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Abstract: The outer membrane composed predominantly of lipopolysaccharide (LPS) is an essential
biological barrier for most Gram-negative (G’) bacteria. Lipopolysaccharide transport protein (Lpt) complex LptDE
is responsible for the critical final stage of LPS transport and outer membrane assembly. The structure and function
of LptDE are highly conserved in most G bacteria but absent in mammalian cells, and thus LptDE complex is
regarded as an attractive antibacterial target. In recent 10 years, the deciphering of the three-dimensional structure
of LptDE protein facilities the drug discovery based on such "non-enzyme" proteins. Murepavadin, a
peptidomimetic compound, was reported to be the first compound able to target LptD, enlightening a new class of
antibacterial molecules with novel mechanisms of action. This article is devoted to summarize the molecular
characteristics, structure-function of LptDE protein complex and review the development of murepavadin and

related peptidomimetic compounds, in order to provide references for relevant researches.
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Figure 1 Proposed model for LPS transportation and insertion into the outer membrane. LPS: Lipopolysaccharide; OM: Outer membrane;

IM: Inner membrane
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Table 1 The three-dimensional structures of LptDE protein complex in various species of Gram-negative bacteria. The data comes from
Protein Data Bank (PDB). S. flexneri: Shigella flexneri; S. typhimurium: Salmonella typhimurium; E. coli: Escherichia coli; P. aeruginosa:

Pseudomonas aeruginosa; K. pneumoniae: Klebsiella pneumoniae; N. gonorrhoeae: Neisseria gonorrhoeae; Y. pestis: Yersinia pestis; aa:

Amino acid

Species

Information
S. flexneri

P. aeruginosa

K. pneumoniae N. gonorrhoeae Y. pestis

S. typhimurium E. coli

Structure

PDB ID 4Q35 4N4R

Sequence LptD 25-784 aa 226-786 aa 230-784 aa
LptE 20-169 aa 19-169 aa 20-169 aa

317-898 aa
21-169 aa

88-801 aa
31-158 aa

25-783 aa
20-169 aa
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4.2 LptD-LptE“#f-E"EEX
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o T RAGFEYD T LptDE = 4 45 K9 4T 7 17 %4
H A EAE A (B3B), KL LL LptDE & O & &Y 1)
GAHE R ik B AH ELAE BN SR BN, H U O B AW
LptD it #h ¥F L8 L 1) Ser533. Asp531.Leu535 5 LptE

LptB LALF

Figure 2 The three dimensional structure of LptDE protein complex (PDB ID: 4Q35). A: The C-terminal ff-barrel (233 —784 aa), N-

terminal loop (24-50 aa) and N-terminal S-jellyroll (51-232aa) of LptD, were colored in blue, red and green respectively, LptE was colored
in purple; B: The overlook view of S-barrel; C: The structure of fS-jellyroll, hydrophobic and hydrophilic amino acids were colored in yellow
and blue respectively; D: The three dimensional structures of LptE and LALF (PDB ID: 3BGH)



OIS PR SHIVE R RLRR: B 2 IS R A LptDE K HAM G0 JU ik - 283 -

1] Glul39. Ala125.Met142 # H.AE H, 5 4 LptD i 4b
¥R L4 (335~354 aa) 5 LptE tH 7] DL B £ 47 45 |
PEUST . HAVE SRR 78 P IR IptE 14 AR BT A B B AR T
213 7 MR AR P 19 24 P O B S R v, (B R
LPS %32 Al LptD 47 &, H#EW “HW - 287 BAEAL S 0% J5
A HE S LptB“ZE 1" Fa 3, P 259 B E Bl il p-4
SEEIEIN S PN TSI

43 KPHERX

43.1 LptD R¥EEX B 58 & i 4 W N- K i
B-jellyroll & LptD 45 4 LPS 1) 45 #3841 3C fiox,
B-jellyroll B 11 /4™ IE-J a1 47 & 1 B v )2 H L ERRE A
Shre, F N R HE il V- K, 3X — S5 HRRE 5 53
SRS LPS #5132 5 [ LptC . LptA /& FEAHL, B Al T 45
A LPS /KX o ¥ LptA 5 LPS (#4547
B-jellyroll I [¥) Val51. Tyr112 il Leul28 (K 3C) /& H 5

