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Abstract by GC-FPD analysis. As a result of biological TBTCI-
degradation at TBTCI concentration of 100 uM, TBTCI-

BACKGROUND: Tributyltin chloride is among the most removal efficiency of Pantoeasp. T7 was 62.7% after 40 hrs.

toxic compounds known for aquatic ecosystems. Microorganisims CONCLUSION(S): These results suggest that Pantoea sp.

are responsible for removal of TBTCI. Nevertheless, only a T7 is potentially useful for the bioremediation of TBT

limited number of marine bacteria were investigated for contamination.

biodegradation of TBTCl in Korea.

METHODS AND RESULTS: The number of TBTCI

resistant bacteria ranged from 2.5 x 10’ to 3.8 x 10° cfu/mL

in the seawater, and ranged from 3.2 x 10° t0 9.1 x 10’ cfu/g

Key Words: Gwangyang Bay, Pantoea sp. T7, TBTCI-
degrading activity, Tributyltin Chloride

in the surface sediment, respectively. The morphological, M 2

physiological, and biochemical characteristics of TBTCI

resistant bacteria were investigated by API 20NE and other 7154 2HHE(organotin compounds)<>- 1960 T
tests. The most abundant species of TBTCI resistant E] Adup gl ok 250 A= 2 EH(biofouling) WAAE

bacteria were Vibrio spp. (19.2%), Bacillus spp. (16.2%), g AREE St Marszalek ef al, 1979). 53] QLE%
Aeromonas spp. (15.2%), and Pseudomonas spp. (13.1%), (antifouling paint)®l %7}=]:= tributyltin (TBT)-> w7
etc. Eleven TBTCl resistant isolates also had a resistance to FH(barnacles) %} 355 (tube warms)¥} 72 F-ZAYE
heavy metals (Cd, Cu, Hg, and Zn). Among them, isolate T7 FAA o] wll¢- gIpAoln, a5k 5 ol A&HER A
showing the strong TBTCl-resistance was selected. This AAHcz worgzA de AMEESltiHashimoto ef
isolate was identified as the genus Pantoea by 16S rRNA al, 1988). o= F71574 &2 A 54407 3| AA
gene sequencing and designated as Pantoea sp. T7. In sietol] ajeF A= FAS WHAsle] s THEAIA A
addition, this bacterium was cultivated up to the growth of FAL @3t Q7] wiEolth 1 Qel% f7|54 e
50.7% after 60 hrs at TBTCI concentration of 500 LM. 7 Al AR WgkE BAE] 9@l polyvinylchloride
TBTCIl-degrading activity of Pantoea sp. T7 was measured (PVO) QFgAIR 2231 o AZAinsecticides), *lbactericides),
A HEA|(wood preservative) 5 2% ol AREESITH
*ﬂ’ﬂxix}((?orresponding author), (Clark et al, 1988).
Phone: +82-53-850-3772; Fax: +82-53-850-3727; T 715 S S OiEA 2 9EA” TBT
E-mail: jsymicro@cu.ac.kr H| 324 AE(non-target organisms)°ll tst F4Jo] 73 3|
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&) A9 B Auel s 545 e, s vEe]
APE(han and Cooney, 1995)% W4%/J(Andreson et
al, 1997)& -F538tal, Uit Al FellEd2A 157 Y
Al (imposex) & ¥.2717]% gHKShim et al., 2000). ©]¥]
o 54 YEgAoR T°H6]' TFAol 77128719k A
owM F71FA el 54 WAy Addels Al
7118k Ao ®al Qlrk Egk TBT+ A d(lipophilic)
O 7 el A& Aol F7F HH wljEo] o] Foix|A] ¢
7] wlitel] AE-552A2HBCF: bioconcentration factor)®
283 Aol FuEe R EABIE AuAldd nX= FEol
HAtHMacDonald and Trevors, 1988).

