Korean Journal of Microbiology (2013) Vol. 49, No. 4, pp. 336-342
DOI http://dx.doi.org/10.7845/kjm.2013.3065
Copyright (©) 2013, The Microbiological Society of Korea

Trichloroethylene2 £ QA= X|5l M|7{ZHe
O|ME ClFM gl 23|73 Pseudomonas sp. DHCS2| EM

HXIE2 - AXEP - ATIS° - w22 - 0|5 B>

1 = = 2= = = 3= = =54 T o=
BAIHSII ST, ESUST IMBST, “SAUST AMBHE U=
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Trichloroethylene (TCE) is a widely used substance in commercial and industrial applications, yet it must be
removed from the contaminated soil and groundwater environment due to its toxic and carcinogenic nature. We
investigated bacterial community structure, dominant bacterial strain, and removal efficiency in a TCE contaminated
groundwater treatment system using immobilized carrier. The microbial diversity was determined by the nucleotide
sequences of 16S rRNA gene library. The major bacterial population of the contaminated groundwater treatment
system was belonging to BTEX degradation bacteria. The bacterial community consisted mainly of one genus of
Pseudomonas (Pseudomonas putida group). The domination of Pseudomonas putida group may be caused by high
concentration of toluene and TCE. Furthermore, we isolated a toluene and TCE degrading bacterium, named
Pseudomonas sp. DHCS, from the immobilized carrier in bioreactor which was designed to remove TCE from the
contaminated ground water. Based on the results of morphological and physiological characteristics, and 16S rRNA
gene sequence analysis, strain DHC8 was identified as a member of Pseudomonas putida group. When TCE (0.83
mg/L) and toluene (60.61 mg/L) were degraded by this strain, removal efficiencies were 72.3% and 100% for 12.5 h,
respectively. Toluene removal rate was 2.89 pmol/g-DCW/h and TCE removal rate was 0.02 pmol/g-DCW/h. These
findings will be helpful for maintaining maximum TCE removal efficiency of a reactor for bioremediation of TCE.
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Trichloroethylene (TCE)2 AFdEsol|A guljo} AHA| =
T ARSEH B} Aot L3S st Ao R

|2 =

7F&AE 4 Y= Ao Z LA Qi (McCarty, 1997; Chambon

a2 A 9thSquillace ef al., 1999). TCE: kATl S0z
Yool BTEX (Benzene, Toluene, Ethyl benzene, Xylene)2}
3 vl= EPA7} 2|43 294 A=A o] (Jahng and Wood,
1994), BA] Fhe] B B 587129 B9 0,03 mgL A
=3 qick

TCES]| Hgt BES AALYHE =4 8714 A=zt
37)A AeHi oz ZLHE 4= 9] o (Rittmann and McCarty,
2001), TCES] @719 Rapae S92 dass A4 92
o] 20| A2 A H1L HF 2O ethaneo| P = Ho =
o] Aol A] dichloroethylene, vinyl chloride (monochloroethene)
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et al., 2013). &7t HAFAHE?] vinyl chloride:= TCES} ZHo] 7}
gt E4 3 HH S 7HRIAL Qlo] TCE A|AF73 2 ARgol A2k
o] Eltk(Kielhom et al., 2000; Gennaro et al., 2008).

5714 S-S o] 88 TCE 3le] 2%, TCE A9] 54
0 2 QI3 A% 7|2 2 ARESHA] E5}AL toluene, phenol, benzene,
methane, butane, ammonia 52 ALY} oYX Yo 2 dl=F
S AHcometabolism)o]] 2J3] E3]FEtHArp et al., 2001; Kim
et al., 2002; Elango er al., 2011; Powell et al., 2011). TCE &3}
| AES £ 43714E o868 o AkSka A (oxygenase)E T
AstH, o] Adof o3t FEHALRE TCES A AR} Toluene
I} TCEE 5% E5& 4= Q= n]AYEofl= toluene dioxygenase S
W& SH= Pseudomonas putida F1 (Morono et al., 2004), toluene-

2-monooxygenaseS AAFSH= Burkholderia vietnamiensis G4

(Yeager et al., 2001), toluene-3-monooxygenase2} toluene-4-



monooxygenaseS ZtZ QA= Pseudomonas pickettii PKO1
3} Pseudomonas mendocina KR1 50] &&A UcHArp et al.,
2001; Yeager et al., 2004). 9]9] n|AWEEL BTEX AET}
TCEE 2F &g 4= Qo] vt LA=2 9 Aof st
a1, P. pickettii PKO1-& A3t U] #372] 39 toluene =
= phenol o] 4712014 ko] olaka 44w} ma)
f&o LHABHEe FHgo] 7= vgEoIth(Lee er al,
1998).

