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Table S1. Minimum inhibitory concentrations against different A. baumannii strains.

MICs (ng/mL)
Compound ATCC ATCC 246-01- 248-01-
207 19606 17978 C.246 C.248

PMB; 0.5 0.25 0.25 0.25 0.25
[Ala!]-PMB; 256 512 64 128 256
[Ala2]-PMB; >512 >512 256 >512 >512
[Ala3]-PMB; 4 8 4 4 4
[Ala’]-PMB;3 >512 >512 >512 >512 >512
[Ala’]-PMB; 256 256 128 256 128
[Ala’]-PMB; 2 1 0.5 0.5 0.5
[Ala$]-PMB; 16 16 8 16 16
[Ala?]-PMB; >512 >512 256 256 >512
[Ala!®]-PMB; 1 1 1 1 0.5




SI Appendix
Synthesis of polymyxin B; and analogs
Polymyxin B;:

TFA salt was obtained in a yield of 76.6 | o D-Phe

1 L-Dab 3 L-Dab 5L-Dab

|
|
mg, retention time (tg) at 214 nm = 12.130 | o o N%
min (HPLC purity: 99.1%). ESI-MS |  Octanoy <Ho
: 2 L-Thr {J\r\ NHZ
|
|
|

analysis of peak at 12.13 min: m/z o LThr

(monoisotopic) [M+H]* 119020, "~~~ """ T TTTTTTTTTTToTTo oo oo
[M+2H]?" 595.85, [M+3H]*" 397.65. Calculated m/z (monoisotopic) for Polymyxin B;

(CssHogN14013) [M+H]* 1189.7, [M+2H]> 595.37, [M+3H]** 397.24.

[Ala']-Polymyxin B;:

analysis of peak at 12.69 min: m/z

TFA salt was obtained in a yield of 60.5 1 g\ epee ]
! 3L-Dab  5L-Dab I
! NH, o ! :
mg, retention time (tg) at 214 nm = | o e, H\;)LN;\(N |
i/\/\/\)LHJﬁ(H/HLH Hj/ ll:le A 7LLeui
12.693 min (purity: 99.1%). ESI-MS |  Octanoy © Ao © (.- o .
| & |
l l
| = |
| |
| |

(monoisotopic) ~ [M+H]*  1161.20, "~~~ """ TTTTTTTToTo oo mmmm e
[M+2H]?" 581.45, [M+3H]*" 388.05. Calculated m/z (monoisotopic) for [Ala!]-Polymyxin Bs

(Cs4Hg3N15013) [M+H]* 1160.71, [M+2H]*" 580.85, [M+3H]** 387.57.

[Ala?]-Polymyxin Bs:

TFA salt was obtained in a yield of 84.6 S A
| 1 L-Dab 3 L-Dab 5 L-Dab |

ion time (tg) at 214 12,065 | e e :

mg, retention time (tg) at nm=12.065 /\( |
:/\/\/\)L /g( /’irHj/ ¥NH2 HNIO\( Tloyy

min (HPLC purity: 99.1%). ESI-MS |  ocanox e (o y\ :
: 4 L-DabHNM N SNk, :

analysis of peak at 12.07 min: m/z | o sLDab |
| NH, |

! 9 L-Dab !

P

monoisotopic M+H]* 1160.20,
( pic) [



[M+2H]?* 580.90, [M+3H]** 387.70. Calculated m/z (monoisotopic) for [Ala?]-Polymyxin B;

(Cs;HogN 601) [M+H]* 1159.72, [M+2H]?* 580.36, [M+3H]3* 387.24.
[Ala%]-Polymyxin B;:

TFA salt was obtained in a yield of 68.2 S

1L-Dab 5L-Dab
NHy 3L-Ala

/\/\/\)OLN %{Hj 7 L-Leu

¥NHz HN™ 0

H
Octanoyl HO
2L-Thr
4 L-Dal b NHZ
NH,

mg, retention time (tg) at 214 nm = 12.408
min (HPLC purity: 98.7%). ESI-MS

analysis of peak at 12.408 min: m/z
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I

(monoisotopic) ~ [M+H]"  1161.20, "~~~ "~ TTTTTTTTTT oI oo T oI '
[M+2H]?" 581.40, [M+3H]*" 388.05. Calculated m/z (monoisotopic) for [Ala*]-Polymyxin Bs

(CssHo3N15015) [M+H]* 1160.71, [M+2H]?* 580.85, [M+3H]** 387.57.
[Ala’]-Polymyxin B;:

TFA salt was obtained in a yield of 49.0 | 6 D-Fhe

1L-Dab 3 L-Dab 5L-Ala

mg, retention time (tg) at 214 nm =

MS analysis of peak at 12.571 min: m/z
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12.571 min (HPLC purity: 98.9%). ESI- | Octanoy
|
|
|
|
|

(monoisotopic)  [M+H]*  1161.20, ~~ "~~~ """ TTTToTTo o T oo oo m e
[M+2H]?" 581.45, [M+3H]*" 388.05. Calculated m/z (monoisotopic) for [Ala’]-Polymyxin Bs

(Cs4Hg3N15013) [M+H]* 1160.71, [M+2H]*" 580.85, [M+3H]** 387.57.

