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Abstract: In biology and medicine, synthetic polymers that mimic intrinsically disordered proteins (IDPs) 

exhibiting remarkable structural and conformational flexibility due to their lack of stable three-dimensional 

structures are highly desirable. This conformational flexibility facilitates self-organization, making such 

polymers highly useful for various biomedical applications. Specifically, intrinsically disordered synthetic 

polymers show great potential in drug delivery systems, organ transplantation, artificial organ design, and 

ensuring immune compatibility. There is a pressing need for new synthesis and characterization techniques to 

develop these polymers which are modeled after intrinsically disordered proteins and can be used for various 

biomedical purposes. In this paper, we outline our strategies for designing intrinsically disordered synthetic 

polymers for biomedical applications. These design approaches are inspired by the properties of intrinsically 

disordered proteins and use of disorder promoting oligopeptides.  

Keywords: IDPols; intrinsically disordered proteins; biomedical applications; synthesis; 

characterization; disorder-promoting peptides.  

 

1. Introduction 

Intrinsically disordered proteins (IDPs) are a unique class of proteins that unlike traditional 

proteins, do not have a stable or fixed three-dimensional structure in solution. Instead, they exist in 

a flexible, dynamic ensemble of conformations [1]. IDPs play critical roles in various biological 

processes, such as cell signaling, interactions with other proteins, DNA, or small molecules, and 

regulation [2]. Their flexibility allows them to bind multiple partners and participate in diverse 

cellular processes [3]. The lack of a rigid structure provides IDPs with the ability to adapt their shape 

to different binding partners and conditions, facilitating multiple interactions and functions [4]. 

Because they can change conformations easily, IDPs are often involved in regulatory processes that 

require rapid and reversible interactions. This makes them integral to signal transduction pathways 

[5]. IDPs are often subject to various post-translational modifications, such as phosphorylation, 

glycosylation, acetylation, and methylation, which can further modulate their function and 

interactions [6]. Mutations or dysregulations of IDPs are implicated in various diseases, such as 

cancer, neurodegenerative disorders, and cardiovascular diseases [7,8]. Their dynamic nature 

sometimes makes IDPs difficult to target with traditional drugs, presenting challenges and 

opportunities for therapeutic development [9]. 

Disorder-promoting amino acid residues refer to specific amino acids that are more likely to be 

found in intrinsically disordered regions of proteins [10]. Unlike structured regions of proteins, which 

have a defined three-dimensional shape, intrinsically disordered regions are flexible and lack a stable 

structure. Amino acid residues that are commonly considered disorder-promoting include proline, 

glycine, serine, glutamine, lysine, arginine, aspartic acid, and glutamic acid [11–13]. Proline causes 

kinks in the peptide chain due to its rigid structure and can disrupt regular secondary structures like 

α-helix and β-sheet. Glycine is highly flexible and lacks a side chain, giving it a high degree of 

conformational freedom which contributes to disorder. Serine can be engaged in hydrogen bonding, 
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contributing to flexibility. Glutamine can form hydrogen bonds through the amide group, 

contributing to flexibility and disorder. The positive charge of lysine can interact with various 

partners, which can lead to a lack of a stable structure. Similar to lysine, arginine’s positive charge 

and ability to form multiple hydrogen bonds contribute to disorder. The negative charges of aspartic 

acid and glutamic acid can lead to repulsive interactions and destabilize ordered structures. These 

amino acids, when present in high concentrations within a protein sequence, increase the likelihood 

that the region will be intrinsically disordered. This intrinsic disorder can be essential for the protein’s 

function, allowing it to interact with multiple partners or change conformation easily in response to 

different cellular signals.  

We introduced recently intrinsically disordered polymers (IDPols) bio-mimicking intrinsically 

disordered proteins (IDPs) by using structure-breaking amino acid residues [14,15]. In general, 

IDPols refer to polymers that lack a fixed or ordered three-dimensional structure in at least part of 

their sequence under physiological conditions [14]. Due to their lack of stable secondary and tertiary 

structures, IDPols are highly flexible and can easily change shape. IDPols can adopt multiple 

conformations depending on the environment, interactions, and presence of binding partners. 

