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Detection of m-toluate in Soils using Bioluminescence Producing Recombinant Bacteria
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ABSTRACT : This research focuses on the development and application of a method for the detection of m-toluate in soils using a gene-
tically engineered bioluminescent bacteria, Pseudomonas putida mt-2 KG1206. KG1206 produces light by direct (m-toluate and benzoate)
and indirect (toluene analogs) inducers. For detection of m-toluate in soil system, 9.9 mL strain was amended with 0.1 mL soil ethanol
extractant. A high correlation (r2>0.97) was observed between bioluminescence and m-toluate concentration, The unknown concentrations
of m-toluate in soil samples were pre-determined using a method developed based on bioluminescence activity of strain with extracted
inducers. Values between by LC analysis and bioluminescence activity show moderate statistical results.

These results demonstrate the feasibility of recombinant bioluminescent microorganism, engineered to generate a quantifiable biolumine-
scence signal in response to specific pollutants, may serve as combined sensing and reporting tools in environmental monitoring.
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Q9% : B AFNME $AX AZF NBHZE, Pseudomonas putida mt-2 KG1206& o] &38te] Ed] 2 FF m-toluate B4 IH
9 Fg 544 g 2AEETE KGI2062 EFA AlY 838 $8 £ 2822 moluate D benzoatert AF 4E &
FEAZ g, £3 ERA AYG SFES0) F SEAEAH 2F 248 Yok EYl 29E F=A 2949 AES
S8 TF FF 99 mLol VL #3201 mLe A7bsted ZASG T ABLP 2AG AW m-tolae FFHL T R>
0.97 o149 A@BAs FEHYH EFol 99 2FH mtoluate (FF FFHEAE FHE Yol wat SFEPA 2AsA
FEI}AIL, TIVIEAA G BAHLE 9% ALz AT

AT AHE BHA 53 AT didl LFe ANdE FAA A2 7 58 29499 299 A9 #HE AR F
L& ALY e THeEE EAE & YT

Mo - f3A Az 77 ALY, EFA ALSEE, TOL-FH20=

i

M

1. M B 9 A2sx g (biomonitoring) 71Eo] W A7 F
go] gutdoz 23 oge FUstA de WEEAY %
AQs @ gBLEE G SR 2 AP HolmAl, AAAQ WAME AP F£&E & Uve
S8, 5% 5) A8 2HE LA, e gne B GEA GIAA AFHD 5
MEHE 299ES A9 22YS fEn qUd MAE 54e 08d U HITWE FTAA, HAA
ful 0AYE ZAA AEH, Aok, Qg - YA, = A2 FF (genetically engineered microorganism) & ©J
G2 S04 FZ WEHE Ly S7SJES S BAT £3= 7lee 2o 539 @A f3AE AxET & A
2 da® PN 2L A 2AIE FFEZY st £ 74 dEel, A4 59 9 @AE A w8 o
olm o= odBE AT ¢l Aoz oA ok’ A Ne Y shtE nEHT Aok AT AxXF IF
098 YA B (remediation) ¥ Tl (monitoring) & SEZF (bioluminescence) ol BBIHA (green fluore-

g 99 B B 299 PP FE AgHm go  wenoe proin) 3 BT FF2 )8R A2E J1ee]
U, BB EAL 0|83 HESE 29 (bioremediation) FAEA HZL YT AP FPo2 GFspl ALHD
Q! AEwde Aadgez FEUY stehikge] 9
3 AERYY LRelE 28 ddon (BFFEE (firefly
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FAE 5 Q77 AELEFL SHPEY 9T E4o
o2 4Z34E 99 g AE] 943 WiF A& AT
& 3, 57 EAd 9 &= 2 AAS HwE B
o JefAc] 298 FFRvIE BE0|E (bioavailable) 7t
¢ 4 5 AdAd 4F& MAE ¢E e T U
T AZNA HY o] &l Jhetn, 83 AsAHA Je
olEz 53 IFE 2dd AHA A L A A
AsA o8 F gle AoH, ¥F FAA Az +F
g o83l dF HEE AT ATEC oFoAXL
? g ols WME W, AL g, A&T AP
02 Q13 biosensor2A] zH@ra ¢Jtk” Gu and Chang
(2001)2 lac:hux FAA AR FFE o|€3A poly-
cyclic WEFE eal42 9] biosensor2 o] &3t ch.'”

