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Fig. S1 Ramachandran plot of E. coli subunit A mutant protein 
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Fig. S2 Comprehensive evaluation value of QNs' ability to inhibit E. coli VGT 
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Table S1 Common sites and mutation directions of DNA gyrase subunit A resistance to QNs in E. coli 

Mutation site Amino acids Mutant amino acids 

51 

（Evans-Roberts et al., 2016） 
A ALA Alanine V VAL Valine 

67 

（Yoshida et al., 1990） 
A ALA Alanine S SER Serine 

81 

（Yoshida et al., 1990） 
G GLY Glycine 

D ASP Aspartic acid 

C CYS Cysteine 

82 

（Oram and Fisher, 1991） 
D ASP Aspartic acid G GLY Glycine 

83 

（Oram and Fisher, 1991） 
S SER Serine 

A ALA Alanine 

L LEU Leucine 

W TRP Tryptophan 

V VAL Valine 

84 

（Yoshida et al., 1990） 
A ALA Alanine 

P PRO Proline 

V VAL Valine 

87 

（Yoshida et al., 1990） 
D ASP Aspartic acid 

N ASN Asparagine 

G GLY Glycine 

H HIS Histidine 

Y TYR Tyrosine 

V VAL Valine 

106 

（Yoshida et al., 1990） 
Q GLN Glutamine 

R ARG Arginine 

H HIS Histidine 

678 

（Cullen et al., 1989） 
D ASP Aspartic acid E GLU Glutamic acid 

828 

（Cullen et al., 1989） 
A ALA Alanine S SER Serine 
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Table S2 Structures, categories, and uses of drugs used for suppressing E. coli VGT 

Drug Structural diagram Category Purpose Reference 

Amikacin 

 

Aminoglycosi

de antibiotics 

Anti-bacterial 

infection 

（Ramirez and Tolmasky, 

2017） 

Amoxicillin 

 

Penicillin 

antibiotics 

Anti-bacterial 

infection 
（Mhmoud et al., 2014） 

Clindamycin 

 

Lincomycin 

antibiotics 

Anti-bacterial 

infection 
（Drinkovic et al., 2001） 

Cefotiam 

 

Cephalosporin 

antibiotics 

Anti-bacterial 

infection 

（Hashiguchi et al., 

2020） 

Gentamicin 

 

Aminoglycosi

de antibiotics 

Anti-bacterial 

infection 

（Moulds and 

Jeyasingham, 2010） 

Lincomycin 

 

Lincomycin 

antibiotics 

Anti-bacterial 

infection 

（Wang et al., 2012） 

 

Metronidazole 

 

5-

nitroimidazole 

antibiotics 

Anti bacterial and 

some protozoan 

infections 

（Ceruelos et al., 2019） 

Polymyxin B 

 

Polymyxin 

antibiotics 

Anti-bacterial 

infection 
（Zavascki et al., 2007） 

B4964 

 

Flavanol 

compounds 

Associated with 

anti-

inflammatory, 

cardiovascular 

health, and some 

potential anti-

cancer properties 

（Xu et al., 2024） 

Pentostam 

 

Antiparasitic 

Agents 

Treating helminth 

and parasitic 

infections 

（Herwaldt and Berman, 

1992） 

Colistin sulfate-

E 
 

Polymyxin 

antibiotics 

Anti-bacterial 

infection 
（Guo et al., 2021） 

Quercetin 

 

Plant 

flavonoids 

Antioxidant, anti-

inflammatory, 

anti-allergic, anti-

tumor, and 

（Ulusoy and Sanlier, 

2020） 
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cardiovascular 

protection 

2,6-Dideoxy-D-

ribo-hexose 
 

Cephalosporin 

antibiotics 

Anti-bacterial 

infection 

（Roush and Brown, 

1982） 

Ceftriaxone 

 

Cephalosporin 

antibiotics 

Anti-bacterial 

infection 
（Richards et al., 1984） 

Ampicillin 

 

Penicillin 

antibiotics 

Anti-bacterial 

infection 

（Campoli-Richards and 

Brogden, 1987） 

Ceftiofur 

 

Cephalosporin 

antibiotics 

Anti-bacterial 

infection 
（Dutil et al., 2010） 

Sulfadiazine 

 

Sulfonamide 

drugs 

Anti-bacterial 

infection 
（Schauss et al., 2009） 

Trimethoprim 

 

Folate 

reductase 

inhibitor 

drugs 

Anti-bacterial 

infection 

（Eliopoulos and 

Huovinen, 2001） 
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Table S3 Results of protein sequence similarity comparison 

Protein Seq Similarity QSQE 

51-VAL 0.6 0.81 

67-SER 0.6 0.78 

81-ASP 0.6 0.8 

81-CYS 0.6 0.8 

82-GLY 0.6 0.78 

83-ALA 0.6 0.81 

83-LEU 0.6 0.81 

83-TRP 0.6 0.8 

83-VAL 0.6 0.81 

84-PRO 0.6 0.8 

84-VAL 0.6 0.81 

87-ASN 0.6 0.8 

87-GLY 0.6 0.8 

87-HIS 0.6 0.79 

87-TYR 0.6 0.8 

87-VAL 0.6 0.8 

106-ARG 0.6 0.81 

106-HIS 0.6 0.8 

678-GLU 0.6 0.8 

828-SER 0.6 0.8 
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Table S4 Molecular docking results of QNs and subunit A protein before and after drug-resistant mutations 

