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Construction of an Escherichia coli strain for sensitive
detection of arsenite ion in water
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Abstract: In order to construct an Escherichia coli strain with high sensitivity and specificity to detect arsenic ion using
fluorescence as reporter, a sensitive strain to arsenic ion was obtained by knocking out the gene arsB that acts as an arsenic
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efflux pump. The pET28b vector containing arsenite detecting cassette Pars-arsR-egfp was constructed and then transformed

into arsB deleted mutant. Measuring conditions of this constructed whole-cell biosensor were optimized and its linear

concentration range, limit of detection and specificity were determined. This modified biosensor was much more sensitive than

that using wild-type strain as host. The optimal detection range of As®* concentration was 0.013 to 42.71 pmol/L, and the

limit concentration of detection was as low as 5.13 nmol/L. Thus we successfully improved the sensitivity of arsenite

detecting biosensor by modification of E. coli genome, which may provide useful strategies for development and optimization

of microbial sensors to detect heavy metals.

Keywords: arsenite ion detection, Escherichia coli, arsB gene, gene knock-out, sensitivity
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1 #RE7 %
1.1 ##
111
E. coli DHSa [F~ &~ endAl hsdR17 hsdM"
SupE44 thil recAl gyrA96 relAl A (argF

lacZYA) U169 ¢80d A (lacZ) MI5]

E. coli MC4100 [F* araD139
A (argF-lac) U169 rspL150 relAl flbB5301
fruA25 deoCl pstF25]
1.1.2

pKD46[oriR101 repAl01ts P,rag-gam-bet-exo
Amp']

Bet Exo Gam A
37°C
pKD?3 [oriRy cat bla Cm']
(cat)
(FRT)
pCP20 [Amp" Cm']  Flp
42 C Flp
FRT
pET28b [Kana'] His T7
pEGFP
113 LB
1.14
2xphanta Vazyme DL 5 000
DNA ladder marker ( )

® 010-64807509

PCR ( )
NaAsO,
( )
1.2 FHiE
1.2.1 PCR
5’ 50bp arsB
3/ 22 bp
( FRT )
pKD3 PCR
1 149 bp
Hi-Ps
arsB-jianding-F arsB 108 bp
arsB-jianding-R arsB
101 bp
arsR
E. coli MC4100 egfp!'¥ Aequoreavictoria
gfp
1
1.2.2 arsB
pKD3 Py P
arsB 50 bp
PCR 2xphanta Taq 50 pL
1.0 uL 1 puL dd H,O
100 uL. PCR 94 °C 4min 94 C
40s 50 C40s 72 C 1.5 min 35 72 °C
10 min 4 C PCR 1.0%
[15]
[13] [16]
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Table 1 Primers of gene knockout and fusion

Primers

Sequences (5'-3")

P, (arsB-H;-P;)

P, (arsB-H,-Py)

P; (arsB-jianding-F)

P4 (arsB-jianding-R)

Ps (pET-Pars-arsR-egfp-F)
P¢ (Pars-arsR-R)

P; (egfp-F)
Pg (pET-Pars-arsR-egfp-R)

ATGTTACTGGCAGGCGCTATCTTTGTCCTGACCATCGTATTGGTTATCTGTGTGTA

GGCTGGAGCTGCTTCG

CTTCTGCGAAAGTACGTGCAGCCAGAGTAGCGTAGCCAGGCTACCAATTGCATA

TGAATATCCTCCTTA
CCGCAACCTGGCTCGACAAAACTG

GTCGGTTCTGTGCCGCTGTTGCGG

TTTAAGAAGGAGATATACCCCGACGCAAAGTCGGTTTTTTTACGTCCTG
AACTCCAGTGAAAAGTTCTTCTCCTTTACTCATAATGCCTCCCGGATAAAACAC

ATCTG
ATGAGTAAAGGAGAAGAACTTTTCACTGGAGTT

TGCTCGAGTGCGGCCGCAAGTTATTTGTATAGTTCATCCATGCCATGTGTAATC

1.2.3 3min 94°C40s 55C40s 72°C 1min 8
E. coli MC4100 egfp 72 °C 10min 4 °C
Ps Ps 30 uL PCR

Pars-arsR P; Pg 0.5 uL.  2xphanta Taq 10 pL

egfp PCR 2xphanta Taq 50 pL ddH,0 50 uL PCR

1.0 pL 1 uL dd H,0 1.0%

100 uL. PCR 94 ‘C 4 min 94 C
40s 52°C40s 72°C 1min 35 72 °C Pars-arsR-egfp
10 min 4 °C PCR 1.0% pET28b

E. coli DHSa
Pars-arsR egfp ( )
C1V1/bp;=C,V,/bp, Pars-arsR
egfp Pars-arsR arsB pET28b-Pars-arsR-
Ps egfp 5 egfp/arsB~ pET28b-Pars-arsR-egfp/MC4100
Pars-arsR 1.2.4 arsB
egfp (MIC)
PCR 8 5-10 uL 80 C
PCR 2xphanta Taq 15 pL pBAD arsB
Pars-arsR  egfp 1.5 uL. 2.4 pL MC4100 (pBAD/arsB~ pBAD/MC4100)
dd H,O 30 pL 94 C 5mL LB
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100 pg/mL 37 C
250 r/min
10 500 pL LB
Beckman DU 730
V=1/10x0Dg9
15mL LB
ODgo0 0.02