2 dFdAE A AZE &F #FF o839 &
3 AFRER 299 EGE A%9] #HE & A WHe
Q9] 29" EYY ALsPtt AZFE Pseudomonas
putida mt-2 KG1206 ()3} KG1206) IFHF+= TOL-
plasmid €] lower operon promoterql Pn¥} lux-geneo] A=
B8 Py-lux reporter ET=Zn|=9} TOL-plasmids EF3}
I glow, EFd AL FEE (parent compounds) ¥ T
olU#}, olad SFEY EMIER] m-toluate 2 ben-
zoate T =&EA 2FE APt HE4S Rista A
.Y F2 AT YgezE () ¥¥ FF 54, E¥ &
FEo] MAE 4T 9 712 2AS A, EGl 949
298 mtoluateE TFAFE AE3 FIL F WY
(protocol)2 ARSI, 2F9 EY F m-toluateE LJol
ZASE FA3a, FFXNE AAZ C171R)F vast
Kt

2. M TE X Y

21, ¢ °F Y A Y

A L3 (-707C; lishin Lab Tech. Co., Model DF9007)
d B¥E FF KGI2062 B A LBIPH|A (tryptone 10
g, yeast extract 5 g, NaCl 5 g, agar 15 g, 2N NaOH 0.5
mL per 1 L, pH 7.2)o) A} =ik (27C, 130 rpm)
AL FHE LBUAG] oF 1247 o1 F WF ¥ 1:
20 843t ODgw = 0.6°1 B W7tA] wigatich. 4dS
AaA] +FE MSM (minimal salt medium; MgSO; - TH20
0.2 g, CaCl, 0.1 g, FeSO, - 7TH,0 0.05 mg, NaMoO; - 2H,O
0.25 mg, KoHPO, 043 g, KH,PO4 023 g per 245 1 L)
L 0]83 ODgp = 0328 ZF3Arh KGI12062 kanamycin
AFFAANKm)E H{5L JeER LBuiAY kanamy-
cing 50 mg/l AZFSPTE =R 2F B 2AE A
ggd 55 (10 mgL)3t gad=Ad 3FE (10 mg/l)
E€ A& AVt 4F 44 vAe gTFE 2AbE
Ak zAMNY S/ES B&F 2tk Pb, Cd, Cu, Zn, ¥
&, 2-CP (chlorophenol), 3-CP, 2,4-DCP (di-CP), 3,5-DCP,
pentachlorophenol.
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22, EY #RE Y ¢ 2HRI0| LT 0|XE FEk
EY 299 IAFIE g9 EF deg FEEL ¥F
ol

FFo A7tsle BYe AL eER, JdEe FEE

T3Y EY FRETO 23PN nAE FFE 2AS
Atk 2 g9HA g EFY ogg FEHE TR =2
So] 2P FAE IFE €F dE2 84% U

3 m-toluate EE (10~150 mg/L) ZZANA w¥msATh
B3 2 #8733 EY 33T AR A J1E FEI
s B2 52 998 ANETH 4 AEE (& SA
Ad) EFL ELE #5% ¥, FEE ¥IE 4Id
LAdEo FF TFBAH vF F e FFE vl
ATt

2.3, B 2AHS8H HEM A WH AL

t}orgl 219 59 m-toluated] QLFH EY 2 g& 4 mL
9 e LU F&F F, FEE HPLC (JAI=FE
23 3); Model SCL-10AV Shimadzu Co. Japan) 2 #2413}
Ak U #5299 F=E /IFLR 9 I v=
9] m-toluatee FFo| =&AZ ¥ 4F &Y AZHe &
Aagch 54 2F qdF EF 2F FEY (1% viv
283 10 m)g WM ¥ LFBYS 3FsPen, E
F 29 F2E &350 UE mtoluate FEE TF E
Z AZAY JFdd #3 F AAF HPLCEAZ)FH Hl
23t HPLCY 24 242 g7 2th 254 nm UV-
detector, RP-18 column, ©]% methanol 100%, &4 &
£ 1 ml/min. 3L A8 400 pLE AF 3 ¥, Luminometer
(Turner Design Model 20/20, USAYE o] &3t &7 g th
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Fig. 1. Schematic diagram of semi-quantitation of m-toluate
in soil.
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FAE olgdtd FEF 299 =% AA FE=F g9 A 2 B $83A AHEE 5 g Aol
Tl 948 FEEL HPLCE 7|7 EAstanh 4382 =g 1o gd EYE, 10 mgl B:Y FIF&
33 wHE fPagon, 49 9 EAXE Fig 19 vy (Pb, Cd, Cu, Zn)F (FL)HEIAFEE (phenol, 2-CP, 3-
B A=y CP, 2,4-DCP, 3,5-DCP, PCP), o] @39 @3 &/do] A=A
= 43e zAEET Fig 2). 857 B 23EY
3. Zn} 2 g o Yz2H H@Lste PbL 60%, Cd 69%, Cu 95%, Zn
100%E Jep At ‘34_1%103 AAB8BNA Pbe A
3.1. KG12062| waeEe EY Aol & BE4oz A F EAZ] Hew, ¥ 5