Ligan

d 

Gyr

A 

81-

ASP 

81-

CYS 

82-

GLY 

83-

LEU 

83-

TRP 

83-

ALA 

83-

VAL 

84-

PRO 

84-

VAL 

P1 -5.7 -4.4 -2.5 -4.8 -3.9 -3.5 -4.9 -3.1 -2.3 -2.4 

P2 -4.8 -2.5 -3.8 -2.9 -2.7 -3.2 -3.6 -2.9 -2.7 -2.9 

P3 -3.9 -2.9 -3.6 -3.6 -3.7 -3.7 -3.7 -3.5 -2.7 -3.6 

P4 -4.1 -3.5 -2.3 -3.2 -3.6 -4.4 -4 -4.9 -3.1 -3.4 

P5 -4.3 -2.6 -2.7 -2.9 -2.9 -2.7 -2.9 -4.7 -2.6 -3.1 

P6 -3.1 -2.1 -2.7 -2.4 -2.8 -3.8 -2.4 -3.1 -1.9 -2 

P7 -4.6 -3.4 -3.4 -3.3 -3.7 -3.6 -3.1 -4.4 -2.9 -3.6 

P8 -3.7 -4.8 -3.2 -2.2 -3.2 -3.8 -4.5 -4.3 -3.2 -3.9 

P9 -3.2 -4 -3.7 -3.5 -3.7 -2.7 -4.1 -4.8 -3.4 -2.2 

P10 -3 -3.4 -2.8 -3.4 -3.4 -3.6 -3.4 -3.6 -2.7 -3.9 

P11 -4.6 -4.6 -3.5 -2.9 -4.4 -4.3 -2.9 -4.5 -2.7 -2.2 

P12 -5.9 -3.3 -3.4 -4.9 -4 -4.1 -4.8 -4.8 -3.1 -3 

P13 -4.8 -2.8 -2.7 -2.3 -2.5 -2.7 -2.3 -2.7 -2.1 -2.7 

P14 -3.7 -3 -3.6 -2.9 -2.8 -4.7 -2.9 -3.9 -2.8 -3.2 

P15 -4.5 -2.9 -2.7 -2.4 -2.7 -3 -3 -3.5 -1.9 -2.4 

P16 -4 -2.8 -2.4 -2.6 -2.9 -3.1 -2.8 -3.4 -2.2 -2.7 

1 -5.9 -4.4 -3.4 -3.2 -3.7 -4.7 -3.4 -3.3 -5.5 -2.9 

2 -5.2 -4.5 -4 -3.5 -3.4 -3.6 -4.2 -3.3 -4.6 -4.2 

3 -4.6 -3 -2.9 -3 -3.3 -3.5 -3.3 -3.3 -2.4 -2.8 

4 -5.1 -3.7 -4.1 -2.7 -4.7 -4.4 -2.8 -3.6 -2.8 -3.1 

5 -4.4 -3.3 -3.2 -3 -3.9 -3.2 -3.7 -3.2 -3.7 -2.9 

6 -3.5 -2.9 -2.8 -2.7 -3.6 -3.2 -2.9 -3.2 -2.9 -2.7 

7 -4.3 -2.9 -2.9 -2.9 -2.9 -2.9 -2.8 -2.8 -2.3 -2.7 

8 -5.4 -3 -2.9 -2.8 -2.8 -2.7 -2.7 -3.4 -2.6 -3.2 

9 -3.9 -1.6 -2.5 -3.3 -2.2 -2.3 -3.7 -3 -2.9 -1.1 

10 -3.7 -3.3 -3.7 -3.1 -3.4 -3.1 -3.4 -2.9 -2.9 -2.9 

11 -4.2 -3.9 -3.1 -2.9 -2.7 -4.2 -2.9 -3.2 -2.5 -3.2 

12 -5.1 -3.5 -3.3 -3.6 -3.7 -3.8 -3.6 -3.8 -3.9 -3.3 

13 -6.7 -3.2 -2.7 -3.1 -3.4 -3.4 -3.3 -3.4 -2.6 -3.1 

14 -4.8 -2.4 -2.6 -2.3 -2.4 -4.8 -2.4 -3.9 -2.3 -2.7 

15 -3.4 -5.5 -6.2 -4.9 -3.6 -5.7 -3.4 -3.9 -3.7 -1.3 

16 -4.3 -3.3 -3.2 -3 -3.9 -3.2 -3.7 -3.2 -3.7 -2.9 

17 -3.9 -3.5 -3.4 -3.4 -3.7 -3.3 -3.6 -3.6 -3.2 -3.4 

18 -4.6 -3.9 -3.3 -3.2 -3.7 -3.8 -3.4 -3.8 -2.7 -2.6 

19 -4 -3.4 -4 -3.2 -4.2 -3.9 -4.2 -3.8 -2.7 -3.1 

20 -5.2 -4.4 -3.3 -3.9 -2.3 -3.9 -3.4 -3.8 -3.2 -3.4 

21 -4.8 -4.7 -2.9 -2.7 -3.9 -4.6 -2.7 -3.8 -2.4 -4.2 

22 -4.9 -3.1 -3 -2.9 -3.7 -4.6 -3.6 -4.7 -3.6 -3 

23 -5.7 -3.7 -3.2 -3.5 -4.1 -3.7 -4.4 -2.8 -3.5 -3 

24 -4.1 -4.4 -4.6 -3.3 -3.7 -3.4 -3.4 -3.8 -2.8 -4.2 

25 -4.7 -3.5 -3.7 -3.4 -4.8 -2.4 -3.4 -3.9 -2.8 -2.5 

26 -5.9 -2.7 -1.9 -2.4 -2.8 -2.9 -2.4 -3.3 -2.4 -3.2 

27 -4.2 -3.2 -3.4 -3.3 -4.4 -2.2 -3.5 -3.9 -2.6 -3.6 

28 -4.9 -3.5 -3.3 -3.2 -3.7 -3.8 -3.4 -3.8 -3.3 -3.3 

29 -5.4 -4.4 -3.9 -3.3 -2.3 -3.9 -4.4 -3 -4 -3.1 
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P1 -3.7 -2.6 -3.6 -2.2 -3.7 -3.5 -3.1 -3.2 -2.5 -3.3 -3.4 

P2 -2.3 -2.1 -2.8 -4 -2.4 -3.3 -2.6 -4.2 -3.8 -3.7 -3.1 

P3 -3.9 -3.7 -3.7 -3.7 -2.1 -3.6 -2.1 -3.1 -3.2 -2.1 -2.6 

P4 -3.9 -3.5 -2.4 -3.5 -3.5 -3.6 -2.8 -3.4 -2.1 -3.2 -2.3 

P5 -4.4 -4.4 -1.1 -4.2 -4.1 -4.4 -3.2 -3.2 -3.5 -3.9 -3.5 

P6 -4.6 -4.7 -2.5 -4.3 -4.6 -3.9 -3.2 -2.1 -4.5 -4 -4.5 

P7 -3.2 -3.8 -2.9 -2.2 -3.7 -3.7 -2.7 -4 -4.3 -3.8 -4.1 

P8 -2.5 -3.6 -3.4 -1.9 -3.2 -3 -2.8 -2.3 -3.2 -3.4 -2 

P9 -2.9 -3.7 -3.6 -3.2 -4 -1.9 -3.4 -3.1 -3.9 -3.4 -2.9 

P10 -4 -3.8 -2.7 -3.6 -4 -4.4 -2.8 -3.5 -4.1 -3.5 -1.7 

P11 -3.8 -3 -3.4 -3 -3.2 -2.3 -3.3 -3.5 -3.3 -3.9 -2.2 

P12 -3.9 -3.5 -3.4 -3.5 -3.1 -2.3 -3.3 -3.5 -3.3 -3.9 -2.9 

P13 -2.3 -2.5 -2.1 -4.4 -4.1 -4 -2.9 -3.6 -3.8 -3.4 -3.3 

P14 -3.5 -3.1 -3.2 -4.3 -2.3 -4.2 -3.1 -3.7 -4.2 -3.7 -1.7 

P15 -2.1 -1.4 -4.2 -3.6 -4.5 -4.3 -3.6 -3.9 -2.7 -4.3 -3.2 

P16 -4.6 -4.6 -3.2 -3.5 -4.3 -3.2 -3.1 -4.5 -3.4 -4.3 -3.5 

1 -3.4 -3.2 -1.7 -3.5 -3 -3.7 -2.9 -2.7 -1.9 -3.2 -3.7 

2 -2.9 -3.3 -2.3 -2.1 -4.1 -3.7 -2.9 -1.7 -3.2 -4.2 -3.2 

3 -4.2 -4.2 -3.8 -3.3 -3.8 -4.1 -2.9 -3.7 -4.1 -3.8 -4 

4 -2.5 -3.4 -3.2 -2.6 -3.6 -3.5 -3.1 -3.8 -2.8 -3.7 -3.6 

5 -3.1 -2.1 -3.7 -3.7 -4.3 -2.9 -3.1 -3.5 -4.2 -3.5 -3.6 

6 -3.6 -3.2 -3.1 -3 -4.1 -3.8 -3.2 -4 -4.2 -3.9 -4.4 

7 -3.6 -4.3 -2.2 -4.3 -3.9 -3.7 -3.3 -3.3 -4.3 -3.5 -2.9 

8 -4.3 -4.2 -3.8 -3.5 -4 -4.1 -3.4 -3.3 -4.5 -3.5 -3.2 

9 -2.1 -3.8 -2.3 -2.1 -2.8 -2 -2.6 -3.2 -1.7 -3.1 -3.5 

10 -4 -4.1 -3.5 -4 -4.2 -3.9 -3.4 -4 -3.5 -4.6 -3.8 

11 -4.2 -4.2 -3.5 -3.8 -4.2 -4.3 -3.6 -4.5 -4.5 -4.5 -3.7 

12 -3.7 -3.8 -3.4 -3.5 -4 -3.1 -1.7 -3.6 -3.3 -3.7 -3.5 

13 -4 -4.1 -3.4 -3.4 -3.8 -4.1 -2.6 -3.3 -4.2 -3.7 -4.6 

14 -4.8 -4.6 -2.9 -4.8 -4.6 -2.6 -3.7 -3.9 -3.7 -4.5 -4.5 

15 -3.9 -2.2 -2.2 -2.2 -2.5 -3.6 -2.5 -2.4 -2.8 -3.2 -4.3 

16 -4.1 -4.1 -3.7 -3.7 -4.3 -3.9 -3.1 -3.5 -4.2 -3.5 -4.1 

17 -3.7 -4 -2.6 -3.8 -3.9 -3.9 -2.8 -3.1 -4.1 -3.5 -3.7 

18 -3.9 -2.8 -3.1 -3.8 -4.2 -3.8 -2.8 -4 -3.3 -4.3 -4.5 

19 -3.6 -3.6 -1.6 -2.4 -4.2 -4.3 -3.3 -3.7 -3.4 -4.1 -4.4 

20 -3.9 -1 -3.4 -3.5 -2.9 -1.8 -2.8 -3.6 -2.2 -3.9 -3.9 

21 -3.7 -3.9 -1.4 -3.5 -3.7 -3.6 -3.1 -3.2 -3.4 -4.6 -3.6 

22 -3.8 -3.8 -3.4 -3.5 -4.2 -3.6 -2.2 -2.1 -2.5 -3.3 -3.4 

23 -4.3 -4 -1.8 -2.4 -4.1 -4 -3.2 -3.6 -4.2 -3.6 -4.1 

24 -4 -3.8 -2.1 -3.5 -3.1 -3.6 -3.4 -2.8 -3.8 -4.1 -3.5 

25 -3.9 -2.9 -3.4 -3.5 -2.9 -3.2 -3.2 -3.3 -3.1 -3.9 -4 

26 -4.3 -4.6 -3.6 -2.8 -4.2 -3.5 -2.8 -4.3 -3.5 -4 -4.3 

27 -3.5 -4.2 -2.9 -3.5 -3.9 -3.6 -2.6 -3.7 -3.4 -4.6 -4.2 

28 -3.9 -2.3 -1.4 -3.5 -3.9 -3.6 -2.2 -3.6 -3.7 -3.6 -4.7 

29 -2.6 -2.5 -2.2 -3.6 -4.1 -3.4 -2.4 -3 -3.3 -3.7 -3.7 

 



 

49 

 