[Ala‘]-Polymyxin Bs:

TFA salt was obtained in a yield of 36.8 o 110> _3153; sk Ea"— CeDma k
| |
| |

mg, retention time (tg) at 214 nm = | ~_~_~_L nyr ))L ﬁ(“y ¥N?2NI\( 7LLeu)
| 2 1
1 Octanoyl HO |

11.238 min (HPLC purity: 98.0%). ESI- | e { )i - |
I 8 L-Dab |

MS analysis of peak at 11.238 min: m/z | e NH, :
| |

(monoisotopic) [M+H]" 1114.20, [M+2H]*" 557.90, [M+3H]*" 372.35. Calculated m/z



(monoisotopic) for [Ala]-Polymyxin Bz (C49H9,N;6013) [M+H]" 1113.70, [M+2H]*" 557.35,

[M+3H]** 371.90.

[Ala’]-Polymyxin B;:

TFA salt was obtained in a yield of 41.0 ]

mg, retention time (tg) at 214 nm =
11.391 min (HPLC purity: 98.0%). ESI-
MS analysis of peak at 11.391 min: m/z
1148.20,

(monoisotopic) [M+H]*

1 L-Dab 3 L-Dab

NH,

/\/\/\i"‘ﬁfﬁ Jj\/HJ\/ ¥N;INI o

< HO,
2L-Thr
mj e
8 L-Dab
10 |_ Th
' NH,
9L-Dab

Y

[M+2H]?" 574.90, [M+3H]** 383.70. Calculated m/z (monoisotopic) for [Ala’]-Polymyxin B;

(Cs:HooN14013) [M+H]* 1147.69, [M+2H]2* 574.34, [M+3H]3+ 383.23.

[Ala8]-Polymyxin B;:

TFA salt was obtained in a yield of 45.0
mg, retention time (tg) at 214 nm =
12.398 min (HPLC purity: 97.7%). ESI-
MS analysis of peak at 12.398 min: m/z
1161.20,

(monoisotopic) [M+H]*

1L-Dab 3 L-Dab

NH2

10 L Thr
NH,

____________________________________

[M+2H]?" 581.40, [M+3H]*" 388.05. Calculated m/z (monoisotopic) for [Ala®]-Polymyxin Bs

(Cs4Hg3N15013) [M+H]* 1160.71, [M+2H]*" 580.85, [M+3H]** 387.57.

[Ala’]-Polymyxin Bs:

TFA salt was obtained in a yield of 65.3 ]

mg, retention time (tg) at 214 nm =
12.638 min (HPLC purity: 98.8%). ESI-

MS analysis of peak at 12.638 min: m/z

(monoisotopic) [M+H]" 1161.20, [M+2H]*" 581.45, [M+3H]** 388.05.
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(monoisotopic) for [Ala®]-Polymyxin B; (Cs4HosN15013) [M+H]* 1160.71, [M+2H]*" 580.85,

[M+3H]3* 387.57.

[Alajg]-Polymyxin B;:

2 L-Thr NH
4 L-Dab N NH
j‘/\H B
(6] 8 L-Dab
10 L-Ala

(monoisotopic)  [M+H]*  1160.15, ~~ -~~~ """ TTTToTTo oo oo T oo m et

MS analysis of peak at 12.167 min: m/z

TFA salt was obtained in a yield of 51.3 I oDPre |
| 1 L-Dab 3 L-Dab 5 L-Dab 1

ion time (tg) at 214 : e e i R Ak :

mg, retention time (tg) at nm = | o o Oy N N;YN |
:/\/\/\)ku/ﬁrwu/q/“j XFIEJHZ OHN:\CO\( 7 L-Leu:

12.167 min (HPLC purity: 98.8%). ESI- |  Octnoy ° Sow © (L g :
| HN : |

: ‘ :

| |

| |

| |

[M+2H]?" 580.95, [M+3H]** 387.70. Calculated m/z (monoisotopic) for [Ala!?]-Polymyxin B;

(Cs4Ho4N14012) [M+H]" 1159.72, [M+2H]** 580.36, [M+3H]** 387.24.

