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Detection of cadmium by a double-promoter s based
Escherichia coli biosensor

Panpan L, Fanglan Xiao, Xijuan Yan, Binbin Lu, Weiwei Lin, Qingging Xu,
Zhenzhen Zhang, Wu Wang, and Jianxin LU

Zhejiang Provincial Key Laboratory for Technology and Application of Model Organisms, School of Laboratory Medicine and Life
Science, Wenzhou Medical University, Wenzhou 325000, Zhejiang, China

Abstract: To detect cadmium ions, we constructed a specific microbial sensor and screened detecting cassettes and
different fluorescence proteins. Blue fluorescence protein mTagBFP2 was selected as a reporter and a double-promoters
model was used in the construction of the fusion reporter vector Pmer::merR-m-Pmer::mTagBFP2-pMD19-T. The reporter
vector was then transformed into Escherichia coli MC4100 wild type strain. The medium, incubation time, initial density
for induction, and the optimal detection range were determined. The specificity of the biosensor was also checked. The
biosensor responded specifically to cadmium irons with low background, and the linear concentration range detection
ranged from 0.1 to 75 pmol/L at the initial ODge=0.1 with 2 h incubation in IHMM medium. Thus we successfully
constructed a specific biosensor to detect cadmium irons and provided useful strategies for development and optimization

of microbial sensors to detect heavy metals.

Keywords: microbial sensor, cadmium detection, double-promoters, blue fluorescence protein
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HER N i s B B AR, R
A2 S SR | R A S Py Al 2 PN 3P

A5 M I3 53k 7 5 4 29 i F AR O ARl
Yy, KABURS T, KRS R EA
IS b R R PR G o o B B S B e S
s MEREIARAR RS v BB A R
H T e 4t A, TS P A ARG 8 SR
few TR R, O F AT R R P 1R IR
e BIPEAE T AR BRI T T 5

1 #B5ri
1.1 ##

111 BHER

Escherichia coli MC4100 [F-, araD139,
A(argF-lac), U169, rspL150, relAl, flbB5301,

fruA25, deoC1, pstF25], HIASLEG = RAF .

E. coli DH5a [F-, A-, endA1, hsdR17, hsdM+,

supE44, thil, recAl, gyrA96, relAl, A(argF,
lacZYA), U169, ¢80d, A(lacZ), M15], HASLE

BRI o
1.1.2 Rk

pMDI19-T [Amp', T-A cloning vector, pUC
origin], WHEAEY 1T (Ki#) ARAF,
1.1.3 IHMM 3%k

IHMM (Improved HMM) 5 3% 3t &
HMM $i3e8k (BCJ7 kI8 T2 3k [4]) el
EWwm T 20 FOR AR EERIR G OK B R
(10 mg/L/Ffy, 4ErE 28 Bl KW (5 pg/mL) LU
K EACES W (0.1 mol/L), 4 CHEfE%&H .
1.1.4 FERF S5

PCR #/" 11271 2 x phanta Taq {4 2 It [1 % 5%
WMEPEE MR IR A R BRER AR I BThr T
B () AR H] ; JoaE vk S iR &
HFITTAEMHEAR (i) AR W] HAlH

?\-’f

B3R B 43 B 4
12 FH&
1.2.1 EFEFPFIMG| 9T

VAT 3 S merRem | Hakkila 25
fiRi&K) B _DB10 HIZAEIA (MerR-m) ZAAEIR)T
B, 4% BRI AT A i (68 FH A 2 A Ak ik
IR AITFIPHRIE TR IGEPE Tn21 55 TOK I
&F Pmer. Wi LT 94 Bkl 8 R i g\ 7
merR-mrO\P Ji5 3% R 1% 43 307 3 A= 1 A B W) AT
Bl POLEAMSIEEAE gipmut2® | Venus” |
mTagBFP2*1f1 DsRed-Express2!? i PRI AR H SCik 2>
AT, Rt A AR A PR J A kA
W EmET Y, BARSIEE R 1.
122 HWEEH ofpmut2 KRB TFRIGRE
F R B9 A AR

