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Abstract
Eight density functionals, CAM-B3LYP, LC-�PBE , M11, MN12SX, N12SX, �B97 , �B97X , and �B97XD , related to the 
Def2TZVP basis sets, were assessed together with the SMD solvation model for the calculation of the molecular properties 
and structure of the therapeutic peptide of marine origin Parasin I. All the chemical reactivity descriptors for the system are 
calculated via conceptual density functional theory (CDFT). The active sites suitable for nucleophilic, electrophilic, and 
radical attacks are selected by linking them with the Fukui function indices, nucleophilic and electrophilic Parr functions, 
and condensed dual descriptor Δf (r) , respectively. The study reveals that the MN12SX and N12SX density functionals are 
the most appropriate ones for predicting the chemical reactivity of the molecule under study. Additionally, the pKa value 
for the peptide is predicted with great accuracy based on our previously published methodology. Moreover, the ability of 
the studied molecule in acting as an efficient inhibitor of the formation of advanced glycation endproducts (AGEs), which 
constitutes a useful knowledge for the development of drugs for fighting diabetes, Alzheimer and Parkinson diseases is also 
presented. Finally, the bioactivity scores for Parasin I are predicted through different methodologies.

Keywords Parasin I · Conceptual DFT · pKa · AGEs inhibition ability · Bioactivity scores

1 Introduction

For the consideration of therapeutic peptides from the point 
of view of medicine, it is necessary to know their molecular 
properties and their bioactivity. It is our belief that the bio-
activity of these peptides is intimately related to their chemi-
cal reactivity from a molecular perspective. For this reason, 

we consider it essential to study the chemical reactivity of 
natural products that have the potential to become medi-
cines through the tools provided by computational chem-
istry and molecular modeling. Probably, the most powerful 
tool currently available to study the chemical reactivity of 
molecular systems from the point of view of computational 
chemistry and molecular modeling is conceptual DFT [1, 2], 
also called chemical reactivity theory, which using a series 
of global and local descriptors allow to predict the interac-
tions between the molecules and understand the way in that 
chemical reactions proceed.

Considering that the knowledge of the chemical reactivity 
is essential for the development of new medicines, we have 
decided to study in this work Parasin I which is an antimi-
crobial peptide derived from histone H2A in the catfish [3] 
and that could be the basis for the design of new therapeutic 
peptides.

Thus, the objective of this work is to study the chemi-
cal reactivity of the Parasin I antimicrobial peptide of 
marine origin using the techniques of the conceptual DFT, 
determining its global properties (that is, of the molecule 
as a whole) as well as the local properties that allow to 
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understand and predict the active reaction sites, both elec-
trophilic and nucleophilic. Likewise, the pKa values of the 
peptide will be predicted based on a methodology previ-
ously developed by us [4], the ability of this potentially 
therapeutic peptide to act as inhibitor of the formation 
of advanced glycation endproducts (AGEs) will be estab-
lished according to our previous ideas [5], and the descrip-
tors of bioavailability and bioactivity (bioactivity scores) 
will be calculated through different procedures described 
in the literature [6–15].

2  Theoretical background

The Kohn–Sham theory involves calculating the molecu-
lar density, the energy of the system, and the molecular 
orbital energies, particularly those associated with the 
frontier orbitals including the highest occupied molecular 
orbital (HOMO) and lowest unoccupied molecular orbital 
(LUMO) [16–19]. This theory is necessary for establish-
ing the quantitative values of the various conceptual DFT 
descriptors. Recently, there has been an increased interest in 
using range-separated (RS) exchange correlation function-
als in Kohn–Sham DFT [20–23]. These functionals tend to 
partition the r−1

