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SUMMARY

Background: Carbapenem-resistant Acinetobacter bau-
mannii (CRAB) poses a critical global health threat,
particularly among hospitalized and critically ill pa-
tients, due to its association with severe, difficult-to-
treat infections. Its high resistance stems from genomic
plasticity, biofilm formation, and environmental per-
sistence, leading to limited treatment options and high
mortality. Existing treatments often rely on sulbactam-
based combinations, yet resistance continues to rise
and new agents remain limited.

Aims: This review aims to highlight the therapeutic
potential of zosurabalpin, a first-in-class lipopolysac-
charide (LPS) transport inhibitor with selective activity
against A. baumannii, by summarizing preclinical and
early clinical data on its efficacy, mechanism of action,
pharmacokinetics, and safety.

Sources: Peer-reviewed publications from PubMed and
Scopus, clinical data from ClinicalTrials.gov, and rel-
evant conference materials ECCMID and IDWeek.

B INTRODUCTION

Carbapenem—resistant Acinetobacter baumannii
(CRAB) is considered a life-threatening patho-
gen associated with invasive infections in hospi-
talized and critically ill patients. Over the past de-
cades, CRAB infections have become a major con-
cern due to healthcare challenges they pose, in-
cluding difficult-to-treat infections that lead to
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blocking LPS transport and causing lethal intracellu-
lar accumulation. Preclinical data demonstrate potent
in vitro and in vivo activity against CRAB, with high
selectivity and favorable pharmacokinetics. Phase 1
studies report good tolerability and a promising safety
profile.

Its novel mechanism makes zosurabalpin a strong can-
didate for treating CRAB.

Implications: With rising resistance and limited effec-
tive treatments, zosurabalpin offers a new, targeted
therapeutic approach. Continued clinical development
could help close a critical gap in the management of
multidrug-resistant Acinetobacter baumannii.
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substantial morbidity, mortality and increased
healthcare costs due to prolonged hospitalization
and treatment [1, 2]. Several factors contribute to
the difficulty in managing Acinetobacter baumannii
infections, primarily stemming from the bacteri-
um’s unique biological characteristics [3]. First,
Acinetobacter baumannii can persist in hospital en-
vironments and infect patients who are often al-
ready critically ill [4]. Second, it has a growing
capacity to develop antibiotic resistance, due to its
highly adaptable and plastic genome [5]. Third,
Acinetobacter baumannii can form biofilms, which
offer a protective niche that enhances its survival
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and resistance under harsh conditions [6]. Treating
CRAB infections is particularly challenging due to
the gradual loss of efficacy of most available anti-
microbial drugs [1, 2]. This results in limited thera-
peutic options and often necessitates the use of
combination therapies or older antibiotics such as
polymyxins, which raise significant safety con-
cerns. These issues are compounded by the pro-
longed stagnation in antibiotic development - no
new class of antibiotics has been introduced into
clinical practice in the past five decades [7]. Per-
haps the most significant challenge in the thera-
peutic management of Acinetobacter baumannii in-
fections is the difficulty distinguishing coloniza-
tion from true infection. This is especially prob-
lematic in critically ill patients with multiple co-
morbidities, often raising the dilemma of whether
poor outcomes are due to inadequate antibiotic
therapy or underlying host factors [8].

The aim of this study - following a brief overview
of the clinical challenges posed by CRAB infec-
tions, including high antibiotic resistance and lim-
ited therapeutic options - is to highlight the poten-
tial of zosurabalpin, a first-in-class inhibitor of the
LptB-FGC complex, with selective activity against
Acinetobacter baumannii. This review summarizes
preclinical and early clinical data demonstrating
zosurabalpin’s antibacterial efficacy, mechanism
of action, pharmacokinetics, and tolerability. The
data presented are based on a comprehensive lit-
erature search of peer-reviewed articles and re-
views in PubMed and Scopus, along with com-
pleted and ongoing studies registered in Clinical-
Trials.gov. Relevant abstracts and presentations
from recent ECCMID and IDWeek meetings were
also reviewed. Keywords used in the search in-
cluded “CRAB”, “zosurabalpin”, “RG6006”, “LPS
transporter” and “LPS transport inhibitor”.

