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State-of-the-art and objectives  
Over the past two decades, peptide drug discovery (PDD) has experienced renewed interest and 
momentum, thanks to the increasing appreciation of the possible utility of peptides in addressing 
unmet clinical conditions and/or as better alternatives to small molecule and biological 
therapeutics. Concurrently, the remarkable advancement of recombinant biologics in the recent 

years has rendered the high-throughput synthesis of macromolecules into routine and cost-
effective process, further contributing to the renaissance of PDD.i 

Peptides, defined as macromolecules composed of 2-50 amino acids, have been acclaimed as the 
drugs of the future. Their advantages include high specificity and activity, easy degradation, not 

yielding toxic metabolites, and the possibility to be reutilized by the organism instead of being 
converted into waste products.ii This implies that they generally possess reduced toxicity and few 
secondary effects.  

The number of commercially available therapeutic peptides has increased progressively in the last 

decades (about 68 currently approved in the EU)iii, covering multiple clinical applications such as 
antineoplastics, antivirals, antifungals, antibiotics, modulators of the immune, cardiovascular and 
nervous systems, in addition to their utility in diagnosis. 

Notwithstanding the benefits of peptide-based therapy, the translation of promissory peptides into 

clinical therapeutics continues to be a challenge due to inherent bio- and physicochemical 
properties. As peptides are water-soluble, they generally exhibit a limited capacity to diffuse across 
biomembranes such as the gastrointestinal epithelium. They are also biologically unstable, as they 
are rapidly metabolized by human proteolytic enzymes, thus yielding short plasma half-lives. 

Consequently, peptides are generally administered through injections, often several times a day, in 
detriment of patients’ compliance and convenience.  

Several strategies of chemical structural optimization are currently employed to deal with these 
challenges, including peptide backbone and side chain modifications, termini protection, 

cyclization, peptide conjugation, and others. Nonetheless, these strategies often result in the loss 
of activity, underscoring the need to assess the peptide pharmacokinetic (PK) profiles and address 
possible limitations right from the early stages of the drug discovery process1. Alternatively, 
peptide formulation and delivery systems (e.g. subcutaneous polymeric depots, implantable 

osmotic and electronic pumps) have also been employed to ease the administration of these 
peptides, as well as to improve their efficacy. Nonetheless, implanting these technologies requires 
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inconvenient surgical procedures and in some cases have been associated with adverse effects due 
to “burst releases” (e.g. in the case of poly(lactic-coglycolic acid) polymers)iv. 

The ultimate and long sought-after goal is to achieve orally administrable therapeutic peptides. This 

will require PDD paradigms that integrate comprehensive analyses of PK profiles in all phases. Such 
workflows will allow for the design of peptides not only with favorable therapeutic efficacy, but also 
with optimal bioavailability and administration.  

In the path towards this goal, computational tools customized for predictive peptide modeling will 

be crucial, particularly in the context of the analysis of the existing experimental evidence (data 
mining) to offer inferences on possible peptide profiles. The utility of in silico tools in accelerating 
and optimizing drug discovery has long been recognized. Unfortunately, no in silico tool customized 
for predictive peptide modeling exists.  

Based on this background, ProtoQSAR is working in PDD through the completion of the following 
objectives in the project PeptiMOL:  

• Define parameters (numerical molecular descriptors) for characterizing the structural, 
compositional and physicochemical properties of peptides.  

• Develop a user-friendly tool for parameter computation.   

• Construct mathematical models to predict the PK properties of peptides using the state of 
the art statistical and machine learning techniques.  

• Implement the developed models in a user-friendly platform enabling end-users to virtually 
screen peptide libraries or design novel peptide structures with desirable physicochemical 
and PK profiles.  

Research methodology and approach  
QSPKR (Quantitative Structure-Pharmacokinetic Relationships) modeling is centered on the 
principle that there exists a close relationship between the structural characteristics of molecules 

and their PK processing i.e., uptake, metabolism and eliminationv. This computational methodology 
comprises three main phases: 

1. The chemical structural characteristics of compounds in a dataset are encoded using 
molecular descriptors.  

2. The obtained data matrices are employed to build mathematical models correlating the 
properties of interest, using statistical and/or machine learning techniques.  

