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TE. LM ES R CO YT FH B, 610 R C° /Y75 YA AR vT SR AR 4 , AW SR H o T AR
A, VIES BT ISP R Cupriavidus metallidurans CH34 1t pMOL28 ok 5P ¥ R 8009 )8 3 F A 1 25 1 5k R o AL J%
PR PE I, LA SE K . Photinus pyralis )55 K DS REBERERH Tuc AR R T — R A X Co® A AT A R AT AR
DA T W 2 A ML AR RS CB10, IFHRSE T AR R [RIASHI 45 N A MR REARAIE. 25 53R, T Wy 2 4 % 12448 CB10 7 30 min P
BVAT o 13— 5E e BE B Cr®* 5 R Cr®* ORI AR IRBR LOD 49 2 pmol - 1715 24 Cr®* AOHREE 4y 20 ~ 200 wmol - L' i, CB10 F¥ A 7
e Cof WL MEAN G AL IERES CB10 P XHZIE Bl N % o A= ml R E AT 2 00T (R® =0.98055) 5 M E 48T
FHSEH 10 ~50 wmol L~ B, CBLO X Cr " AT B M I A 50 5 AP R B, B e BEAY Ph*+ | M’ ™ i Sb> i m LA™
AXF CBI0 BOESAE 1 i IR 30°C ,pH 4 7 W, CB10 B N 8GR Fe s 5 SR N 15 ~30°C ,pH A 4 ~7 ), CB10 1
NLRE I RIAE T . CB10 HLAS R0k M N % | REURE | A AR e v, B A X K M 4 SR A T s R DU FD 3 i 4 B 19 A=
Yyl R R SET IR T .

KER . COF  EWTTRIHEE; MUEY AR e e, IREE; pH

FESES. X172 XERIZES. A XEHS: 0250-3301(2013)03-1181-09

Construction and Properties of a Microbial Whole-cell Sensor CB10 for the

Bioavailability Detection of Cr®*
HOU Qi-hui, MA An-zhou, ZHUANG Xu-liang, ZHUANG Guo-qiang

(Key Laboratory of Department of Environmental Biotechnology, CAS, Research Center for Eco-Environmental Sciences, Chinese
Academy of Sciences, Beijing 100085, China)

Abstract: A microbial whole-cell biosensor CB10 for the bioavailability assessing of Cr®* was constructed by molecular biotechnology.
The regulatory gene and promoter of CB10 was from the chromium resistance system of plasmid pMOL28 from Cupriavidus metallidurans
CH34, and the reporter gene of CB10 was luc which was derived from Photinus pyralis. Finally, its response characteristic was
discussed under different incubation conditions e. g. pH and temperature. The results showed that a microbial whole-cell biosensor
CB10 had been successfully constructed which could respond to Cr®* within 30 min, with a LOD for Cr** of 2 pumol-L™". When the
incubation concentration of Cr®* was between 20 wmol-L ™" and 200 wmol+L ™", the luc activity of the CB10 biosensor was in linear
correlation with the concentration of Cr®*. When the concentration of heavy metal was in the range of 10-50 wmol+L ™", the response
of CBI0 was relatively more specific. Moreover, high concentrations of Pb*>* , Mn** and Sb>* could also induce CB10. By analyzing the
response characteristic of CB10 biosensor, we could draw the conclusion that 15-30°C and pH 4-7 were appropriate for CB10, and
30°C and pH 7 were the optimal conditions for the incubation of the CB10 biosensor. The microbial whole-cell biosensor CB10 for the
detection of Cr®* was fast-responding, specific, sensitive and stable under various conditions. In prospective, it could be used in the
fast detection of Cr®* in water and assessment of the bioavailability of Cr®*in soil.

Key words: Cr®* ; bioavailability ; microbial whole-cell biosensor; specificity; temperature; pH
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KRLAS B8 B 52 AR R AT AL B PR B % Fe Y
— SR ARG R B T TR X BB L Gt HEAT
M5 ANRERE o AT R FHEES . Azl R
HBE (bioavailability ) J2 48 7F 45 & B 8] N, 7TE AP0 A
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Az 4 G A% JRR A A RE ) B 4 S 2B T R BE A T
Jer o FFELR Wi

FF S IR ) A A A% S T A W A A —
A FH R 8 4 R P R DR R A DR A R L
R CYEEEE T HABIN G, EH R EE
Yt f& DNA Zi B 10 7 sie 42 2 1 3 5 TE R 4 Bl 1
PRl o 4 e B AR S B, AT 5 08 3l 1 2 R B
MR 3N T EIIEES (“turn on™) J3 sl -, 7 )8 42
U R R R AR R RS XRME
{18748 Al 5 B R o 453 TR 35 ) ) VAR R R DG 11 A s 1A
4R PN B 4 B 1 i UM BE D NS e B e
T2 0 4 A LA SRR A ARG e S e A R A