Table S5 Subunit A amino acid resistance mutation probability (SIFT predicted value) and mutation weight 

coefficient 

Pos 1M … 51A 67A 81G 82D 83S 84A 87D 106Q 678D 828A … 875E 

A 0 

… 

1 1 0 0 0.02 1 0.02 0.02 0.08 0.44 

… 

0.15 

C 0 0.01 0 0 0 0 0 0 0 0.02 0.04 0.01 

D 0 0.01 0 0 1 0.01 0 1 0.03 1 1 0.84 

E 0 0.01 0 0 0 0.01 0 0.68 0.03 1 0.49 1 

F 0 0 0 0 0 0 0 0 0 0.01 0.04 0.01 

G 0 0.51 0 1 0 0.01 0.02 0.07 0.03 0.63 0.67 0.08 

H 0 0 0 0 0 0 0 0 0.43 0.07 0.16 0.04 

I 0 0 0 0 0 0.01 0 0 0.01 0.01 0.05 0.03 

K 0 0.01 0 0 0 0.01 0 0.02 0.05 0.22 0.35 0.16 

L 0 0.01 0 0 0 0.06 0 0 0.01 0.02 0.09 0.05 

M 1 0 0 0 0 0 0 0 0 0.01 0.03 0.02 

N 0 0 0 0 0 0.02 0 0.01 0.03 0.78 0.86 0.1 

P 0 0.02 0 0 0 0.01 0.01 0.01 0.01 0.06 0.17 0.07 

Q 0 0 0 0 0 0.07 0 0.1 1 0.07 0.24 0.15 

R 0 0 0 0 0 0.01 0 0 0.04 0.06 0.18 0.07 

S 0 0.35 0 0 0 1 0.45 0.01 0.02 0.27 0.56 0.12 

T 0 0.01 0 0 0 0.42 0.01 0.01 0.01 0.08 0.25 0.09 

V 0 0.01 0 0 0 0.01 0.01 0 0.01 0.02 0.08 0.04 

W 0 0 0 0 0 0 0 0 0 0.01 0.02 0.01 

Y 0 0 0 0 0 0 0 0 0.01 0.04 0.08 0.02 

WC 

- 0 0 0 0 0 0 2.94% 18.05% 41.98% 23.51% - 

- - - 0 - 2.52% 0 0 0 - - - 

- - - - - 0 - 0 - - - - 

- - - - - 0 - 0 - - - - 

- - - - - - - 0 - - - - 

Note: WC represents the weight coefficient. 
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Table S6 Molecular docking results of QNs analog molecules with protein after drug-resistant mutations in 

