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Development of a whole-cell biosensor for detecting
organophosphorus pesticide methyl parathion in the
farmland soil
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Abstract: The evaluation of the bioavailability of pollutants in soil is crucial to accurately
assess the pollution risk, and whole-cell biosensor is one of the important tools for such
evaluation. This study aimed to develop a novel whole-cell biosensor for the detection of methyl
parathion in soil using. First, a whole-cell biosensor was constructed by the screened methyl
parathion hydrolase mpd gene, the existing specific induction element pobR, and the pUCI19
plasmid skeleton. Then, the detection method of methyl parathion in soil extracts was
established using 96-well microtiter plate as carrier and five whole-cell biosensors as indicator.
The method was applied in the detection of methyl parathion in tested and field soil extracts.
Taking E. coli DH5a/pMP-AmilCP with the best detection performance as an example, this
biosensor had a detection limit of 6.21-6.66 pg/L and a linear range of 10—10 000 ng/L for
methyl parathion in four soil extracts. E. coli DH5a/pMP-RFP and E. coli DH5a/pMP-AmilCP
methods have good detection performance for the analysis of methyl parathion in soil extract
samples. This biosensor method can help to quickly assess the bioavailability of methyl
parathion in soil, and thus help to understand the risk of soil pollution caused by
organophosphorus pesticide methyl parathion.

Keywords: whole-cell biosensors; methyl parathion; mpd gene; detection; soil
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Table 1

Bacterial strains and plasmids

Strain or plasmid

Genotype or phenotype

Source or reference

pUC19-mpd-AAK 14390
pUC19-mpd-AAA24930
pUC19-mpd-AAP06948
pUC19-mpd-AAA98299
pUC19-mpd-AAK40367
pUC19-mpd-AAT84091
pBR322-mpd-AAK 14390
pBR322-mpd-AAA24930
pBR322-mpd-AAP06948
pBR322-mpd-AAA98299
pBR322-mpd-AAK40367
pBR322-mpd-AAT84091
pET21a-mpd-AAK14390
pET21a-mpd-AAA24930
pET21a-mpd-AAP06948
pET21a-mpd-AAA98299
pET21a-mpd-AAK40367
pET21a-mpd-AAT84091
pPNP-mrfp

pUC17-RFP
pET28a-CFP
pET28a-YFP
pBR322-GFP
pUC17-AmilCP

pCU19

pMP-RFP

pMP-CFP
pMP-YFP
pMP-GFP
pMP-AmilCP

Escherichia coli DH5a.
Escherichia coli BL21

Amp', mpd (AAK14390)
Amp', mpd (AAA24930)
Amp", mpd (AAP06948)
Amp', mpd (AAA98299)
Amp', mpd (AAK40367)
Amp', mpd (AAT84091)
Kan', mpd (AAK14390)
Kan', mpd (AAA24930)
Kan', mpd (AAP06948)
Kan', mpd (AAA98299)
Kan', mpd (AAK40367)
Kan', mpd (AAT84091)
Amp', mpd (AAK14390)
Amp', mpd (AAA24930)
Amp', mpd (AAP06948)
Amp', mpd (AAA98299)
Amp', mpd (AAK40367)
Amp', mpd (AAT84091)

pobR1-3, pobO, lacZ, Kan', mpd, lacl, T7

lacZ, Amp', rfp
lacZ, Kan', ¢fp
lacZ, Kan', yfp
lacZ, Kan', gfp
lacZ, Amp', amilCP
lacZ, Amp"

Synthesis
Synthesis
Synthesis
Synthesis
Synthesis
Synthesis
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
Sangon Biotech (Shanghai) Co.

pCU19 plasmid skeleton, pobR, pobO, rfp, Amp", lacl, T7, mpd This study

(AAA24930)

pCU19 plasmid skeleton, pobR, pobO, cfp, Amp', lacl, T7, mpd This study

(AAA24930)

pCU19 plasmid skeleton, pobR, pobO, yfp, Amp', lacl, T7, mpd This study

(AAA24930)

pCU19 plasmid skeleton, pobR, pobO, gfp, Amp', lacl, T7, mpd This study

(AAA24930)

pobR, pobO, amilCP, Amp', lacl, T7, mpd (AAA24930)

This study

A(lacZYA-argF) U169, deoR, recAl, endA1, hsdR17 (rk-,mk ) Sangon Biotech (Shanghai) Co.