PIA & merR-m-O\P I gfpmut2 JTik: N
Bt , AT Py AL Py 31 SR AR 2h
merR-m::Pmer, P; Al P, B A gfpmut2, PCR
R A 95 CHIASYE 5 min; 95 °C 405, 50 C
40 s, 72 'C 2 min, I35 /MEH; 5 72 CLE
i 10 min, WSS G, HLIKIE I B A9 R I
A3 B, 115 merR-m::Pmer Al gfpmut2 il
A, YRR 11, #idg Y
PCR iKW B 4 ok, sl & 5L
mer R-m::Pmer::gfpmut2, Al Bk ,
TR R EAIAG P, (5 8 MEI AR B,
PCR W 45fF: 95 CHIZAEM: 3 min, 95 C 40s,
62 C 40s—1°C. 72 ‘C 2min, 3t 8 MER, FiJ5
72 ‘CHEM 3 min, MW E5H)E, LIH PCR =41k
b, FIMASIHIA 2 x phanta Taq ik F&, #H17
PCR i, ZAFFIAMEIY, 335 AMER, ik
B IRl A 3R R, 5 pMD19-T simple #4342,
My Eh AR A 2R merR-m:: Pmer::gfpmut2-T,
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Tablel Primersof genefusion

Primer name

Primer sequence (5'-3")

P, (merR-m-F)
P, (merR-m-R)

P; (gfpmut2-F)
P4 (gfpmut2-R)
Ps (merR-m-double-F)

Ps (mer R-m-double-R)

P, (gfpmut2-double-F)
Pg (Wufeng-pMD-F)

Py (Wufeng-pMD-R)

P, (Wufeng-BFP2-F)

CGGCATAGCGGAACCAGCCAGCGAAGCA

AACTCCAGTGAAAAGTTCTTCTCCTTTACTCATACGTTGGCCCTTTTGAAT
TTG

GGGCCAACGTATGAGTAAAGGAGAAGAACTTTTCACTGGAGTT
TTATTTGTATAGTTCATCCATGCCATGTGTAATC

ACGTTGGCCCTTTTGAATTTGGATTGG

TTCCGTACTCATGTACGGAGTCAAGCGATTCACGGCATAGCGGAACCAGC
CAGCGAAGC

GCCGTGAATCGCTTGACTCCGTACATGAGTACGGAA
TGCTGGGATTACACATGGCATGGATGAACTATACAAATAA

ACGTTGGCCCTTTTGAATTTGGATTGGATAGCGTAACCTTACTTCCGTACT
CATGTA

AAATTCAAAAGGGCCAACGTATGAGCGAACTGATCAAAGAAAACATGCA
TTATTTGTATAGTTCATCCATTAATTCAGTTTGTGACCCAGTTTGCTCGGC

Py, (Wufeng-BFP2-R) AGGT

P, (Wufeng-DsRed-Express2-F)

AAATTCAAAAGGGCCAACGTATGGACTCAACCGAAAATGTTATCAAA

TTATTTGTATAGTTCATCCATTATTGAAACAGGTGATGGCGAGCTTCCGC

P,; (Wufeng-DsRed-Express2-R) ACGTT

P4 (Wufeng-VENUS-F)

AAATTCAAAAGGGCCAACGTATGGTGAGCAAGGGCGAGGAGCT

TTATTTGTATAGTTCATCCATTACTTGTACAGCTCGTCCATGCCGAGAGTG

P,5s (Wufeng-VENUS-R) AT

AL N2 75 E. coli DH5a, HE{TH?% PCR J5
PRHCAVE LR P or b (FiE R e E YRR
BRZN W), W WA Y s 4 s 57 I 4 BB RE
mer R-m::Pmer::gfpmut2-T il 4% 1k 25 WY A AU B
E. coli MC4100 #, & kkfr 4~ MPG.,
123 WEEHE ofpmut2 HXUSShFRLAHRE
R TR R
PLFCRE mer R-m:: Pmer::gfpmut2-T A4 ,

