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Fig. 1 Applications of molecular dynamics simulations in the research of polymyxin pharmacology

Bl SFhhFEUESRHERGENHNARFHER



2023; 50 (5 BEIE, & S TFENESHARHENSTRPAINA +923-
- http://www. nhc. gov. cn/cms-search/xxgk/getManuscriptXxgk.
3 ,néﬁ'—ﬁ%z& htm? id=2875ad2877¢2872b2872¢2846a2872a672240ed672249

zﬁii%aﬁﬁﬁiﬁfiﬁEwﬁzﬁm
R R — BB 2. 2R R S5 5 i
ﬁ\ﬁmm%ﬁ%Mﬂu&ﬁm%kiﬁ,ﬁﬁﬂ
H—F BT R IIPUER ST ZFHENZ
PEML S5 40 R G UIAR G, (i T A
(R s E RS B PEARRAE , H LA DA L R
MELAHERR AT 220 5 2R -5 AR BEAE B 6 4L
il DO H R T AR AR I i 2 B o R 0 2 B
B, dsgm TR — 2R Z AT
Bl o TR AR B ASKT & R, 245940 i
HAET AR R R AR 2 B 2R 1 273 2E B 2
BET RS A ERE R AN B AN R4
AR L RIE 2R R S R 5 B
YERE, 230 R 2y BRI 2) T EOR Ak g
FIbT (D). R, H RT 220w 2 - A0 B AR
BRI FE AT 2R FH 17 AL B M B AR {5 2 1
FNE T R EAAB A R 2R %5 i, (] A 2 g
(RS Z 02 e J LR BT oK 3 . X e R
A RE LSRN 2B I 20 M . T2y AaE R 40y
ERIE . L, FEARR TAE I tg st i <L)
LR PTERAR R, TE KA ES [ RUEE
BRI B RUBE AW 2 B0 2R S AN B R Ge A
HAEH, Bgit— e 2 Fm R L,
ZRH R PRI ) BT ) .

z £ x

[1] Hutchings M I, Truman A W, Wilkinson B. Antibiotics: past,
present and future. Curr Opin Microbiol, 2019, 51: 72-80

Global burden of

bacterial antimicrobial resistance in 2019: a systematic analysis.

Lancet, 2022,399(10325): 629-655

[2]  Antimicrobial Resistance Collaborators.

[3]  World Health Organization. Global antimicrobial resistance and
use surveillance system (GLASS) report: 2021[EB/ OL]. Geneva:
World Health Organization, 2021[2021-06-09]. https://www.who.
int/publications-detail-redirect/9789240027336

[4] e N [ K DA AR 2 51 4% . OG T B K38 T 4 1A i
2 A7 8l R11(2022-2025 4F) 138 &1 [EB/OL]. At 5t: Hh A A
P HL IR 58 T fil R 514, 2022[2022-10-28]. http://www.
nhe. gov. cn/cms-search/xxgk/getManuscriptXxgk. htm? id=
2875ad2877¢2872b2872¢2846a2872a672240ed672249¢e6727
50f
National Health Commision of the People’s Republic of China.
Notice on the issuance of the national action plan to curb bacterial
resistance  (2022-2025) [EB/OL].
Commision of the People's Republic of China, 2022[2022-10-28].

Beijing: National Health

[3]

(6]

(71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ee672750f

e ] 20 BT IS 24 M 0 O 2021 4 4 ) 40 T T 24 M, 0 4 5 (757 42
) [EB/OL]. b 3 : 4= [ 4 18 1iif 24 W i ), 2023[2023-1-10].
http://www.carss.cn/Report/Details?ald=862

China Antimicrobial Resistance Survelliance System. Report of
national antimicrobial resistance 2021[EB/OL]. Beijing: China
Antimicrobial Resistance Survelliance System, 2023[2023-1-10].
http://www.carss.cn/Report/Details?ald=862

Tacconelli E, Carrara E, Savoldi A, et al. Discovery, research, and
development of new antibiotics: the WHO priority list of
antibiotic-resistant bacteria and tuberculosis. Lancet Infect Dis,
2018,18(3):318-327

Durand-Reville T F, Miller A A, O'donnell J P, et al. Rational
design of a new antibiotic class for drug-resistant infections.
Nature, 2021,597(7878): 698-702

Mourtada R, Herce H D, Yin D J, et al. Design of stapled
antimicrobial peptides that are stable, nontoxic and kill antibiotic-
resistant bacteria in mice. Nat Biotechnol, 2019, 37(10): 1186-
1197

Stansly P, Shepherd R, White H. Polymyxin:
chemotherapeutic agent. Bull Johns Hopkins Hosp, 1947, 81(1):
43-54

