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Synthesis of ornithine peptidomimetic efflux pump inhibitors and
synergistic antibiotic activity against Pseudomonas aeruginosa
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Abstract: In order to solve the problem of resistance of Pseudomonas aeruginosa to multiple antibiotics, it is
an effective way to find inhibitors of P. aeruginosa efflux pump. In this study, 15 new ornithine peptidomimetic
derivatives were designed and synthesized by changing the side chain structure of natural amino acids with PASN,
a dipeptide efflux pump inhibitor, and their synergic activity with aztreonam, a monocyclic f-lactam antibiotic,
against P. aeruginosa was evaluated. Among them, the representative compound 12b not only enhanced the anti-
bacterial activity of f-lactam antibiotics aztreonam, ceftazidime and meropenem, but also significantly enhanced
the antibacterial action of macrolide antibiotics clarithromycin, showing a broad-spectrum synergic sensitization
effect. In addition, compound 12b also has a good safety. Preliminary mechanisms suggest that 12b works by
directly targeting the efflux transporter MexB. These results provide a new lead compound for the development of
a new class of efflux pump inhibitors against P. aeruginosa.
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Figure 1 Chemical structures of efflux pump inhibitors (EPIs) and target compounds
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Scheme 1

Synthetic routes of all the target compounds and circular dichroism of compound 12b. Reagents and conditions: (a) EDCI,

HOBT, EA, 50 °C, 8 h; (b) TFA, rt, 2 h; (c) EDCI, HOBT, EA, rt, 8 h; (d) TFA, 1t, 2 h
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Table 1 Physical properties and spectra data of all synthesized compounds