2 AT = ndE TASFAE o83 TCEZ 2 dH
A8l A3 e E8FA 1S B YESH JEE T
Bata, gkg7|oA sk Al &2-5A515er, e
Alet4] toluene @ TCE E3)EAFS B7FFO 2R AaA 71
IRMER L HE Aok AE)F Aol 7] 5karz} gt

=R

0z
i3

TCER 2EE X5k M7HSEe| AR iHF H DNA F=E
Trichloroethylene (TCE)2.2 Q@ FH A5k FH Q] 373
L=4e]

Z 450 LY] pilot plant&] ¥-3-7]1& AAst3oH, 2 AH |5t
9] in situ AT E Y3l At &5 7122 bioactive zone
(BAZ)Z AR5t chFig. 1). L 9E Ast7t EYE 55tE
£ A A ¥-371E AASLS), EGE ST A5kr) 1]
e IASEAE SHIESE F A §H371E AR e
(BAZ), upA|9t e & n|gE 1A shEA o] &Jste] TCEZ} Al A"
A7t EOFS BT S AFATHS?).

TCE A|A7} ©]F©] &= bioactive zone (BAZ) ¥F2-7|of|=
polyethylene glycol diacrylate (PEG)E FAELSZ 3131, 7JA
A& potassium persulfate (K2S,0s), 7} A 2 sorbitol#} borax,
ZujA|2 TEMED (N,N,N’,N’-tetramethylethylenediamine) %
< 235t Kim 52010)2] HH o2 34435 4 mm (L) x 4
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Fig. 1. Schematic diagram of the TCE-contaminated groundwater
treatment system. S1, soil; BAZ, Bioactive zone (including
immobilized bacterial carrier); S2, soil; P, pump; O, sampling port;
@, sampling site.

Contaminated ground water flow
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mm (W) x 4 mm (H)9| 243tdH| 90 LE FXI8t%lc}. E3,
pilot plant 74 Z7}X] BAZ HF2-7]9|A] toluene 2] H=7} oF
10 mg/L7} H=8 1Y 13] 7|42 393t & g F¢t 2435
A o] toluene F-3 | FES FIAIH T

Pilot plant= BAZ uFg7]oA TCE%} 12} AA 7]F9l
toluene ] =7} 27} 0.5 mg/Le} 18 mg/Lo] =& HFFHZ
£ ol-&sto] Yk 5704 o] 238113l TCES} toluene 9
AA7} & o] FoIA = AF 2| BAZ WH3-7]olA FAIAIR 50 ml
= A5k

Ha5 phosphate buffered saline (PBS; NaCl 8.1 g/L, Na,HPO4
2.3 g/L, NaH,PO;4 0.19 g/L) -§-Ho] GA] &7 33| A&s}al,
a5+t Rochelle 5(1992) 9] freezing-thawing BHH 0 2 0]
BE B Tl em))olA] SHE 97 2251900k 225 94
2 QIAamp DNA Micro Kit (QIAGEN, Germany)Z A5}
© 1, genomic DNA A| &+ -20C of) 23} c).

Olds nEsiEHel My 2x=EM

M52l 16S IRNA FARE SE3H7] Yot 27F (5-
AGAGTTTGATCMTGGCTCAG-3")2} 1492R (5'-GGYTACC
TTGTTACGACTT-3") Zz}o|H-S ARE-3}9tHLane, 1991).
PCR BHE2 X BH2-80H(100 mM Tris-HCI, 400 mM KCI,
1.5 mM MgCL, 500 pg/ml BSA, pH 8.3), 160 uM dNTPs, 0.3
uM primer, ZA|E DNA (10-15 ng/ul)2} 1 unit2] Taq polymerase
(HanTaq, Genenmed, Korea)E A7}ste] & 50 plo] EES
9SSt PCR ¥RE-27-2 95 C oA 387F 7] EA gt 7,
95 C oA 30%, 49 C oA 30%, 72 C oA 124 303] vHE35} 1,
aiA|ghelli= 72°C ol A 1087 A 23t & 98- SHAIF

