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Abstract: Metal-organic frameworks (MOFs) have emerged as revolutionary platforms for enzyme
inhibitor development, offering unprecedented opportunities in both therapeutic and agricultural
applications. These crystalline porous materials, composed of metal nodes connected by organic
linkers, provide unique structural properties that enable precise control over enzyme-inhibitor
interactions. The high surface area, tunable pore sizes, and customizable chemical environments of
MOFs facilitate the design of highly selective and efficient enzyme inhibitors. In therapeutic
applications, MOF-based enzyme inhibitors show remarkable potential for treating various diseases
by targeting specific enzymatic pathways while minimizing off-target effects. Agricultural
applications demonstrate significant promise in developing environmentally sustainable enzyme
inhibitors for pest control and crop protection. The versatility of MOF platforms allows for the
incorporation of multiple inhibitory mechanisms within a single framework, enhancing overall
efficacy. Recent advances in MOF synthesis and functionalization have enabled the development of
stimuli-responsive inhibitor systems that can be activated under specific conditions. This
comprehensive review examines the current state of MOF-based enzyme inhibitor development,
highlighting key breakthroughs in design strategies, synthesis methodologies, and practical
applications. The integration of computational modeling with experimental validation has
accelerated the discovery of novel inhibitor-MOF combinations with enhanced selectivity and
potency.

Keywords: metal-organic frameworks; enzyme inhibitors; therapeutic applications; agricultural
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1. Introduction

The development of effective enzyme inhibitors represents a cornerstone of modern
biotechnology, with applications spanning from life-saving pharmaceuticals to
sustainable agricultural practices. Traditional approaches to enzyme inhibitor design
have relied heavily on small molecule compounds and protein-based therapeutics, which
often face limitations in terms of selectivity, stability, and delivery efficiency. The
emergence of metal-organic frameworks as versatile platforms for enzyme inhibitor
development has opened new avenues for addressing these challenges while providing
unprecedented control over inhibitory mechanisms [1]. In particular, careful engineering
of metal centers, including dual-metal site configurations, can enhance cooperative
interactions with target enzymes, improving both inhibition efficiency and selectivity [2].

Metal-organic frameworks represent a class of crystalline materials characterized by
their three-dimensional porous structures formed through the coordination of metal ions

Vol. 2 (2025)

79



Sci. Eng. Technol. Proc.

https://cpcig-conferences.com/index.php/setp

or clusters with organic ligands. These materials possess several unique properties that
make them particularly attractive for enzyme inhibitor applications, including
exceptionally high surface areas, tunable pore sizes ranging from microporous to
mesoporous scales, and the ability to incorporate functional groups with specific binding
affinities [2]. The modular nature of MOF synthesis allows for precise control over
chemical composition and spatial arrangement of active sites, enabling the design of
inhibitor systems with tailored properties for specific enzymatic targets.

The therapeutic potential of MOF-based enzyme inhibitors extends across multiple
disease areas, including cancer, infectious diseases, and metabolic disorders. The ability
to encapsulate and deliver inhibitory compounds in a controlled manner while protecting
them from degradation represents a significant advancement over conventional
approaches [3]. Furthermore, the biocompatibility of many MOF materials, combined
with their biodegradable nature, makes them suitable candidates for in vivo applications
where long-term safety is paramount.

In agricultural contexts, MOF-based enzyme inhibitors offer promising solutions for
sustainable pest management and crop protection strategies. The development of
environmentally friendly alternatives to conventional pesticides has become increasingly
important as concerns about ecological impact and resistance development continue to
grow [4,5]. In addition, the incorporation of chemical stabilizers or carefully engineered
metal centers in MOFs can prolong enzyme inhibition in soil systems, ensuring sustained
activity against target enzymes such as urease, while minimizing negative effects on
beneficial organisms and the broader ecosystem [6].

2. MOF-Based Platform Design and Synthesis
2.1. Structural Engineering for Enzyme Inhibition

The design of effective MOF-based enzyme inhibitors requires careful consideration
of structural parameters that influence inhibitor-enzyme interactions. The pore size
distribution within MOF structures plays a crucial role in determining accessibility to
target enzymes and controlling the release kinetics of inhibitory compounds. Frameworks
with pore diameters ranging from 1 to 5 nanometers have shown optimal performance for
accommodating enzyme substrates while restricting enzyme access to active sites. The
crystalline nature of MOFs allows for precise control over pore geometry, enabling the
creation of binding pockets that complement the three-dimensional structure of target
enzymes.