F-, ompT, hsdS (rBB-Mb-), gal, dcm

Sangon Biotech (Shanghai) Co.

HEHER), 7 100 mL B LB AR 7R IL T
B 10 uL ¥ EE K 1 mol/L Y 5 N JE-B-D-#i A
FLHEF (isopropyl-B-D-thiogalactoside, IPTG),

Fi g% 24 h i, SRR 10 pL FEXH i RE

&: 010-64807509

(10 mg/mL), #4kZEAE 37 °C 5 F 5% 4h, #
3 Sk i PO, A 83 125 (high
performance liquid chromatography, HPLC)#f &
2B o A i 11 B P
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1.3 2HEpEMERENHERFSRE
it FJC 4% v B LR, K 1 i I 5 AR 15 110
pobR JEHPY 5 Bk ESEH o ofp. gfp F
yfp FENGEE FASE RN amilCP (0 25 1 3L R ) A1
B T BE ARAT B mpd FE R 5 TR B LRl i
AT T RE R TURL 3k e L R 4G ey EE A
5 AFURL, 4394w 45 S pMP-RFP, pMP-CFP
pMP-GFP, pMP-YFP Fll pMP-AmilCP (& 1). ¥
Y R N2 S0 E. coli DH50, 4%
5 P a4 PR IR (E. coli DH50/pMP-RFP |
E. coli DH5a/pMP-CFP . E. coli DH5a/pMP-YFP
E. coli DH5a/pMP-GFP #1 E. coli DH50/pMP-
AmilCP). rfp. cfp. gfp M yfp 2EEEAFLH L
S amilCP 58 48,25 11 56 X3 3 R 8 ] DA™= AR 21
o, FE, gafEaiot, DARAERE
Mo JITA A5 25 DXL 0 52 300 %o i 66 1 44 i iy e 5
P ICIF (pobR) I A& 4210, T A ML /K fie 1
B mpd 52 lacl %% ;R F D 0 e As 2 i o
LB 1A 85 3% 535 b 1) 4 40 M A 0 4% 2% 45 A
T AR LB [ 4% 75 5 -4 (100 mg/L 2
THER. | mg/L HEXHBEF 0.1 mol/L IPTG)
Fas X R4 LB AR RS 37 B F A (100 mg/L 24
THEZM 0.1 mol/L IPTG) |, 37 °C T & 1
FRY) 24 h, {F FHARALG 40 0 VR SEA A IR
1.4 RBP4 4R RREs M R A3 R AsR 5 34
E. coli DH50/pMP-RFP | E. coli DH5a/pMP-
CFP. E. coli DH50/pMP-YFP. E. coli DH5a/
pMP-GFP I E. coli DH5a/pMP-AmilCP [ ¥k 7E
LB A FRH(100 mg/L ZFHE&HR)HPIEIbRE
I ARG FEMALFN BB LB A5 37 2£(100 mg/L
HAEHFHR), 37 °C. 150 v/min f5HFR, &
YL ODgoo 15 0.45-0.50 WLAEREFRANME, FH 1/2
LB AR KGRI (5 4519 0.100 mol/L PBS 2 i
AN 20% Hl, pH 7.20) R H & o il F E R
K A LTI ODgoo %y 1.00, FfoREHAy
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BN 1.00 mL, —70 °C fR7E4 .