12
 operator and exchange the parts into long- 

and short-ranged parts, whose range-separation parameter, 
� , controls the rate of attaining the long-range behavior. It 
is possible to fix the value of � or “tune” it by a system-by-
system mechanism that minimizes a tuning norm. The basis 
of the optimal tuning approach is the fact that the energy of 
the HOMO, �H(N) , in the case of the exact Kohn–Sham (KS) 
theory as well as the generalized KS theory for an N elec-
tron system should be −I(N) . Here, I represents the vertical 
ionization potential, which is calculated as the energy dif-
ference, E(N − 1) − E(N) , by considering a particular den-
sity functional. If approximate density functionals are used, 
it would possibly lead to considerable differences between 
�H(N) and −I(N) . Optimal tuning involves determining the 
system-specific range-separation parameter � nonempiri-
cally with an RSE functional. Alternatively, it also implies 
that several other parameters including �H(N) = −I(N) are 
optimally satisfied [24–31]. Even though there is no equiva-
lent form to match this prescription for deriving the electron 
affinity A together with the LUMO energy for the case of 
neutral species, it is possible to say that �H(N + 1) = −A(N) , 
which facilitates obtaining the optimized value of � , which 
is then optimized to establish both properties. This would 
make it easy to predict the Conceptual DFT descriptors. In 
the past, a simultaneous prescription referred to as the “KID 
procedure” (Koopmans in DFT), owing to its correspond-
ences with the Koopmans’ theorem, was proposed by the 
authors [32–39].

3  Settings and computational methods

This study obtained the molecular structure of the Parasin 
I peptide of marine origin from PubChem (https ://pubch 
em.ncbi.nlm.nih.gov), a website that serves as the public 
repository for information pertaining chemical substances 
along with their associated biological activities. The pre-
optimization of the resultant system involved selecting the 
five most stable conformers as it is customary for these 
kind of studies. The selection was done using random sam-
pling that involved molecular mechanics techniques and 
inclusion of the various torsional angles via the general 
MMFF94 force field [40–44] involving the Marvin View 
17.15 program, which constitutes as an advanced chemi-
cal viewer suited to multiple and single chemical queries, 
structures, and reactions (https ://www.chema xon.com). 
After that, the chemistry of the structures was checked 
and the 3D structures of the stereoisomers was generated 
using the same MarvinView 17.15 program. The chirality 
at the stereogenic centers was verified in accordance to the 
Cahn–Ingold–Prelog priority rules. The resulting geome-
tries were further refined as it was explained before and the 
lowest energy conformation for each system was chosen to 
calculate the electronic energy and the HOMO and LUMO 
orbitals at the DFT functional level as mentioned in the 
next paragraph, choosing in the end the lowest energy con-
formation between the five conformers to proceed to the 
next step. It must be stressed that although, in general the 
properties of the molecular systems are strongly dependent 
on their conformations, from our experience working with 
small and large peptides, the global reactivity descriptors 
will be almost the same irrespective of the conformations 
(at least for the five lowest energy conformers). Indeed, 
this is observed in the five conformations considered in 
this work as we shall see in the Results and Discussion 
section, although in the manuscript we have presented the 
results only for the conformation considered as the global 
energy minimum.

Consistent with our previous work [32–39], the com-
putational studies were performed with the Gaussian 09 
[45] series of programs that implement density functional 
methods. The basis set Def2SVP was used in this work for 
the geometry optimization and frequency determination, 
while the Def2TZVP basis set was used for calculating 
the electronic properties [46, 47]. All calculations were 
performed in the presence of water as solvent under the 
solvation model density (SMD) parameterization of the 
integral equation formalism-polarized continuum model 
(IEF-PCM) [48].

To calculate the molecular structure and properties of 
the studied system, we have chosen eight density function-
als which are known to consistently provide satisfactory 

https://pubchem.ncbi.nlm.nih.gov
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results for several structural and thermodynamic prop-
erties: CAM-B3LYP [22], LC-�PBE [49], M11 [50], 
MN12SX [51], N12SX [51], �B97 [52], �B97X [52], and 
�B97XD [21].

The SMILES notation of the studied compound was fed 
into the online Molinspiration software from Molinspiration 
Cheminformatics (www.molin spi-ratio n.com) for the calcu-
lation of the molecular properties (Log P, total polar sur-
face area, number of hydrogen bond donors and acceptors, 
molecular weight, number of atoms, number of rotatable 
bonds, etc.) and for the prediction of the bioactivity scores 
(GPCR ligands, kinase inhibitors, ion channel modulators, 
enzymes and nuclear receptors). The bioactivity scores were 
compared with those obtained through the use of other soft-
ware like MolSoft from Molsoft L.L.C. (http://molso ft.com/
mprop /) and ChemDoodle Version 9.02 from iChemLabs 
L.L.C. (www.chemd oodle .com).