B CURRENT THERAPEUTIC OPTIONS
AND INVESTIGATIONAL ANTIMICROBIALS
AGAINST CRAB

The most recent guidelines for treatment of CRAB
infections recommend using at least two antibiot-
ics, preferably including an agent containing sul-
bactam. The recommended first-line regimen is a
combination of sulbactam-durlobactam with a car-
bapenem. If sulbactam-durlobactam is unavailable,
alternatives include high-dose ampicillin-sulbac-
tam combined with at least one additional agent,

such as polymyxin B, minocycline, tigecycline, or
cefiderocol. According to current recommenda-
tions, while emerging evidence supports the effi-
cacy of fosfomycin when used in combination with
other agents, and the drug may be useful in regions
where it is available, neither fosfomycin nor rifam-
picin is recommended as part of combination ther-
apy, nor is the use of inhaled antibiotics [7, 9]. Rec-
ognizing the urgency of the situation, the World
Health Organization classified Acinetobacter bau-
mannii as a critical priority pathogen on its global
priority list of antibiotic-resistant bacteria, empha-
sizing the need for the development of new antimi-
crobials [10]. Among the most promising alterna-
tives under investigation (Table 1) are newer beta-
lactamase inhibitors and their combinations with
older beta-lactam antibiotics (e.g., cefepime/zide-
bactam, imipenem/funobactam, xeruborbactam),
novel polymyxins (MRX-8, QPX9003, SPR206,
SPR741), and the potential of phage therapy [11-14].
A particularly noteworthy development is the
emergence of a new antibiotic class - LPS transport
inhibitors. Among them, zosurabalpin has gained
special attention due to its specificity for Acineto-
bacter baumannii. In contrast to B-lactamase inhibi-
tors (e.g., durlobactam), which restore B-lactam ef-
ficacy by inhibiting class A, C, and D B-lactamases,
or cefiderocol, a siderophore cephalosporin that
hijacks bacterial iron uptake systems to enter the
cell and inhibit cell wall synthesis, zosurabalpin - a
first-in-class LptB,FGC inhibitor - disrupts lipo-
polysaccharide (LPS) transport. This leads to im-
paired outer membrane integrity and bacterial
death. It offers a novel mechanism that does not
rely on p-lactam activity and may circumvent con-
ventional resistance pathways.

B LIPOPOLYSACCHARIDE TRANSPORT
SYSTEM AS A NEW THERAPEUTIC TARGET

The outer membrane of Gram-negative bacteria
functions as a barrier to many antibiotics, making
these organisms particularly difficult to eradicate.
A central component of this membrane is LPS, an
amphipathic glycolipid essential for the outer
membrane integrity and bacterial resistance [15].
LPSis transported from the inner membrane to the
cell surface via the Lpt multiprotein complex (Fig-
ure 1) [15, 16]. This transport system comprises
three main components: the inner membrane com-
plex LptB,FGC, the periplasmic bridge protein
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Table 1 - Antibiotic classes of drugs used in current therapy or under investigation against infections caused by
resistant Acinetobacter baumannii.

Antibiotic class

In current use

Under investigation

p-lactamase inhibitors

Durlobactam, Sulbactam

Xeruborbactam, Funobactam, Zidebactam,

ETX0282, Ledaborbactam (VNRX-5236), ANT3310

Pralurbactam (FL058), Nacubactam, Taniborbactam,

Polymyxins Polymyxin B, Colistin MRX-8, QPX9003, SPR206, SPR741

Tetracycline derivatives Minocycline, Tigecycline, Zifanocycline, Omadacycline
Eravacycline

Siderophore cephalosporins Cefiderocol =

Carbapenems Imipenem-cilastatin, Meropenem =
Aminoglycosides Amikacin Apramycin (Phase 1)
Phosphonic antibiotics Fosfomycin
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Table 2 - Antimicrobial compounds targeting different
sites of the LPS transporter multiprotein complex.