]_b R AR A 10 uL i Ak 7]
[ 0.1 mmol/L MRRELZ% thifki(pH 7.20). 0.25 pg/mL
ZKEH % B A1 0.1 mol/L EDTA], 37 °C Ry ks
3% 0.5 h, 4N IR. 0.5 h B9 FRET R XT LA
E. coli NI A= A% [ 20 I B8 etk 2 Stk
i/ N, KRR 2R R B ATLME E. coli
B RERA S, A8 15 e ik A A W5 IR
LR, HAS S35 ) AR ) A% TR A TR 1 A A
FER R BAb B A 4N ARL(100 pL/FL)S5 45
#] 96 fLH(corning) I, #SH 100 pL/FL A A
A (2 PSR RE 1/2 LB YA 37 KL ml 1 9 B
Y1), FFMA 10 pL/ALI 1 mmol/L IPTG iR 4 -
B, B 96 FLHR 37 °C JR 1 3F 4 hP), i
SpectraMaxMS5 [ifitr{ (Molecular Devices Co.)ill
S TSI TR P2 P R Y B 1 T S A ) 2
BSHA AP IER 587 nm, KEFHK
610 nm) . F AFOEEHAR B 439 nm FUE SR
476 nm) . B AT A 514 nm AR ST
527 nm) ., ZREVEAHR P 488 nm FE FHE K
511 nm)FIEE 0 (0 K A 1 (AN K 588 nm)Pl,

W TR o 11 4 b+ 1 (R FRIE Alfisol |
213 Ultisol, 22+ Mollisol F148 1 Inceptisol, &
i 2 FOET BB AR B, BB PE R LR 2)
AR 12 LB WMAREE R HE(E 0.1 mmol/L
EDTA)IE A, 80 kHz # Zb 3 20 min, 5 000xg
B0 10 min, WO 802 B K H X R B
A -2 ik, Fehl S ARIWEEO. 10, 25,
50, 75. 100, 250, 500, 750, 1000, 2500,
5000, 7 500, 10 000 pg/L)H 35 a7 i 1 b o
FEGh o AR RIS ik, 8 A ) H X
B ol 1 £ 3902t VRO AR i, 28 AR R X
BB bR e 2k o 2 AN M A P 15 IR 0 4G
T BR (detection limits, DL) 1 SCHk & 7 1) 5 72
DL=3SD/K (SD Fl K 435|378 25 [} BB p o
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Table 2 Physicochemical property of tested four soils

Soils Location CEC (cmol/kg) pH Organic carbon Soil particle size distribution
(foe; g/kg) Clay (%) Sand (%) Silt (%)

Alfisol Nanjing, China 9.72 7.13 15.9 35.7 50.2 14.1
Mollisol Harbin, China 2.45 6.11 25.8 35.1 46.3 18.6
Ultisol Yingtan, China 3.65 5.44 6.3 31.2 44 .4 24.4
Inceptisol Mianyang, China 14.10 7.25 5.7 44.2 34.1 21.7
Sai Nanjing, China 9.31 7.15 16.7 33.7 52.1 14.2
Saz Nanjing, China 9.09 7.11 15.6 34.4 51.0 14.6

The f;. values denote the contents of organic carbon. The pH and cation exchange capacity (CEC), measured in 1:1 soil: water extract.

it 22 FVbR o i £ 1R o ARFEARHEMNZR 1Y R?
fERT 0.900 HIERs, M5 a2t vy s
R 7 7 A R S R 0T
1.5 ZHEE RSN PR IEPERE
Xof i B A6 T 75 K

WO AT P B R A A 25 2 10 4,
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53 10 £, FRICH S11—=Sa, TEIX 20 T 3FHE
HBEHL NG B R AR AR 2, TR
TGS AH 08, A, BURAEF 2 Ab bl
X B T G A HH T g - 338 (rp e ), 43
HARIC A 1 Saq A HE Spn, DASEBRAS B I A
PG R ER T (GR 2) [ 1.4 B0 T35
R B A TR IR, WA R IR
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rh B X A VS e gk B EA T o0 .l T AR
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FEBy R AT R, n] AE TP 3 HY X Wi O A 5E o
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2.1 BHBRZAREEREE R B ZRHI
mpd 55 K] & i 1 FH BT B 0l K A 1 B 5 1y
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Rt K PR T A 98 6 A7 Sy XoF i B 1 (pobR. e 5
DR AR A ) 3800 4 1), A i A AN i A P A%
JEER ) IR TT (B 1A). 6 4> mpd FEH (B R
545 AAK14390 . AAP06948 . AAA24930
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REALT 17.3%; mpd S G F) pBR322 kL
- IR X B X B 1 R A A P R, il
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- AAK40367)EESF] pUCI9 ki b 26350 Xt
P 5 X e 114 I i %6 B LAt BOREER 55, 0 51
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SN BB (1) 2 RE Ak Bk o
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AAA98299 ., AAT84091 il AAK40367)

