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Abstract: The pressing need for new antimicrobial drugs has been highlighted by the growing problem 
of antimicrobial resistance (AMR). The quick creation of efficient medicines is hampered by the time-
consuming and expensive nature of traditional drug discovery techniques. Artificial intelligence (AI) 
has recently surfaced as a potentially useful technology to speed up the discovery of novel 
antimicrobials. From anticipating chemical interactions to improving drug candidates, artificial 
intelligence (AI) technologies including machine learning, deep learning, and natural language 
processing have been used at different phases of antimicrobial development. AI can find previously 
undiscovered chemicals and forecast their effectiveness against resistant infections by examining 
enormous datasets of chemical structures, biological activity, and genomic data. This study examines 
the use of AI in antimicrobial drug discovery, emphasizing how it can expedite the drug development 
process, increase target identification precision, and encourage the creation of new compounds with 
improved potency and selectivity. We also go over the drawbacks and difficulties of incorporating AI 
into antimicrobial research, such as the requirement for interdisciplinary cooperation, data quality, 
and model interpretability. Finally, AI-driven strategies present a promising opportunity to tackle the 
worldwide AMR epidemic and quicken the creation of critically required antibiotic treatments. As an 
alternative to traditional antibiotics, antimicrobial peptides (AMPs) show promise as agents against 
antimicrobial resistance. AMP discovery was transformed by artificial intelligence (AI) using both 
generation and discrimination techniques. The vast field of drug discovery is always looking for new 
and creative ways to find and create peptide-based medicines. The development of novel peptide 
medications has undergone a radical change since the introduction of artificial intelligence (AI). A 
variety of computer tools and algorithms provided by AI allow researchers to expedite the 
development of therapeutic peptides.  
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INTRODUCTION  
In recent years, the rise of antimicrobial 
resistance (AMR) has emerged as a global 
health crisis, threatening our ability to treat 
infections effectively. As traditional 
antimicrobial discovery faces increasing 
challenges, artificial intelligence (AI) is 
stepping in as a transformative tool in the search 
for new antimicrobial agents. Since its recent 
technological advancement, AI has been quickly 
used into medication research, significantly 

increasing the effectiveness of finding new 
antibiotics (Liu et al., 2024b). 
This narrative review explores how AI is being 
utilized in the discovery of new antimicrobials, 
the possible benefits it offers, as well as future 
prospects, with particular attention to 
antimicrobial peptides. 
Antibiotics have emerged as the mainstay of 
contemporary medicine since the discovery of 
penicillin. However, because antibiotic-
resistance determinants are spreading 
throughout the world, it is unknown if these 
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necessary medications will remain effective 
(Stokes et al., 2020). 
Antibacterial peptides (ABPs) are a family of 
peptides found in nature that play a crucial role 
in the innate immune systems of organisms. 
These ABPs offer several advantages over 
widely used antibiotics. As a result, they have 
recently received a lot of attention as potential 
replacements for currently available antibiotics. 
But it is expensive and time-consuming to 
identify ABPs from natural sources, AI-based 
approaches could facilitate screening and 
optimization of AMP candidates (Sharma et al., 
2024). 
In reaction to environmental challenges, 
pathogens undergo various changes in their 
genomes, resulting in AMR. As a consequence 
of AMR, these pathogens become unresponsive 
to antibiotics (Sharma et al., 2024). 
AI has significantly sped the development of 
novel antibiotics in recent years (Cesaro et al., 
2023; Stokes et al., 2020; Wong et al., 2023). 
New AI-based antibiotic candidates can now be 
discovered in hours due to computational 
screening, compared to conventional discovery 
workflows that take years. Millions of 
individuals still pass away from infections every 
year despite these scientific and technological 
advancements (Murray et al., 2022; Naghavi et 
al., 2024). More than 4 million people died in 
2019 alone as a result of pan-drug-resistant 
bacteria that have emerged because of the 
overuse and abuse of antibiotics. However, 
antibiotic-resistant genes are not the only reason 
why antimicrobial treatments fail to successfully 
cure people and eradicate infections. Antibiotic 
failure is caused by a variety of circumstances, 
including intricate systems underpinning serious 
clinical situations like sepsis (Cesaro et al., 
2023). This complex problem is becoming a 
major worldwide concern. 
Since its recent technological advancement, AI 
has been quickly used into medication research, 
significantly increasing the effectiveness of 
finding new antibiotics (Liu et al., 2024b). 
 
