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Pseudomonas putida BJ102] Tetrachloroethylene (PCE) 23 §4

e - AR - OlAHg '
|ChED ATEl, 27 ket ATsat

BTEX £#)%& 7}3 BJ10 A F-& o]-&-3}s] 7] 2716 A toluene M 7} A] tetrachloroethylene (PCE) ¥-#] o] &%
A8 9314} BI10-S Yo 2d 34, =) P2 B4, 165 rRNA 9714 D B4 9 At 14 A sje)
w2} Pseudomonas putida 2. 5% 51 BJ10£] PCE A %% 5 mg/Lol| 4| PCE 3-8] A4 A} toluene 7} 71 &
E50mgL, F 27 A% $E 1.0 gL, X 30°C,pH 7 2 2 DO 3.0~4.2 mg/L), 109 71 52.8%¢] ¥ E3& 1 g
o, PCE ¥# £E%+ 59 nmol/hr2 Jebyte}, £ BJ109 PCE I§E 100 mg/LelA PCE ¥ Ay 23}
(toluene A7} 713 F= 50mg/lL, F 7] A% FE 10gL, €% 30°C, pH 7 22 I DO 3.0~4.2 mg/L), 1043t
203%2) 14 H4-& 20w, PCEY-# &%= 46.0 nmobhr2 e}, Toluene B 7} 5o & PCE £3) &
& 37 B33 ol §)3le], TU % vl oF 2A 3}o] 10 mg/L2] PCEe] toluene (5-200 mg/L)E- A 7}8le] -3
AL A A g A3}, toluene 200 mg/L A7} A 10471 57.0% 2] PCEZL E4]5 o] 718 2 A A L& VYT E
8 PCE 55 mg/L (¥ 7.6 mg/L)& 3718 2.2 9] 8l U= 810 M PCE 2815 &g on] AHH 228
< 541 63.0%9) PCEZ} £o54ich. o] 9 9] PCEE-#] £ £+ 13.5 nmol/hr2 37]¢] ¥4 (8.1 nmol/hr) R o}

2795
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PCE (Tetrachloroethylene)s Q47 #7] 3329 & £/
717 B4 29 {7 ARA 2 A SelEA g 2
oz glon, ¥443 W8 Wi ¢ HrE9 A& st
o sk 2 EFF0] ASEHIL Utk Ak fF Al @2
L3l 2 & dx® ¢l3] DNAPLs (Dense non-aqueous
phase liquidsyS BAaHA = olo] o5 FL& Al &2 F
T2 A7t AFEH AN FHR A 2de dot
(10). A2 20073 BAF Ak 4 ST 2F ¢ AY
X e AEAE 23 Y A} A, F 774 294E F
EA 4|2 AZE TCE (Trichloroethylene)?t PCEZF EA| AEH
At £ 2 547 29345 AAHEANE PCEL oF
72%9 =& Bl&S AAEATH1). PCEY F8 U4 §Y 4=
£ 284 o A3 2 ARG 712 90 93t 4oy
dohn geiA $ith22). PCEE ¢ f8 E2ET & delA
o 53] F5A4AE JABlE SRS JelE Ae2e
44 th4). ©18i3 PCEY ARl 1, T EYL
HEA7|ZY gA7|1Zd M PCEY LEFTES 7 AYH, |,
A 58 A9 10mgl, Y AYFFEA, =2, F=dA T)
9] A% 60 myLE A3 A3 ATh2).

PCEY 249 A3k 2 EFS agd oz Hsly] Agh 7]
£E0] gl EopllA A 2 AR Hostth IA F 25,
Balasty 2o AEEA M 13, 18)2 Y& 5 o &2/
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38y xale] A9, 9xY 2 35 F2 g A7} T
FEoln), ol oj&t o3 7] &4 € 2 EZo] FAA
1 3Jtke). olol Hls) A& Xz W Helulgo] Agst
o], 3423513 A ez 5 i1 3IrE3).

