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Ralstonia sp. strain KN1 is a bacterium capable of decomposing trichloroethylene (TCE) by its phenol hydroxylase
(PH) induced with phenol. Homologous recombination was carried out to introduce a constitutive promoter and a
terminator into upstream and downstream of PH genes respectively in the chromosome of Ralstonia sp. strain KN1.
Such a strain constructed is not classified into a “new microorganism” according to the definition of the Toxic Substances
Control Act of US EPA, therefore less examination will be required for its use in open area. The genes of phyZ, A, B,
C, D, and E are needed for TCE degradation. First the fac promoter (P, was integrated into upstream of a putative
ribosome biding site of phyZ. Then a strong terminator, rrnBT T, from Eschericia coli HB101, was integrated into
downstream of phyE to stop the strong transcription. The resultant strain, Ralstonia sp. strain KN1-TACT, degraded
TCE constitutively at a higher rate comparing to the wild strain induced by phenol. The TCE transformation capacity
(Tc) of the strain developed was also high, and the value was 1.13 g-TCE/g-cell. The increased TCE degradability of
Rualstonia sp. strain KN1-TACT was stable because it was brought by the modifications in the chromosome DNA.
Ralstonia sp. strain KN1-TACT decreased their viable cell number during TCE degradation, possibly because of a toxic

intermediate derived from TCE oxidation.
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OB ETIRT 5, BRANC TCE 4@k
FEEETHHEE CITERALSHEE) ORELTh
hTwb, thETic, OFRK X BRI BRE DB
F1820 QML T v — 4 - TR FEELETEZHE
ZIAAT Az 775 A 3 YOFIAD, IErndBibhT
WAD, FIE CIHMBRNCERKE VDB
ML, BETIEAZINLT T A I FHEELTHE
BIhit Wit EORMBERYALTV5%, ThbORER
ST 57, Bx117 = 7 —VELEME Ralstonia
sp. KN1 Bk%xFIH LC, BRNEHEELITS tac 7 r
T — % — (Py) *HRAPHBZICL > T7 =/ =73 fR
BETOLERCHEAL, BRI TRE L TCE 7 1&HE
w3 5 # 2 f& Ralstonia sp. KN1-10A ¥ROBIFEL 1T
ST, LA L b, HMABIIRE CILE)r -k
¥, 7=/ —VHEINCEEKD TCE 5fEhe% ko
LM A BETE I -12P, T T, K®XLTiE
ThETOWETHLMTIE > T 5 TCE HRCLE
KEETEX2—FLTWAB AN vORFDOERLTF
phyZ OHEFE YV R Y — AfEEEAL_EIRIC Ralstonia sp.
KN1 RN CEREBRLYEL 2 L2390 > T 5 Py
AL, B4EKo TCE Hf#iExw L@ D, 2 ORENINE
ELICHBE: FOBELRLI, ¥, ThET<—
A — & LTCHRIFEA L CE - EAMEEETFOF ALY
b, TrE—X—L&E—3IFx—X—DLOYEMLELT
ADBAKR T o, 2D X 5B, BARORFEZE
H oMz DNA B TEIES OERE IR &k &
e h, WEHR > TEEEXZTHLER DL, —T7, 7
A Y 7 @ US EPA-Toxic Substance Control Act (TSCA)
¥}, Microbial Products of Biotechnology; Final
Rule (62 FR 17910) DEZ D “New microorganisms” (G&
ETHREBEL: %%, BxOREC X > TERIAHL
W) OH T T ) — A BV, TSCA DEH
iy, B8z oz, HrViiEEYBzTH
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AMECHERAINCHEOEKRS IO 52X 1 VY
Table 1 Wnd, 75 A2 I FOBEOBIFHTHIEE
%, Escherichia coli DH5Y “FIfH L7z, %1, AR
Mz OO 75 2 3 VHEEEIX, E. coli S17-12D % ¥
L7, MRME#R 2 OXRE LICEKRE, 7=/ -0
LM Ralstonia sp. KN1 i Th b, 7=/ -1 X
> THE N5 phyZ, A, B, C, D, E 7 TCE 4 f#te%
BT DI ERD->TED, TORBTFOEIERT S E
Fr & T % (Accession number; AB031996)13), Hifafk
CHROBEFEHEATHECFAT 2 EMAMA# 2 Ho
75 A 3 FiX pMOKI180 #{fH L7, pMOKI180 O~/
Fr7mr—=v77%4F MCS) Zit=a—AVv2IFVF
A #F 5 7HE pNEB193 13D MCS 2 FIH I h Tl
D, Pacl 1 +%H LT\ 5%, E. coli DE/HFIAL
TEETERIELXT %6, BE L L broth ¥5#h (Difco
# tryptone 10 g, Difco ! yeast extract 5g, NaCl 5g %
ZAEK 1L ww¥sf#, pH IX7.0RE) #EH L, WA
AT L broth B 15 g DRERIERE (K
HWRETEN) SIOEYcHAEYE (Ampcillin 100
ug/mL, Kanamycin 50 ug/mL) % %50 U7 2R EEH % (F
FA L7z Ralstonia sp. DERRDEEEIC 3 L broth £5#i%
FIR L1, BB, E. coli DHE#RIL 37°C, Ralsto-
nia sp. DEEIZ 30°C & L, HARAERL: OBt
IR TEETIHIUNENDHEEIL 30°CIIFHEE LI,

