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Construction of Hg’'-induced Luminescent Reporter Gene System and Its

Application to Detect Mercury in Red Soil
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(1. State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China; 2. College of Life Science,Nanjing Normal University, Nanjing 210046, China; 3. Department of Environmental Science and
Engineering, Nanjing Normal University, Nanjing 210046, China)

Abstract: A luminescent reporter gene system was constructed by fusing the mercury-inducible promoter, P, ., and its regulatory
gene, merR with a promoterless reporter gene EGFP. A stable whole-cell reporter was created by mini-Tn5 and introducing the merR-
egfp system cassette into the chromosome of Pseudomonas putida strain, then applied it for mercury detection in the red soil of Jiangxi
province. the fluorescence density of the sensor strain was confirmed in soil extraction and fluorescence intensity was quantified by flow
cytometry. The results showed positive correlation with the mercury pollutant in the concentration range of 0.04-50 mg-kg™'. The
Zn**, Co**

The key factor for detecting the fluorescence density was the induction time and the optimal temperature for EGFP expression was 30-

background heavy metal irons such as Cr’* | s , Cu®*, Pb** | Ag® at certain level did not interfere with the measurement.

35%C. Spiked with 0.1 mg-kg ' Hg’" and after 15 and 30 days incubation, red soil samples were extracted and evaluated water
soluble, bioavailable, organic matter bound and residual fractions of mercury by both sensor strain and analytical way. The sensor
strain appeared to have a detection range similar to that of atomic absorption spectroscopy ( AAS) method and the effective detection
ratio was 35% -64% .
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L1 gER)00RL . BRI R R B 97 4 1F
AWETCPT A BORL . AR AR 1 TR,

To30C fH W ER R OTOA

Escherichia coli T~ 37 ClE¥G 7%, R MB350

LB} Jf bk 1 10 gL' BEREF 1 g-L7' NaCl

8 g-L ™' ,pH 7.0 ~7.5,121°C K 1% 30 min.

Pseudomonas putida
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Table 1

Plasmids and strains

pEGFP-N1 Km", egfp ENSH 4TS
pUCS57-mer Ap", mer A 52 5 % ARG
pUT-Km Ap", Km", Tn5 AN S5 5 R
pUT-ME Ap", TnS, mer-egfp AW T

E. coli DH5a hsdR, recA, thi-1, relAl, gyrA96 ENSH 4TS

E. coli SM10 ( \pir) Thi, thr, lew, tonA, lacY, supE, recA:: RP4-2-Tc:: Mu, Km', Ap", \pir A S 0 5 R

E. coli SM10 (pUT-ME) Thi, thr, lew, tonA, lacY, supE, recA :: RP4-2-Tc::Mu, Ap", \pir, mer-egfp EN TR e

P. putida N1 Plasmid-free derivative of wild-type CGMCC (1.1003)"
BMB-ME P. putida N1 :: mer-egfp AT 2

E. coli RK600 Cm" A 52 58 % ARG

1) CGMCC ; H [ 3% 3 5k 25 0 1 b £ ek 5 22 v o

1.1.2 {35

Tk A b R AE B 40 3 A A I (4
DA IR il S VAR W O VAR A N S L N E P S
F.(28°15'20"N, 116°55'30"E ) . + B4 5 T 2009 &
3 HRETMAEIZ (0 ~20 em). KAF J5 4 Bk ol W (1
WA, 2 mm i, 4°CORAE. PTAT 20T AE 2 DS H N 5E
. 1.3 pH 6. 5.
1.1.3 K5

CrCl,, ZnCl,, CoCl,, CuCl,, PbAC, AgNO,
HeCl, 2 2 [ 7= 73 #r 20X 51, B K 3 0 T8 38880
AN T Jm i 20 HERE b b B e BT R B
peg-kg T AL

Jr PR R/ AR A W R 4 ) 8 Amp 100
pg-mL ™" Kan 50 pg-mL™' Cam 100 pg-mL ™' %
it DNA L) . DNA J& 45 il & T4 DNA 3% 4% fily |
Gel extraction Kit ¥l F TaKaRa /A @], | i#§ Sangon
VARSI e L7/ S A= v Wl B g T2
1.2 SERJ5E
1.2.1 DNA #:4E %A

