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Detection of Biohazardous Materials in Water upon the Characteristics of

Fluorescent Sensor Frex

ZHAO Wei'?, WANG Zhao' ,CAI Qiang’,0U Wen-bin’ ,MENG Fan-guo®
(1. College of Biological and Environmental Engineering. Zhejiang University of Technology. Hangzhou 310014, China; 2. Zhejiang
Provincial Key Laboratory of Applied Enzymology, Yangtze Delta Region Institute of Tsinghua University, Jiaxing 314006, China)

Abstract: Luminescent bacteria have attracted more and more attention in recent years as an effective mean for biological toxicity of
water environment monitoring. First of all, fluorescent protein Frex was correctly expressed in Escherichia coli, and then the effect of
toxic substances on microbial metabolism in the water was monitored through the determination of the changes in the fluorescence
intensity in bacteria caused by the change of NADH level in the bacteria. Then the effects of culture temperature, inducing time and
the final concentration of inductor isopropyl beta-D-thiogalactopyranoside (IPTG) on the expression level and fluorescent activity of the
fusion protein Frex were studied. The recombinant fluorescent bacteria was then applied in the initial detection of toxic substances in
water environment. Four international standard substances of biological toxicity test including HgCl,, 3,5-dichlorophenol, potassium
dichromate , and zinc sulfate heptahydrate were chosen to conduct experimental assay. The results suggested that all of these substances
can cause a rapid decrease in the fluorescence of the bacteria. This test method has advantages of rapid reaction and high sensitivity.
Meanwhile, the optimization of the conditions for the biological toxicity test lays foundation for subsequent application, and expands the
application scope of luminescent bacteria in other aspects.
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1.1 kb

E. coli BI21(DE3) pLysS ) Tt 5T TransGen 4=
PIH ARG BRAF. Frex FA R TORK AR T
KeEyK#Z. SDS-PAGE [ marker g F 118/
TAY TRF RS A R A, Western-blot £ H
marker 1 F Rainbow 7y F]. — $T His-probe I F
Santa Cruz Biotechnology 3 H], —#i Anti-rabbit-HRP
T GE Healthcare /A F]. ECL Western blotting 45l
BRI & B Millipore A F]. Frex Zifb 8 H HSZ 50 %
aifl B RAr. 256 % AR AR BRI B 42 000
mg-L™" Sl IR B F KL 3,5- @K B, B
FREN | BREREEBR VR BE 34 2 000 mg- L', At
I K 245 it 47 kg 3 10 B 7 3 B 4

LB 3578 (g-L7") AR 10 g, BERHEHRY 5
g, AL 10 ¢,121°C K TH 20 min, T BI21(DE3)
pLysS 15 5%.

LB JEHE SR AL (g-L71) (EE IR 10 g, BERESRIR
Y15 g, BALEN 10 g,121°C K 20 min, B EJF A
Amp, Z W R 100 pg-L™", HT E. coli k¥
e

XoF T [ A 8 3% ) ) A VAR B SR B o A
1. 5% K BUEH.
1.2 Jik
L.2.1  SRIKHER AT I L H A H R0k

S IE 2 P fE 32, e 2 A BL21 ( DE3)
pLysS & #k 15 5 £ 15 Frex & 1. #5841 i f
pRSETb-Frex #% 1k, ¥ H #k 3 3¢ f& 37°C, 220
remin RS mL LB S SRR SR P R AR AR
3 d 2 1: 100 K Z 200 ml 1) LB 885 55 L5000
it 7E DAEIAH] 0.6 ~0.8 B, Jl A IPTG (& ¥k
B£0.1 mmol-L™"). 18°C | 220 r-min ' &M F i S
ik
1.2.2  Frex LKL

ORAAEAS R BIR L TPTG e B i S i i) ot
Frex JEATi5F3RI5. AEHEAT SDS-PAGE HiLJk. 5
SR mL TR SR SERERR 2 h BT mL TR O
WD BRSO CEARA , 2 TR AR A= K 59O AR
K ER, W I 2 T AT ) I s A ) Bt

