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Insights into MOF Chemical Biology: Biocatalysts Encapsulated within MOFs

Green and Ultrafast One-Pot Mechanochemical Approach for Efficient 

Biocatalyst Encapsulation in MOFs3
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From MOFs to HOFs: Encapsulation of Biomacromolecules in 
Framework Materials 

 
Christian J. DOONAN 

School of Physics, Chemistry and Earth Sciences 
Faculty of Sciences, Engineering and Technology  

University of Adelaide, Australia 
 
 

This talk will canvass our work on understanding the encapsulation of 
Biomacromolecules in metal-based framework materials (MOFs) to metal free hydrogen-
bonded frameworks (HOFs). 
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Expanding the Structural and Functional Space of Biomolecule MOF 
nanohybrids 

 
 

Mónica GIMÉNEZ-MARQUÉS1, Jesús CASES-DíAZ1 Jana GLATZ1 
1 Institut of Molecular Science, University of Valencia, Spain 

E-mail: monica.gimenez-marques@uv.es 
 
 

The integration of biomacromolecules within metal organic frameworks (MOFs) has emerged as 
a powerful strategy to stabilize fragile biological entities, thereby enabling their use in diverse 
biomedical and biotechnological applications.[1] This process, often achieved through 
biomolecule-driven MOF mineralization, relies on mild synthetic conditions and favorable 
biomolecule MOF interfacial interactions. To date, however, the scope of biohybrid synthesis 
has remained largely confined to zeolitic imidazolate frameworks (ZIFs), limiting the diversity of 
structural and functional features that can be explored. 

In this work, we expand the biohybrid family by establishing synthetic routes to non-ZIF MOFs, 
thereby accessing new modes of biomolecule mineralization.[2-4] These alternative frameworks not 
only broaden the structural diversity of biohybrids but also unveil previously inaccessible 
functionalities arising from their distinct compositions and architectures (Figure 1). This 
contribution highlights the importance of framework diversification as a pathway to tailor 
hierarchical organization and unlock novel properties in biomolecule MOF nanohybrids. 

 
Figure 1: Schematic representation of structurally and compositionally diverse biomolecule@MOF nanohybrid. 

 
References 

[1] Abánades Lázaro, I.; Chen, X.; Ding, M.; Eskandari, A.; Fairen-Jimenez, D.; Giménez-
Marqués, M.; Gref, R.; Lin, W.; Luo T.; Forgan, R. S.; Metal organic frameworks for biological 
applications. Nat Rev Methods Primers 4, 42, 2024.  

[2] Cases Díaz, J., Lozano-Torres, B., and Giménez-Marqués, M. Boosting Protein Encapsulation 

through Lewis-Acid-Mediated Metal Organic Framework Mineralization: Toward Effective 
Intracellular Delivery. Chem. Mater. 34, 17, 7817, 2022. 

[3] (a) Cases Díaz, J.; Giménez-Marqués, M. Alternative protein encapsulation with MOFs: 
overcoming the elusive mineralization of HKUST-1 in water. Chem. Commun., 60, 51, 2024. (b) 

[4] Cases Díaz, J.; Glatz, J.; Salinas Uber, J.; Talens Perales, D.; Polaina Molina, J.; Giménez-
Marqués, M. Channel-Directed Enzymatic Depolymerization within a Metal Organic 
Framework. ACS Appl. Mater. Interfaces, 17, 20, 29729, 2025. 

[5] Cases Díaz, J.; Giménez-Marqués, M.; Polyol-Assisted Aqueous Synthesis of HKUST-1 
Enables Direct Protein Encapsulation. DOI: 10.26434/chemrxiv-2025-92sph. 
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Quantifying the aggregation and spatial distribution of proteins within 
metal-organic frameworks

Joseph P Patterson1

1 University of California, Irvine, Chemistry, Irvine, CA 92697, USA 
E-mail: patters3@uci.edu

Understanding how proteins are spatially organized within metal organic frameworks (MOFs) 
is essential for advancing their use in catalysis, sensing, and therapeutic delivery. Yet, despite 
widespread interest in protein based MOF biocomposites, a detailed picture of how individual 

proteins are positioned and interact within these crystalline hosts has remained elusive. This gap 
limits our ability to design materials with predictable properties and performance. In this work, 
we address this challenge by developing an electron microscopy-based approaches that enable 

direct 3D visualization of protein encapsulation in MOFs. Our findings shed light on the 
connection between synthetic conditions and protein distribution, offering a blueprint for the 

rational design of functional biohybrid materials. This approach moves beyond indirect 
characterization, opening new avenues for understanding and engineering protein material 

interfaces with precision.