DNA flif . JFURE R 42 MU, Wi D) b 08 42 | iR %
. ZIRA A AT R L H TR

PCR ¥ #8214 :94°C 60 s, 55°C 60 s, 72°C 60
s, 28 N IR ; 72°C 10 min. §7 3 4K & . 10 x buffer
2L, primer 10pmol,dNTP 0. 2 mmol-L ™" ExTaq 0.5
pl, #h 7K 2 20 ol K il i) 5
1.2.2 R HER W 4

¥ 10 g ZE3ERE SO 255 1K IE Uk 2 i, o uE O
HAR T E 5K 8N 20% J5 ik 2 mm G, 43 508 %
Toft B <5 J 0 3R WO N B il R R AR K B A D 4%
RN SR 1 d ARSI 258 177K L 1 mol/L
Wit R vy W, 30% H,0,. 2 mol/L fiff #2 1 47 4t
Iﬂ[m, 4y 9 3k 2 WS ( water soluble ), BA
( bioavailable ) , OM ( organically bound ), RES
(residual fraction) - 38 V&2 $#2£ W, UL L >k 40 B F 4 /K
WA REEGE  EYT R RERE . ALK
REEEBMILAMIE SRR ERE. T IERREE
D5 T 5 U A pH H 2 Z0EEFE L R 46 pH {H 6.5, Jf
BEAT 1 2 FORE
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1.2.3 A0 00 bk BMB-ME % 20 e s 2 5 76 45 5K 15
P 5 B 7

¥4 HeCl, W 4 5 % 0.04, 0.08, 0.12,
0.16,0.20, 0.24 mg-kg ' ff) 6 V3 £0Hef i, & b B
Ja 5 3k WS, BA, OM | RES T3 23, &
ol T WRAT 3 N 25 AN A il v Bk 2 TR R I B
AR i R R IR A IR ON . B4 0K 100 L A
I B Bk BMB-ME X 08 B E BN 9.9 mL A [ 3%
FERI SRR . AE 30°C 4/ Ml A 12 h 5, & K
5 mL FES, 2 B D PE U 2 IR AT SRR, O
BT 5 mL AR ER K . B R B A K
9450 nm KOG R, & E BD A\ FACS
Calibur it X 40 Mg A0 52 3L 540 nm 3% K (1) 2¢O 58 i
(fluorescence density , FD ). 4 A~ & W& K i AF M € %
Ot a FE T 720 2 4300 FE vE Il € 3L Dy, A E
DA A0 M) 9 B2 AR JE LA RE 5% O 5 FE (relative
fluorescence density, RFD = FD- D, ) 1t % & 4> Ff i
o 9O 5 IR Y
1.2.4 5Lk I B4 bk BMB-ME il 52 41 43 7% V5 4% 11
5 R VR T i

B Ly (3%) IEAZ IR, 38 HUAH X6 9% ) 560 B Il 52
SRR 4 Fhosg w2 OF BEAR L R, & 3 ANKCR,
ZrBIINAE 0.20 mg-kg '[9 He® " 5 4t 5 WS i 4R
TR il 75 3 R W B Bk BMB-ME 365 52 5 1) A1 X 5
B FL R 4 P i DR 38 AN [ 52 0 7K 1) e BN < B
FRILE (25,30, 35°C) . ¥I4A 40 M % & ICN (107,
10*, 10°CFU- mL™") | % S K& [0 IT(5, 10, 15
h) | 7% pH(6.7.8).
1.2.5 ZHMESEICERE AT 0K 0 Bk BMB-
ME Il 5 7R 15 B4 14 5% W il 52 7 32