OD600

400 pL ODg0o
37 °C 250 r/min
1 h 400 uL ODg09 12 h
LB
ODgoo 1.0

O D600

0 h ODggo

ODéOO

X+s n=3

pBAD/MC4100  pBAD/arsB™ 50 mL

LB ODgoo
0.02 (5mL/ )

As®” 05 2 8
32 128 512 1 024 2 048 4 096 5 000
(x10° mol/L) MilliQ H,0

37 ‘C 250 r/min

9h ODg00

3 3

3 As®”
2 (MIC) 10 h

0-9 h
9h ODggo
ODgoo 10% As®"
(MIC) 3

® 010-64807509

X+£s n=3
1.25 As**
pET28b-Pars-arsR-egfp/MC4100  pET28b-
Pars-arsR-egfp/arsB™ 50 mL
LB ODeoo 0.02
50 pg/mL
ODso0 0.5 (ODgoo 0.5
) A
0.1 1.0 5.0 10(x10°mol/L)
3 MilliQ
H,0 37 C
250 r/min 01 2 3 45
6 7h I mL 8 000 r/min
2 min

(Desalting buffer DB)

20 (
ODéOO )
ODggo 481 nm
511 nm 3
3
1.2.6 As®
pET28b-Pars-arsR-egfp/arsB™
pET28b-Pars-arsR-egfp/MC4100 1 50
LB 37 'C 250 r/min
ODs0o 0.5
0.99 mL/ 10 puL As*
0 0.013x10°
0.13x10°  0.27x10° 0.53x10° 0.67x10°

1.07x10°°  2.14x10° 2.67x10° 4.27x10°°
8.54x10°° 10.68x10°° 17.09x10°° 34.18x10°°
42.71x10°° mol/L 3
37 °C 250 r/min 4h
AS3+
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1.2.7 As*
of detection, LOD)
pET28b-Pars-arsR-egfp/MC4100
pET28b-Pars-arsR-egfp/arsB™
20 mL LB

OD¢oo 0.02 37 C 250 r/min
ODgoo 0.5 (0.99 mL/ )

10 uL MilliQ H,O 10
37 C 250 r/min 3h

(The limit

4 000 r/min
10 min
1 mL DB 50 uLb 20
0.95 mL DB
ODggo "
>_<W_+ 3SD

LOD ypy = 27
w

Xw (10
) SD
LODary As™ LOD
mol/L As>*
1.2.8 As®
pET28b-Pars-arsR-egfp/arsB™
50 mL LB
ODy¢g 0.02 37 °C 250 r/min
ODeo0 0.5 0.99 mL/
10 uL (As*
P2t Cd* Ccu®t Mn® Fe? Hg2+ N2t C02+)
0.5 5 10 pmol/L

MilliQ H,O 3
37 °C 250 r/min 4 h
(Pb** )
1.2.9 As®*
0.22 pm

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

pET28b-Pars-arsR-egfp/arsB™

90 mL LB
ODg0o 0.5
(0.9mL/ )
0 0.13
1.07 4.27 10.68 17.09 umol/L
100 uL.
3 37 C
250 r/min 4h 8 000 r/min
2 min 1 mL DB
50 pL 20 0.95 mL DB
ODsoo
AS3+
(ICP-MS) As™
3
X+s n=3
2 HERE54H
2.1 arsB EFE &R E kR E
E. coli MC4100 DNA
P P, arsB
arsB::cat/MC4100 DNA
P; Py arsB::cat P, P
arsB::cat arsB” DNA
Py P, PCR
1.0% 1
arsB arsB”

2.2 FALI T R AR E KR A

Pars-arsR-egfp
1298 bp
pET28b-Pars-arsR-egfp
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bp E. coliMC4100  arsB~
3+
5000 As
3000 2.3 arsB [E fif bR Bk B9 4 4K il S FO &R R 4D
2000 BKE (MIC) HINE
1500 arsB
1000
750
250 arsB
100 arsB
T~ . . arsB As™
1 arsB EERMREKMWELSIER PCRETE
Fig. 1 Construction and verification of arsB deletion
mutant. Primers P, and P, were used to amplify the cat 2B arsB
gene fragment with 50 bp extensions that are 34
As 125 umol/L

homologous to regions adjacent to the arsB gene (Lane
3: 1 115 bp). Primers P; and P, were used for PCR 4 mmol/L
verification. Lane 1: wild-type (arsB gene, 1 505 bp);

arsB
Lane 2: arsB™ mutant with cat gene (1 435 bp); Lane 4: X
+
arsB™ mutant in which the cat gene was eliminated. As
A B
307 ] 3.5
—O6— E. coli MC4100 o— E. coli MC4100
25 ~BarsB 30 — B arsB-
, 25
20+
g 2.0
S1s) S
/ 1.5
1.0 ¢ 1.0
0.5} 0.5
0 2 4 6 8§ 10 12 -0500 1.0 20 30 40 50
t(h) NaAsO, concentration (10-* mol/L)