KTRREBH N - HE-ZE TR, RN 2-ZE G 4k 3-
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HR-ESI-MS
. 1 13 m/s
Compd. Yield mp H NMR C NMR Formula
/% /°C (600 MHz, CD,0D) ¢ (150 MHz, CD,0D) ¢ Caled.
Found
7Ta 38 78.8-80.8 8.14-8.13 (m, 1H), 7.81 (t,J = 8.1 Hz, 2H), 7.77 (d, J = 170.3, 168.1, 137.7, 135.7, 133.8, [M+H]":
8.1 Hz, 1H), 7.52 (dd, J = 8.8, 2.1 Hz, 1H), 7.48-7.44 (m, 130.8, 129.1 (2), 128.3, 128.2 (2), C,;H; N0,
1H), 7.42-7.39 (m, 1H), 7.34-7.30 (m, 4H), 7.25-7.22 (m, 127.2,127.1,126.4, 126.2, 124.8, 419.244 2
1H), 4.70-4.64 (m, 1H), 3.79 (t,J= 6.1 Hz, 1H), 3.00 (dd, 120.1, 116.8, 52.4,48.9, 40.4, 40.2, 419.242 2
J=13.7,7.0 Hz, 1H), 2.92 (dd, J=13.7, 7.1 Hz, 1H), 38.5,28.4,22.3.
2.76-2.69 (m, 3H), 2.57 (dd, J = 14.7, 9.4 Hz, 1H), 1.88-
1.73 (m, 2H), 1.69-1.60 (m, 2H).
7b 12 112.2-114.0 8.18 (m, 1H), 7.80-7.75 (m, 3H), 7.55 (dd, /=8.8,2.1 Hz, 161.8, 161.6, 135.8, 134.8, 133.8, [M+H]":
1H), 7.46-7.43 (m, 1H), 7.40-7.37 (m, 1H), 7.35-7.33 (m, 128.9 (2), 128.1, 127.2, 127.1, 126.1, C,,H;,N,O,
2H), 7.23-7.22 (m, 2H), 4.66-4.61 (m, 1H), 2.95-2.87 (m, 125.0(2), 124.7, 120.0, 117.8, 116.5, 475.306 8
2H), 2.74-2.65 (m, 3H), 2.61 (dd, J = 14.5, 8.8 Hz, 1H), 115.9, 53.8, 48.5, 48.2, 40.8, 38.9, 475.305 2
1.69-1.48 (m, 5H), 1.28 (s, 9H). 33.8,31.3,30.4 (3), 23.6.
Tc 24 67.2-69.1 8.12 (m, 1H), 7.80 (t, /= 8.7 Hz, 2H), 7.76 (d,J= 8.2 Hz, 170.3, 167.5, 157.8, 137.4, 135.7, [M+H]":
1H), 7.53-7.51 (m, 1H), 7.47-7.44 (m, 1H), 7.41-7.39 (m, 133.8, 130.8, 130.1 (2), 129.8, 128.3, C,,H;,;N,O,
3H), 7.37-7.34 (m, 2H), 7.31-7.28 (m, 1H), 7.23-7.20 (m, 128.1 (2), 127.5, 127.3, 127.1 (3), 525.286 0
2H), 6.95-6.94 (m, 2H), 5.02 (s, 2H), 4.64-4.61 (m, 1H), = 126.2, 124.8, 120.1, 116.8, 114.7 (2), 5252861
3.88-3.86 (m, 1H), 2.94 (dd, J=13.8, 6.7 Hz, 1H), 2.85 69.6, 52.3,49.1, 40.5, 39.5, 38.5, 28.1,
(dd, J=13.8, 7.2 Hz, 1H), 2.75-2.70 (m, 3H), 2.58-2.54 22.2.
(m, 1H), 1.91-1.78 (m, 2H), 1.70-1.64 (m, 2H).
7d 21 85.9-87.9 8.14-8.13 (m, 1H), 7.81 (t, J = 8.8 Hz, 2H), 7.77 (d, J = 169.9, 167.6, 143.7, 135.6, 133.8, [M+H]":
8.2 Hz, 1H), 7.69-7.68 (m, 2H), 7.53-7.49 (m, 3H), 7.48- 132.0 (2), 130.8, 130.2 (2), 128.3, C,H,,N,O,
7.45 (m, 1H), 7.43-7.37 (m, 1H), 4.75-4,69 (m, 1H), 3.85 127.3,127.1, 126.3, 124.9, 120.0, 444.239 4