Figure 1. Visualization and quantification of the Fn protein aggregation and spatial distribution 
within ZIF-8

References
[1] Dhaoui, R.;  Cazarez, S. L.;  Xing, L.;  Baghdadi, E.;  Mulvey, J. T.;  Idris, N. S.;  Hurst, P. 
J.;  Vena, M. P.;  Palma, G. D.; Patterson, J. P., 3D Visualization of Proteins within Metal

Advanced Functional 
Materials 2023, n/a (n/a), 2312972.
[2] Carpenter, B. P.;  Rose, B.;  Olivas, E. M.;  Navarro, M. X.;  Talosig, A. R.;  Hurst, P. J.;  Di 
Palma, G.;  Xing, L.;  Guha, R.;  Copp, S. M.; Patterson, J. P., The role of protein folding in 
prenucleation clusters on the activity of enzyme@metal organic frameworks. Journal of 
Materials Chemistry A 2024, 12 (2), 813-823.
[3] Ogata, A. F.;  Rakowski, A. M.;  Carpenter, B. P.;  Fishman, D. A.;  Merham, J. G.;  Hurst, 
P. J.; Patterson, J. P., Direct Observation of Amorphous Precursor Phases in the Nucleation of 
Protein-Metal-Organic Frameworks. J. Am. Chem. Soc. 2020, 142 (3), 1433-1442.
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Multivariate Metal Azolate Frameworks for Biocomposites  
 
 

Yue-Biao Zhang*1 
 

1Institute of Carbon Neutrality, School of Physical Science and Technology, Shanghai Key 
Laboratory of High-Resolution Electron Microscopy, State Key Laboratory of Advanced 

Medical Materials and Devices, ShanghaiTech University, Shanghai, 201210 China 
E-mail: zhangyb@shanghaitech.edu.cn 

 
 

This talk presents the design of multivariate metal azolate frameworks (MTV-MAFs) for high-
performance enzyme biocomposites. Conventional MOFs often suffer from small pores that limit 
catalysis with bulky substrates. 

We synthesized large-pore MAF-6 (7.6 Å) by a visible-light-mediated method, enabling 
efficient encapsulation of lipase (BCL). The optimized BCL@MAF-6-SDS showed a 420-fold 
higher catalytic efficiency than BCL@ZIF-8 and excellent activity and enantioselectivity in 
asymmetric synthesis. 

We applied an MTV strategy to tune pore microenvironments by varying linker ratios. A 
Component-Adjustment Ternary (CAT) method revealed a non-linear relationship between linker 
composition and enzyme activity, with the optimal ratio doubling BCL reactivity and enhancing 
stability and enantioselectivity. 

These results highlight that combining large-pore design with MTV microenvironmental 
control provides a powerful strategy for developing robust enzyme@MOF biocomposites for 
biocatalysis and pharmaceutical synthesis. 

 

 
 

References 
[1] Li, Y.-M.; Yuan, J.; Ren, H.; Ji, C.-Y.; Tao, Y.; Wu, Y.; Chou, L.-Y.; Zhang, Y.-B.; Cheng, L. 
Fine-Tuning the Micro-Environment to Optimize the Catalytic Activity of Enzymes Immobilized in 
Multivariate Metal Organic Frameworks, J. Am. Chem. Soc. 2021, 143, 15378 15390. 
[2] Ren, H.; Yuan, J.; Li, Y.-M.; Li, W.-J.; Guo, Y.-H.; Zhang, Y.-B.; Wang, B.-H.; Ma, K.; Peng, L.; 
Hu, G.; Wang, W.-Q.; He, H.; Chou, L.-Y.; Zeng, M.-H.; Zhang, Y.-B.; Cheng, L. Highly 
Enantioselective Catalysis by Enzyme Encapsulated in Metal Azolate Frameworks with Micelle-
Controlled Pore Sizes, ACS Cent. Sci. 2024, 10, 358 366. 
[3] Xu, T.; Jiang, W.; Tao, Y.; Abdellatief, M.; Cordova, K. E.; Zhang, Y.-B. Popping and Locking: 
Balanced Rigidity and Porosity of Zeolitic Imidazolate Frameworks for High-Productivity Methane 
Purification. J. Am. Chem. Soc. 2024, 146, 11225 11234. 
[4] Xu, T.; Zhou, B.; Tao, Y.; Shi, Z.; Jiang, W.; Abdellatief, M.; Cordova, K. E.; Zhang, Y.-B. 
Functionality-Induced Locking of Zeolitic Imidazolate Frameworks, Chem. Mater. 2023, 35, 490
498. 
[5] Zha, X.; Li, X.; Al-Omari, A. A.; Liu, S.; Liang, C.-C.; Al-Ghourani, A.; Abdellatief, M.; Yang, 
J.; Nguyen, H. L.; Al-Maythalony, B.; Shi, Z.; Cordova, K. E.; Zhang, Y.-B. Zeolite NPO-Type 
Azolate Frameworks, Angew. Chem. Int. Ed. 2022, 61: e202207467. 
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Coordination and Self-Assembled Capsules (SACs) for  
Precision Medicine and Agriculture 