KG1206 #39 TOL-plasmide E2AAQ 2L = qEFge] H2 AL= ?—-}EW Aok, E dgsol sl
P2 F2AA 235 F19 operond T Yo HNe o2 AN F&9 9 o 104%01 A ves

R operone toluene, xylene& benzoate, toluate &2 HE o} guFoz E4o] g2 Aoz gwd Cd2 Cust Zn
= ARAT 9AxolL, sEAT SLAAE benzoate, o Ha E& 2P As AFE Uk FrIeEEd
toluate 2 pyruvate 02 A= FAAIG? pe A5- phenol PCP= 100%9) 1@3}3 aFEg S Ve

TOL E&)4 Zet=u=q]l pWWOS] lower (mefa) operon o, a9 e HEAYE SFEES 55-100%9] T
(13 genes)g A= 7158 /AR Yok 73 23g FAHE JepiYct £3) 24, 35DCP 2 3.CP: &2
AL $EAZ ZLe o9 FFEo] xyl-gene SHF B3 Hg ARE fEsHn. gy 2 54 L9¥€E9
BAE Pn promoter® ZA3E XylS proteing FFoz AL JIANE, §4 A5 EAste G L9 EE]
8438 A|H Pulx ZFFAAY FEst] Uehtes AL MR md £ de FFE nsoF E Aotk

2 @A A Az2FY FF KG12062 ERA AL

28%E (parent compounds; toluene, o-, m-, p-xylene, m- Table 1. Characteristics of bioluminescence activity of KG1206
MBA)EY WM 2 838 Uehie 43 RB1401‘3) at different levels of m-toluate
ote "8, = J§EE B o ol F8 FUEAAE] m- Maxi bioluminescence Duration for
toluate, benzoate ol sy @FHS A A}—} ENS m-toluate aximum Blot ¢ . measurable
o - - (times for max. Activity biolumine
HFsha giok. (mg/L) bioluminescence) ! u:cxtxf;i:cence
#F YFEHE xylened 57 £HHEY metoluate?) ==
o3 . - 1o 0.1 < 10 RLU - NH -
Oad sE tsl AU (Table 1). Pnd AHRE
A9l metoluate 1.5 mg olske] FENAL g oket 15 16 RLU GOhr)| NH | 25~3.0 hrs
_—,g.% %%}.—E,é]. _/‘l:_ 9}%1 (16 RLU O]‘(:)‘]-), 7~14 mg/L %:‘E 7.0 127 RLU (25 hr) NH 0.5~ 3.5 hrs
Y X = Weke] (<275 RLU) o @3 @40] 3.5 hrs 14 275 RLU (1.5 hr) | NH 0.5~2 hrs
AEAA A&H Y 68 mgLolA 136 mgl AE9 BE 70 1669 RLU (15 hr)| NH | 05~35 hrs
Holol A A SAXNE dx = 28 RLU (<3,675 140 3675 RLU (15hr)| NH | 05~45 hrs
RLU) 39 @3@4o] 45 hrs AE7A A& A}, & 400 | > 9999 RLU (2.5~30 hr)| NH | 0.5~50 hrs
# 84E JASA gon HUFAANS = 2B G o) 700 | > 9999 RLU (2.0~50 hr)| IHR 0.5~8 hrs
400 mg/L AEY BZolA FAHUC TF gXHo] 7] 1100 | > 9999 RLU (2.5~6 hrs)| IHR 0.5~< 8 hrs
of %47 APy, T FEHE m-toluate X9 B 1400 <1 RLU - CH -

£ 700~1,100 mg/LZ ZAME LW, o] & P M= NH; no inhibition, IHR; initial inhibition, but recovered, CH; com-

