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ABSTRACT: AntibioticDB (https://www.antibioticdb.com/), originally established in
2017 and since 2021 led by the Global Antibiotic Research & Development Partnership
(GARDP), is a freely available database of antibacterial agents to facilitate research and
development of new antibacterial therapeutics. Here, we describe a new release of A DIB
AntibioticDB that has been significantly expanded and updated with the aid of user
feedback and which offers additional functionality through a redesigned web portal.
Improvements include reciprocal integration with the IUPHAR/BPS Guide to
Pharmacology (https://www.guidetopharmacology.org), capturing of compound structure
information in the form of standard chemical identifiers (canonical and isomeric SMILES,
InChl, and InChI Key), chemical 2D structure images, and harmonizing terminology to optimize database searching. Ongoing
curation efforts have increased the number of individual entries to >3,500, a process driven mostly by a significant expansion of
historical natural product antibiotics that were previously under-represented in the database. The database is continuously updated
by mining the published literature and capturing newly discovered antibacterial compounds as they are reported, making
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AntibioticDB the most complete global resource on antibacterial agents.
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Antimicrobial resistance (AMR) is a global public health issue,
of which the considerable scale has only recently begun to be
clearly defined. The Global Burden of AMR Study estimated
that in a single year (2019), 1.27 million deaths worldwide
were attributable to drug-resistant bacterial infections, with a
further 4.95 million deaths associated with AMR." The latest
forecasts suggest that, by 2050, these figures will have risen to
1.91 million attributable deaths and 8.22 million associated
deaths.” Addressing the challenge of AMR requires action on
multiple fronts, including improving infection prevention and
control to reduce the use of antimicrobials, along with
enhanced resistance surveillance and stewardship to optimize
antimicrobial use.” While such approaches should serve to limit
the rate at which the AMR problem escalates, it nonetheless
remains essential to develop new antibacterial treatments
effective against pathogens that have evolved resistance to
existing antibiotics. Unfortunately, this is easier said than
done—the antibacterial pipeline remains extremely under-
populated for several reasons that are well recognized."

One of the most fundamental issues in bringing new
antibacterial drug candidates forward is identifying suitable
agents to develop. Revisiting drug candidates whose develop-
ment was originally discontinued presents one potential
approach to revitalizing the antibacterial pipeline. Indeed,
rehabilitating failed antibacterials to deliver new drug
candidates represents a tantalizing yet realistic prospect; the
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field has witnessed several instances where antibacterial
compounds were initially discarded, but which were sub-
sequently revisited and developed into successful antibacterial
drugs (e.g., daptomycin,® fidaxomicin”). This was the original
motivation behind AntibioticDB (https:/ /antibioticdb.com),
an online, freely- and globally-accessible database that was
established in 2017 to capture detailed information regarding
agents that have—or that may possess—potential for use in
antibacterial chemotherapy.®

It is already apparent that AntibioticDB is proving a valuable
resource for the research and drug discovery community; the
publication describing it has been cited >60 times and, in the
period April 1, 2018 to October 28, 2021, 4025 users accessed
the database a total of 17,690 times (unpublished data). From
2021, the expansion and further evolution of AntibioticDB
have been supported and led by the Global Antibiotic Research
& Development Partnership (GARDP). Curation and data-
base/website development are being undertaken, respectively,
by researchers from the University of Leeds (LG, AJO) and the
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University of Edinburgh (SH, JA and JD). Here, we provide an
overview of the new release of the updated AntibioticDB and
describe the improvements in content and functionality that
have been achieved since the initial description was published
in 2018.°

B EXPANDING DATABASE CONTENT

The number of individual entries in the database is now over
3,500, a >4-fold increase over the original release reported in
2018. These new entries have been identified through
extensive literature searching and come from diverse sources
including those listed by Farrell et al.® Two key sources are
worthy of specific mention since they have allowed a dramatic
increase in the capture of historical natural product antibiotics
in the database: The Journal of Antibiotics (https:/ /www.
jstage.jst.go.jp/browse/antibiotics1968/—char/en) and the En-
cyclopaedia of Antibiotics.” Thousands of such compounds
have been described in the scientific literature over the last
~80 years yet were under-represented in the first iteration of
AntibioticDB. Because most antibacterial drugs in clinical use
are, or derive from, natural product antibiotics, molecules of
this type represent an important likely source of future
treatments for bacterial infection.