Niveen M. Khashab 

King Abdullah University of Science and Technology, Thuwal, Saudi Arabia 

The beginning of the 21st century saw numerous protein/ peptide and RNA therapeutics both 
in the market and entering the final stages of clinical studies. The main advantages of these 
biologics over conventional drugs can be summarized by their high selectivity and potent 
therapeutic efficacy coupled with limited side effects. In addition, they exhibit more predictable 
behavior under in vivo conditions. However, up to now most of the formulations of biologics 
are designed and destined for the parenteral route of administration. As a consequence, many 
suffer from short plasma half-lives, resulting in their frequent administration and ultimately 
poor patient compliance. To address this shortcoming, researchers in both academia and 
industry started working on designing innovative encapsulation or delivery platforms for 
biologics especially after the recent pandemic. Similarly, a delivery challenge is seen in 
agricultural practices where huge amounts of pesticides and fertilizers are used in light of the 
need to meet the increasing food demands and improve nutritional content. In this talk, a new 
generation of smart encapsulation platforms based on reticular and supramolecular chemistry 
will be presented. These systems have shown superiority in encapsulating and protecting 
biological cargoes and nutrients with different size, charge, and solubility profile. We envision 
that this class of molecules can efficiently address many practical challenges in the field of 
encapsulation and controlled delivery and so can easily undergo translational scale up to be 
used in the market. 
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Crystallizing Chirality Single Crystals of Hybrid Porous Materials   
 

Yong Cui  
 

Shanghai Jiao Tong University, School of Chemistry & Chemical Engineering, Shanghai 
200240, China 

E-mail: yongcui@sjtu.edu.cn 
 

The precise crystallization of porous frameworks offers a unique platform to visualize and 
manipulate chirality at the atomic scale. Yet, growing large, high-quality single crystals of 
covalent organic frameworks (COFs) and related hybrids has remained an enduring challenge. 
Here we present recent advances in crystallizing chirality through hybrid strategies that unite 
covalent and coordination chemistry. By employing coordination-templated imine formation, we 
achieved the rapid synthesis of fourteen single-crystal MOF COF (MCOF) hybrids within two 
days, enabling structural elucidation at sub-ångström resolution. These crystals reveal complex 
architectures, topological diversity, and atomic-level insights into host guest interactions and 
chirality transfer. Extending this principle, we developed a one-pot confined growth strategy to 
generate single-crystalline metal halide porous superlattices, in which 0D clusters, 1D chains, 
and 2D nanosheets are deterministically organized within zirconium-MOF scaffolds. Such 
superlattices display tunable photoluminescence and emergent chiroptical properties, highlighting 
the versatility of reticular templates in encoding multi-dimensional periodicities. Together with 
the broader framework of chiral reticular chemistry, these studies establish a unified approach to 
constructing homochiral crystalline solids with programmable structures and functions. . 

 

 
References 
[1] Gong, W.; Gao, Y.; Dong, J.; Liu, Y.; Cui, Y. Chiral Reticular Chemistry toward Functional 
Materials Discovery and Beyond. Acc. Mater. Res. 2025, 6, 550-562. 
[2] Zhang, W.; Jiang, H.; et al. Metal-Halide Porous Framework Superlattices. Nature, 2025, 
638, 418 -424.|  
[3] Zhang, W.; Zhang, Y.; Ma, W.; Han, Y.; Gong, W.; Liu, Y.; Cui, Y. Coordination-templated 
construction of single-crystal covalent organic frameworks. Chem, 2025, 11, 102398-102407 
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Beyond Conventional Imaging: Metal Organic Frameworks for 
Magnetic Resonance Applications

