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Abstract: The toxicity sensitivities of the constructed recombinant luminescent Escherichia coli compared to
Photobacterium phosphoreum 502 to a variety of common chemicals were evaluated in this study. Acute toxicity
tests were conducted using a range of chemicals, including three inorganic metals, four organic solvents, and five

organic pollutants. The results showed that the EC,, values of zinc, copper, and acetone, ethanol, dimethyl sulfoxide,
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3,5-dichlorophenol, formaldehyde, o-xylene, m-xylene, and p-xylene to the recombinant luminescent E. coli (0.040,
0.004, 0.157,0.190, 0209, 1.044,0.718,4.622x107°, 6.62x107*,0.451, 0.360, and 0.0016 mol-L™") were all higher
than those to P. phosphoreum 502 (0.083, 0266, 0211, 1.062, 1416, 1.694, 1672, 649%107°, 1.014x107, 0.441,

0.797, and 0.494 mol-L™"), indicating that the recombinant luminescent E. coli was more sensitive to the toxicity of

the chemicals tested in this study than P. phosphoreum 502. Furthermore, the toxicity test results of the recombinant

luminescent E. coli showed better correlation with the previous toxicity assay results. This study showed that the

recombinant luminescent E. coli is more suitable as a test organism for ecological monitoring. The results of this

study could provide reference for pollution control and biotoxicity testing of environmental chemicals.

Keywords: inorganic metals; organic solvents; organic pollutants; recombinant luminescent Escherichia coli; Pho-

tobacterium phosphoreum 502; acute toxicity
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AHACE D  AEARR hiksE T —H 3 F K (DMSO),
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T RIS
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1.4 SEitsrtr

AMFFE f A X & 3R R T Y+ AR i
2 fHTFH SPSS Ge it 3 #r A X 52 5 45 L 1 47 L ]
Z )7 201 (One-Way ANOVA), * P<0.05 . * * P<0.01
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F 5N S B V] SPSS #4:hfY Probit [A]174)
Mr H.LL Logit PREGHATARLMEM A .

S x100%
25 (A% HR G 3 i ’

2  Z55 (Results)
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TG B 3 P 4 ) B S AR s DG
REATR X 0L 18] 2 BR8N e B (BC, ) . HKHE 1SO 11348-3
FRUET RSB EER BB T R B U M BR L
Kew DLIF X S8 AR f& F /INBY ZnSO, - 7TH,0 1E
NS Y, 72 1 H ZnSO, - 7H,0 X 502 &
AN I 2R EC, {0 0.083 mmol - L™, &
2 FEARE T ¥E TP AL AE 9 ZnSO, EC,, {H M 0.077 ~
0.185 mmol-L™""" &FFI4EXT 502 & >t 40 B Al 4
KK AT B EL A AR ARL A% 791 2 R0 i 2 (J 1 ]
2), BIZEAIR ) & 3 BBl P, A 0 & 0 il vl 1) &0, 24 77
TR X R OGN B kG B A I B A Rk
SR AL N B L HAXT 2 b R A T B3 A
FAT R 2 )0 AN OC & | B AR vk BE 3 n | &
DG TR B AR XS A6 3RREA, e % A 't 40 B8 1) 22 2
PESH MR R IEA G, 1 S5 5K BT 502 &
JEHH P Y 2R BRI o e, FL R R R R EC, 43
51250211 mmol-L™" #10.266 mmol- L™ (F A%k (i
TR 1), T2 rp A B R X 2 RO K
FETR I 2BV 55 HE P 53 9008 < 4 > 5% > 48, XTI
i) EC,, {53 %14 :0.004 ,0.040 £10.157 mmol-L""
(1), X THEEM FMEYEEEN, &
HIRICKIGAT B L 502 & 640 B X 8 4 8 1 2 1
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B1 3MELEXS02 ZXAHMNSIEER
( *P<0.05, ** P<0.01)
Toxicity of 3 heavy metals on Photobacterium
phosphoreum 502 (* P<0.05, * * P<0.01)