subunit A 

QN

s 

51-

VA
L 

67-

SE
R 

81-

AS
P 

81-

CY
S 

82-

GL
Y 

83-

AL
A 

83-

LE
U 

83-

TR
P 

83-

VA
L 

84-

PR
O 

84-

VA
L 

87-

AS
N 

87-

GL
Y 

87-

HI
S 

87-

TY
R 

87-

VA
L 

106-

AR
G 

106

-
HIS 

678-

GL
U 

828
-

SE

R 

PM

-1 
-6.5 

-

4.2 

-

6.2 

-

6.2 
-5.8 -6.8 

-

7.0 

-

6.4 
-6.8 

-

6.7 
-7.4 -8.6 -8.0 

-

8.1 
-8.2 -8.4 -6.8 -6.8 -4.8 -6.4 

PM

-2 
-6.3 

-

5.1 

-

5.9 

-

6.1 
-6.5 -7.5 

-

7.1 

-

7.9 
-7.0 

-

8.2 
-8.0 -8.5 -8.1 

-

8.3 
-8.1 -8.1 -7.4 -7.4 -5.3 -7.0 

PM
-3 

-5.5 
-

5.3 
-

6.2 
-

6.2 
-5.9 -7.7 

-
6.8 

-
6.1 

-7.1 
-

7.0 
-8.0 -7.3 -7.6 

-
8.6 

-7.9 -8.7 -9.1 -9.1 -5.2 -5.7 

PM

-4 
-5.1 

-

3.6 

-

6.3 

-

6.4 
-6.3 -7.3 

-

7.4 

-

6.6 
-7.2 

-

7.3 
-7.2 -8.7 -8.2 

-

8.7 
-8.3 -8.5 -6.2 -6.2 -4.7 -6.0 

PM

-5 
-6.2 

-

4.9 

-

5.7 

-

6.1 
-5.8 -7.6 

-

8.0 

-

8.0 
-6.8 

-

8.0 
-7.1 -8.5 -8.1 

-

8.0 
-8.1 -8.2 -6.9 -6.8 -5.4 -7.5 

PM
-6 

-4.7 
-

4.3 
-

6.1 
-

5.9 
-5.6 -6.7 

-
7.1 

-
7.1 

-6.6 
-

6.8 
-7.0 -7.8 -7.8 

-
8.1 

-8.0 -8.0 -6.6 -6.5 -4.9 -6.3 

PM

-7 
-4.8 

-

4.4 

-

6.0 

-

5.9 
-5.6 -6.7 

-

7.1 

-

7.2 
-6.6 

-

6.8 
-7.0 -7.7 -7.8 

-

8.1 
-8.1 -8.0 -6.7 -6.5 -4.8 -6.3 

PM

-8 
-5.4 

-

5.6 

-

6.5 

-

6.1 
-5.3 -6.8 

-

6.5 

-

7.9 
-6.3 

-

7.9 
-6.5 -8.4 -8.4 

-

9.2 
-8.5 -8.3 -8.3 -6.1 -6.7 -6.0 

PM
-9 

-6.0 
-

5.6 
-

6.4 
-

6.2 
-5.9 -6.8 

-
7.0 

-
7.7 

-6.9 
-

7.5 
-6.8 -8.5 -7.7 

-
8.7 

-8.5 -8.7 -7.4 -7.5 -5.6 -6.3 

PM

-10 
-4.3 

-

6.0 

-

7.4 

-

6.7 
-6.5 -7.0 

-

6.6 

-

6.9 
-7.2 

-

6.9 
-7.9 -7.8 -6.6 

-

6.6 
-7.8 -8.5 -6.5 -6.3 -5.6 -6.6 

PM

-11 
-6.5 

-

4.4 

-

7.3 

-

7.3 
-7.1 -7.1 

-

7.0 

-

7.6 
-7.3 

-

8.4 
-7.6 -8.6 -8.7 

-

8.9 
-8.8 -8.8 -2.9 -2.6 -4.9 -6.7 

PM
-12 

-4.7 
-

4.4 
-

6.0 
-

5.8 
-5.6 -6.7 

-
5.7 

-
7.2 

-6.6 
-

6.8 
-7.0 -7.8 -7.9 

-
8.1 

-8.0 -8.1 -6.7 -6.5 -4.8 -6.3 

PM

-13 
-6.2 

-

4.9 

-

6.3 

-

6.4 
-5.7 -7.6 

-

7.3 

-

8.5 
-7.6 

-

6.9 
-8.7 -8.1 -8.7 

-

9.2 
-9.7 -9.9 -7.8 -6.9 -5.6 -6.6 

PM

-14 
-6.1 

-

5.0 

-

6.0 

-

5.9 
-5.9 -7.4 

-

6.7 

-

7.2 
-7.1 

-

5.5 
-7.7 -8.2 -7.9 

-

7.8 
-7.9 -8.2 -7.5 -7.7 -5.1 -6.5 

PM
-15 

-6.1 
-

5.0 
-

5.8 
-

5.8 
-6.0 -7.3 

-
5.6 

-
7.0 

-6.6 
-

7.5 
-7.6 -8.2 -8.0 

-
8.1 

-7.9 -7.7 -6.7 -6.7 -5.2 -5.9 

PM

-16 
-4.4 

-

3.2 

-

5.1 

-

5.1 
-5.0 -6.6 

-

7.1 

-

6.9 
-6.5 

-

6.9 
-6.0 -7.8 -7.9 

-

8.1 
-7.9 -7.8 -7.0 -6.6 -3.9 -4.8 

PM

-17 
-4.3 

-

3.6 

-

4.6 

-

4.4 
-4.6 -6.9 

-

7.0 

-

5.4 
-6.6 

-

6.6 
-5.5 -6.9 -5.7 

-

6.0 
-6.8 -6.3 -5.1 -5.0 -3.5 -4.2 

PM
-18 

-4.0 
-

3.4 
-

5.7 
-

4.3 
-4.7 -6.4 

-
6.2 

-
6.6 

-6.2 
-

6.7 
-5.8 -7.0 -7.3 

-
7.8 

-7.5 -7.5 -5.3 -5.4 -3.6 -4.7 

PM

-19 
-3.7 

-

4.5 

-

7.6 

-

7.1 
-7.9 -8.2 

-

8.0 

-

8.2 
-8.3 

-

8.1 
-9.2 -7.7 -9.4 

-

6.9 
-8.9 -9.7 -8.7 -8.6 -5.5 -7.3 

PM

-20 
-4.8 

-

4.3 

-

6.2 

-

5.4 
-5.5 -5.4 

-

4.8 

-

6.7 
-6.3 

-

5.1 
-3.2 -4.6 -8.4 

-

6.9 
-8.2 -6.6 -6.7 -6.5 -4.8 -5.8 

PM
-21 

-5.0 
-

5.6 
-

7.2 
-

7.6 
-7.8 -8.0 

-
8.6 

-
8.2 

-8.1 
-

7.7 
-8.9 -8.8 -9.8 

-
9.5 

-8.9 -8.3 -7.4 -7.3 -5.6 -8.0 

PM

-22 
-5.9 

-

4.5 

-

7.3 

-

6.7 
-6.8 -7.7 

-

7.9 

-

8.5 
-7.3 

-

6.6 
-6.9 -8.8 -9.0 

-

7.5 
-8.0 -8.5 -7.2 -7.2 -4.8 -7.3 

PM

-23 
-5.9 

-

4.6 

-

6.3 

-

7.1 
-6.6 -6.9 

-

7.5 

-

7.3 
-7.6 

-

8.1 
-7.0 -8.4 -8.5 

-

8.1 
-8.9 -8.6 -8.4 -8.2 -4.9 -6.6 

PM
-24 

-6.4 
-

3.5 
-

6.5 
-

7.2 
-6.8 -7.3 

-
7.9 

-
7.8 

-7.2 
-

7.9 
-7.3 -8.2 -7.7 

-
7.9 

-8.5 -7.7 -5.6 -6.6 -5.1 -7.4 

PM

-25 
-6.1 

-

4.3 

-

6.8 

-

6.4 
-5.3 -7.0 

-

8.4 

-

6.1 
-7.2 

-

7.0 
-7.1 -8.0 -9.9 

-

8.1 
-7.9 -8.6 -4.9 -6.5 -5.5 -6.8 

PM

-26 
-4.8 

-

4.2 

-

6.7 

-

5.9 
-7.2 -6.7 

-

8.0 

-

7.3 
-6.6 

-

6.6 
-6.4 -6.8 -8.0 

-

7.7 
-7.6 -8.1 -3.5 -3.6 -5.9 -7.2 

PM
-27 

-6.2 
-

4.8 
-

7.1 
-

6.8 
-6.7 -7.0 

-
7.4 

-
7.4 

-7.0 
-

7.1 
-7.5 -7.8 -7.9 

-
8.8 

-8.7 -9.3 -4.3 -4.3 -5.4 -7.3 

PM

-28 
-4.7 

-

4.9 

-

7.5 

-

7.2 
-6.4 -8.3 

-

8.4 

-

9.7 
-8.2 

-

9.1 
-9.1 -7.1 -8.7 

-

9.5 
-7.5 -7.2 -7.2 -7.3 -5.8 -8.4 

PM

-29 
-5.2 

-

4.7 

-

6.9 

-

6.5 
-6.0 -7.8 

-

7.7 

-

7.3 
-7.3 

-

8.5 
-8.0 -9.0 -8.9 

-

8.5 
-8.7 -8.7 -7.4 -7.5 -5.6 -7.6 

PM
-30 

-4.8 
-

4.7 
-

6.8 
-

6.9 
-6.1 -7.9 

-
8.1 

-
8.0 

-6.7 
-

8.1 
-8.5 -8.7 -8.6 

-
8.5 

-9.5 -9.1 -7.1 -7.0 -5.7 -7.7 

PM

-31 
-5.8 

-

3.9 

-

5.7 

-

5.8 
-6.2 -7.5 

-

8.0 

-

7.3 
-8.2 

-

6.3 
-7.3 -8.2 -8.4 

-

8.7 
-8.3 -9.4 -5.8 -4.4 -4.2 -7.1 

PM

-32 
-3.2 

-

4.1 

-

6.3 

-

6.0 
-6.1 -7.1 

-

7.6 

-

6.8 
-6.7 

-

7.8 
-8.0 -8.5 -8.1 

-

8.3 
-7.6 -8.1 -6.7 -6.7 -4.6 -6.4 

PM
-33 

-3.9 
-

4.0 
-

5.9 
-

6.2 
-5.3 -8.1 

-
8.5 

-
7.5 

-6.6 
-

9.1 
-8.3 -8.9 -8.7 

-
8.5 

-8.7 -9.1 -7.0 -7.0 -5.5 -8.1 

PM

-34 
-4.1 

-

2.2 

-

5.1 

-

5.6 
-4.9 -6.0 

-

5.0 

-

6.2 
-4.8 

-

6.8 
-7.0 -6.5 -5.1 

-

7.3 
-6.5 -6.7 -6.7 -4.8 -4.8 -5.8 

PM

-35 
-4.8 

-

3.2 

-

4.3 

-

4.0 
-5.6 -4.5 

-

4.8 

-

5.4 
-5.6 

-

3.1 
-7.0 -5.9 -7.3 

-

6.1 
-7.3 -5.3 -6.6 -4.6 -3.7 -5.4 

PM
-36 

-4.4 
-

4.4 
-

6.1 
-

4.3 
-5.6 -3.9 

-
6.2 

-
5.3 

-5.1 
-

4.8 
-7.0 -7.7 -7.8 

-
7.3 

-6.6 -7.1 -6.7 -6.6 -4.8 -6.2 

PM

-37 
-1.3 

-

4.5 

-

7.0 

-

7.3 
-6.2 -6.9 

-

7.8 

-

8.1 
-7.1 

-

6.7 
-7.5 -8.8 -7.9 

-

7.5 
-8.8 -8.6 -6.7 -6.3 -4.6 -6.8 

PM

-38 
-4.9 

-

4.4 

-

7.4 

-

7.2 
-6.8 -7.4 

-

7.4 

-

7.7 
-7.0 

-

7.0 
-7.6 -7.6 -8.0 

-

8.8 
-8.0 -9.2 -7.4 -8.2 -5.5 -7.1 

PM
-39 

-6.7 
-

4.5 
-

7.2 
-

7.2 
-5.9 -7.0 

-
8.8 

-
8.1 

-7.6 
-

7.1 
-7.9 -8.1 -8.6 

-
8.1 

-8.5 -8.8 -8.3 -8.3 -5.1 -7.0 

PM

-40 
-4.8 

-

4.4 

-

5.9 

-

4.3 
-4.7 -1.9 

-

6.5 

-

6.6 
-6.8 

-

6.9 
-7.0 -6.7 -7.7 

-

7.4 
-6.5 -8.7 -6.6 -6.5 -5.4 -7.5 

PM

-41 
-5.6 

-

4.3 

-

5.7 

-

4.2 
-2.3 -6.0 

-

6.5 

-

6.3 
-6.2 

-

8.1 
-5.6 -6.6 -6.2 

-

7.0 
-7.6 -8.8 -6.7 -6.5 -4.8 -7.3 

PM
-42 

-4.7 
-

2.2 
-

7.2 
-

6.5 
-4.1 -3.8 

-
7.3 

-
6.6 

-3.9 
-

5.7 
-7.1 -5.5 -6.0 

-
6.9 

-7.9 -6.1 -6.7 -6.5 -6.6 -6.2 

PM

-43 
-4.8 

-

2.4 

-

6.2 

-

3.8 
-5.6 -5.4 

-

7.6 

-

5.1 
-7.0 

-

6.8 
-1.7 -3.4 -7.9 

-

6.1 
-5.9 -5.4 -6.6 -6.6 -4.8 -4.9 

PM

-44 
-4.1 

-

2.3 

-

5.5 

-

4.7 
-5.5 -6.8 

-

6.3 

-

6.5 
-4.4 

-

6.8 
-7.0 -3.2 -6.6 

-

5.5 
-5.5 -4.7 -6.6 -6.5 -4.1 -4.8 

PM
-45 

-5.8 
-

2.7 
-

4.4 
-

5.9 
-5.5 -5.4 

-
4.1 

-
7.0 

-3.3 
-

6.8 
-7.0 -7.8 -7.8 

-
5.0 

-6.6 -5.8 -6.6 -6.6 -4.8 -5.0 
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PM