Hana BUNZEN

Otto-von-Guericke University Magdeburg, Institute of Chemistry, Universitätsplatz 2, 39106 
Magdeburg, Germany

E-mail: hana.bunzen@ovgu.de, hana.bunzen@physik.uni-augsburg.de

Metal organic frameworks (MOFs) offer unique structural tunability, porosity, and chemical 
versatility, making them ideal platforms for advanced biomedical applications. In our group, we 
design and synthesize MOFs and MOF-based biohybrids with tailored porosity, surface 
chemistry, and stability for drug delivery, biosensing, and bioimaging. By combining 
biocompatible linker chemistry with external surface modifications, we engineer MOF 
nanoparticles for selective biomolecule binding, targeted transport, and controlled release.

To track nanoparticle distribution in biological systems, we employ both fluorescent labeling and 
magnetic resonance imaging (MRI, Figure 1). Traditional proton-based MRI faces challenges in 
specificity due to high endogenous background. To overcome this, we focus on heteronuclear 
MRI, specifically 19F MRI, which provides background-free imaging because the detected signal 
originates solely from the administered fluorine-containing agents. We integrate fluorinated 
moieties into MOF nanoparticles and evaluate their performance as 19F MRI imaging agents, 
assessing biocompatibility, stability, and signal intensity under physiological conditions.
Furthermore, we explore pH-sensitive MOFs as 19F MRI reporters for tumor microenvironments, 
demonstrating the potential of MOF biohybrids as multifunctional platforms for simultaneous 
diagnostic and therapeutic applications.

Figure 1. An illustration depicting MRI-tagged MOFs, showcasing the integration of magnetic resonance imaging with 
metal-organic frameworks for particle visualization.

Acknowledgement: Financial support by the University of Augsburg (Program: 
-07) is gratefully acknowledged.
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Overcoming Enzyme-MOF Integration Barriers: Enzyme Surface 
Engineering and Mild Aqueous Solid-State Encapsulation

Lien-Yang Chou1

1 ShanghaiTech University, School of Physical Science and Technology, Shanghai, China
E-mail: zhuoly@shanghaitech.edu.cn

Enzymes suffer from significant instability under non-ideal conditions, exhibiting rapid activity 
loss and high susceptibility to environmental stresses. Integrating Metal-Organic Frameworks 
(MOFs) with biological entities offers a promising strategy to enhance their stability and 
efficiency for biomedical and environmental applications. However, challenges persist in MOF-
biological entity integration, including limited bioactivity, synthesis complexity, and mass 
diffusion limitations arising from intrinsic MOF nanopores. Furthermore, the intricate structure-
activity relationship between enzymes and MOFs, coupled with the enzymes’ high sensitivity to 
conventional MOF synthesis conditions, restricts both the bioactivity of bio-MOF composites and 
the generality of the approach. To address these challenges, we developed two strategies. First, 
we optimized the encapsulation method by employing enzyme surface modification to facilitate 
encapsulation and induce a structural transition from conventional nanoporous to mesoporous 
frameworks [1]. Second, we applied an aqueous solid-state transformation to effectively integrate 
enzymes into robust Zr-based metal-organic frameworks, circumventing the typically required 
harsh synthesis conditions.

References
[1] Wu, M.; Du, Y.; Xu, H.; Zhang, X.; Ma J.; Li, A.; Chou, L.-Y.* Enzyme Surface Residues 
Direct Encapsulation into Metal-Organic Frameworks for Performance Regulation. Angew. 
Chem. Int. Edit. 2025, e202423741
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Synergistic Reactivity and Crystal Phase Stability of Esterase@Zeolitic 
Imidazolate Framework Biocomposites

Emilio Borrego-Marin

1Universidad de Granada, Departamento de Química Inorgánica, Av. Fuentenueva, S/N, 18071, 
Granada, Spain

2Institute of Physical and Theoretical Chemistry, TU Graz, A-8010 Graz, Austria

Figure 1.