PCR AHE-2 1.0% o7} A0l A7) gt PureLink™
Quick Gel Extraction Kit (Life Technology, USA)Z A5}
o, pGEM-T vector (Promega, USA)E ©]-85}4] 16S rRNA
gAzte] ZEeloluzielg F2akth Tvectors] 4714%
o AAE A Q] prGTf (5-TACGACTCACTATAGGGCGA-3")%}
16S rRNAS] 1492R Zzfo|HA-& AlE5te] direct amplified
PCR-& 4=3)3}31(Chun et al., 1999), 7|4 %E2 2 PCR AH=E-9
A7)E gRlste] 5'ollA 3 ko2 AYE Q2 85 2%
AE3RTh AdE S258 T7 (5-TAATACGACTCACTAT
AGGG-3") Zgto|HE o]83}o] ABI 3730XL DNA Analyzer
(Applied Biosystems, USA)Z F7| X E-& 435} tH(Solgent,
Korea).

Al 2ol A E¢l= 16S rRNA 5 Z}2] 7] A4 d3} Ribosomal
Database Project (RDP; http://rdp.cme.msu.edu), GenBank
(http://ncbi.nlm.nih.gov) 2] database ZF-E] 1 H| w32
A7) 8-S CLUSTAL X (version 1.83) T2 1S 0] 83}
AFstgct AEH 71X EL PHYLIP package (version
3.6a3)E ©]83}4] Jukes and Cantor distance model (Jukes and
Cantor, 1969)T} neighbor-joining method (Saitou and Nei,
1987)2 A7|1X G A3 AZe} ATEE FE59H &
3, AlE= 9] bootstrapg- 1,0003] 2] resampled dataZF-E| #|
A5} tHFelsenstein, 1985). & oA E4% 16S rRNA G4
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Z}o] J7]4 <2 DDBJ (DNA Data Bank of Japan; http://www.
ddbj.nig.ac.jp) ol 5-=5}FHHaccession no.: AB849299- AB849324).

THSIE o= 22 ¥ S3

DAsIEA] n|PES Fa, igst] $lste HatH 0.85%
NaCl 90 2 ] 9|58 33] M23ke, shfsheict sy
A W v 8= HHE 0.85% NaClo] £-EA|% 2, toluene
6] 100 mg/L 7% 0.01X Nutrient Agar (Bacto-peptone 0.05
g/L, Bacto-beef extract 0.03 g/L, Bacto-agar powder 20 g/L)%]|
A %3ko] 30T oA 2217t WeFaheic). Tolueneo] H7He )
Aol 2le Ao 165 RNA §H7 @714 2L BAjsto]
97 Awe FAsoch Fejstd 54 B Slstel 1
FIN F B5}E ] 73 (X1500, Nikon ECLIPSE 80i, Nikon,
Japan) 2.2 73} 2™, API 20NE Kit (bioMérieux, France)
= AMgsto] 2] Bk B4S ZAIL

Toluene U TCEQ| 23l H7}

B35 o|83}9] toluene (60.61 mg/L)x}+ TCE (0.83
mg/L)%] EAFE AAFHE L} 120 ml amber serum bottle o]
50 ml2] phosphate buffered mineral medium [(NH4),HCO;
1.23 g/L, K;HPO, 0.85 g/L, KH,PO,; 0.69 g/L, MgSO4-H,0
1.82 mg/L, CaCl,-2H;0 1.13 mg/L, FeSO;-7H,0 1 mg/L,
ZnSO4-TH,O 20 mg/L, H3;BO3 60 mg/L, CuCl,-2H,0 2 mg/L,
COC12'6H20 40 mg/L, MnC12'4H20 6 mg/L, NiC12'6H20 4
mg/L, NaMoO4-2H,O 6 mg/L, pH 7.2]2 ¥1 1.9 mg (dry
weightymle] =2 RIAFFE HFIUH EedTte
nutrient brotho}| A 30°C, 247t wljofslar, YAEE st A&+
RIS PBS olo] @ekstel ALgateiTt HjoRg7]e] B2
& 47157] $15ke] 442 purging (§E44: 30 me/L) S50
™, teflon-coated silicon septum¥} aluminum cap 2 2 WE5}11
28T, 150 rpm 2.2 3| & vjjoFs}ict.