-46 
-4.7 

-

3.1 

-

5.2 

-

4.1 
-5.5 -3.0 

-

6.2 

-

3.9 
-3.9 

-

1.1 
-1.8 -5.8 -4.4 

-

6.9 
-6.8 -5.3 -6.6 -6.5 -2.3 -5.4 

PM

-47 
-4.8 

-

1.4 

-

5.5 

-

4.5 
-3.1 -5.8 

-

6.3 

-

6.9 
-3.5 

-

1.8 
-3.6 -5.4 -5.9 

-

6.7 
-5.4 -7.9 -6.6 -6.5 -3.3 -6.3 

PM
-48 

-3.8 
-

4.4 
-

6.8 
-

5.0 
-5.5 -2.8 

-
6.0 

-
6.5 

-4.6 
-

6.1 
-2.1 -6.1 -5.4 

-
5.8 

-6.3 -7.7 -6.7 -6.5 -2.6 -5.8 

PM

-49 
-3.4 

-

5.1 

-

7.7 

-

6.8 
-5.7 -6.8 

-

7.3 

-

8.1 
-9.2 

-

6.1 
-8.5 -7.9 -6.7 

-

8.8 
-8.1 -8.8 -5.6 -5.2 -5.5 -7.8 

PM

-50 
-4.8 

-

4.4 

-

4.4 

-

5.0 
-4.9 -4.7 

-

4.8 

-

6.0 
-4.9 

-

4.7 
-6.3 -4.4 -5.1 

-

5.2 
-4.3 -4.9 -6.6 -4.9 -4.8 -5.7 

PM
-51 

-4.7 
-

4.4 
-

6.3 
-

7.9 
-4.9 -7.6 

-
7.0 

-
7.1 

-6.7 
-

6.2 
-7.1 -8.7 -8.7 

-
8.8 

-8.7 -8.8 -8.9 -8.6 -5.5 -7.9 

PM

-52 
-5.0 

-

4.7 

-

7.1 

-

6.8 
-6.5 -7.2 

-

8.0 

-

8.0 
-7.9 

-

7.1 
-8.6 -8.9 -8.9 

-

8.7 
-6.2 -4.9 -6.9 -6.1 -4.2 -6.5 

PM

-53 
-6.8 

-

4.7 

-

6.8 

-

7.1 
-6.7 -7.1 

-

7.5 

-

7.5 
-7.3 

-

6.4 
-8.2 -8.8 -9.1 

-

8.7 
-5.8 -8.8 -8.8 -8.8 -4.9 -7.2 

PM
-54 

-4.8 
-

4.4 
-

7.9 
-

7.3 
-5.8 -8.2 

-
7.7 

-
6.5 

-7.3 
-

8.1 
-6.9 -8.7 -8.9 

-
9.0 

-8.9 -6.6 -5.7 -3.5 -4.9 -6.5 

PM

-55 
-5.7 

-

6.4 

-

6.3 

-

5.4 
-5.6 -6.1 

-

4.8 

-

5.2 
-6.2 

-

5.2 
-4.6 -6.5 -4.1 

-

4.5 
-5.8 -4.8 -3.9 -3.7 -4.9 -5.8 

PM

-56 
-4.8 

-

4.8 

-

6.9 

-

6.9 
-4.8 -6.7 

-

6.7 

-

7.4 
-7.3 

-

6.0 
-7.3 -7.7 -7.5 

-

7.4 
-7.4 -7.0 -4.6 -4.6 -5.8 -6.6 

PM
-57 

-1.2 
-

4.8 
-

7.5 
-

7.3 
-4.5 -7.1 

-
7.6 

-
8.2 

-7.3 
-

6.3 
-7.3 -9.4 -8.1 

-
8.0 

-7.8 -8.9 -7.1 -7.0 -5.0 -7.1 

PM

-58 
-6.7 

-

5.9 

-

4.9 

-

5.6 
-4.1 -5.6 

-

4.7 

-

5.6 
-5.5 

-

4.4 
-5.4 -4.7 -6.6 

-

4.8 
-4.8 -5.1 -3.3 -4.3 -5.2 -4.1 

PM

-59 
-6.9 

-

4.8 

-

6.5 

-

6.5 
-5.5 -7.1 

-

7.2 

-

7.3 
-6.8 

-

8.3 
-8.3 -8.6 -8.0 

-

8.7 
-7.9 -6.3 -6.5 -6.7 -5.1 -8.1 

PM
-60 

-4.7 
-

4.5 
-

6.3 
-

6.2 
-7.4 -6.8 

-
8.2 

-
7.1 

-6.7 
-

6.5 
-7.5 -7.9 -8.2 

-
8.1 

-8.4 -8.9 -7.0 -6.8 -4.8 -8.0 

PM

-61 
-4.8 

-

4.2 

-

6.9 

-

5.6 
-4.9 -6.1 

-

6.2 

-

8.2 
-7.4 

-

6.6 
-5.8 -6.6 -8.1 

-

8.0 
-8.1 -7.8 -6.2 -6.4 -3.4 -6.8 

PM

-62 
-3.4 

-

4.0 

-

6.0 

-

5.9 
-4.7 -7.1 

-

6.7 

-

7.7 
-6.0 

-

8.0 
-7.1 -7.4 -7.8 

-

7.8 
-8.2 -7.9 -5.2 -5.5 -4.2 -6.9 

PM
-63 

-4.8 
-

3.9 
-

6.1 
-

6.1 
-6.0 -6.4 

-
7.7 

-
7.0 

-6.9 
-

7.3 
-6.6 -7.8 -8.4 

-
9.3 

-8.8 -8.0 -6.0 -5.8 -5.7 -7.5 

PM

-64 
-4.5 

-

5.2 

-

6.0 

-

6.3 
-5.5 -7.8 

-

8.0 

-

8.1 
-7.7 

-

6.5 
-7.0 -7.8 -8.9 

-

8.9 
-8.7 -9.1 -8.1 -8.0 -5.4 -7.0 

PM

-65 
-4.3 

-

4.4 

-

7.1 

-

6.9 
-5.4 -7.8 

-

7.4 

-

7.7 
-7.4 

-

7.4 
-7.7 -8.7 -8.0 

-

8.8 
-9.5 -8.6 -7.7 -7.8 -4.9 -6.9 

PM
-66 

-5.8 
-

4.6 
-

7.1 
-

7.1 
-7.8 -8.1 

-
7.5 

-
8.1 

-8.3 
-

7.9 
-8.0 -8.6 -9.1 

-
9.2 

-8.6 -8.0 -8.5 -8.6 -4.9 -6.6 

PM

-67 
-4.2 

-

4.5 

-

6.4 

-

7.2 
-6.0 -5.9 

-

8.5 

-

7.4 
-7.3 

-

5.6 
-7.7 -7.4 -8.1 

-

9.7 
-9.4 -9.6 -7.7 -7.8 -5.8 -6.7 

PM

-68 
-3.0 

-

4.4 

-

6.6 

-

7.1 
-5.2 -6.3 

-

6.6 

-

7.8 
-7.4 

-

7.2 
-7.0 -7.9 -8.4 

-

7.9 
-8.9 -8.0 -7.2 -2.2 -5.8 -6.8 

PM
-69 

-4.6 
-

4.7 
-

6.7 
-

6.7 
-6.7 -7.0 

-
7.6 

-
7.8 

-6.9 
-

5.6 
-7.6 -7.2 -5.2 

-
9.1 

-7.9 -8.9 -6.8 -6.6 -5.4 -6.6 

PM

-70 
-4.8 

-

4.9 

-

7.1 

-

6.9 
-6.1 -8.5 

-

8.2 

-

8.5 
-7.6 

-

8.0 
-9.0 -8.6 -8.8 