webA] AlA] Zrellal= ofn] TBT AM-S S48 AR
T Alstehs WarE APgste] il el A= Xt

Tk AATE FHeR 1980Lﬂﬂ1—rE1 TBT AM-S H-52-4
O 7 AR, f-Evehs 2,000 A ﬁﬂ]‘% A2
afof 20031 11€4H EE Al TBT Bewso] AR-S
A5k itk FASA]THIMO: International Maritime
Organization)i= 200335 TBTE /302 8k vk
HOIES E¥E FAalal 9lom, 2008\ E= 7] X g0
U= TBTE /3T 0% s Auke #RIES A=Y E ¢
A AASAY sirE FEHA s B EXskeR o
L Qiek ol gt AR E allE, A9 EAE 9 A=A A
o] TBT &%+ @48 7Aslion, 4= A dzt a4 4%

of 5% TBTY AL=ZE Q3| all & see A%
=51 Q= AAo| Kam ef al, 2011).

e FHFo=FE TBTS AAE Fadg) 22 FA4=
eHA] Eafof et el o] Fo A=), o] T AEA
o] wFo] A H1¥l JQtiMailhot ef al, 1999).
Barug (1981)%F ESFelA et Alita} #3307t TBTE
allshs As H2E BRI om, Fukagawa 5(1992)2>
z‘)—HOO}:/\ﬂ o o]%_s} Ag_,_oH H]—Ht-] 7H1:ﬂ—_4 o] o2 TBT LH}H
Hs #2591, Uchida (1994)= OHTQ]— E A &4
TBT WdAlatel #3225 ARSIt ol9h & TBT 3=
<] —3H0k§}ﬁioaoﬂ gk AlAZRD B4 olF AASH =

Hole E7ekal, oFd 7] SellA= TBT W B #
3“"1]‘&@1 gk A= gk Aol

weba] Aol fEluet Ak e F wSE A
skel Wik Aduke] Eqlow s 7574 e 290l
AN Aow o= FdRte g EF=elA
tributyltin chloride (TBTCl) W3Sl AlTE Akt
Atk B3 TBTCL 23l 27do] Hold Pantoea sp. T7 o5
= 1y, 293t AgA EA 4 el el 2AKste s
M, 42 TBT 2.931%] bioremediations 9|3+ 7| 3445

.\.L4

[me

EA g9 Aol oF 17 km, HE °F 9 kmo[H, of st
& &l delleh AR, mFeRE Fel e ek
A= o] olnt. =] AR oo mRE <At 5887
x 1082 F57F F953L ol eH(Park et al, 1984), Azt
oF 80t 9] o] Ao gRE fEH] iR
shrolell BA s AR ekt S ot 1o
W sj9E AT Fowele] @rikim and Kang, 1991).
SR, Fenle 19801 FEFE 1S} Bl mAIS) w
EA AL Q= Aol fejuEte] tlad] shehd|el
AERAA(O1FA] A, 1153 km2)h 3PAACIYF
A EEE, 1192 km2)9] 7HE 5 i B W ake] E4)

9 A AN w4 B A TG BATER A8
El; SAtHLee, 2000). t50] F%¥ % TEY =T 57
5 ®olu glon, Afatetad ks HIEse] LNG £t

A, ZeeldAl 5 thdRt ] Adulsol Fdskal 9lom,

”3

1:
AR =
= [e) >~ [e)
FAL FHLE VIR 25F TS Kol vk

-

2 A3eA AREE TBTCl 3EFA19K>99.5% purity)>
33 FAFA Bl ]lsksl o, corn oil (Sigma
hel =] AREa3itt. F%8Ql methylene chlorides=
Fisher*HUSA)°] HPLCHS AR89l om, Aol ARt
RE 2T SR okllER dAto R 33 o] AlAT

] AEAA ARSI

>~

L
o
rN

Mz 3 TBT LEMI=2 JHAI
AlEE 2009 8ol Fekire] HE HSajK(Sl 34°
54.81, % 127° 43.08)°l4 %5 d5¢t %5 EHA= (A
19.5 )—°— AFskA 25 s EdE MB AF7|E 5
Ao AFsila, ¥ HeES N Y N(gravity
core sampler)E ©|&3to] AHHISIE HH T A5 ice-box
of Bykste] APAR A 3K oufell Afsiint. 3
g 9 B2 52 A9(VC: viable bacterial cells counting)
= A 2] RS Eet sl AR o® 345} PPES-
II (yeast extract 1 g, proteose peptone 1 g, polypeptone