T [ PN 4 Ja8 AF DG AR ) 4 2 M A e R BE 5
h RZTT A 4 i BRI A E 7 A 25
Xof H 4 J AT A B 3 AT B AR ) 4 A AR SRR T F
FENGEE WLARE. T EE ST A AT A A
ZEMh B ZFE 0 KT B Bacillus subtilis 1 K i #F B
Escherichia coli £/ [F) T 4 J& W BE T ) HEL 3 110 ol
FIFAE RGOSR 1 A2 a8 i sEVE S BT BE 0, T £
WS RIS AMIEE 11 CadA FISRETEGHEE 1 GFP
P 1 DU X B A T i AT 18 A 4 A A S
o HAIGAR T 0.1 wmol - L7 FHLH —5E B
1. IR SRR EE h Ce® AR m]
F P SEAT VA 00 5 A ) 4 A A% TR, AR5 LA
HEE ISP Cupriavidus metallidurans CH34
pMOIL28 JiikL | Cr AMIEE I ChrA BYJR#EH H CheB

A IR RS B 1, DL = 2 R R e iy
RE IR K AR W IE A fue R I T
— i Cr® R S R U 1 B A ) 4 A0 LA SRS CBIO.
AR BE Y C°* XA EE 58 iU AR 4% CB10 i
7755, HIAE T 1A CB1O 1y M 1 5 B2 B Cx°
WA B AR HE N2, IEB0 8 T & 9 SR AR a0 R
(] R, 308 3ok 22 oA () B 455 i 5, M 4 T sz ke
T LA CheB S TTIFBY Y Cr A% 8% 1 Wi 7 AG I
Sk

Corbisier' ") il Tvask " A& EE T 44 Cr A9 ]
TR FH B AT ARG DN 114 B2 W A2 SRR | 68 JH i )3 g
AT T — @ WESY, {H AR XL Sk 1) S B 1 FH VS )
A 455 4 TE 179 0 7 5 e P B ol B A R A —— R B
pH TR AR E PEEAT 40 . IR EEFN pH REAT 52
M A 0 19 ) A BRI e, T 5 e A R 1Y
R AR E M, S 5 e A% Tk S PR I H BE T 1Y
FEHE. ABFI CB10 M i i 5 15 i HAG
RESIIIF S 25 A CIRLEE . pH) #EAT T 204, LU
Cr®* 1 PR ARSE U R SIZ o A3 1) £ 40 ) 1) FH DT 2
HEG IR R TR R Ry Co®* ¥ e IR 14 XU 1
WA B A U2 1 2 25 KA.

1 MR

L1 BRGNS

Vent DNA BA W (NEB) . E. Z. N. A. Cycle-
Pure Kit (OMEGA ) . FR il 14 P9 V1§ Sacl Fl Xhol
(NEB) | E. Z. N. A. Gel Extraction Kit( OMEGA) |
E. Z. N. A. Plasmid Mini Kit( OMEGA) . Luciferase
Cell Culture Lysis Reagent( CCLR,Promega) . Hi k1%
(G| R T (= 7 S /A~ D BN U
transillumination {8 & 4% ( Bio-rad ) . Thermo Shaker
(BT BERAL AR AT BR A F]) | Varioskan Flash 44
4 £ J1 e B A5 4L ( Thermo Fisher ) . GloMax ® -
Multi * Detection System ( Promega ) , 5256 7 BT FH 24 iy
4y 20 [l 245 4 P A 27 R0 A R 2 vl 7 it | 24 it 4l B oy
SrFTal, i Z AR 2 A A L
1.2 TEERANTORL

SEH T FH B RR . BORLATRL RIS H 10 1 S e o
PRILE 1.
L3 59

I AN AL A T I 5 1 W) AE WL 2, 519
By F A L.
1.4 JERIE G40 BBO9 ( pUCI8-T7 p-luc-T7t) Y
oy
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Table 1~ Strains and plasmids

TR/ R AR ICEE K Yl AR BT A TR AP 5
DH5a F'®80dlacZ A(lacZYA-argF) U169 recAlendAl hsdR17 (rKmK + ) supE44 \-thi-1 gyrA relAl TIANGEN
BL21(DE3) hsd5, gal\clts857, indl, sam7 TIANGEN
pGEM-luc Amp' Promega
Cupriavidus metallidurans CH34 Amp* TR RAT
pUC18 Cloning vector ( Amp", ColEl-ori) S RAT
pET30a Kan" SIS R A
pRSET A. B. C Amp* SR RAT
BB09 ( pUCI8-T7p-luc-T7t) Amp" A S A
CB10(pUCI8- chrB- luc) Amp" AR SR
&2 54F5
Table 2 Primer sequences