2.2. MREAHEIEZ (C X ZERRBEKOESR

APFFe LIRSk & LT Fig. 1 /"3 Ralstonia
sp. KN1-TAC #3%s X 0% Ralstonia sp. KN1-TACT ¥k%
{E8L 72, Ralstonia sp. KN1-TAC ¥kt phyZ O Fific
Py A LKEBRTH Y, Ralstonia sp. KNI-TACT
B3 X B phyF OBAfAEIC 5S rRNA BIET D & — ¢
F— & —THhH5% rrmBT\ TP ¥EALLEKRTH S,

L EBEOERFIEL Fig. 1 ©WRTEEVTHS,
Ralstonia sp. KN1-TAC BREBLOBRIZFIE L1 phyZ +
WMOMEEEER F1 1% 1.1kbp Th 575, A§HKAY PCR
83 % 723 Ralstonia sp. KN1 kO Retafk DNA % 5
YU —tie, UTFD754 =—7%FAE L%,

Table 1. Bacterial strains and plasmids used in this study

Strain or plasmid Relevant characteristics Reference
Escherichia coli
DH5 endA 1 hsdR supE44 recA thi-1 relA1 gyr496 )
S17-1 thi pro recA hsdR chr::RP4-2(Tc"::Mu Km"::Tn7) 21
Ralstonia sp.
Strain KN1 Prototroph (15)
Strain KN1-TAC P, in front of phyZ This study
Strain KN1-TACT P, in front of phyZ, phyF:.rrmBTT, This study
Plasmids
pKNAS2 Cloning vector, Ap” (13)
pMOK170 Homologous recombination vector, Km" This study
pMOK180 Homologous recombination vector, Km" (12)
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F1U: 5-GGG GAA TTC GGG GGA GGG GGT AAG
GGG GTG GTG-3-, F1L: 5-GGG CCC GGG AAG AGC
GTG CCA GCT GGC GCA AAC-3' (7 v & —51 ik
EcoRI 41 b &L Smal +1 +), PCR i, Pre-
heating; 94°C, 2 /i =, 28 1 BPE; 94°C, 2080, 282
BfE; 65°C, 301, 283 Bf; 72°C, 1 5% 3091 7 Vg
HiE L, Post extension; 72°C, 7 9% 1T - toe ARG
%, Perkin-Elmer # GeneAmp PCR System 2400 % |
A L7, BE0E Xz DNA WA % EcoRl & Smal CiH
LU F1 & Ui, %1, AEIOMFAFER F2 (X F2U: 5-
GGG GGA TCC CGC AAT AGA GGC CAT ACC GCC
CA-3, F2L: 5-GGC GGT TTC CTC AGG CGG CAA
GGC-3' (7 v&—35 41 Vit BamHI %1 +), PCR ©
4L F1 OBELRIUTH BN, 53 BRI 72°C %
1.50 & L, & Dl F2L 1% phyA BN Sall 1 + X
D $9200~ — A PR OEERT > b LT V1 v Eh
Tofcdd, HIEE 7z DNA X Sall 41 F & &A TS,