The process of identifying new entries to add to the
AntibioticDB database is guided by the following key
principles:

(i) Agents should demonstrate a degree of selective toxicity
against bacteria over mammalian cells. This is a defining
feature of an agent with potential for use in systemic
antibacterial chemotherapy, since it makes feasible
specific targeting of disease-causing bacteria without
comparable toxic effects on the patient. It is rarely
possible to “introduce” selective toxicity by modification
of a compound that lacks selectivity at the outset
because such agents typically exert their effects on
bacterial and mammalian cells through the same
mechanism. Thus, compounds lacking selectivity of
action have limited value or prospects for antibacterial
chemotherapy and are not the focus of AntibioticDB. An
“indication of selectivity” can take many forms in the
published literature including a demonstration of safety/
efficacy in vivo, a difference in the observed response to
the compound between cultured bacterial and mamma-
lian cells, or inhibitory action against a purified target
protein that is reduced or absent against the mammalian
counterpart.

(ii) Historically, the major focus in antibacterial chemo-
therapy has been on small molecule drugs that inhibit or
kill bacteria (“direct-acting antibacterials”), and such
molecules also constitute the bulk of entries in
AntibioticDB. Nevertheless, there are agents in clinical
use that do not act in this manner (e.g., beta-lactamase
inhibitors that primarily act to inhibit an antibiotic
resistance mechanism), and there is a growing interest in
“nontraditional” agents that act through alternative
means.'’ Any modality that has, or might have, potential
in the prevention or treatment of bacterial infection is
considered appropriate for inclusion in AntibioticDB.
Thus, included in AntibioticDB are agents that lack
intrinsic antibacterial activity (e.g.,, those that sensitize
bacteria to antibacterial drugs, that target bacterial
virulence functions as opposed to viability, or that

modulate the host response to infection) and those that
are considerably larger than the classical antibacterial
drug (e.g,, biological materials like enzymes, antibodies,
and bacteriophages). Where such agents are intended to
be combined with a specific antibacterial drug during
treatment, each of the individual components and the
combination treatment are curated in AntibioticDB as
independent entries.

(iii) Close chemical analogues of antibacterial agents
generated during discovery programs are not captured
as separate entries in AntibioticDB unless there is a clear
rationale for doing so. Often, such “project compounds”
are not all individually characterized and/or reported in
detail in the published literature, and the assumption
that these molecules have the same antibacterial mode of
action as the lead compound may not have been verified.
Thus, there is typically a lack of robust data available to
warrant dedicated entries for such analogues in
AntibioticDB. Instead, information is captured for the
core or lead scaffold, and the existence of reported
analogues is indicated. Exceptions to this approach are
made when compelling reported data for an analogue
indicate an important difference to other compounds of
the series (e.g., distinct antibacterial spectrum or mode
of action).

B IMPROVED INFORMATION CAPTURE AND
HARMONIZATION OF TERMINOLOGY IN
ANTIBIOTICDB

In addition to adding database content in the form of new
entries, more detailed information is now being captured per
entry to maximize utility for the user. To better enable users to
search the database for compounds with specific properties, the
terminology used to describe antibacterial agents and their
activity has also been streamlined and harmonized.

For example, information on the origin of antibacterial
agents is now included, showing whether they are natural
products (and if so, the producer organism or source),
semisynthetic derivatives of natural products, or wholly
synthetic compounds synthesized in the laboratory. Where
available, additional relevant detail regarding the therapeutic
potential of agents has been added (e.g., data on cytotoxicity,
key results of in vivo efficacy studies). AntibioticDB has now
formalized the incorporation of synonyms for compound
names, capturing what we consider to be all relevant terms
including abbreviations or acronyms, alternative iterations for
alphanumeric names, and brand names for proprietary drugs.
The major motivation for this was to improve database
searching but has also had the benefit of allowing improved
detection and resolution of duplicate entries in the database.