P

2 g, soytone 1 g, 0.1% ferric citrate 10 mL, seawater 1
L, 27| pH 7.6) 83 ¥ |(Taga, 1968)°l =T (Buck
and Cleverdon, 1960)°.2 %3}o] 25C oA 747k vljok
¥ UERt colony
AFskSA T
TBTCl W/dAIte] 7lAlg= Fukagawa (1992)9
HE NEste] TBTClS corn oil (HIA] 5 HAFE%7}F 1%
olahol §aIAIA HFEE7F 100 nMP} 100 uMo] =5
PPES-IT Hj#|<l| 347}3}o] Jﬂﬁrﬂﬁ%k‘?jgi 25C el 253k
Wt F Edd ARPS Avslel 2RI, Ta 5
Aol COlOI‘lya X 5o TBTCI UYATFE 55851
o Rl IR BREA 948 AR g5l
MacFaddin (1980)3} Gerhardt 5(1981)2] WH<S F13}
ol k4, mjgsd SA= vketstal, API 20NE kit

45 CFU (colony forming unit)®




426

JEONG et al.

(Biomerieux, France)E ©o]g3}o] 42|, Aslety EHES
ZAKeQitE 1 AE apiweb™ database (http:/ /apiweb.
biomerieux.com)Z Fz3to] 1318 0g BFHsHA HAMIS
AE ] & level7H4] st $243& dfotasich

TBTCl & S=501 LMol Het 732 ME H SH

w8 4% TBTCl WAl & TBTCl B Fael o
st ol 7P st w5 s flske] 2] s
o g FAAE-S W8Ik WA TBTCI Wido] 7st +
TE5 Ads7] 918l PPES-IL AAA| ol kg TBTCl
uAdetE w100 uLE PPES-IT BdujA] o] =&}t
27 6 mm<] paper diskell TBTCIS] E%7} 10 uM, 25 u
M, 100 uM, 250 uM, 500 uM % 750 pMo] HEE
loadingate] 25°C elx] 271t vt &, 2244305 % (minimal
inhibitory concentrations: MIC)E ZAFste] BlaLskGitt.
TSk TBTClO 736t WA Hol= 11719 #55 A es)e]
5% Hg, Cd, Zn, Cu ¥ Srofl digt ug 23S A7)}
2 o R el o] W 7 $549] loading ke
247} 10 uM, 100 uM, 1 mM, 10 mM, 25 mM % 50 mM
o] HE% sfo] MICE H]usI3it

TBTCl % a5l 7H 48 s Bl T7 455
dgstel Bk gekgk 545 218te] 165 rRNA genes ©|
{3 7N g BAS A5k tHDunbar ef al, 2000). A
¥l WA= PPES-T el 1841 wiekst 3, AccuPrep™
Genomic DNA extraction kit (Bioneer)Z A13]¢] total genomic
DNAE F%3}19 template® AFH-313ITE 165 rRNA #-4
%] o] o |35 primrer3S-27F (5-AGAGITIGATAOMIGICTCAGS)
9} 1492R (5'-GTGGATCCGGYTACCTTGTTACGACTT-3')
< ARSISIEL ol forward primer®] 5'ofli= AlgHE A EcoRI
o] QI21§-$1E, reverse primer®| 50l BamHI2| Q12)F
915 7Bk PCR WhE-E AccuPower PCR Premix (Bioneer)
& A8t Minicycler (MJ Research, USA)Z 4]
o WA 94 C el 523 WAL 7, 94C oA 1+, 61T
ol 14, 72CellA] 134 303] WHE3sle] DNAS S%A)7]
31, upRuko 2 72°C oA 587t extensiont]#] PCR WH-2
TANFL. FAE 165 rRNA genell PCR WHES
pGEM-T vector (Promega)°ll ligationA|# RH-E-5 1]
8|38 200 uLe Escherichia coli XL1-blue A3
FAAFAZ § alkaline lysis =52 "3 (Sambrook
et al, 1989)°% plasmidE mini-prepaf3ith. o]} o]
165 rRNA gene w42 Fdlo] d7Mds A4 7,
National Center for Biotechnology Information (NCBI)
] GenBank H|o]EJ#|o]A 4 Ribosomal Database Project
(http:/ /rdp.cme.msu.edu) ol 7Hg 45730] =& H5E
7} QA7IMEE ¥wEkelen, MEGA 5 package (Tamura
et al, 2011)% °]&sto] AFES TI3iTh