Jiang X, Yang K, Yuan B, et al. Molecular dynamics simulations

a new

informed by membrane lipidomics reveal the structure-interaction
relationship of polymyxins with the lipid A-based outer membrane
of Acinetobacter baumannii. J Antimicrob Chemother, 2020,
75(12):3534-3543

Olaitan A O, Morand S, Rolain J M. Mechanisms of polymyxin
resistance: acquired and intrinsic resistance in bacteria. Front
Microbiol, 2014, 5: 643

Aggarwal R, Dewan A. Comparison of nephrotoxicity of colistin
with polymyxin B administered in currently recommended doses:
a prospective study. Ann Clin Microbiol Antimicrob, 2018,
17(1): 15

Manioglu S, Modaresi S M, Ritzmann N, et al. Antibiotic
polymyxin arranges lipopolysaccharide into crystalline structures
to solidify the bacterial membrane. Nat Commun, 2022, 13(1):
6195

Velkov T, Thompson P E, Nation R L, et al. Structure-activity
relationships of polymyxin antibiotics. J Med Chem, 2010, 53(5):
1898-1916

Nang S C, Azad M a K, Velkov T, et al. Rescuing the last-line
polymyxins: achievements and challenges. Pharmacol Rev, 2021,
73(2): 679-728

Wang Z, Koirala B, Hernandez Y, et al. A naturally inspired
antibiotic to target multidrug-resistant pathogens. Nature, 2022,
601(7894): 606-611

Rabanal F, Cajal Y. Recent advances and perspectives in the design
and development of polymyxins. Nat Prod Rep, 2017, 34(7):
886-908



-924-

EMUFESEYIRHR

Prog. Biochem. Biophys.

2023; 50 (5)

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(23]

(26]

(27]

[28]

[29]

[30]

Jiang X, Han M, Tran K, et a/. An intelligent strategy with all-atom
molecular dynamics simulations for the design of lipopeptides
against multidrug-resistant Pseudomonas aeruginosa. J Med
Chem, 2022, 65(14): 10001-10013

Jiang X, Patil N A, Azad M AK, et al. Anovel chemical biology and
computational approach to expedite the discovery of new-
generation polymyxins against life-threatening Acinetobacter
baumannii. Chem Sci,2021,12(36): 12211-12220

Roberts K D, Zhu Y, Azad M a K, et al. A synthetic lipopeptide
targeting
pathogens. Nat Commun, 2022, 13(1): 1625

Yang H X, Xie Z S, Yi H, et al. Design, synthesis, and bioactivity

top-priority ~ multidrug-resistant ~ Gram-negative

investigation of cyclic lipopeptide antibiotics containing eight to
nine amino acids. J Med Chem, 2023, 66(4): 2524-2541

Zhong L, Diao X, Zhang N, ef al. Engineering and elucidation of
the lipoinitiation process in nonribosomal peptide biosynthesis.
Nat Commun, 2021, 12(1): 296

Yuk S A, Kim H, Abutaleb N S, et al. Nanocapsules modify
membrane interaction of polymyxin B to enable safe systemic
therapy of Gram-negative sepsis. Sci Adv,2021,7(32): eabj1577
Tang H, Zhang Y, Ma J, et al. Design, synthesis and antimicrobial
studies of some polymyxin analogues. J Antibiot, 2020, 73(3):
158-166

Rojas E R, Billings G, Odermatt P D, et al. The outer membrane is
an essential load-bearing element in Gram-negative bacteria.
Nature,2018,559(7715): 617-621

Berglund N A, Piggot T J, Jefferies D, et al. Interaction of the
antimicrobial peptide polymyxin Bl with both membranes of
E. coli: a molecular dynamics study. PLoS Comput Biol, 2015,
11(4): 1004180

Santos DE S, Pol-Fachin L, Lins R D, et al. Polymyxin binding to
the bacterial outer membrane reveals cation displacement and
increasing membrane curvature in susceptible but not in resistant
lipopolysaccharide chemotypes. J Chem Inf Model, 2017, 57(9):
2181-2193

ZhuY, LuJ, Han M L, et al. Polymyxins bind to the cell surface of
unculturable Acinetobacter baumannii and cause unique
dependent resistance. Adv Sci, 2020, 7(15): 2000704

Huang J, Li C, Song J, et al. Regulating polymyxin resistance in
Gram-negative bacteria: roles of two-component systems PhoPQ
and PmrAB. Future Microbiol, 2020, 15(6): 445-459

Liu Y'Y, WangY, Walsh TR, et al. Emergence of plasmid-mediated

colistin resistance mechanism MCR-1 in animals and human

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

beings in China: a microbiological and molecular biological study.
Lancet Infect Dis, 2016, 16(2): 161-168