(t,J=6.1 Hz, 1H), 3.05 (dd, /= 7.0, 3.1 Hz, 2H), 2.77 (dd, 118.3, 116.8, 110.3, 52.2, 40.6, 40.2, 444237 6
J=14.7,4.4 Hz, 1H), 2.74-2.69 (m, 2H), 2.59 (dd, J = 38.5,28.1,27.6,22.2.
14.7,9.4 Hz, 1H), 1.91-1.76 (m, 2H), 1.69-1.62 (m, 2H).
Te 34 78.4-80.4 8.12 (m, 1H), 7.81 (t,J=7.9 Hz, 2H), 7.77 (d,J=8.2 Hz, 170.3, 167.5, 136.1, 135.6, 134.5, [M+H]":
1H), 7.51 (dd, J = 8.8, 2.1 Hz, 1H), 7.47-7.44 (m, 1H), 133.8, 130.8, 129.0 (2), 128.8 (2), C,H;;N,O,
7.42-7.39 (m, 1H), 7.19-7.12 (m, 4H), 4.67-4.61 (m, 1H), 128.3,127.2,127.1, 126.2, 124.8, 433.259 8
3.85(t,J=6.1 Hz, 1H), 2.96 (dd, J=13.7, 6.8 Hz, H), 120.1, 116.8, 52.3, 49.0, 40.4, 39.9, 433.258 1
2.87 (dd, J=13.7,7.2 Hz, 1H), 2.75-2.70 (m, 3H), 2.55 38.5,28.1,22.2,19.7.
(dd, J=14.7,9.5 Hz, 1H), 2.29 (s, 3H), 1.91-1.77 (m, 2H),
1.69-1.63 (m, 2H).
i 21 46.7-48.7 8.13 (m, 1H), 7.82-7.79 (m, 2H), 7.77 (d, J= 8.2 Hz, 1H), 170.2, 167.6, 161.9, 135.6, 133.8, [M+H]":
7.52 (dd, J=8.8,2.1 Hz, 1H), 7.47-7.44 (m, 1H), 7.42- 133.6, 130.8, 130.8, 130.7, 128.3, C,;H,;FN,0O,
7.39 (m, 1H), 7.32-7.30 (m, 2H), 7.06-7.02 (m, 2H), 4.66— 127.3, 127.1, 126.2, 124.8, 120.1, 437.2347
4.63 (m, 1H), 3.86 (t,J= 6.1 Hz, 1H), 2.95 (qd, J = 13.9, 116.8, 114.9, 114.8, 52.3, 48.9, 40.5, 437.2333
7.0 Hz, 2H), 2.76-2.69 (m, 3H), 2.57 (dd, /= 14.7,9.4 Hz, 39.3,38.5,28.1,22.2.
1H), 1.89-1.79 (m, 2H), 1.69-1.64 (m, 2H).
7g 8 72.8-74.8 8.21-8.18 (m, 2H), 8.13 (m, 1H), 7.81 (t, /= 9.3 Hz, 2H), 169.9, 167.6, 147.0, 145.7, 135.6, [M+H]":
7.77 (d,J=8.2 Hz, 1H), 7.56-7.51 (m, 3H), 7.48-7.45 (m, 133.8, 130.8, 130.2 (2), 128.3, 127.3, C,H,)N.O,
1H), 7.42-7.39 (m, 1H), 4.78-4.73 (m, 1H), 3.87-3.85 (m, 127.1, 126.3, 124.9, 123.2 (2), 120.0, 464.229 2
1H), 3.14-3.06 (m, 2H), 2.82-2.72 (m, 3H), 2.64-2.60 (m, 116.8,52.2,48.5,40.7,39.9, 38.5, 464.227 8
1H), 1.91-1.77 (m, 2H), 1.69-1.63 (m, 2H). 28.1,22.2.
7h 11 67.3-68.6  8.13 (s, 1H), 7.82-7.79 (m, 2H), 7.76 (d, /= 8.2 Hz, 1H), = 170.4, 167.5, 158.7, 135.7, 133.8, [M+H]":
7.53-7.51 (m, 1H), 7.47-7.44 (m, 1H), 7.42-7.39 (m, 1H), 130.8, 130.0 (2), 129.5, 128.3, 127.2, C,H;;N,O,
7.22-7.20 (m, 2H), 6.88-6.86 (m, 2H), 4.64-4.60 (m, 1H), 127.1, 126.2, 124.8, 120.1, 116.8, 449.254 7
3.87-3.86 (m, 1H), 3.75 (m, 3H), 2.93 (dd,/=13.9,6.9Hz, 113.6(2),54.2,52.3,49.1,40.4,39.4, 449.2533