51 PsFl P 14 B 7 BX merR-m::Pmer, L)
N P, Hl P, B8 B BE Pmer::gfpmut2. 7 F B
JE IR J 347 38 SRV, 15140 Ps Fl Py 47 3 il
] Pmer::merR-m-Pmer:: gfpmut2, 458
AR & 2K Pmer::merR-m-Pmer:: gfpmut2-T )
P o IR e B AR B A Ak 2 Y AR TR E. col
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MC4100 1, 444 PMPG.
124 MEESAEARFBEIEERBIUSZF
BB i B A R AR

PLJECRE Pmer::merR-m-Pmer:: gfpmut2-T 4
Bt F514 Ps il Po 4 MG LA BAA s FHE1H)
Pio 1 Py ¥4 mTagBFP2; 5|4 P il P34
34 DsRed-Express2 DA} 519 P14 Fl Pys 334 Venus
FEIH ., PCR W 25 : 95 CHIZEYE 5 min; 95 °C
40s, 50 C 40s, 72 'C 6 min, 3t 35 MEFF;
5 72 "CHEAH 10 mino HL UK B B 09 B
MR8 F1 O AE W) B AR A R B) TC 8% v I s vy i 71
UL B A, MRS BUAR Pmer::merR-
m-Pmer::mTagBFP2-T |
DsRed-T FiI Pmer::merR-m-Pmer::Venus-T ¥%51k

Pmer::merR-m-Pmer::
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FJKZ 4 E. coli DHSa, BHPH M v e 45 5 I ik
AP A3 Hr, D0 I B 1 o B SR BRUTORL, 43031
AL E. coli MC4100 H1, 437l 4 A PMPB ,
PMPR. PMPV, &S 8l fll G 45 3L R 1
AN TRt 5 B 1 SR DR ) R 4
1.2.5 A oA =K By i e

W L — & AR B MPG . PMPG 33 7% 18 Fil 1
WAERPZFrEE 50 mL LB B33, 46
ODgoo TH 214 0.02, 37 “C. 250 r/min ¥ K437
% ODgoo fH M 0.2 47, 4% (1 mL/%), £
3AEATRE, 37 C. 250 r/min R HFE, 5 h
JE A TREA AL T, 8 000 r/min 7K F 5.0 6 min,
7 i, BORMEIAEET 1 mL DB, HH
H ODgoo THIHZE 0.2 A 47, 43l 2 HL A B
WA ODgoo o SLHEEHN 3 AT
M X S,
1.2.6 OB H M FREE M) Tk

W B i& & PMPG., PMPB, PMPR #l1 PMPV
BB BINAF] 50 mL B LB AR F: 38 b
i AA R ODeoo {4 0.02, 37 “C. 250 r/min
P REEFE S ODgoo M 0.2 247, 53%% (0.5 mL/4),
AR R CA™ W B AT, il
W By 1.0x107 . 1.0x10°, 1.0x107° |
5.0x107, 1.0x10™*, 2.0x10*, 4.0x10 *moL/L,
FINEAAFRICTE MilliQ KA M B e, 455
WA 3 AT UL T 37 C.
250 r/min JR % H5 5% 5 hJn, ACBR[EETE 1.2.5,
SE G I S50 . PMPG DABUR G
£ 481 nm, KHHOEHEK N 510 nm; PMPV L)
WOR G R 502 nm, KB R 530 nm;
PMPB DL &G R 394 nm, KEHEHEEKN
456 nm; PMPR LABLK G KN 548 nm, &Mt
K 581 nm.

T B — E AT PMPB 3 0 B Bl 1
Flv 2 et LB Al THMM 55323 7, 2 4 ODgoo
52524 0.02, 37 °C. 250 r/min ¥ K IG5 £ H K
ODgoo 214 0.2, 4335 (1 mL/AE), IIAZERFUR
IR CA™ VR B A, (LW E 4y
B4 1.0x107°, 1.0x10°°*, 1.0x107", 1.0x10°,
1.0x107°, 1.0x107*, 1.0x10~° mol/L, 7 fm&{k
FUICTH MILLQ /K AE Ry B X R, ik J3 4% ik
3AEATE . 37 'C. 250 r/min FRHEH 2 h )5
APRIFEEHE 1.2.5, S8R IR AL B T 1 525
1.2.7 BRI HRE T 05155 5 R B A (AR