1.Artificial Intelligence in Drug Development 
AI is anticipated to streamline and expedite 
pharmaceutical development in the future. By 
using robotics and models of genetic targets, 
medications, organs, diseases and their course, 
pharmacokinetics, safety, and efficacy, AI can 

transform the labour-intensive process of drug 
development into one that requires capital and 
data (Naik et al., 2022). The drug discovery and 
development process can be accelerated and 
made more economical and efficient with the 
application of AI. AI was previously used to find 
possible Ebola virus medications, but like with 
any pharmacological study, finding a lead 
compound does not ensure the creation of a safe 
and effective treatment (Stephenson, 2021). 
AI has the ability to close gaps in rural 
communities and resource-poor nations, 
increasing access to healthcare services. AI 
could be used to conduct screening and 
evaluation in settings with limited resources if 
insufficient medical expertise is available, a 
common challenge in many resource-poor 
settings (Stephenson, 2021). 
Using algorithms that can produce and assess a 
huge number of peptide sequences according to 
desired characteristics, like target affinity, 
selectivity, and bioavailability, is known as AI-
driven peptide design. Compared to 
conventional techniques, these algorithms are 
more thorough and effective at exploring vast 
chemical regions (Nissan et al., 2024). 

 
Figure 1. Schematic representation of AI in drug 
development. 
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2. Machine learning (ML) 
With its many uses in computer vision, language 
processing, gaming, and computational biology, 
machine learning (ML), a subfield of artificial 
intelligence, has advanced significantly. Some 
machine learning models make use of deep 
learning (DL), a technique that uses deep 
networks (DNNs) to predict outcomes and 
extract hidden features from complicated 
datasets, such as biomolecular structures and 
photographs (Liu et al., 2024b; Stokes et al., 
2020; Wan et al., 2024a). 
In addition to producing medicines, machine-
learning (ML) models have been used to 
forecast antimicrobial resistance, haemolysis, 
and antimicrobial activity (Wan et al., 2022). 
ML can be used to predict macromolecular 
structures and therapeutic features, including 
antibiotic activity and absorption, distribution, 
metabolism, excretion, and toxicity (ADMET) 
(Wan et al., 2024b). 

 
Figure 2. Schematic representation of ML. 
 
The use of AI in the development of novel 
peptide drugs has bright future prospects and has 
the potential to completely transform the peptide 
drug discovery process. To fully realize the 
potential of AI-driven techniques and guarantee 
their successful incorporation into the drug 

development pipeline, a number of obstacles 
must be overcome. Expanding and improving 
AI models through the use of more extensive 
and varied datasets is one of the fundamental 
prerequisites (Bilal et al., 2025). 
For example, machine learning has identified 
genetic traits associated with antibiotic 
sensitivity in Escherichia coli across various 
sequence types (STs) (Bilal et al., 2025). These 
genetic markers help elucidate how STs evolve 
and spread within populations that are likely to 
facilitate dissemination (Shaik et al., 2022). 
Similarly, it was used to predict Streptococcus 
pneumoniae susceptibility to β-lactam 
antibiotics by correlating penicillin-binding 
protein (PBP) sequences with minimum 
inhibitory concentrations (MIC) values (Zhang 
et al., 2019). 
Intricate patterns in a variety of data can be 
found using AI/ML methods, which can shed 
light on the processes behind the emergence of 
drug resistance (Liu et al., 2024a). An AI-based 
tool called PathogenWatch makes it possible to 
analyze and visualize microbial genome 
sequences in real-time in both geographical and 
phylogenetic settings, which enhances the 
tracking and monitoring of pathogen outbreaks  
(Vashisht et al., 2023). Real-time monitoring 
enabled by AI/ML helps to promptly modify 
containment and treatment plans (Vashisht et al., 
2023). 
Using a dataset of 312 antibiotics and 936 non-
antibiotic medications, researchers trained eight 
distinct algorithms—including extreme gradient 
boosting, random forest, deeper neural 
networks, and gradient boosting classifier—to 
predict novel antimicrobial compounds. With 
five-fold cross-validation, the top four 
classifiers obtained over 80% accuracy in both 
test and blind data (Jana et al., 2024). 
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Table 1. A list of antimicrobial agents and peptides discovered or designed using artificial intelligence (AI) 
and machine learning (ML) 
Antimicrobial 
Agent 

Methods Used Properties References 

SPR206 Structure-activity 
relationship (SAR) 
models 

Reduced nephrotoxicity, high efficacy (Hazrat et al., 
2025; Zhang 
et al., 2020) 