1H), 2.87-2.83 (m, 1H), 2.75-2.70 (m, 3H), 2.58-2.53 (m,
1H), 1.91-1.77 (m, 2H), 1.69-1.63 (m, 2H).

38.5,28.1,22.2.
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Continued
HR-ESI-MS
; 1 3 m/s
Compd. Yield mp HNMR °C NMR Formula
1% /°C (600 MHz, CD,0D) & (150 MHz, CD,0D) &
k ’ Calcd.
Found
7i 4 56.0-58.0 8.97-8.96 (m, 1H), 8.63-8.62 (m, 1H), 7.98 (d,/=8.4 Hz, 170.7, 167.8, 144.0, 143.8, 137.7, [M+H]":
1H), 7.90-7.89 (m, 1H), 7.72-7.69 (m, 1H), 7.63-7.60 (m, 132.5,129.1 (2), 128.7, 128.4,128.2  C,H,N,O,
1H), 7.32-7.29 (m, 4H), 7.23-7.20 (m, 1H), 4.68-4.66 (m, (2), 127.5, 1274, 127.2,126.4, 124.8, 420239 4
1H), 3.89-3.87 (m, 1H), 3.03 (dd, J=13.8, 7.1 Hz, 1H),  52.3,48.9,40.5,40.1, 38.6,28.2,22.4. 420.238 3
2.94 (dd,J=13.7, 7.1 Hz, 1H), 2.86-2.83 (m, 2H), 2.78
(dd, J=14.9, 4.6 Hz, 1H), 2.68-2.64 (m, 1H), 1.95-1.90
(m, 1H), 1.86-1.80 (m, 1H), 1.76-1.71 (m, 2H).
7j 33 98.5-100.5 8.97-8.96 (m, 1H), 8.63-8.62 (m, 1H), 7.98 (d,/=8.4 Hz, 170.7, 167.8, 144.0, 143.8, 137.7, [M+H]":
1H), 7.90-7.89 (m, 1H), 7.72-7.69 (m, 1H), 7.63-7.60 (m, 132.5,129.1 (2), 128.7, 128.4,128.2  C,H,N,0,
1H), 7.32-7.29 (m, 4H), 7.23-7.20 (m, 1H), 4.68-4.66 (m, (2), 127.5,127.4, 127.2,126.4, 124.8, 4652245
1H), 3.89-3.87 (m, 1H), 3.03 (dd, /= 13.8, 7.1 Hz, 1H),  52.3,48.9,40.5, 40.1, 38.6,28.2,22.4. 465.222 7
2.94 (dd,J=13.7, 7.1 Hz, 1H), 2.86-2.83 (m, 2H), 2.78
(dd, J=14.9, 4.6 Hz, 1H), 2.68-2.64 (m, 1H), 1.95-1.90
(m, 1H), 1.86-1.80 (m, 1H), 1.76-1.71 (m, 2H).
7k 33 84.8-85.7 8.99 (s, IH), 8.64 (s, 1H), 7.99 (d, /= 8.4 Hz, 1H), 7.91-  170.5, 167.8, 144.2, 144.1, 136.4, [M+H]":
7.90 (m, 1H), 7.73-7.70 (m, 1H), 7.64-7.61 (m, 1H), 7.30 1325, 132.3, 130.7 (2), 128.5, 1283  C,H,,CIN,O,
(m, 4H), 4.68-4.63 (m, 1H), 3.88 (s, 1H), 3.00-2.93 (m,  (3), 127.5(2), 127.3, 124.5,52.3,48.7, 454.200 4
2H), 2.85- 2.77 (m, 3H), 2.65 (dd, J = 14.3, 8.6 Hz, 1H),  40.5,39.3, 38.6, 28.2, 22.4. 454.199 3
1.92 (s, 1H), 1.84-1.73 (m, 3H).
7 7 683-69.9 8.97-8.96 (m, 1H), 8.62 (m, 1H), 7.98 (d, J=8.4 Hz, IH), 170.7,167.7, 157.8, 144.2, 144.1, [M+H]":
7.90-7.88 (m, 1H), 7.72-7.69 (m, 1H), 7.62-7.60 (m, 1H), 137.3,132.5, 130.1 (2), 129.8, 128.5,  C, H,N,O,
7.37-7.28 (m, 5H), 7.23-7.19 (m, 2H), 6.92 (d,J=7.4 Hz, 128.3, 128.1 (2), 127.5(3), 127.3, 127.1 526.2813
2H), 4.98 (s, 2H), 4.65-4.60 (m, 1H), 3.90-3.88 (m, 1H),  (2), 124.5, 114.6 (2), 69.6, 52.3,49.0,  526.280 3
2.96 (dd, J=13.8, 6.8 Hz, 1H), 2.87-2.81 (m, 3H), 2.76  40.4,39.4, 38.6, 28.2, 22.4.
(dd,J=14.5,5.2 Hz, 1H), 2.62 (dd, J = 14.8, 8.7 Hz, 1H),
1.95-1.80 (m, 2H), 1.76-1.71 (m, 2H).
7m 33 91.5-92.8 8.97 (m, 1H), 8.62 (m, 1H), 7.98 (d, /= 8.4 Hz, 1H), 7.90- 170.7, 167.7, 149.4, 144.2, 144.1, [M+H]":
7.88 (m, 1H), 7.72-7.70 (m, 1H), 7.63-7.60 (m, 1H), 7.34  134.4,132.5, 128.8 (2), 128.5, 1283,  C,H,N.O,
(d, J=17.6 Hz, 2H), 7.24-7.22 (m, 2H), 4.68-4.63 (m, 1H), 127.5,127.4,127.3,125.1 (2), 124.4,  476.302 0
3.91-3.89 (m, 1H), 3.00 (dd, J = 13.7, 6.5Hz, 1H), 2.90-  52.3,48.8,40.3,39.6, 38.6,33.8,30.4  476.301 7
2.84 (m, 3H), 2.77 (dd, J=14.9, 4.8 Hz, 1H), 2.62 (dd, J= (3),28.2,22.4.
14.8, 8.8 Hz, 1H), 1.96-1.84 (m, 2H), 1.77-1.73 (m, 2H),
1.26 (s, 9H).
12a 11 162.3-164.2 8.11 (m, 1H), 7.85-7.79 (m, 5H), 7.77-7.75 (m, 2H), 7.51- 170.3, 167.6, 135.6, 135.2, 133.8, [M+H]":
7.43 (m, 5H), 7.42-7.39 (m, 1H), 4.89-4.76 (m, 1H), 3.84  133.7, 132.6, 130.8, 128.3, 127.9, C,,H,,N,0,
(t,J=6.1 Hz, 1H), 3.18 (dd, J = 13.7, 7.2 Hz, 1H), 3.11 127.6,127.2 (4), 127.1,126.2,125.8,  468.259 8
(dd,J=13.7,7.0 Hz, 1H), 2.81 (dd, J = 14.7, 43 Hz, 1H), 125.3,124.8,120.1, 116.9, 52.3,49.0,  469.258 3
2.69 (t, J=7.4 Hz, 2H), 2.63 (dd, J=14.7,9.3 Hz, IH),  40.6,40.3, 38.5,28.2,22.2.
1.89-1.76 (m, 2H), 1.68-1.61 (m, 2H).
12b 11 169.9-171.2 8.88-8.87 (m, 1H), 8.52-8.51 (m, 1H), 7.97-7.95 (m, 1H), 170.6, 167.8, 144.2, 135.2, 133.6, [M+H]":
7.85-7.77 (m, 5H),7.70~7.67 (m, 1H), 7.61-7.57 (m, 1H), 132.5, 132.4, 128.5, 128.3, 127.9, C,H,,N.O,
7.49-7.47 (m, 1H), 7.45-7.39 (m, 2H), 4.8-4.76 (m, 1H),  127.7, 127.4 (3), 127.3, 127.2 (3), 470.255 1
3.87-3.85 (m, 1H), 3.22-3.19 (m, 1H), 3.13-3.09 (m, 1H), 125.8, 125.3,124.5,52.3,48.9,40.7,  470.253 8

2.86-2.79 (m, 3H), 2.71-2.66 (m, 1H), 1.92-1.79 (m, 2H),
1.73-1.68 (m, 2H).