W B — E ALY PMPB i ¢ AP T W% Rh
FHEE 50 mL THMM B E36H, i hh ODgoo
B 294 0.02, 37 °C . 250 r/min §" K} Z ODgoo
B 0.1, 0.2, 0.3, JIASRE T H 20k
JE R 50 pmol/L, F NS AFICE MilliQ 7K
VERAMEXT B, &4 3 A4 Bl BT
F 37 °C. 250 r/min #RFHHFE, HIF 0. 1. 2,
3.4, ShATM SRR, SR ALEE, (W]
HIR1.2.5,

1.2.8 fEREEXNEE T HEREEER

W B — 7€ (R LA PMPB 22 7 B A 11 12
it 50 mL THMM 53R 3E, f#E 4 ODgoo
254 0.02,37 C 250 r/min §" K15 3% & ODgoo
HH 0.1 2247, /3R (1 mL/AF), 25
A 20 uL RA4&JEE T (Hg™ . Pb”'. Mn®',
Ni*". Zn®"| Fe*", Co™", Cu®", Cd*) ffiH&
WS R 20 pmol/L,  F IEEABUICH MilliQ 7K
VERBAPERT IR, 480 3 AT . B ERR
F 37 °C. 250 r/min JR 557 2 h 5, AbFE[R
®1.25.

cjb@im.ac.cn
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1.2.9 fERASNRE FIRBERBIEZE DL TR
B R I 2R MY B Y

W B — & AR R PMPB. 3 ¢ b Rh T 35 b
ZEEE 50 mL IHMM £ 355k, iR 4 ODgoo
528 0.02, 37 °C . 250 t/min ¥ K5I ZE ODgoo
HH 0.1 24, 2% (1 mLAY), IMAZABIAR
Ivi) VAR 32 110 0 5 TV A 845 T A T 2 VR 4 )
M0, 1.0x10°, 1.0x1077, 1.0x10°°, 5.0x10°°,
1.0x107, 5.0x107°, 7.5x10° mol/L, £ 3 />
SEATE . B EEW T 37 °C L 250 t/min YR % 55
722 hJa, dEfTRRELAREE, KbER[EAER 1.2.5,
58 AL IR T A 1 T R S AR S 6 A B A
- ORI e S T P A

2 BREMM

21 RMEEE.REHFURRSEREE

Iy 25 2R SR AR T B SUR 3
I B €0 5 0L 3 1 Rl S bR . RIS A
ofpmut2 1 L5 3 1Rl G i SRR R MPG,
fL & A 500 bp B9 AL RIS Bh T

A

200
150

100

50

\__|
560 SiO 5210 5I60 5§I§O 660
Wavelength (nm)

Bl BWNEHFRAKKRESLLE

Absolute fluorescence unit (AFU)

mer R-m:: Pmer L4 2 720 bp Y 4% {6,258 Y6 5 1 5L K]
ofpmut2., MEAY A gfpmut2 (9 XU 318l &
5 SR Bk PMPG, {47 500 bp (17875 3%
K 1 57 merR-m:: Pmer L K2 780 bp F4 43 (0,5¢
tHE A& E M JE 3 7 Pmerigfpmut2 .
PMPV/PMPR/PMPB ¥ #4 £ ] J& X} PMPG
ofpmut2 JE A g 8, 70 B4 720 bp B B
Venus F:[H L 678 bp 4L {4 DsRed-Express2 & [H]
1702 bp AW (4 mTagBFP2 LA, 457 K/
SIS EWA, SREW 5 FE. S
[Fi) 0 €0, 5 DG 2 1 il o TR R Y A B )

22 WM THEKXHTFE

TS5 R 3 A IR OO F R R
REWS [A] i i3 sl 1 & 1 R R 9E L 8 F R I Y
Kk, ELEREFEFHELT, RABSKE
SRS o SR 37Kl o F 5 A A 57 Y
JRET, 2 A2 B ST R ShE Y & SR AL
JEE AN RRIE, A SR IRARE .
K1 s, BUR 3h5Hel ER RAS IR (A
AU ) T4 WA R EAR, M2 T R

