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Since the discovery of penicillin in 1928, antibiotics have
revolutionized modern medicine by effectively treating infec-
tious diseases and saving countless lives. However, the wide-
spread development of antimicrobial resistance (AMR) now
threatens the efficacy and longevity of these critical drugs. A
study published in The Lancet reported that bacterial AMR
contributed to approximately 4.95 million deaths globally
in 2019, with 1.27 million directly attributable to AMR
(Fig. 1) ™. Natural products (NPs) continue to play a crucial
role in discovering new antibiotics, as they can bypass the
penetration barriers of target bacteria in ways that synthetic
methods cannot ). In the past two decades, traditional screen-
ing methods for antimicrobial drugs have become increas-
ingly ineffective, underscoring the urgent need to identify
novel molecules with unique mechanisms of action. Recently,
Shukla ef al. published a paper in Cell, unveiling clovibactin,
a new antibiotic derived from an uncultured soil bacterium.
This compound has shown efficacy in killing drug-resistant
Gram-positive bacteria without promoting the development
of resistance .

Most natural antibiotics are identified through the screen-
ing of laboratory-cultured, soil-dwelling strains. While
sources such as actinomycetes have been extensively studied,
approximately 99% of microbial species in various environ-
ments remain uncultured, representing a vast, untapped reser-
voir of potential novel antibiotics. In the referenced study ',
researchers overcame this challenge by incubating soil
samples for 16 weeks under conventional culture conditions
to facilitate the growth of previously uncultured bacterial spe-
cies. The extracts from these cultures were then screened in
vitro against Staphylococcus aureus, leading to the isolation

[Received on] 15-Mar.-2024

[ Corresponding author] E-mails: weiguang_sun@hust.edu.cn (SU-
NWeiguang); hzx616@126.com (HU Zhengxi)

These authors have no conflict of interest to declare.

of clovibactin, an antibiotic with significant antimicrobial
activity. Clovibactin targets the pyrophosphate of multiple es-
sential peptidoglycan precursors, including C55PP, lipid II,
and lipid IITWTA, thereby inhibiting cell wall synthesis (Fig.
2). In recent years, this research group discovered a series of
natural antibiotics from uncultured bacteria, such as
teixobactin (a cell wall synthesis inhibitor by binding to a
highly conserved motif of lipid II and lipid III), lassomycin
(an inhibitor of the CIpP1P2C1 protease), and amycobactin
(an inhibitor of the SecY protein exporter) .. These discov-
eries highlight the potential of uncultured bacteria as sources
of novel antibiotics, providing promising leads for develop-
ing treatments with a reduced risk of drug resistance.

Uncultured bacteria represent a vast, largely untapped
chemical resource that often remains undetectable under con-
ventional culture conditions. To address this challenge, the
research group led by Kim Lewis developed the iChip, an in-
novative culturing device ™. The iChip comprises multiple
parallel chambers, each covered with a semi-permeable mem-
brane and submerged in a suspension containing bacteria and
their native environmental components. This design pre-
serves the essential nutrients and growth factors necessary for
bacterial growth. The iChip features numerous miniature
openings, ensuring that each chamber isolates approximately
one bacterial cell, thus facilitating simultaneous isolation and
cultivation. Once colonies form—a critical step—they can be
transferred to a conventional Petri dish for further incubation
and extraction.

In addition to the traditional sources of NPs, such as
plants, bacteria, and fungi, other resources like animal
venoms have shown promise in antibiotic development due to
their ability to disrupt bacterial membranes . However,
some potential sources remain underexplored due to accessib-
ility challenges. Marine environments, for instance, are
known to harbor diverse natural antibiotics, such as ilamy-
cins ™. Similarly, extreme environments like hypersaline hab-
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Fig. 1 The number of deaths attributable to and associated
with bacterial AMR by regions (Region 1: Central Europe,
Eastern Europe, and Central Asia; Region 2: High income;
Region 3: Latin America and Caribbean; Region 4: North
Africa and Middle East; Region 5: South Asia; Region 6:
Southeast Asia, East Asia, and Oceania; Region 7: Sub-Saha-
ran Africa).

itats, acid mine drainage, glaciers, and permafrost ¥ are
known to contain species that have developed specialized sur-
vival mechanisms in harsh conditions, potentially leading to
the discovery of novel NPs. Exploring these unique environ-
ments is crucial, but it must be approached with caution to
prevent anthropogenic impact and contamination. Further re-
search is needed to replicate the conditions of these ecosys-
tems in the laboratory effectively, which is essential for cul-
tivating and studying the sampled species.
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Additional methods to explore untapped natural sources
include genome mining, which leverages existing knowledge
to uncover biosynthetic gene clusters (BGCs) and corres-
ponding natural antibiotics across different strains through
phylogenomics-guided approaches. This strategy, when com-
bined with unconventional cultivation techniques such as in
situ cultivation, heterologous expression, and chemical syn-
thesis, can significantly expand the chemical diversity of nat-
ural sources by activating silent operons typically dormant
under the standard physical conditions. Furthermore, the
branch points of phylogenetic trees offer opportunities to dis-
cover novel enzymes that mediate chemical modifications,
potentially leading to the identification of new classes of nat-
ural antibiotics. Advanced tools in genome mining and deep
learning are increasingly capable of predicting innovative an-
tibiotics and their targets, enhancing the efficiency of these
explorations """ An intriguing aspect of this research is that
microorganisms producing antibiotics often co-express resist-
ance genes for self-detoxification. These resistance-related
genes can serve as valuable markers for identifying novel nat-
ural antibiotics and vice versa. Unlike traditional screening
methods, these genome mining techniques can broaden the
scope of antimicrobial discovery, offering potential relief
from the pressures imposed by multidrug-resistant pathogens
and the scarcity of viable antimicrobial targets.

Untapped natural resources represent a critical reservoir
in the face of the urgent AMR crisis. The challenge lies not
only in efficiently identifying these resources but also in
avoiding the substantial effort involved in re-discovering
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Fig. 2 The antibacterial mechanism of clovibactin. (A) Clovibactin sequestrated multiple essential peptidoglycan precursors by
wrapping around the conserved pyrophosphate module and forming supramolecular fibrils on the cell membrane, which further
interfered with the cycle of lipid IL. (B) Expression of LacZ was specifically induced by clovibactin in B. subtilis Py, s-lacZ, indic-
ative of interference with cell wall biosynthesis and treatment of B. subtilis with clovibactin induced cell-shape deformations as

visualized by phase-contrast microscopy.
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known compounds. To this end, dereplication methods are es-
sential. By integrating these methods with transcriptome ana-
lysis, researchers can predict novel compounds in advan-
ce " Another promising approach is differential screening,
which compares different species or variations within the
same species, focusing on differences in sensitivity and gene
profiles ", This technique helps bypass the discovery of
known NPs and those that are toxic, either selectively or uni-
versally. It also identifies selective antibiotics that could play
a crucial role in circumventing the AMR crisis, especially

J§

those induced by broad-spectrum antibiotics.

Traditional screening platforms have generally failed to
yield novel antibiotics from conventional sources. It is anti-
cipated that the next generation of antibiotics, characterized
by innovative structures and mechanisms of action, will be
discovered by extensively mining vast gene pools, exploring
uncultured bacteria, and tapping into other previously under-
explored species. These advancements will be supported by
an enhanced understanding of microbial biology and signific-
ant technological innovations (Fig. 3).
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Fig. 3 NPs from untapped sources as a potent reserve against AMR crisis.
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