Ralstonia sp. strain KN1

EcoRI (1) Sacl (2698)

Sall (58)
EcoT221 (1574)

Kpnl (1883)
Sacl (2589)

Sall (3577)
Kpnl (4613)  Kpnl (3522)

\
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AWrA (%, BamHI & Sall THILL, “hx F2 &L
7o F1 (1.1 kb EcoRI-Smal Wrf) ¥ X O F2 (1 kb Bam-
HI-Sall ¥iH) X pKNA82® D= /LF 7w —=v 744
b MCS) WIER 7 v — = v 7 LIh, Smal A1 bk
HindIIl YV v 7 — (d(pCAAGCTTG)) & X » HindIII
A PEEBR LY, CHIIFIHA LK Py (7 ;<> 78
@ tac Promoter GenBlock) DWj¥qss HindIll & BamHI
LI o TWBIDT, ZD Py & F1 £ F2 ORIICHEEA
Lico COMHRAES®Er2 v A 5 7 b &4ix,

pKNA82 OWBHICHFAET 5 Pacl +1 + & FIFH LYY
WL, HEGAHE2 AD 75 A F pMOKI80 @ Pacl +
1A ALY, Zhw E. coliS17-1 &AL, Ralsto-
nia sp. KN1 $RO R CRESR D3R5 HEED it - T
HRERL 2T > 70, KFBEC X WE—BEE LT,

EBL Loz 7 57 A 3 FLEAHEA I i Single
Crossover Bk BB L, £ D%, Single Crossover #f7»
L7523 VOB BEL, Pu DABEAIRK

EcoRI (6196)

EcoT22IJ7124) Sall (8649)
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Pacl Pa!
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9309 bp
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Fig. 1. Steps for construction of Ralstonia sp. strain KN1-TAC and strain KN1-TACT by using the homologous recombination.
pMOK180 and pMOK170 were used to integrate Py, and rrnBT T,, respectively.



42 NAKAMURA ef al.

Double Crossover ¥:TH % Ralstonia sp. KN1-TAC #k
S L,

Ralstonia sp. KN1-TACT #ki% Ralstonia sp. KN1-TAC
& i fERL U1, Fig. 1 oKz X 51, phyC
F12>0D Kpnl %4 + DA, phyD ZiE\ > Kpnl A
25, phyG OFWD Sall +1 + T FIFAT5 3.1kb
FHFRIS & L, AWh % pKNA82 © Kpnl 1 b h»
5 Sall %4 MizHEA L1z, 3.1kb Kpnl-Sall ¥ih %%
A ATE pKNAS2 13, FAMTR HF PRI ICHE
3% EcoT221 T{fk, BV B Lictg, T4 £V 2
7 —ETREE R LI, ki, KBED 5SrRNA
BIEFD X — 3% —&— rrnBT T, % PCR g3 57
iz, E. coli HB101 ofafks 7 v v — e 7 54
< —-7, rrU: 5-GG AAG CTT TAG GGA ACT GCC
AGG CAT C-3/, rrnL: 5-GG GCA TGC AAG AGT TTG
TAG AAA CGC-3' (7 v & — 54 iz FhFh HindlIll
FA bR ILOSphl H A +) HFIH LI, BiEIhei
250bp D & — I * — & — rruBT T, ¥ Hindlll & X
Sphl T L L7, T4 RV 2 5 — L TREEFELL
72 (BB Ntz BT T, 3ARERICHIT - TS5 & 3
FizdEAL, 2— 52— — L LTOBEMMELHERLT
$ 0, FOBE Hindlll %A 3 X O Sphl %A + 25K
Ihi), 2hw, EED T4 £V 25— 2 TEBILAL
B L7z EcoT22] A FiIfAAAT, MRES B LT
FEA Xtz rrnBT T, 13 pKNAS82 OTsmIc F52E7 % Pacl
A bEFIHLTE Y H L, pMOK170 © Pacl A1
WA L, fEBLXNI=7 5 A I Fid, E. coli S17-1 i@
B A, Ralstonia sp. KNI-TAC ¥R 841, b X 5
Iz Single Crossover ¥k% #:C Double Crossover ¥k T5
% rrmBT T, 2 2%3A F 1Lz Ralstonia sp. KN1-TACT
BEA1EBLL7-, & ZC, pMOKI170 & it pMOK180 75
BT T, #YIBR L0, UToBOER L, *
¥, pMOKI80 D~ F 7 a—=v 7% A +d Pstl
A bbb, HF=A v UTHEBETFAHD Xhol %A b %
TEYOH L, rraBTT, #H 7 <A v ViHEEEZRT D
—Moy GO Lic, R D Ihichr <A~
Vit EE TSR BT 5, pUKIK (7 > <7
81) o Pstl 7>5 Xhol DM % HEA L1z,