Ratio of background
fluorescence at 510 nm
W
T

PMPG MPG
Bioreporter strains

Fig. 1 Comparison of background intensity between single and double promoters report strains. (A) Fluorescence

scanning. 1: background intensity of blank buffer DB; 2: background intensity of double promoters report strain PMPG;
3: background intensity of single promoter report strain MPG. (B) Histogram comparison. Grey column: single promoter
report strain MPG; white column: double promoters report strain PMPG.
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80%UA o R, XUS 374 13 bR H 3 AR IR 1
AL, A A T3 i R A%

2.3 WHEAMEFEMNTGIE
NGRS S = SN D) i9:
T B TR AR AE AR R S5 1T R SRR
AT 2 = R A (5 M bl . PR R A A T S
W (05 6 1 LI mTagBFP2 , 41 (6 %¢ 6 2 11 3k
DsRed-Express2 8 (4. 2¢ 68 FI ALKl Venus
AU 3 F R S R, LSRR 5
B OGRS S . i 2A Fios, Bk
) S TR AR T AS [ B30 6 ¢ Sl 2R A 5 58 B X 4R
TR AR S th 2 AT LA PMPB AR XS
FHA 3 P50 A P Rk
HAT A5 5 o A e L s b, AT AT Ak
PR A TR Cd™ R fl 1 B, KB AE

A
580001 o mTagBFP2
% 7000 - —e— DsRed
= —& GFPmut2
= 6000
g —¥— Venus

0 01 1.0 10 50 100 200 400

Cadmium concentration (umol/L)

B2 FHiERAELMEFEMLZLE

FHIRI MR T PMPB. ({0 &, 1d B I ik L
FAER S ST TR R Y 251

ULAh, A5 IR ARG T o 1 1 22 B 85 77
FERSZ R, BT LAFRATRE 5 R A I PR AT T
K, HAE ITHMM 535500 LB 8532 5607 T
VR PE S SN SE 5 . A&l 2B B, FEAR T
SIS ZF R, PMPB 7E IHMM 15 9 3 HL7E LB
5 3R b B i R

24 fERESEMNIEBETFERIESERRKE M
B 8 b, At A 0Ky R A

KIEEA KB KNESTELET —FRIH
EHARIB ARG R, I A X AL 8

v ) B A 00 B [ R RS 4 35 S R YRR R R T R
%, FWEE N 50 pmol/L Cd*'if S I A: W1t &k
I AR AN ] 375 S TR R RS P s ) 5

3000
—= PMPB in LB

=)
Z2500[ - PMPBinIHMM
‘2000 |
8
51500}
Q

%

é 1000 |
8

=

< 500 |
Na)

<

(] = = )
10° 10®* 107 10° 10° 10* 103
Cadmium concentration (mol/L)

Fig. 2 Screening of report strains and culture mediums. (A) Comparison of report strains with different fluorescence
proteins. The E. coli bacteria (PMPB/PMPD/PMPG/PMPYV strain) containing the mTagBFP2 ( rhombus solid) or the
DsRed-Express2 (circle solid) or GFPmut2 (square solid) or the Venus (triangle solid) were grown in LB medium
containing various concentrations of cadmium ions. The mean values of three independently performed experiments are
reported. Error bars correspond to the standard deviations. (B) Comparison of report strain PMPB in different mediums.
The E. coli bacteria (PMPB strain) containing the mTagBFP2 was grown in LB medium (square solid) or [HMM medium
(circle solid) containing various concentrations of cadmium ions. The values (X+s) shown are the average of at least 3

independent measurements.
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POLFRIBE, WA 3 Fn, LI5S ] R Ak
br, AFU (B AHARARERL, JFdE Tl &
GERRM YR IR1EF ODeoo 49 0.1 B, 7EAHR]
IR R T, 2OBE A RIA BV B &
THATE R . MR 2 h i, HEE0
SREEIR B, ZJETE— R R T,
DGR BB WIS o BT LAFR AT FH 2 AT ODgoo
25 0.1 B, WS 2 W E NS A EAICENH
XU Bl -4 45 TR AR I S A3 97 2 A
25 MEMRRSEBRIEEFHEMETEE
PG I FR3K BN AT 15 5% 1 8] A
K, BHWEFRERAEE, SR ImAMEE
BRI, 4R FORE R mer R-m L DR 4 A 7 A Y
MerR-m 5 E LG T Pmer 741X, BHIE
mTagBFP2 ik ; MMM Cd™ HE A K AT T i
MG, MerR-m E[5 Cd* " Frkgh & iz