Fig. 1
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Fig. 2 Toxicity of 3 heavy metals on recombinant

luminescent Escherichia coli (* P<0.05, * * P<0.01)

x1 WEXFERWEHAZLKETEN S22 ZXAEIALESE EC, E
Table 1 EC,, value of acute toxicity of environmental chemicals to recombinant luminescent
Escherichia coli and Photobacterium phosphoreum 502
. . WwH RN . L EHROE . L BRI
502 KICHNTE 502 ZOLANT - 502 ZOLANT -
oLy I PR oy
mmol - mol - mol -
T4 / 1-L7! RZS /(mol-L"™! AL & W) /(mol-L™!
Mﬁﬁ Photobacterium (mmo . ) Gk {ﬁ"”J Photobacterium (mo . ) At ﬂﬁt_'% Photobacterium (mo i )
Inorganic Recombinant Organic Recombinant Organic Recombinant
phosphoreum . phosphoreum . phosphoreum .
metals 00 luminescent solvent 502 luminescent compound 502 luminescent
Escherichia coli Escherichia coli Escherichia coli
/(mmol-L™") B A(mol-L™") B Amol-L™") B
/(mmol-L™") /(mol-L™") /(mol-L™")
B 881 I 3,5- AW
e 0266 0.004 " 1416 0209 , U 649x107° 4622107
Copper ions Acetonitrile 3,5-dichlorophenol
e LB :
%ﬂ%% 0211 0.157 = 1.694 1.044 i 1.014x1072 6.62x107*
Cadmium ions Ethanol Formaldehyde
N TR I
BEES T . K S
o 0.083 0.040 Dimethyl 1.672 0.718 0441 0451
Zinc ions . o-xylene
sulfoxide
PR [B] 2R
1.062 0.190 ! * 0.797 0.360
Acetone m-xylene
Xof R
- 0494 0016
para-xylene
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WY EC, fH 43N 1.062,1.416,1.672 1 1.692
mol-L™'(F 1), BRI KHFFEX TLLL 4 Fify
HLEFI EC,, 1EH43 54 0.190 0209 .0.718 F1 1.044
mol-L™'(F& 1), LANER 206 . W ZL WA 2 B Ry 32
Ry, EALOEKIAFFE L 502 & 60 R R U &
2.3 HHULA Y EA LRI 502 &t

TR ) SRR

MEEEBIE R F ,3,5- AR EHECK
JAFFE AT 502 K G A TR A FEEAE B, Wil 5 Fn

100}
801
60+
401
20F

AT RIS/ Ye
Relative luminous intensity/%

LI

Acetonitrile

K6 Bz, A/ % — B 28X 502 KGN s A
FHAS , H EC,, {23514 0441 .0.797 F10.494 mol-
L5 40— F R ) — F R A R R K AT B Y
EC;, fH°4 0.451 mol-L ™" 1 0.360 mol-L™" ,{HX} —H
) EC,, [HARXTE/IN, }9 0,016 mol- L™, ZEFF4k
AR ROGCARTE B 2 TR B W] AR AR PRI AR
B A, RN R S A & S KA
BEMEAE AR R, vT 5 41 & 6 B R ARSI B
Berpins —H2E

150}
120}
90+
60+
30F s

[ELE!

Acetone

kK

120}
100}
801
60F
40t
20+

L
Ethanol

3
kK

-1 0 1 2 3 4 5 6 7
LR
% Dimethyl sulfoxide

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.0 05 1.0 1.5 2.0 25 3.0

AR E/(mol- L")

Organic solvent concentration/(mol-L")

3 4 THEVBEFIX 502 ZXAEEZEMERM( + P<0.05, *x P<0.01)

Fig. 3 Toxicity of 4 organic solvents on Photobacterium phosphoreum 502 (* P<0.05, * * P<0.01
g g pnosp
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Fig. 4 Toxicity of 4 organic solvents on recombinant luminescent Escherichia coli (* P<0.05, * * P<0.01)
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80
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s 2 0 . . . P
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Fig. 5 Toxicity of 5 organic compounds on Photobacterium phosphoreum 502 (* P<0.05, ** P<0.01)
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N
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B2 3,5- 5K (umol - L) %/ (mol L)
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120 e
X R
90 para-xylene
60 H 3k
3k
30 *3%
0
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Xylene/(mol-L")

