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Abstract: This review summarized the recent progress of biointerface between zeolitic imidazolate 

frameworks (ZIF-8) and biological species such as protein, peptides, viruses, cells, and tissues. ZIF-8 

has been widely conjugated with bio-entities offering remarkable loading capacity, high chemical 

stability in physiological environments, and tunable drug release properties. There are several methods 

to encapsulate biological species into ZIF-8. The synthesis methods such as one-pot synthesis and post-

synthetic modification are widely used for the conjugation of biological species and ZIF-8. The 

biointerface interactions between the biomolecules and ZIF-8 precursors enhanced the synthesis 

procedure and improved the yield and the properties of the final products. Two enzymes and hybrid 

conjugation of enzyme and a nanoparticle were also reported. These combinations offered dual 

functions and provided extra properties such as simple separation of the materials after uses. A brief 

discussion of the applications of ZIF-8 biocomposite was also covered. This review allowed the readers 

to acquire insights into the importance of ZIF-8 for the immobilization of biomolecules for biomedicine. 
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1. Introduction 

Metal-organic frameworks (MOFs), porous coordination polymers (PCPs), or porous 

coordination networks (PCNs) are hybrid porous materials [1–4]. They have large surface areas 

and tunable pore sizes [1–5]. Thus, they have advanced several applications, including 

adsorption [6,7], sensing [8–11], self-cleaning textiles [12], laser desorption/ionization mass 

spectrometry [13–18], and catalysis [19–21]. MOFs exhibit activity as enzyme [22]. MOFs 

improved biomedical applications. MOFs- biomolecule conjugation can also be defined as 

metal–biomolecule frameworks (MBioFs) [23]. Biocomposite of MOF and biological species 

such as proteins, viruses, living yeast cells, and bacteria were reported [24–27]. The 

encapsulation of biomolecules such as enzymes into MOFs can be used for several 

applications, including single-enzymatic biofuel cell-based self-powered biosensors [28].  

Zeolitic imidazolate frameworks (ZIFs) is a subclass of MOFs with exceptionally high 

thermal and chemical stability [29]. Among the large number of ZIFs, ZIF-8 has been widely 

reported. ZIF-8 consists of zinc as a metal node and 2-methylimidazole (HmIm) as a linker  

[30–34].  ZIF-8 was applied for drug delivery [35–37], gene delivery [38–40], hydrogen 

production [41,42], dye sensitizing solar cells [43], carbon dioxide adsorption [44,45], and 

biosensing [46]. Three-dimensional (3D) ZIF-8 is one of the most widely explored MOFs for 
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hosting bioentities. ZIF-8 offers several advantages, including pH-responsive dissolution, 

which provided on-demand drug release [47]. ZIF-8 composite microcarrier (MC) was 

reported for human mesenchymal stem cells (hMSCs) adhesion and proliferation [48].  

This review discussed the biointerface between biomolecules and ZIF-8. The synthesis 

of biomolecules-ZIF-8 biocomposite is summarized. The biomolecules can be used as a 

directing agent, ensuring fast synthesis with tunable pore sizes. They also facilitated the 

encapsulation and improved the yields. 

2. Biomolecules as directing agents for the synthesis: biomimetic mineralization 

 There are several methods for the synthesis of ZIF-8. Solvothermal synthesis of ZIF-8 

was reported  [29]. However, the one-pot synthesis was conducted at room temperature in water  

[35-44]. This method circumvents previously reported limitations, such as multistep 

procedure, and the need for additives and organic solvents. It is also suitable for thermal labile 

species such as protein, virus, and bacteria cells. 

ZIF-8 was synthesized using common traditional synthesis methods for crystal 

formation and engineering. ZIF-8 was synthesized via biomimetic mineralization methods. 

Biomimetic mineralization approaches use a biomolecule as directing agents. Thus, the final 

products are usually biocomposites containing both ZIF-8 and biomolecules, such as 

proteins/peptides, enzymes, cells, and DNA. Typically, an aqueous solution containing a 

biomolecule together with 2-methylimidazole (HmIm) or Zinc salt is mixed with the 

complementary reagent (e.g., Hmim or Zinc salt) at room temperature. The mixture was stirred, 

leading to a milky solution due to the material’s formation. The particles are separated using 

centrifugation or other separation methods. 

 
Figure 1. The in-situ encapsulation of biomacromolecules within a MOF using a PLGA modulator [51]. 