Surface functionalization strategies have proven essential for enhancing the
specificity and binding affinity of MOF-based inhibitors. The incorporation of functional
groups such as amino, carboxyl, and hydroxyl moieties into the organic linkers provides
multiple interaction sites for enzyme binding through hydrogen bonding, electrostatic
interactions, and van der Waals forces [7]. Advanced synthetic approaches have enabled
the development of mixed-linker MOFs that combine multiple functional groups within
a single framework, creating synergistic effects that enhance overall inhibitory activity.

The selection of appropriate metal nodes significantly influences the electronic
properties and stability of MOF-based inhibitor systems. Transition metals such as copper,
zinc, and iron have demonstrated particular effectiveness in enzyme inhibitor
applications due to their ability to participate in coordination bonds with enzyme active
sites [5]. The oxidation state and coordination geometry of metal centers can be precisely
controlled during synthesis to optimize interactions with specific enzyme families. Table
1 presents the key structural parameters that influence MOF performance in enzyme
inhibition applications.

Vol. 2 (2025)

80


https://cpcig-conferences.com/index.php/setp

Sci. Eng. Technol. Proc. https://cpcig-conferences.com/index.php/setp

Table 1. Structural Parameters Affecting MOF-Based Enzyme Inhibition.

Measurement
P imal R I Inhibiti
arameter Optimal Range mpact on Inhibition Method
trol
Pore Diameter 1-5nm Controls enzyme BET Surface Analysis

accessibility
Surface Area 500-2000 m?/g ~ Affects binding capacity Nitrogen Adsorption
Metal Node Type = Cu?, Zn?, Fe** Influences binding affinity =~ XRF Spectroscopy
Linker -NH,, -COOH, -

Functionality OH Determines selectivity FTIR Analysis
F k E ivi

rame.v\.zor 5200°C nsu.res activity TGA Analysis
Stability maintenance

2.2. Synthesis Methodologies and Optimization

The synthesis of MOF-based enzyme inhibitors requires sophisticated approaches
that balance structural integrity with functional performance. Solvothermal synthesis
remains the most widely employed method for producing high-quality MOF crystals with
uniform pore structures and consistent inhibitory properties [8]. The careful control of
reaction temperature, pressure, and time parameters during solvothermal processes
enables the formation of frameworks with optimal pore size distributions and surface
functionalities for enzyme inhibition applications.

Microwave-assisted synthesis has emerged as an alternative approach that offers
advantages in terms of reaction time reduction and improved crystallinity control. The
rapid and uniform heating provided by microwave irradiation facilitates the formation of
defect-free MOF structures with enhanced stability and reproducible inhibitory
performance [9]. The ability to precisely control nucleation and growth processes through
microwave parameters allows for the synthesis of MOF particles with tailored size
distributions optimized for specific delivery applications.

Post-synthetic modification techniques have proven invaluable for introducing
specialized functional groups that enhance enzyme inhibitory activity. These approaches
allow for the incorporation of inhibitory moieties after framework formation, providing
greater flexibility in optimizing binding interactions with target enzymes [1,2]. The
development of click chemistry methods for post-synthetic functionalization has enabled
the attachment of complex organic molecules with specific enzyme binding properties
while maintaining framework structural integrity.

2.3. Characterization and Quality Control

Comprehensive characterization of MOF-based enzyme inhibitors requires the
application of multiple analytical techniques to verify structural properties and inhibitory
performance. X-ray diffraction analysis provides essential information about framework
crystallinity and structural integrity, while surface area measurements confirm the
accessibility of active sites for enzyme binding interactions [10]. The combination of these
techniques enables researchers to establish structure-activity relationships that guide the
optimization of inhibitor design parameters.

Advanced spectroscopic methods including infrared spectroscopy and nuclear
magnetic resonance provide detailed information about the chemical environment of
functional groups within MOF structures. These techniques are particularly valuable for
confirming the successful incorporation of inhibitory moieties and monitoring potential
structural changes that may occur during storage or application conditions [11]. The
development of standardized characterization protocols has improved the reproducibility
and reliability of MOF-based inhibitor systems across different research groups and
applications.
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Biological activity assays represent the ultimate test of MOF-based inhibitor
effectiveness and must be carefully designed to reflect real-world application conditions.
Enzyme kinetics studies provide quantitative measures of inhibitory potency and
selectivity, while cell-based assays evaluate the performance of inhibitor systems in more
complex biological environments [3,4]. The integration of high-throughput screening
methods with automated characterization systems has accelerated the discovery and
optimization of novel MOF-based enzyme inhibitors.