3. Models are used to predict PK endpoints for the molecules of interest.  

With this rational approach, chemical synthesis and subsequent experimental evaluation are only 

performed on compounds with the most promising PK profiles, with a sensible saving in human, 
economic, and time resources. 
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The use of QSPKR models presents several 
advantages over experimental methods. 
Once a model has been developed and 

validated, the PK properties of a 
compound can be predicted from the 
knowledge of its chemical structure. This 
technology has the following advantages:  

a) Faster results: The QSPKR models 
can be easily automated, reducing 
considerably the time required 
with traditional assays, and thus 

providing extremely fast means to 
evaluate libraries of chemical compounds.  
 

b) Reduction of costs associated with experimental analysis (e.g. personal and laboratory 

equipment) as only molecules with promising profiles are evaluated.  
 

c) Limitation of animal testing (3Rs: replacement, refinement and reduction of animal tests): 
nowadays in vivo tests have to be performed only when no other scientifically reliable ways 

to demonstrate the impact of chemicals on humans and/or the ecosystem are available. 
Computational approaches represent valuable alternative methods to mitigate the use of 
animals.vi  

In the PeptiMOL project, the scientific and technical teams at ProtoQSAR (www.protoqsar.com) 

and MolDrug AI Systems (www.moldrug.com) are highly involved. Our goal is to apply QSPKR 
modeling to gain greater understanding on the structural and physicochemical characteristics that 
affect peptide PK profiles and subsequent bioavailability.  

 

First, structural, compositional and physicochemical descriptors specific for peptides have been 
defined and implemented in a Java-based program denominated as PeptiDesCalculatorvii. We have 
redefined known protein parameters to obtain descriptors amenable to the peptide domain, 
introducing new generalization schemes to achieve orthogonal global descriptions of peptide 

characteristics, and finally introduced other empirical descriptors based on experimental evidence 
on peptide stability and interaction propensity.  

It should be noted that while there are computational programs for calculating descriptors for small 
molecules and proteins, no particular software exists for peptide descriptor calculation, since 

peptides are macromolecules at the interface of small organic molecules and proteins. The 
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inexistence of specific software for peptides may be attributed to the fact that they have until 
recently attracted little attention.  

Recently, there have been attempts to employ small molecule descriptor programs (e.g. Dragon, 

PaDEL, CoMFA) to build peptide bioactivity models but these have been limited to short lengths 
peptides (i.e. less than 10 amino acids and mainly di-, tri- and tetrapeptides) probably due to the 
prohibitive computational cost of using small molecule software on macromoleculesviii ix. Given that 
the average length of peptides entering clinical development in the last decade is 20 amino acidsx, 

it is clear that the chemical space covered by these models is narrow. In a recent study, an effort to 
consider diverse lengths although using modest size datasets yielded rather modest correlations, 
i.e. R2 < 0.56xi, below the established limit of acceptability.xii 

There is clearly a need for a user-friendly and parallelized MD software customized for peptides. 

PeptiDesCalculator is the first software customized specifically for peptide descriptor 
computation xiiiand encompassing structural, compositional and physicochemical characteristics of 
peptides. With this software, descriptors are calculated for datasets of peptides freely accessible in 
the PEPlifexiv and THPdbxv repositories, which also contain experimental data on PK endpoints. An 

extensive literature review is also envisioned to further enrich these datasets.  

 

Subsequently, statistical analysis (including multiple linear regression, partial least squares, linear 
discriminant analysis, etc.) and state of the art machine learning methods (including deep neural 

networks, support vector machines, decision tree ensembles, etc.) are employed in the 
determination of peptide QSPKRs. We are studying the following PK properties: 

• plasma half-life (t1/2) 

• volume of central compartment (V1) 

• volume at steady state (Vss) 

• total systemic clearance (CL) 

• exchange rate between compartments (k12) 

• among others 

 

Finally, experimental assays are planned at the Prof. Mar Orzáez group (Peptides and Proteins 
Chemistry Lab., Centro de Investigación Príncipe Felipe –CIPF–, Valencia, Spain, 
http://www.cipf.es/en/web/portada/quimica-de-peptidos-y-proteinas).  

PK assays will be performed on several peptides (a minimum of 10 – 15 chemically diverse peptides, 
selected from an internal peptides library at CIPF based on their predicted PK profiles) in order to 
experimentally validate the QSPKR results. The PK assays will include parallel artificial membrane 
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permeability assay (PAMPA), colon carcinoma (Caco-2) cell permeability, and hepatic microsome 
stability assays.  

 

Originality and innovation 
Through the PeptiMOL project, ProtoQSAR is building computational models for predicting the PK 
properties of peptides. With the predictivity of these models validated, we will implement an 

innovative chemoinformatic tool, that will facilitate the design of novel therapeutic peptides with 
desired PK and bioactivity profiles. This tool will also provide functionalities for data curation, 
direct download of peptides from public repositories (e.g. https://www.rcsb.org/), and a user-
friendly GUI to simplify its use by experts and non-experts in modeling. 

