st L H4EAR FEHA Y &
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Chlorothalonil £-3l12] 3 WA AMEZ FAHEHT 3le
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H AFo A= Eoko 7 HE| X Auksl chlorothalonil
A 7%l -3¢ Ochrobactrum sp. SH35SBE A48}l 1,
H2Fo 2= B AFA BH38t2 9= Escherichia coli
DH509)2} Bacillus subtilis RM125[2015 AH8-3iet. 3143
B-nicotinamide adenine dinucleotideNADPH), 5,5'-dithio-
bi:s(2-nitrobenzoic acid)[DTNB], 2,4-dinitrochlorobenzene
(CNCB), 348 glutathione(Glu-SH)#} glutathione reductase
& SigmaAHE]E el A T3] AREskodH.
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2] ZAuRek I 2.0 g KHoPOy, 7.5 g KoHPO,, 1.0 g
NALCL 0.5 g NaCl, 0.1 g MgCl, - 6H,0, 10 ml |44
A[FA, I 20 mg (NHy)eMos0y4 + 4H,0, 50 mg H3BOs,
3C mg ZnCl,, 3 mg CoCl, + 6H,0, 10 mg(CH3COO),Cu -
H.O ¥ 20 mg FeCl - 4H,0]& T3 FHAwiA|E
Sutherland 5[19]2] ¥PH-& #38}ed chlorothalonil[32d
T3, X 75%; (57) %] 500 ppms A7lsled AlAls}
ot 500 ml AMZEElA=0]] o] Wil 100 ml & EoF A
2 2 g% 7ksted 30°CelA 200 rpmeE 15U 7} wheksl F
o] wijekl 1 miZ FUZF wiR|ol] HFded 2 270 E |
FU7r o wiekslsict. o] miekdS 0.85% NaCl £l 3
A&k ¥ chlorothalonil ¥£F&(&% 97%; SDS Biothec.
Co.; d¥) 20 ppmE 718k A SRR (7] 2 Al
o 1.5% AL 718 iR el =gdte] 2 E2UE E
slgic), 22l #E5S chlorothalonil A7 %3 THE ¢
a4 chlorothalonil ZEFF<] #E2 22 10 ppme] H7lE
1/10 LB ¥iA|[12]e]A4] 3z} zlet vhofaioic).
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FElS wiokst 5 kol AESI= chlorothalonils
EA87] Hske] wiFAell 58] hexanes 718k vortex
mixer2 357} AEFslal 223} A]F 7] (Branson Ultrasonics
Corporation, Branson 8210; ©]=hyl|A] 187} 285} *2]s}
o] 71ZZ A78 F hexanex 1 mlE 238l #3535
HAAEE7E, S ellA ZZ8E F acetonitrileol] zH-8-8H5}
o HPLCE, *d®)E A3t} Chlorothalonil £4-8- 2
-2 uBondapak C18(3.9 x 150 mm; WatersA})y2- AH8-51%
o] o]FAR acetonitrile : water(60 : 40, v/v)Z &t Hot
1 ml® o]% £x&8 BA3sledct old chlorothalonil® UV
ZAE7)1(&F, d3)E. 235 nmoll A Z &3k}

Glu-SH Hgf
Glu-SH3=F-2 Baker S{2]¢) whgel w2} ELISA(Bio-Tek
Instruments Inc, EL x 808; 7|52 AL8-38}od 96-well platee]]
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uhggal T} FAE FE5A0S 2 ()R] BIER 9 37°C)
A 2 E7F Bhg F F53e] W3S 405 nnell A FA 5} A
Fatdet. ol whg-g> 1.0 mM DTNB, 100 mM
sodium phosphate buffer(pH 7.5), glutathione reductase (200
U/ml), 1.0 mM B-NADPHZ 1:1.15:0.02: I(v/v/viv)e] H]
2 AolA AR FAHIE FE82 LB WAl 124]7F
v okalt A S U413 T3 10 mM potassium phosphate
buffer(pH 6.5)% A3 3sk] Y bufferel] AHES ohg 25
s AV 344 7] (Ultrasonics Ltd.; *3=H)& 6 27+ a3k §&
12,000xgolA] S1dRelsle] B FAHIE 3508 ARgsIic