Synthetic IDPols can be engineered for applications in materials science, including the design of 

flexible, biocompatible materials for medical applications like drug delivery systems, tissue 

engineering scaffolds, and responsive hydrogels [14]. The intrinsic disorder in these polymers 

provides them with unique properties that are not achievable by their well-ordered counterparts. 

This makes IDPs exceptionally versatile and useful in biomedical applications.  

IDPols can be designed to respond to physiological conditions, such as pH or temperature, 

making them ideal for controlled drug delivery [14,16]. For instance, elastin-like polypeptides (ELPs) 

are a type of IDPols that was succesfully engineered to undergo phase transitions in response to 

temperature changes [17]. ELP-based drug delivery systems have been developed to release 

therapeutic agents at specific target sites, improving drug efficacy and reducing side effects [18]. 

Furthermore, IDPols mimic the natural extracellular matrix (ECM), providing a supportive 

environment for cell growth and tissue formation [19]. Silk-elastin-like polypeptides (SELPs) are used 

in the creation of hydrogels for tissue scaffolding [20]. These biomaterials can be tailored to support 

the growth and differentiation of cells, aiding in the regeneration of tissues, such as cartilage, bone, 

and skin. Additionally, IDPols’ ability to undergo conformational changes in response to specific 

stimuli can be harnessed for the development of sensitive biosensors [21]. IDPols can be in fact used 

to create biosensors that detect biomarkers associated with diseases [22]. For instance, IDPols have 

been incorporated into sensor platforms to identify cancer biomarkers or detect changes in glucose 

levels for diabetes management [23,24]. Furthermore, IDPols can be engineered to form bioadhesive 

materials that promote healing and provide structural support [25]. For example, mussel-inspired 

adhesives often utilize IDPols to replicate the adhesive properties of mussel foot proteins [26]. These 

adhesives can be used for wound closure applications, providing a biocompatible and strong 

bonding material that supports tissue repair. In addition, IDPol-based hydrogels can exhibit unique 

mechanical cues, making them suitable for various biomedical applications. In fact, hydrogels formed 

from IDPols such as resilin-like polypeptides (RLPs) show exceptional resilience and elasticity [27]. 

Such properties are advantageous in applications requiring dynamic mechanical performance, such 

as in soft tissue replacements or as injectable fillers for minimally invasive surgeries. In general, 

IDPols can be designed to change their properties in response to specific biological signals, enabling 

the creation of smart biomaterials. Specifically, IDPols that undergo conformational changes upon 

binding to specific ions or small molecules can be used to create smart implants or sensors that 

monitor and respond to physiological changes in real-time, providing feedback or releasing 

therapeutics in response to specific conditions [14]. In addition, IDPols can be functionalized for use 

in nanoparticle-based diagnostics and therapeutics [28]. IDPols attached to nanoparticles can be 

engineered to target specific tissues or cellular environments. This targeting mechanism is useful in 

molecular imaging, where IDPol-functionalized nanoparticles can help in the precise visualization of 

cancerous tissues or other pathological conditions [29].  
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Following our recent studies [14,15], we provide here the design of synthesis and 

characterization mechanisms for IDPols bio-mimicking the intrinsically disordered proteins using 

disorder-promoting residues.  

2. Biological Functions of Disordered Peptides  

Disorder-promoting residues play significant roles in various biological processes due to their 

flexible and dynamic nature [30]. Disorder-promoting residues often participate in transient 

interactions and can bind multiple targets via short linear motifs (SLiMs) or modular proteins, 

allowing them to act as versatile binding partners [30]. For instance, the p53 tumor suppressor protein 

contains disorder-promoting residues that facilitate its interaction with numerous protein partners 

involved in DNA repair, cell cycle regulation, and apoptosis [31]. The flexible nature of disordered 

peptides allows for the rapid modulation of interactions and activities, which is crucial for signal 

transduction and regulatory mechanisms. For instance, the transcription factor CREB (cAMP 

Response Element-Binding protein) has disorder-promoting residues that mediate interactions with 

other proteins and enable the regulation of gene expression in response to cellular signals [32]. 