TEC ¥ toluene?] = &% 9|3 gas tight syringeS o|-&
5}o] headspace 7}AE AIZFHZE 100 pl¥ Y351 3L, FID
(Flame Ionization Detector)7} 2=l STAR 3400CX Varian
Gas Chromatography (Varian, USA)E ©o]-&3}o] EA35}%ct
ZtAaZ2ete a3 g AH-L DB-5 (30 m x 0.53 mm X 0.25 uym,
J&W scientific, USA)S AFMSIHIL, A|F2 2= 2E0] 120T,
FYFe HEFIE 7442 2008 230C ol qinh. #59] Azt
AEFH(dry cell weight, DCW) toluene, TCES] Edf&=
(mol/g-DCW/h)E &215t3th Adof A% TCES} toluene
o2 sigma aldrich chemical company (USA)of|A] G435+
ARSI oW, &%= TCE>99.5%, Toluene 99.8% ©] %l th

21 o8
Pilot plante| 2%

Pilot plant= 317 0.9 L/h, pilot plant | 2] FEA|FA|
ZHEmpty Bed Contact Time; EBCT)™} 24| 9] FEAFA| 7+
717} 500417k 100A]7to] B =5 A5kt BAZ ¥H-§7]9

toluene®} TCE =% 77+ 17.14+3.48 mg/Le}t 0.50+0.19
mg/L7} H=E F7)F o2 FQ5te] M3 oH, nyE 1
A3letA| ol 23t BAZ §H-3-7]9] toluenedt TCEQ] A A EAS
RIS th(Fig. 2). BAZ HF3-719] 24 A3} T+ & 52 toluene
o] AL 75.69% (4.17+2.44 mg/L) E3|5}% .20, TCEQ] 7-<
58.24% (0.21+0.05 mg/L)E Eaatsict.

Phenol& 47| A2 AMgsh= 3% £2 TCE &3 882
YeP ATt Fa7} 4250l 243 o chlorinated phenolS B4
st oFHE st EAI7F Qth TolueneS 4371 AR AMS
3 - 24 pg/L o4y oA HAZF LAY 120-160 pg/L
oje] oA Tl EA7F & 4= QIth(World Health
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Fig. 2. Time course of toluene and TCE degradation of the Pilot-plant

including re-injection. (A) The concentrations of toluene, (B) The
concentrations of TCE (symbols: Hl, Influent; @, BAZ).



Table 1. Phylogenetic affiliations and compositions of bacterial 16S
rRNA gene clone library

Phylum Class Genus Comg)gsition
Acidobacteria  Acidobacteria Gpl Acidobacterium 3.8
Acidovorax 7.7
Comamonas 3.8
Cupriavidus 3.8
Dechloromonas 3.8
Beta Ferribacterium 3.8
Proteobacteria Methylobacillus 3.8
Methylophilus 3.8
Methylotenera 11.5
Pelomonas 3.8
Pseudomonas 423
Gamma
Stenotrophomonas 3.8
Bacteroidetes  Sphingobacteria Terrimonas 3.8

Organization, 1984). Kim 5(2005)& Q3% Extn|yEo]
toluene 2352 H713t A3t 5 pug/L 0]8}+2] F=714] toluene
o Bal7F 7hsstar, @7 A-8A] T toluened] 27t 2| 5H4=2]
221 2 Aol thgt EAI7F gl A SIeHH mekA 2 AT
o= TCERZ L HH Aot AAFTZ X F712A=E
toluene S A3} T

0M4E DA L ME2E7E 2

Toluened} TCES] E3&}|7} 0]F o] X]+= pilot plant BAZ W&
zo) 9u¥7] DABEAL) AF2H BHAT Proteobacteria
9] y-Proteobacteria 733} B-Proteobacteria 7ol £3k= A2 &
71- o] Z+z 46.1%2} 45.8% 2 vl L5} 1L, Acidobacteria
2} Bacteroidetes 2] Al +3 = B2l = Q1th(Table 1). £(genus)
SR A v BE ALAYSFA Y] Al y-Proteobacteria 2]
Pseudomonas 4] 42.3%, B-Proteobacteria®| Methylotenera
£0] 11.5% 2 $-Qdt= s w727 A

7gstA| oA ER1E Pseudomonas 43} 5-ATA| 7} 717}
<+ ZE9Y GUIAEE o) &S ATERTE £4 da R E
Pseudomonas putida 715 (Mulet et al., 2013)°]| <3} thH(Fig.
3). Pseudomonas &3+ SALA 7} 7V7ke 2229 81.8% 7} P.
putida F13} 713 S-ARE A 0 2 Bhel =] Qi)