Glutathione Stransferase &2k

Glutathione S-transferase™ Habig &[8]] #h el u}e}
2239} 100 mM potassium phosphate buffer(pH 6.5)
2.7 miell $1¢] Glu-SH A #l|A e} Zbo] Fu|gt FHE 3
24 200 e} 40 mM Glu-SH 75 uls 212 Hrhska,
30°Cel|M 527 oA|GA1Z] F- ellekgel]l <l 120 mM DNCB
25 ul& #7isled 48 7F w321z v} 20% trichloroacetic
acid(TCA) 500 uts golA] vhe-& AR A2 £ 3,000xge]
AL 1037 PAREIsle] AFSele] FEE 340 nmellM &
73Sk Eae] A2 30°CollA SEAE dld3ly] Aol v
2 20% TCA 500 uls 3718 2F34e] o] 278 3
Abslodet. E40] S =9 1B 713 1 nmote A3
2 % ole Bxwoz vehisic
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DFAE o 2w, A, A, Al AR o e
Al 52 184 FellA A F g Bk 2HE 500 ppme
chlorothalonilS- &3t & Aw Rl A A2 i oks}ed
chlorothalonilel] WAS 74 o 66155 E2|3}9it}. o]
T2 242 10 ppm®] chlorothalonits 53+ & Al x|
Al 747t wiekslA vt 1710 LB wiAlol A 3 7E whekst 5 ul
oFoll Zzo]] ZFEFl= chlorothalonild HPLCE A 3}o]
chlorothalonil A7 E37| 714 £431 7=+l SH35BE &
2lalgiel. SH35B T+ A T3] 5 At Al
Azfel A He] EofollA FEjEHA e 1 A 1
Aol T, 7 (1.6x0.6 um) HelE viepi|g] o (Fig. 1),
LB Al =[] 30°CeljA vl oFA] oF 48A|7hate] #]F 0.1~
0.2 mm 712} oS 2Nl ¥ F24Y9 S eh]
31t} 1710 LB #iA] ¥ chlorothalonils 20 ppm Z3HF 1/
10 LBEjRAlell A 28] 75 SH35BS] 8-S A A=
Fig. 2¢} Zv}. B2 20 ppm® chlorothalonilel] 2] Al
fo] AAFR L, FR7|o Edsls AZEE 204 7l A
2477k 2 oz o}, Bl A2 9% 16S 1DNA $7]
Mg EAL Frank S{6]9] Whel mhe}t AWEK(S-ACG



98 LEEetal

XA, B

Fig. 1. Scanning electron micrograph of Ochrobactrum sp.
SH35B.
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Fig. 2. Growth rate of Ochrobactrum sp. SH35B in the
presence (@—-@) and absence (O—Q) of 20 ppm chlorothalenil
in 1/10 LB media.

GGC GGT GTG TAC-3") ¥ outsk(5-GCC AGC AGC
CGC GGT A-3') primerS AH-8-3}e] PCR[18]ell 2]3] 16S
IDNA ©H S 523 PCR AHES] 9471498 A%
A& A, 9719 A5 FHAE Ribosomal
database(http://www.ncbi.nlm.nih.gov/BLAST)S- £3}e] 4
Agt A, BelF2 Ochrobactrum sp(Relman)Z}t 100%,
Ochrobactrum anthropi®} 99%2] AHsAS el glet. o
A2 He] 2] Aws SH35B w5 Ochrobactrum sp.
o &3 Aoz AAFHA.