Disordered peptides can function as flexible linkers connecting structured domains, facilitating the 

proper positioning and dynamics regulation of enzymatic and structural activities. The protein tau, 

which is associated with microtubule assembly in neurons, contains disordered regions that allow it 

to serve as a flexible spacer and linker [33]. However, its dysregulation and aggregation are linked to 

neurodegenerative disorders such as Alzheimer’s disease [34]. Furthermore, disordered peptides can 

act as molecular chaperones, assisting in the proper folding of other proteins and preventing 

aggregation [35]. For instance, the small heat shock protein Hsp27 has disorder-promoting residues 

that are crucial for its function as a molecular chaperone, helping to prevent the aggregation of other 

proteins under stress conditions [36]. Disordered peptides can serve as dynamic scaffolds, assembling 

and disassembling protein complexes in response to cellular conditions. The protein BRCA1, 

involved in DNA damage repair, has disorder-promoting residues that act as a scaffold to recruit 

various repair proteins to sites of DNA damage [37]. Disorder-promoting residues are often involved 

in the formation of biomolecular condensates through liquid-liquid phase separation, contributing to 

the organization of cellular compartments without membranes [38]. For instance, the RNA-binding 

protein FUS contains a sequence motif responsible for phase separation, enabling it to participate in 

the assembly of stress granules and nuclear bodies – a process crucial for cellular stress responses 

and the regulation of RNA metabolism [39]. Furthermore, the conformational versatility of 

disordered peptides enables them to participate in various dynamic processes, facilitating complex 

signaling networks and cellular responses. For example, eukaryotic translation initiation factor 4E-

binding proteins (4E-BPs) use disorder-promoting residues to inhibit translation by binding to eIF4E, 

and their function is regulated through phosphorylation-induced conformational changes [40].  

The therapeutic effects of disordered peptides containing disorder-promoting residues can be 

linked to their unique ability to engage in interactions that structured proteins cannot, providing 

advantages in specific biological contexts. As mentioned above, for example, the tumor suppressor 

protein p53 has intrinsically disordered regions that are crucial for its function in regulating cell cycle 

and apoptosis. Modulating the function of p53 with synthetic peptides can restore its normal function 

in cancer cells where it is mutated or inactivated. As we have shown previously, α-synuclein is a 

protein associated with Parkinson’s disease and has disordered regions that are crucial for its 

aggregation [41–43]. Peptides designed for interfering with α-synuclein aggregation can potentially 

serve as therapeutic agents to prevent or treat Parkinson’s disease. Furthermore, many antimicrobial 

peptides (AMPs) are intrinsically disordered and can adopt multiple conformations upon interaction 

with microbial membranes [44], enhancing their ability to disrupt these membranes and kill 

pathogens. Furthermore, for instance, apelin is an intrinsically disordered peptide that interacts with 

its receptor (APJ) and it has been shown to have beneficial effects on cardiovascular function [45]. 

Therapeutic peptides mimicking apelin can be used to treat heart failure and other cardiovascular 

diseases. Peptides derived from the Bcl-2 family of proteins can influence apoptotic pathways [46]. 

These peptides interact with intrinsically disordered regions of pro-apoptotic proteins, modulating 
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cell death processes, which is crucial in cancer therapy. All in all, disorder promoting peptides hold 

significant therapeutic potential due to their flexibility and their ability to engage in dynamic 

interactions that structured proteins may not facilitate. Their roles in various diseases, from cancer to 

neurodegenerative and cardiovascular conditions, underline their importance in developing novel 

therapeutic strategies.  