40.3, 38.5,28.3,22.4.

N T B IR % A A WX AR FR ) B [ 4

fEPE S AR T The

e, ]2 B A B RE RS9 Th 5 12D,
5 AZT Bt F 6 41 5 — 3R 38 4F HE 2 MexAB-OprM [
P. aeruginosa 26 B ¥ (H kL pAK1900-MexAB-OprM
). gl R 3 ron, KRR EY Th 5 120 %
AZT 2 I H 650 5 1) W 1) 184 B0 1, IF HAL & 70 12b

HF U, I 2 BCH Z Mt A R, B
AZT . EZ B (MEM). kit ng (CAZ) M5 Fi 55 3
(CLR) X #TIIfi PR 43 25 1t MDR P, aeruginosa (1) [F] 34
BOE . AR ER GR4), B 12b X iR 4 R A=
RERI R RS EBOETE . SRR &Y 12b X
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Table 2
aztreonam (AZT) against P. aeruginosa K199 strain. MIC": MIC
of compound (ug-mL™); MIC**™: MIC of AZT; FICI = MIC (A in
combination with B) / MIC (A alone) + MIC (B in combination
with A) / MIC (B alone), synergy was defined as FICI < 0.5

H
H o _N
O N~ I\
L . NH, X7
e X XC:N OO HN ’ NH
HNT‘/k/\/NH2 \H/‘\/V 2
R
3 o

Activity of the target compound in coordination with

7a-Tm 12a, 12b
No R X Alone Combined FICI
) MIC*  MICY" MIC® MIC*'
7Ta - C >128 2 64 1 <1
7b t-Bu C 32 2 16 0.125 0.562 5
Te OBn C 32 2 16 0.25 0.625
7d CN C >128 2 128 1 <1.5
Te CH, C 128 2 64 1 1
7t F C >128 2 64 1 <1
7g NO, C >128 2 16 1 <0.625
7h OCH, C >128 2 32 0.5 <0.5
7i - N >128 2 64 1 <1
7j NO, N >128 2 64 1 <1
7k Cl N >128 2 8 1 <0.562 5
1 OBn N 128 2 64 0.5 0.75
Tm t-Bu N 128 2 64 0.5 0.75
12a - C 64 2 32 0.25 0.625
12b - N 128 2 16 0.5 0.375
PASN - - >128 2 128 0.5 <1.25

Table 3  Activity of the target compound in coordination with

AZT against P. aeruginosa 26 strain

Alone Combined

Strain ~ Compd. MG MICAT MICT MIC FICI
26 7h 128 8 32 1 0.375
12b 128 8 32 0.5 0.3125
PASN  >128 16 16 2 <0.25

PR BAT ISR FEAER, nIAEAPUA = AR, PR
PUAE AT MIC IR~ RIEDTRAEH .

3 REMS5EBAHITFN

3.1 HpEFSHANE PP ARE LAY 12b
TEAN R4 i 2R 1) 22 A v, 98 AR i B 41 i (HEK 293
gHAE) S AR ISR A (Vero 41 ). DL PASN Ayt
E, RAMTTIENE T &Y 549035597 24 h
(0 2 K 40 i 25 1 IR (CC,). 45 SR W, 7 HEK293

21 L A1 Vero 4 L, 12b [¥] CC, {844 K T 100 pmol-L™!
(K 2a), WA 12b 16 = BB (100 pmol L), Xf
HEK293 FI Vero 41 i 35 7 41 Mg 35 M, HAA R 4F (1 %
Stk

3.2 hERGLESMRNE #— Pk ame s
HA VTR 0 I 2 1, K H AR 3 B 5 A 1 D7 v
R TACE AL AP 12b X hERG 41381 (human Ether-
a-go-go related gene potassium channel) F ¥t A 52 W o
45 B R (B 2b), 644 12b X hERG 41 38 18 H 37 1)
e E PR A (IC,,) KT 40 umol-L™, iX K LA
Yr12b O AERE RN, BAA RIF 2 2.