Bt L (37) IEAC W56, 38 B [ A 396 b % L
(1) 7 B AN [) H 42 B ¥ G O 35 IR 7K S WS I N 41 38
fh T, AR & B T 4 JE e g Th 1 B A8 A A
BV RAVEWE R E NG B =3 KR
Ay Crtt (19.3, 61, 150 mg-kg '), Zn** (28.4,
74.2. 161 mg-kg™' ). Co™" (4., 12.7, 31.2
mg-kg '), Cu®*(7.3,22.6,55. 1 mg-kg™ '), Pb*"
(10,26, 56.1 mg-kg ') . Ag* (0.027.0.13, 0.41
mg-kg ') . He®* (0.006, 0.065, 0.272 mg-kg ).
v G it 20 HERE S & A B S SR 1E WS b R 4
VR, FF W R PR B VERE 5 3 RS DU Rk BMB-ME
FAK GG 1A i R
1.2.6 K3l i ¥k BMB-ME 5 Jgu v W g J& )l e —
ER I RARE ¥ SR RS

IR HE Sy 0.1 mg-kg ™' [¥) Hg® " 5 YL 21 HEA¥
W TR R A s E 15 d f1 30 d, IR R 4
50% & KE. &AM WS, BA, OM, RES I
e W T 43 0 R A WU TR AR BMB-ME Il e v i Jit
IR 5 A AR R R R RE
1.2.7 i o 40 M A0 e R A4 98 6 5 B 7 ik

X H 22 [E BD FACS Calibur 35 5X 41 g 45 72 .
1.2.8 5l Wik I e 4 ) 1) IR B 7 ik

K H A Bt 600A 7Y J 1 W I 43 S 6 B A
i
2 SR50H

2.1 £l B Bk BMB-ME [ 1) i M2 56 0

Wik PCR & M, 4 % L pEGFP-N1 Fil pUC57-
mer 473Gt omer iy BRI 3 80 43 €5 98 6 R 1 AR A
egfp. T P BR A Bl U0 R T4 34 B2 I by 2 T 13 5 11
mer-egfp Z 40, J K AT N F] pUT-Km 25 4 b kg 2 i
27 pUT-ME ( 1). % pUT-ME # N E. coli SM10
(\pir) fi5 =4l furh, 34 E. coli SM10 (pUT-ME) &5
B # RK600 A1 P. putida N1 {Ey& i b HEAT = 55 A
22T pUT-Km y (8 PR JFRL, HL mer-egfp 5
Gifr T pUT-ME # & [¥) mini TnS % 3 o fhh, T2
75 5 i Tl AN 4 B B RK600 2 4L (1 ar PR 7~ 14 3 [ 42
HF  mer-egfp Jv B¢ v] LURE e 4 N 3] P. putida N1 G
Lk DNA B 3d sl 6§ vk 1) Se AL ARV B E. coli
SM10 (pUT-ME) Y5 %fi B 1§ RK600 fi 45 ¥ (1 $t 1%k b5
1, 5 e F PR S AR O 3% 4%l Kan 01k b5 i JF B
RE A% Be e a4 (9 1R 4. E — Pl g 16S rDNA 56 UF
RIS Al A PEAR AR, 50 UF RO 3% 21 1 B mer-egfp &
e HBE TNS B je 15 P 4fi N 2] T P. putida N1 [f]
etk DNA b IR 45 S 20 RO 4 35 R DR 7% o o
R, - 3 A 44 24 £ I & bk BMB-ME.
2.2 KU Ak BMB-ME JIl 52 21 3 of % Bl B & k15
B W BOR VY

FH 9 3 A0 S 52 5 A 20 48 A FRORE A T AR
W& bk BMB-ME 3£ 3K %¢ )6 (1 58 J& 55 AN W) 41 43 K 75
G L) G R A 2 Jr s 4 b2 3 Kb BECRE
Ry 5% 7 35 7T 5 3 A 0 5 Mk BMB-ME 380K 52 6 (5 5.
HAR 5 10 58 5 B A5 7R V9 G 9 JE IR 2 B OE AT OG0
Ko, HAH G R B K R 0.984 (WS) | 0.983(BA) |
0.977(OM) . 0.985(RES). 1y [f] — i £L 3 A & 1) A
[FAL PR (WS, BA, OM | RES) W &3 th A [\ 1) 15
SR YY X 5K VG B A b AR AR Y SR 1 g
X 7R ¥ G (1 W B W A DG AR TR IR 2 D R A
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pUT-ME
7529 bp