Recently, we have shown that the artificial intelligence (AI)-based structure prediction tool C-I-

TASSER outperforms AlphaFold2, AlphaFold3, RoseTTAfold, and ESMFold in generating the 

structures of small-size intrinsically disordered peptides [47]. Specifically, C-I-TASSER (Contact-

guided Iterative Threading ASSEmbly Refinement) is a computational method used for protein 

structure prediction [48]. It builds on the principles of the original I-TASSER but incorporates 

additional information from predicted contact maps to improve the accuracy of the predicted 

structures. Table 1 presents a list of disordered oligopeptides along with their predicted structures 

and biological functions generated using C-I-TASSER.  

Table 1. Representative disordered oligopeptides along with their sequence, predicted structure, and 

biological function. 
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 Sequence Structure 

Degree of 

Accuracy (C-

scoreb) 

Function 

Peptide 1 GPSQKRDEEE 

 

-1.38 hydrolase activity 

Peptide 2 PSGREQKDKK 

 

-1.46 

cation binding 

3',5'-cyclic-nucleotide 

phosphodiesterase activity 

Peptide 3 DQKRESPGDP 

 

-1.33 peptide transporter activity 

Peptide 4 KERQDSPGKK 

 

-1.16 nucleic acid binding 

Peptide 5 SDPKQGRDEP 

 

-1.18 transporter activity 

Peptide 6 RKGEQDPSKG 

 

-1.30  

-tRNA binding 

-Sep-tRNA:Cys-tRNA -

synthase activity 

-heparan sulfate 

proteoglycan binding 

-heparin binding 

-asparaginase activity 

-complement component C3b 

binding 
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Peptide 7 EGPSKQRDGE 

 

-1.15 glucosidase activity 

Peptide 8 DQGRKPSQED 

 

-1.03 

-fructokinase activity 

-glucose binding 

-ATP binding 

-glucokinase activity 

Peptide 9 PRGKDEQSGP 

 

-1.56 cation binding 

Peptide 10 SKGEQPRDGP 

 

-1.26 cation binding 

Peptide 11 KDSGPRQEGK 

 

-1.28 metal ion binding 

Peptide 12 RQDEGPSKPR 

 

-1.18  RNA glycosylase activity 

Peptide 13 GPRQSKEDGQ 

 

-1.34  

-oxidoreductase activity 

-antioxidant activity 

-ATP binding 

-GMP synthase (glutamine-

hydrolyzing) activity 

-protein disulfide isomerase 

activity 
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Peptide 14 KGRPQDEGSK 

 

-1.03 

-DNA binding 

-RNA polymerase III activity 

-RNA polymerase II activity 

-RNA polymerase I activity 

Peptide 15 DPSQGKREPD 

 

-0.84  cation binding 

Peptide 16 QEGPRKSDGP 

 

-1.30 
translation initiation factor 

activity 

Peptide 17 SKPGQERDKS 

 

-0.84 cation binding 

Peptide 18 RKDPSGEQRP 

 

-1.18  DNA binding 

Peptide 19 EPQGRSDPKR 

 

-1.18 

4-hydroxy-

tetrahydrodipicolinate 

synthase 

Peptide 20 DGEQKSPRQD 

 

-1.31 
-transition metal ion binding 

-endopeptidase activity 
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Peptide 21 QKDRPGESKP 

 

-1.36  cellulase activity 

Peptide 22 GRKDESPQGR 

 

-1.15 xylanase activity 

Peptide 23 SPRKEQGDPS 

 

-1.25  

-cofactor binding 

-aryl-acylamidase activity 

-protein homodimerization 

activity 

-(+)-trans-carveol 

dehydrogenase activity 

-amino acid binding 

-ATP binding 

-iron ion binding 

-phenylalanine 4-

monooxygenase activity 

Peptide 24 PKRGSQDPEK 

 

-1.33  

-oxidoreductase activity, 

acting on CH-OH group of 

donors 

Peptide 25 EGRDPQSKGR 

 