-

5.6 
-8.3 -9.1 -7.9 -8.1 -5.7 -7.5 

PM

-71 
-3.8 

-

4.3 

-

7.0 

-

6.7 
-5.3 -8.0 

-

7.5 

-

8.1 
-6.6 

-

7.5 
-8.1 -8.5 -7.9 

-

7.1 
-7.6 -8.5 -7.9 -7.8 -5.1 -7.7 

PM
-72 

-4.5 
-

4.4 
-

6.6 
-

6.7 
-6.4 -7.3 

-
8.1 

-
7.6 

-7.6 
-

7.7 
-8.0 -8.8 -7.8 

-
8.5 

-8.4 -8.4 -6.8 -7.1 -5.5 -7.3 

PM

-73 
-4.8 

-

3.7 

-

4.9 

-

5.0 
-4.5 -6.1 

-

6.4 

-

5.9 
-5.9 

-

5.9 
-6.9 -6.5 -7.0 

-

8.2 
-7.6 -6.7 -3.3 -3.8 -4.0 -5.5 

PM

-74 
-4.0 

-

4.1 

-

5.4 

-

5.9 
-5.4 -8.0 

-

7.4 

-

6.7 
-8.2 

-

8.3 
-6.0 -8.2 -8.0 

-

8.3 
-7.7 -7.8 -6.7 -6.7 -5.1 -6.8 

PM
-75 

-3.9 
-

3.5 
-

6.5 
-

6.5 
-5.6 -6.0 

-
8.2 

-
7.3 

-6.0 
-

6.4 
-6.6 -8.6 -7.3 

-
8.5 

-8.3 -8.1 -6.3 -6.8 -4.5 -6.0 

PM

-76 
-3.5 

-

4.2 

-

7.2 

-

6.2 
-7.3 -8.3 

-

7.8 

-

7.8 
-8.2 

-

6.3 
-7.3 -7.7 -8.2 

-

5.5 
-8.6 -8.6 -3.6 -3.8 -4.3 -7.4 

PM

-77 
-4.0 

-

4.6 

-

7.0 

-

7.1 
-5.8 -7.1 

-

8.1 

-

7.0 
-8.1 

-

6.4 
-7.2 -8.4 -8.2 

-

8.3 
-8.8 -8.2 -6.4 -6.4 -4.5 -7.0 

PM
-78 

-5.1 
-

4.7 
-

6.4 
-

6.5 
-5.9 -6.9 

-
7.7 

-
7.1 

-6.7 
-

6.6 
-8.2 -8.7 -9.2 

-
9.1 

-8.7 -8.8 -4.6 -5.4 -5.6 -7.3 

PM

-79 
-4.8 

-

1.8 

-

4.8 

-

5.5 
-2.4 -7.1 

-

5.6 

-

7.5 
-6.3 

-

5.9 
-5.6 -6.3 -7.4 

-

5.6 
-7.3 -7.4 -6.6 -6.5 -1.8 -7.1 

PM

-80 
-5.3 

-

2.8 

-

5.9 

-

5.0 
-4.9 -5.8 

-

7.4 

-

7.1 
-5.7 

-

5.1 
-5.0 -8.1 -6.7 

-

6.7 
-8.2 -6.5 -6.7 -6.5 1.0 -6.4 

PM
-81 

-4.7 
-

3.0 
-

7.6 
-

5.7 
-4.3 -5.7 

-
6.9 

-
6.8 

-6.0 
-

3.0 
-6.6 -8.1 -7.2 

-
7.6 

-7.5 -6.9 -5.2 -5.2 -4.8 -5.6 

PM

-82 
-5.8 

-

0.5 

-

2.3 

-

1.0 
-0.7 -7.7 

-

6.6 

-

0.6 
-1.3 

-

6.8 
-7.0 -6.4 -7.8 

-

8.1 
-4.9 -3.0 -6.6 -6.6 -1.0 -5.7 

PM

-83 
-4.8 

-

2.7 

-

3.2 

-

2.7 
-5.5 -6.6 

-

5.9 

-

4.9 
-3.3 

-

3.4 
-7.0 -7.8 -7.8 

-

6.1 
-5.3 -6.5 -4.9 -5.0 -4.8 -6.0 

PM
-84 

-6.1 
-

1.4 
-

5.0 
-

4.7 
-5.5 -7.0 

-
6.0 

-
6.1 

-5.7 
-

1.8 
-7.3 -7.0 -6.3 

-
7.5 

-8.1 -7.4 -6.7 -6.5 -3.1 -7.1 

PM

-85 
-4.4 

-

2.4 

-

3.5 

-

3.6 
-3.3 -6.0 

-

4.7 

-

6.1 
-5.6 

-

0.9 
-2.3 -4.7 -6.3 

-

6.1 
-5.5 -4.4 -6.6 -6.6 -4.8 -5.7 

PM

-86 
-5.7 

-

2.8 

-

5.3 

-

3.7 
-5.8 -3.6 

-

6.5 

-

6.3 
-5.7 

-

4.3 
-5.6 -6.7 -6.4 

-

5.6 
-6.6 -8.0 -6.7 -3.4 -3.7 -4.9 

PM
-87 

-4.8 
-

4.4 
-

5.4 
-

5.1 
-3.3 -3.0 

-
6.4 

-
5.2 

-5.2 
-

6.6 
-6.5 -6.0 -6.7 

-
7.3 

-6.4 -7.4 -6.6 -6.5 -3.3 -5.2 

PM

-88 
-5.5 

-

4.9 

-

7.0 

-

6.8 
-7.6 -7.7 

-

8.0 

-

7.9 
-7.3 

-

6.8 
-7.9 -8.7 -8.8 

-

9.2 
-8.7 -8.8 -7.3 -6.5 -5.0 -6.5 

PM

-89 
-5.0 

-

3.9 

-

7.6 

-

7.3 
-6.1 -7.8 

-

7.6 

-

8.0 
-6.8 

-

6.5 
-6.4 -9.0 -7.8 

-

8.9 
-8.0 -4.5 -7.8 -7.8 -4.9 -7.7 

PM
-90 

-6.9 
-

4.1 
-

7.7 
-

7.1 
-6.7 -7.7 

-
8.8 

-
8.0 

-7.3 
-

8.1 
-7.4 -9.2 -8.4 

-
9.0 

-8.6 -8.5 -6.7 -7.0 -5.5 -6.8 

PM

-91 
-4.5 

-

2.8 

-

6.5 

-

6.5 
-5.4 -6.7 

-

7.0 

-

7.3 
-6.3 

-

5.5 
-8.0 -8.4 -7.0 

-

8.2 
-7.5 -8.0 -6.2 -5.6 -5.2 -7.2 

PM

-92 
-3.3 

-

4.0 

-

6.7 

-

6.8 
-7.2 -7.4 

-

7.7 

-

7.3 
-6.9 

-

5.9 
-7.2 -8.8 -7.5 

-

7.7 
-7.6 -8.3 -5.8 -6.1 -5.9 -6.7 

PM
-93 

-5.8 
-

4.5 
-

6.6 
-

6.5 
-5.0 -5.7 

-
7.3 

-
7.2 

-5.7 
-

6.3 
-7.8 -8.4 -7.7 

-
8.2 

-8.9 -8.5 -6.6 -6.5 -5.8 -6.6 

PM

-94 
-4.8 

-

4.8 

-

6.4 

-

6.6 
-5.3 -7.5 

-

8.4 

-

8.2 
-7.4 

-

9.3 
-8.1 -9.2 -7.8 

-

8.0 
-8.5 -9.1 -6.3 -6.3 -4.5 -7.2 
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PM