O 0O

T7 32| M| TBTCI2| s Ak 3 FollgM 3
AW T7 #539) TBTCLY Zt 7] =0l

5 AR S vt 2ok TBTCIY 558 47 10
uM, 100 uM, 250 uM, 500 pM % 1 mM=E FH7|sk
PPES-II HAHIA] 100 mLel A wiekst T7 5= Wik 1
mLE HEe F, 25ColA 180 rpm o2 wjUsFHA] 104]
7 A% spectrophotometer (Shimadzu, UV-160)E
°]83t] OD.4k= S78(600 nm)3t3iTh

T7 5] TBTCl v &< 5471 f18iA 100 uM
o] TBTClE ¥83h= 100 mL2] PPES-II A=l tj4=
2712 A wjeks T7 ¥+ (approximately 10° cells/mL)
okl 1 mLE AEaSck of Wl TBTCIS] #¥3l% ¥
ab7] SJallAl oA wjeFalslen, 25C, 180 rpmo®
40AI7F &2t wiFsISiTE wiF - Al wieFele- 8,000 X g
E 1097 daldelata e S sAIxete] 4 A
7HA-70C el Baeisivh. $241% ASZHE TBTCIE:
FZE8laL E45h= WS Harino 5(2002)9 WS wlsh
th H71552 75 NasSOsoll TAA 2 AAs T,
571557 (Byela, Japan)E ©l8310] 5FA17] ¥ Sep-Pak
Plus florisil cartridge column (Waters Korea Co.
Korea) 2.2 A|1793te] 1 mLE 553 & GC UHE+E4
(internal standard)ZA] tetrabutyltin (TeBT) 0.01 pg
(Aldrich, 93%)< F7FeISitk ©1% 2 uLE F181°] microsyringe
£ 0]4319] gas chromatography©l injectiond}o] 45}
ooEE AFe 2 xdow 33 WM AFEICh
GC-FPD (HP 5890 II, Hewlett-Packard, USA)2] ¥4 %
AL v 2tk Capillary column+ SPB-1 (30 m x
0.25 mm x 0.25 pm; length x id x film thickness)< At
33ltE &% 272 injector temperature 225°C, detector
temperature 250°C, oven temperature 50C-240C, &=
25 30C /minl.Z 3911, initial time 2 min, final time
10 min®E ~2I3}81913, carrier gasi helium (35
mL/min)S ARSIt
Zo o o
ZARHAEL| M4 2 TBT LHAMIZ2| JHAMI

AVl BEele] A 47 x 10° ofu/mLS)
on, 3 HAES AATFE 69 x 10° cfu/go2 AN
SAtHTable 1). Fgite] ZAMN AL SAZHE F7]159
o] war gto] A Unte]] fX|stR g, 2]¢ke] nlsl Hlal
A w2 A9 Vs UEE Btk

TBTCI¢] #HEFEE%7F 100 nM7 100 uMe] =&
PPES-II wjA|ell 7fsto] Hahujelior 25T oA 25
wjekst & Ed3 Al H=HE AlFste]l TBTCL WAl
NG5 AV A Table 10 YERASITE Fokute] =
AbaedellA] 100 nMe] TBTClell thet Ul dAllte] At
BZaot 2 HAEA 717 3.8 x 10° cfu/mlsh 9.1 x
10° cfu/gol%lem, 100 uM TBTCle] that WAl A3
#E Balge B3 HAEM 27 25 x 10° cfu/mL
9} 3.2 x 10° cfu/goISiek. WAATFS A E5ardl