2 arsB £ [F m bR B R B0 A 4K Bl e A0 s N EDR E N E

Fig. 2 Comparison of growth and minimal inhibitory concentration between arsB mutant strain and wild strain E.
coli MC4100. (A) Comparison of growth between arsB mutant strain and wild strain. The arsB mutant (square) and
the wild strain E. coli MC4100 (circle) were grown in LB medium. The cell density of each was measured every other
hour. (B) Determination of minimal inhibitory concentration. The arsB mutant (square) and the wild strain E. coli
MC4100 (circle) were grown in LB medium containing various concentrations of arsenite. The cell density of each
was measured after 9 hours and the OD values at 600 nm were plotted. The values ( X £S) shown are the average of at
least three independent measurements.
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2.4 MMNE YT A RYNT & B ja) S2Ig

4h 4h
70%—80%

As> 2.5 MBS AT BRI MSEE E
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Fig. 3 Optimization of incubation time for the strains induced by arsenite in LB medium.
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2500

b PpET28b-Pars-arsR-egfp/arsB-
—y=1002.8+824.79 log(x)

R*=0.994 6

2000

" pET28b-Pars-arsR-egfp/MC4100
—1=664.66+619.43 log(x)

R=0.993 5

Absolute fluorescence unit (AFU)

0 10 20 30 40 50
NaAsO, concentration (umol/L)

4 EMERIET AsRIZESE

Fig. 4 The linear range of arsB mutant strain (circle)
and wild strain E. coli MC4100 (square) detecting
arsenite ions. After 4 h incubation with various
concentration of arsenite ions in LB medium, the linear
equations and concentration range were obtained.

As®” AFU
4h
y=664.66
+619.43 log(x) R*=0.993 5
0.13x10°=42.71x10°° mol/L
arsB
y=1002.8 + 824.79 log(x) R*=0.9946
0.013x10°-42.71x10"® mol/L

arsB

arsB As®*

2.6 MMEEI ASTHIRKA MR (LOD)
B E
arsB
As™ (LOD)

® 010-64807509

pET28b-Pars-arsR-egfp/arsB As*
LOD 5.13x10 "mol/L  3.843x10* mg/L
pET28b-Pars-arsR-egfp/MC4100 As®*
LOD 126.1x10  mol/L  94.47x10"* mg/L
5 arsB As™
4% arsB
AS3+

2.7 HMEHK AsT R RMERE
arsB
AS3+

arsB
(10 uL)
(As3+ Pb2T cd®t 2t

140 ¢
120
100 |
80 t
60 |
40 t

20 +

The limit of detection (LOD, nmol/L)

——1

Pars-arsR-egfp/ Pars-arsR-egfp/
MC4100 arsB-

B 5 20 E bk B9 & IRAS I PR3 bL &

Fig. 5 Comparison of the limit of detection between
arsB mutant strain (white column) and wild strain E.
coli MC4100 (grey column) containing the arsenite
induced egfp expression plasmid.
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Mn*" Fe’* Hg’™ Ni*" Co™) T2 RGBS AT RIANRE KR
0.5 5 10 pmol/L A Tabl_e 2 Spike-recovery tests of arsenite detecting
strain
MilliQ Sample As’" added As’" found Recovery
H,0 As>T (pmol/L) (umol/L) (%)
AFU 100% 1 0.002 ND ND
2 0.120 0.10+0.14 83.33
AFU  As"AFU 3 1020 1.0120.21 99.02
( 6) 4 4.350 4.18+0.21 96.09
AP 5 10.660 8.91+1.13 83.58
6 17.180 16.02+1.11 93.25
ND: not detectable (Below the limit of determination of
( 10%) the arsenite detecting strain). Sample 1: no exogenous

arsenite was added. The baseline concentration of
arsenite was 0.002 umol/L measured by ICP-MS. The
: « 3+ 2 13 3+ 1)
2.8 fERLSE WA IIAE R A83+E'\] B Y So s results in the ‘As added iand As”" found” columns
were the arsenite concentrations measured by ICP-MS
and arsenite detecting strain respectively.

A (ICP-MS)
A3t A
2
80%
120 0 0.5 umol/L

X | 5.0 pmol/L

= 100 - 10.0 pmol/L 3 i

5 80|

R

8 60}

=

3

3 40|

S ICP-MS

= 201

Q

E

2 0

K=}

<

-20 N S S S S S . . )
Blank As Pb Cd Cu Mn Fe Hg Ni Co
[18] [19]

Bl 6 ElEKEEERIEKE As®*
Fig. 6 Specificity test of arsenite detecting strain.
Fluorescence intensity of arsB mutant strain containing
the arsenite induced egfp expression plasmid were
measured after incubation with various metals at the
concentration of 0.5, 5, 10 umol/L for each. All of the [19-20]
cell numbers were normalized to ODg,=0.2 before the
tests. Li [ arsR
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