References
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enzyme@ZIF Biocomposites: Structural and Functional Impacts of  
1-Methylimidazole-Induced Size Control  

 
 

Verena LIPIC1, Francesco CARRARO1, Paolo FALCARO1  
 

1 TU Graz, Institute of Physical and Theoretical Chemistry, Stremayrg. 9, 8010 Graz, Austria 
E-mail: v.lipic@tugraz.at 

 
 

Zeolitic imidazolate frameworks (ZIFs), a subclass of metal-organic frameworks (MOFs), are 
extended porous networks composed of metal ions (Zn2+) and organic linking blocks  
(2-Methylimidazole (2-HmIm)). ZIFs can be synthesised under aqueous biocompatible 
conditions, rendering them suitable for encapsulation strategies. bio-based applications such as 
drug delivery, bio-preservation or biosensing.[1,2] Specifically, as demonstrated in previous 
studies, biomacromolecules have been shown to enhance the  crystal growth, leading to the 
formation of enzyme@ZIF biocomposites.[3] The process of encapsulation is one potential 
solution that can be utilised for the purpose of protecting the enzyme from unfavourable 
environmental conditions, including elevated temperatures and denaturing agents.[2] 
Furthermore, it has been demonstrated that the conditions of synthesis can significantly impact 
crystal size and its topology. This, in turn, can have a direct effect on the enzymatic activity of 
the biocomposite. In general, smaller crystal sizes exhibit higher enzymatic activity compared to 
their larger counterparts with similar crystalline phase.[4] However, control over the particle size 
of biocomposites remains challenging. For example, additives used in organic syntheses (e.g., 
ammonia) can influence the activity of the encapsulated biomacromolecule.[2] 

To address this challenge, we propose synthesising ZIF in the presence of 1-methylimidazole (1-
HmIm), a biofriendly modulator which can influence the morphology, size [5] and consequently 
the catalytic performance [4] of the resulting biocomposite. In order to test this hypothesis, a 
multivariable system was investigated, incorporating three different ligand-to-metal ratios and 
varying amounts of 1-HmIm using Bovine Serum Albumin (BSA) serving as a model protein. 
The resulting BSA@ZIF particles were characterised in terms of chemical composition, 
crystalline phase, encapsulation efficiency, and kinetics of formation. In order to further explore 
the relationship between particle size, enzymatic activity, and biomaterial's specific activity, 
Horseredish Peroxidase (HRP) was used to synthesise HRP@ZIF biocomposites. This study 
underscores the pivotal function of synthesis parameters in the production of uniform crystals 
with customised biocatalytic properties, providing significant insights for the design of 
enzyme@ZIF systems for targeted bio-applications. 

References 
[1] Velásquez-Hernández, M.; Linares-Moreau, M.; Astria, E.; Carraro, F.; Alyami, M.; Khashab, 
N.; Sumby, C. J.; Doonan, C.; Falcaro, P. Towards Applications of Bioentities@MOFs in 
Biomedicine. Coord. Chem. Rev. 2021, 429, 213651. 
[2] Liang, W.; Wied, P.; Carraro, F.; Sumby, C.; Nidetzky, B.; Tsung, C.; Falcaro, P.; Doonan, 
C. Metal-Organic Framework-Based Enzyme Biocomposites. J. Chem. Rev. 2021, 121, 3, 1077
1129. 
[3] Liang, K.; Ricco, R.; Doherty, C.;Styles, M.; Bell, S.; Nirby, N.; Mudie, S.; Haylock, D.; Hill, 
A.; Doonan, C.; Falcaro, P. Biomimetic Mineralization of Metal Organic Frameworks as 
Protective Coatings for Biomacromolecules. Nat. Commun. 2015, 6, 7240. 
[4] Maddigan, N.; Linder-Patton, O.; Falcaro, P.; Sumby, C.; Bell, S.; Doonan, C. ACS Appl. 
Mater. Interfaces 2021, 13, 44, 51867 51875. 
[5] Yu, Y.; Qiao, A.; Bumstead, A.; Bennett, T.; Yue, Y.; Tao, H. Cryst. Growth Des. 2020, 20, 
10, 6528 6534. 
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Optimized LPE Spin-Coating Strategy for the Fabrication of Oriented 
Pillared-Layer MOF Thin Films

Eleonora AFANASENKO1, Sumea KLOKIC2, Benedetta MARMIROLIb, Giovanni 
BIRARDA3, Chiaramaria STANI1, Heinz AMENITSCH2

1 CERIC-ERIC, Basovizza, Trieste, Italy , 2Graz University of Technology, Graz, Austria, 
3Elettra Synchrotron, Basovizza, Trieste, Italy