=

[}
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Al Bt B35 EAE A go] YERton], =2 F5EQl 10
UM TBTClel| thgh W Alre] Aats=7F AA vebsteh &=
3k TBTCl WA Al 258l ne 13 54
Boa ok 87-1638 AL WA uebdth A o
TBTCl WAAITe HlE&-S 0.53-13.19% % YERton, &
HAEA 100 nM2] TBTClel| thgt WAl nvl&o)
13.19% % 7H A vebstth AR elA12] 2335l
AEskE TBTCL W/dAIREe] vl&2 0.53-0.81% %, Uchida
(1993)7} ®a1gt 8= F TBT 5%} 10~600 ng Sn/LZ
EAER= U9 Kachidoki®ol 2] 0.9-25% Hrh= A
3] W2 JHAIFEE YERYQILE =3 53 A5 A8
TBTCl ul/dAlte] Hl-&-2 4.60~13.19% = Pain¥} Cooney
(1998)7} Boston &-ollA ZASH 1%KH T 28 W& BXE
UERISIEE $hA 19961 FefutellA] TBTO =& AR
Kim¥} Park (2001)9] ®H.azel oJabd, HZael A5olA
o] TBT +% W 72 ND-157 ng/L$ ND~68.5
ng/LAer EAHEM TBT v% WS ND-85 ng/g
dry wtlthk Fewke] TBT 5%+ Uchida (1993)7} HiL
ot 2] Kachidoki®telA9] 5= & TBT s% WLl
10-600 ng Sn/LEtt AAs] e Figlow, Bgk TBTCI
UPdAlee] vlEs dAA38] YA YeRd

o

Table 1.Viable cell count (VC) and distribution of TBTCl
resistant bacteria in theseawater and surface sediment of
Gwangyang Bay

(cfu: colony forming unit)

Number of TBTCI resistant bacteria
TBTCI of 100 TBTCl of 100
nM (%) uM (%)
Seawater> 4.7 x 10° 3.8 x 10° (0.81) 2.5 x 10° (0.53)

sestzluirrf;;et*3 6.9 x 10° 9.1 x 10° (13.19) 3.2 x 10° (4.60)

"l Ratio of cfu at the TBTCI of 100 nM and 100 uM
_ against cfu of corn oil control.
% cfu/mL, % cfu/ g.

Viable
cell count

Carbon
sources

3 TBTCL WAl $27d2 stetatr] flaiA, -4
4719 BagA Adeld 544 colonyE A5t
TBTCl W5 creelaisinh 2eld Widdso] £+
k2] SA1E HEsl7] f18lo] MacFaddin (1980)3 Gerhardt
S(1981)9) B Faslol Pejsta, ARA SHE 2
AFete] & level7H] E7dalgitt L A3, geftelA TBTCI
UPIAIe] F242 Vibrio spp. (19.2%)7F 7V =2 4
o5 UEWl, Bacillus spp. (16.2%), Aeromonas spp.
(15.2%), Pseudomonas spp. (13.1%), Klebsiella spp.
(11.1%), Alteromonas spp. (9.1%), Pantoea spp. (6.1%),
Proteus spp. (3.0%), Listeria spp. (2.0%), unidentified
(5.0%)°] =02 stk A=/ Eag TBT W &
+ 3l microorganisms=+=Conigphoraputeans, Peudomras

Av27 5°] SltiBernat and Dlugonski, 2006; Cruz et
al, 2007).

TBTCI ¥ S350 LHMo| 2t 732 M8 3 3

w2l 4% TBTCl U/dAlet 5 TBTClel i3l R} &
AN WS el #55 AEsl] S8k MICE x=
AVst A3= Table 29} %t} 1 A3} TBTClo] 723 WAS
Hol= 11749 w55 AHste] T4 Hg, Cd, Zn, Cu %
Srofl thsk WA A¥e MICE ZARI 117) 5 2%
Hg, Cd, Zn 9 Cu°l difsl] W= B0, Sr (AEEH)
o thgh WAl AR ekotrh BEgk oAl TBTCL
YAl 1170 55 diFE Hgell diaixls okt Ui B
93 Cuoll taid+= vlwd 733t WS Btk Pantoea
sp. T7 5 750 uMe] TBTC “s=olA MICE Hof 7}
& 7e TBTCL WS Yerigler, Znat CuolM e 242t
10 mM¥} 25 mMeA] MICE ®o] TE5 diEik® 713
ZE WS vERQIcE B3 250 uMe] TBTCI k=0l
MICE Yebd Bacillus sp. T33%} Pseudomonas sp. T6
5% Cd, Zn % Cuol tfd] 100 uM-10 mM F%=olA
MICE YeRfe] vlma 7t S depdigich olde] 2
¥h= TBT WAlREE ofe] Fasel thelid e viAdo] =rhal
H31gk Pain?} Cooney (1998) ¥ Fukagawa$} Suzuki
(1994)9] A+~ Ayl & UA|BIGITE o9} o] & A7t
Al ®gg TBTCl W52 TBTClO] Fall#nt ofuje}
Tas weleE 1 38 7HI7F sleget e