HA7xe A 2=, AE3HH PCE B3l #8714, 5, 8, 9,
11, 13, 14, 25) 2 &7)(18, 21) el e AA7E AFHAA
gk 28y @718 270049 PCE B3l 739 whEert
of-¢ 231, PCE B33 £ AAS= DC (Dichloroethylene),
E3] EA4Jo] vj-$ 73+ VC (Vinylchloride) $-& £3171 A &
a1 2o} PCE B3E A8l 2318 28 doTh(1e).
714 27X pCEY AAE P suuzeri OX19] 28 BE
7} SUskA BuEen, oju toluened AF J1EEA F
At =k 23U, 99 A7 AT E e Ee AHEa
€3 =9 B3 £58 Uehidlon, At AFTe] £33
th8). 2 =2 B A¥ME PCE B &S 759 £
2wk FH=2AE FP3ld 1 5E EAS A7
on, o] A7-Z 7|Wko 2 & PCE LAX| G} WETHZ Az
HEA 284 2 BAEES ERstaA 33t

% 3

Mz H 4y

AL 2F

B Agao] AgdrAle o) ¢l 8 B0 o83
PCE9] &71& &3o] tisty A7t Bl 5=
TPH (Total Petroleum Hydrocarbons), BTEX (Benzene, Toluene,
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Ethylbenzene, Xylenes) 2.8 E%o 2 HE] Ea]dQic).
270 5

HENEX S

BJ10¢] ¥ejdty 54 #FE Hstd @& H 4 (simple
staining)® 1% FA(Gram-staining) ¥, B3 1) 7 (x1,000,
BX50, Olympus, Japan)3toll ] Fejs} 227], +3 FelE @23l
Hor 17 3984 Heleols wEslsinh

o2 - YEEy S5

API 20NE kit (Biomerieux, France)® ARg-sle] o509 Ay -
Azetd EAS FAIEIoH  apiweb™  database  (http:/
www.apiweb biomerieux.com)&- ©]-8-8l] 9515t}

16S rDNA 24

16S 1DNAY] #4235 )3} IntronbioAt2] G-spin™ Genomic
DNA Extraction KitS A28l 752 Genomic DNAZS 23}
@Atk PCR Al Universal primerZ forward primer: 27F; 5'-
AGAGTTTGATC(AC)TGGCTCAG-3’ 2} reverse primer: 1492R;
5’-ACGG(CT)TACCTTGTTACGACTT-3’ & AM-3}1, iCycler
(BioRad, USA)S AH&-31 8fatlnt. 171958 §3iA £
¥ 2} PCR 4H&-& Gel Purification Kit (Bioneer, KoreayS A&
ato] A BAE 971482 Basic Local Alignment
Search Tool (BLAST)S- ©]-8-3}%] GenBank database®] @7]*¥d
3} vl A8t FASAct

Rt #
AFaE 242 Tryptic Soy Agar (TSA) Hi=|oll 244]7F i<k
T HAEY9 APitS FE3e] FAME (Fatty Acid Methyl
Ester)& GCE EA38tith Ao 2 9 242 KM
(Korea Culture Center of Microorganisms)®l| 2] 28}t

79| iy

BJI0Z 500ml glass bottled] 100 ml9) MSM (mineral salt
medium)< ¥ PCE 3.0 pl, toluene 50.0 uiE H715+ & A3}
At FF 5 vl ATE butyl rubberS ARE-Sl] W3}
H3L pH 7, 003 g, 30°CY] ZANAM 2447 ujokaldet. wj e
T 4335 g, 15min2 A4 Eelste dAE 4L 5 Az
MsMel| TAE F-RAIA A3 MSMS] 24& KH,PO,,
2g; KHPO,, 2g; KNO, 1g; (NH),SO, 2g; NaCl, 04g;
trace element-SL6, 2 ml; MgSO,7H,0, 0.4 g; CaCl,2H,0, 0.04 g;
FeCl,7H,0, 0.02g; VA vitamin solution 2ml®} 24T} Trace
element solution SL-6%] 24L& ZnSO,7H,0, 0.1 g; MnCL4H,0,
003 g, H;BO, 03g; CoCL6H,0, 02g CaClL2H,0, 001g;
NiCL6H,0, 0.02 g; Na,MoO,2H,0, 0.03 g; distilled water, 1,000
ml¢} Z3 VA Vitamin  solution®]
nicotinamide, 35 mg; thiamine dichloride, 30 mg; p-aminobenzoic