Target Site Antimicrobial Compounds
Compound 1 and 2,

LptB 4-phenylpyrrolocarbazole derivative 1b,
novobiocin

LptA Thanatin, IMB-881

LptD L27-11, Murepavadin (POL7080)

LptB,FGC Zosurabalpin

LptA, and the outer membrane complex LptDE.
LPS is extracted from the inner membrane by Lpt-
B,FG, passed through the periplasm via a bridge
formed by LptC and LptA, and ultimately deliv-
ered to the outer membrane by LptDE. This trans-
port process is essential for the viability of nearly
all gram-negative bacteria. If LPS fails to reach the
outer membrane, precursor molecules accumulate
in the inner membrane, compromising outer mem-
brane integrity and leading to bacterial death. Be-
cause of its indispensable role, the LPS transport
system represents an attractive target for novel an-
tibiotics. Inhibiting this pathway offers several ad-
vantages, including the potential for targeting
outer membrane or periplasmic components,
thereby reducing the need for extensive intracel-
lular drug accumulation. [17, 18]. The Lpt trans-
port machinery is highly conserved in structure
and function across gram-negative bacteria [18].
Interestingly, in species that can survive without
LPS, such as Acinetobacter baumannii, disruption of
the LPS biogenesis reduces growth and virulence
while increasing susceptibility to other antibiotics
[18]. In recent years, compounds targeting key
components of the Lpt system - LptB, LptA, and
LptD — have shown antimicrobial potential (Table
2) [17-20]. However, none have succeeded clini-
cally due to issues like host toxicity, poor solubility,
and limited intracellular penetration [20]. Among
these, zosurabalpin stands out by targeting the in-
ner membrane LptB,FGC complex, a validated and
promising site for antibiotic intervention.

B ZOSURABALPIN: A UNIQUE LPTB2FGC
INHIBITOR

Discovery
Zosurabalpin is an experimental antibiotic classi-
fied as a tethered macrocyclic peptide (MPC), with

its chemical structure and related data available in
PubChem (https://pubchem.ncbi.nlm.nih.gov/
compound/Zosurabalpin) [18, 21, 22]. Several
well-known antibiotics — such as polymyxins, bac-
itracin and daptomycin — belong to this class,
which includes compounds with narrow-spec-
trum but potent antibacterial activity [21]. To iden-
tify novel agents against CRAB, Bradley’s team
screened 44,985 MCPs from Tranzyme Pharma in
a whole-cell phenotypic assay [23]. This effort led
to the identification of RO7036668, featuring a
17-membered macrocyclic ring composed of an L-
Orn-L-Orn-L-N(Me)-Trp motif and a di-o-tolylsul-
fane moiety [21, 23]. It showed activity against
Acinetobacter baumannii with a minimum inhibito-
ry concentration (MIC) of 4 pg/ml, but little to no
effect against other bacteria. Subsequent hit-to-
lead optimization produced RO7075573 by modi-
fying the macrocycle - replacing L-Orm with L-
Lys, adding a pyridine ring, and introducing di-
chlorobenzene substitutions. This compound ex-
hibited potent activity against a broad panel of
Acinetobacter baumannii strains, including multi-
drug-resistant isolates (MIC: <0.06 - 0.5 pg/ml).
However, its intravenous use in rats caused sig-
nificant toxicity. Further structural optimization
led to zosurabalpin, an amphoteric benzoic acid
derivative. It retained strong activity (MIC: 0.25
mg/L) against Acinetobacter baumannii while im-
proving tolerability, making it a promising clinical
candidate.