-1.28  

-purine ribonucleoside 

triphosphate binding 

-adenyl ribonucleotide 

binding 

-purine ribonucleoside 

binding 

-nucleic acid binding 

Peptide 26 QPGSRKDEPG 

 

-1.37  

-transferase activity, 

transferring acyl groups 

other than amino-acyl groups 
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Peptide 27 SGKRQEDPGR 

 

-1.26  catalytic activity 

Peptide 28 DEGPRSKGQK 

 

-1.48  

-3-oxo-pimeloyl-[acp] methyl 

ester reductase activity 

-trans-2-enoyl-CoA reductase 

(NADPH) activity 

-2,4-dienoyl-CoA reductase 

(NADPH) activity 

-receptor binding 

-3-oxoacyl-[acyl-carrier-

protein] reductase (NADPH) 

activity 

-nucleotide binding 

Peptide 29 RQPKGESDPQ 

 

-1.26  

-purine ribonucleoside 

triphosphate binding 

-RNA polymerase activity 

-adenyl ribonucleotide 

binding 

-purine ribonucleoside 

binding 

-substrate-specific channel 

activity 

-ion transmembrane 

transporter activity 

-cysteine-type peptidase 

activity 

-helicase activity 

-endopeptidase activity 

-nucleic acid binding 

Peptide 30 KSDPGRQEKS 

 

-1.05  

-adenine 

phosphoribosyltransferase 

activity 

3. Synthesis of IDPols for Biomedical Applications using Disordered Peptides Containing 

Disorder-Promoting Residues 

We recently designed the synthesis, characterization, and production protocols for the IDPols 

bio-mimicking the intrinsically disordered proteins using structure-breaking residues for soft 

robotics and biomedical applications [14,15]. Here, we develop an approach for synthesizing 

intrinsically disordered synthetic polymers using disorder promoting peptides for biomedical 

applications. In these approaches, biocompatibility and self-healing are considered. A sequence 

determines the function of a protein and we used ten disorder-promoting amino acid residues (Table 

1). Here, we provide as an example the oligopeptide sequence GPSQKRDEEE.  
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3.1. Modification of the Chain Extender with a Disorder-Promoting Oligopeptide 

The approach involves the modification of the chain extender with a disorder-promoting 

oligopeptide. The reaction of the example GPSQKRDEEE oligopeptide with monobromo triethylene 

glycol yields a complex (Scheme 1).  

 

Scheme 1. The reaction of a disorder-promoting peptide sequence with monobromo triethylene glycol 

yields a complex. 

This newly formed complex acts as a new type of chain extender and the modification takes only 

one step. The disordered oligopeptide is mixed with distilled water until it is completely dissolved 

(Scheme 1). After complete dissolution, monobrome triethylene glycol is added and the formed 

complex is dialyzed against ultrapure water for a few days using a dialysis membrane with 

appropriate pore size to remove the impurities from the medium. We carry out a protection reaction 

using tert-butyl hydrogen carbonate (BOC) for protecting the amine groups.  

3.2. Synthesis of the Prepolymer and Polymer  

After we obtain the new chain extender, we start preparing the prepolymer. To produce the 

polymers, a controllable reaction system is important. Therefore, we prefer the two-step polyaddition 

reaction. However, we should mention here, that our goal is to obtain a biodegradable polymer, and 

we have to ensure that the polymer does not have a toxic effect after its degradation. Therefore, we 

choose the non-toxic L-lysine ethyl ester diisocyanate as the hard segment and poly(ethylene glycol) 

as our soft segment.  

We mix L-lysine ethyl ester diisocyanate (2 eq.) and PEG (1 eq.) in a DMF solution under constant 

stirring at 400 rpm (Scheme 2). Next, the new chain extender, which we call Complex 1, is added to 

the solution with the prepolymer at a ratio of 1 molar under continuous mixing in an inert atmosphere 

(Schem 3). After the addition takes place, the reaction continues for 3 h at constant temperature. The 

formed viscous solution is then dried using a vacuum oven for 36 h. All reactions are carried out 

under an inert atmosphere and the product is obtained by extracting the polymer in a chloroform 

solution.  
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Scheme 2. Prepolymer synthesis mechanism using L-lysine ethyl ester diisocyanate. 