Z/3& biotin, 10mg;
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acid, 20 mg; pyridoxal chloride, 10 mg; ca-pantothenate, 10 mg;
vitaminB 12, 5 mg; distilled water, 1000 ml$} 29k},

sz Ay

PCE 50 IHE BJ102| PCE £3S4

BJ10el 23 PCEY 27] 3=¥ 345 s sk
PCES] Z71FEE 5, 10, 25 28T 100 mg/LoE Tk F
o] AA AE& AU 120ml amber bottled] 10 mie]
MSM (pH 7y& ¥ 27] o HE ¥ 1g (wet weight/LS
2 3} teflon-coated silicon septumn} aluminum capl & Y&
atdct. 7182 hamilton syringe (5 ulyS AH&-3led PCE 0.55 ul
(BFEE7]E: 10mg)T toluene 240pl (BAFEE7)E:
50mg/LyE FUT F 30°CA] 0.03 g (150 pm)>2 Henjok
3Tt

Toluene =0 T}2 BJ102] PCE £35iE4

Toluene H7} 5% ©E PCEY £3f && =7 89S 9
3t4 PCE 10mg/Le] toluene 52 5, 25, 50, 100 281
200mgLE 37}t Bidzae PCE 50 W2 PCE ¥
SHEA A9 FLHA 538

PCE X F¢/0i 2 BJ102| PCE &3

BJ10 #FE 0|43} PCE 10 mg/Lo) RajaHL AAa1T).
F 26947 39 A0 R PCEY #F TEE E3Igon, 18Y
A PCE 03 ul (A TE71E: 55mgL)E AFYs FAoh
%7] 37} 714 FEE toluene 50 mg/LE S, i 2AL
9 A7 FIsA g

PCE s 53 % PCE &3{ & L&

PCE &7 FID (Flame Ionization Detector)”} 428 6890N
Gas Chromatography (Agilent, USAYE ©]-83lt). ME xjFA)
amber bottle (120ml)2] headspace (110ml)o A gas tight
syringe (Hamilton, USAYE A8t 100 pi2] 71438 2133t
GCl U} Headspaced] 718552 24 - AM3E &
Henry's coefficients (PCE; 0.72)% 83l 94 W2} 71As=
2 gt Belag @ 288 A4 120 ml amber bottle
o] 413 PCEY ¥ A (umoly 7|F 02 3o &3t

2 3

oo &3

PCE ¥3] &S 7<) BJ102 Rod¥ <9 Gram-negativeE
I el MSM 100 ml, PCE 0.3 pl, toluene 50.0
ul, 0.03 g, 30°C) #F9] & F Zo|& 0.7~1.0x1.3~1.5 um®| ]
o Al A3hetA E7J(API 20NE test) 2 EAAEH (168
DNA sequence) w241 A3 Z+ 997, 98.0%% FAIEE
Pseudomonas putida®. FRETE E3 A B4(FAME)S
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Table 1. Morphologlcal and physiological characteristics of bacterium
BJ10

Character BJ10 Pseudomonas putida bio-

varA®?

Gram-stain - -

Shape rod rod

Size (widthXlength) 0.7 ~1.0xX1.3~1.5 um

Potassium nitrate - -
Tryptophane - -
Glucose - +
Arginine + +
Gelatine - -
D-Glucose + +
Arabinose - d
Mannose + d
Mannitol - d
Maltose - d
Gluconate + +
Caprate + +
Adipate - -
Malate + d
Citrate + +
Phenyl-acetate + d
Oxidase + +