Pseudomonas putida F1-2 TCE®} toluene @] A|# & =7}
21 toluened 57| & 02 A3lsto] BT} oA PL 2 A
L3511, TCEQ] 5 ALS $J5}9] toluene dioxygenase A4S
A 3FcH(Wackett and Gibson, 1988; Bordel et al., 2007; Liu et
al., 2012). P. putida F1-2& WA 112] 9] ortho®?} meta ¢ x| of] A4
EAE AYste A dA Y toluene ASHE AJARITE o] ©Al=
toluene dioxygenase 4] 9J3}o] HE-g-o| XY=, o] g4 9]
714o] gt H|Eo]d o2 st TCEE X§st oz F79
AASIFHES Haflgtrtar ¢4 A] Ith(Zylstra and Gibson, 1989;
Heald and Jenkins, 1994). Pseudomonas putida F13} S-AFSF 71

Fol vi¢- & A= e AL toluened TY 7|1EE F

Pseudomonas sp. DHC82] 2] W E4] 339

Table 2. Phenotypic characteristics of Pseudomonas sp. DHCS
Substrate hydrolysis, utilization of carbon source, and physiological
characteristics were determined in this study using API 20NE test.
+, Positive; -, negative; d, differs among strains. The data of
Pseudomonas putida were obtained from Choi et al. (2008).

Pseudomonas sp.  Pseudomonas
DHCS8 putida

Gram-stain - -
Shape Rod Rod
Nitrate reduction - -

Characteristic

Denitrification - -
Hydrolysis of:

Aesculin -

Gelatin - -
Assimilation of:

Glucose +

Arabinose -

Mannose +

o a a +

Mannitol -
N-Acetyl-glucosamine -
Maltose -

Potassium gluconate +

+

Caprate
Adipate - -
Malate +
Citrate +

+

e+ a

Phenylacetate

Production of indole -

+

Fermantation of D-glucose -
Arginine dihydrolase - +
Urease -
B-Galactosidase -
Oxidase + +

Catalase

FHe N Frgdol F4sta, toluenet TCE H3fA|Tr
B3] o] el a2 AyzhEh

2 A9 A, TCEZ} =50 & &= 4] ¥+= A& A<st
o] u|=FS] methanol®] 3]4ste] TCERZ @ HH A otpE 2Hst
Aot N3 BEXAAT 11.5%S 2FASE Methylotenera <3+
Y7y 3.8% 5 AA|3t Methylobacillus, Methylophilus 42
-proteobacteria2] methylotroph 159 £3h= 1] &2 methanol
I} methylamine 2 gAY 0 2 o]-g3ltlyr A4 QItiKalyuzhnaya
et al., 2006, 2012). ]2 methanol £-9]2 Q& SA Yo Z A
9 o] &7 dE HiAE 5= glo, Ayl it FF

o] 912 4 glck

A

n¥st B oldESe| 22| ¥ SF

Toluene™} TCE7} A|A %1 Q)= Pilot-plant BAZ HF-2-7]9]
IASHEA W mAES B E uigstaTh. Tolueneo] 71
vz A st theFet FEjel S2UE 107 ol B2k
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17, 16S tRNA §-AR}F G7| A F& B A8t A3} Pseudomonas <
9 Microbacterium %3+ & M3 ettt £29
F F 2R Aol A TEH Pseudomonas 3 71 5 AT
A7y 7N #5F Pseudomonas sp. DHC8E AAsIHth
Pseudomonas sp. DHC89] ¢ 1324 7H+o. 2 QIS
o, 16S IRNA §-32+ G714 E 443 1 siehA 9] Al
A oM 42.3% 2 717 L3 P. putida 1E2] B71 4D
oL =2 SAMAS YER Atk(Fig. 3). Pseudomonas sp. DHC8
52 G714 €2 GenBank (http://ncbi.nlm.nih.gov)ol| 553}
Fthaccession no.: KF437632).