WG 6AIZ7AA] L wFEGo] HRHIAT A HY plete inhibition ‘

BE 1,400 mg/loid e €3 @40 &ds JA=HA

w8 23§40 AAHA FE 5T 70 mylolAq 2

# gAo] ¢AZ] 2"y & (Wl 20 hr) o m-toluate 70

mg/LE AR E o, 271 Ad LFEH9 o 70% &4
TOL plasmid-"—l T A operonoﬂ halA TR FEAERY Pb Ccd c; Zn phenol 2-CP 3:cp 2:— 35- PCP control

1600 1469 1{?1 1426 1462

1200

Bioluminescence (RLU)
5 3
8 8

0

g%d U wlene o84 §& YR ¥k ol TOL Cromicas

plasmid xylR $HA}23RE AAD xylR 992 S S35 Fig. 2. Effects of various pollutants (10 mg/L) on the bio-
o9, 458 duAL P} PS) AAL (transcription) luminescence activities of KG1206.
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Table 2. Effects of pollutants on bioluminescence activity of
strain KG1206

Concentration (mg/kg soil)
High level sites (n=5) Low level sites (n=5)
Cd 0.15~1.975 0.06 ~0.385
Cu 1.445~44.125 0.115~5.095
As 0~0.076 0.007 ~0.054
Hg 0.0076 ~0.054 0.006 ~0.0407
Pb 3.2~525 0.25~5.45
Zn 110.6~607.1 13.22~150.97
Ni 6.67~69.47 327~15.57
F 132.1~586.6 ND ~386.7
Biolum. activity 1485+181 RLU 14554288 RLU
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3 2=0.99
g | R0
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9 ! LC analysis
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Fig. 3. Representative standard curves and estimation of m- toluate based on the bioluminescence intensity.
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TAT AFA 01§ ARE slatgr) 948, WA
m-toluate T & HPLCE A5 &£
NFE0.2 39, L3 m-toluate BE W9
& 898 9F gFd k& F, LFEHd 2AS
A& st m-toluate T EY FZ2EL 29
T Y9 2 @ =& 3, BAHE 3L o
ZRE AZR 71FAAM m-toluate EES =2Fstw
HPLC ZA4A¢} HusAtt. 5= ¥ Uiy 43 4%
2 Fig. 3o) Uit 23 73%*’8-4 FBBA R
097 olFog FAlHo], BFEHH o9y BETH
< 28EAZ FFHAG. Fig. 3o @ AAFEs}
4.9, 44.6, 54 9 135 mg/L m-toluate EYF FZ A9 w3
o ZAY =L 77 44, 432, 76 ¥ 127 mg/LE,
AA N71EHRA Y 90~141%9 B9)E ZAEYT. wP
M EFETe 40 7ET AFAE o8 U ks
A& G0 = AU

o odr oz K

34. 2&0 2AHSH m-toluate HHH 25}
2 BT m-toluatee] 298P EFoaRE PFFom
MRS AT ARgSAT AH EF AR m-toluate 5
=4 g P29 TF G4 ZAT AFHE oLty
, £ 2F F3E HPLC EX3 T vnsty, 3
& AAZY H (%)E YA (Fig. 4). EY
AsHA F ﬂu 7&%“&8 2
4 b tg AEA
4t &
m-toluate
R3] o}oil 7@‘26}711 "l‘;g sk
AlE % m-toluate AL HPLC 7]7] &4
ol vlaste] HA 75%, AW 158%2 =7t 2FFHYO
W, o]F %10, 20 @ 25%<] ¥ o= 2z 10, 153 19
A9 NE ABHAT. FFFE AF AR f949¢
AR §13te] HPLC BAgT 33 2355 Os &
AvaE AASEt 28F79 fINe FFula By
o g3 FrEAF F B4 Wy (HPLCS} 2333
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Table 3. Results of Student's t tests

Variances Observed t Method DF  Critical t Pr>ft|
Unequal 0.430 Satterthwaite  67.804 1.996  0.668
0.430 Cochran-Cox 35 2.030  0.670

Equal 0.430 70 1.994  0.668

o] BAH ALY 184 G2 73
89 e mra}aau} a3 2%
For), B F9EGE]
o o]g}u} (Table 3)
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Fig. 4. Comparison of m-toluate values measured by LC analysis with those by bioluminescence intensity.
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