2.3. TCE 9R=E

TCE SRR FIR T 5B SME ORI,
B LORE UTFIHE LB AR Ralstonia sp. KN1 £
D7 =/ = FrFvs—ErFHETLEE0EE,
FHEHE (72— 2mM »FIB) UFEs L
BOTHBY, AEEY 30°C THEE WEC L ->TH
) %, BmONBECEBE, Modified Mineral Salts Basal
Medium (MMSB)!» C2[REI%E L, FAEL-HERBK
(600 nm TOEIE : Agp 730.1) 10mL % 2 — = L4
f=vAHBD 155mL BBEDO A 7L VICAR,
TCE ffIzZ& K& ¥m, BCR T 7rnva— L+ 7F 10
TAREY LB TArIFy ., S TY—A LT, TCE &
BRI NCEEACERLEESEOBE L L TERLL
(TCE 24 _THRICEfRL 10mg/L k7 %5¥4, TCE
D 30°C THO~V Y —EHK% 0.0122m? - atm/mol? *
BETSHE, EEOWHEE L 1.13mg/L L7c5),
4 7A€ Vit 30°C, 200 rpm TR 5 EE L, FEHIIC

SHHAN00uL HAZA ) O THVYFY V7
L7z, TCE OOWMIEEBEHE I A7 <+ 757
9A T X b4\, FIEAL Silicone DC-550 » >, #
7 2REEL 100°C WFRE, FID SR CHIE Lic, B
HTFRD TCE BE IR S THEMR L LRE LT 20
ug/L Th -1z, BIER2ET, FHEYHA L,
¥, MEFOMENLELEE L, HBREK S0uL
o) v o TERI, BESTR LT KPY FEXEH (BBL
#U trypticase peptone 1 g, Difco #! yeast extract 0.3 g %
K 1L B, pH 137.000 588 U SUsE T35
FERERR 15gh iz lc) &AM, 30°C T 1 AkMEEE
Lictar = —afiE L,

3. #& 7

3.1. Ralstonia sp. KN1-TAC #& &£ 0" KN1-TACT #k
[Z& % TCE DO 43f#

Ralstonia sp. KN1-TAC ¥ L 08 KN1-TACT #ic X
% TCE H B OfER% Fig. 2 KR4, DD,
7 = 7 — LB 4T - 72 Ralstonia sp. KN1 ¥k (F4:#E)
D TCE 7R b1T-%, ¥f, Control & LT7 =
J — BB R T\ KNI kgl L840 TCE
BETLLEE L, TXTOAL 7 AE vHOMEE
VY Agoo=0.1 ICFAE X ichs, 30 mg-cell/L HEY453
Do 7=/ —NBFELLBAKRTIXSHEET, 529
mg/L @ TCE 7’ 44.3mg/L F T, 8.6mg/L D
EETHIHEI N, —7F, KNI-TAC % ik FH#A/”
2, 34.7mg/L OEE{E T, KNI-TACT ¥Tit 34.5
mg/L OREETAR b, Wiz D TCE 7%
A& (Tc) iX, Control TOEEETEEL5I T, 1.13
g-TCE/g-cell LD TE L, BHAERD 0.26 g-TCE/g-cell
DAL Tc o TZRIZAR LT\ AS 10 mg/L
@ TCE 7 X b R % 17 - 1.85413 KNI-TAC #k,
KNI1-TACT #%IicELHfEH TR 20 ug/L LIF)
L, KBERO TCE 0 3h &b L5k &k

-
B
£
Ll
O
|

10 -

0 L L | I

o 1 2 3 4 5

Time (d)

Fig. 2. TCE degradation by Ralstonia sp. strain KN1 not
induced with phenol (O), Ralstonia sp. strain KN1 induced
with phenol (®), Ralstonia sp. strain KN1-TAC (4A), and
Ralstonia sp. strain KNI-TACT (A). The cell concen-
trations (Agp) were adjusted to 0.1.