=270l 2|8t chiorothalonile] X|74

223t FF SH35B W E. coli, B. subtilisZ LB wj=]o]
A 1242 wjoFslke] 2 ikl 0.1 miE- 10 ppmT 20
ppm] chlorothaloniks 7+ g3k 1/10 LB ¥iA] 10 mle]
A Estedet. 2e 45 SH35B 9 E coli, B. subtilis2]
chlorothalonil A7 S FFE AHEsA] ¢ s}

B|73PHA] chlorothalonil®] A|AEE Al7FE e 32ss
o} 10 ppmS §F-3 /10 LB wiA M & B8t a5
SH35B| A 30 A|717bell chlorothalonil®] A)A7F 100% ©]
F0] A A1(Fig. 3), 20 ppmE ¥ 1/10 LB v el A] 30
Al7F FoYel] S8} chlorothalonil®] °F 88%%S |3k wh
(Fig. 4). T2 TF 2 B. subtilis®] 73-9-= chlorothalonil&
A3 AAsA F88it E coli®] 7% 10 ppme THE
ujR|e M= 304)7F 54t oF 58%%] chiorothalonile] A=
92 }Fig. 3), 20 ppme FHEE wiRlME 15% A =7}
AA=E 0w, 1247} o] F<f|= chlorothalonil®] #7452 o]
Ae} gl Aoz AU (Fig. 4).
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Fig. 3. Dissipation of 10 ppm chlorothalonil in 1/10 LB media
by the growth of bacteria at 30°C. OO, no inoculation; @-@®,

Ochrobactrum sp. SH35B; E—M, Bacillus subtilis; [1-0],
Escherichia coli.

140
g 120
o
£ 100
£
£
o 80
5 60
g
s 40
°
K-
O 20

0 L 1 i 1
0 6 12 18 24 30
Time (h)

Fig. 4. Dissipation of 20 ppm chlorothaloenil in 1/10 LB media
by the growth of bacteria at 30°C. O-O, no inoculation; @- @,
Ochrobactrum sp. SH35B; W—W, Bacillus subtilis, -],
Escherichia coli.
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Glu-SH= AEA NN F83F f2l thiol 3H=2] shte]
v xenobiotics®] 752}, hydroperoxides®] A7, o]&-3} v}
Ak of gkl o3l ¥ 5 whifalo] sulthydryl AYele] f4]
3! disulfide W&kol] &3 AP 2H T3} 22 Ok
gk AEN-Eol| Fedsta ¢loH1]. Chlorothalonil #8HA &
of u|AEo] 7HpAd Mo} HA o] B2 k] Glu-SHE A
AkE1 | Glu-SHe] chlorothatonil 3]52h8e]] Freddl= 72
. A8k QJ}[7]. Chloroacetanilided] #3441 alachlor
2| 73§- Eohu|yE2] glutathione S-transferasecll 2|3l Glu-
SHe] conjugation ¥ mercapturic acid®] HelZ A=
NEHche BIE Qlv[14]. 23X B v]Ad=el st
chlorothalonil A1) Z7|¢HA|d = Glu-SH7} 43 715
Alo] 7] wlFel| Bl Ochrobactrum sp. SH35BS] A
W2} Glu-SH &eF8 Ak Bkt AW Glu-SH 35S
E coli @ B. subtilis$} W18t FA8)] & Z3= Table 1
- Zre] Fe)i<l SH3SBS 7% Glu-SH ¥ 133
nmol/mge| 2™, | XFOE A3t E. coli= 0.26 nmol/
wgel I B. subtilis= 0.61 nmol/mge] 51 PH(Table 1). Al
FEE9] A whg] Fed Glu-SHE=-> chlorothalonil
AA FHo] &L Ochrobactrum sp. SH35Bo|A E. coli B
©- 5ull, B subtilis ¥} 2uf) oAb Egic)

=2|e| Glutathione Stransferase &

Glutathione S-transferase™- xenobiotics2] AJ-B- ghel] &
490) AL B HATA B AR BAlshe BT
2 3hto]™, Glu-SHe] nucleophile® 24-8}e xenobiotics
£- conjugationd]= HE-E-2] Fw 2 A 2hE-81h{7]. 1A

Table 1. Glutathione content of Ochrobactrum sp. SH35B and
other control strains.