Mechanism of action

Zosurabalpin targets the LptB2FGC complex on
the inner membrane surface, inhibiting LPS ex-
traction and preventing its transport to the outer
surface (Figure 1) [23, 24]. This disruption leads to
the toxic accumulation of LPS biosynthesis inter-
mediates within the bacterial cell, as the transport
process is initiated but cannot be completed - ulti-
mately resulting in bacterial cell death. The drug
appears to act by recognizing a composite binding
site formed by both the Lpt transporter and its
substrate, LPS. Within the LptB2FGC complex,
LptC plays a crucial role in transferring LPS from
LptF to LptA [25]. When the transmembrane helix
of LptC detaches from the LptB,FG, allowing LptC
to move away from LptFG, LPS binds to the Lpt-
B,FG complex. Zosurabalpin protrudes into the
gate formed between helix 5 of LptF and helix 1 of
LptG, forming hydrogen bonds with Thr321 on
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LptF and electrostatic interactions with Glu58 and
Glu249 on LptF via the central L-Lys residue [21,
24]. This interference disrupts LptB,FGC function,
blocks LPS export, and causes lethal intracellular
accumulation. This unique mechanism makes zo-
surabalpin a promising antibiotic against Acineto-
bacter baumannii.

The potential molecular targets of zosurabalpin
were identified by inducing spontaneous resis-
tance in Acinetobacter baumannii strains exposed to
gradually increasing concentrations of the antibi-
otic [23]. Gene sequencing analysis revealed 28
different mutations in the gene encoding LptF and
two unique mutations in LptG, both components
of the LptB,FGC complex, a central part of the LPS
transport system. These findings strongly suggest
that zosurabalpin targets the LptB,FGC complex.
In another effort to elucidate the antibacterial
mechanism of tethered MCP antibiotics, Kahne’s
group used cryo-electron microscopy (cryo-EM)
to study RO7196472 [24]. Their analysis showed
that the molecule binds to pockets formed by the
arrangement of side chains of various amino acids
within the transmembrane helices of LptF and
LptG [18, 24]. It appears to trap an intermediate
form of the LptB,FG-LPS complex, while the over-
all conformation of the complex remains essen-
tially stable with or without RO7196472. This sug-
gests that the cyclic peptide binds to a pre-existing
structural state. By analyzing the cryo-EM struc-
tures of zosurabalpin, RO7196472, and RO7075573
bound to the LptB,FG-LPS complex, Kahne’s team
observed dissociation of the MCP-targeted LptC
transmembrane helix from the complex. Finally,
supporting evidence that MCPs exert their anti-
bacterial effect by causing toxic intracellular LPS
accumulation — rather than by depleting outer
membrane LPS — was derived from the observa-
tion that Acinetobacter baylyi strains lacking LPS in
their outer membrane (with ~ 85% LptB,FG se-
quence identity to Acinetobacter baumannii) were
able to grow in vitro even in the presence of high
concentrations of RO7196472 [18, 24].

Activity against Acinetobacter baumannii —

In vitro and in vivo studies

In both in vitro and in vivo studies to date, zosura-
balpin has demonstrated excellent antibacterial
activity against highly resistant CRAB pathogens.
Notably, zosurabalpin appears to act selectively
against Acinetobacter baumannii, showing similar

efficacy in both susceptible and multidrug-resis-
tant strains, while exhibiting no activity against
other gram-negative bacteria [23, 24]. Structural
comparisons of the LptB,FG:LPS:ZAB complex in
Acinetobacter baylyi with the LptB,FG:LPS struc-
ture in Escherichia coli revealed differences in the
LptF helices and LPS binding sites. These struc-
tural variations may explain zosurabalpin’s nar-
row spectrum, which is primarily restricted to Aci-
netobacter baumannii [24, 26]. Although current
studies remain limited and variations in virulence
and drug responsiveness have been observed -
with some mutants exhibiting reduced fitness or
treatment response - available data suggest that
zosurabalpin resistance is mediated by mutations
in three key targets: LptF/G, affecting drug bind-
ing and target engagement; LpxM involved in LPS
synthesis and potentially altering drug interaction
or inhibition; and AdeRS, a two-component sys-
tem that modulates efflux, reducing intracellular
zosurabalpin concentrations [27].