Figure 1 Optimization of organophosphorus pesticide degradation gene and plasmid skeleton. A: Metabolic
pathway and chemical structure of methyl parathion. B: Screening of methyl parathion hydrolase gene and
plasmid skeleton. 1, 2, 3, 4, 5 and 6 represent mpd (AAK14390, AAP06948, AAA24930, AAA98299,
AAT84091 and AAK40367).
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G B X} A T

Figure 2 The construction of recombinant plasmids. A: Schematic presentation of the recombinant plasmid.
B: Genetic organization and mechanism for the detection of methyl parathion. C: The fluorescence and color
response of their corresponding bacteria induced by methyl parathion. RFP, CFP, GFP, YFP, and AmilCP
represent E. coli DH50/pMP-RFP, E. coli DH5a/pMP-CFP, E. coli DH5a/pMP-GFP, E. coli DH5a/pMP-YFP,
and E. coli DH5o/pMP-AmilCP, respectively.

mpd
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[ R*>0.900, 7 BE A IEAG I vERA JBE . e 3 TR,
E. coli DH50/pMP-RFP. E. coli DH5a/pMP-CFP .
E. coli DH50/pMP-YFP Fl E. coli DH50/pMP-GFP
FEN T 58 A A v B X B A DU e,
PRUEHZE R R EAR/NT 0.800, 4B E. coli
DHS50/pMP-CFP \E. coli DH5a/pMP-YFP #l E. coli
DH50a/pMP-GFP 7EAG il & 1- B, HARiEdh 4y
RMEA K 0.203, 0.244 F1 0.282, XARME
SEAG I HERRA BE AT 2, E. coli DH50/pMP-AmilCP
TES0HT 4 Fl +-3EF0 E. coli DH5a/pMP-RFP 7£ 43
M e A SN 2T, 31X 2 i v A b o o 2% 1)
RME#B = T 0.900

W% 4 ff/R L E. coli DH5a/pMP-CFP . E. coli
DHS50/pMP-YFP .E. coli DH50/pMP-GFP HI E. coli
DHS5a/pPNP-AmilCP J7 i T4 e 4 Bug e
FEF GBI ), A R 5 651, 12.2,
6.99. 6.78 1 6.21 pg/L, HIHFHFHAMFZE +
e rp F L X B WA DU B R R AIK . E. coli
DH5a/pMP-AmilCP J5 ¥ FH T 4341 4 i - e $2 e

*3 EHBEEDERRAFERTIRIERYPRENRENENTESH

Table 3 Calculation parameters for the detection of methyl parathion in soil extracts by whole-cell
biosensor method
Methods Alfisol Mollisol Inceptisol Ultisol
o R’ o R’ o R’ o R’
RFP 89.3 0.911 76.2 0.520 80.5 0.792 90.1 0.963
CFP 375 0.520 334 0.203 354 0.298 377 0.810
GFP 335 0.478 278 0.244 309 0.398 389 0.890
YFP 327 0.420 311 0.282 354 0.388 406 0.945
AmilCP 0.380 0.932 0.366 0.960 0.321 0.932 0.299  0.944

RFP, CFP, GFP, YFP, and AmilCP represent E. coli DHS5a/pMP-RFP, E. coli DH50/pMP-CFP, E. coli DH5a/pMP-GFP, E. coli
DHS5a/pMP-YFP, and E. coli DH5a/pMP-AmilCP method for the detection of methyl parathion in soil extracts, respectively.
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Table 4 Detection parameters of methyl parathion in soil extracts by whole-cell biosensor method