Table 2.Minimal inhibitory concentrations (MIC) of
TBTCl and heavy metals againstgrowth of TBTCl
resistant bacteria in the PPES-II agar plates

(unit: ©M)

Heavy metals

Hg Cd Zn Cu
Vibrio sp. T14 100 10 100 1,000 10,000
Vibrio sp. T28 10 10 10 1,000 1,000
Bacillus sp. T33 250 10 100 1,000 1,000
Bacillus sp. T17 100 10 100 1,000 1,000
Aeromonas sp. T9 25 10 100 1,000 10,000
Pseudomonas sp. T6 - 250 10 1,000 1,000 1,000
Klebsiella sp. T42 100 100 100 1,000 10,000
Alteromonas sp. T18 100 10 100 1,000 10,000
Pantoea sp. T7 750 100 1,000 10,000 25,000
Proteus sp. T37 10 10 100 1,000 1,000
Listeria sp. T25 100 10 10 1,000 10,000

TBTCl1

Strains

TBTCl ¥ F2%E 78 A s Bl T7 455
Aste], o] Fe] Feld, A, Asted SAES AR
A3= Table 3o YeRlTth T7 #F+= Gram 24, 7t
oF 5] 81, 1.5% NaClo] X3 PPES-II 3 %hi|]
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tlo
T
2
%@,
H

A4 convexHe EFEe AT w-HA
4Cel 37CoME A4S aigloy, 41°Cex= AdsiA
¥ oRoleh wEok Qs oA ERQLS Akl AJEEAL o] &
o2 %o, nitrate BH52 (1211, Maltose, L-Rhamnose,
D-Mannose, D-Arabitol, meso-Inositol 2 DL-LactoseZ
HE AR IS o1de] A3t Pantoea 40 1244 &
7 2Rtk Boh geet 54 918kl 165 rRNA gene
A7144(1,458 bp)e #AI8tel NCBI GenBankell &%
dEAol =& dFEIN AR s okt A,
Pantoea agglomerans DSM 3493T (A]233423) 9} 99.45%
o 7ME &2 AEAE Uehol(Fig. 1), ¥ 1 Pantoea
sp. T7= "g7gsI3ith

Table 3. Morphological, physiological, and biochemical
characteristics of isolate T7byAPI 20NE and other tests

Tests Isolate T7
Color creamy-yellow
Cell shape rod
Gram staining -
Motility +
Growth at:
4C +
37C
41TC -
Indole production +

Acetoin production
Nitrate reduction -
Hydrolysis of esculin +
Citrate utilization
Hydrolysis of:
Tween 20 +
Tween 60
Tween 80 -
Acid production from
Maltose
L-Rhamnose
D-Mannose
D-Arabitol
meso-Inositol
DL-Lactose +

+, Positive result or growth;—, Negative result or no growth.
Values in parentheses were read after 48 h.

+ 4+ o+ o+

a5 Pantoeasp. 17
81 Pantoea ageformerans DSM 24931 (AJ233423)
o Pantoea ananatis ATEC 33244% UBD196)

Pantoea ¥ ATCC 51997 (UB0208)
R cypripeds DSM 38737 (AJ233413)
Erwinia riapontic DSM 44347 (AJ233417)

Enwinia persicina KTCC 359981 USI005)
cywinia tasmaniensis DSM 179507 (AMOSS716)

vora DSM ASEST (AJ233414)
Erwinia amyovora DSM 165" (AIZ33410)
Erwinia pyritokae ICMP 141437 (EF122435)

% ’7 Gitrobacter youngae GIC 13147 (AB273741)
Safmonalia aP 109007 (AVZ73829)

) Escherichia vulners ATCC 338217 (AF530476)