Figure S1. The equilibrated simulation box. Water shell is shown in transparent surface
model, the polymyxin molecule is displayed as blue spheres, and the bacterial outer membrane
is shown in gray spheres with pink phosphate groups. The lipid composition of the outer
membrane is shown for each membrane leaflet. PE, phosphatidylethanolamine; PG,

phosphatidylglycerol.



Sequence
0 1 2 3 4 5 6 7 8 9 10

PMB, FA Dab Thr Dab Dab Dab »Phe Leu Dab Dab Thr
[Ala']-PMB, Ala

[Ala?]-PMB, Ala

[Ala®]-PMB, Ala

[Ala’]-PMB, Ala

[Ala®]-PMB, D-Ala

[Ala’]-PMB, Ala

[Ala®]-PMB, Ala
[Ala’]-PMB, Ala
[Ala"]-PMB, Ala

Figure S2. Library of alanine-substituted polymyxin B; analogs. FA: octanoyl; Dab: L-a-y-

diaminobutyric acid; Thr: threonine; Phe: phenylalanine; Leu: Leucine.
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Figure S3. LC-MS profile for polymyxin B;. (A) LC profile at 214 nm. (B) MS spectrum of

the peak at 12.130 min.
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Figure S4. LC-MS profile for [Ala!]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.693 min.

10



c

Ret. Time Area%
11.875 0.303
12.065 99.138
12.371 0.559
100

750

>
12.065]

700

650

600

550

500

450

400

350

300

250

200

150

100

50

3
\IlHI\ \IH‘IHI'\H\‘\II\‘\\H|IHI‘\II\‘\IH|IHI|\H\‘\II\‘IHI'IH\‘HII‘\IH‘IH}

580.p0
'B

0.25- 387.70
1160 20

oo-4———v 0
250 500 750 1000 1250 1500 1750 miz

Figure S5. LC-MS profile for [Ala%]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.065 min.
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Figure S6. LC-MS profile for [Ala’]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.408 min.
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Figure S7. LC-MS profile for [AlaS]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.571 min.

13



3
b
[=

325

300

250

225

200

175

150

125

100

w -~
o o

]
&3]

o

*11.238

Ret. Time Area%

11.058 1.7971

11.238  97.955

11.555 0.273
100

Inten.

0]
0]
50"
504
0]
305

2.0

35

587

0.0+
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spectrum of the peak at 11.238 min.
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Figure S9. LC-MS profile for [Ala’]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 11.391 min.
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Figure S10. LC-MS profile for [Alad]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.398 min.
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Figure S11. LC-MS profile for [Ala’]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.638 min.
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Figure S12. LC-MS profile for [Alal’]-Polymyxin B;. (A) LC profile at 214 nm. (B) MS

spectrum of the peak at 12.167 min.

18



Figure S13. Snapshots of the penetration of polymyxin B; into the A. baumannii outer

membrane. The polymyxin molecule is shown in blue sticks, water molecules are shown in
cyan lines, and the head groups and hydrocarbon tails of the outer membrane are shown in red

and gray lines, respectively.
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Figure S14. Conformations of [Ala']-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.

Figure S15. Conformations of [Ala?]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S16. Conformations of [Ala’]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.

Figure S17. Conformations of [Ala]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S18. Conformations of [Ala®]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.

Figure S19. Conformations of [Ala’]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S20. Conformations of [Ala®]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S21. Conformations of [Ala®]-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S22. Conformations of [Ala'’|-PMB; in the (A) head group region and (B)

hydrophobic center of the outer membrane.
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Figure S23. Umbrella sampling of polymyxins during the molecular simulations.
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Figure S24. Free energy changes of polymyxin analogs compared to polymyxin B;. AAUC

is the difference in free energy between polymyxin Bj and its alanine-substituted analogs.
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Before penetration After penetration

Figure S25. Disorganization of the A. baumannii outer membrane caused by the
penetration of polymyxin B;. The upper and lower panels show the top and side views,
respectively. The polymyxin molecule is shown in blue sticks, water molecules are shown in
spheres with red oxygen atoms and white hydrogen atoms. The outer membrane is shown in

cyan lines.
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Figure S26. Pulling force profiles of polymyxin B; from three independent steered

simulations.
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Figure S27. Free energy profiles of polymyxin B; penetrating into the outer membrane.
The profiles were calculated based on the umbrella sampling simulations with each simulation

window of 50 ns (green) and 200 ns (blue).
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Figure S28. Free energy profiles of polymyxin analogs calculated from 10-ns time blocks.

The free energy profiles from four time-blocks show the simulation convergence.
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Figure S29. Area per lipid A molecule calculated from 400-ns nonrestraint simulations.

The minor fluctuations indicate that the outer membrane system reached the equilibration state.
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