In vitro studies

Bradley et al. confirmed the potent in vitro efficacy
of zosurabalpin against severe invasive Acineto-
bacter baumannii infections, testing 129 resistant
and multidrug-resistant clinical isolates from di-
verse infection sites [23]. The MIC required to in-
hibit 90% of the isolates (MIC,,) was 1 mg/L —sub-
stantially lower than tigecycline (8 mg/L), colistin
(>16 mg/L), and meropenem (>16 mg/L). In an-
other study, Hawser et al. evaluated zosurabalpin
against 150 randomly selected Acinetobacter spp.
isolates (100 Acinetobacter baumannii, 50 non-Aci-
netobacter baumannii), 65% of which were multi-
drug-resistant, collected from China in 2021 [28].
Zosurabalpin demonstrated activity against all
Acinetobacter spp., with an MICs,,4, values of
0.12/0.5 pg/mL and 0.25/1 pg/mL in Mueller
Hinton broth supplemented with 20% horse se-
rum and human serum, respectively (MIC range
0.015/0.03 to 8 ng/mL). Among 133 isolates be-
longing to the Acinetobacter baumannii-calcoaceticus
complex, the MIC;, 4, values were 0.12/0.25 ng/
mL (horse serum) and 0.25/0.5 pg/mL (human
serum), with similar potency against carbapenem-
resistant isolates. Regarding its bactericidal activ-
ity, Erbetti et al. demonstrated that zosurabalpin
achieved 299.9% reduction (or 23 log;, CFU) in all
eight CRAB isolates tested (MIC range: 0.12 to 8
mg/L), though it exhibited relatively slow killing
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kinetics (12 hours), with no bacterial regrowth
observed at >8x or 16x MIC, depending on the
strain [29].

In vivo studies

Zosurabalpin exhibited potent efficacy in a neu-
tropenic mouse pneumonia model using a pan-
drug-resistant Acinetobacter isolate, as well as in
models of sepsis and femur/ lung infections
caused by CRAB strains. In these models, zosura-
balpin achieved dose-independent bacterial load
reductions, with >5-log,, CFU decreases observed
at the highest daily dose (360 mg/kg/day) [23].
Pharmacokinetic profiling revealed high clearance
(51 mL/min/kg), low volume of distribution (0.7
L/kg), short half-life (0.3 hours) and moderate
protein binding (37% unbound fraction). Similar-
ly, Erbetti et al. confirmed zosurabalpin’s in vivo
bactericidal activity in neutropenic murine thigh
and lung models, demonstrating net bacterial re-
ductions after 24 hours and sustained suppression
over a 48-hour at various dosing levels [29]. Zos-
urabalpin has progressed into Phase I clinical tri-
als, with early results confirming its safety, tolera-
bility and favorable pharmacokinetic. In the first-
in-human study reported by Guenther et al., 64
healthy volunteers received single intravenous
doses ranging from 10 mg to 2000 mg. The drug
was generally well tolerated, with mild, dose-de-
pendent, and fully reversible infusion-related re-
actions as the primary adverse effect. Plasma ex-
posure (Cmax and AUCinf) increased approxi-
mately proportionally with the dose up to 1000
mg. Radioactive labeling (["*C]-zosurabalpin)
showed that the drug was eliminated in roughly
equal proportions via urine and feces [30].

B CONCLUSIONS

This review highlights zosurabalpin as a first-in-
class LptB,FGC inhibitor, introducing a novel an-
timicrobial mechanism that disrupts LPS transport
and selectively targets Acinetobacter baumannii, a
pathogen of critical global health concern. It con-
solidates preclinical and early clinical evidence
and provides an in-depth examination of zosura-
balpin’s discovery, mechanism of action, struc-
ture-activity optimization, and unique selectivity
profile. By offering an up-to-date synthesis of
mechanistic insights and experimental data, this
review addresses a gap in the literature on LPS

transport inhibitors and presents zosurabalpin as
a promising therapeutic candidate for combating
CRAB infections.
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