4  Results and discussion

4.1  Geometry optimization and global reactivity 
descriptors calculation

The molecular structure of Parasin I, which graphical sketch 
is shown in Fig. 1, was preoptimized in the gas phase by 
considering the DFTBA model available in Gaussian 09 
and then reoptimized using the eight density functionals 
mentioned in the previous section together with the Def-
2SVP basis set and the SMD solvent model using water as 
the solvent. After verifying that each of the structures cor-
responded to the minimum energy configurations through 
a frequency calculation analysis, the electronic properties 
were determined by using the same model chemistry but 
with the Def2TZVP basis set instead of that used for the 
geometry optimization. The optimized molecular structure 
of Parasin I is also displayed in the Supplementary Informa-
tion in PDF format.

The analysis of the results obtained in the study aimed at 
verifying that the KID procedure was fulfilled. On doing it 
previously, several descriptors associated with the results that 
the HOMO and LUMO calculations obtained are related with 

results obtained using the vertical I and A following the ΔSCF 
procedure. A link exists between the three main descriptors 
and the simplest conformity to the Koopmans’ theorem by 
linking �H with –I, �L with –A, and their behavior in describing 
the HOMO-LUMO gap as JI = |�H + Egs(N − 1) − Egs(N)| , 
JA = |�L + Egs(N−) − Egs(N + 1)| , and JHL =

√
J2
I
+ J2

A
 . 

Notably, the JA descriptor consists of an approximation that 
remains valid only when the HOMO that a radical anion has 
(the SOMO) shares similarity with the LUMO of the neutral 
system. Consequently, we decided to design another descrip-
tor Δ SL as the difference between the energies of the SOMO 
and the LUMO to guide in verifying the accuracy of the 
approximation [32–39]. The results of this analysis are pre-
sented in Table 1.

As can be seen in Table 1, the results for the descriptors 
show values that are consistent with our previous findings 
for the case of the melanoidins [32–39]; that is, only the 
MN12SX and N12SX density functionals are capable of 
giving HOMO and LUMO energies that allow to verify 
the agreement with the approximate Koopmans’ theorem. 
This is not only true because the JHL values are almost 
zero, but due to the fact that the ΔSL descriptor, which 
relates to the difference between the LUMO of the neutral 
and the HOMO of the anion, is also close to zero. Indeed, 
these values cannot be exactly equal to zero, but the small 
differences mean that errors in the prediction of the global 
reactivity descriptors will be negligible. Moreover, it can 
be seen in Table 1 that the MN12SX and N12SX density 
functionals are the only ones that predict negative values 
for the LUMO energies which will represent positive val-
ues of the electron affinity A. An opposite and incorrect 
(unphysical) behavior is observed in Table  1 for the other 
density functionals considered in this work.

By taking into account the KID procedure presented 
in our previous works together with the finite difference 
approximation, the global reactivity descriptors can be 
expressed as:

Electronegativity � = −
1

2
(I + A) ≈

1

2
(�

L
+ �

H
) [1, 2]

Global Hardness � = (I − A) ≈ (�
L
− �

H
) [1, 2]

Fig. 1  Graphical sketch of the Parasin I molecule

http://www.molinspi-ration.com
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Electrophilicity
� =

�
2

2�
=

(I+A)2

4(I−A)
≈

(�
L
+�

H
)2

4(�
L
−�

H
)

[53]

Electrodonating Power
�
− =

(3I+A)2

16(I−A)
≈

(3�
H
+�

L
)2

16�

[54]

Electroaccepting Power
�
+ =

(I+3A)2

16(I−A)
≈

(�
H
+3�

L
)2

16�

[54]

Net Electrophilicity Δ�± = �
+ − (−�−) = �

+ + �
−[55]

where �H and �L are the energies of the HOMO and LUMO, 
respectively.