E-mail: eleonora.afanasenko@ceric-eric.eu

Thin-film metal organic frameworks (MOFs) have emerged as promising candidates for 
advanced applications ranging from gas adsorption and separation to electronic devices and bio-
related technologies. Their practical implementation, however, requires synthetic methods that 
are fast, reproducible, and capable of precisely controlling thickness, crystallographic orientation, 
and surface uniformity critical parameters for advancing MOF thin films beyond structural 
novelty toward truly application-ready materials. Similar to the spin-coating protocol proposed 
by Chernikova and co-workers [1], we have further adapted the liquid-phase epitaxy (LPE) spin-
coating method for the more structurally flexible pillared-layered MOFs bearing two types of 
linker molecules, introducing even greater structural diversity. In this approach metal and ligand 
precursor solutions are sequentially deposited on a spinning substrate with an intermediate 
washing step constituting a single growth cycle (Figure 1a). As a model system, a pillared-layer 

-diazabicyclo[2.2.2]octane)
was deposited onto a self-assembled monolayer (SAM) of 16-mercaptohexadecanoic acid 
(MHDA) or (4-(4-pyridyl)phenyl)methanethiol (PP1) to develop an automated fabrication 
protocol with the systematic quality control after each step achieving full reproducibility (Figure 
1b).

Key optimized synthetic parameters include reagent concentrations, solution volume per 
cycle, drop flow rate, and, notably, ligand-to-ligand molar ratio. Adjusting the molar ratio enables 
control over the preferential orientation of the MOF thin film, allowing the selective formation of 
out-of-plane orientation an outcome not achievable with other synthesis methods [2]. The 
developed LPE spin-coating strategy is fast and resource-efficient (small chemical consumption, 
quick, ambient conditions) offering a general route for the fabrication of 3D MOF films and 
enabling precise structural engineering for advanced functional applications.

Figure 1. a) Schematic representation of the LPE spin-coating technique; b) step-by-step synthetic protocol.

References
[1] Chernikova, V.; Shekhah, O.; Eddaoudi, M. Advanced Fabrication Method for the Preparation 
of MOF Thin Films: Liquid-Phase Epitaxy Approach Meets Spin Coating Method. ACS Appl. 
Mater. Interfaces 2016, 8 (31), 20459 20464.
[2] Shekhah, O. Layer-by-Layer Method for the Synthesis and Growth of Surface Mounted Metal-
Organic Frameworks (SURMOFs). Materials 2010, 3 (2), 1302 1315. 
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Electrostatic Design of Porous Materials

Egbert Zojer

I Institute of Solid State Physics, Graz University of Technology, Petersgasse 16, 8010 Graz, 
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Collective electrostatic effects significantly impact the electronic structures of hybrid interfaces 
and surfaces.[1] They arise from the superposition of electrostatic potentials of periodically 
arranged (di)polar entities and have severely impacted our understanding of surfaces. In this 
contribution, I will discuss, how collective electrostatics could be used outside the beaten paths 
of materials design for realizing systems with advanced and sometimes unprecedented 
properties.[2] The idea of aligning dipoles at interfaces has been extensively explored for tuning 
injection properties at electrodes, changing contact resistances in organic transistors by up to three 
orders of magnitude.[3] Of particular interest in the present context is how electrostatic design 
could be exploited in metal-organic and covalent-organic frameworks (MOFs and COFs).

Regarding MOFs, we have explored the inclusion of polar linkers into thin films, which allows 
the realization of electrostatic potential gradients within MOF structures.[4],[5] The not fully 
resolved challenge here is how to achieve an alignment of polar apical linkers in pillar-layer 
MOFs in a non-centrosymmetric fashion.[5] In contrast, COF-structures with polar groups 
decorating pore walls are rather common, even though the collective electrostatic effects resulting 
from the periodic alignments of polar groups have been largely overlooked. This can be 
problematic, when interpreting experimental results dealing with catalysis, battery application 
and excited-state charge-transfer processes. This is a consequence of the fact that polar 
substituents at pore walls can shift the electrostatic energy within the pores by clearly more than 
one eV.[6] This has severe consequences for the relative alignment of electronic states in the 
COFs and in guest molecules contained in the pores. [6],[7] The electrostatically induced shifts 
are relatively insensitive to local defects and COF stacking faults, Moreover, they can be 
selectively tuned by post-synthetic modification reactions.[7] This opens up the possibility of 
realizing potential pockets or potential gradients within the pores,[7] which could eventually be 
used for localizing ionic guest molecules or for driving them into specific directions. 