# ATCC 12633. All its data were obtained from Bergey’s manual of
Systematic Bacteriology (7).
d, differs among strains

53} P putida biotypeA (Sim index 0.387)Z 585 AT
BTNy

PCE sT0 W& BJ109] PCE &3l 4

BI102] PCE %9 wZ pCE 83 EA4L #lsgrt
A BJ10L 109 S PCE 5, 10, 25, 2831 100 mg/LE 2}
Z} 528, 304, 27.9, 7L 20.3% FEaH3te] PCE %7t St
42 PCE ¥ E&-S 743 1Tt 28 PCEY 5%
7} 271842 PCE B8-S 59, 6.8, 158 18] 46.0 nmol/
2 H3H Z7he AES B

Toluene =0 2 BJ10 & PCE 23l 54

Toluene H7} ¥%el w2 BI102] PCE (10 mg/L) %3] 4
< 13 A, toluene 5, 25, 50, 100 2|3l 200 mgLE #H
7Vl o, 10937 22 4.0, 212, 304, 54.1, 123 57.0%F
Bajatdet w3 4 v5¥ PCE £33 £%& 09, 48, 68,

12.2 22182 12.8 nmol/hrE WERGTh.

[o%

Pseudomonas putida BI102} PCE ¥ 54 313

Table 2. Fatty acid profiles of BI10

Shorthand name Systematic name® Content (%)
C,00-30H 3-Hydroxycapric acid 943
Cizo Lauric acid ) 1.74
C,,,20H 2-Hydroxycapric acid 5.66
C,,-30H 3-Hydroxydodecenoic acid 1.60
C,,,-30H 3-Hydroxylauric acid 4.85
Ciao Myristic acid 0.39
Ciso Palmitic acid 21.27
Cocyclo  cis-9,10-Methylenehexadecanoic acid ~ 2.36
Ciro Margaric acid 0.10
Cwio 20.01
Ciso Stearic acid 0.27
11 methyl C,g | 031
wlo
19:0 10 methy! 0.18

2Data obtained from reference (20)
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Fig. 1. The characteristics of various PCE concentrations on PCE
biodegradation by BJ10 for 10 days. PCE concentrations are 5, 10, 25
and 100 mg/L in liquid phase (toluene, 50 mg/L; initial cell density,
1.0 g/L (w/v); temperature, 30°C and pH 7). PCE removal efficiencies
(%) are 52.8, 304, 27.9, and 20.3, respectively. PCE removal rates
(nmol/hr) are 5.9, 6.8, 15.8, and 46.0, respectively. All values are the
means of triplicates

Toluene® PCES} FUAFQ] R3S fr=s}7] At H7te
Aog, 7t B/t oHASE, PCEY £3 88 R 28 &
=7t SRS 2 A

87

PCE X F¢{0f| (2 BJ102| PCE &3

BJ10o] 93 PCE &3} 712 5<¢t 712& AFYste 2 £9)
A8 15T BI10 50 mg/L toluene H7} Stoll 10 mg/L
°] PCEE 18 B¢t 65.19% E3ldtden, ojdje] PCE T3 &

= 8.1 nmol/mrolQTt. 18Yo] 7%} ¥ PCEZ} £3€ BI109]
AEFo] 55mg/Le] PCEE AFHSIAL 2 23, 7.6 mgLe
PCEE 8 59 63.0% 3=t H7F $ PCE #af&Es
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Fig. 2. The characteristics of various toluene concentrations on PCE
biodegradation by BJ10 for 10 days. Toluene concentrations are 5, 25,
50, 100 and 200 mg/L in liquid phase (PCE, 10 mg/L; initial cell
density, 1.0 g/L(w/v); temperature, 30°C and pH 7). PCE removal
efficiencies (%) are 4.0, 21.2, 30.4, 54.1, and 57.0, respectively. PCE
removal rates (nmol/hr) are 0.9, 4.8, 6.8, 12.2 and 12.8, respectively.
All values are the means of triplicates
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Fig. 3. Time course of PCE degradation by BJ10 including PCE re-
injection (toluene, 50mg/L; initial cell density, 1.0 g/L(w/v);
temperature, 30°C, pH 7). The initial PCE removal rate was 8.1 nmol/
hr until 18 days. The additional injection of 5.5 mg/L. PCE (total
7.6 mg/L) made 63.0% degradation for § days in the presence of
50 mg/L toluene under the same conditions. Its removal rate was 13.5

nmol/hr (Symbols: O , Control; @ , Concentration BJ10 treatment; A
, Concentration BJ10 treatment). All values are the means of triplicates