Methods  Alfisol Mollisol Inceptisol Ultisol

DL (ng/L) LR (pg/L) DL (pg/L) LR (pg/L) DL (ng/L) LR (pg/L) DL (ng/L) LR (pg/L)
RFP 12.70 25-7 500 19.80 50—10 000 19.70 25-1 0000 6.5 10—10 000
CFP 139.00 250-2 500 198.00 500-2 500 177.00 250—1 000 12.2 25-10 000
GFP 159.00 50—10 000 187.00 500-5 000 165.00 50—-2 500 7.0 25-10 000
YFP 165.00 75—10 000 181.00 500-2 500 169.00 50—7 500 6.8 10—10 000
AmilCP 6.28 10—10 000 6.66 10—10 000 6.37 10—10 000 6.2 10—10 000

RFP, CFP, GFP, YFP, and AmilCP represent E. coli DHS5a/pMP-RFP, E. coli DH50/pMP-CFP, E. coli DH5a/pMP-GFP, E. coli
DH50/pMP-YFP, and E. coli DH5a/pMP-AmilCP method for the detection of methyl parathion in soil extracts, respectively.
DL and LR are the detection limit and linear range, respectively.

T X B R BRI T 6.66 pg/Ls
E. coli DH50/pMP-CFP . E. coli DH50/pMP-YFP
E. coli DH5a/pMP-GFP J5 1 ] T /3 B A HE |
FE TSR - BRI P HE X il A PR s
F 139 pg/L. E. coli DH5a/pMP-AmilCP J5 %
P hAEE . B4 L L - R BOR
Tt B A I £ Zhe M 3 L5 4 10-10 000 pg/Lo
E. coli DH5a/pMP-RFP Hl E. coli DH50/pMP-
AmilCP J5 i At 3 A= P 1% 8% O vk i e 1k
TLHISE . FIRIREE KW, E. coli DH5a/pMP-
RFP Fl1 E. coli DHS50/pMP-AmilCP #4) ZE [ 46:
T3 2 BLAT SR A H PR R T () 2 MY T
24 FHBEYERSBRVNEXTIESERT
B B B Ak

R T VAR B EE ST 4 AN A AL IR AR ik
Xof -3 v FH RGBS )3 A, R E. coli
DHS5a/pMP-RFP | E. coli DH5a/pMP-CFP | E. coli
DH50/pMP-GFP E. coli DH5a/pMP-YFP Fll E. coli
DH5a/pMP-AmilCP J5 %43 #7 10 A8 Ak
FE(S1=S10) R IBUR T Y EE X B . angk 5
ffi7n, E. coli DH5a/pMP-CFP . E. coli DH5a/
pMP-GFP . E. coli DH5a/pMP-YFP KHi i S, .
Sa. Ss. Se. S7Fll Sg 43 v B FEXF AR B Y 5 i,
X AT BE A g F O AR e v B T X 3 A
220 B A ) A% A A S BRA G . E. coli DHS o/
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pMP-RFP fil E. coli DHS5a/pMP-AmilCP J5 1 1]
R 2] 10 A E AR R & H H X B Y
PR, HBRR R AR AE AR . i,
E. coli DH50/pMP-RFP . E. coli DH50/pMP-CFP
E. coli DH50/pMP-GFP . E. coli DH5a/pMP-YFP
# E. coli DH5a/pMP-AmilCP J7 %t S; 13t
P 5 o 1100 Ve FEE A DAL 43 Ry 1.87 . 3.88.,
3.16.2.45 i1 1.93 mg/L.E. coli DH50/pMP-CFP
E. coli DH50/pMP-GFP Fll E. coli DH50/pMP-YFP
T3k B R A 2 = T A 2 A dn oA Yrs
AR BRI . 3 5 R4 g it Ak W A% R
TEAHT Sas So Ml Sy T 3FEAE N B A7 7E [RIEE Y
TH L