In order to provide evidence about our assertion men-
tioned in the Settings and Computational Methods section 
stating that there is only an almost negligible change of the 
global reactivity descriptors with the molecular structure 
of the five lowest energy conformers, we are presenting in 
Fig. 2 a graphical sketch of these values for the case of the 
MN12SX density functional. The results presented in Fig. 2 
represent a confirmation of the validity of our assertion.

According to our previous discussion and the information 
given in Table 1, the results for the global reactivity descrip-
tors based on the values of the HOMO and LUMO energies 

will be significative only for the MN12SX and N12SX den-
sity functionals. Thus, these results are presented in Table 2.

As expected from the molecular structure of this spe-
cies, its electrodonating ability is more important than its 
electroaccepting character. There are no significative dif-
ferences between the values obtained by using either of the 
density functionals for the calculation of the global reac-
tivity descriptors. Notwithstanding, after an inspection of 
Table 1, it can be said that the MN12SX density functional 
is a somewhat better than the N12SX density functional in 
verifying the approximate Koopmans behavior. Thus, only 
the MN12SX density functional will be considered for the 
remaining of this work.

4.2  Local reactivity descriptors calculation

Applying the same ideas as before, the definitions for the 
local reactivity descriptors will be:

Table 1  Electronic energies of the neutral, positive, and negative 
molecular systems (in au) of Parasin I; the HOMO, LUMO, and 
SOMO orbital energies (in eV); and the J

I
 , J

A
 , J

HL
, and Δ SL descrip-

tors calculated with the eight density functionals and the Def2TZVP 
basis set using water as the solvent simulated with the SMD para-
metrization of the IEF-PCM model

Eo E+ E− HOMO LUMO SOMO JI JA JHL ΔSL

CAM-B3LYP − 6876.76 − 6876.54 − 6876.80 − 7.41 0.45 − 2.53 1.53 1.47 2.12 2.98
LC-�PBE − 6875.89 − 6875.67 − 6875.93 − 8.84 1.57 − 3.88 2.76 2.66 3.84 5.45
M11 − 6876.26 − 6876.04 − 6876.30 − 8.61 1.26 − 3.64 2.54 2.38 3.48 4.90
MN12SX − 6873.66 − 6873.45 − 6873.71 − 5.96 − 1.25 − 1.28 0.00 0.01 0.01 0.03
N12SX − 6876.64 − 6876.43 − 6876.68 − 5.62 − 1.11 − 1.15 0.01 0.02 0.02 0.03
�B97 − 6879.08 − 6878.86 − 6879.11 − 8.76 1.64 − 3.70 2.73 2.59 3.76 5.34
�B97X − 6879.08 − 6878.86 − 6879.11 − 8.50 1.41 − 3.50 2.51 2.39 3.47 4.90
�B97XD − 6878.09 − 6877.87 − 6878.13 − 7.98 1.00 − 3.08 2.07 2.01 2.89 4.07

Fig. 2  Graphical sketches showing the evolution of the global reactiv-
ity descriptors with the change in the molecular structures of the five 
lowest energy conformers, labeled as C1 to C5: a electronegativity, 

global hardness, and electrophilicity; b electrodonating power, elec-
troaccepting power, and net electrophilicity
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Nucleophilic Fukui Function f +(�) = �N+1(�) − �N (�) [1, 2]
Electrophilic Fukui Function f −(�) = �N (�) − �N−1(�) [1, 2]
Dual Descriptor Δf (�) =

(
� f (�)

� N

)

�(�)

[56–61]

Nucleophilic Parr Function P−(�) = �
rc
s
(�) [62, 63]

Electrophilic Parr Function P+(�) = �
ra
s
(�) [62, 63]

where �N+1(�) , �N(�) , and �N−1(�) are the electronic den-
sities at point � for a system with N + 1 , N, and N − 1 elec-
trons, respectively, and �rc

s
(�) and �ra

s
(� ) are related to the 

atomic spin density (ASD) at the r atom of the radical cation 
or anion of a given molecule, respectively [64].