EIL/EA S Primer sequence(5'—3") iR IR E/C R o] 4 DT A7 A

luc-B TAGGCGGATCCTTACAATTTGGACTTTCCGCCCTTC 58 BamH |

luc-X CTCGAGTAAGGAGGTCAGATGGAAGACGCCAAAAACATAAAG 58 Xho 1

T7-p-X CTGACCTCCTTACTCGAGTTCTAGAGGGAAACCGTTGTGGTC 60 Xho 1

T7-p-S CAGTGAGCTCGCGTTATCCCCTGATTCTGTGGATA 60 Sac |

pUC18-H GATCAAGCTTCCACACAACATACGAGCCGGAAGC 65 Hind Il

pUC18-S CGGTGAGCTCTAGTTAAGCCAGCCCCGACACCCGC 65 Sac |

T7t-B2 CGCGGATCCTCCGGCTGCTAACAAAGCCCGAAAG 56 BamHI

T7t-H2 CCCAAGCTTCCGCTACAGGGCGCGTCCCATTCG 56 Hind Il

Pchr-Sac 1 GATCGAGCTCTTACCTTCCTCTGCACTTAC 56 Sac |

chrB-Xho 1 CCGCTCGAGTTAACTGCAAATGTTCTTACTGTCCCC 56 Xho 1

Pchr-Xho 1 -F TGAGCTCGAGCGCAGGATTTGGCATCGGGG 52 Xho 1

Pchr-Xho 1 -A TGAGCTCGAG GCGCGCAGTGGAGGCGGATG 52 Xho 1

(1)T7 promoter( T7p) Fl luc BJi%EHE L)L T7-p-X
FIT7-p-S 514, LASRIAHAK pRSET A. B. C A#E
B, PCR "3 T7p J¥51, PCR R AR T 7 94 C FiAE
P 3 min; 94°C 2B 30 5,58°C iR k 60 s,72°C HEAf
60 s, JEH 30 1K ; 72°C 7853 EAH 10 ming DA lue-B( &
A TAAGGAGG 1 SD J7 41 J¢ TCAG [a] [ /751 ) i
luc-X 519, LA B BAR pGEM-luc 2 1A 54,
PCR ¥ 14 luc FEH (VA2 ¥ 2% T7 promoter 14"
R KR 72°CZEfH 1 min 40 s); I E. Z. N. A.
Cycle-Pure Kit X luc 5 T7 promoter i) PCR ;=4 it
Trafifb)s B A R G, LA T7-p-S Ml luc-B Ny
5190, LU A WA B, PCR 973 T7p-luc J7 51 ()X
N FEFZ2% TT promoter BIH 3, 1R K J5 72°C ZEAfif 2
min).

(2)pUCI8 Hl T7p-luc Wi%EH: I E. Z. N. A.
Cycle-Pure Kit Zlift, T7p-luc #) PCR F=%y, SR J5 H
BamH1 1 Sacl XU E§Y) T7p-luc A1 pUCIS, /] E. Z.
N. A. Gel Extraction Kit VI [RIWclgvI H (1) Bt , #1]
FH T4 SEREERK TTp-luc 3 T34 pUCIS Z I %
1k E. coli DH5a.

(3)pUC18-T7p-luc H' lac promoter B UL

pUCI8-H 1 pUCI8-S S 51%y, LA pUCI8 WA, ¥
WO lac promoter [ pUCIS #R431¥ 51, I Sacl il
HindI11 [A] B} X§ pUC18-T7p-luc FIANF lac promoter
(1) pUC18 553 )7 5 k47 XU 1), [l H i R B s
T4 % BB TTp-luc & 3 T 2Bk lac promoter fY
pUCI8 Z | ¥4k E. coli DH5a.

(4) pUC18-T7p-luc ( 2% B% lac promoter) 5 T7
terminater (T7t) (3% DL T7t-B2 ., T7t-H2 H5|4),
L pET30a JAAR , PCR 47318 T7t F@ 91 (W 5 2
FART (1) H B AU 72°CZEH 1 min) ; F Hind 1T
F1 BamH 1 XUEEY] T7t F1 pUCI8-T7p-luc , %% H B
A BRI T4 SRR T7e %42 T pUC18-TTp-luc
AR luc FER T F U il 40 Bk pUCL8-T7 p-luc-
T7t, 540 E. coli BL21 , ik FHM: 5 B A5 21| JL Ath A% 5k
wr 2l BBO9.