-95 
-5.1 

-

3.7 

-

7.2 

-

7.1 
-6.8 -6.4 

-

8.9 

-

7.6 
-7.6 

-

7.9 
-7.9 -7.9 -8.0 

-

7.6 
-7.6 -8.4 -7.1 -7.0 -5.2 -7.2 

PM

-96 
-4.7 

-

4.1 

-

6.6 

-

6.7 
-5.8 -6.5 

-

7.3 

-

7.4 
-7.7 

-

8.6 
-7.8 -9.2 -8.2 

-

8.2 
-8.9 -8.6 -8.2 -8.2 -5.3 -8.1 

PM
-97 

-4.7 
-

3.9 
-

5.6 
-

5.9 
-4.2 -5.5 

-
6.6 

-
6.1 

-6.1 
-

5.9 
-5.9 -6.7 -6.9 

-
7.5 

-7.0 -7.3 -6.6 -6.5 -3.0 -5.8 

PM

-98 
-1.0 

-

4.1 

-

6.7 

-

5.8 
-4.9 -8.3 

-

7.5 

-

6.5 
-6.3 

-

7.8 
-7.7 -8.8 -7.6 

-

8.9 
-7.8 -8.2 -7.4 -6.7 -4.6 -6.2 

PM

-99 
-4.8 

-

3.9 

-

6.1 

-

6.4 
-4.4 -8.1 

-

8.0 

-

8.6 
-7.2 

-

6.4 
-7.3 -8.4 -8.4 

-

9.5 
-8.5 -8.3 -7.3 -7.3 -5.0 -6.0 

PM

-
100 

-5.7 
-

5.1 

-

6.3 

-

7.2 
-6.1 -5.9 

-

6.1 

-

7.0 
-6.1 

-

5.9 
-6.7 -6.8 -7.3 

-

7.5 
-7.5 -7.2 -5.4 -5.4 -4.6 -5.7 

PM

-

101 

-5.2 
-

5.7 

-

6.5 

-

6.2 
-5.6 -6.4 

-

7.1 

-

7.3 
-6.0 

-

6.6 
-6.7 -8.3 -8.2 

-

8.6 
-8.4 -7.3 -8.1 -8.1 -5.0 -5.7 

PM

-

102 

-5.7 
-

5.6 
-

6.2 
-

6.3 
-6.0 -6.8 

-
6.5 

-
6.8 

-6.9 
-

6.7 
-6.2 -7.3 -7.3 

-
7.6 

-7.9 -6.7 -7.7 -7.6 -5.0 -5.5 

PM

-

103 

-6.2 
-

4.4 
-

5.9 
-

5.5 
-5.7 -7.2 

-
7.4 

-
8.2 

-7.1 
-

8.4 
-8.8 -8.2 -7.7 

-
8.4 

-8.9 -6.8 -7.1 -7.7 -5.3 -6.8 

PM

-

104 

-4.6 
-

5.6 

-

6.3 

-

6.2 
-5.9 -7.3 

-

6.7 

-

7.2 
-6.7 

-

7.8 
-7.7 -8.4 -8.4 

-

7.9 
-8.7 -8.6 -8.2 -8.2 -5.2 -5.8 

PM
-

105 

-4.1 
-

4.7 

-

6.1 

-

6.5 
-6.0 -7.2 

-

6.4 

-

7.4 
-6.5 

-

7.9 
-6.8 -7.8 -8.4 

-

7.8 
-8.4 -8.1 -7.8 -7.6 -4.4 -6.0 

PM
-

106 

-3.6 
-

6.1 

-

5.1 

-

4.2 
-4.3 -6.1 

-

5.7 

-

7.5 
-5.8 

-

5.8 
-6.6 -7.8 -7.5 

-

8.1 
-8.2 -7.4 -6.9 -7.0 -3.9 -5.4 

PM

-
107 

-4.3 
-

3.8 

-

5.6 

-

5.2 
-5.2 -6.2 

-

5.9 

-

6.8 
-5.9 

-

6.5 
-6.4 -7.4 -7.2 

-

7.9 
-7.9 -7.8 -7.4 -7.4 -4.8 -4.7 

PM

-
108 

-5.3 
-

5.5 

-

5.8 

-

5.7 
-5.8 -6.5 

-

6.6 

-

6.7 
-6.3 

-

6.6 
-6.3 -7.8 -7.4 

-

8.0 
-8.1 -7.5 -7.7 -7.6 -5.0 -4.9 

PM

-
109 

-1.8 
-

5.0 

-

6.2 

-

6.0 
-5.8 -6.1 

-

6.1 

-

7.2 
-6.7 

-

7.4 
-6.5 -7.8 -6.5 

-

8.8 
-7.2 -8.6 -8.2 -7.6 -5.0 -6.0 

PM

-

110 

-2.3 
-

3.8 
-

6.0 
-

5.9 
-5.8 -6.5 

-
5.9 

-
7.8 

-5.8 
-

5.9 
-6.6 -8.5 -6.1 

-
8.6 

-8.4 -8.7 -7.2 -6.2 -4.9 -6.0 

PM

-

111 

-6.2 
-

4.4 
-

6.6 
-

6.0 
-6.6 -6.7 

-
6.5 

-
6.3 

-7.1 
-

5.8 
-7.0 -6.6 -7.8 

-
7.3 

-7.9 -7.9 -5.4 -5.3 -5.2 -5.4 

PM

-

112 

-3.6 
-

5.3 
-

6.4 
-

6.1 
-6.3 -7.4 

-
7.2 

-
7.8 

-7.2 
-

8.7 
-7.0 -8.1 -7.9 

-
8.4 

-8.2 -8.1 -8.1 -7.9 -5.4 -6.4 

PM

-

113 

-4.7 
-

4.5 

-

4.9 

-

5.8 
-4.6 -6.1 

-

6.0 

-

7.5 
-5.7 

-

6.5 
-7.6 -7.5 -8.1 

-

7.1 
-7.3 -8.2 -6.8 -5.3 -4.8 -4.6 

PM
-

114 

-5.1 
-

5.7 

-

6.3 

-

6.3 
-6.2 -6.6 

-

7.8 

-

6.9 
-6.8 

-

6.8 
-8.1 -8.1 -8.3 

-

8.0 
-8.1 -8.1 -8.3 -8.3 -4.9 -6.1 

PM
-

115 

-3.6 
-

5.3 

-

6.4 

-

6.1 
-6.3 -7.4 

-

7.2 

-

7.8 
-7.2 

-

8.7 
-7.0 -8.1 -7.9 

-

8.4 
-8.2 -8.1 -8.1 -7.9 -5.4 -6.4 

PM

-
116 

-4.7 
-

4.5 

-

4.9 

-

5.8 
-4.6 -6.1 

-

6.0 

-

7.5 
-5.7 

-

6.5 
-7.6 -7.5 -8.1 

-

7.1 
-7.3 -8.2 -6.8 -5.3 -4.8 -4.6 

PM

-
117 

-5.1 
-

5.7 

-

6.3 

-

6.3 
-6.2 -6.6 

-

7.8 

-

6.9 
-6.8 

-

6.8 
-8.1 -8.1 -8.3 

-

8.0 
-8.1 -8.1 -8.3 -8.3 -4.9 -6.1 

PM

-
118 

-4.8 
-

4.3 

-

6.1 

-

5.9 
-5.9 -6.6 

-

6.1 

-

7.4 
-6.3 

-

6.1 
-6.3 -6.4 -7.1 

-

7.8 
-7.7 -7.3 -6.2 -6.5 -6.0 -6.0 

PM

-

119 

-5.5 
-

5.4 
-

6.2 
-

6.4 
-5.3 -6.4 

-
6.0 

-
7.0 

-6.9 
-

7.1 
-6.5 -8.1 -8.4 

-
8.4 

-8.4 -7.6 -6.0 -3.8 -5.6 -5.8 

PM

-

120 

-5.5 
-

4.5 
-

6.1 
-

6.4 
-5.7 -6.8 

-
7.1 

-
6.8 

-7.5 
-

6.6 
-6.7 -8.3 -7.0 

-
7.2 

-8.8 -8.2 -6.9 -6.7 -5.0 -5.7 

PM

-

121 

-4.8 
-

4.7 
-

5.9 
-

6.3 
-6.3 -7.0 

-
7.5 

-
8.5 

-6.8 
-

8.2 
-8.5 -8.1 -7.4 

-
8.5 

-7.8 -5.2 -3.6 -7.8 -4.6 -5.9 

PM

-

122 

-3.7 
-

5.1 

-

6.2 

-

6.2 
-5.1 -7.5 

-

6.5 

-

7.8 
-7.5 

-

7.8 
-7.7 -7.5 -8.0 

-

7.9 
-8.2 -8.2 -6.8 -6.6 -4.6 -6.0 

PM
-

123 

-4.7 
-

4.4 

-

6.1 

-

5.8 
-6.4 -6.1 

-

6.4 

-

7.6 
-7.3 

-

6.8 
-7.1 -7.5 -8.4 

-

8.3 
-8.1 -8.3 -6.7 -6.5 -5.8 -6.0 

PM
-

124 

-4.5 
-

3.9 

-

4.4 

-

3.7 
-5.5 -5.7 

-

5.4 

-

7.4 
-5.8 

-

7.7 
-5.1 -7.4 -8.1 

-

6.4 
-7.6 -8.1 -6.7 -6.6 -2.5 -4.1 

PM

-
125 

-4.9 
-

3.5 

-

5.8 

-

5.7 
-5.6 -7.3 

-

6.7 

-

6.5 
-6.9 

-

6.7 
-6.8 -7.7 -7.7 

-

8.3 
-8.2 -7.8 -7.4 -7.3 -4.6 -5.3 

PM

-
126 

-5.0 
-

4.2 

-

5.5 

-

5.5 
-5.5 -6.7 

-

6.2 

-

6.3 
-6.1 

-

5.6 
-6.6 -7.3 -7.6 

-

8.0 
-7.5 -7.8 -4.2 -3.1 -4.5 -5.6 

PM

-
127 

-4.2 
-

5.5 

-

6.3 

-

6.3 
-6.1 -7.8 

-

7.4 

-

8.6 
-7.8 

-

8.7 
-7.5 -7.3 -8.5 

-

8.9 
-8.9 -8.4 -5.9 -4.0 -5.0 -6.1 

PM

-

128 

-6.3 
-

6.0 
-

6.3 
-

6.3 
-5.3 -6.9 

-
8.2 

-
6.5 

-7.2 
-

8.4 
-8.6 -7.5 -8.5 

-
8.2 

-8.1 -8.6 -6.8 -6.7 -5.2 -6.3 

PM

-

129 

-6.5 
-

5.4 
-

6.4 
-

6.3 
-5.3 -7.1 

-
6.4 

-
6.2 

-7.0 
-

8.2 
-8.4 -7.1 -8.5 

-
7.9 

-8.6 -8.6 -6.9 -6.9 -5.7 -6.5 

PM

-

130 

-3.4 
-

4.0 
-

4.3 
-

3.8 
-2.8 -6.3 

-
5.3 

-
6.8 

-4.9 
-

5.6 
-4.3 -7.1 -6.9 

-
7.5 

-7.1 -7.7 -4.8 -4.8 -3.3 -4.6 

PM

-

131 

-5.4 
-

6.0 

-

5.4 

-

5.4 
-5.9 -7.0 

-

6.6 

-

6.0 
-7.2 

-

6.2 
-6.1 -7.6 -7.5 

-

8.3 
-8.1 -7.7 -7.5 -7.5 -4.9 -5.4 

PM
-

132 

-6.0 
-

5.3 

-

5.4 

-

4.8 
-6.3 -6.2 

-

6.5 

-

6.5 
-6.5 

-

7.9 
-7.1 -7.6 -7.9 

-

8.5 
-8.0 -8.3 -7.5 -7.2 -5.1 -5.8 
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PM
-