HRER L C L DE Y 7 r e =F LV RELRE T 5B 2 hOBS 43

Tedsote, Eiz, Fig. 2 wwRT &8 088 TCE 4 f&s
EE 4 KNI-TAC # & KNI-TACT ¥ D5 h3 B4k & Has
LTEL, B3fFLicot, 2D X5, Py % phy
BETHOLRCHEATSZ Lic k- T, BAkL HE
LTl CE TCE Sf#fe Na AT 5 Mz o BR
5z EpTEI, —F, KNI-TAC # & KNI-TACT
PRI IZ & A EEN N ED S, phyF L&
DBIEFOFTAEI L, KOTcsr v 7 FRYELEZE
Th, DEEINCTITEALEE I L TE S,

3.2. TCE SR 5 £ MEROEE)

Ralstonia sp. KN1-TAC #k#s L 08 KN1-TACT #Ric &
% TCE HfBCiL, ko X 5 c#58 CHMEIGIIZ
LAEEITS, 2T, KNI-TACT #xFIH LT,
TCE 5 DEBBE L IE L, TCE N fEREKT
WHBRIC LD DOENTHE LI, 1o, BEKTH
% Ralstonia sp. KN1 ¥%, Ftkic TCE fFf | CE
L (7 =/ —AFBIIfT-> T\ eid TCE 15X
hig\y), TCE 2D OERMICEEY 52 % 1EH)
HEE L,

A~ 7 rEviED TCE BEOKRELY Fig. 3A I
<7, KNI-TACT ¥k LI~ 1 71 ¥ v Tik, 2
AREITH 30mg/L © TCE 2\ hitc, DEEL,
T OBEBBITET Licds, &EAITIE, # 40mg/L ©
TCE 23R ntc, —77, BEMRTHERE LA~ A1 7L
¥ v Tk, TCEEBEDOELTIZEA RO -1,

IR HIE It A 74 € VRO A B O
Z{t% Fig. 3B iK/”7, RAiy, KNI-TACT # ¥ &
OBF4 bRz, TCE ¥ L7ch - B EDEEBOE
ILdRLTHB, KNI-TACT ¥kic X 5 TCE D f&Eni4E
Utz A 7 A T, TCE BEDE TS £H
BORTHBEIR, TCE HRIZ X - THEDIEEL
BEDLZERHLN L T, TCE HEECIT, DR

A: TCE degradation

TCE (mg/ L)

-
o
T

10 15

Time (d)

20 25 30

Fig. 3.

CFU/mL

X > CTERENELAET2HEILTE L L2MbA
Tk 101D, KNI-TACT #d 2D L 5 IsEDOERE
LoTRRE LD EEZ RS,

F 7., WAEKTHD Ralstonia sp. KN1 ¥k TCE ¥
Tk LOERIMOREY T 5 L, &5 b FIHIOMNE
n (BUERRER T cCoOMBE oAU X 5) DOFBITME
Biz—ETHbh, TCE T4 Dit, HEKOERMESY
BTV ErBbr L, Tz,
KNI-TACT #d ¥R iz TCE Bk & 58115
i EHERICE D, Nz T, TCE EHMOBE
@ KN1-TACT ¥k L OO £ FM 1T 4 E0 0w
ZEnb, ﬁ%ﬁ7ﬁﬁ T — X _1%5 Ptac %ﬁ)\bf
b, BEROBOTLROEREAET IR T2 &
N RSV R P e

3.3. ERBEBROBT

Ralstonia sp. KN1-TACT #kix KPY SEXEH bic =
v=—%WRT B L, ar=—DEIIEBELS, —
75, BWHE¥TH B Ralstonia sp. KN1 ffit=2w = —Df
TABTHS, 2D 5, KNI-TACT HIZERK
CRETAH7 2/ L FreFvs—¥oBErcl-T
B & Ens 7 = - U AR BT AR D
ZL, BERSVERINE LD ETFERTEED, K
SOEBILTE T,