1: N/Hind Il marker; 2; pUT-ME; 3. pUT-Km; 4:egfp; 5: mer; 6:100 bp Ladder marker
K1 pUT-ME Ji i H ik [5] i A4 it ] 1

Fig. 1  Electrophoresis map and construction map of pUT-ME plasmid

B AR A ) T KRR WA A5 (1 9 AE S
w0 LA () () = S0k AN () 1 T 4 i ¥ 4% 1 W B A
fE WCREAE A AN ). bl 1) 2 W7 DU R v G A 41
1) B 43 AT H e B A IR R K R R L AR T
BRI . AL TR AN I A T A AR R IE 4 AT
Rl Sk 47% . 24% . 16% |, 13% .

2.3 WA B Ak BMB-ME I 52 21 352 5% V5 YL 11 4
PEVEA B 52 45 A AR AL
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Fig.2 Relations between relative fluoresce units and

. 2 .
different Hg" * concentrations

Y T4 0 1 Bk BMB-ME | 52 20 3 oKk 75 % J2 5
T 5 R AL G 0O AT B BUR OGS 515 DL
I DR W T IE A S 5 4 6 S A 1 R b i A
F AT VEANY B a] o6 2000 52 45 R i LA AL SESR 41 A
S 25 Bk 2 fron. R4 4 Bl ma D8 32 R 2 K
NI D > A > B > C B AT LLA] o 50 R
Wiy A6 I 1R Ak BMB-ME 3l 5@ 21 38 7K 5 Y& 1) d 32 22 1A
F L, LUK IO S ) W 4G 40 i R R pHL .
6] B, 6 35 I R T 5,3 AN K CF BT 49 1 24 RFD
IS8 E B R B MR IR G 48 3. ¥ 2, HME 1, 1
ERAE 5 I 15 h 454 R0 1 2R B T
BRI 5 5 I IR RO AE 5 i i R B AR 99 . R B, ] DA
o 52 24 1) 46 A0 ML K 9 10° CFU-mL ™" | pH {4 7.
PP WLE N 35C  F AR 15 h I A I AR
BMB-ME 3l 52 M) 35 £ 4% £F.

2.4 ZMESEITEE GV RO E Ak BMB-
ME il 52 158 5K 15 4% 1% 5% i )

Z P E B AT Y AR BT IR S
4145 F1 25 Fl WS 2 5 90 15 5 Al B Bk BMB-ME 234
(R3 A 6T 5% 5 58 B2 36 3 Fra. fh 3 RFD AR 22 4
RTLEH, ESFAFESE, A&, 1. K&
PR BE AL R 90T, A — KPR V5 e 35 R I
FEABA PR A X € e 5 S5, Bl 28 B 8 3t oK 1 A T 4
Jeg DR 35 (1 B 7 4, DR b 3t B U B4 #k BMB-ME. X 7K