33 RKREMLEY 120 X4 MM ADMET
Predictor 9.5 %44 % 46 &40 12b R AR T A0 2 3
JIR AT 2 2 1 T AT 43, A0 FE R USRS 22 4L (Absn
risk)« A 57 XU 2 % (CYP risk). 75 1 XU 58 %
(TOX risk) 5 ADMET risk JLA™J7 Tf Xf 12b (Wi AR
R B M R R HE AT A U TR 2R 2 M TP A (GR 5)-
g5 LR, 12b 1 22 BRI Z E0T00 4 {8 7E % 2 1T
W, #8728 12b B — @ 2 PR pi

4 EYZERIESHFIE

4.1 SMEEMUBIRIIRE 30 E A A 2 5 A
MR RIEAE R, VPAL T 1E P aeruginosa 26 WA, 14
A4 12b ) 5% Y6 KW Hoechst 33342 (RND #MEZE JE
Yy ShHEEBAERE J1 . BT L A 12b 5 PASN
Ab R R A B S ) 40 B e 2% T LA B R X B R R
J (RFF)E™, W 3. 455K, 12b R I H 772K
P SNHESN I BE 7, AR 16 pg-mL' I, H AT 0
T PAAN B4 A HERE 75 T 7E Mk FE BT, 5 PABN
O AMHER R AR 2 . R EA S 12b B XA
MexAB-OprM [¥138 75 18 15 3 P, 38 3 4 1) 48 B8 4 HE 2
P ST G B T A 2R U

4.2 Schrodinger 77 FX1#% % T MexB /& RND #Mif
RGP LG YA R M 3 BAMER B4R, K Schro-
dinger % {4 X} ft. & 4 12b 5 MexB (PDB ID:3WOI) i
174y 15t 2, 318 i Docking score K -1l Fit A& 7F 52 14
AR MLE R ). 4R RN, 12b X4 4 8-6.792,

Table 4  Activity of 12b in coordination with antibiotics against MDR P. aeruginosa. MIC'?*: MIC of 12b; MIC™™: MIC of PagN; CLR:

Clarithromycin; CAZ: Ceftazidime; MEM: Meropenem

Strain Compd. Alone Combined FICI
MIC? MIC™ MIC™™ MIC! Mmic? MIC? MICPN 12b PASN
181245 AZT 8 >512 >512 128 2 128 <0.5 <0.5
CLR 256 >512 >512 0.5 128 0.5 128 <0.25 <0.25
CAZ 64 >512 >512 128 16 128 <0.28 <0.5
MEM 32 >512 >512 128 8 128 <0.5 <0.5
181643 AZT 4 >512 512 128 1 128 <0.5 0.5
CLR 256 512 512 128 32 128 0.375 0.375
CAZ 2 512 512 0.5 128 0.5 128 0.5 0.5
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150 HEK293-12b 150 HEK293-PASN
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£ z
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— 50 = 50+
[0 o
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0- 0=
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0 125 25 50 100
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No. Inhibition / % IC,, / pmol-L!
12b 14.95+2.67 >40
1564 12b
75

ICy, > 40 pumol -L!
50

Inhibition / %

254

0.1 1 10 100
Concentration / pmol L

Figure 2 Safety evaluation of compounds. (a) Cytotoxicity of compound 12b and PASN; (b) Dose-effect curve of compound 12b on the

inhibition of hERG potassium channel current

Table 5 ADMET prediction result of 12b. Absn risk (evaluation
of absorption properties of compounds), suggested values: < 4;
CYP risk (evaluation of metabolic properties of compounds),
suggested values: < 2; TOX risk (evaluation of toxic properties of
compounds), suggested values: < 2; ADMET risk (evaluation of

medicinal properties of compounds), suggested values: <7

Compd. Absn CYP TOX ADMET
12b 4.014 0 0.6 4.014

P. aeruginosa 26

@

2 10

g M PAAN

& 08 W 12b

S

=]

= 06

=

=

& 04

£ 02

=

002 0.0 T T
16 ug-mL"! 32 ug'mL! 64 pg-mL!

Concentration

Figure 3 Effect of 12b and PASN on the accumulation of Hoechst

33342

PAAN X447 70 H-5.906, &) 12b 4T 70 45 R AL T
PASN, F HIAL A4 12b 5 PASN #H Eb, X 41 HE#% iz 14
MexB A] G 8 = R 17,

K FH Schrodinger 4 X 4 45 5 2k 47 7] # Ak 73 #r o
gh Wil 4a.b iR, 46 & 90 12b 7T 5 MexB 7 P 12 11
ASP-85.ARG-185.GLN-273.ASP-274.GLN-773 & &
FE TR TR LT B o 1) EVEE A AR A, [R5 ASP-274
TE B 25 4 5 10 PASN 5 MexB i 1 5 10 & 3 |2 ik At
GLN-273.ASP-274.TRP-753.SER-755.GLN-773 J& i
SEEA EAFE R, RSN (B 4c.d), IX AT HEAR 12b