1.2.3 SDS-PAGE } Western-blot %58

B E— RS 1 mL 12 000 r+min ' 5
>3 min, & 3%, 50 wL 1 x PBS(pH =7. 4) &%
BEARNTA 20 pL 5 x loading buffer, # 7K 7 10 min
J5,20 L PG B AR [A) IsE A, R AR AT K
(120 V, 90 min). SDS-PAGE HLIk5E e )5, 45—k
e B L s g . AR BTART I A 4 A S EE R L
& ChampGel-3200 73 H7 R ARG HAT 500, T3
— R AR B RR AT e E A . & 5% Mt
BEWY 1 x PBST 2ol =B 1 h, H—3iL
His-probe 4°C B 1,1 x PBST 22 i £:f% 5 min
THYE 5 WE A Z 3T Anti-rabbit-HRP #55 2 h.
UCH 1 x PBST 2% i BB Smin 3538 5 5 H ECL
it T, i FH Image Quant LAS 4000 mini #£47
&
1.2.4  Frex KICHEEYINILL pH AR B BEE

%55 4 000 r-min "' 5500 5 min J5 5 FI,
FUFTEERY LB KR dR B A, B I% o TR T 2 Sl B 1
mL fiILA EP & B F 20, 25, 30, 37°C/KIFIRIE S
min 96 FLAR I [F) 45 I B ORI, B 200 WL BRI A
96 FLA T, M E T GIEA b, 20 H AR R 5 T iR
£ 20 mL 43%& A 50 mL [R5, 4300 HCL Fn
NaOH #4345 pH % 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0.9.0,10.0, 11.0, 12.0, 13.0, 23 M M4
B 200 wL BEBINA 96 FLAZ o (3 41F47) , A A
[F] pH 2514 R 2EOEME. BURNE pH 244 F I,
25°CHRIR 15 min Jo, 45 i 5 4L (4 )5 WA T WL EE 40
MR AIE A
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WSS AR ,4 000 re-min ' B0 E BB
fif LB K75 S E B, A5 BB 25°C /K IR PRI S
min. FEYRMK ., 3,5- FIEB  EHRM . 7
FREE i BB R R T 1 mL EP & 447, B
T 25C A 5 min. PEHRACHL S TH E D = 06 B2 Ry
25, U T T R MR 180 L 43S A 96 FLAR
TitE b A SN A9 1 € DI ARL (A D 2% L B) T v 9 DG (AR
XF2AE <5% ). PRI AL A R B2 224
20 wWL(IMA 20 wL TERKFLVE D BT IR ) . B ot
BE BN 1 s [ 3l s FLI 28t AR 1k,
LI 7€ A 2 75 7E — 2 B[] PR B A, UL B
[0 2 ~3 min. BOEHLAEERE 30 s A SIIERAS LA
FOCMEA, BRI AT BOE IR B 5 s LA DR TR T
MBEY) SRR AT I S TE] R 15 min.
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18, 20 h JERMREE RN OL. Frex FRiIKFTRH A
His-tag Fr%% , BGE o F 1 0] LLESAIE Frex 76 KA
HEIEMFS, EHEBSREET 6 h FlaTRK
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W5 AR 18 20 b JE R AE K HEACTE G, B TRE,
BRIEE WK DR 1.8 7245, B 5 S0} E) 1
i EAR DR HIRNIBRRBENE RN Z,
HE L AL EAREAES 6 b, HWNEASE/T
ORAE, SR 2e3 i R TR 3 thal LUE H R iR
PENCRFFLEIN S 16 h JE ik I MH 662, HUR:
R S5 300 | BURT s A S A ) 38R R AT, i
ST B BRSO 1) o R R | 2 A T B
P 16 ~20 h J5 W IR AT G 20Ot R L R W
2.3 WK AR

Zhao %38 53 X5F HU A [0 kA AR A ¢
Hesm B, AP Frex 255 NADH 455 J5 78 & 91
K E, =518 nm B, FEBUR WK £ 420 nm 5 500