10 44 i 4 %% : Hg® ™ 5 5 OG5 ik DR 3R 490 110 ) e R HCAR 00 20 8 o 5 R 110 1 3049
£2 AFEMALE FRIE b BMB-ME JIl 5 21 55K 75 4 100 Ly (3*) 15240 45 W4 B
Table 2 Layout of the Ly (3*) matrix and results for combined factors on BMB-ME measuring mercury pollution in red soil
ETRE A(IT) B(ICN) C(pH) D () ¥ RFD
1 1(5 h) 1(10%) 1(6) 1(25%C) 240
2 1(5h) 2(10%) 2(7) 2(30°C) 284
3 1(5h) 3(10°) 3(8) 3(35C) 267
4 2(10 h) 1(10%) 2(7) 3(35C) 361
5 2(10 h) 2(10%) 3(8) 1(25%C) 285
6 2(10 h) 3(10%) 1(6) 2(30C) 255
7 3(15 h) 1(10%) 3(8) 2(30°C) 329
8 3(15 h) 2(10%) 1(6) 3(35C) 357
9 3(15 h) 3(10%) 2(7) 1(25C) 273
e 1 263. 667 310 284 266
¥iME 2 300. 333 308. 667 306 289.333
B3 319. 667 265 293. 667 328.333
Wz 56 45 22 62.333
#3 O FE SR TG Y A4 T R I R bk BMB-ME JI & 21 R TG 4416 Lig (37) 1IEAS R 45 07
Table 3 Layout of the L4 (37) matrix and results for combined heavy metal irons on BMB-ME measuring mercury pollution in red soil
G5 A(Hg") B(Cr*) C(zZn*") D(Co®") E(Cu®") F(Ph**) G(Ag") -3 RFD
1 1(0.006) 1(19.3) 1(28.4) 1(4) 1(7.3) 1(10) 1(0.027) 20
2 1(0.006) 2(61) 2(74.2) 2(12.7) 2(22.6) 2(26) 2(0.13) 18
3 1(0.006) 3(150) 3(161) 3(31.2) 3(55.1) 3(56.1) 3(0.41) 10
4 2(0.065) 1(19.3) 1(28.4) 2(12.7) 2(22.6) 3(56.1) 3(0.41) 208
5 2(0.065) 2(61) 2(74.2) 3(31.2) 3(55.1) 1(10) 1(0.027) 229
6 2(0.065) 3(150) 3(161) 1(4) 1(7.3) 2(26) 2(0.13) 213
7 3(0.272) 1(19.3) 2(74.2) 1(4) 3(55.1) 2(26) 3(0.41) 930
8 3(0.272) 2(61) 3(161) 2(12.7) 1(7.3) 3(56.1) 1(0.027) 971
9 3(0.272) 3(150) 1(28.4) 3(31.2) 2(22.6) 1(10) 2(0.13) 961
10 1(0.006) 1(19.3) 3(161) 3(31.2) 2(22.6) 2(26) 1(0.027) 21
11 1(0.006) 2(61) 1(28. 4) 1(4) 3(55.1) 3(56.1) 2(0.13) 17
12 1(0.006) 3(150) 2(74.2) 2(12.7) 1(7.3) 1(10) 3(0.41) 14
13 2(0.065) 1(19.3) 2(74.2) 3(31.2) 1(7.3) 3(56.1) 2(0.13) 219
14 2(0.065) 2(61) 3(161) 1(4) 2(22.6) 1(10) 3(0.41) 201
15 2(0.065) 3(150) 1(28.4) 2(12.7) 3(55.1) 2(26) 1(0.027) 230
16 3(0.272) 1(19.3) 3(161) 2(12.7) 3(55.1) 1(10) 2(0.13) 956
17 3(0.272) 2(61) 1(28.4) 3(31.2) 1(7.3) 2(26) 3(0.41) 938
18 3(0.272) 3(150) 2(74.2) 1(4) 2(22.6) 3(56.1) 1(0.027) 972
¥ 1 16. 667 392.333 395. 667 392. 167 395.833 396. 833 407. 167
HME 2 216. 667 395. 667 397 399.5 396. 833 391. 667 397.333
¥iME 3 954. 667 400 395.333 396.333 395.333 399.5 383.5
W 72 938 7.667 1. 667 7.333 1.500 7.833 23. 667
T3 B BRI A e B L TR el BB At 25 A SRR LA W, #E - Y Y R I R Rk BMB-ME X
RO RN I Ag™ R 22 (B0, R WIIL X T 20 3 b ) ok v e AN 2 3L Al T & Jm T S 1
WoeAa— RN TR LRI Ag™ 103 MREKR T
SRR RN LUE B H Ag  IRBEIEE &, 2.5 AW Bk BMB-ME 55 Ji 7 0% i 2L m) W 52 —

D 5E K9 56 53 P AW A7 R AL 3K m e il T iRk
Ag " F 4 1 B PR R0, BORE - F 2 4N M AT T S [A
M B, S0 41 & % T R T G 1 e e iR
6 HR (1 - SEIABE HY R A A VA B R AR,
M S R AN S Ik B Bl I AZAR 5 R % R B
DR 3% 1M 22 R 2t 3 /s T ok v B DN 3R I A Z= A A