Reprinted with permission from Embedding Functional Biomacromolecules within Peptide-Directed Metal–

Organic Framework (MOF) Nanoarchitectures Enables Activity Enhancement. Copyright (2020) Wiley-VCH 

Verlag GmbH & Co. KGaA, Weinheim. 

Several parameters affect the morphology and structure of the final products. The 

affinity between zinc ions and the target biomolecules promotes the biomimetic process and 

controlling the morphology of the final products. The multivalent nature of complicated species 

such as tobacco mosaic virus (TMV, a tubular RNA plant with a size of 300 nm × 18 nm 

containing 2130 identical coat proteins arranged helically around a 4 nm central pore of viral 

RNA) enabled concentration of zinc ions leading to the increasing of the local concentration of 
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active sites before their immobilization [49]. DNA cross-linking agents enhanced the growth 

of ZIF-8 on the surface of magnetic particles (MPs)[50].  

Protein and peptides can be used as an effective directing agent for the synthesis of ZIF-

8 [51]. Authors synthesized ZIF-8 biohybrid with different shapes from different 3D 

microporous architectures into a 2D mesoporous spindle‐shaped MOFs (2D MSMOFs) using 

γ‐poly‐l ‐glutamic acid (PLGA), a peptide, as the modulator (Figure 1) [51]. Furthermore, the 

activity of the entrapped biomolecules has been significantly increased [51]. 

ZIF-8 offers an effective model for viral vector via the protection of the encapsulated 

protein against denaturing conditions [49]. ZIF-8 protein biocomposites are promising 

candidates for proteinaceous drugs with high biocompatibility and controlling the 

release/adsorption of therapeutic agents in vivo. 

2.1. Protein@ZIF-8. 

Protein was used for the biomineralization of ZIF-8. Several parameters were reported 

for protein-mediated ZIF-8 biomineralization [52]. A library of peptides and proteins with 

different charges was investigated to understand the role of these reagents in the 

biomineralization [52]. Protein with negative charged exhibited high affinity against the 

precursors of ZIF-8, especially zinc ions due to the electrostatic attraction. Thus, the 

interactions eventually lead to induce the formation of ZIF crystals. On the other side, the 

biomineralization process of cationic peptides (pI > pH 7.5) showed the formation of a diamond 

phase of zinc imidazolate (dia-Zn(HmIm)2) [52]. The encapsulation efficiencies of bovine 

serum albumin (BSA) and insulin (Ins) into ZIF-8 were from 75% to 100% [53].  

The two ternary phase diagrams for the synthesis of ZIF-8 biocomposite showed that 

the synthesis conditions could produce five different phases, including a new phase such as  

ZIF-CO3-1 [53]. The analysis of the formed phase for Zn(mim)2 biocomposites can be 

performed via a database of a web application 

(https://rapps.tugraz.at/apps/porousbiotech/ZIFphaseanalysis/), named ZIF phase analysis. 

This web application offers rapid identification of the crystalline phases and an estimation of 

the relative amounts (wt.%) of each phase.  

The position of protein within ZIF-8 was tracked using fluorophore-tagged proteins and 

confocal laser scanning microscopy (CLSM) [54]. Cryo-transmission electron microscopy was 

used for the direct observation of amorphous precursor phases during the synthesis of protein–

ZIF-8 (Figure 2)  [55]. Cryo-TEM images suggested non-classical pathways via dissolution–

recrystallization of highly hydrated amorphous particles and solid-state transformation of a 

protein-rich amorphous phase (Figure 2) [55]. The formed amorphous phases interacted via 

electrostatics and eventually converted to ZIF-8 crystals. Authors observed that most p-MOF 

could be synthesized at various ligand: metal conditions with low isoelectric point (PI < 7) 

proteins. They also noticed that these protein species are biomimetic via transient phases 

(Figure 2).  

2.2. Enzyme@ZIF-8. 

The immobilization of enzymes onto MOFs can be achieved either using de novo 

methods or a post-synthetic method. De novo method is based on the immobilization of 

enzymes onto a pre-existing MOF.  On the other side, the post-synthetic method is based on 

the sorption of the enzyme into the pores of MOFs. Both methods can immobilize enzymes; 
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however, the final product may be different. The presence of the enzyme during the synthesis 

of ZIF-8 leads to perfect immobilization of the target enzyme with high confinement compared 

to the post-synthetic method. However, the percentage of the encapsulated enzyme is usually 

low. 