116-120 aa YPISA

LPS H{F ) 5 & JE B, R il = A4 Y Ak A SI2 56
HEHE .
432 LptE RYEEX 4o+ HAESLR B,
LptE A] LRS54 45 & LPS, 24 LptE i& £ — & ik i ]
DUAE LPS 2 AR S . F&T LptE F4t LPS [KF LALF
R 25 R ARABU T , 000 2 4% 52- 33 R 42 pa-a2 I P S 3E
AREE R AP B 2 R B2 R91.K 136 515 lipid A ##7F
L R Tk B2 Bk T AH LW 51 (1 3D), R 455 R LPS
MIVERT . ROLIK136 17 51 SR Ji5 2 35 51 LPS % JE 4k
(A 3R, U A 78 TR ik 6F 77 i B 3 AR AR ST 1K 254
R B3 AR U N LPS 1S5 4 4345 5 1 LptE
Tz BT B R o BB E () IR G5 4 A o SR R R A
RAT etk AR,
4.4 LptEHEpHEINENINEEX

W5t K B, LptD B4R 5 H R Je 454 LptE, A4 fe

B IpE Lpd LpE  LptD  LpE  LpD
W21l=—R497 S88 ——Q686 D128 ——Y354

E49% VB9 —_V630  QI3l=——P67l
F495 FO0 ——=8711 T~
2/ was  QIIE—TF678

L23 F495 S Nes2

LI34=— K375

17

r24&— vaos D708 AI3S=Z>Ds31
s25 R443 Y680 $533
D42—— R326 D92==— G740 D137 /KSSS

P43 —= Q323 S350 N138
N4 —Z D369 G93 D352 E139
R49Z=— V365 Q94 G353 M142——1535

Q366 351 El46—— R544
R56———D407 T95 ——R659 R157——R567
L57——s441 E97 Q783 __—AST3
D85 Q783 V101——S784 s161 V574

P781 Y1232=—M786

R776 R659
86 1779 S125 Q536

1780 F127 ZZ=A661
p781
R9
K136
52
02

Figure 3  Structures and functions of LptDE domains. A: The lateral insertion gate of LPS, and hydrogen bonds formation between f1, 2,

3, and 26; B: Schematic representation of LptD and LptE interactions; C: Cartoon presentation of LptDE complex, S-jellyroll domain was

colored in red (left), surface representation of hydrophobic groove which was colored in yellow (right top), V51, Y112, L128 were predicted

to bind LPS and shown in sticks (right bottom); D: Cartoon presentation of LptDE complex, loops interacting with LPS were colored in red,

K136 and R9 were predicted to bind LPS and shown in sticks; E: Cartoon presentation of LptDE complex, the proposed chaperon domain of
LptE was colored in red; F: Superposition of S. flexneri LptDE (PDB ID: 4Q35) and K. pneumoniae LptDE (PDB ID: 5IV9) presented 21°

rotation of S-jellyroll domain
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B8 25 (A A AL B DsbA S8 A0 T il B B, 40k 1T T2 i L
A BT EE A B A ER ™Y, 4 LptE 454 LptD i 25
F1E AR E Tt B B B S R AE 2 (I 45 0 F A FLAE IR .
Ja SR T — L AL T B AT B e B R R,
KB LptE I 116~120 aa [X Bt tH YPISA ZF il YRA J&
(FE 3E), E AL LptD B &k /b, LptD & (1 e e 5
PR, 7R TR RO AT B JORRD R 4 1 1 SRR PR 2
45 S5HMLPSEEEBAHEEX

787~ LPS #412 & 111, LptA 1 LptD [¥] -jellyroll
EA v B I 25 0 - Th B A A, 23 AR HOLHE T B AT 8
BEARAL R VBB K s 25 4 R A% 34 LPS, 78 B[] F1 25 )
M H A& . LptD 1 S-jellyroll = 4 &5 ¥y 4 # 0 2
T B-Al, AHE T4 QBB B, il 98 50 75 10 B4 LptD (1)
B-jellyroll K4 T 21 A 1" (K 3F). LA W5t
BN, B-jellyroll Dy 2 P 5 5 1) 45 A4 3, B0 i 3 B 41
O A LPS ¥ s i i fa e v .
5 FhEPAEF I EZ54) murepavadin
51 M&ERE