13.5 nmol/hr® 2 PCEE A F3}7) AR}t 2=t}

il &

A PCEE 2718 o2 BRdfshe a5 g d7e
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Pseudomonas stutzeri OX19] W3] & 2Ho] HuEdck1s, 21).
£ d79ME PCEE 5714 ZA0AM nELE Eddhe
Pseudomonas putida BI10& £2] B340, 9 575 AL
3t T} F=9] PCE £3] € A7} 71 5 w3l o
2 PCE AAY ool sl A73isint. o) 7oA PCEY)
714 23 AFPA PCE 27) FEE ¢ ¥ 55 WY
(3.8~11.3 mg/L)olA HFEHJATH18, 21). 22} BI10E o] &3}
o TFt FE(5~100mgL)elAe] 5714 PCE EaidES A
Alg A 1097 PCE 5mglLE 528%2 AAsIgow,
100mg/LE 203% AATLEZN, Aex 2 1FTA T PCE
£ 182 AAT F = AL FASATIG Z2: toluene
50mg/ll, &7] AHETFE 10gL (wh), 30°C, pH 7, DO
3.0~4.2mg/L, 0.03 g]. =3 PCE 100 mg/LolS A9 £al &%
< 46.0 nmol/hrZ YERRTH F 5200000 &5t 7= PCE
AA @52 P stutzeri OX1= MICI BiAI9N A pre-cultured}dS-
o E3EEE 7.5 nmolhr, 3 E-E-L 9%(Z7] PCE 38 mglL,
24A17H0] A3 LB preculture 3FE-S W EETE 267
nmol/hr, E3 &8 28% (7] PCE 3.8 mg/lL, i 21A7H0|10
™, BI10l] &J3F AA &xo vlsied HolFe & 4 ATkl
Z2: oluene 113mgl, £7] T FFEE 0D, 3.5~50, 32°C,
3001pm). ©] ZAFZ Ko} BIOE §F Ao 84, 2 A& L
7BAV3elA Hold EHE 7IHE 5= lon, T3 Gkl A
A71E 22H gl the 287} gl Bl i)

A7 AT 23k, PCEE 3714 27 s 9EHoE A
A HA REAAG 1 E&°] W% mulsda dEAA T,
toluened} Z-& FUALY ESE 23k 7129 Hrl2 AAY
O BIEATHIS, 21). AE SAMA P smzeri OX190] 25
PCE ¥ TCE®] A|AE U5 toluene2] H7}oll &Js) o]FoiH
TH(18, 19, 21). =3+ P putida F1& 0|83+ TCE £3)] A&dA
T toluenes A7I7IAE FYste] FAtHIS, 27). B SAFolA
= ket 559 toluened 713l PCE Eafoll gt gake
FI3HATE BI10S 0|83 T34t toluene H7} 5%(5~200 mg/
DX PCE (10mgL) ¥3 d4¥Zd3} pCE £l &
toluened7}t F=ol QEXHog Z71319th. Toluene 5 mgL
7] PCE 10 mg/L7t 108 53 4% AAZUA toluened] H
7} F=5 200mgL 58S W 5 712 F9) PCE B as
2 57.0%2 $3H 7F4 =& PCEY] EHEL-S FRlsiych
AfH o2 37171382 toluened] FE7} Hol4~E pCEY &
-5 SN AMES BRIl