Starting from the total electronic densities arising from 
calculations for the systems with N + 1 , N, and N − 1 elec-
trons, the electrophilic Fukui function f −(�) and nucleo-
philic Fukui function f +(�) for the Parasin I molecule esti-
mated according to the above difference formulas are shown 
in Figs. 2a, b, respectively.

As it has been stated by Martínez-Araya in a recent 
work [61], while the Fukui function is a nice descrip-
tor to understand the local reactivity of the molecules, it 
can be demonstrated that the dual descriptor in its con-
densed form Δfk will perform better for the prediction of 

the preferred sites for the electrophilic and nucleophilic 
attacks. For this reason, we have decided to present the 
results for the condensed dual descriptor Δfk as calculated 
from either Mulliken population analysis in comparison 
with the nucleophilic Parr function P+

k
 and electrophilic 

Parr function P−
k
 proposed by Domingo et al [62, 63] con-

sidering atomic spin densities coming from the Hirshfeld 
population analysis (Fig.3).

The results for the calculation of these local reactiv-
ity descriptors for the Parasin I molecule are presented in 
Table 3. It must be noted that we are presenting only the 
results for those atomic sites where the Δfk are greater than 
1. The values for Δfk , P+

k
, and P−

k
 are multiplied by 100 

for easier comparison. Also, the H atoms are not shown. 
As can be seen in Table 3, the local reactivity descrip-
tors calculated from the different formulations are able 
to recognize the nucleophilic and electrophilic sites for 
chemical reactivity with great accuracy. Moreover, there is 
an impressive agreement between the results coming from 
the condensed dual descriptor Δfk and the nucleophilic and 
electrophilic Parr functions P+

k
 and P−

k
 which means that 

their use in this and future works related to the study of 
therapeutic peptides will be a warranty of success.

Table 2  Global reactivity 
descriptors for the Parasin I 
molecule calculated with the 
MN12SX and N12SX density 
functionals with the Def2TZVP 
basis set and the SMD solvation 
model using water as the solvent

Electronegativity ( �) Chemical hardness ( �) Electrophilicity ( �)

MN12SX 3.6062 4.7019 1.3829
N12SX 3.3656 4.5032 1.2577

Electrodonating Electroaccepting Net Electrophilicity

Power ( �−) Power ( �+) (Δ�±)
MN12SX 4.8628 1.2566 6.1194
N12SX 4.4797 1.1141 5.5938

Fig. 3  a Electrophilic Fukui function f −(r) and b nucleophilic Fukui function f +(r) for the Parasin I molecule where reddish zones indicate posi-
tive values and greenish zones denote negative values
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4.3  Determination of pKa value of the peptide

We have recently presented a study of the computational 
prediction of the pKas of small peptides through conceptual 
DFT descriptors [4]. In that work, we concluded that the 
relationship pKa = 16.3088 − 0.8268� could be a valuable 
starting point for the prediction of the pKa of larger peptides 
of interest for the development of AGE inhibitors.

Thus, we have now applied the mentioned relationship 
to the calculation of the pKa of the Parasin I molecule giv-
ing a result of 12.421. This result could be of interest when 
designing pharmaceutical drugs starting from these peptide 
allowing to explain the mechanisms of action and the drug 
delivery procedures. For example, starting from this result, 
it can predict a solubility of approximately 20 mg L−1 at the 
physiological pH of 7.4. This is very important because only 
dissolved drugs can be absorbed. Therefore, the solubility of 
a drug is an extremely important parameter in planning the 
development of tablets.

Additionally, the solubility can be also inferred from the 
value of the ΔG of solvation which can be estimated from the 
results of our calculations. It must be remarked that we have 
chosen to perform them by considering the SMD approxima-
tion for modeling the solvent. This is the recommended choice 
for computing the ΔG of solvation, which accomplished by 
performing gas phase and SCRF=SMD calculations for the 

system of interest and taking the difference the resulting ener-
gies with the Gaussian 09 program [45]. A rapid estimation 
of this magnitude gives a value of − 179.91 kcal mol−1 for the 
Parasin I molecule which is an identification that this peptide 
is fully soluble in water, a result in agreement with the experi-
mental findings.