3. Therapeutic Applications
3.1. Cancer Treatment Strategies

MOF-based enzyme inhibitors have demonstrated exceptional promise in cancer
treatment applications through their ability to target specific enzymatic pathways that are
overexpressed in malignant cells. The high selectivity achievable through MOF design
enables the development of therapeutic strategies that minimize damage to healthy
tissues while maximizing anticancer efficacy. Frameworks designed to inhibit matrix
metalloproteinases have shown particular effectiveness in preventing cancer metastasis
by blocking the enzymatic degradation of extracellular matrix components [12].

The encapsulation of traditional chemotherapeutic agents within MOF structures
provides additional advantages in terms of controlled drug release and reduced systemic
toxicity. The pH-responsive properties of many MOF materials enable selective drug
release in the acidic tumor microenvironment while maintaining stability in normal
physiological conditions [8,9]. This targeted delivery approach significantly improves the
therapeutic index of conventional anticancer drugs by concentrating their effects at tumor
sites.

Combination therapy approaches utilizing MOF platforms have emerged as
particularly effective strategies for overcoming drug resistance mechanisms in cancer cells.
The ability to co-deliver multiple therapeutic agents with complementary mechanisms of
action within a single MOF system provides synergistic effects that enhance overall
treatment efficacy [1]. Table 2 summarizes the key advantages of MOF-based enzyme
inhibitors in cancer treatment applications.

Table 2. Advantages of MOF-Based Enzyme Inhibitors in Cancer Treatment.

Advantage Mechanism Clinical Benefit Development Stage
Selective Targeting Size exclusion Reduced side effects Preclinical
Controlled Release ~ pH responsiveness Improved efficacy Phase I trials

Multi-drug Delivery =~ Co-encapsulation Overcome resistance Preclinical
Biocompatibility Biodegradable materials Enhanced safety Preclinical

Imaging Capability =~ Metal node contrast Treatment monitoring Research phase

3.2. Antimicrobial Applications

The development of MOF-based antimicrobial enzyme inhibitors represents a crucial
strategy for addressing the growing threat of antibiotic-resistant pathogens [13]. These
systems target essential enzymes in bacterial metabolism and cell wall synthesis,
providing alternative mechanisms for combating infections that are resistant to
conventional antibiotics [1]. The ability to design inhibitors that specifically target
bacterial enzymes while avoiding interference with human enzymatic processes offers
significant advantages in terms of therapeutic selectivity and reduced toxicity.

Frameworks incorporating metal ions with inherent antimicrobial properties, such
as silver and copper, provide dual-action systems that combine enzyme inhibition with
direct antimicrobial effects. The sustained release of these metal ions from MOF structures
maintains therapeutic concentrations at infection sites while minimizing systemic
exposure and associated side effects [5,14]. The development of stimuli-responsive MOF
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systems that release antimicrobial agents in response to specific bacterial enzymes or pH
changes further enhances the precision of treatment approaches.

Biofilm disruption represents another important application area where MOF-based
enzyme inhibitors have shown significant promise. The ability to penetrate established
biofilms and inhibit enzymes responsible for biofilm maintenance provides opportunities
to treat chronic infections that are typically resistant to conventional therapies [2,3]. The
incorporation of biofilm-dispersing agents within MOF structures creates comprehensive
treatment systems that address multiple aspects of bacterial pathogenesis simultaneously.

3.3. Metabolic Disorder Management

MOF-based enzyme inhibitors offer innovative approaches for managing metabolic
disorders through the precise modulation of enzymatic pathways involved in glucose
metabolism, lipid synthesis, and energy homeostasis. The development of frameworks
that selectively inhibit key enzymes in metabolic pathways provides opportunities to
create more effective treatments for diabetes, obesity, and related conditions [7]. The
controlled release properties of MOF systems enable the maintenance of optimal inhibitor
concentrations over extended periods, improving patient compliance and treatment
outcomes.