PG-1 /2 % 1 48 i 7 A= 1) R SR BH &5 7 P ik, el
I8N IR ALK, & & F M R, Cys6-Cys15 Hl Cys8-
Cys13 FEP A [ 14T & 1) B 17 J2 2 161 T RO 0 — it
15 PG-1 2 I p- Kk bt = 4e 454 (K1 4A). PG-1 £ %
M It 2R AR A D R R A T B T I, A AR R ) Y I
PE, 100 pg-mL" PG-I¥& .26 37%. 2002 45 12 755
1H 2K %% ) Robinson ¥ & 20244 25 L PG-1 [ 30IR 2 ik
BEREAE D-IW 2 B2 -L- Tl 2 W IR AR b5 i 1 -k
FEFLIR 737 2, #1280 1% % B 100 pg-mL™" 14 JCH UK

L8-1 i 1 F PR 5 1%,

H J5, Robinson ¥ @1 2H A L8-1 RN SAL &M iEAT
sERA (B 4A), Hor L27-11 X647 448 5 L 5 PAOI
H B KA E R FE (minimal inhibitory concentration, MIC)
40.004 pg-mL", Xf HAth 52 0 G B A G B ¥ MIC {H
1 > 64 ug-mL" (¥ 4B), I HHRE 5 3R ROR KA 2%
B PR R A PP L27-11 ¥R B 42 1R & 100 mg-mL B
B LB R IAER . (HL27-11 %5 % # A 1L
5 B IR B R AR . B 1) Polyphor A\ it — D4R
17 SRR B2, K a,p- 2 5 T R (Dab) &
AL27-11 H 1 56 2 B BURS & IR, & T POL7080 (.
FRO7033877), Zj b % FKX N murepavadin. Murepavadin
2 HMEH T G B AMEE E 1) “first-in-class” $t B 24
W, EER 67 SR AR A 5 Y B e 3R A5 4H
P it 258 R T WS AT AH O 48 B 4 i ¢ . Murepavadin it
Jok A 55 7 B v B A B B T B R RS, H A 2 10T 0T
IR RS Ok (R 2). KILRFES BE#HKE
SRS T WA K . Polyphor A
(2022 4 B 44 24 SPEXIS 2 ®]) B W &8 i B wos, il
AT H T IEAR B HE 5 murepavadin W\ 25 24 71 L 6 97 il
LT YEA IR G I R 5T

Murepavadin IIT ] I1f IR 12056 £¢ 1k 22 4 0 o % (1)
LptDE #ill5f im tH . tF LptDE &2 R R g2
FhInfe K 7 1 IR 1, 283 HEDN Bk = B 4 VX LA AT
T 2RIE R B A G L D e 5 R SR 1 43 B
& i) 0 x4 247 ) 0 G AR (1) ) Jg T SR AR DR PR, T
MEUESRT B ARAG B S A A IR R R K . b

O S % &b &b
8% ‘ Q% %@ ‘ Q:::@ - 8:::@
A A A
@@ 8:;:@ \‘ l() _L\):::@ L\!::: \é/
Lo ) L) Py PP RO
L8-1 L19-45 L27-11 POL7001 Murepavadin
MIC/pg-mL?
Strain 2
L8-1 L19-45 L27-11 POL7001 Murepavadin
P. aeruginosa  ATCC 27853 8 1 0.01 0.008 0.008
P. aeruginosa  PAOI1 8 2 0.004 0.008 0.004
A. baumannii ~ DSM 3008 ND ND > 64 > 64 > 64
K. pneumoniae  ATCC 13883 ND ND > 64 > 64 > 64
S. maltophilia  ATCC 13637 ND ND > 64 > 64 > 64
E. coli ATCC 25922 8 8 64 > 64 > 64
E. faecalis DSM 12956 ND ND > 64 > 64 > 64
S. aureus ATCC 29213 8 64 > 64 > 64 > 64