Xf MexB 4 & ) a1 )5 A

gi B Rk, RS Y 12b F MexB ) 45 & 7
35 PASN AHBL, HL2E A1 58, 327K 12b BB HE 7 4k
HE 32 1k MexB R AE A0 SbHEVE FH, AT 1k 52 48 B8 0
PUAE R RO

g

AHFFR G BT 15 A48 9 55 &= R AU IR SR AT
A, A BV VEAN T P R B B A I i S B A
FAZT XL P. aeruginosa BURFEMRIEYE . HH L&
12b I H e b A W R U 8, HE— 2B 0T 5T R, 12b
AU 55 - A LR SR U 3R AZT WCAZMEM, 1y Hid
A5 K IR N B8 29148 K CLR X§ T MDR P. aeruginosa
Mg YE . WI2E A AL SR, 2R &) 3 a8 it 41
7] #hHEZE MexAB-OprM K45 4E H, 555 S 9 PASN —
o A WAV 120 BA A B 22 A IR A
AR SY, RIS PBmIRER.

SCIGER 4

FIT Ak 23R 50 B SR RS e E ZR I A R EE R A D
BV YIL A | R 85 2 | 1 4 Hr Al a5, R R 4 Al
A . P =m0 B E 5 20 R e
Fibt. MHB R %5 (LB K 75 2200 F g AE M H ARG
PR 22 F] o

b & W 5 FSR F MPOO 28 K %5 1 55 4% (Mettler
Toledo, Switzerland) | 75, ¥ & & £ 1IE ; 'H NMR FlI
C NMR ¥ H Bruker Avance I1I 600 MHz #% fif, 3£ 47 1%
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Docking score: -5.906

Figure 4 Docking results with MexB. (a) 3D structure of docking result between compound 12b and MexB; (b) 2D structure of docking

result between compounds 12b and MexB; (c) 3D structure of docking result between PASN and MexB; (d) 2D structure of docking result

between PASN and MexB

(Varian, USA) M| 75, ¥ #1354 CD,0D, W 45 5 TMS;
HR-MS % Fi Autospec Ultima-TOF Jii i ll 121X (Micro-
mass UK Ltd., UK) |45, Flash # 4 & 44k, % ] Combi
flash Rf 200 PR3 il % W AH (Teledyne, USA); # J2 i
(TLC) K FH Merck 60 F,, 2 (S FE AR, 28 48D FH
ZF-TA FHLAMEMAT (g5 LB B8 ), T
SR I i bR A (Multiskan FC, Thermo, USA) il 5
1 *ZEE

EEBRMBRETEN Ta~TmER 4557
EDCI 5 HOBT M &2 46 5k 2a~2m [+ LR £ 1
FWH, 50 °CHiE 30 min, 8 J5 A 1a 5 1b, 50 °CHi
P8 h, TLC Kl S 8256 B, B HUAHIR 4, 5% 2 1 Ak st
PRI € 1 v Al A, 159 31 SR A A) 4 3a~3m; B B
a4 3a~3m NN A T & R,
TN =9 £ B2 TFA, SR 45 HF 2 h, TLC Rl s B 56 B,
A NUAHHER SR, 500 F R e PRodA: ik alif, 1521
N AR 4a~4m. 5 HOBT F1 EDCI i 45 £ b (1)
Sa [T W SR W, 75 = BT H 4 30 min, 24
JE M A (8] 44k 4a~4m, =R 5EHE 8 h, TLC K B 5%
4, A HUAR IR G, Bk A0 FERE i DR A 5 v Ak, 75
Bl BLH AR 6a~6my; K B TR NN 345 T+ —
SRR T, NN TFA, SR $54HE 2 h, TLC A& 2
L 5E B, A HUAH A, B A 4 FH ik Je PR A 2 1% v 4l
1k, 153 H AR & 729 7Ta~Tm.

ERBRMKETEY122. 120896 K % EDCI

5 HOBT i N #2 46 5 Rl 8a (I T 4 B L BE
50 °C#it £ 30 min, 28 J5 N A 1a #1 1b, 50 °CHit £ 8 h,
TLC A 2 82 56 1, A WA 4, A2 F ek J P A
L a4, 15 3 S N [E] 4 9a 1 9b; 4 9a A1 9b A
FEH T /PR BRI, BN TFA, = iR i
2 h, TLC AN 52 7 56 Fil, A MUAR MR A, 5l A F Ak e R
R 3 vk Al Ak, 49 3 N R ] A 10a T 10b. H4
HOBT I EDCIIA$i ' 5a 8+ £ L BeiE W,
7E 2= i T 6 HE 30 min, 285 A0\ H E] 44 10a 71 10b, =
MR FE 8 h, TLC il ) B 58 4, A HULAHK 4, #e 2P H
F Jie RO A 8 3 v 4l 4k, 43 31 S 2 A (] 44 11a #1111,
W S HR TR AR N A 8 — S BRI e,
TFA, =+ 2 h, TLC ALl & B2 58 5%, A LA K 46,
W A W L RE R PR A S vk 2k, 19 3] B AR 47
12afi112b.
2 MEENENEEM