-gilend CDC A693-367 (AF025367)
[

- ’—Wm'aumlainminsm 9397" (AI23300%)

100 : S0 (AIZ3406
o1 | Buttisuxeda noactize DSM 9401" (AIZ33405)
. Buttiauxela gavinise DSM 93037 (A1233403)
N 2 2

93007 (AI232402)

0005

Fig. 1. Phylogenetic tree based on comparison of the
16S rRNA gene sequence indicating theposition of T7.
The phylogenetic tree was generated using the neighbor-

joining method Bootstrap values, expressed as percentages
of 1,000 replications, are given at branching points. Bar
shows two nucleotide substitution per 1,000 nucleotides.

TBT 24¢] Azdell wlell A=7HA =idjellA] TBT &3l
Algtel] dist A7t gk Aot 2 Aol st
TBT W T wallMldl Pantoea sp. T7 #5-9} 454
o] 71§ =2 Pantoeaagglomerans®] w53}’ synonym
& Pantoeavagans$} Erwiniaherbicola®|tHSmits et al,
2010). Fofl Atell UAdE 74 biocontrol agentZA]
Pantoea agglomerans CPA-27} X.11%) ©™(Caflamdset
al, 2009),5%=38 biocontrol agent® 4%l Pantoea vagans
9-12] 44 9371E(GenBank accession number CP002206)
©]12010\d¢l| R31E[THSmits et al, 2010). o] 9} 22 A1y
ATE nigoR o TBT wallol #ofshs fuas 2t
=hd biocontrol 24| Pantoea 4 "AE 843 &

& 7FsdS ShEEet ek,

Pantoea sp. T72| M&of| TBTCI2| sz s I Hofl&kM
¥ Pantoea sp. T7 w2] wj%¥zx7]e] TBTCl= 2t
SEHEE A7kl T7 ¥4 TBTCL skol e 3%
EE XARSE 3= Fig. 29) 2tk Pantoea sp. T7 o
TBTClS 7K kot wf PPES-IT A A wlj%F
20A17F Hholl A 7ol] EEaigitt 10 uM 2] TBTCI 5ol
A ofeh Asahg-S Wobd tRARNY 25 =2 A
3} 74 925 Btk 100 uM, 250 uM 2 500 uM2] &
EolAs TBTCLS] FFo 2 wjdxr] 10AR7H = o 447
o] i At oL}, wek 10A17F o)F = AL 3]Es
of Bl e s Btk Zev dix2AE 2 10 pM
°] TBTCI “s=olx1e] o 437 Aol nlal], nlawd =2 A
F(40A17E Wl BA7] =) w4 HEE e 5
3] 500 uMe] IEEolAE th2d 3T vl Al 60A1F &
o 50.7%2] W& 4EE By, dAnjFoR #F Al 7o
A% A%kem aggregation F/do] YEFgth Zeu 1
mM2| EEeAE AL Aol AUk SIS Pantoea
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sp. T7 ¥+ Fukagawa 5(1992)°] Y+-°] HakodateRt
oAl elet 125 uMellA #H3 WdsEE 29 TBT WA
1 Vibrio sp. M-1 #F5t}F Aol 4u) o) sHojd A}
£ 23t

09 r

0.D. (600 nm)

0 10 20 30 40 50 60
Incubation time (h)

Fig. 2.The growth curve of Pantoea sp. T7 at various
concentrations of TBTCl (@, control; l, 10 «M; A,
100 #M; X, 250 uM; @, 500 xM).control: same
volumes of corn oil were added. Data are expressed as
the meantstandard deviation from triplicate assays.