These results help to explain why Parasin I shows a strong 
antimicrobial activity toward gram-negative bacteria, gram-
positive bacteria, and fungi without any hemolytic activity. 
The minimum inhibitory concentration (MIC) of Parasin I is 
in the range of 1–4 mg/ml [3]. The most potent antimicrobial 
peptides have been reported to kill susceptible bacteria in 
the range of 0.25–4 mg/ml, which indicates that Parasin I is 
one of the most potent antimicrobial peptides found so far.

4.4  Quantification of the AGEs inhibition ability

The Maillard reaction between a reducing carbonyl and the 
amino group of a peptide or protein leads to the formation 
of a Schiff base which through a series of steps renders dif-
ferent molecules known as advanced glycation endproducts 
or AGEs. It is believed that the presence of these AGEs is 
one of the main reasons for the developing of some diseases 
like diabetes, Alzheimer, and Parkinson.

Among several strategies that have been considered 
for the prevention of the formation of AGEs, it is worth 
to mention the use of compounds presenting amino groups 
in their structure capable of interacting with the reducing 
carbonyl group of carbohydrates and being competitive with 
the amino acids, peptides, and proteins present in our body. 
Many compounds have been devised as drugs to achieve 
this goal and to name a few, we can include pyridoxamine, 
aminoguanidine, carnosine, metformin, pioglitazone, and 
tenilsetam.

It can be proposed that peptides having amino and amido 
groups could be thought as potential therapeutic drugs for 
preventing the formation of AGEs. In a previous work, we 
have studied the ability of a group of proposed molecules 
to act as inhibitors of the formation of AGEs by quantifying 
their behavior in terms of conceptual DFT reactivity descrip-
tors [5]. It was concluded that the key factor in the study of 
the chemical reactivity of the potential AGEs inhibitors was 
on their nucleophilic character and although there are several 
definitions of nucleophilicity [65], our results suggested that 
the inverse of the net electrophilicity Δ�± could be a good 
definition for the nucleophilicity N. On the basis of the men-
tioned analysis, we were able to find some qualitative trends 
for the studied molecular systems.

In this work, we will extend this correlation to the Parasin 
I peptide in order to see if it can be considered as a precursor 
of therapeutic drugs for the inhibition of the formation of 
AGEs. As the model chemistry employed in both works is 
the same, the comparison is straightforward:

Table 3  Local reactivity descriptors for the Parasin I molecule calcu-
lated with the MN12SX density functional with the Def2TZVP basis 
set and the SMD solvation model using water as the solvent: con-
densed dual descriptor Δfk , nucleophilic Parr function P+

k
 and electro-

philic Parr function P−
k

Atom Δfk P+

k
P−
k

6 O 7.450 9.030 0.001
8 O 12.170 13.180 0.000
30 N 5.830 6.808 0.000
32 N 2.450 1.535 0.000
34 N − 22.530 0.006 21.023
39 N − 17.600 0.004 21.399
45 N − 5.350 0.001 2.847
46 N − 39.770 0.001 42.443
63 C 1.820 1.981 0.000
66 C 1.190 1.128 0.000
72 C 1.260 1.665 0.012
81 C − 1.380 0.021 4.264
82 C 3.170 4.382 0.000
83 C 1.330 0.808 0.000
84 C 14.660 12.453 0.001
90 C 33.290 29.116 0.000
99 C − 1.090 0.028 4.229
100 C − 3.570 0.001 1.643
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This qualitative trend is representative of the known phar-
macological properties of the studied AGEs inhibitors [66, 
67], and it can be seen that Parasin I possesses AGEs inhibi-
tion ability similar to that of pyridoxamine, being larger than 
the value for pioglitazone.

4.5  Bioactivity scores

When considering a given molecular system as a potential 
therapeutic drug, it is customary to check if the considered 
species follows the Lipinsky rule of five which is used to 
predict whether a compound has or not has a drug-like char-
acter [68]. The molecular properties related to the drug-like 
character were calculated with the aid of the MolSoft and 
Molinspiration software and are presented in Table S1 of the 
Supplementary Information, where miLogP represents the 
octanol/water partition coefficient, TPSA is the molecular 
polar surface area (in Å 2 ), natoms is the number of atoms of 
the molecule, nON and nOHNH are the number of hydro-
gen bond acceptors and hydrogen bond donors, respectively, 
nviol is the number of violations of the Lipinsky rule of 
five, nrotb is the number of rotatable bonds, volume is the 
molecular volume (in Å 3 ), and MW is the molecular weight 
of the studied system (in g mol−1).

