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Computer-aided drug design for discovery of small-molecule
inhibitors of N-acyl-homoserine lactone synthase in Aromonas
hydrophila

FENG Yuxin”', LI Bingxin®', ZOU Piao', ZHANG Yunze', SUN Weibao’, LIU Jiaxuan?,
SONG Jie?, GENG Hui', XIONG Li"!
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2 Key Laboratory of Biological Resources and Ecology of Pamirs Plateau in Xinjiang Uygur Autonomous Region,
College of Life and Geographic Sciences, Kashi University, Kashi 844000, Xinjiang, China

Abstract: [Background] The N-acyl-homoserine lactone synthase Ahyl plays a critical role in
regulating the production of virulence in Aeromonas hydrophila biofilm. [Objective] To reveal
the structure of Ahyl, so as to discover effective inhibitors that can disrupt bacterial
pathogenicity at the source. [Methods] We constructed the three-dimensional structure of Ahyl
by employing homology modeling and molecular dynamics simulation with a resolved protein
structure as a template. On the basis of previous research results, we selected 214 candidate
ligands including two highly effective inhibitors (NOO and MTA) and active components from
Chinese herbal medicines to undergo molecular docking with the receptor protein. [Results]
Through this process, we identified four potential inhibitors. The minimum inhibitory
concentration (MIC), bacterial growth curve, violacein production, biofilm formation,
extracellular protease activity, and bacterial swarming and swimming performance showed that
artemisinin served as a highly efficient inhibitor of A. hydrophila quorum sensing. [Conclusion]
Artemisinin from the Chinese herbal medicine serves the prevention and treatment of infections
of waterborne bacteria in the aquaculture industry, holding a promising prospect for the
treatment of bacterial infections in the future.

Keywords: Aeromonas hydrophila; Ahyl synthase; quorum sensing inhibitors; computer-aided
drug design
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YIZE4A X, C: Ahyl [RIJEFR AH gro 5 HAAR 3p2h align [5I0/R K, Hrh, KGR AH gro

Figure 2 The homology model AH gro of Ahyl. A: AH gro in cartoon view and colored according to its
secondary structure, red indicates alpha helices, yellow indicates sheets, and green indicates loops. B: The

substrate binding cavity of AH gro is shown in surface view by PyMOL. C: AH_gro colored Sky blue was
aligned with 3p2h in cartoon view by PyMOL.
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=1 @id AutoDock 1% AH_gro 5 4 #/\ 5 FEKIFITH FXHERBNLER
Table 1 The molecular docking results of AH gro with ligands by AutoDock

Candidate compounds Chemical structure CAS No. AG (kcal/mol) H-bond numbers

Emodin OH O OH 518-82-1 722 3

O‘O OH

63968-64-9 —8.06 5

B-caryophyllene Agl, 87-44-5 ~6.46 0
|
Epicatechin @C’H 490-46-0 -6.88 5
H

Artemisinin

3 AH_gro 54 MG FEENS FIHERER 4 M Flimid AutoDock X AH_gro fY
gk e, Hrp, SRR, AR (R ) MG S A 2 SRS B PyMoLL (1 stick FEa
AR A KRR AH_gro ERIE A1 B: H& RS AH_gro I G, C: B-A1145 AH_gro
FERE G D: RILKERS AH_gro TR 51k

Figure 3 The molecular docking diagram of AH_ gro with four small molecular ligands. Four candidate
compounds are docked in the hydrophobic pocket of AH_gro by AutoDock. The hydrogen bonds are indicated
in red lines, the compounds colored as yellow and key residues labeled are shown with stick. A: Complex

between AH_gro and emodin. B: Complex between AH_gro and artemisinin. C: Complex between AH_gro and
B-caryophyllene. D: Complex between AH_gro and epicatechin.
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Table 2 MIC wvalues of strain XS91-4-1 to

candidate inhibitors

Candidate compound MIC (mg/mL)

Emodin 1.25
Artemisinin 1.25
B-caryophyllene 2.5
Epicatechin 2.5

- Control 0.00 mg/mL

4 Artemisinin 0.10 mg/mL

= Artemisinin 0.05 mg/mL

-+ Artemisinin 0.20 mg/mL

+ B-caryophyllene 0.20 mg/mL
- f-caryophyllene 0.50 mg/mL
“ Epicatechin 0.20 mg/mL

-+ Epicatechin 0.50 mg/mL

10 12 14 16 18 20 22 24
Time (h)

[3e]
/
&Y
\
o b
o

4 AREIREAREISIFILIETER XS91-4-1 FUEKBZ T A: ZEEXIRA. B: FER . p-O17T

mARILAERA

Figure 4 Growth curve analysis of strain XS91-4-1 under different concentrations of candidate inhibitors. A:
Ethanol control group. B: Artemisinin, B-caryophyllene and epicatechin group.
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Figure 5 Effects of different concentrations of
candidate inhibitors on the violacein production in
strain CV026. **: P<0.01.
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Figure 6 Inhibition of strain XS91-4-1 biofilm

formation under different concentrations of candidate
inhibitors. *: P<0.05; **: P<0.01.

# 3 FAREIREMREIFIFIXIEK XS91-4-1 &
YRR R B HD I 2=
Table 3 The inhibition rate of strain XS91-4-1
biofilm information under different concentrations of
candidate inhibitors

Concentration Compound Inhibitory rate
(mg/mL) (%)

0.50 Emodin 47.00

0.05 Artemisinin 8.49

0.10 Artemisinin 28.77

0.20 Artemisinin 40.70

0.20 B-caryophyllene 36.26

0.50 B-caryophyllene 44.44

0.20 Epicatechin 30.47

0.50 Epicatechin 40.52
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Figure 7 The inhibition of exoprotease activity in

supernatants of XS91-4-1 under different concentrations

of candidate inhibitors. *: P<0.05; **: P<0.01.
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Figure 8 Effects of different concentrations of candidate inhibitors on motility of strain XS91-4-1. A: Effect
on the swarming motility of strain XS91-4-1. B: Effect on the swimming motility of strain XS91-4-1.

*: P<0.05; **: P<0.01.
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