6 STHAENLEGYIERL KB ENSMEER( « P<0.05, == P<0.01)

Fig. 6 Toxicity of 5 organic compounds on recombinant luminescent Escherichia coli (* P<0.05, * * P<0.01)
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fitp A R 7= A s, AN S5 R ER BE M R AL, A SO SR
T ARAVERT RIS 502 &GN A 4 kK
FIEE B 2R 0F 98 el R v & B, RN R AR
TP, X 2 B kA i A K A wE VR, RO
HA R TEE (B REE W TR, ROt
Bl 2 N, 6T R A0 B 1 A K SR 3k BH R 1 AR
& 1 AR 2), $EEABFFERM Y0 & 40w
(A3 ol AR 700 St 0 8 o R o B AR R RR R
“hormesis” "™ | BIREY) 24453V, Shen 251 L A
TR B R R OO ERI B4 . {H hormesis [K 3]
PR AR 891 B S B i, ke R FH o S 2
PEWR B N0 2%, T AF R, B % X 59 2% A R 1Y)
W 2 R I I Q67 ks TG &A1 A
PEL R U E R RS AR ROt B
Xof &G o BRIV EE 2R B R (FMIN) R34 it 5 0 Tt fe
BRIZENS — A% F PR (NADH) 155 S 24 2 500 7' i 78
VR EPUAE R AR EE T, Q67 H v A AL B AL il
(SOD)iF M FI P -5 (MDA) & T dh 4 i, 51 & 3t
AALBHEALE], PR AR S AR T 45 SR — 2B 4R
o E AR 2 XU PEAG v 25 A g™

HXE 502 A AER 2H & 6 R T v I 3 B
SRF LA B BN OC R, AW T 3 FhE 4
JEXT 502 %GB ECy, {4314 0.083,0.211 Al
0266 mmol- L™, ZuP:aE 1 i i 21 5k U B
ST >4 B, o e B >4 B ST
S i SO RS ORI T3 BSR4 3 LA B
FIAERTXT 3% CCOI PR AT T 45 5 — 5 T Bl &K
AT 9 EC,, 4 0.004 .0.040 1 0.157 mmol -L™",
AT R B SIREY  BET>EE WS
T AR T RE 2 th T AL AR K AT B 1 40
PR RS NZAFAE AN 228 | 3 26 20 E 9 & B n] LA
BRI AR 4 , 08 1T P74 1 40 L BT Gellert™'! 4 2%
TREMX T EEEEF R, AR Rt
FHOCHAR IR AR 0 AL TR b A B o0 R S5 il i AR
FEIZENE 0 (I AH BAE FH T e 0 ZE AL 2 — , LA,
AEILR SEOLEME S EER 2 m A,
Al RBSE RN 9 5 — A B b ] B X
502 KGN B b 3 R AR 4 55, i i 4l &k
FIAFF R 9 Pk s M de i, X P REJ IR 502 %0k
40 DA RN 20 R S K IAAT TR AEAS R Eh v BEAG A B
X B8 - i A vl B HEAS TR, 6 4F , Muneeswaran
LRI g A K B IR Q67 L 502 &L AN
Xof ] B - 2 R TR AU, SRR SR A A — 3, HAE

B TR EEEE R T S RO KA A 0 R U =
F7 5 i S5O e i ) SE R A R R KB FF IR E. coli
HB101 pUCD607(ECs, {4 0.010 mmol-L™"), ¥y
RN A WA A A A S A S 7 A 1 O I
T AE 55 4 A KA B A% 0 BE X lux CDABE %
fith 1 A5 AR ) A SGHIL I rh b K i) B A i, i 4
JEHR BRI X A A ) B P RE R S e OB T
I R 5

LA 4 X B 2 RO R AT R 502 &G4
W RREEVE R, &2 B0 DL E 21 &6 R I FF b 32l Ak
P EE IS SR (ECy) ) b 502 & S 41 T 2 5% 5T
Bo 32 E 554§ 5 (United States Environmental
Protection Agency, US EPA)¥ & 5t T4 ¥ #¢ 1 SL 56
PFEVEEE e T 4 25 L BR B F RN AR B K T A
Y e K B (CMC) 7331 2 0.031,0.116 FiT 1.850
mmol - L™ 5 3 FhEE 4> J& Y /K S 6 (B 5 A%
5 i 20 RO R I AT TR 1) 2k i vk 5 55 HE Ty —
0, R W T A OGRS R A] e T i
B FANE R AHE 5 o 3RAS 0 BT R
TR S X 502 % 40 RN EE 20 RO R I AT IR Y
SRR SC I B T oA TR E K BT AR HE RSB TT R oE
Rt 2%,

AR Rz, W HVER R 2GR G
JRES ) 2505 SRR BRI  (EXT Bl AR P R Ay A= v
BU™ A T A B A D B T
AR AR s S g LAY 4 R BILE )
VST | 2 = F SRR £ TR 324, F 5 X
2 PR CHNTE 0 AV RETE . SEEG R b K BN R AN
O BE TR B 4 ol 5 40 RO KA B 7™ A B 2%
BN, X F X — IR R IRAE PR RN | 2 & ek
FRAFTE/ 1 B VR R 2 RS, M a8 1 TR AR 40 e A 1)
BiEE AL RS AR R Bl AT R
FARRB LG BEIG K, AT A A DL )
D) 357 i 2 2 1) £ PSS I T TR 1) 2 D 400 BT 1 't
SREE, MR EC, {H,4 PP HLE X 2 Fh & SGAN T
(AR 100 ) T 357 A TR > 20 > — F 3 R > 2
Fist, SRR AR L B X 4 PP AL I & O
Q67 Al B M7 — 2, 5 SR RN N =
FH BN C skt 3 b 2 Y TR il N B PR AR F AR K
FEARL A HILVE R & G o R B A B 5 2 R 51
A KA, 5 H B B SE s A 56, TERREE
KA, FE PRI R 20 > 2%, B AR5
AN > — FH R AR P R 2 0 A g AR ) i
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PLIN O P19 E