AW T 4% B8 CLSIARHE, K H Tl N M Bk AT
TR 35 P 0 AR AR . A S AT PASN FH BH S
T 1) Mueller-Hinton 7% (CAMH Wiz, & A 20~
25 mg-mL" Mg*, 10~12.5 mg-mL" Ca’") 7£ 96 LAk L
WEALKR 2 (5 B, DA 22 DARIRE 7 sOIE R AL AR AR RS,
FRALLARFA 90 pL. FIT A I B PR32 7E 37 °CH Luria-
Bertani 7 (LB W) i FRIE R . HEFDIHE
0.5 McFarland (1.5x10° CFU-mL™"), 3 CAMH A% PA
1:30 B 42 5x10° CFU-mL" s #RJ5 4% 10 uL 41 B 23
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TN SAL A, B 2 40 B i B2 08 5%10° CFU mL ™. K
96 FLIR B T 37 °CIHIE M & 18 ho WA MR A KK,
e A& 5 BUAE 2R R BRI T IR B2 IR F 5 FICT A,
FICI = MIC (A in combination with B) / MIC (A alone) +
MIC (B in combination with A) / MIC (B alone), synergy
was defined as FICI' < 0.5,
3 MTTENEMBESH

6t $0 A K 1 Vero 41 it A2 HEK 293 41 fitd, 7
96 FLAR A FLEE Rl 1x10* N B B 4l i, 5 251 AL By
7% 24 ho 20 uL MTT (5 mg-mL™") ¥ I 2 & 5L
t, JF T 37 °C.5% CO, B R M 1 H 4 ho L FRE:
FEFEIFEIN 150 uL DMSO PASE AR 45 i fa, Tl e
FLAE 570 nm Ab IR LA .«
4 EBEEFIHEFHEGENEhERG LREFM

7€ 3215 hERG 1] CHO 4 fig B T~ 37 °C 5% CO,
[RRE FRAERE IR, 548 hi% 105 LUl AT AR, W84 K,
WA 2 % SR VL, FH 4 T A O 1 38 JS N 0.25%
Trypsin-EDTA (Invitrogen) ¥ i, 7£ % i F {4 44 5 min,
WRAE T A VR, FH 400 L A/ R Ak i e 4 i 2 % ) S I
g . BV IEAG A9 R H PG V0 LU R (cisapride), f%
22 N 300 nmol- L. W B L& W 10 vk
F“”* BEANWRIE R DN 2 NN (n = 2). EHE 7B ik

4K A pClamp » GraphPad Prism 8 fl Excel 8 ff. AN[F

%é\%/iwﬁﬁ hERG #H L I (410 1) A% B2 28 3Gt 5
Inhibition % = [1- (I / I0)] x 100%.
5 Schrodinger Maestro Version 12.8 117 9 7 %}$&

X R B B R B Ak B MexB H
(UniProt $¢#5 %, ID: 3WOI), pH % & N 7.4 + 0.05; Bl A
NG TAE AR A BN BB AL B AR sitemap T
B AR O T, HARIE I BN E
6 ME A4 12b F1 PASN X Hoechst 33342 B 5MHE
LI

i I AL EPT A B 55 AR Ab B 4 ff 1) e 24 5 T
RFF {H, S246 HAK#AE 2% 0™ . RFF S8 800t 54

3{: RFF = (RF,; minitt ~ REys i) / REys oo pm o

Buig: o [ B2 22 A e R 25 AR M BOR BT T 3 Al
BHLIE H ARG & PRI AR BRI K e 20 W0

YEE DT R B 0050 H AR S W& B 0 B E T 24
BRPR I VI R 23 7 0 4% DA R IR 4 S S a1 ST &4
M 548 T KO S DT AR R R K s A2 A BT T
SR DT RBURK B AR AT ﬂi'ﬂﬂ%“ﬁﬂn ] 3 A7 DT TR 245 1

PR B M 25 SERIT I B0 ST R AR KA B AR 3 A SO A
RS I 5 % B vt SR, LR AR A
TAE.

FUEE IR P A A1 & 2 A AL R 23 70 2%
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