Glucose-responsive MOF systems represent a particularly promising approach for
diabetes management, as they can automatically adjust insulin release in response to
changing blood glucose levels. These systems incorporate glucose oxidase enzymes that
convert glucose to gluconic acid, triggering pH-dependent changes in MOF structure that
control insulin release rates [10,11]. The development of such autonomous therapeutic
systems represents a significant advancement toward personalized medicine approaches
that adapt treatment to individual patient needs.

The targeting of enzymes involved in cholesterol synthesis and fatty acid metabolism
through MOF-based inhibitors provides new opportunities for treating cardiovascular
diseases and metabolic syndrome. The ability to deliver inhibitors directly to specific
tissues while minimizing systemic exposure reduces the risk of adverse effects commonly
associated with traditional lipid-lowering medications. Table 3 illustrates the therapeutic
targets and mechanisms of MOF-based inhibitors in metabolic disorder treatment.

Table 3. MOF-Based Enzyme Inhibitors for Metabolic Disorders.

. Inhibition Therapeutic
Target Enzyme Disorder Mechanism Outcome
a-Glucosidase Diabetes Competitive binding  Glucose control
HMG-CoA Reductase Hyperlipidemia Allosteric inhibition Cholesterol reduction
Acetyl-CoA
CaC:bZX}(I:lZSG Obesity Active site blocking  Fatty acid synthesis
Dipeptidyl Peptidase-4 Type 2 Diabetes Covalent modification GLP-1 enhancement
Phosphodiesterase-5 Erectll_e Reversible inhibition Vasodilation
dysfunction

4. Agricultural Applications
4.1. Pest Control Strategies

The application of MOF-based enzyme inhibitors in agricultural pest control
represents a paradigm shift toward more sustainable and environmentally friendly crop
protection strategies. These systems target essential enzymes in pest organisms while
minimizing impacts on beneficial insects and environmental systems. The development
of inhibitors that specifically target acetylcholinesterase in pest insects provides effective
control mechanisms that are less likely to affect non-target species [4,5]. The selectivity
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achievable through MOF design enables the creation of pest control systems that preserve
beneficial insect populations while effectively managing harmful species.

Controlled release formulations utilizing MOF platforms offer significant advantages
in terms of application efficiency and environmental persistence. The protection of active
inhibitory compounds within MOF structures prevents degradation by environmental
factors such as UV radiation and hydrolysis, extending the effective duration of pest
control applications [15]. The ability to program release rates through MOF design enables
the development of season-long protection systems that reduce the frequency of pesticide
applications and associated labor costs.

The incorporation of multiple active ingredients within single MOF systems provides
opportunities to address pest resistance development through combination therapy
approaches. The simultaneous delivery of inhibitors targeting different enzymatic
pathways reduces the likelihood of resistance evolution while providing broader
spectrum pest control [1, 2]. The development of stimuli-responsive systems that activate
in response to pest feeding behavior further enhances the specificity and efficiency of
MOF-based pest control strategies.

4.2. Plant Growth Regulation

MOF-based enzyme inhibitors offer innovative approaches for regulating plant
growth and development through the modulation of enzymatic pathways involved in
hormone synthesis and signal transduction. The ability to precisely control the activity of
enzymes such as gibberellin oxidases and cytokinin oxidases provides opportunities to
optimize plant architecture and productivity [7]. The localized delivery of growth
regulators through root-zone applications minimizes off-target effects while maximizing
beneficial impacts on crop development.

The development of time-release systems for plant growth regulators represents a
significant advancement in precision agriculture applications. MOF platforms can be
designed to release growth-regulating compounds in response to specific environmental
conditions such as soil moisture, temperature, or nutrient availability [16]. This responsive
approach enables the optimization of plant growth conditions throughout the growing
season while reducing the need for multiple applications of growth-regulating agents.

Stress tolerance enhancement through enzyme inhibitor delivery provides another
important application area for MOF-based agricultural systems. The targeted inhibition
of enzymes involved in stress response pathways can improve plant resistance to drought,
salinity, and temperature extremes [3,4]. Table 4 summarizes the key applications of MOF-
based enzyme inhibitors in plant growth regulation.

Table 4. MOF-Based Enzyme Inhibitors for Plant Growth Regulation.