7000 —o— 0Dy, =0.1

—o— 0D,=0.2

6000 —%— 0D,,=0.3

5000
4000
3000
2000 |

1000

Absolute flurescence unit (AFU)

t (h)

3 EHRFSEIRREMPFRERK

Fig. 3  Optimization of incubation time and initial
ODyg for induction. The effect of induction time and
initial ODgy in THMM medium after various time
incubation with 50 pmol/L cadmium.

http://journals.im.ac.cn/cjben

R4 kA ek s . N Pmer FESI TS, FEEh
mTagBFP2 iz 15 JE R Rk, 7 A i 0ok
1, JfH mTagBFP2 &H IR ERILES C&WE
BRI R, WK 4 iR, LI Cd T HE A
fiAs bR, AFU {Ejjé'ykélédaﬂ’ﬁlzl FEEAT A0
A, BRER, & WRE, EH RN
= —604.41+182.79x, *Baé%ééi R4 0.982 7,
FHOCHESR , MHZR LG By, ARG I £k 1 ¥
g 1.0x107'=7.5%x10~ mol/L.

15000

y=—0604.41+182.79x R*=0.982 7

10 000

5000

Absolute fluorescence unit (AFU)

0 il M | MR
107 10 107 10+
Cadmium concentration (mol/L)

B 4 REERECNRE T HIL M SE 2 E

Fig. 4 The linear range of report strain detecting
cadmium ions. After 2 h incubation with various
concentration of cadmium ions in IHMM medium, it
shows a linear fit of the concentration range between
1x107-7.5%10" mol/L.

26 EERBIMEBEFNFRMEXE

A% T X AR 000 0 JE Y B — M A 2 L S B
NS, B EFRAT A EE A B 2 A HAT
B e B R S Wl]ﬁﬂ/x%ﬁi%ﬁﬂﬂﬁ%%%
(Mg2+\ Zn2+ b2+ 2+ Ca2+ C02+
Ni**, Hg™". Cu2+\ dz*) XT*’J@E’J%%?M@E%
BRESHEATIES . ¥ CdT B AFU HE XN
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100% , JFLLH AL % 4 )8 &+ AFU H 5
CA* AFUHAY B 43 Los i 8h T30 45 42 B 7 i
BERRESE . 45K (B’1S5), WIEN 20 umol/L
9 Mg>" . Zn*", Fe**. Pb*", Mn*", Ca®", Co™",
Ni*", Hg™". Cu’ W4 T4 e e e ks T
T FINTF 20%), BEBTEMAAMET, i
DR R % B8 B BT i e S
3 ik

TE WAL A R L (8 . PRl KRR, 5
W S8, SRS R R RS, A
T 9 W 8 1) A 0 A SRR T 3 oL 2 Y 5
WA S S5 K A P ) VR B, R
HRCEMELF, JRALGERI ) ki —AE J14h 7.

UT 20 24K, & FRAR A0 5 B 7 AG I i A=
WL AR — H A FHRRZ U R ¥ AE
S 2E R A . Tao 280V 5 43 94

120 1
100 - L

Relative fluorescence intensity (%)

Rasies
Hg Pb Cd Co Cu Fe Mn Ni Zn
Metals
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Fig. 5 Specificity test of report strain. Fluorescence
measurement of E. coli cells containing the cadmium
induced mTagBFP2  expression  plasmid  with
concentrations of 20 umol/L each metal ions. All of the
cell numbers were normalized to ODgy=0.2 before the
tests.
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