 

Scheme 3. Synthesis of an IDPol using a disorder promoting oligopeptide. 
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4. Characterization and Production of IDPols  

Rheological analyses are essential for determining the flow properties of polymers prior to their 

production [49]. These analyses are performed using a rotational rheometer equipped with parallel 

plate geometry, specifically a 25 mm diameter plate. To assess the polymers' flow behavior, a stress-

strain sweep test is conducted at a constant strain of 1%, covering a frequency range of 0.1 to 100 

rad/s, both at room temperature and elevated temperatures. Rheological testing also plays a key role 

in investigating self-healing properties, where recovery characteristics are measured [50]. For this 

analysis, an oscillation-time sweep test is conducted with strain variations ranging from 250% to 

0.5%. 

When the materials reach the appropriate condition for extrusion, the polymers are granulated 

to a diameter of 4 mm ± 1 mm at room temperature. Before loading them into the extruder, a pre-

drying process is required, which is carried out for 2 to 4 hours in air circulation ovens operating at 

90–100 °C. To produce the filaments, a twin-screw extruder with a cylindrical nozzle (ø 2.9 mm) is 

used, applying specific pressure at the polymers' designated Tm values. 

It is also important to evaluate the mechanical properties post-healing. For this, the materials are 

cut using a razor and then rejoined, being kept in dark conditions for 24 hours. Following this period, 

the aforementioned mechanical tests are conducted on the specimens to assess their properties after 

healing. Additionally, dynamic thermomechanical analysis (DMA) tests are crucial for examining the 

thermomechanical behavior of 3D-printed polymers [51]. These tests will be performed using a DMA 

analyzer while gradually lowering the temperature. The glass transition temperature (Tg) of the 

specimens will be determined based on the peak of tan δ.  

The drug release rate can be assessed by measuring the amount of drug released over time [52]. 

This can be achieved using various analytical techniques, such as UV-Vis spectroscopy, high-

performance liquid chromatography (HPLC), or mass spectrometry. 

To investigate the drug release behavior of self-healing polymers, a specific drug is chosen and 

encapsulated within the polymer. The total drug content is calculated based on the sample weight 

and the predicted weight ratio. These drug-encapsulated self-healing polymers are then immersed in 

a phosphate buffered saline (PBS) solution maintained at 37°C to monitor their drug-release behavior. 

At predetermined time intervals, a certain volume of solution is withdrawn from the PBS medium, 

and an equal volume of fresh PBS is added back. The withdrawn solution is analyzed using a UV-Vis 

spectrophotometer at the drug's characteristic absorption wavelength. Prior to these measurements, 

a calibration curve of absorbance versus concentration is established, ranging from 5 to 100 ppm. This 

calibration curve, represented by the equation y = mx + n (where y is the absorbance and x is the drug 

concentration in ppm), is used to determine cumulative drug release curves. The experiments are 

conducted in triplicate to ensure reliability. Drug release from a polymer matrix typically involves 

the processes of water penetration, hydration, swelling, diffusion of the dissolved drug, and erosion 

of the gelatinous layer. It's important to note that the mechanism of drug release is influenced by the 

drug dose, the pH of the solution, and the specific characteristics of both the polymer and the drug. 

The degree of swelling of the polymer matrix is directly related to the amount of drug released. 