2] AsketA EAL Table 20| FA|3}H.2 1, bioMérieux
SA}ol| A A|-&8= apiweb (https://apiweb.biomerieux.com)S %
slo] BA3st A3} P putida?} 83% = 7V -FARIIT). Pseudomonas
sp. DHC8 <= P. putida®} glucose, mannose, potassium gluconate,

caprate, malate, citrate, phenylacetate 5= BtAY O 2 0]-88

4> Qlth= Z 5 A3} arginine dihydrolase”} §l= £ B]UkE
28 2goles Aol 9 71417 ek

82| #3F Pseudomonas sp. DHC82] toluenell} TCE £l EM
AZHAEZH dry cell weight, DCW) 1.9 mg/ml 2] Pseudomonas
sp. DHC8 A& ©]835}9 toluene (60.61 mg/L)Z} TCE (0.83
mg/L) 23l 4 218ttt Toluene?] - 9.5A17F 52t
100% E3)j3t90m, TCEQ] A% 12.5X7F 5¢F 72.3% S B3
SHCHFig. 4). TCES 12417k0] 43t o] £2)(0.4 mg/L o]
3t F%) £37F AR o] FolAA| ¥goH, FFes=s 0.2
mg/Lch. DHC8 #32] toluene E3&E= 2.89 umol/g-
DCW/ho]H, TCEQ] £3l&=+= 0.02 pmol/g-DCW/hZ et
Uchiyama 5(1994)-2 methanotroph 1591 £38= Met/ylocystis

Pseudomonas umsongensis Ps 3-107 (AF468450)

P ¢ rhi;

l()()[

96

98

BAZ clone BPP-9 (AB849324)

.

l()()‘

Pseudomonas moraviensis CCM 7280T (AY970952)
Pseudomonas koreensis Ps 9-14T (AF468452)

| Pseudomonas vancouverensis DhA-51T (AJ011507)
GJ‘

P. fluorescens group

Pseudomonas reinekei MT1T (AM293565)
sphacrae TH5T (AY152673)
Pseudomonas lutea OK2" (AY364537)

Pseudomonas graminis DSM 113637 (Y11150)

Pseudomonas alcaliphila AL15-21T (AB030583)
Pseudomonas oleovorans RS1T (DQ842018)

Pseudomonas japonica IAM 150717 (AB126621)
‘ Pseudomonas vranovensis CCM 72797 (AY970951)

P. lutea group

P. oleovorans group

‘ Pseudomonas asplenii ATCC 23835T (AB021397)
Pseudomonas fuscovaginae ICMP 59407 (FJ483519)

Pseudomonas putida IAM 1236T (D84020)

64 BAZ clone BPP-11 (AB849301)

Pseudomonas oryzihabitans IAM 1568 (D84004)
Pseudomonas parafilva IAM 15417 (AB046999)
Pseudomonas cremoricolorata IAM 15417 (AB060137)

Pseudomonas fulva AJ 2129T (AB046996)

is CHOIT (AY691188) P. putida group

Pseudomonas plecoglossicida FPC951T (AB009457)
53 ‘ Pseudomonas monteilii CIP 104883T (AF064458)
} Pseudomonas mosselii CIP 1052597 (AF072688)
6 ]‘ Pseudomonas taiwanensis BCRC 177517 (EU103629)

BAZ clone BPP-4 (AB849319)

BAZ clone BPP-17 (AB849307)

53 “— BAZ clone BPP-3 (AB849318)
Pseudomonas putida F1 (NR 074739)
Pseudomonas sp. DHC8 (KF437632)
BAZ clone BPP-15 (AB849305)
BAZ clone BPP-22 (AB849313)
BAZ clone BPP-5 (AB849320)
BAZ clone BPP-7 (AB849322)
BAZ clone BPP-14 (AB849304)
— BAZ clone BPP-24 (AB849315)

0.1

Fig. 3. Phylogenetic tree based on the partial sequence of 16S rRNA genes of library clones and Pseudomonas sp. DHCS isolated from the
TCE-contaminated groundwater treatment system. The sequence of Escherichia coli (X80725) was used as an outgroup. The tree was
constructed by using the Jukes & Cantor distance model and the neighbor-joining method. The bootstrap values above 50% are shown for

internal nodes.
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Fig. 4. Time course of toluene and TCE degradation by Pseudomonas sp. DHCS8. The initial concentrations of toluene and TCE were 60.61
mg/L and 0.83 mg/L, respectively (symbols: @, TCE; A toluene; M, Bacterial biomass).

sp. strain M-& Ca-alginate, k-carrageenan, agarose®l| Z}-Z} 114
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