PeptiMOL’s workflow is the first systematic computational study in peptides of its kind. The most 
innovative methodological aspects of PeptiMOL include:  

• Defining descriptors specifically customized for characterizing structural, compositional 
and physicochemical characteristics of peptides.  

• Implementing PeptiDesCalculator, the first parallelized and user-friendly software 
tailored for the computation of peptide descriptors. This software integrates modules for 
variable selection, data preprocessing and similarity analysis. 

• Creating new in silico models for the prediction of an array of peptide PK properties. 

• Obtaining models with proven predictivity and robustness, which will be patented to 
protect their commercial use. 

• Implementing the models in an original commercial technological platform targeting 
pharmaceutical companies and academia interested in the development of therapeutic 
peptides.  

 

Proof of Concept 
The PeptiDescalculator software has already been employed in modeling 8 peptide bioactivity 
endpoints yielding satisfactory classification metrics for each of the models (see Table 1). These 

endpoints are: 

• In oncology: 
o Anti-breast cancer 
o Anti-colon cancer 
o Anti-skin cancer 

• Antiviral activity against: 
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o Hepatitis C virus 
o HIV 

• Antimicrobial activity against: 
o C. albicans 

o P. aeruginosa  
o Listeria  

Table 1. Average test set performance of classification models for the 8 peptide bioactivity 
endpoints.  

Activity Accuracy Sensitivity Specificity Precision MCC† 

HIV  0.788 0.767 0.810 0.805 0.579 

Breast cancer 0.787 0.648 0.859 0.700 0.517 

Colon cancer 0.781 0.609 0.849 0.571 0.441 

Skin cancer 0.858 0.658 0.912 0.661 0.569 

C. albicans 0.687 0.752 0.591 0.713 0.349 

Hepatitis C  0.792 0.807 0.781 0.748 0.587 

Listeria 0.819 0.838 0.753 0.884 0.577 

P. aeruginosa 0.781 0.809 0.746 0.795 0.558 

†MCC- Matthew’s correlation coefficient; Accuracy: proportion of correctly predicted molecules; Sensitivity:  

proportion of correctly predicted positives (actives); Specificity: proportion of correctly predicted negatives 
(inactive molecules); Precision: proportion of correctly predicted positives out of all positive predictions. 

Minimum test set value for MCC > 0.0, for accuracy, specificity, sensitivity, and precision it is > 0.50.   

 

In light of the satisfactory performance of the models built with the PeptiDesCalculator indices, it 

may be inferred that these codify relevant peptide structural, chemical, and physicochemical 
information, useful in the prediction of peptide bioactivity profiles. This work has been published in 
a specialized peer-reviewed journal.xvi 

The PeptiDescalculator indices have also been employed to build models for peptide solubility 

(classification) and cell penetrating peptides (CPP) uptake efficiency (regression) obtaining 
satisfactory statistics for model performance as shown in Table 2 (solubility classifier), Figure 1 
(CPP uptake regressor). 
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Table 2. Test set performance for the solubility classifier 

 

 

 

 

 

 

 

 

Figure 1. Experimental vs predicted CPP uptake efficiency. 

 

The solubility classification model has been experimentally validated over 40 peptide sequences in 
collaboration with the Vrije Universiteit Brussel (VUB) and the solubility profile for 75 % (30/40) of 

Classification Parameter Value 

Accuracy 0.844 

Sensitivity 0.838 

Specificity 0.873 

Precision 0.981 

MCC 0.535 
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these peptides was accurately predicted. Moreover, based on the model’s applicability domain (i.e., 
the chemical space for which the model’s predictions are considered trustworthy), we observed 
that 6/10 of the erroneous predictions lied outside the classifier’s applicability domain. All in all, the 

adequate correspondence between the predicted and experimental values enhances our 
confidence in the predictivity of the models built with the PeptiDesCalculator indices.  

Future prospects 
PeptiDescalculator opens way for collaborations with research groups or customers who wish to 
utilize predictive models to gain insight on the physicochemical (QSPR) bioactivity (QSAR), 
pharmacokinetic (QSPKR) or toxicological (QSTR) profiles for their peptide sequences. A critical 
aspect for developing predictive models is the availability of good quality and extensive 

experimental data. In this sense, partnerships with laboratories or institutions with volumes of 
experimental data will guarantee a valuable resource for the model building which will in turn be 
beneficial to the clients or collaborators as they will be able to use the built models to guide their 
subsequent steps in prioritization of peptide molecules.  
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