133 

-4.8 
-

4.3 

-

6.3 

-

6.5 
-6.2 -7.1 

-

7.8 

-

8.5 
-7.1 

-

7.1 
-8.4 -8.3 -7.9 

-

7.8 
-8.7 -8.4 -5.9 -5.8 -4.8 -6.2 

PM

-
134 

-6.1 
-

5.6 

-

6.3 

-

5.9 
-5.3 -7.1 

-

8.1 

-

6.1 
-7.3 

-

8.3 
-8.0 -8.3 -8.3 

-

7.7 
-7.7 -8.5 -6.6 -6.7 -6.2 -6.0 

PM

-
135 

-6.2 
-

5.5 

-

6.3 

-

5.8 
-6.2 -7.1 

-

6.3 

-

6.4 
-7.4 

-

8.3 
-8.1 -8.1 -8.3 

-

7.9 
-8.6 -8.6 -6.5 -6.6 -6.6 -6.2 

PM

-
136 

-0.2 
-

3.7 

-

4.9 

-

4.9 
-4.8 -5.8 

-

5.7 

-

5.7 
-5.5 

-

7.6 
-5.0 -8.1 -7.9 

-

8.1 
-8.2 -8.3 -4.7 -2.3 -3.9 -4.7 

PM

-

137 

-5.7 
-

5.2 
-

5.4 
-

5.5 
-5.6 -6.8 

-
6.1 

-
5.8 

-6.4 
-

6.8 
-6.3 -7.8 -7.9 

-
8.5 

-8.2 -7.6 -6.6 -6.5 -5.2 -5.6 

PM

-

138 

-5.9 
-

4.8 
-

5.3 
-

5.7 
-5.8 -7.1 

-
6.2 

-
7.4 

-6.2 
-

7.5 
-6.2 -7.7 -7.4 

-
8.5 

-7.8 -8.2 -7.3 -7.2 -5.4 -5.5 

PM

-

139 

-6.2 
-

6.1 
-

6.3 
-

5.9 
-5.5 -8.0 

-
8.0 

-
7.5 

-7.5 
-

8.1 
-8.5 -8.2 -8.2 

-
8.0 

-8.7 -8.3 -7.0 -7.1 -5.2 -6.4 

PM

-

140 

-4.8 
-

4.4 

-

6.0 

-

5.8 
-5.5 -6.8 

-

7.0 

-

7.1 
-6.6 

-

6.8 
-7.0 -7.8 -7.8 

-

8.1 
-8.0 -8.1 -6.7 -6.6 -4.8 -6.3 

PM
-

141 

-6.7 
-

5.6 

-

6.4 

-

6.2 
-6.2 -7.9 

-

8.1 

-

8.0 
-7.5 

-

7.6 
-8.7 -7.7 -7.4 

-

8.1 
-7.9 -9.0 -7.1 -7.1 -5.2 -6.5 

PM
-

142 

-4.4 
-

3.7 

-

4.8 

-

3.5 
-4.6 -6.1 

-

5.7 

-

8.2 
-6.2 

-

8.5 
-5.9 -8.3 -8.2 

-

6.9 
-8.2 -8.1 -6.6 -6.5 -3.4 -4.1 

PM

-
143 

-5.6 
-

6.2 

-

5.8 

-

5.5 
-5.9 -6.8 

-

7.2 

-

7.6 
-6.4 

-

7.3 
-7.1 -8.0 -7.9 

-

8.5 
-8.1 -7.9 -7.5 -7.4 -4.8 -5.5 

PM

-
144 

-5.8 
-

6.2 

-

5.5 

-

5.7 
-5.9 -7.2 

-

7.1 

-

6.5 
-6.9 

-

6.5 
-7.5 -7.5 -8.0 

-

8.4 
-7.9 -8.1 -7.3 -7.3 -5.5 -5.4 

PM

-
145 

-4.8 
-

4.2 

-

4.1 

-

4.2 
-4.6 -6.2 

-

6.3 

-

6.3 
-6.5 

-

4.1 
-5.3 -7.7 -8.3 

-

8.6 
-8.1 -8.0 -6.7 -6.5 -4.1 -5.3 

PM

-

146 

-4.9 
-

3.4 
-

4.8 
-

5.0 
-3.9 -6.1 

-
6.6 

-
8.2 

-6.1 
-

6.9 
-8.4 -7.3 -6.0 

-
8.9 

-8.5 -8.0 -6.7 -6.5 -2.5 -6.1 

PM

-

147 

-6.1 
-

4.0 
-

5.0 
-

5.1 
-5.7 -6.6 

-
7.1 

-
7.3 

-6.4 
-

7.9 
-7.3 -4.5 -8.4 

-
5.3 

-3.1 -4.1 -7.1 -7.3 -5.0 -6.4 

PM

-

148 

-1.8 
-

3.0 
-

3.6 
-

2.8 
-1.4 -5.1 

-
5.8 

-
6.9 

-5.9 
-

4.1 
-3.6 -7.2 -7.5 

-
8.0 

-8.2 -7.6 -3.8 -6.5 -2.9 -4.4 

PM

-

149 

-5.5 
-

5.1 

-

5.2 

-

5.0 
-5.3 -7.5 

-

7.5 

-

6.6 
-7.3 

-

6.3 
-7.1 -7.9 -7.6 

-

8.3 
-7.8 -7.6 -7.8 -7.8 -5.0 -5.8 

PM
-

150 

-6.0 
-

4.2 

-

5.4 

-

5.5 
-5.2 -7.6 

-

6.9 

-

8.1 
-7.4 

-

6.8 
-6.6 -7.9 -7.7 

-

8.1 
-8.0 -7.5 -7.1 -7.2 -5.2 -5.8 

PM
-

151 

-4.5 
-

3.6 

-

3.5 

-

3.5 
-3.6 -5.6 

-

5.3 

-

5.6 
-4.9 

-

5.1 
-4.9 -7.3 -8.0 

-

7.6 
-8.1 -7.8 -6.7 -6.5 -2.8 -3.8 

PM

-
152 

-5.8 
-

4.7 

-

5.2 

-

4.8 
-5.4 -7.5 

-

6.8 

-

6.6 
-7.0 

-

7.3 
-8.1 -7.8 -8.1 

-

8.3 
-8.3 -7.5 -8.0 -8.0 -5.5 -5.6 

PM

-
153 

-5.7 
-

4.8 

-

5.3 

-

5.4 
-5.7 -7.4 

-

6.9 

-

8.1 
-7.2 

-

7.9 
-7.2 -7.9 -8.1 

-

8.2 
-8.2 -7.8 -7.9 -8.0 -5.9 -6.0 



 

 

Table S7 Effects of PM-55 and PM-58 alternative molecules on inhibiting E. coli VGT 

Subunit A mutant protein PM PM-55 
Change range 

PM-58 
Change range 

(%) (%) 

51-VAL -4.5 -5.7 26.67 -6.7 48.89 

67-SER -4 -6.4 60.00 -5.9 47.50 

81-ASP -3.5 -6.3 80.00 -4.9 40.00 

81-CYS -3.4 -5.4 58.82 -5.6 64.71 

82-GLY -3.6 -5.6 55.56 -4.1 13.89 

83-ALA -4.2 -6.1 45.24 -5.6 33.33 

83-LEU -3.3 -4.8 45.45 -4.7 42.42 

83-TRP -4.6 -5.2 13.04 -5.6 21.74 

83-VAL -4.2 -6.2 47.62 -5.5 30.95 

84-PRO -2.9 -5.2 79.31 -4.4 51.72 

84-VAL -3.3 -4.6 39.39 -5.4 63.64 

87-ASN -4.3 -6.5 51.16 -4.7 9.30 

87-GLY -2.1 -4.1 95.24 -6.6 214.29 

87-HIS -4.1 -4.5 9.76 -4.8 17.07 

87-TYR -3.7 -5.8 56.76 -4.8 29.73 

87-VAL -2.9 -4.8 65.52 -5.1 75.86 

106-ARG -1.7 -3.9 129.41 -3.3 94.12 

106-HIS -3.2 -3.7 15.63 -4.3 34.38 

678-GLU -4.2 -4.9 16.67 -5.2 23.81 

828-SER -3.2 -5.8 81.25 -4.1 28.13 

 



 

 

Table S8 Environmental friendliness and functional assessment of QNs analog molecules 

QNs 

Environmental friendliness Functionality 

logt1/2 

Change range 

(%) 

logKow 

Change range 

(%) 

pLOEC 

Change range 

(%) 

Activity value 2.730 - 1.385 - 7.271 - 

PM-55 2.199 -19.45 0.567 -59.06 7.430 2.19 

PM-58 2.041 -25.24 0.857 -38.12 8.039 10.56 

 

Table S9 Comparison of non-covalent interactions between QNs before and after modification and subunit A 

mutant protein (87-VAL) 

Binding system of PM with mutant protein Binding system of PM-58 with mutant protein 

Type of forces Number of 

forces 

Average bond 

length (Å) 

Percentage 

(%) 

Type of forces Number of 

forces 

Average bond 

length (Å) 

Percentage 

(%) 

Hydrogen Bonds 6 2.79 42.86 Hydrogen Bonds 7 2.76 36.84 

Hydrophobic Bonds 4 2.49 28.57 Hydrophobic Bonds 6 2.56 31.58 

Cation-π Bonds 1 4.08 7.14 Halogen Bonds 1 3.07 5.26 

Alkyl Hydrogen 

Bonds 

1 4.24 7.14 Cation-π Bonds 1 4.30 5.26 

Alkyl-π Interactions 1 4.97 7.14 Pi-Donor Hydrogen 

Bond 

2 3.69 10.53 

    Alkyl Hydrogen 

Bonds 

1 4.29 5.26 

Forces favoring 

binding 

13 2.87 92.86 Forces favoring 

binding 

18 3.06 94.74 

Forces hindering 

binding 

1 2.97 7.14 Forces hindering 

binding 

1 2.33 5.26 

Hydrophilic polar 

bond 

6 2.88 42.86 

Hydrophilic polar 

bond 

7 3.51 36.84 

Hydrophobic 

nonpolar bond 

7 3.25 50.00 Hydrophobic 

nonpolar bond 

11 2.56 52.63 

 

  



 

 

Table S10 Changes in non-covalent interactions between PM-58 and mutant protein of subunit A of E. coli under 

drug combination scheme 

Blank control group Drug combination scheme system (Colistin sulfate-E) 

Type of 

forces 

Number of 

forces 

Average bond 

length (Å) 

Percentage (%) Type of 

forces 

Number of forces Average bond 

length (Å) 

Percentage (%) 

Hydrogen 

Bonds 

5 2.6 62.50 Hydrogen 

Bonds 

3 2.16 60.00 

π-π 

Interactions 

1 5.62 12.50 Pi-Donor 

Hydrogen 

Bond 

1 4.16 20.00 

Alkyl-π 

Interactions 

1 4.53 12.50 Alkyl-π 

Interactions 

1 4.99 20.00 

Forces 

hindering 

binding 

1 1.08 12.50     

Forces 

favoring 

binding 

7 3.31 87.50 Forces 

favoring 

binding 

5 3.13 100.00 

Hydrophilic 

polar bond 

7 3.71 87.50 Hydrophilic 

polar bond 

4 2.66 80.00 

Hydrophobic 

nonpolar 

bond 

1 2.74 12.50 Hydrophobic 

nonpolar 

bond 

1 4.99 20.00 
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