 
Figure 2. Mechanism of ZIF-8 formation using BSA as a modulator via cryo-TEM images [55]. Reprinted with 

permission from Direct Observation of Amorphous Precursor Phases in the Nucleation of Protein–Metal–

Organic Frameworks. Copyright (2020) American Chemical Society. 

A hormone, insulin, was encapsulated into ZIF-8 particles [56]. At optimal 

concentration (below 30 μg•mL−1), insulin@ZIF-8 can be a suitable therapeutic agent for the 

treatment of Diabetes I and II [56].  

 
Figure 3. Schematic representation of enzymes‐surface modifications using rapid enzymes and normal 

nucleation methods [57]. Reprinted with permission from Modulating the Biofunctionality of Metal–Organic-

Framework-Encapsulated Enzymes through Controllable Embedding Patterns. Copyright (2020) John Wiley and 

Sons. 
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The synthesis procedure of enzyme embedded ZIF-8 affects the bioactivity of the 

encapsulated enzyme. The synthesis procedure for six enzymes; GOx, Cyt C, HRP, CAT, urate 

oxidase (UOx), and alcohol dehydrogenase (ADH) into ZIF-8 was investigated (Figure 3) [57]. 

The synthesis procedure involved rapid enzyme‐triggered nucleation of ZIF‐8 to ensure 

bioactive materials compared to slow co-precipitation procedure which produced inactive 

materials (Figure 3)  [57]. 

2.3. Virus@ZIF-8. 

The encapsulation of the tobacco mosaic virus (TMV) into a ZIF-8 crystal (TMV@ZIF) 

was reported (Figure 4)  [27]. The affinity of zinc ions toward the proteinaceous surface 

enhanced the encapsulation process and promoted the mineralization procedure. TMV@ZIF 

can be synthesized with different morphology such as bulky rhombic dodecahedra (containing 

hundreds of viruses) to discrete rod-shaped core-shell nanocomposite with a shell thickness 

tunable from 10-40 nm (Figure 4) [27].  

 
Figure 4. The synthesis procedure of TMV@ZIF; (a) Native TMV is Incubated with Hmim and Zn(CH3COO)2; 

(b) TMV@ZIF is subjected to denaturing conditions; (c) stressed TMV@ZIF is exfoliated with EDTA; (d) 

Characterization using enzyme-linked immunosorbent assay (ELISA)[49].  Reprinted with permission from 

Enhanced Stability and Controlled Delivery of MOF- Encapsulated Vaccines and Their Immunogenic Response 

In Vivo. Copyright (2019) American Chemical Society. 

 

These morphologies offered different colloidal and dispersion characteristics. Thus, it 

can be dispersible in the solution for easy injection. The presence of a core-shell morphology 

improved the kinetics of dissolution [49]. The encapsulation process of TMV into ZIF-8 

crystals was achieved by mixing TMV with an aqueous solution of Hmim, followed by the 

addition of an aqueous solution of zinc acetate (Figure 4) [49]. The TMV@ZIF particles were 

collected after 16h via centrifugation [49]. The resultant materials have high chemical and 
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physical stability, ensuring the high potential for biomedical applications. TMV@ZIF particles 

persist in denaturing conditions, including heat and organic solvents. 

The encapsulation of viruses such as TMV improved their stability against protein 

denaturant agents such as methanol, ethyl acetate, and guanidinium chloride [49]. Importantly, 

there is no change in the secondary or tertiary structure of the encapsulated protein or their 

ensembles. 

Post-synthetic modification of ZIF-8 using oligonucleotides (ONs) and cell-penetrating 

peptides (CPPs) was also reported [40].  ONs-mediated assembly ZIF-8, and nanoparticles such 

as graphene oxide (GO), and magnetic nanoparticles (MNPs) was achieved via mixing 

procedure (Figure 5). Using this method, five types of non-viral vectors (ZIF-8, RhB@ZIF-

8, BSA@ZIF-8, MNPs@ZIF-8, and GO@ZIF-8) for three gene therapeutic agents (plasmid, 

splice correction oligonucleotides (SCO), and small interfering RNA (siRNA)) were 

synthesized. The materials exhibit low cytotoxicity with high efficiency for luciferase 

transfection. The presence of ZIF-8 improved the transfection of CPPs by 2–8 folds for 

plasmid, SCO, and siRNA. The cell internalization takes place via scavenger class A (SCARA, 

Figure 5). 