460 TCE %58 KNI1-TACT it TCE D4 f#
LW D NS LT oTe, L LTeh D,
EEBOETIZI0H AU LA EEIE L, S ERBRR
FHD30A BB\ T 2.3%x108 CFU/mL DAEEMTF
L, ZOBET Lz =—%BETL L, 10%D
a2r = 3BEBIRBOLRLEEY, D DIOKITE
EBERILABY R LT, COZENnD, HBEDar
=—¥7 =/ —AeVFeFzors—¥iEHrdk-sT\ 5L
FHCED, £ T, HROKD, FKaADarm=—%2

B: Change of viable cell number

1.0E+09
— A = o —
1.0E+08
10E+07 | A
. Y’ |
< _--A-""
1.0E+06 | Aooo--e- *-°
1.0E+05 —— ' '
0 5 10 15 20 25 30
Time (d)

A: TCE degradation by Ralstonia sp. strain KN1 not induced with phenol (®) and Ralstonia sp. strain KN1-TACT (A). The cell

concentrations (Agg) were adjusted to 0.1. B: Changes of viable cell number during TCE degradation by Ralstonia sp. strain KN1
(®) and Ralstonia sp. strain KN1-TACT (A). Changes of viable cell number of Ralstonia sp. strain KN1 (O) and Ralstonia sp. strain

KNI1-TACT (A) was also measured without TCE.
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16

TCE (mg/L)

Time (d)

Fig. 4. TCE degradation by Ralstonia sp. strain KN1-TACT-
B1 (©), KNI1-TACT-B2 (®), KNI-TACT-W1 (4A), and
KN1-TACT-W2 (A). These strains were isolated from the
culture of Raistonia sp. strain KN1-TACT with TCE on 30th
day (Fig. 3). The cell concentrations (Agg) were adjusted to
0.1.

¥E (Ralstonia sp. strain KN1-TACT-B1, KN1-TACT-
B2), BfaD 2 v = —% 2 ¥ (Ralstonia sp. strain KN1-
TACT-W1, KN1-TACT-W2) B 1, = TCE 5 f&4E
#BIE LT, #&E% Fig. 4 @7, KNI-TACT-BI #
¥ X 08 KN1-TACT-B2 #ki% KNI-TACT ¥ & %04
fREE% R LTzhy, KNI-TACT-W1 #¥s X 0V KN1-TACT-
W2 Bz TCE #fEiex %k » T\ e, EHic, KNI-
TACT ¥k X 0Bk % 1T - 7z KN1-TACT-B1, B2,
W1, W2 #kD 4% 7 v 7 L — T, P AT A 7
54 = —-7 PhyRZU(5-CCG CCA CCC GGC GCG
GCT TTT CAT CAT T-3')/PhyRZL(5-GGC TTC AAA
CAA GGG GAC CGA CTG GTT G-3) T, & — 3 % —
& — AL A 7 5 4 <= —-7 PhyEFU(5-ATT CAT
CTC GGC CGG CGA CGC ACA GAA CAG-
3')/PhyEFL(5-AAG GTC TTG CAG GCG AGC ACA
AAC CCA CTC-3) T, ¥7z, Pu &4 — 3% — Xk
¥hic phyZ, A, B, C, D, E &% 7514 <=—<7
PhyRZU/PhyEFL T PCR 8 L7z, PCR i,
Pre-heating; 94°C, 2 Hicke &, 551 Byf%; 94°C, 2080,
5 2 B¥B; 65°C, 308, £ 3 Byfl; 72°C, 14 (PhyRZU/
PhyEFL D% 54)) #3014 7 A# b L, Post exten-
sion; 72°C, 7T & 1T -1, FDFER, 3BEOMIEEY
DREX (FhZh, 034, 0.57, 5.4kbp) 1Z&<AL
ThO, REBIEEOPSLNHEERIBETEd T,
Fh@d %, KNI-ACT-W1 #, KNI-TACT-W2 #<Tit
P BB NI EREIET phyZABCDE O ¥ Z i ZER
24 U, TCE ffgenkbhic EHBIZI RS,