Application Duration of
Target Enzyme Growth Effect Method Action
Gibberellin 2-oxidase Height control Foliar spray 4-6 weeks
Branchi
Cytokinin oxidase ranching Soil application 8-10 weeks
promotion
Abscisic acid 8'-hydroxylase  Stress tolerance Root treatment 6-8 weeks
Auxin oxidase Root development Seed coating 2-4 weeks
Ethylene bi thesi
ylene bIosynthests Fruit ripening Post-harvest 1-2 weeks
enzymes

4.3. Soil Health Enhancement

The application of MOF-based enzyme inhibitors for soil health enhancement
represents an emerging area of research with significant potential for sustainable
agriculture. These systems can target soil enzymes involved in nutrient cycling and
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organic matter decomposition, providing opportunities to optimize soil fertility and
carbon sequestration [8,9]. The selective inhibition of enzymes that promote excessive
nitrogen mineralization can reduce nutrient losses while maintaining adequate nitrogen
availability for crop growth.

The development of MOF systems that protect beneficial soil microorganisms while
targeting harmful pathogens provides opportunities to enhance soil biological activity
and plant health. The controlled release of antimicrobial compounds from MOF structures
can suppress soil-borne diseases while preserving the diversity and function of beneficial
microbial communities [10]. The incorporation of nutrients and growth-promoting
compounds within these systems further enhances their beneficial effects on soil health
and productivity.

Long-term soil improvement strategies utilizing MOF-based systems focus on the
gradual enhancement of soil physical and chemical properties through sustained enzyme
inhibition and nutrient release. The slow degradation of MOF materials in soil
environments provides extended benefits while minimizing environmental accumulation
concerns [11,12]. The development of biodegradable MOF formulations ensures that these
systems contribute to soil health enhancement without creating long-term environmental
burdens.

5. Future Perspectives and Challenges
5.1. Technological Advancement Opportunities

The future development of MOF-based enzyme inhibitors will likely focus on the
integration of advanced materials science concepts with biological systems understanding
to create next-generation therapeutic and agricultural applications. The incorporation of
artificial intelligence and machine learning approaches into MOF design processes
promises to accelerate the discovery of optimal framework structures for specific enzyme
targets [13]. The development of predictive models that can accurately forecast inhibitor
performance based on structural parameters will significantly reduce the time and cost
associated with experimental optimization.

Smart MOF systems that can respond to multiple environmental stimuli
simultaneously represent another important area of future development. These advanced
materials will incorporate sensing capabilities that enable real-time monitoring of
biological conditions and automatic adjustment of inhibitor release rates accordingly [7].
The integration of wireless communication capabilities into MOF-based systems could
enable remote monitoring and control of therapeutic and agricultural applications,
providing unprecedented precision in treatment delivery.

The development of personalized MOEF-based therapies that are tailored to
individual patient genetic profiles and disease characteristics represents a significant
opportunity for improving treatment outcomes. The ability to customize MOF properties
based on specific enzyme variants and expression levels will enable more effective and
safer therapeutic interventions [14,15]. The combination of genomic information with
MOF design principles will drive the development of precision medicine approaches that
maximize therapeutic benefits while minimizing adverse effects.

5.2. Regulatory and Safety Considerations

The successful translation of MOF-based enzyme inhibitors from laboratory research
to practical applications requires careful attention to regulatory requirements and safety
considerations. The development of comprehensive safety assessment protocols that
address the unique properties of MOF materials will be essential for gaining regulatory
approval and ensuring public acceptance [1]. The establishment of standardized testing
methods for evaluating MOF biocompatibility and environmental impact will facilitate
the regulatory review process and support the development of appropriate safety
guidelines.

Vol. 2 (2025)

85


https://cpcig-conferences.com/index.php/setp

Sci. Eng. Technol. Proc.

https://cpcig-conferences.com/index.php/setp

Long-term environmental monitoring studies will be necessary to assess the fate and
effects of MOF materials in agricultural and environmental applications. The
development of protocols for tracking MOF degradation products and their potential
impacts on ecosystem health will be crucial for ensuring the sustainable use of these
technologies [2,3]. The establishment of lifecycle assessment methodologies that account
for the full environmental impact of MOF production, use, and disposal will support
informed decision-making regarding their adoption.

The development of quality control standards for MOF-based products will be
essential for ensuring consistent performance and safety across different manufacturers
and applications. The establishment of reference materials and standardized analytical
methods will support regulatory compliance and facilitate technology transfer between
research institutions and commercial entities [4,5]. Table 5 outlines the key regulatory
considerations for MOF-based enzyme inhibitor development.