Another improvement in AntibioticDB is a better-defined
terminology and a more systematic approach to classifying
antibacterial agents. In cases where chemical compounds
belong to an established antibiotic or antibacterial drug class
(e.g., beta-lactams, tetracyclines), we consider that this is the
most appropriate/useful “class” information to display. A
comparable approach is used for compounds that fall into
other recognized groupings (e.g, “antimicrobial peptide”).
Where categorization on this basis is not possible, entries are
categorized according to their functional class. For example, in
the case of direct-acting antibacterials for which the mode of
action is known, the “class” will describe the cellular pathway
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and/or specific drug target inhibited (e.g., fatty acid synthesis
inhibitor [Fabl inhibitor]). Indirect-acting and nontraditional
antibacterial modalities are also referred to by function, using a
defined vocabulary (e.g, antibiofilm agent, antivirulence
agent). Where agents cannot be classified according to either
their class or function, they are described according to their
basic nature (e.g., small molecule antibacterial agent).

Where available, entries for drugs will include information
on the current status and highest development stage (Table 1).

Table 1. Redefined Terms in the New Release of
AntibioticDB

“development
status” field
term definition
approved drugs approved by FDA, EMA, or other drug regulatory
agencies and currently available in >1 country
active agents in clinical trials (whether ongoing or completed,
with or without results posted)
inactive agents that have at least reached phase 1 clinical trials and
are no longer being taken forward
experimental  agents in discovery or preclinical stages
withdrawn drugs previously approved but discontinued/withdrawn
from market
unknown agents for which clinical trials have been performed or
published but have not been approved for reasons
unknown
“highest
development
stage” field
term definition
preclinical agents explicitly reported to be undergoing preclinical
evaluation (e.g., in a published article, company press
release, or by direct communication from researchers)
phase 1—4  agents undergoing clinical trial (reference number included
where availableg
approved approved status (with approving agency and year of first

approval shown)

To provide more details in the data captured, the “Highest
Development Stage” field now contains the clinical phase of a

drug as registered in https://clinicaltrials.gov and their
corresponding NCT reference, or an “Approved” status along
with the year of first approval by FDA, EMA, or equivalent.
The “Development Status” field indicates the current status of
an agent using the defined vocabulary described in Table 1.
Antibacterial agents that have not progressed to clinical trials,
including those in early discovery through to preclinical
evaluation, are designated “Experimental”. Agents with the
status “Inactive” are those that have been terminated during or
after clinical trials, while those designated “Withdrawn” have
gained approval but were subsequently withdrawn from clinical
use. As part of the ongoing curation, AntibioticDB will
maintain updates to the status of current entries when they are
in clinical development or approved for use (Figure 1).

B NEW FUNCTIONALITY IN ANTIBIOTICDB

Beginning in 2019, AntibioticDB has benefitted from
reciprocal integration with the IUPHAR/BPS Guide to
Pharmacology (GtoPdb; https://www.guidetopharmacology.
org)."""* GtoPdb is a long-established and widely used
database of pharmacological targets and the ligands that act
on them and includes drugs for both infectious and
noninfectious diseases. The information captured in GtoPdb
is distinct from that in AntibioticDB; the latter captures
microbiological data and includes antibacterial agents that are
at any point along the discovery-development continuum,
while the former has a focus on biochemical properties and
pharmacodynamics of drugs/advanced drug candidates. Never-
theless, the information in the two databases is highly
complementary. To date, ~19% (687 of 3513) of Anti-
bioticDB entries have a reciprocal GtoPdb link.

From the outset, AntibioticDB has provided external links—
where available—to chemical compound information held in
PubChem (https://pubchem.ncbinlm.nih.gov).”> A primary
reason for this is to provide users of AntibioticDB access to
structural information on chemical compounds. As of October
2025, ~54% of entries in AntibioticDB have an associated
PubChem link. Structural information is now also captured

Withdrawn
(92)

In market
(222)

Phase 3 (53)
Approved
drugs

Phase 4 (12)

Agents
terminated in
clinical trials

(111)

Experimental
agents
(2,794)

Figure 1. Agents in AntibioticDB as of October 2025 and their development status.