Figure 4

peptidomimetics; B: Minimal inhibitory concentration (MIC) of peptidomimetics against a penal of Gram-negative and Gram-positive strains

Structures and in vitro antimicrobial activities of protegrin I (PG-I) and peptidomimetics. A: Structures of PG-I and
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Table 2 Clinical researches of murepavadin (POL7080/RO7033877). The data comes from ClinicalTrials. gov. PK: Pharmacokinetics;
C ... Maximum plasma concentration; AUC: Area under the concentration-time curve; ADEs: Adverse events; ECG: Electrocardiogram;
PD: Pharmacodynamic
NCT number Title Primary outcome measure Phase Date Oragnization  Status
NCT02165293 A single center study to evaluate the penetration ~ Multiple dose PK of Phase I 2014.6-2014.9 Roche Completed
of RO7033877 into the lung in healthy volunteers RO7033877: C_, AUC,
C . JAUC
NCT02156323 A single-center, open-label, randomized, two Multiple dose PK of Phase I 2014.7-2015.3 Roche Completed
sequence, 3-way crossover study to investigate RO7033877 and colistin:
the interaction between multiple doses of colistin  C_, AUC
methanesulfonate sodium and multiple doses of
RO7033877 in healthy subjects
NCTO02165332 A two-part, single-dose, randomized study to Part 1: Incidence of ADEs Phase I 2014.7-2014.11 Roche Completed
evaluate the safety of supra-therapeutic doses of  after single supratherapeu-
RO7033877 and to investigate the effect of tic dose of RO7033877,
RO7033877 on the QTc interval plasma and urine concen-
trations, AUC
Part 2: ECG recordings
NCT02110459 An open-label, non-randomized, monocenter, Plasma concentrations of Phase I 2013.4-2015.7  Polyphor Completed
single-dose, phase I study to evaluate PK and POL7080
safety of POL7080 administered as single
intravenous infusion to subjects with renal
impairment
NCT02897869 A single-center, open-label, two sequence, Multiple dose PK of Phase I 2016.4-2016.12 Polyphor Completed
crossover study to investigate the interaction POL7080 and amikacin:
between amikacin and POL7080 in healthy plasma C _,AUC
subjects
NCT02096328 A phase II, open-label, multi-center study to Plasma concentrations of Phase II 2013.10-2016.12 Polyphor Completed
assess PK, safety and efficacy of POL7080 co- POL7080
administered with standard of care treatment in
patients with ventilator-associated pneumonia due
to suspected or documented P. aeruginosa
infection
NCT02096315 A phase 11, open-label, multicenter study to assess Sputum bacterial Phase II 2013.12-2015.11 Polyphor Terminated
the tolerance, safety, efficacy and PK/PD of clearance
POL7080 in the treatment of patients with acute
exacerbation of non-cystic fibrosis bronchiectasis
due to P. aeruginosa infection requiring
intravenous treatment
NCTO03409679 A multicenter, open-label, randomized, active- Clinical cure rate Phase IIT 2016.4-2016.12 Polyphor Terminated
controlled, parallel group, pivotal study to
investigate the efficacy, safety and tolerability,
and pharmacokinetics of murepavadin combined
with one anti-pseudomonal antibiotic versus two
anti-pseudomonal antibiotics in adult subjects
with ventilator-associated bacterial pneumonia
suspected or confirmed to be due to P. aeruginosa
NCT03582007 A multicenter, open label, sponsor blinded, All cause mortality rates  Phase III 2018.10-2019.7 Polyphor Terminated

randomized, active controlled, parallel group,
pivotal study to evaluate the efficacy, safety, and
tolerability of murepavadin given with ertapenem
versus an anti-pseudomonal-f-lactam-based
antibiotic in adult subjects with nosocomial
pneumonia suspected or confirmed to be due to P.
aeruginosa
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Z
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AR JIE R 48 i PR 42 115 Dy R, 6 Bh T 40 BSR4
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