 
Figure 5. The synthesis of ZIF-8 polyplexes with ONs and CPPs. The figure also shows the application of the 

synthesized materials for gene delivery [40]. Reprinted with permission from Gene delivery using cell 

penetrating peptides-zeolitic imidazolate frameworks. Copyright (2020) Elsevier. 

The presence of heavy metals such as zinc causes toxicity due to the generation of 

reactive oxygen species (ROS) [56]. Thus, ZIF-8 was used as a precursor for the synthesis of 

mesoporous carbon (MPC), which can be used for gene delivery (Figure 6) [39]. Biomolecules 

chitosan (CTS) [58–66] were used for mineralization of ZIF-8 [39]. The synthesis procedure 
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occurred at room temperature in the presence of a CTS aqueous solution. These conditions 

offered the synthesis of a hierarchical porous ZIF-8 with micro and mesopore structure. The 

material was carbonized in the air at 800 °C for five h. The metal was removed using HCl 

producing hierarchical porous carbon (MPC). There is no cytotoxicity of MPC. Thus, MPC 

was used as a non-viral vector for gene delivery of Luciferase-expressing plasmid (pGL3), and 

SCO. Two CPPs were conjugated with MPC (Figure 6). MPC enhanced the efficiency of CPPs 

by 10-fold (Figure 6). The improvement of CPPs is due to the presence of MCP and CPPs, 

which offered a synergistic effect (Figure 6).  

 
Figure 6. Schematic representation for the use of MPC for gene delivery using oligonucleotides [39]. Reprinted 

with permission from Carbonized chitosan encapsulated hierarchical porous zeolitic imidazolate frameworks 

nanoparticles for gene delivery. Copyright (2020) Elsevier. 

3. Applications of biomolecules encapsulated ZIF-8 

Biomolecules encapsulated ZIF-8 was applied for several applications such as drug 

delivery, biosensing, antimicrobial agents, and biocatalysis. The large surface area, as well as 

the simple synthesis procedure of mineralization, ensure high efficiency.  ZIF-8 is 

biocompatible for many cells. Thus, it is widely used as a carrier and non-viral vector for gene 

delivery. A few examples of each application will be discussed. 

ZIF-8 has used as carriers for the delivery of cytolytic peptide melittin (MLT).  

MLT@ZIF-8 showed high biocompatibility with excellent antitumor activity compared to free 

MLT  [67]. The mechanism of delivery indicates the expression of 3383 genes, and the 

PI3K/Akt-regulated p53 pathway. MLT@ZIF-8  causes apoptosis of A549 cells (Figure 7) 

[67].  It showed a quantitative tumor inhibitory rate of 71% compared to the free MLT treated 

group, which showed an only inhibitory rate of 49% [67]. 

Drug delivery of insulin using ZIF-8 was reported [68,69]. GOx and insulin (Ins) were 

loaded into ZIF-8 to synthesis Ins & GOx@ZIF-8 with a sphere-like morphology. Ins & 

GOx@ZIF-8 particle was tested for subcutaneous insulin injection [68]. Ins & GOx@ZIF-8 

stabilizes the blood glucose level of normoglycemic state for up to 72 h in type 1 diabetes 

(T1D) [68]. Insulin and glucose oxidase-loaded cobalt-doped ZIF-8 (Ins/GOx@Co-ZIF-8) was 

reported for glucose-mediated transdermal medication [69]. Ins/GOx@Co-ZIF-8 offered 

painless administration [69]. Cobalt in the framework catalyzed the formation of H2O2, which 
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induced decomposition and consequently released the drugs. Ins/GOx@Co-ZIF-8 offered 

mimic multi-enzyme systems ensuring several applications [69].  

 
Figure 7. a) Encapsulation of MLT into ZIF-8 and their b) drug delivery [67]. Reprinted with permission from 

Nanoscale Melittin@Zeolitic Imidazolate Frameworks for Enhanced Anticancer Activity and Mechanism 

Analysis. Copyright (2018) American Chemical Society. 