https://doi.org/10.1021/acsinfecdis.5c00955
ACS Infect. Dis. XXXX, XXX, XXX—XXX


https://clinicaltrials.gov
https://www.guidetopharmacology.org
https://www.guidetopharmacology.org
https://pubchem.ncbi.nlm.nih.gov
https://pubs.acs.org/doi/10.1021/acsinfecdis.5c00955?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.5c00955?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.5c00955?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsinfecdis.5c00955?fig=fig1&ref=pdf
pubs.acs.org/journal/aidcbc?ref=pdf
https://doi.org/10.1021/acsinfecdis.5c00955?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Infectious Diseases

pubs.acs.org/journal/aidcbc

Pub @ hem o«

Docs  Submit  Contact

CoMPOUND SuMMARY

Tbaj-587
Pubchem ciD 138319677
Structure
Alp|s ] Q Search AntibioticDB ¢ _\z_—
SRV
Home | About » »
Motecuar Formula CaoHasBrFNs05
Synonyms TBAL587
252916-16-6
Update compound information (529 G Bromo 2t
UNI-DGUWMO2WS1
DsUWMOZHS!
TBAJ-587
Molecular Weight 6165 gimol
Class: Small molecule antibacterial agent Computeaby Pucram 23 puschan v 20210507
Otes create: i
20190513 2024-11-30
Details of activity: Active against Myc hibits synthas Description o
» Open Torgets
Propensity to select resistant Yes )ﬁ
mutants: 1
Description: uinoline core; an o Jili shows 1
U IUPHAR/BPS Guide to PHARMACOLOGY [ - |
Year first mentioned: ! a resource them
Highest developmental phase: I R I I e T e
= * Ugands > TeATSST ]
Development status: N

Chemical structure(s):

1 TBAJ-587 () GtoPdb Ligand ID: 13060

‘Syonyms: compound 8 (PMID: 30803745]

Iso. SMILES:  CN(C)CC[C@@](C1=CC(=NC(=C1)OC)OC)([C@H]
a (C2=C(C(=CC=C2)0C)F)C3=C(N=C4C=CC(=CC4=C3)Br)OC)0
| Q InChl Key: JJEGOIPMKLRSP)-POURPWNDSA-N
Can. SMILES:  CN(C)CC[C@@](C1=CC(=NC(=C1)0C)0C)([C@H]
O/ (C2=CC=CC(=C2F)0C)C3=C(N=C4C=CC(=CC4=C3)Br)OC)0
Br- Inchl: InChI=1S/C30H33BrFN305/c1-35(2)13-12-30(36,19-16-

‘Compound class: Synthatic oanic

‘Comment: TBAJ-587, an analogus of bedaquiine, was discovered at the Uriversiy

the daryiquinolins class of antibacterial compounds (2. TBAJ-587 has a more
lower ik of QT pro

antimycobactoria actity than bedaquino (2.

20 stroture @

SMILES /inchi / inchikey @

Physico-chamicl Propertos @

¥ OH 25(38-4)34-26(17-19)39-5)27(21-8-7-9-24(37-
§ 3)28(21)32)22-15-18-14-20(31)10-11-23(18)33-29(22)40- W Biological activity Clinical data References Structure Similar ligands
N o \ 6/h7-11,14-17,27,36H,12-13H2,1-6H3/t27-,30-/m1/s1
| contesn®
N Compound s Symots agni
]
Molecular weight: 614.5 .
] .
. menca  Antimicrobial Agents
! raosower/and Chemotherapy
! ) EXPERIMENTAL THERAPEUTICS
PubChem link: https://pubchem.ncbi.nlm.nih.gov/compound/138319677 / ATl 202 ol O e /1 01158/aas-0541859
Guide to Pharmacology: TBAJ-587
Citations:
o https://journals.asm.org/doi/10.1128/aac.02418-20 -

Comparative Efficacy of the Novel Diarylquinoline TBAJ-
587 and Bedaquiline against a Resistant Rv0678 Mutant in
a Mouse Model of Tuberculosis

Jian Xu a,"’ Paul J. Conversea, Anna M. Upton b", Khisimuzi Mdlulib",
Nader Fotouhlb, Eric L. Nuermberger ac

2Center for Tuberculosis Research, Department of Medicine, Johns Hopkins
University School of Medicine, Baltimore, Maryland, USA

bGlobal Alliance for TB Drug Development, New York, New York, USA

CDepartment of International Health, Johns Hopkins Bloomberg School of Public
Health, Baltimore, Maryland, USA

Figure 2. Layout and content of a typical entry page in the new release of AntibioticDB. The entry page is shown in the left-hand panel; linked
information is highlighted in red boxes and directs users to relevant information held in other databases.