Figure 1: Electrostatic energy pockets in a COF thin film 
with regularly arranged polar substituents decorating the 
pore walls. The outermost three layers on each side are 
assumed to be post-synthetically modified. For more 
details see Ref. [7]. The yellow isosurface corresponds 
to an energy increase by 0.4 eV and the blue isosurface 
to an energy decrease by 0.1 eV relative to the 
electrostatic energy above the COF layer.
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The controlled generation of defects in crystalline materials is widely used to tune properties for 
improved performance. This strategy is increasingly applied to metal-organic frameworks 
(MOFs), where coordination vacancies are commonly introduced in solution by exploiting the 
reversibility of metal–ligand bonds.[1] We present an innovative solvent-free approach for defect 
engineering in MOFs based on the selective thermal removal of neutral volatile linkers.[2] This 
method enables the generation of metal vacancies across a broad compositional space (0-100%) 
without requiring counterions, redox adjustments, or oxide formation to balance charge. Using a 
standard thermogravimetric analyser, we control the extent of linker sublimation with high 
precision and reproducibility. We identify key design criteria for applying this strategy and 
validate it with the Hofmann-type MOF [Fe(pz){Pt(CN)4}] (pz = pyrazine).[3] Structural and 
spectroscopic analyses reveal a local transformation from FeN6 to FeN4 environments, leading to 
redox-stable unsaturated FeII sites. These open centres remain chemically accessible and can 
hence catalyse Lewis acid-type reactions. The ability to generate open metal sites without solvents 
or charge-balancing agents offers an alternative route for applications that require a precise 
control of defects, including the binding molecules of biological interest.[4] 

 

Figure 1. Innovative nature of the solvent-free thermal MOF defect engineering with neutral volatile linkers instead 
of charged ones. 
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Polymer-encapsulated nanodiscs provide a well-controlled and dynamic lipid-bilayer 

environment for the study of membrane proteins under native-like conditions [1,2]. 

However, a major limitation of established nanodisc-forming polymers is their high 

charge density, which interferes with native biomolecular interactions and some 

analytical techniques. Therefore, our group focuses on developing new, electroneutral 

nanodisc-forming polymers [1]. Here, we present Carboxy-DIBMA, a zwitterionic 

copolymer that outperforms established, charged nanodisc-forming polymers in the 

following aspects. First, Carboxy-DIBMA nanodiscs remain stable over a wide range of 

pH values and mono- and divalent ion concentrations. Second, the charge of Carboxy-

DIBMA nanodiscs is determined solely by the charge of the encapsulated lipids. Third, 

Carboxy-DIBMA nanodiscs preserve a native-like lipid-bilayer structure. Finally, the 

rapid lipid exchange among Carboxy-DIBMA nanodiscs is unaffected by the presence 

of ions, highlighting the electroneutrality of the polymer and the dynamic nature of this 

novel membrane mimetic. In conclusion, Carboxy-DIBMA nanodiscs offer new 

opportunities to study membrane proteins in a native-like lipid-bilayer environment 

without charge interference. 
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Gallium (Ga) possesses intrinsic anticancer and antibacterial properties by disrupting iron 
metabolism, however, its low bioavailability, short half-life, and poor tumour-targeting capacity 
limit effective delivery [1-2].  Metal-organic frameworks (MOFs), known for their high storage 
capacities, tuneable structures, functionalisability, and biodegradability, are promising nanoscale 
drug delivery systems (DDSs) [3]. Yet, most MOFs are biologically inert and offer minimal 
therapeutic benefits. Incorporating Ga into MOFs (Ga-MOFs) provides a dual advantage, serving 
as both the carrier and an active therapeutic agent by disrupting ion homeostasis in tumour cells. 
Despite the potential, the biological applications of Ga-MOFs, especially for anticancer therapy, 
remain largely unexplored. 

This study reports the synthesis of four nano-Ga-MOFs (MIL-53, MIL-100, NH2-MIL-88, and 
NO2-MIL-101) for anticancer applications, aiming to enhance efficacy through synergistic 
combination with chemotherapeutics. Conventional methods typically yield micron-sized Ga-
MOFs unsuitable for drug delivery. In contrast, our approach produced particles <100 nm. Among 
the candidates, MIL-53(Ga) and MIL-100(Ga) demonstrated the highest stability and uniformity, 
with MIL-100(Ga) selected for further study due to superior biocompatibility and lower toxicity. 