1.5 ARG AN BBO9 (105 3 3K5A

PEH TG AL 5 B9 DHS5a 1% JE %% 40 Jfii BB0O9
(pUCI8-T7p-luc-T7t) HLE ¥ TH i LB WA K 77
I (Amp:100 mg-L™") ,{E 37°C ,200 r-min ' 5&MFF
AT ISR B 200 wL 2o 3% 57 1Y) BV 422 )
A 19. 8 mL HTEE LB KRS R 50 mL =K
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1 (Amp: 100 mg-L™"); 37°C,200 r-min "' 5535 &
Dy, =0. 65 HU50 wL 3532 T 96 fLAH (corning 28
A, A B A % R B (50 pL) A9 IPTG (2
mmol-L ") F 96 LA #,30°C ,200 r-min ' KT
R 2 hy iS58 MUn,  CCLR 20 i 28 fif i
(Promega ) &A1 AR AR, LT JCORDECER N IKY)
(Promega) , K] Varioskan Flash 2K £ Uitk
TR, A H e 56 61, BB 3 AT, 2R A
{8 H A3 XF 22 5% B 47 6 78 ( relative luminescence

unite ) .
1.6 C°" FFRIBMMERALM CBLO (pUCIS-
chrB-luc) F)F8) 4

XM E. Z. N. A. Plasmid Mini Kit #2 ¢ C.
metallidurans CH34 TH & B9 pMOL28 ki, 51 %)
P, .-Sac I Fl chrB-Xho 1 PCR ¥ #4 pMOL28 Ji ki )
ATPase BIANHEEE H ChrA BRI FIER chrB K5 3l
T P,,. PCR X FEJF 4 :94°C AL 3 min; 94°C
AP 30 s,56°C I K 60 s,72°C ZEH 90 s, FHFR 30 K ;
72°CFESTAEAH 10 min. Sacl Fl Xhol 435I EY) P, -
chrB T3 5| FI LAl A% S8 4 i UKL %) T7 promoter J7
Y. T4 EREEEETE P, -chrB B 25 BV Ab BRI 1 2
Tl A% IR 25 240 e JBAs, I 18 2 41 J . pUCT8-chrB-luc,
WA TR AL E. coli DHS o, 7 1 BH A 50 i 15 2]
Z Cr® " i R IR ML SR 20 L.

TIP  Sacl (4411)

P(BLA)
Xhol (4 ITQ)__ (

ApalLl (465)

EcoRI1 (3 565)
Amp(R)

pUCI8-T7p-luc-TTt

Iue 4411 bp

BamHI (2 499) \
{ \ ApaLl(1711)
2
Xhol (2484) TH T

HindIII (2 329)

1 EfiE{E R BB09 FIE AR

Fig. 1 Recombinant plasmid of the basic biosensor BB09

L7 fEEERANIE CB10 (¥ lue YE'S:3R3K
FHAS IR e BE 19 K, CrO, ¥ 9375 5 4% J2 % 40
CB10, LA #r HAEAN [A) K, CrO, R 2T 114 i i s 4
H—5E K, CrO, ¥ B [ N i A fh 2k, 375 07
#%5% 1.5 77, H GloMax® -Multi * Detection System
HATHOCAI , S I0 B 3 4 PAT , SEOLRIKGR

Sacl (5321)
[ P(BLA)

Pchr-ChrB,
Amp(R)

Xhol (4170)

pUC18-chrB-luc
5321 bp

\7’ ORI
HindlIll (2329)
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Fig. 2 Recombinant plasmid of the inducible biosensor CB10
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Fig. 3 Electrophoresis results of main DNA fragments related to the construction of the biosensor CB10
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Fig. 4 Response of the basic biosensor BB09 to IPTG
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IS0k g S R IR G S = I L S/ | W =R =T
JEFIK. 6 h LIS ,BCI0 ocRk i TRE, X5
BC10 7EUL B Brib Fhase A K, 40 i 5 A
TRUEA K. IWE S Faf%,BC10 422 h i 5= 4
POME T R UK 8 R 9OUE 5. HIk, 785 22
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Fig. 5 Response of the biosensor CB10 at different times
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Fig. 6 Response of the biosensor CB10 at

different concentrations of Cr®*
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1 1
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Fig. 7 Standard curve of [uc expression in the biosensor CB10

with different concentrations of Cr®*
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Fig. 8 Specificity identification of luc expression

in the biosensor CB10
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Fig. 9 Effect of temperature and pH on luc expression

in the biosensor CB10
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