Strains Glutathione* (nmol/protein)
Ochrobactrum sp. SH35B 1.33
Escherichia coli 0.26
Bacillus subtilis 0.61

*(5lutathione content was measured by the method of Baker ef al.

2.

Tuble 2. Comparison of glutathione S-transferases activity in
bacteria.

. Glutathione S-transferase*
Strains

(nmol/protein)
Ochrobactrum sp. SH35B 62.1
Escherichia coli 39.8
Bacillus subtilis 16.4

"Bacteria were grown in LB media for 12 h at 30°C and cells were
sonicated for 6 min at 0°C. Glutathione S-transferase activity was
measured by the method of Habig et al. [8] using 2,4-DCNB.
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glutathione S-transferase”} chlorothalonil®] =3¢} o]
L Flojg} A=o] Heli#e] glutathione S-transferase &
A& zAbslge. Eeldel SH35BS| glutathione S-
transferase 432 62.1 nmol/mge] 2™, W=7l E. coli
* 39.8 nmol/mge] 3L B. subtilis’= 16.4 nmol/mgo] 3=}
(Table 2). B3 Ochrobactrum sp. SH35B9] glutathione
S-transferase &4 DA E. coli ¥} 1.5, B. subtilis BT}
3.7 =9k}, Katayama (1112 chlorothaloniks- F-afjshe
Ao A M E Yol 2208l EA47F chlorothalonil®] 4
AALE methylZ] 2 XA 22 A chlorothalonil®] 27] &
Azt doluhs Aoz FAsNH. £ d7elM Ll
SH35B7} Glu-SH &=¢] 1!, glutathione S-transferase &
Ae] =g 712 Hol Glu-SHY &4 sl A glutathione
S-transferaseol] 2]3F Zufzl-8-2 =2 chlorothalonil®] # ho|
A143] dofupr] FE3P] op7|EE AR A= 27
7k cytosol #&ol|A] chlorothalonile]l Glu-SH £2) 3lell A
glutathione S-transferase®] 28l 2J3ll o38] 72| mercapturic
acid F=A 2 Ao ARE B33 v} Qle17]. & &
o] 2J&} chlorothalonil 1%+ AHE~-2 HPLC-MSel| &jsf ZA}
Zo) ¢t} = chlorothalonilS -8 wiX|ol|A] Bea|d2
wjokst & 7AlE A AE A6 M chlorothalonil #-2 7}
%] mercapturic acid =37} HEHASHAE w2 A]). ¢]
ARAlZ B o) chlorothalonilel Glu-SH®} conjugation & ¥
decomposition’® AFHES] UF7} A AUz wiEHE 7oz
28} o)) o] chlorothalonil A3 7|78 &4
g2 Swo| A Z2AFSEY] $38led 2 72 glutathione S-
transferase®] AAE Alxsk2 ¢l

o =]
ke |

chlorothalonil®] A o] S48t ¥+ Ochrobactrum sp.
SH35BE 22]slith. H2l7 SH35B: 1/10 LB wjxlo) &
$% 10 ppme] chlorothalonit- 30A1ZHakel] £218] A A3}
1.2, 20 ppm®] chlorothalonil®] 73-F- 307} &< 88%
£ AAstge B2 Glu-SHE ) glutathione S-
transferase 442 27+ 1.33 Y 62.1 nmol/mge|%.o, H
279 E colirt B. subtilis ¥rb & 702 Yehdr}, of
Are] A2 2E] chlorothalonil®] gkl glelA Al £]9]
Glu-SH %k} glutathione S-transferase EAde] F9.3F ¢l
A2 2GR Hles A7

#HAtel 2

o] T2 20009% AT 2ol 2ste] AT
291-&-(KRF-2000-005-G00001).
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