ZIF-8 is widely used for antibacterial agents [70]. Curcumin (CCM) loaded ZIF-8 

(CCM@ZIF-8) was modified with hyaluronic acid and chitosan  using the layer-by-layer 

method to synthesis CCM@ZIF-8@HA@CST nanoparticle [71]. CCM@ZIF-

8@HA@CS nanoparticle exhibited high antibacterial activity against Escherichia 

coli and Staphylococcus aureus  [71]. The presence of photosensitizers, such as CCM offered 

photodynamic therapy treatment. Levofloxacin (Levo) encapsulated ZIF-8 (Levo@ZIF-8) was 

loaded onto the collagen-modified Ti substrates exhibited strong antibacterial ability 

against Escherichia coli and Staphylococcus aureus [72]. Levo@ZIF-8- collagen-modified Ti 

substrates exhibited strong antibacterial ability against Escherichia coli and Staphylococcus 

aureus [72]. The antibacterial activity is due to the releasing of Zn2+ as well as Levo. T4 

lysozyme (T4L), which catalyzes the hydrolysis of β-1,4 glycosidic bonds of bacterial cell 

walls, was encapsulated into GO/ZIF-8 and GO/CaBDC  [73]. Lys@GO/CaBDC  was stable 

under acidic pH compared to lys@GO/CaBDC [73]. However, both materials exhibited 

antibacterial activity.  

Applications of ZIF-8 for sensing and biosensing were reported. The biocatalytic 

efficiency of ficin (a cysteine proteolytic enzyme with peroxidase (POx) activity) can be 

enhanced after loading into ZIF-8 by a 2.5-fold compared to free ficin [74]. Ficin@ZIF-8 

served as an enzymatic activity for a colorimetric assay for the sensing of glucose using 

3,3`,5,5`-tetramethylbenzidine dihydrochloride (TMB)-H2O2 system [74]. Glucose oxidase 

and PVI-hemin encapsulated ZIF-8 was also used for the detection of glucose and cholesterol 

using a colorimetric based assay [75]. Co-precipitation of glucose oxidase (GOx) into ZIF‐8 

offered GOx@ZIF‐8  (NiPd) with high electrocatalytic activity for the oxygen reduction 
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reaction (ORR) and electrochemical detection of glucose [76]. ZIFs can be used to co-

immobilize two electroactive enzymes such as methylene green (MG) and glucose 

dehydrogenase (GDH) for in-vivo monitoring of glucose [77]. The encapsulation of horseradish 

peroxidase (HRP) and GOx into ZIF-8@MPs (ZIF-8@MPGOx–HRP) offered high selectivity 

toward glucose detection [50]. ZIF-8@MPGOx–HRP offered high selectivity toward glucose 

compared to other analytes including fructose, galactose, maltose, sucrose, bovine serum 

albumin (BSA) [50]. It retained high activity (84%) even after 10 cycles [50]. 2D mesoporous 

spindle‐shaped MOFs (2D MSMOFs), “cell mimic (CM)”, using GOx  was used for the 

detection of glucose [51]. MSMOFs CM offered dual signal transduction; chrominance “turn‐

on”, and fluorescence “turn‐off”.  

ZIF-8 coated Fe3O4 magnetic nanoparticle clusters (MNCs) were synthesized and used 

to detect pathogenic bacteria S. aureus in milk [78]. The bacteria cells were captured and 

separated using an external magnet. The cells after separation were determined using portable 

adenosine triphosphate (ATP) luminometer offering a detection limit of 300 cfu•mL−1 [78]. 

The GOx-ZIF-8 composite was used as a signal transduction unit for sensing galectin-4 using 

fluorescence immunosensor [79]. This method is based on the measurements of hydroxyl 

radical (•OH) that can be generated from the reaction between hydrogen peroxide (H2O2) and 

iron (II) ions. The hydroxy radical (•OH) causes quenching of the fluorescence of gold 

nanoclusters (Au NCs). 

Cytochrome (Cyt c) embedded ZIF-8 composites (Cyt c/ZIF-8, 10 wt.% of Cyt c) was 

prepared using a co-precipitation method [80].  Cyt c/ZIF-8 was used for fluorometric sensing 

of H2O2 and explosive peroxides (i.e., methyl ethyl ketone peroxide (MEKP) and tertiary butyl 

hydroperoxide (TBHP)) using N-acetyl-3,7-dihydroxyphenoxazine (Amplex Red) as a 

substrate [80]. Cyt c/ZIF-8 catalyzed the oxidation of Amplex Red to produce fluorescently 

active resorufin. The emission of resorufin was used to detect the peroxide species. Bovine 

hemoglobin (BHb) ZIF-8 composites (BHb@ZIF-8) was synthesized using the de novo 

procedure [81]. BHb@ZIF-8 was used as a colorimetric sensor for H2O2 and phenol [81].  

