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In silico studies of bacterial efflux pump inhibition by thioxanthones
and their synergistic antibacterial activity
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Abstract:

Efflux pumps are transmembrane transporters, ubiquitous in bacteria, that can actively extrude
several antimicrobial drugs from within cells into the external environment, allowing bacteria to
develop multidrug resistance. Efforts have been put towards a selective, efficient efflux pump
inhibitor (EPI), and although some progress has been achieved, no EPIs have been approved in the
therapeutic scenario. This problem leads to the inefficacy of a large amount of antimicrobial drugs,
with antimicrobial resistance posing one of the most urgent threats concerning health problems of
our days.

Thioxanthones are heterocyclic, privileged structures with a dibenzo-y-thiopyrone scaffold. Previous
work by our group has demonstrated the potential of these compounds as human efflux pump
modulators.

In this scope, a virtual library of approximately 1000 thioxanthones was designed, and in silico studies
were performed. The compounds that displayed good docking scores were selected to be synthesized.
The synthesis of thioxanthones was performed using a copper-catalysed Ullmann coupling.
Antibacterial activity and synergism assays with antibacterial drugs were performed, with two
compounds displaying promising results in combination with antibacterial drugs, although with no
relevant antimicrobial activity. Future studies will involve insights into the mechanism of synergy of
promising compounds.
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Palmeira A et al. Biochem Pharmacol. 2012;83(1):57-68; Tan CH et al. AustJ Chem. 2014;67(7):963-4; Durdes F et al. Curr Med Chem. 2018;25(42):6030-69.
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Aims

Design of a virtual library of 1000 aminated thioxanthones
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In silico studies

Design of a virtual library of approximately 1000
aminated (thio)xanthones

s Geometry cleaning and optimization

Argus Lab

Docking against human (P-glycoprotein) and
bacterial efflux pumps (AcrB and MexB)
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Docking results

1000 (thio)xanthones

Estimated Binding

Energy
TXP P-glycoprotein -74 THG3I12
TP ActB 78 TXG18
e MexB e TXG318
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Estimated Binding

Energy
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AcrB 3.9
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Synthesis

Copper-catalyzed Ullmann type C —N coupling

Cul, K,CO
N 2-Ys3

| —Cl+ 2NH,R  MeOH, 100°C, 48 h | —INHR
S = S =

/

1-12
(n = Traces — 45%)
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Synthesis

O O
Cul, H;PO
| N 4+ 5KBr St S | \_B
¢Cl PhNO,, 2 x 24 hours P
S 200°C S
(n = 54%)
e Better leaving group than chlorine: better yields
* Possibility to couple with halogen amines
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Biological assays

*  Minimum Inhibitory Concentration (MIC), using susceptible strains:

* Escherichia coli ATCC 25922

e Staphylococcus aureus ATCC 29213

* Pseudomonas aeruginosa ATCC 27853
* Enterococcus faecalis ATCC 29121

* Synergy with antibiotics, using resistant strains:
» Cefotaxime (CTX) and E. coli SA/2
e Oxacillin (OXA) and S. aureus 66/1
* Vancomycin (VAN) and E. faecalis B3/101

* Checkerboard assay:
 Compounds that displayed synergy with antibiotics
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Antibacterial activity

Compound E. coli ATCC 25922 P. aeruginosa ATCC E. faecalis ATCC S. aureus ATCC
27853 29212 29213
1 >16 >16 >16 >16
2 >16 >16 >16 >16
3 >64 >64 >64 >64
4 >64 >64 >64 >64
5 >16 >16 >16 >16
6 ND ND ND ND
7 >64 >64 32 64
8 >64 >64 >64 >64
9 >64 >64 >64 >64
10 >64 >64 >64 >64
11 >64 >64 >64 >64
12 >64 >64 >64 >64

pharmaceuticals

.' 5th International Electronic Conference

" 7
fadl| on Medicinal Chemistry sponsors: (M\D\Py R
1-30 November 2019

11




Synergy with antibiotics

E. coliSA/1 S. aureus 66/1 E. faecalis B3/101
+ Compound (ng/ml) Compound (ng/ml) + Compound (ng/ml)

CTX 512 OXA 128 VAN 1024

1 (64 pg/ml) 512 1 (64 ug/ml) 128 1 (64 ug/ml) 1024
2 (16 pg/ml) 512 2 (16 pg/ml) 128 2 (16 pg/ml) 1024
3 (16 pug/ml) 512 3 (16 pg/ml) 128 3 (16 pug/ml) 1024
4 (64 pg/ml) 512 4 (64 ug/ml) 128 4 (64 pg/ml) 1024

5 (16 pg/ml) 512 5 (16 pg/ml) 128 5 (16 ug/ml) 64

6 (64 ug/ml) 512 6 (64 ug/ml) 128 6 (64 ug/ml) 1024
7 (64 pg/ml) 512 7 (64 ug/ml) 128 7 (64 pg/ml) 1024
8 (64 pg/ml) 32 8 (64 ug/ml) 128 8 (64 pg/ml) 1024
9 (64 pg/ml) 512 9 (64 pg/ml) 128 9 (64 pg/ml) 1024
10 (64 ug/ml) 128 10 (64 pg/ml) 128 10 (64 pg/ml) 1024
11 (64 ug/ml) 128 11 (64 pg/ml) 128 11 (64 pg/ml) 1024
12 (64 ug/mi) 512 12 (64 pg/ml) 128 12 (64 pg/ml) 1024
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Checkerboard assay

* Performed in the compounds that displayed synergy with antibiotics

e Results show that 1 pg/ml can reduce the MIC of CTX to 64 pug/ml, in
E. coli SA/2.

E. coli SA/2
512
256 256 +1 256 +2 256 +4 | 256+ 8 |256+ 16| 256 + 32
128 128 +1 128 +2 128 +4 | 128 +8 | 128+ 116|128 + 32
64 64 +1 64 + 2 64 +4 64+8 | 64+16 | 64 +32
32 32+1 32+2 32+4 32+8 | 32+16 | 32+32
16 16+1 16 +2 16 +4 16+8 |16 +16 | 16+ 32
2 4 8 16 32 64
Growth
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Checkerboard assay

o

A

@ s
w

Regarding E. faecalis B3/101, compound 5 reduced the MIC of
vancomycin to 512 pg/ml, when at a concentration of 1 pg/ml

E. faecalis
B3/101
1024
512 512 +0.25 {512 +0.5(512+1| 512+2 | 512+4 | 512+8
256 256 +0.25 | 256 +0.5|256+1 | 256 +2 | 256+4 | 256+ 8
128 128 +0.25 | 128 +0.5| 128 +1 | 128+ 2 | 128 +4 | 128+ 8
64 64+0.25 | 64+05 | 64+1 | 64+2 | 64+4 | 64+8
32 32+0.25 | 32+05 | 32+1 | 32+2 32+4 32+8
oJJule 0.5 1 2 4 8 16
Growth
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Conclusions

SesRy

1000 thioxanthones

Future work

Insights into the mechanism
of action of synergy with
antibiotics
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30 thioxanthones

k E. coli SA/2

MIC of Cefotaxime = 512 pg/ml
MIC of Cefotaxime + 1 pug/ml of
compound 8 = 64 ug/ml

8 E. faecalis B3/101

MIC of Vancomycin = 1024 pg/ml
MIC of Vancomycin + 1 pug/ml of ;
compound 5 =512 pg/ml
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