Table 5. Regulatory Considerations for MOF-Based Enzyme Inhibitors.

Application Area Regulatory Body = Key Requirements  Timeline to Approval

Pharmaceutical FDA/EMA Safety, efficacy studies 8-12 years
Agricultural EPA/EFSA Environmental impact 5-8 years
Food contact FDA Migration studies 2-4 years

Cosmetic FDA/EC Dermal safety 1-3 years

Medical device FDA Biocompeatibility 3-6 years

5.3. Commercial Viability and Market Potential

The commercial success of MOF-based enzyme inhibitors will depend on their ability
to provide clear advantages over existing technologies while maintaining cost-
effectiveness in production and application. The development of scalable synthesis
methods that can produce high-quality MOF materials at competitive costs will be
essential for achieving widespread adoption [8,9]. The optimization of synthesis processes
to minimize energy consumption and waste generation will further enhance the economic
viability of MOF-based technologies.

Market analysis indicates significant potential for MOF-based enzyme inhibitors in
both therapeutic and agricultural applications, with projected market values reaching
billions of dollars within the next decade. The development of strategic partnerships
between research institutions, pharmaceutical companies, and agricultural technology
firms will be crucial for accelerating the commercialization of these technologies [10,11].
The establishment of intellectual property protection strategies that balance innovation
incentives with technology accessibility will support sustainable market development.

The integration of MOF-based enzyme inhibitors into existing healthcare and
agricultural systems will require careful consideration of infrastructure requirements and
user training needs. The development of user-friendly formulations and application
methods will be essential for ensuring successful technology adoption by healthcare
providers and agricultural practitioners [12]. The creation of comprehensive support
systems including technical assistance and quality assurance programs will facilitate the
successful implementation of MOF-based solutions across diverse applications.

6. Conclusion

The development of enzyme inhibitors using metal-organic framework technology
represents a transformative approach to addressing critical challenges in both therapeutic
and agricultural applications. The unique structural properties of MOF materials,
including high surface areas, tunable pore sizes, and customizable chemical environments,
provide unprecedented opportunities for designing highly selective and efficient enzyme
inhibitory systems. The versatility of MOF platforms enables the development of
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sophisticated delivery systems that can respond to specific biological conditions while
maintaining optimal inhibitor concentrations at target sites.

The therapeutic applications of MOF-based enzyme inhibitors have demonstrated
significant potential across multiple disease areas, including cancer treatment,
antimicrobial therapy, and metabolic disorder management. The ability to achieve precise
spatial and temporal control over inhibitor delivery provides substantial advantages over
conventional therapeutic approaches, particularly in terms of reduced side effects and
improved treatment efficacy. The development of personalized medicine approaches
utilizing patient-specific MOF designs represents a promising direction for future
therapeutic interventions.

In agricultural contexts, MOF-based enzyme inhibitors offer sustainable solutions for
pest control, plant growth regulation, and soil health enhancement. The environmental
compatibility and biodegradable nature of many MOF materials address growing
concerns about the ecological impact of conventional agricultural chemicals while
maintaining effective crop protection and productivity enhancement capabilities. The
development of smart agricultural systems that can automatically adjust inhibitor release
in response to environmental conditions represents a significant advancement toward
precision agriculture practices.

The successful translation of MOF-based enzyme inhibitor technologies from
laboratory research to practical applications will require continued advances in synthesis
methodologies, characterization techniques, and regulatory frameworks. The integration
of computational modeling approaches with experimental validation will accelerate the
discovery and optimization of novel inhibitor-MOF combinations with enhanced
performance characteristics. The establishment of comprehensive safety assessment
protocols and quality control standards will be essential for ensuring the responsible
development and deployment of these promising technologies.

The future of enzyme inhibitor development using MOF technology appears
exceptionally promising, with opportunities for continued innovation in materials design,
biological applications, and commercial implementation. The convergence of advances in
materials science, biotechnology, and regulatory science will drive the development of
next-generation inhibitor systems that provide improved therapeutic outcomes and
sustainable agricultural solutions. The continued investment in research and
development activities, coupled with strategic partnerships between academic
institutions and industry, will be crucial for realizing the full potential of MOF-based
enzyme inhibitor technologies in addressing global health and food security challenges.
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