WRE/ 0.1, 0.3, 0.5, 0.8, 1.0 mmol-L™"if
EARESFRAE M. 450 FR I IPTG ¥ X T Frex
FARRF I I A W], SO S8 SR ] IPTG 15 3 vk
JER 0. 1 mmol-L~". &EEFHE R 20 h, IPTG ¥
JE4 0.1 mmol-L™" W& 2 (b) fizn, kil 1 R4lifh
B, 2~5 05 0EE 18,25, 30, 37 C &M R HE
R ARINED. S5 REWIE IR R A &
TCHA S0 HoR T Frex MIIERRIFR A, ALK B S
MREEBE N 18°C.
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Fig. 1 Western blotting analysis of fusion protein Frex
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Fig. 2 Influence of inducer concentration on the expression of fusion protein Frex
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Fig. 3 Growth and fluorescence curve of

BL21(DE3) pLysS induced by IPTG
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LR B RO AR 2 &G pH JE T Pk
7 50~9.0. FIL, BB R 0 R A e
HAGE /) pH oL W& 4 (b) FiR, SEE IR R
20, 25,30, 37°C i, B W5 OGIE 22 5 5/, vl
ZEAKOCHEA BRI EE M, MU 2250 5%
KB %R 25°C 4400 F #E4T.
2.4 RKREEYIL

TEEARZ SR Y S 155 16 h S W E
TR FE ) 4 A 2829 5, 045 781 VR 1) 2 1t
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Fig. 5 Microscope images of bacteria at different pH
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Fig. 6 Direct endpoint assay

EXA —E A IAE FT W 5 i 28 B B W)k ) A
(RIS P A2 AR AN ] A2 B2 M B AP , DTS DA sk ok 3%
MEAF ) B AE IR ERY RN, TIET 6 (a) | 6(b) F1 6
(d) IR, B TP R B ) Tt = AR DO B T
W MR BEM) 3,5- R, MR B, SR
AIIAR AR SO G ™ A 1 /D s BOs VR, B
PRI AT O IEA B33 8, 1 6 (o) T IRk BE 34
TR R 4TI TR A AR G 2GR RE ARG, H 7]
DITERH 2R GRS 4 Fh ) Joe Sz 1 72 4508 A BRAE 2
1 mg-L7" E6(h) M 6(d) FaR, B A x5k
{EAEA 2B FE M (0 ~2 000 mg-L~") B 435
T FRAE 0. 8 F11°0. 7, Hy I ] AR W 2% & ' TR )
TR BF A AL ok By K DU B A BR 29 2 1000
mg-L™" A HE 6(a) Ml 6(c) T EINCHEXT 3,5-
TR T R B TR B Y e v TR BR DK T2 000
mg- L™ MREIE R AT R E 6 i 3,
5- RN BRREE . EARTRE, SALRX 4 MY
Ji EC,, 43l A 1047.5, 978.0, 68.2, 332.5
mg- L~ PRI AT DIAS A BIF 58 1 5 S0 B X % 4 Fhi
J5T PRGN 52 AR R/ VIR B AR R B > S AkoR > B
FREE >3,5- KM, Imbi 5™ LA T 3,5- &
Wy, BREREE . AR . BRI SE 7 R k) E

I E. coli MC1061 ( pDNlux) Al E. coli MC1061
(pSLlux) IR V. Sischeri 25 R OG5 ( RN
[ 247 30 min) , E B T 2 WA FH & 42 ) R S8 AL 4
HEa RN A R ARSI A, oK
HEKRH N ECy, [EX/NT 3, 5-Z 8K By F i iR
BEAE AR, X RO B BRI E .

Bl 7 AR B B R 5 6 & G TR AR FH Bl
Bf 122 Ak, R BIHEY) 5 & O TRAE FH e DLk 1K 30 A Xt
R A (RIAEXT S AN T & A B AR 1R ) |, st
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