Cytotoxicity occurs when cells are negatively impacted by chemical substances or the physical 

characteristics of their environment [53]. To evaluate the biocompatibility of a biomaterial, it's crucial 

to determine its potential toxic effects on cells. A cytotoxicity test is used to assess whether self-

healing polymers are harmful to cells. For this evaluation, the self-healing polymer is usually 

sterilized and prepared in an implantable form, such as disks or fibers. To evaluate the cytotoxicity 

of the self-healing polymer, an indirect MTT test is conducted. First, 2 mL of MEM Alpha medium is 

added to thoroughly dry samples, which are then incubated at 37°C with 5% CO2 for 24 hours. The 

medium containing the incubated polymer extracts is sterilized using a 0.22 µm syringe filter. 

Osteoblasts are seeded at 20,000 cells per well with a specific amount of MEM Alpha in a 48-well 

plate and incubated at 37°C with 5% CO2 for 24 hours. The osteoblast cells are then exposed to a 

culture medium containing the biopolymer extracts and incubated for another 24 hours. 

Subsequently, specific amounts of MEM Alpha and MTT solution prepared in PBS are added to each 

well, followed by an additional 4-hour incubation to allow formazan crystal formation. The solution 
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is then removed, and a defined amount of DMSO is added to each well to dissolve the crystals. After 

a 20-minute incubation, the formazan solution is read at 570 nm using a microplate reader. Wells 

containing only MEM Alpha medium serve as the control samples.  

The biodegradability of IDPols can be evaluated by measuring their degradation [54]. These bio-

mimicked polymers are designed to imitate intrinsically disordered proteins that enzymes in the 

body can break down. Enzymatic degradation assays are used to determine the extent of 

biodegradation of these polymers. For a detailed degradation study, a solution containing 

collagenase type II in DPBS is prepared to assess the enzymatic breakdown of the self-healing 

polymers. In vitro degradation experiments involve weighing the dry polymers and incubating them 

at 37°C for 1, 3, 5, 7, 10, 24, and 48 hours in the collagenase solution. After incubation, the polymers 

are removed from the degradation medium, dried in a vacuum oven for 24 hours, and weighed again. 

For long-term degradation studies, DPBS serves as the degradation medium. Samples incubated at 

37°C are taken out at the end of the 21st day, dried, and weighed. 

5. Computational Approaches  

Studying IDPols involves understanding their physical, chemical, and mechanical properties, 

which can be quite complex due to their dynamic, large and intricate molecular structures. 

Computational approaches can help in studying their physical, chemical, and mechanical properties. 

Molecular dynamics (MD) simulations involves simulating the physical movements of atoms and 

molecules in IDPols over time, allowing to study their dynamic behavior, structural properties, and 

interactions at a molecular level [55]. Furthermore, Monte Carlo (MC) simulations are utilized for 

studying polymers in thermodynamic equilibrium by using random sampling to compute the 

properties of polymer systems, which is particularly useful for examining phase transitions and 

thermodynamic properties [56]. Additionally, quantum mechanics (QM) calculations focus on 

understanding the electronic structure of IDPols [57]. Methods such as density functional theory 

(DFT) can be used to study the electronic properties and chemical reactivity of polymer chains [58]. 

Moreover, coarse-grained modeling simplifies the polymer model by reducing the number of degrees 

of freedom, allowing for the study of larger IDPols over longer timescales [59]. It is particularly useful 

for investigating the macroscopic properties of IDPols. Finite element analysis (FEA) is used to study 

the mechanical behavior of polymers under various conditions by dividing the polymer material into 

smaller, finite elements, and solving the behavior of these elements [60]. In addition, molecular 

docking and binding studies can help in understanding how IDPols interact with other molecules, 

which is crucial in drug delivery and designing polymers with specific binding properties. Finally, 

machine learning and data-driven approaches are increasingly being used to predict polymer 

properties and optimize polymer design by training models on experimental and simulation data 

[61].   

6. Conclusions  

Here, we present new chemical reaction mechanism and experimental designs for the studies of 

IDPols biomimicking intrinsically disordered proteins using disorder promoting peptides. These 

polymers can be manufactured by polymer and material industries for biomedical applications 

including tissue engineering, drug delivery, artificial organ design, immune compatibility and organ 

transplantation.  
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