QPX9003 
 

AI-guided structure 
optimization 

Improved safety profile, effective at lower doses (Castanheira 
et al., 2019) 

MRX−8                                   
 

Predictive modeling Lower toxicity, enhanced pharmacokinetics (Duncan et 
al., 2022) 

Murepavadin Iterative 
peptidomimetic 
design 

High specificity, effective in biofilms  (Sader et al., 
2018) 

IB−367  
 

AI peptide design Safe but limited efficacy in clinical settings (Mosca et al., 
2000) 

SCH−79797 
 

ML based dual 
mechanism profiling 

Broad-spectrum efficacy (Martin et al., 
2020; Mosca 
et al., 2000) 

Bactenecin Machine-learning 
classifer 

Broad-spectrum efficacy (Wu et al., 
1999) 

DP7 AI-driven sequence 
optimization 

Low cytotoxicity, strong biofilm activity (Wu et al., 
2014) 

Lead AMPs PanCleave random 
forest modeling 

Low toxicity, high specificity (Maasch et 
al., 2023) 

3. Deep Learning 
Deep learning models have shown promise in 
predicting molecular properties and biological 
activities of compounds. Deep-learning 
approaches applied to antibiotic discovery 
include graph neural networks (GNN) and 
message-passing neural networks (MPNN) for 
molecular activity prediction, convolutional 
neural networks (CNNs) and transformers for 
compound or antimicrobial peptide 
classification, and generative architectures 
such as autoencoders and variational 
autoencoders (VAEs), generative adversarial 
networks (GANs), diffusion models, and 
reinforcement-learning frameworks for the de 
novo design and optimization of antibacterial 
molecules. By training on datasets that include 
chemical structures and their associated 
biological responses, these models can suggest 
novel compounds that may not have been 
previously considered. HydrAMP is a deep-
learning model that learns the main structural 
features of peptides together with their 
antimicrobial properties, allowing it to 
generate new peptide sequences or improved 
analogues of known peptides. By combining 
this design process with computational 
screening and molecular dynamics 

simulations, HydrAMP can prioritize 
promising candidates for experimental testing 
and improve the chances of identifying active 
antimicrobial peptides. This approach was 
used to obtain Hydraganan-1, an analogue of 
pexiganan and showed strong activity against 
E. coli (Szymczak et al., 2023). DeepAMP is a 
peptide language-based deep generative 
framework designed to discover potent, broad-
spectrum antimicrobial peptides. It was 
successfully used to generate 18 candidates 
with strong activity against both Gram-positive 
and Gram-negative bacteria, reduced potential 
for resistance development, and three of them 
demonstrated efficacy in an in vivo wound 
infection model (Li et al., 2024). AMP-
Diffusion is a generative AI platform that 
combines latent diffusion modeling with 
protein language embeddings to design novel 
antimicrobial peptides. By using this model the 
authors obtained a high experimental success 
rate of the AMPS tested against both 
susceptible and multidrug-resistant bacteria, 
with low toxicity and promising in vivo 
efficacy for two peptides, comparable to 
clinically used antibiotics (Torres et al., 2025). 
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4. Challenges and Future Directions  
While the use of AI in antimicrobial discovery 
is promising, several challenges remain. Data 
quality, accessibility, and the need for 
interdisciplinary collaboration are all crucial 
for advancing this field. Additionally, 
regulatory and ethical considerations must be 
addressed as AI-driven solutions become more 
prevalent in drug development. The use of AI 
in the development of novel peptide drugs has 
bright future prospects and has the potential to 
completely transform the peptide drug 
discovery process. To fully realize the 
potential of AI-driven techniques and 
guarantee their successful incorporation into 
the drug development pipeline, a number of 
obstacles must be overcome. Expanding and 
improving AI models through the use of more 
extensive and varied datasets is one of the 
fundamental prerequisites (Nissan et al., 
2024).  
CONCLUSIONS  
AI is revolutionizing and overall, increasingly 
contributing to the discovery of new 
antimicrobials, offering efficient, accurate, and 
innovative approaches to combat antimicrobial 
resistance. As researchers continue to leverage 
AI technologies, the hope for effective 
solutions to tackle resistant infections becomes 
increasingly attainable. Embracing this 
interdisciplinary approach may hold the key to 
safeguarding public health against the ever-
evolving threat of resistant pathogens. 
However, all AI-generated predictions still 
require an experimental validation process.   
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