Pantoea sp. T7 #55 52712 Asto] 100 u
Me] TBTCle] %3¢l PPES-II Ao 1%7} =5 4
Fato] 40AIRE vikatle W, TBTCIS] #allEA]s Ak
ZA¥h= Table 494 2tk GC-FPD #-4¢l| <lall wjok 4047¢
T TBT MEELS 37.3%% HERY, & d7old 2o
Pantoea sp. T7 = TBT wal|&/do] wi¢- Hojd= &
I Sty TSt Pantoea sp. T7 % 7V &
negative control®llA] 40413t ¢l TBT *EE2 97.3%
(standard deviation: 1.3)Z2 YEePgt) o]2idt A= A
4 Aol ogt Ao g, # Adefx= TBTCI
o] FElE WA A kel wiksigionw
walle] Y= vlolsk ZAow gk 5 ulF 2ol
517 & P9 dibutyltin dichloride (DBT)%} monobutyltin
trichloride (MBT)+: w9k 40417t Zof] TBT #3l FAHE=
A FAEQIck oleh & TBT &8 FAHE24 DBTY
MBT2] A2 TBT w34yt Bt fungicll 2J3F TBTS] A
=014 el AdHe Aow Z duA jloH
(Bernat and Dlugonski, 2006), &}3H&2] 2 4 w3214
< fig. 3o WERASITL

Table 4. Residual organotin concentrations in the Panfoea
sp. T7 cultured media underTBTCI of 100 «M. Pantoea
sp. T7 was cultured in PPES-II for 40 hrs at 25C and
residual organotin concentrations were investigated by
GC-FPD analysis

UM concentrations (and standard deviations)

Samples BT DBT MBT
(tributyltin ~ (dibutyltin  (monobutyltint
chloride) dichloride) richloride)
Before
inoculation 100 (2.1) ND ND
After
cultivation 37.3 (3.8) 0.3(<0.1) 0.9 (<0.1)

ND: not detected.

H,C CH3  Triburyitinchloride(IBT)
/\/\S ﬂ/\/\ Linear Formula: [CH(CH,),],5nCl
4 Molecular Weight: 325.51
CI” “~"\__CH,
J TBT-degrading bacteria
AN TN NN Dibutyltin dichloride - (DBT)
HsC Sn. CH3  LinearFormula:(CH,CH,CH,CH,),SnCl,
Cl Cl Molecular Weight: 303.84

l TBT-degrading bacteria

CP' CH Butyltin trichloride - (MBT)
Cl-Sn T~ 3 Linear Formula: CH,(CH.),SnCl
1

Molecular Weight:282.18
Cl

Fig. 3.The structure of TBT and degrading scheme by
TBT-degrading bacteria.

ol e A At Fekutelx w23t Pantoea sp. T7

T TBT 23 2ol #Hofu, dA v F79 7154
site, 71947 sHte 9 S 50 Ealel tiE d

7} 8 FolH, o]F Fato] WAl A1 shEEel &
A aofolut ok BESHH e 588 & ot
Fleheck
2 o
B ATelA] sEe ARk st 2T HA =l
TBTCl W/dAIe] MAGE 2ARISIEE FedatelA TBTCL
WAl G dlgel A 2.5 x 10°-3.8 x 10° cfu/mL
Heon, 2% EA=elx TBTCI WAARe AT+
3.2 x 10°9.1 x 10° cfu/g WAL Fgtolr] TBTC W)
JAte] S22 Vibrio spp. (192%)7}F 7V =& $4F
o2 UEN, Bacillus spp. (16.2%), Aeromonas spp.
(15.2%), Pseudomonas spp. (13.1%), Klebsiella spp.
(11.1%), Alteromonas spp. (9.1%), Pantoea spp. (6.1%),
Proteus spp. (3.0%), Listeria spp. (2.0%), unidentified
(5.0%)9) o2 sk =3 11709 thE#<¢)l TBTCl
WdTE o2 $945E(Cd, Cu, Hg 9 Zn)ol= WS
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HeRSItE o5 FelA 7P Zst TBTCL Wde Hol:=
T7 #75 A13}0], API 20NEGS o] &3] 2 #72] 3
gjskA], Ae|etA gl Asisrd EAES ZARIITh T7 ¥
= 16S rRNA gene 971414 4ol 9J3l| Pantoea 0.5
57450l Pantoea sp. T7°.% WWHLE T B #5E
500 uMS] TBTCl F=olM % 60A1ZF vk Fof Z4
’37%2] 50.7%7H4] F218I8it). Pantoea sp. T72] &34
TBTCl Ha|84L GC-FPD #-4¢] 9J&f 424, 100
uM2] TBTCl F=olA wieF 40A17F 3o TBTCl AA &&
< 62.7%% FEFSLTE

A 2
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