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Abstract; Antibiotics are a double-edged sword that promote the medical level on the one hand and enhance the
development of antibiotic resistance genes on the other hand. Quorum sensing inhibitors (QSIs) can effectively a-

void the deficiency of antibiotics, and are deemed as a promising substitute for antibiotics. Therefore, the antibiotics
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and QSIs are likely to coexist in the environment, posing joint effects on the environment. However, the research
on the potential risks of their combined exposure is very limited currently. In this paper, a new type of QSI N-phe-
nyl-4-{[(phenylamino)thioxomethyl]amino } -benzenesulfonamide (LED209) and five kinds of antibiotics are chosen
to study their single and joint effects on Escherichia coli. The results showed that the antibiotics and LED209 pres-
ented antagonistic effects on the bacterial growth, which was probably because LED209 could inhibit the synthesis of
bacterial flagellum and subsequently weakened the antibacterial activities of the antibiotics. By splitting the structure
of LED209 into two parts, it was found that the antagonism between LED209 and the antibiotics was associated to
the L1 part that contains phenyl group and thioxomethyl. Therefore, it is recommended that the design of antibacterial
drugs should consider including the L1 group, in order to lower the potential risk of their combination with the anti-
biotics. This study offers a theoretical basis for the combined use of antibiotics and QSIs, and provide theoretical

guidance for antibiotics substitutes LED209’ s structure optimization from the perspective of environmental risk.

Keywords : antibiotics; LED209; Escherichia coli; joint effect; drug optimizing
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1 ## 57 % (Materials and methods)
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2 ZR 5738 (Results and discussion)
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Bl 1 HAFRM LED209 X XA E 12 /N B9 7 8- 3005 i 2%
I£:PVP, ERY, NOR, SCP, SDX ) J LED209 4 JIF /R HHH V # LLHH
YD B S AR | R NP -4 (3R SRR B R Bl e

Fig. 1 Dose-response curves of antibiotics and LED209
on E. coli for 12 hours
Note: PVP, ERY, NOR, SCP, SDX and LED209 respectively stand for
penicillin V potassium salt, erythromycin, norfloxacin, sulfachloropyridazine,

sulfadoxine, N-phenyl-4- {[(phenylamino)thioxomethyl]Jamino }-benzenesulfonamide.

ZRUEYERERRSHHIE

Information and toxicity results of reagents used in the experiment

240 Classification ¢ 3C 24 FR ) 8] FK English name and abbreviation 25 Structure formula CAS ECsy/(mol-L™)
Sulfachloropyridazine 4</—§:\/? £0.32-0 200X 10
/ -32- 09x10"
SCP ar NH NH,
N=N
i
. . U/
Sulfanilamide Sulfadoxine ST "
L “\\/Q/ ' 2447-57-6 4.58x10°
SDX N, . /i\\
H °
W 5 T Norfloxacin N\
ol /\ : 70458-96-7 6.09%1077
Quinolone NOR iy \
B-PImERE 2 Penicillin V potassium salt
B-lact PVP 132-98-9 2.77x10°
-lactam
KA NG Erythromycin
M 1'dtI ; ERYy 114-07-8 1.81x107
acrolide
2 ENEIE Rl N-phenyl-4-{[(phenylamino)
Quorum sensing thioxomethyl]amino }-benzenesulfonamide 245342-14-7 2.76x1042

inhibitor LED209

1 :*LED209 {Ef RV BE 411 F AT 20% (il =R, Rtk EC, RAEIF M EC, o S mol - L',

Note: Since that LED209 can only reach 20% inhibition even at the maximum solubility, EC, was utilized to express its toxicity, and the unit is mol-L"'.
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2.2 5 FPiAE S LED209 MBS FE

HRAfE o — BRI 25 R, B T 5 Mt &
5 LED209 Xf KW AT i 1 — oo Bk & e, Hod,
LED209 FEEPERL /N, 24 8 209 A B (RO B 5 )

aseBLTU0Y

fIhDC genes SIhDC genes

B2 QseC/AI-3 ZZHIIEE (a) F1 LED209 {EFIHLIEE (b)
TE: AI-3, QseC, QseB, ATP, ADP A} fINDC 4331 #R HiBTY)
YRR SO | SRR IR R IR MR IR SR
Fig. 2 QseC/AI-3 system mechanism (a) and the way of
LED209 working (b)

Note: 1-3, QseC, QseB, ATP, ADP and fIhDC respectively stand for
autoinducer-3, histidine kinase, response regulator protein, adenosine

triphosphate, adenosine diphosphate and flagellar regulator gene.
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B3 82—k
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A E BRI E- R

T 5 O B —Pr AR RGBT R AR 5@ 2.76x10™ mol - L' 1 LED209 544 BRI F ]
X M AT B3 3R 5 (@) PVP&LED209 (b) ERY&LED209 (c) NOR&LED209 (d) SCP&LED209 (¢) SDX&LED209,
Fig. 3 Dose-response comparisons of the single and joint effect
Note: lue histograms represent the inhibition of single antibiotic on Escherichia coli, and yellow histograms represent the combined toxicity of

antibiotics and LED209 on Escherichia coli, (a) PVP&LED209, (b) ERY&LED209, (¢) NOR&LED209, (d) SCP&LED209, (¢) SDX&LED209.
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WS B, AR SR TR S50 . F 96 Zl AR 2R YL Y
KA E T 180 r-min fEIRR A 555 12 h,
283 2 FRALEEM 12 h 5 Y ODg fH, AbBE—. 8%
7% 12 h JEHUE R B, B & OD, fH., 2553
WK 4 B, Bl R i 96 441400 OD,, (E 5
RO EL(E 4, EDE a), F34ME 2 0.719(& 4, KE ¢).
AFET R SE 12 h BRI AR 1 000 r-min™ 1R
5130 s M4 OD, fH ., MR )E 96 417411
OD, H# AT (K 4, BIJE b), F- 1 2 0.867 (&
4, IE d), FeoR m RS 4R OD,, K 0.148, Ui
£ 180 r-min B R 2 4T, 5 5 % 4 B 19 32 B
SEMAEL /)N | A0 TR B AR SR BT IS A 2 3B T

g
a
o
0.4
O a
S b
0.2- .
== d
0 T 1
B4 1000 r-min' EHEIE OD,, &
TE a2 R HTIUAS Y ODggo fH 3 b J2 0 HUE 1 /5 151 ODgyo 1

¢ Jk e R 7 HT A9 OD oo P ; d IR G AT OD o FHIMH,

Fig. 4 OD,,, before and after shock of 1 000 r-min™
Note: a represent ODg, before high speed oscillation; b is the ODy,
after high speed oscillation; ¢ is the average of ODy, before high speed

oscillation; d is the average of ODy, after high speed oscillation.
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Fig. 5 Molecular formulas of LED209, L1 and L2
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Fig. 6 Dose-response curves of LED209 and its small molecules and antibiotics

Note: Black square represents the combined toxicity of antibiotics and LED209; red circle represents the combined toxicity of antibiotics and L1;

blue triangle represents the combined toxicity of antibiotics and L2; green triangle represents the inhibition of single antibiotic noted in the figure.
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