However, what the Lipinsky rule of five really measures 
is the oral bioavailability of a potential drug because this is 
desired property for a molecule having drug-like charac-
ter [69]. Indeed, this criteria cannot be applied to peptides, 
even when they are small, as we can see in Table S1 of the 
Supplementary Information, due to the inherent molecular 
weight and number of hydrogen bonds.

In a more recent work, Martin [70] has developed what 
she called “A Bioavailability Score” (ABS) for avoiding 
these problems. The rule for the ABS established that the 
bioavailability score for neutral organic molecules must be 
0.55 if they pass the Lipinsky rule of five and 0.170 if they 
fail. The ABS value for all the Parasin I peptide considered 
in this work has been calculated by using the ChemDoodle 
software, and the result was equal to 0.170.

Then, a different approach was followed by considering 
similarity searches in the chemical space of compounds with 

Aminoguanidine > Metformin > Carnosine >

Tenilsetam >> Pyridoxamine > Parasin I >

Pioglitazone

structures that can be compared to those that are being stud-
ied and with known pharmacological properties.

As has been mentioned in the Settings and Computational 
Methods section, this task can be accomplished using the 
online Molinspiration software for the prediction of the bio-
activity scores (GPCR ligands, kinase inhibitors, ion channel 
modulators, enzymes, and nuclear receptors). Rather than 
relying in a universal drug-likeness score, the methodology 
focuses on those particular dug classes through the devel-
opment of specific activity scores for each of these classes. 
The determination is done by applying Bayesian statistics 
to compare structures of representative ligands active on 
particular target with structures of inactive molecules and 
to identify substructure features (which in turn determine 
physicochemical properties) typical for active molecules. 
The results are named bioactivity scores, and the values for 
the Parasin I are presented in Table 4.

These bioactivity scores for organic molecules can be 
interpreted as active (when the bioactivity score > 0), mod-
erately active (when the bioactivity score lies between − 5.0 
and 0.0), and inactive (when the bioactivity score < − 5.0). 
Thus, Parasin I was found to be moderately bioactive in all 
cases.

5  Conclusions

In this paper, we have presented the results of a study of the 
chemical reactivity of the Parasin I antimicrobial peptide 
of marine origin based on the conceptual DFT as a tool to 
explain the molecular interactions.

The knowledge of the values of the global and local 
descriptors of the molecular reactivity of the Parasin I pep-
tide studied could be useful in the development of new drugs 
based on this compound or some analogs.

In a similar manner, the pKa values for the potentially 
therapeutic peptide have been predicted by resorting to the 
value of the chemical hardness � following a previously pro-
posed methodology and the information that resulted would 
be helpful in understanding not only the chemical reactivity 
but other important properties like the water solubility.

A point of special interest has been the quantification of 
the ability of the peptide to act as an inhibitor in the forma-
tion of AGEs, and this could be of importance for the design 

Table 4  Reactivity scores of the Parasin I molecule calculated on the basis of GPCR ligand, ion channel modulator, nuclear receptor ligand, 
kinase inhibitor, protease inhibitor and enzyme inhibitor interactions

Molecule GPCR ligand Ion channel modulator Kinase inhibitor Nuclear receptor ligand Protease inhibitor Enzyme inhibitor

Parasin I − 4.08 − 4.10 − 4.12 − 4.13 − 4.05 − 4.08
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of medicines for fighting diseases like diabetes, Alzheimer, 
or Parkinson.

Finally, the molecular properties related to bioavailability 
have been predicted using different methodologies already 
described in the literature, and the descriptors used for the 
quantification of the bioactivity allowed to characterize the 
studied peptide as being moderately bioactive in all cases 
considered in the study.
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