¥ 72, KNI-TACT-B1 ¥ X 5 125RfE Lic TCE £ @
Y ETIEKYELIM S LItk » T, TCE HED
FRREERT T LTt BT 5 EEOIMB L AR
D, LD XS ICERIIEB b ek -1,

4. & ®

Ralstonia sp. KN1 #®D TCE S e w5 7 = / —
v Fe*v35—VEETF phyZ, A, B, C, D, E D L
WAl T v E—K2—THh5D Py &, FIHRICE—3I % —
# rrnBT\T, > HRIEHHEE 2 1= X WA L Ralstonia sp.
KNI-TACT #k&fEEL U7, fEBL X h - KNI-TACT #
A TH D Ralstonia sp. KN1 ¥ & Hi# LT TCE
SR R L O Te Ficm <, B Te 138 4 £ 1.13
g-TCE/g-cell LZFE L\ EMAR bR, £ —3IF—&—
MEA Z T\ e\ Ralstonia sp. KN1-TAC ¥k % KN1-
TACT #kER UAFREEZRL, & — I x— & —DfFA
X% TCE SREEDR LT Rbhieh-fc, LivLis
N, BHOBEMETHEIBEO 2% KB X ¢ 5 KNI-TACT
BEDTT0S, K v 2 BETEAD S OB LR, %
HDR VA7 RERIETCIEWE WS ETEET LW
LEz2bR 5,

ZhECieb 4D TCE HfREERH T % ME OB
NI Tkbh, Te CEALTHLERE, KEIh T
Y, roHEC LD L, BRERER TR 7 =2/ — 1%
B LIBE Te MEL, 0.24g-TCE/g-cell &7t
TW5?, BEE T h TR FEFIS - P L=
vEA LRI Burkholderia (IB4% Pseudomonas) cepa-
cia G4 7> 0.027-0.152 g-TCE/g-biomass®, 7 r - vi&4l,
MBS Xanthobactoer sp. Py2 7% 0.03-0.34 g-TCE/g-
biomass L7c > T\ 59, IHIZE, ARO7 = —1
BRI A MAIEF AT 0.31-0.51 g-TCE/g-volatile sus-
pended solid (VSS)V, # L TCLDOEERN OB
Actinomycetes enrichiment (3.7 = / —/VfF4E FT 1.0 g-
TCE/g-VSS? LIEEITE\ Te oz LG I h T
W5 (Z T, cell & biomass (3FE UC, VSS it h
LOKEE LE 2 HbN5b), Ralstonia sp. KN1-TACT
Bk Tc=1.13 g-TCE/g-cell i} Z 315 DL & T H
Bl e, fEREV Te B@E IR TV BEKITIET
BFAKO I, FELEO—RAD 5\ LB/
DLETHD, —F, KNI-TACT BRI RE ©
By, BERCEL UL, o EE L BEET IR
HAmEETh b (BlzdZLffifc=%/ —n), Tc bLEL
Twb, thz, BERRYBEEFRY M McEAT
HAAFA =T RAVT = g VRIIRBTH D,

BRSO BEOFERE LT, chi¥ T, 5V
ARV 0 LEARLES BRI LICBREIII L 00 d
HH, FORFBRIIBRENLCERIE L, FERH
ROEE L, ¥, FOWMHDOER L T, Lo
BRAER LT 500, RO ES 0k, FIFAT
ZETCEF LWRE T, Thwz, KFEO L5
., ML X > T\ 7 rE—4%—% TCE 4
RBETF O ERCHEAT S FRIBAECTH D, BRAR
BT, »omua BRI oM AOBRY X D
DD ENTED, 72, US EPA © TSCA T
TBE B IBETOEAR L » T TEXEE “New
microorganisms” & L CEZR I, FIFCEEL T~
EELY 7V T THLERETL S, —F, KFED Py
I BT T, DX 5K, Bz -BRTH-T
b, B<HIDhIHEEYETA7 I /BEx=2—FLxw
DNA BiA a3 tafk biciBAT s 2 ek » THELRE
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