directly in AntibioticDB; not only does this allow medicinal
chemists to search AntibioticDB for compounds of interest
based on specific chemical features but it also offers researchers
structural information for antibacterial compounds that lack a
PubChem entry. Thus, the updated AntibioticDB captures this
information in the form of standard chemical identifiers, using
several common formats (canonical SMILES, isomeric
SMILES, InChl, and InChI Key). The process used to do
this involves first identifying (or generating) an isomeric
SMILES string. For many compounds, this information can be
extracted from PubChem or other open-access chemical
databases (ChEMBL'* or Japan Chemical Substance Dic-
tionary [http://doi.org/10.15079/NIKKAJI]). For com-
pounds that do not have a reported chemical identifier, a
structure from the original report of the compound is
submitted to either Revvity ChemDraw Prime 23 or

DECIMER'® (https:/ /decimer.ai/) to generate the SMILES
string. To guarantee a uniform format of chemical identifiers,
the isomeric SMILES input is then converted by a structure
generator (Chemistry Development Kit CDK 2.9—https://
cdk.github.io/)'® to create other chemical strings and keys
(canonical SMILES, InChl, and InChl Key) and a 2D
structure depiction with corresponding molecular weight. As
of October 2025, ~67% (2338 of 3513) of entries in
AntibioticDB had chemical identifiers. The inclusion of such
identifiers has made it possible to incorporate a search
functionality based on chemical structure (https:/ /wWww.
antibioticdb.com/chemSearch.jsp), where a query input can
either be a SMILES string or drawn using a built-in chemical
drawing tool. This facility will now allow users to look for
matching substructures or similar structures based on their
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Tanimoto coefficients, providing a powerful new way to
explore compound data in AntibioticDB.

B AN IMPROVED DATABASE AND WEB PORTAL

An important aspect in the development of the improved
AntibioticDB has been the switch from using a JavaScript
(Node.js) and Microsoft Excel spreadsheet to using a
PostgreSQL relational database. This switch will help to
ensure data integrity and consistency. Another advantage of
this change is more efficient data retrieval, which provides a
better basis for implementing searches and filtering across
AntibioticDB, including the ability to filter or download search
results. These changes have also helped to link compound data
in AntibioticDB more easily to multiple publication sources,
patents, and structure links and provide the platform for the
curation of chemical structure data.

To enhance the user experience, several improvements have
been made to the AntibioticDB website that include
reorganization of the structure and information provided on
the site. An example of an individual entry page is presented in
Figure 2, showing examples of the linked information that is
now available. AntibioticDB now incorporates “wild-card”
searching, allowing use of partial search terms when they are
entered followed by an asterisk; this facilitates searching in
several ways, including when looking for groups of related
compounds that share a prefix or where variations in spelling
exist for a particular agent. Additionally, the search function
now features text autocomplete, displaying a drop-down list of
agent names matching to a query. When AntibioticDB was
originally established, the search function simply returned all
occurrences of the query in the database in order of
appearance. To improve search performance, the results are
now ranked, with the top-ranked hit(s) returned for matches in
agent name followed by matches under the heading of agent
class. As a rule, a query returning several hits will prioritize
entries with more occurrences of the query term. The results
returned for any given search can now be downloaded as a
comma-separated value (.csv) file for further interrogation
offline. Full database content can also be browsed as a list or

downloaded in full.

B CONCLUDING REMARKS AND FUTURE
DIRECTIONS

AntibioticDB remains the only database of antibacterial agents
that is expertly curated and freely available worldwide. As
described herein, the database and its web portal have recently
undergone considerable development in terms of scope,
content, and functionality. This process has been guided and
refined by user feedback, and the authors thank the expert
users from academia and industry who utilized our beta-testing
website during development and provided feedback on their
experience (see Acknowledgments). Among the key issues
raised and successfully addressed in the new release of
AntibioticDB are greater capture of historical natural product
antibiotics, direct access to structural information, and
improved database searching capabilities. The further
expansion and evolution of AntibioticDB have significantly
increased its value for the antibacterial drug discovery
community; in particular, the inclusion of chemical identifiers
and a structure-based search functionality now extends its
utility to medicinal chemists.

Our current focus for AntibioticDB is on more extensive
mining of antibacterial agents from the patent literature and
further enhancing database searching capabilities. We en-
courage the research community to participate in improving
AntibioticDB and to send information for inclusion, or
feedback, to antibioticdb@gardp.org.
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