Ling Z, Yin W, Shen Z, et al. Epidemiology of mobile colistin
resistance genes mcr-1 to mer-9. J Antimicrob Chemother, 2020,
75(11):3087-3095

Moffatt J H, Harper M, Harrison P, e al. Colistin resistance in
Acinetobacter baumannii is mediated by complete loss of
lipopolysaccharide production. Antimicrob Agents Chemother,
2010,54(12):4971-4977

Jiang X, Yang K, Han M L, et al. Outer membranes of polymyxin-
resistant Acinetobacter baumannii with phosphoethanolamine-
modified lipid A and lipopolysaccharide loss display different
atomic-scale interactions with polymyxins. ACS Infect Dis, 2020,
6(10):2698-2708

Jiang X K, Yang K, Yuan B, ef al. Simulations of octapeptin-outer
membrane interactions reveal conformational flexibility is linked
to antimicrobial potency. J Biol Chem, 2020, 295(47): 15902-
15912

Jiang X, Sun'Y, Yang K, et al. Coarse-grained simulations uncover
Gram-negative bacterial defense against polymyxins by the outer
membrane. Comput Struct Biotechnol J,2021,19: 3885-3891
N7, B WIRE, A 2RI R L RS
2528 S RATSY, 2021, 29(6): 454-457

LiL,YelJ,HuL, etal. Pharm Clin Res, 2021,29(6): 454-457

Kubin CJ, Ellman TM, Phadke V, et al. Incidence and predictors of
acute kidney injury associated with intravenous polymyxin B
therapy. J Infect, 2012, 65(1): 80-87

B, WKL 2R TR R I R N 5 R 2R 2541, 2020,
39(1):10-16

Huang C, Xiao Y. Herald Med, 2020, 39(1): 10-16

Manchandani P, Zhou J, Babic J T, et al. Role of renal drug
exposure in polymyxin B-induced nephrotoxicity. Antimicrob
Agents Chemother, 2017, 61(4): ¢02391-16

Azad M A, Roberts K D, Yu H H, et al. Significant accumulation of
polymyxin in single renal tubular cells: a medicinal chemistry and
triple correlative microscopy approach. Anal Chem, 2015, 87(3):
1590-1595

Jiang X, Zhang S, Azad M A, et al. Structure-interaction
relationship of polymyxins with the membrane of human kidney
proximal tubular cells. ACS Infect Dis, 2020, 6(8): 2110-2119

Lu J, Azad M a K, Moreau J L M, et al. Inwardly rectifying
potassium channels mediate polymyxin-induced nephrotoxicity.
Cell Mol Life Sci, 2022, 79(6): 296



2023; 50 (5) HEE, % D TEUESHEZGENSITR P A <925

Applications of Molecular Dynamics Simulations in The Research of Polymyxin
Pharmacology’

JIANG Xu-Kai", XIAO Min", WANG Lu-Shan?"

(VNational Glycoengineering Research Center, Shandong University, Qingdao 266237, China;
IState Key Laboratory of Microbial Technology, Shandong University, Qingdao 266237, China)

Graphical abstract

Activity

Molecular simulations Resistance

Abstract As a kind of membrane-active lipopeptide antibiotics, polymyxins are the last-line therapy against
multidrug-resistant Gram-negative pathogens. Through interacting with the lipopolysaccharide molecules,
polymyxins disorganize the structure of bacterial outer membrane, and finally lead to the cell death. Nevertheless,
the precise mechanisms of polymyxin pharmacology remain largely unknown, which is mainly due to the limited
ability of current biochemical and structural approaches to characterize the interaction between cell membranes
and drugs. This in turn significantly hinders the design and development of new-generation polymyxins. In recent
years, molecular dynamics simulations have been successfully applied in the field of polymyxin pharmacology. In
particular, a series of simulation models, including bacterial membranes-polymyxins, and human cell membrane-
polymyxins, has been developed and tested. Previous studies have shown that polymyxin adopted a unique folded
conformation in bacterial outer membrane, which played a key role in the antimicrobial activity of polymyxins.
Further, various lipopolysaccharide modifications could change the structural and physical properties of bacterial
outer membrane and thereby confer polymyxin resistance to bacteria. Moreover, recent studies revealed that
polymyxins may disrupt the membrane of renal tubular cells, and also attenuate the function of different ion
channels, which provide a clue to understand the detailed mechanism of polymyxin-induced nephrotoxicity. In
this review, we summarized the applications of molecular dynamics simulations in the interaction of polymyxins
with different biological membranes, with the aim to refresh our understanding of the link between polymyxin
pharmacology and cell membranes and to provide mechanistic guides for the future design of novel antimicrobial
drugs.
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