To improve stability and sustain drug release, MIL-100(Ga) was surface-modified with 
3 (Mn=2000). Doxorubicin (DOX)-loaded MIL-100(Ga) was prepared to achieve a 

synergistic effect and reduce the required therapeutic dose. PXRD, TGA, and IR spectroscopy 
confirmed successful PEGylation and DOX encapsulation, achieving a 7 wt % loading after 
PEGylation. SEM analysis showed that the uniform spherical morphology was preserved 
throughout the drug loading and polymer coating. In vitro assays in HepG2 cells demonstrated 
enhanced anticancer activity after 24 h compared to individual treatments. 

Oxaplatin (OXA)-loaded MIL-100(Ga) was also investigated, achieving 4 wt % loading as 
determined by ICP analysis.  SEM confirmed morphological integrity post-loading, and 
cytotoxicity assays revealed significant synergistic antitumour effects in HepG2 cells after 48 h. 
Due to the low OXA loading, IR and TGA analyses provided no clear evidence of drug presence.  

Ongoing work will evaluate the stability of Ga-MOF in PBS, drug-release kinetics, cellular 
uptake, 3D cell culture experiments, and in vivo therapeutic efficacy. These findings establish 
MIL-100(Ga) as a promising multifunctional platform for combined gallium- and drug-based 
cancer therapy. 
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Abstract body: Synthetic photobiocatalysts are promising catalysts for valuable chemical 
transformations by harnessing solar energy inspired by natural photosynthesis.[1, 2] However, the 
synergistic integration of all of the components for efficient light harvesting, cascade electron 
transfer, and efficient biocatalytic reactions presents a formidable challenge.[3-5] In particular, 
replicating intricate multiscale hierarchical assembly and functional segregation involved in 
natural photosystems, such as photosystems I and II, remains particularly demanding within 
artificial structures. Here, we report the bottom-up construction of a visible-light-driven chemical-

-
carboxysome shell encasing [FeFe]-hydrogenases (H-S) on the surface of a hydrogen-bonded 
organic molecular crystal, a microporous -polymorph of 1,3,6,8-tetra(4'-carboxyphenyl)pyrene 
(TBAP- ). The self-association of this chemical-biological hybrid system is facilitated by 
hydrogen bonds, as revealed by molecular dynamics simulations. Within this hybrid 
photobiocatalyst, TBAP- -light absorption and exciton 
generation, supplying electrons for sacrificial hydrogen production by H S in aqueous solutions. 
This coordination allows the hybrid nanoreactor, H S|TBAP-
exclusively driven by light irradiation with a rate comparable to that of photocatalyst-loaded 
precious cocatalyst. The established approach to constructing new light-driven biocatalysts 
combines the synergistic power of biological nanotechnology with the multilength-scale structure 
and functional control offered by supramolecular organic semiconductors. It opens up innovative 
opportunities for the fabrication of biomimetic nanoreactors for sustainable fuel production and 
enzymatic reactions. 
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Metal-organic frameworks (MOFs) have been one of the fastest growing areas of chemistry 
within the past 20-30 years. An interplay of the porosity and high level of tunability of these 
structures has resulted in promising efficacy in potential applications, namely in areas such as 
gas storage, catalysis, and drug delivery. However, the synthesis of these materials, while 
seemingly simple, is a complex, multifaceted process. Due to this, researchers must design 
experiments based on limited knowledge of a formation mechanism, and as such many rely on 
high-throughput experiments and large reaction-optimisation trials to fine tune the synthetic 
parameters required for their desired properties. Aluminium MOFs show huge promise in many 
applications due to their high stability and low production costs. In recent years, there have been 
efforts to harness various features of metal-organic frameworks for use as vaccine adjuvants. 
These efforts have involved the use of Al-MOFs as dual-purpose vaccine adjuvant and carriers 
[1], [2], and more conventional adjuvant only formulations [3]. 
 
Herein, we display some preliminary results from our own study into the selective activation of 
dendritic cell costimulatory markers for potential use as vaccine adjuvants. Several MOFs were 
tested against mouse derived bone marrow dendritic cells, and it was found that in addition to 
the linker length having an effect on the intensity of co-stimulatory marker expression as in 
Stillman et al [3], changing the metal within the SBU (secondary building unit) can selectively 
activate different co-stimulatory markers to varying extents. A study was also completed on the 
effect of various linkers with an aim of identifying how specific chemical features effect the 
surface protein response of the dendritic cells. 
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