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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

Received: January 7, 2016; Accepted: March 24, 2016

Supported by: National High Technology Research and Development Program of China (863 Program) (No. 2014AA06A514), Special
Research Fund for Non-profit Sector of Zhejiang Province (No. 2016C33027).

Corresponding author: Jianxin Lii. Tel/Fax: +86-577-8668-9805; E-mail: jxlu313@163.com

"These authors contributed equally to this study.

[E R m AR K IR (863 HX) (No. 2014AA06A514), WiTLA A AR E (No.2016C33027) %HI,



1082 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech August 25,2016 Vol.32 No.8

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.
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1 MB5FE
1.1 ##
1.1.1 kR

E. coli DHS50. [F,\ ,endAl, hsdR17 , hsdM ",
supE44, thil, recAl, gyrA96, reldl, A (argF,
lacZYA), U169, ¢80d, A (lacZ), MI15], A
LU EARAE; E. coli MC4100 [F, araD139,
A (argF-lac), U169, rspL150, reldl, fIbB5301,
frud25, deoCl, pstF25], HIASZH % RTE
1.1.2 kL

pKD46[oriR101 repA101ts P, .p-gam-bet-exo
Amp'|h [FIUE AW PR R, BRI S )5
Z ik Bet., Exo Al Gam =~ A WA T 4H i, 5¢
P SE R ST bR SR B e, & T 37 Cix

pKD3 [oriRy cat bla Cm"], ZRVEFTHEZL A4
W, SEBRERIMEIREN (car) FEFSE R E
7 5 (FRT), b4 5 A (RS2 (LI vE AR 5
H AR S 36 2 DR AT

pCP20 [Amp", Cm"] A Flp 5 2H B 1) 3 36
ki, B O EEUEA, 42 CiES Flp 4
fit 23K I BR FRT 75 B A S R P AR, T
KL B R R, HIA S0 % PR AT

pET28b [Kana'], % His Fa% M T7 X1k
¥, BHALRERMA.

pEGFP, & ¥ A 4 (a0 L 5L
FH AR S 56 2 DR AT
1.1.3 LB i35
1.1.4  EERLH

2xphanta, WJF Vazyme /A#]; DL 5 000
DNA ladder marker, W FRAEY TR (Ki%E) A
FRAE] ;s BokL/N b G . e il 4

®: 010-64807509

PCR P4tk &, WFEAY TE (KiE)
HRAF; NaAsO,, MARUER IR, WFRTHi T
AN BT T A AR B A IR A
A o b S I S F RO AR (1)
AR F] s HoAth T B389 Sy [ 7= o A
1.2 7k
1.2.1 PCR 5|¥pi%it

T RIS E A W59, 5554 50 bp 1 arsB
DRI ) [ 9508, 373 22 bp BYFH T4 1
BRI (WA FRT f4) M54, U
pKD3 ik, ## PCR iy W& Ehitk
FEH, PR B 1 149 bp, WEE T
BEAl F RS 1Y) H)-P o WSS S E F I
Y arsB-jianding-F {5 F arsB 3&[H L1 108 bp,
TUWEEIY arsB-jianding-R i F arsB FEH T it
101 bp.

TR R arsR AR T KA FF
E. coli MC4100, 55 egfp! ST dequoreavictoria
MK EE gfp 158 A8 AR SCHR 2 A 7 91 A5 13k
%, WITEEmESIY, BASIYEEE 1.
1.2.2  arsB ZFH R EREE

P pKD3 JFURCA AR, I Py Al P, §7RE B
A arsB FEH T 50 bp [A]JEE A &R R ILH
R B, PCR W& Z A : 2xphanta Tag 50 pL,
IERGIYA 1.0 L, KA 1 pl, H dd H,0 £h5%
] 100 pL. PCR JJW 254437 : 94 °C 4 min; 94 C
405,50 C 40's, 72 ‘C 1.5 min, 35 ME#H; 72 °C
10 min, 4 CHEfE. PCR =LA 1.0% AT IE A
VR ¢ P K 65 R S S TR A3 791 B adR A 7 M R

ARG FR, AR S WICHER[15], A
B S DL SCHER[13]RI16].
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Table 1 Primers of gene knockout and fusion