{1 5 i 420 B A A% SR AR X 10 28 3
TR i (S11—S0) B B HH B L X A i vk 58 1051 7RG
M, SR 5 FiR, S Fhednid: YL e 4n
AEAE M Sis. Sy A1 Sig, (HHBUEAFAEZE S B,
E. coli DH50/pMP-RFP . E. coli DH50/pMP-CFP
E. coli DH5a/pMP-GFP | E. coli DH5a/pMP-YFP
1 E. coli DH50/pMP-AmilCP (% )5 A6 S, 5 135
Hh BB B e 1 MR 2 23391k 1,230, 1,980, 1.850,
1.990 1 1.320 mg/L. E. coli DH5a/pMP-RFP I
E. coli DH50/pMP-AmilCP BY# B AH T, HH
T oAt 3 Fha 20 i 2 P15 A IR DI, 78
S3HT Siz 1 S1g AR S B A7 AE R A1 L
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Xt HoAth 7 A2 A (S . Si2y Sis. Sus
Sis Sig Al Sy0)ar#rH}, N4 E. coli DH5a/
pMP-RFP F E. coli DH5a/pMP-AmilCP ¥4 £ 1
Jy A ARG 3 PR X i & AN, E. coli
DH5a/pMP-RFP Hl E. coli DH50/pMP-AmilCP
6 Syy 3 v B X A 98 14 e A 0 L
43124 0.068 mg/L #10.072 mg/L. HiLAl L,
E. coli DH50/pMP-RFP Hl E. coli DH50/pMP-
AmilCP 4 F e il 5 28 Rl Fo e A 2 Fl-Ar AL
JoT 25 SR I - e X Bl 1 i GGR 5)
5 T Ak Wy A% Ak — 2 A T A H ] -
BERE S P L R VR S S LR 5. E. coli
DHS5a/pMP-RFP £ il -+ 34 5 Saq Fl Sa, 1 HH 2

%5

SoF R WA BE 43 M 0.161 me/L H1 0.377 mg/L,
Ifii E. coli DH5a/pMP-AmilCP Al + 38k 5 Sa,
FSao H ST L ik B2 43301 0.159 mg/L F
0.389 mg/L. 2 a2l AE YL IERA X5 2 i ]
SR i e LG Gl ) A R TR R R
oAt 3 Tl 4 2 L A ) A St Rt 2 e FH ] -3
SR B S0 R TR THIOE Rl R A - P w8 iva UK = 8
A FRGER Ml A, E. coli DH50/pMP-
CFP. E. coli DH5a/pMP-GFP #1 E. coli DH50/
pMP-YFP (177 FH T4 A e A SR R - v FR XS
Tk B I MERA 3025, E. coli DH50/pMP-RFP
M E. coli DH5a/pMP-AmilCP J7 1 R 6 6 1l
BRI A v B X il U

£ 40 B 5 145 R R X R RN I 47 SR A R 4R BIR o FR B R R B E A

Table 5 Detection values of methyl parathion in tested and field soil samples by whole-cell biosensor

Soils Methyl parathion (mg/L)
E. coli E. coli E. coli E. coli E. coli
DHS5a/pMP-RFP DHS5a/pMP-CFP DHS50/pMP-GFP DHS50/pMP-YFP DHS5a/pMP-AmilCP

S, 0.037 - - - 0.036
S, 0.018 - - - 0.024
S; 1.870 3.880 3.160 2.450 1.930
Sy 0.928 1.580 1.620 1.760 0.933
Ss 0.032 - - - 0.041
Se 0.023 - - - 0.031
S, 0.054 - - - 0.046
Sg 0.026 - - - 0.021
So 0.644 1.210 1.610 1.560 0.629
Sio 0.401 0.944 0.810 0.789 0.414
S 0.068 - - - 0.072
Sis 0.108 - - - 0.115
Si3 0.132 - - - 0.129
Si4 0.145 - - - 0.141
Sis 1.230 1.980 1.850 1.990 1.320
Si6 0.158 - - - 0.144
S17 0.706 1.230 1.350 1.330 0.719
Sig 0.145 0.425 0.416 0.398 0.244
Sio 0.054 - - - 0.058
S»o 0.111 - - - 0.123
Sai 0.161 0.511 0.448 0.478 0.159
Saz2 0.377 0.768 0.765 0.743 0.389