Urease@ZIF-8 was synthesized via an in situ growth approach on the coreless fibers  

[82]. This approach offered single-mode coreless single-mode (SCS) optical fiber for the 

analysis of urea. SCS exhibit several advantages, such as fast response, high sensitivity, and 

optical-based label-free detection. A trypsin-immobilized magnetic ZIF-8 (iron oxide@ ZIF-

8@trypsin) was used for the proteolysis of protein for the analysis using matrix-assisted laser 

desorption/ionization mass spectrometry [83]. Electrochemical-based biosensing using 

biomolecules embedded ZIF was reported. Streptavidin (SA)-labeled graphene quantum dots 

(GQDs)-embedded ZIF-8 polyhedra was used as a signal quencher of photoelectrochemical 

(PEC) biosensor for M.SssI MTase activity assay [84]. An electrochemical biosensor was 

reported using graphene@ZIF-8 hybrids anchored gold nanoclusters (AuNCs-GR@ZIF-8), 

and hemin/G-quadruplex DNAzyme decorated layered-branched hybridization chain reaction 

(LB-HCR) for the detection of interferon-gamma (IFN-γ) [85].  

ZIF-8 was reported as support for an enzyme for biocatalysis. Combi-MOF using ZIF-

8 and α-amylase and glucoamylase was investigated for the one-pot hydrolysis of starch  [86]. 

Combi-MOF showed extraordinary storage stability until 24 days with high recyclability in 

batch mode, which retained up to 52% residual activity after five cycles [86]. Collagenase 

from Clostridium histolyticum-embedded ZIF-8 was reported for the proteolysis of a collagen-

like peptide [87]. The activity of collagenase@ZIF-8 and pure collagenase were 0.009 ± 0.001 

U•mL−1, and 0.111 ± 0.004 U•mL−1, respectively. The lower activity of collagenase@ZIF-8 is 
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due to the physical impediment of the enzyme caused by ZIF-8. ZIF-8 created a barrier that 

prevents contact between the enzyme and the substrate apart. Several advantages can be 

achieved via encapsulation. The efficiency of Cyt c after encapsulation into ZIF-8 exhibited a 

increase (10-fold) in the peroxidase activity of Cyt c  [80]. Two enzymes; such as glucose 

oxidase and PVI-hemin can be encapsulated into ZIF-8 [75]. However, the nature of ZIF-8 may 

affect the catalytic performance of the encapsulated enzyme. The hydrophobic nature of ZIF-

8 deactivated the enzymatic activity of catalase [88]. 

ZIF-8 can be used to encapsulate enzyme and nanoparticle. Horseradish peroxidase 

(HRP), and iron oxide magnetic nanoparticles were encapsulated into ZIF-8 to form 

HRP/MNP@ZIF-8 [89]. This combination offered high catalytic activity and a simple 

separation method using an external magnet. MNPs increased the encapsulation efficiency 

(EE%) of HRP from ∼82% in the absence of MNPs to ∼86% and ∼94% via the addition of 

0.33 mg•mL−1 and 1.00 mg•mL−1 of MNPs, respectively. The presence of MNPs enhanced the 

specific activity from 1.1 U•mg−1 to 3.0 U•mg−1 (∼270% increase) [89]. De novo synthesis of 

Cyt c@ZIF-8/GO was reported [90]. Cyt c@ZIF-8/GO exhibited an activity of approximately 

100% even after storage in ethanol and acetone for two hours. It showed higher activity 

compared to Cyt c, Cyt c@ZIF-8, and Cyt c@GO which displayed the activity of 10%, 50%, 

and 40%, respectively [90].  Cyt c@ZIF-8/GO showed low protein leakage compared to 

Cyt c@ZIF-8, and Cyt c@GO which displayed 30% and 60% protein after 60 h of storage [90]. 

4. Conclusions 

 The biointerface between biomolecules and ZIF-8 offered several advantages. The 

presence of different functional groups in the biomolecules, such as protein, peptide, 

oligonucleotides, ensures strong interactions with ZIF-8 precursors. Thus, biomolecules 

assisted the synthesis of ZIF-8 crystals and improved the yield of the resultant materials. The 

one-pot synthesis procedure of ZIF-8 in the presence of the target species was simple, fast, and 

required no special equipment. Biomolecules and nanoparticles can be combined into ZIF-8 

crystal. Two enzymes can also be conjugated in the same crystal. These combinations offered 

multi-enzymatic activity. The full characterization of the biomolecules-ZIF-8 biocomposite is 

difficult, and further efforts are highly required to understand the material’s performance. The 

mechanism of the material’s formation is necessary and required extra investigations. 
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