Primers Sequences (5'-3")
D\ arsBH P ATGTTACTGGCAGGCGCTATCTTTGTCCTGACCATCGTATTGGTTATCTGTGTGTA
B ak GGCTGGAGCTGCTTCG
Ny CTTCTGCGAAAGTACGTGCAGCCAGAGTAGCGTAGCCAGGCTACCAATTGCATA
A TGAATATCCTCCTTA

P; (arsB-jianding-F)
P, (arsB-jianding-R)

Ps (pET-Pars-arsR-egfp-F)

CCGCAACCTGGCTCGACAAAACTG
GTCGGTTCTGTGCCGCTGTTGCGG

TTTAAGAAGGAGATATACCCCGACGCAAAGTCGGTTTTTTTACGTCCTG

AACTCCAGTGAAAAGTTCTTCTCCTTTACTCATAATGCCTCCCGGATAAAACAC

P¢ (Pars-arsR-R) ATCTG

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

ATGAGTAAAGGAGAAGAACTTTTCACTGGAGTT

TGCTCGAGTGCGGCCGCAAGTTATTTGTATAGTTCATCCATGCCATGTGTAATC

1.2.3 BRGNS 4 B Ao ) B Bk A g 2

DIBFLE R E. coli MC4100 FI55 egfp Bikih
BEA, I Ps F P 473G J5 2+ FJE 5 5L K]
Pars-arsR, P; I Pg 33 48 5 R 2 48,56 6 8 1 Ok
egfp, PCR JUWAKF K : 2xphanta Tag 50 pL,
IERGI#4 1.0 uL, Bt 1L, A dd H,O #h5%
#] 100 pL. PCR KW 554437 : 94 'C 4 min; 94 C
40s, 52 °C 40s, 72 °C 1 min, 35 PME¥F; 72 C
10 min, 4 CH£47. PCR F=HILL 1.0% HIEIEHE
UM PR UK 2 0 I I T WS ) e A A [

Pars-arsR . egfp W&IRIKCR B4 5Nk B,
BN C V1 /bp1=C,Va/bp,, 1155 Pars-arsR Fl
egfp MAMIAR, F-MEHEIYIE, Pars-arsR
IS B 51 W) Pe & AT egfp F 5 ) W) 5L B0 B
AR 78, B LAY 38 0 50y BE Pars-arsR T
WA egfp LURIRIER P4, WA NG9
PCR JZJii 8 MG, F 2 DNIEH R B ik,
X PCR WK F K. 2xphanta Tag 15 uL, £
M Pars-arsR F egfp 4351k 1.5 uL F1 2.4 uL,
A dd H,O #h578] 30 pLo SBZAFN: 94 °C
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3min; 94 C 40s, 55°C 40s, 72 C 1 min, 8
AMEH; 72 °C. 10 min, 4 CHRAF

FELL & 30 pL PCR =¥ it , FmA
WES5194% 0.5 uL fl 2xphanta Tag 10 pL,
dd H,O 552 B ARG 50 pL.PCR B 414
PGS ITl R BRI L 1.0% 3R
BB Fi Kk 26 5 M (A e A 7 e T i

g B A B G LR R Bt Pars-arsR-egfp 5
pET28b #R M T o8& b ik 45, b B
JRZ MR E. coli DHSa Ji HRHCPH P 5 b % 5 JF
Wy (FifgEReEYRHEARA R, WP IR
s R R B IR 5 S BORL, P 1k 2 B A B TR
F1 arsB FEBEE , 594 N pET28b-Pars-arsR-
egfplarsB 1 pET28b-Pars-arsR-egfp/MC4100
1.2.4  arsB BRI RRBR T AR B A= K il 2R AR AR
WWRE (MIC) HIlE

AR A E . B 5-10 uL, —80 CHRAF
M ALAT pBAD ZE BRI arsB R R B 7 AN
MC4100 ¥4 (pBAD/arsB #1 pPBAD/MC4100)
AT 5 mLOBTEE LB WA SR AL, IR HmA
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LY E R 100 pg/mL MHAFRHFER, 37 C.
250 r/min fEIRYRG TR o WG 2 T WA
BE 10 £5 58 500 pL iIn A LI, HZ5H LB
WARRE IR LR, i Beckman DU 730 &
ODgoo 1B . TZHRAZ, V=1/10x0Dgy, WHUE &
FBMAE] 15 mL LB AR =3, I A&
EHER, MARBEBR ODeo [HZ94 0.02. 4Fh
ARl 3 A EAT A, [ B 43 S R TR
400 L, M ODgoofH, YEH 0 h ODgoo fH . H
ARBWT 37 °C. 250 r/min fEIRAE G5 . HE
1 h B 400 pL &K E ODgoo L, #il 12 h A
TR o X B R 1 TR BV LB R MR 7R 3
T YF R IE , 3 ODgoo (E7E 1.0 KL, K
TR SEBR I ODgoo 1H M Hi I WA 1) ODgoo fE 3FE
DAAH R (i B AE Bk, SEmas Ry 3 YRy 9200
X +s, n=3,