—: No detection.
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3 WREER

AL IR R R A I Y S
WAEYI EAERLE A ) TR, rTLUHT B AR
YW e 52 ZeIR BTN AR A R s 55 B /N
R4 A i A= WA IR AR (UL E. coli B —>
PEHAIEEANTAT UZERR TN b, X5 438
B BARTS Y b aa g S R, X RAE S
A= T - Ko [ ( I

BEAh, 55 T EE ST X 5 T 1 4 A i R
WG AR AR EL P i o A A A A A )
RIRSSAEE 2 IS AR EN T 5 e
1) 4 20 M A A% IR A, AN SCRT ARG FR 66 6T it
W, TECRIE F I B K i i 3L 5 mpd 1A 33K
DUERET, 3 525 e S MR 45 s XA S5 180 1) fig
F T2 A T rh A 2 1) A A% S 1) 1 24 AL A
RS, 5l — SRR v By P DAY R R
(pUC19., pBR322)F1FKIAF T (pET21a)i 1T T
PR . TEMCATEIBIETR h, 222k 48 DAL Bok:
pUC19 1E k4 4 it A= Yy A% I8t vh ZhRe M ok Y
AR 2R i Fe R R Bk pET28a 1E K
R SR T T e AR A IR i )
E— 2 T R B, i e 8 AL BORLAG EE RT
R4 A AR AR IR FER I TR ERAE I 25 Hh B0
R T TR 114 R 25 2 VARG 0l 12 R . 5 P AT A5 I
G — K il DR AN [ 2R ok H A —
EPEE, HHFRMEGRE LA 2ERP

TIA, ARG XS P S i) A A R A )
JEAS ARSI 3 B (Ol AR D 1T T 204k
A M A AR IR AR R A i B, TR
G mpd FERUFN pUCT9 JFki B 248, M5 T 441
it A= A% Rt 40 B FR X R BV B T 5 Ui
Hb, A2 N AR AR R R A T 2 R
WEOLEAMEER), EAMRS T2
YA AR DT HAG I PR 58 rh 2 5O F 5 T
PLRIRE ST, o Rl P 5% S o B 1L T 2 A
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PR BEOIk 4 20 f AR A% TR 1 A5 T R S R
WAL E. coli DHSa B2 A4, X457 F
T A W2 SR (R RO AR 7 R BE Y . A4
20 0 A A2 SR P ARG B, AN T A AR
PEICAT LA B85 A B E] P 58 A(0.5 b, X IESZE /)N
T A ) H 1 AF A B B R) (>2 h), S ELRT LA
He A A HT R AR (—K 96 ANEE ), Kl 4R
FEMT 5 PO AR Jr ik (A3 2R X 7 B
S5 5L AT AT A H A A B TR] DS S8

SR P IR B i EAHRRLE. coli)Xf
AT BRE 5E1Z , AT LAAE pH A 4.00-8.50
FIERHE 0-0.55 mol/L i Bl N AR BE 773517,
TR R T ] A 4 20 A A= ) A R i A T ] L 7Y
A T HECE R B R )RR e
IR AEGE . DIRI B fefE: E. coli DHSo/
pMP-AmilCP 5], A I - 498 £ JEU i v PR ik
S B AR N 6.21-6.66 pg/L, 22176 BN
10-10 000 pg/L, A5 A - 1875 Yerd i 75 2200

25 PRI, i IR 4 A A W 1 R
ORI USRS, R
For I B X AR, I AT R VTR A e R
BB (4 2 W Sk iR 5 . S A 3 R AL
ST AR, E. coli DH5a/pMP-RFP Hl E. coli
DHS5a/pMP-AmilCP iX 2 A= P & Sl 25 A6 Kl 4
P IORRE i o R ST BRI, B AR
R HH BRARE T A ARV R, A R T R R
i FH 4= 40 00 £ W 4 TR o - R IR 8 oA HLBE A
2l F L B AN (R I, A B T R F R
BB E b A A o iR 55 AR FE SO, N
B 9 1 v B R Bl A ¥ e fE AR AL T — R
B ARG I FB

BOAt
BRI VL5 AR 5 B B P A 5
RAE T B4 L R
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