PCE®] Z|F}lell e 713 2allse] HElE Lol r] 95},
BJ10€ ©]83} 10mg/L PCE #3 ZgS <13 v}, 7] 18
U7} 8.1 nmol/hr?] #3 £2& YE Y AFEEE 2.1 my
L3ch. PCE 55 mgLE MY 3 PCEY Eal5o] 3EHY
on AA £EE 135 nmolhr&.2 %] 23 £ERT}; 219
Ag BAFA) o|HY AT AN Ralstonia pickettii
PKO1S o]-8%+ TCE E38jAl, AlA A¥ o]dd #F= TCE)
HIAA BHHoE F3)7)4 ddo] £XHo| TCE 2380
F7HERTH26). ol AR 3G FF9 Eals
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Table 3. Comparison of biological PCE degradation between P, stutzeri OX1 and P. putida BI10. All values are the means of triplicates for BJ10,

Strain Growth medium

Initial PCE ~ Energy source Initial cell density Incubation time PCE degraded PCE removal rate

conc. (mol) (toluene) (ODgy) (h) (mol) (nmol/hr)
MOCI 20 3.0 mol 3.5~5.0 24 0.18 7.5
P, stutzeri OX1 LB 2.0 0 mol 3.5~5.0 24 0.17 7.0
LB 20 3.0 mol 3.5~5.0 21 0.56 26.7
MSM
P, putida BJ10  (toluene; 470.4 mol, 54.3 22.6 mol 0.2 240 11 46,0

PCE; 29.3 mol)

F26), = B4 E3l Al AREE tIAREEY B4 g
AP 52(23), Y 200l A=, B AFME FAE
2345 B 4 Utk PCE Eall&9] S04 gk F&st 4dS
#3t7) A 123489 pCE £3) $ 23} 32k9] AlLH9
PCE FY4do] HasziAwt Z717 5] AP bottle Wl
PCE 7|29 93AHE FA%}7] ojgdthe B0l o] At
AHE 47) FE. o|& A A3 A A ok
EAQl 7177t Fasofof i},

£ d7dMe 2713 20X 1E5EY PCE E3ldF P
putida BI10& £8]3l5 01, thkst F=olA] HA AA a&
< Zolfiglth 3, A7) 7138 FXk(toluene)d PCE £ 4
£ B3 1 AA 588 TV o] ¢FE o83 PCEY
BEEZ X A2HS LSt PCE 28 EYASIRS d%
g A B2 58 % BAYE BY Aolg Algg

Aol &
€ g7 8787 A AARF71ENEAR No. 041-071-
033), =7FAE BRNAVAE F FHALSW ] AFHI(No.

R21-2005-000-10045-0)2 S8 H A1k

&HIO28

p—
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ABSTRACT : The Characteristics of Tetrachloroethylene (PCE) Degradation by Pseudomonas putida

BJ10

Myung-Hoon Choi!, Jaisoo Kim? and Sang-Seob Lee'* (‘Department of Biological Engi-
neering, “Department of Lifescience, Kyonggi University, Suwon 443-760, Republic of Korea)

In this study, biological PCE degradation by using a BTEX degrading bacterium, named BJ10, under aerobic
conditions in the presence of toluene was examined. According to morphological, physiological characteristics,
16S rDNA sequencing and fatty acid analysis, BJ10 was classified as Pseudomonas putida. As a result of bio-
logical PCE degradation at low PCE concentrations (5 mg/L), PCE removal efficiency by P. putida BJ10 was
52.8% for 10 days, and PCE removal rate was 5.9 nmol/hr (toluene concentration 50 mg/L, initial cell density
1.0 g (wet weight)/L, temperature 30, pH 7 and DO 3.0~4.2 mg/L.. At high PCE concentration (100 mg/L), PCE
removal efficiency by P. putida BI10 was 20.3% for 10 days, and PCE removal rate was 46.0 nmol/hr under the
same conditions. The effects of various toluene concentration (5, 25, 50, 100, 200 mg/L) on PCE degradation
were examined under the same incubation conditions. The highest PCE removal efficiency of PCE was 57.0%
in the initial PCE concentration of 10 mg/L in the presence of 200 mg/L toluene for 10 days. Furthermore, the
additional injection of 5.5 mg/L PCE (total 7.6 mg/L) made 63.0% degradation for 8 days in the presence of 50
mg/L toluene under the same conditions. Its removal rate was 13.5 nmol/hr, which was better than the initial

removal rate (8.1 nmol/hr).