SR AR AT VA B I+ IR OB A 1 TR VR
pBAD/MC4100 flI pBAD/arsB™ I A% 50 mL
Bt LB AR SRR, (R A8 TR ODgoo (HH
0.02, IEAHIMAZNERE, /7% (SmL/A),
A As™ W, LR R 0.5, 2, 8.,
32, 128, 512, 1 024, 2 048, 4 096, 5 000
(<107 mol/L), 73 M4 (ABULTE MilliQ H,0 1N
BHPEXFRE, 37 °C. 250 t/min YR H: 9%, W3
9 h NIREE AR, WA TR ODeoo (. EE
I 3, BAWRBEAAL 3 AP Bdiikb
HU CAED 3 RANE R As® RS R
14 2 BB 45 A B/ MR (MIC). 10 h
Ja TR IR ELE TR FEIT, B Al B Ot B
A TR, WL 0—9 h VR Jhy 240 TR AR 1% 10 1) W
BBt JFHME: 9hE, MK ODgo H S
XF BAE ODgoo THZ AR T 10%A9 5K As™ Hk
JE R AN SRR B (MIC). LR SN 3

®: 010-64807509

U7 LB R X £5, n=3,
1.2.5 (&R As R E IR L5

B pET28b-Pars-arsR-egfp/MC4100 Fl pET28b-
Pars-arsR-egfp/arsB” I L INAF] 50 mL i fif
LB AR SRS 3o, [ IR TR ODgoo 1H 4 0.02,
FHAF B Hy 50 ug/mL B KA R, ¥
KEEFEZE ODgoo (H R 0.5 I£F (ODgoo fH A 0.5
JEA KIGAT AL F X804 K ), A As™
YRR 0.1, 1.0, 5.0, 10 (x10 °mol/L), %
ANV A3 AT, Sy IR LR T MilliQ
HO AE g BIMEXF IR B DL B T 37 C
250 r/min YR IR, HIE O, 1.2, 3. 4. 5,
6. 7hifE SWAERK 1 mL, 8000 r/min .0
2 min, FF 3. WORM BRI A aifb ik 22
M (Desalting buffer, DB) &, K5 HEH &
PR RE 20 F5 )5 (HR 8 TR VBOAR B2 B A [ £
B, 15 ODgoo THAHZEAK), F3 05l Il 2 HLAR
WHIEME Y ODgoo o WARIEW KN 481 nm,
RN 511 nm, TR IR 3 K, B
JEAAB 3 AT
1.2.6  fEIRES KN As® RSN TE Bl SE

4y 3 B pET28b-Pars-arsR-egfp/arsB~
pET28b-Pars-arsR-egfp/MC4100 1 LA 1 = 50
PR LB Bigedkrp, 37 °C . 250 r/min 9K
B E ODeo R 05 £, nEEZERXE
0.99 mL/4, A 10 pL REMREER As® %k
EREHMAWESS N 0. 0.013x107°
0.13x10°%, 0.27x10°, 0.53x10°°, 0.67x10°°,
1.07x10°%, 2.14x10°°, 2.67x10°°, 4.27x10°°,
8.54x107°, 10.68x10°°, 17.09x10°°, 34.18x10°°,
42.71x10°° mol/L, 44 3 P47 . LU ETE
WTF 37 C. 250 t/min HR G HEFE 4 h )5, HEATHE
ARALTE ARFIEIREE b, SE R IREERT ASTTHY
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o N 28 3 BT ) 2
1.2.7 BN ASTHIBARAIIER (The limit
of detection, LOD) W#iE