W L1388 5R 5 B 1 L 4

FH 2 0 5 J7 25 BT A S W SR ¥ e R FE A S T
FA4 WML RTTLEH 15 d J5, WS Fl BA 1 T £
TR 75 G 20 o RS R B 1 — P A A5, 5y b — 2 )
W ar HEWL B JF B2 46 OM Al RES [/ 2. [ I, &
LA 48% ~64. 1% 1) 7K 15 Y AR ik B3 Ar L 1 vp.
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B 32 %

30 d Ja, R1GH MR KRB FE 35% ~53.7% . 1
P KT W B bk BMB-ME 5 Jit 7 W i S [) 0 e 410 398 0k
AR M R E W E WS, BA B IR WA H
BRI — 0, HoR V5 G Bk 42 < JE B I 1) 2% 4 18t AH
L) 13% ~ 10.4% , fy ok nf LU UG WY A I 3 B

WA 0 — 5. AEURS DU B Bk BMB-ME X -7k 5 4%
15d [ OM 5ok A4, [ BF RES 3Rl 2 5 R
TRk 25 S R, U I R AR 0 BRI R ERE R
IR

K4 15 d F130 d 5 205 PRSP R TS S 1

Table 4  Mercury concentrations of extracts in red soil after 15 and 30 days exposure

. i 1] IV e BMB-ME : 5T W
oy
- /d /mgekg ™! S e S /g kg ! K th /% 529 JE/mg- kg ! Horth /%
WS 15 0.1 0.016 16 0.0153 15.3
- 30 0.1 0.013 13 0.0149 14.9
BA 15 0.1 0.009 9 0.009 8 9.8
30 0.1 0.007 7 0.008 7 8.7
15 0.1 — — 0.0056 5.6
oM
30 0.1 — — 0.009 8 9.8
15 0.1 0.023 23 0.033 33.4
RES
30 0.1 0.015 15 0.0203 20.3
Total 15 0.0503 48 0.063 7 64.1
Total 30 0.0397 35 0.0537 53.7

DWS: KBEHERRERE; BA: Y WTHHRKRRERE; OM: GHRRERE; RES: HAEAKR R ESE

3 e

Kl & kk BMB-ME Jr % B4R & 55 2 egfp
BE DT, FC AR OA (1 1Y o A 23 16 58 ' 3 A A 64 F1 65 A
AL TR AT 53 ) K R N B TR RN 22 5 TR e T e
2 R B P2 - AT G AT 5 Al A 5 5 B 49 B AR R efp
dsRed | lux . luc. lac, B4k EGFP [ 3K 1k Fl = 2 45 ¥
FR 7 28 T SIS TA) 3 RSCARG I00 IS A 1 5 S AN P
EILE | TP R E , e KOG 5 KB KA T
HRr I, 6 55 s 0 ARV Sk L) B, AN 2 B U E . RIS
71 488 nm W WK R AR E A LMH T,
EGFP LI T Lb B A= 7Y 4 (5 5% 6 5 11/ 35 510
PR DR I T LA S AR BB R SORM T
. 5380, WOR AN EGFP 52 % 9 & T Bt £ #F , 1k
2R AM BT T G B O, B R 5 6 4 Ot
JGRETE . MEARAL . 26 BB A T AR S
KT A5 RV R R AT ARG IR 5%, A8 N T T S A RN AE 2k
oRllR

Rl B #k BMB-ME 1) 55 AIC A I B w34 3] 0. 04
mg-kg ™', % R MY T2 AL 5 ] TR I 48 K £ Bk
V5 g LB AR BB RS BT B O TR
RIS 00 4 3 G 0 M M DGR LS A A
B 2K 1.6 nmol /L, {H N H 1 i 2 - 38 i 5 11
W A DL 3. AE A D B PR BMB-ME A U 21 38 o 5 e ik
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