XIB RS PRIE 5 e 0L B AR T ' 200 TR7 400 i A 1
NEZEHE , E TG 5 T AN M A B B . AEARDFGE
i BC, VB PEom 55 10 H 5 br vl & 30, ZE I T L 2,
i TR B A E I A O K
FFTE B FE I 2, R B 5 T 502 &OG4HTE . H
AW EE VR T A LKA R
FBORE 1 T BB O e ) S PR i 2 R S R AT R
E. coli HB101 pUCD607(EC,, {E>4 0.718 mol-L™"),
Ji A AT g 5 S 56 T RS 7] ) e B RS in PR A
AMIFE R ELY 5 e WA LTS Xt 502 &
20 TR A L ZH A I TR %) R A 5 55 DL 120
3S5- AR SHEES TR, 3,5- TR A )
AT IR PR SOF R A M SCER BRI R, 3,5- 25
RN A K B B B 0 I AR Y L 3,5
TR AR S AR M S e,
SRS R 3,5- F KM% 502 K G4 R AN
FA KRG HA BRI R — 8, W
YER 1 MEE AL TEORE, 32 B T3 2 i A
HLA B TRR ARG Tl 9T 3R T, A
IR EE T 20 B2 IR IR R G0 A 48 AR G A
THRESF 1 RS T, ERIEET A H X R O 4 A 17 B —
TP A EC,, {H0 0257 mmol - L™, 5AHF5E
W E 2 ORI EC,, 15 0.662 mmol - L™ 43T,
{HB /T XF 502 AOGAIEE Y 10.14 mmol -L™', [H]
TR G RS IR R A AR ATl B ARAE S
Yy ELAG R A P (H R B AN T Y B
Bl b AEABI 2R R RS> SRR &
B EfEE RS, BRIy X 2R E
FHT 8 20 O R FF 0 09 3 PR s, HE EC,, ME
(0.016 mol - L™")F#% Hifth —H 2K 1Y EC,, {E(0.360 ~
0.797 mol - L™)ZMIK 1 M E R A A ,3.5-ZF AR
TR R R ) B [R) 280 SR 2R A AN [) 7 BBUA G g ]
BCE R AT X R R RO S e A 3 A AL A
Wy & 6T 0 22 R IR AN R B I sk B BB A A
B DRI ) LA FH T S A S P 3y A B i
LB S I A Sl 7 TS - V] e T 2
RIAE 3,5- A KM I S8 — I 2K | [R) — H 28 A0
X ORI EEEE T, AL LOC KT 1 i Pk
MR 25 5B R AU 4 T 502 RGN, B4 &tk
JOAT TR B S AN B2 S A R AR, I
Hb A AOCRIGAT AT 502 K OGH T RE LA
P R R HE A KGR E 5 HL 502 &GN R
TEEE OGTR , R b Uik BE ORIy, LA AOG R IBATIA

A 28w IR — iR, kB X AR S B M T4
HEH KR E XS pH A 5238 IR %, L
F- D\ pH 4 F| pH 12 0] K 585, AT 2okl £ 5
MR SR BT S AR W O IR 2H RO R AT R
AT eI AR A A A W i I B

[ it % B, B35 A 2 ok B 40 K B A v ) 7
WGy < S T >R 7 >3,5- AR > A 1>
P > Xk — F RS TN > 2 > [8]) — 1 2R >4 — 28> —
H LR > 2 2, $2 7R T 4 @ X 8 41 R B F 1 1Y) 2
PN EE B A WL R MUR A, SR, 7E
AAIEGE v TR S b A 5 B — ) BT ) EE PR AR AN %
(1), 76 BRI T IR B R DL BT 4L
JEA B, 7E42 T R B FE TP R TR R X e 1 2
) A AR, 23 A E 4R 58 E AT A7 B AT g 7= A 1Y
IRBERON , A BE S 4 b A DR S5 35 e ) L
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