¥  pET28b-Pars-arsR-egfp/MC4100 il
pET28b-Pars-arsR-egfp/arsB~ it # B F - W
A 20 mL Bt LB yRARRE SR I, il 06 TR
ODsoo fH 4 0.02, 37 ‘C. 250 r/min " KIEFRE
ODgoo 4 0.5 7247, 4% (0.99 mL/4E), B4
A 10 pL JCH# MilliQ H,O0, i 10 IS FAT4,
37 °C. 250 v/min E%E55% 3 h )5, 4 000 r/min
KB 10 min, 37 B, BRI EEKEET
1 mL DB "7, SRJ5HL 50 pL 5B H R 20 157 B
F 0.95mL DB H, 5], 435 AR B
FAH 5 ODgoo (. LK b HE T
ijssD

W

Xy A T S 9OBE M- E (10
APATE) , SDAE Ry i 5 i R S5 DB I br
2 o HH LODry fUA AS® BrifE I 223155 i 9 LOD
{8 4 A7 A mol/L As’'.
1.2.8 fERES% As R S ST

W B pET28b-Pars-arsR-egfp/arsB™ it
JAF] 50 mL Hrfif LB WA I7 3k p , (0 Ih v
W ODgoo fEH 0.02, 37 °C. 250 r/min ¥ KE 7
% ODgoo [H N 0.5 2247, 432 1A 0.99 mL/&,
SEIIA 10 uL AR ERE T (As’.
Pb’, Cd*", Cu*", Mn*"| Fe*', Hg”", Ni*", Co™)
i HARWREE /3 50 0.5, 5. 10 umol/L, F &4k
FRICH MilliQ HoO VE R BAMEXT IR, #5480 3 4P
o BLLFEWT 37 'C. 250 r/min JR%ESE 4 h
G (P> B TN REEFE), ARFRATERE .
1.2.9  fRRREEHE WAL S As™ B B

MASZ B0 2 T SR AR WK FE G, S LR R
0.22 pum AL PR AR X A B A0 e A T g . A

LOD .y =2
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AW B384 1Y pET28b-Pars-arsR-egfplarsB~
1 AP ROM A F] iR 90 mL B fif LB Vi f4cks
FRIEF, HRIGTEB ODeoo (LN 0.5, 433
(0.9 mL/E), JINA SRR [) e B2 () Al BT A
LV TR 2454 TR, (VR 43510 0, 0.13
1.07. 4.27. 10.68. 17.09 pmol/L, #RJ5FE4> 4
JIA 100 pL 2 8 J5 (K B8 B, BRIk
A 3 AFATE . WU R 37 C.
250 r/min &% 55 5% 4 h J7, 8 000 r/min /K5 .0
2 min, 5% B3, BORMHEAFE ST | mL DB H1,
SR B 50 pL H B TH R 20 f5F6 BT 0.95 mL DB
t, RS, A3 AR B PEOEE S ODgoo
fE o SRJE A b3 o i 2 1 [l 05 R AR
A AS™T R, I R A e TR
AL (ICP-MS) X FRIFE S AR As® UEFT IR
WE, fJaTHEmAR R SEIREE R 3 o
SEEE I X s, n=3,

2 BER5N

2.1 arsB ERARREKIME

L E. coli MC4100 X 2H DNA Atz ,
5l % Py Ml Py PO H arsB A, L
arsB::cat/MC4100 3 [F 4] DNA Wk, 514
P Al Py ¥ ¥ arsB::cat FEHFFHG Y P, 1 P,
Y1 arsB:rcat F R s LA M UL arsB~ KL K 4H DNA
AR, FHGIH) Py F Py #EATHE, PCR 44
1.0% A B AR BHEE R UK S8, WnEl 1 P, i
B L6l 4% arsB FE R B BR AR arsB .
2.2 FRAG TT 14 B A AR RO A

FRAE I 7 25 S 7, AR ) oo 4 L 28 B
My, miE I BB Pars-arsR-egfp K/NH
1298 bp, HlJE)¥ 415 PIS 58 e VL. BB P
Y SE IEHR I BURL pET28b-Pars-arsR-egfp, 54k
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Z E. coli MC4100 Il arsB IS4, M
IR As® R b

2.3 arsB E[FEL R E R B9 AC i 2 FI R AR HD
EKE (MIC) HyE

H R ANE L arsB fiBR, 0 T K UEXT
HARKIER AW, BATE Sty 17K
ME o AR HTZRE R MNIE 2A P, 7E LB K
FRHE, arsB DR AR TR 5 B AR R AR KR —
B, VLR RMFE A arsB JEHIFAT BBRAN 25
S H A RS AR E M

> 3 ) B 3+

| arsB REBBEROMRIER PCR £ AU arsB SRS, RIGTFEIA As™H0%
Fig. 1 Construction and verification of arsB deletion SRR AR FRATIN AR R T T I AR R
mutant. Primers P; and P, were used to amplify the cat RERGIGE . G 2B ik, 1R arsB iR
gene fragment with 50 bp extensions that are L ° s . ’ :\
homologous to regions adjacent to the arsB gene (Lane PRTERIREE As™ R BEE N 125 pmol/L i, HAE K E
3: 1 115 bp). Primers P; and P, were used for PCR FEATERN ] T A A B AR B 5 %] 4 mmol/L

verification. Lane 1: wild-type (arsB gene, 1 505 bp); - g A
Lane 2: arsB™~ mutant with cat gene (1 435 bp); Lane 4: A Z B o LR arsB FEREER)E , KW

arsB~ mutant in which the cat gene was eliminated. FFR X B 32 3 v A™ BRI B 2 e
A B
3.0 ’ 35
—6—E. coli MC4100 P o— E. coli MC4100
25| —B—arsB 3.0
) 2.5
2.0
g £ 2.0
S 15 8
155
1.0 10
0.5 05
1 1 1 1 1 | I—Ehﬁ-—-@_ _-I___
0 2 4 6 8 10 12 -0500 1.0 20 30 40 5.0
t (h) NaAsO, concentration (103 mol/L)

B2 arsB EFERFRE M E KRR/ EIRE 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 HMERRT AsT R A B ) SIS

B R IA MR T E 20— RO HE S
B LA BR J s fE i B OB A R
WOLFE ST EAELVOCFE SRR, B
A BN IR W AL & A R TR .
AR AT BOA T UL IR, 76T
B S E EGFP 20%fE % . Bl 3 455K,
£ 0-6 h N, B IS FH MR, Tt 2Rk
JER R EWER As®T, HiES K EGFP JOL(E
SO BIG R, TE 6 h I AR B mAUR , 2K

5 2T o PR AR SRS AE S BRI R
D A A R — A B R R, AR
4 h fENIE S, BFRES 4 h 2O6ES
SR A 2 IR B R IRPEOEAE 5 1 70%-80%L |,
FEAG SRR oK
2.5 HNEHKEN AsTRILMTER R E
arsB AN ILH MR Z 5, RESS I/l
NP S 11 3 S az , a) LUK e e i
HUSNE (B 2B). Rtk , FRATHEA T A I P& A A
AsT IRV B IR A E . W 4 BR,

—o— pET28b-Pars-arsR-egfp/MC4100
- — pET28b-Pars-arsR-egfplars B~

250

200 0.1 pmol/L /@/’
/

150 A

100 P

50

Absolute fluorescence unit (AFU)

2 (h)
1600

1400 ¢
1200 ¢

,/4]‘\ 3
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4

1000 | X
800 2
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400t P
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Absolute fluorescence unit (AFU)
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B3 AT E AT B A e SR
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S
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N
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Fig. 3 Optimization of incubation time for the strains induced by arsenite in LB medium.
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2500 g

& PpET28b-Pars-arsR-egfplarsB-
—y=1002.8+824.79 log(x)

R=0.994 6

2000 ¢

1500 t

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

R*=0.993 5

1000 /¢

Absolute fluorescence unit (AFU)

0 10 20 30 40 50
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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.
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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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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
cell numbers were normalized to ODg,=0.2 before the
tests.
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K2 ERBEMERNERP AT B ERE K E
Table 2 Spike-recovery tests of arsenite detecting
strain

Sample As’" added As’" found Recovery

(umol/L) (umol/L) (%)
1 0.002 ND ND
2 0.120 0.10+0.14 83.33
3 1.020 1.01+0.21 99.02
4 4.350 4.18+0.21 96.09
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
the arsenite detecting strain). Sample 1: no exogenous
arsenite was added. The baseline concentration of
arsenite was 0.002 pmol/L measured by ICP-MS. The
results in the “As’" added” and “As’* found” columns
were the arsenite concentrations measured by ICP-MS
and arsenite detecting strain respectively.
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