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Acido alfa lipéico (ALA) é um dos oxidantes mais poderosos e um cofactor em complexos
enzimdticos, apesar de seus mecanismos ainda ndo serem conhecidos. A pesquisa por alvos
proteicos de ALA ¢ fundamental para compreender seus processos de sinalizacdo. Uma abordagem
bioinformatica foi usada a fim de se encontrar alvos hipotéticos para ALA usando o servidor Target
Fishing Dock (TarFisDock). Contagens de afinidade para os melhores resultados foram calculadas
pelo AutoDock Vina. Alvos relevantes incluiram leucotrieno A4 hidrolase, canal de potdssio
voltagem-dependente, alfa-hidroxiesterdide desidrogenase, epdxido hidrolase, proteinas estas
envolvidas no cancer, diabetes, desordens neuroldgica e cardiovascular. As energias de interagiao
corrigidas segundo padrio conterpoise foram calculadas para proteinas que ligam R-ALA, e
mostraram interacdes R-ALA-residuos favordveis. A sobreposicio de R-ALA com inibidores
conhecidos daquelas proteinas, permitu concluir que R-ALA adota diferentes conformacdes
espaciais em seus sitios de ligagao, podendo ser um inibidor fraco plausivel destes alvos e, portanto,
este efeito deveria ser considerado quando da realizacéo de estudos sobre seus efeitos bioquimicos.

Alpha lipoic acid (ALA) is one of the most powerful antioxidants and a cofactor in enzyme
complexes, although its mechanisms are still unknown. The search for protein targets of ALA is
fundamental to understand its signaling pathways. A bioinformatics approach was used to find
hypothetical targets for ALA using the Target Fishing Dock Server (TarFisDock). Affinity scores
for the best hits were calculated by AutoDock Vina. Relevant targets included leukotriene A4
hydrolase, voltage gated potassium channel, alpha hydroxysteroid dehydrogenase and epoxide
hydrolase, proteins involved in cancer, diabetes, and neurological and cardiovascular disorders.
The counterpoise-corrected interaction energies calculated for proteins that bind R-ALA showed
favorable interactions R-ALA-residues. Superpositioning of R-ALA with known inhibitors of
those proteins, together with the finding that R-ALA adopts different spatial conformations in
their binding sites, suggests R-ALA could be a plausible weak inhibitor of these targets, and this
effect should be considered when studying its biochemical effects.
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Introduction Oxidized form
o
The alpha lipoic acid (ALA) is a relatively small (\,/\/\)CLOH m.\\\\/\AOH
molecule, a five-carbon carboxylic acid bound to a 5-8 '5-S
five-atom cyclic disulfide. It has two enantiomeric
configurations (R-ALA and S-ALA) and its reduced form is R-Alpha lipoic acid §-Alpha lipoic acid
known as dihydrolipoic acid (DHLA)! (Figure 1). ALA was
previously considered as a vitamin, but later it was shown to Reduced form
be synthesized by animals and humans, primarily in the liver o
and kidneys, where it is found at higher concentrations.>? W\/\AOH
R-ALA naturally occurs in foods, covalently bound to SH SH

lysine (lipoyllysine),* although quantitative information
Dihydrolipoic acid

*e-mail: joliverov@unicartagena.edu.co Figure 1. Existing forms of alpha lipoic acid.
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about such adducts is limited. Tissues from animals that
are rich in lipoyllysine (ca. 1.3 pg g' dry wt.) include the
kidney, heart and liver, while among vegetables, it is found
in spinach and broccoli. A small amount of lipoyllysine
(ca. 0.5 pg g' dry wt.) has also been measured in tomatoes,
peas and brussels sprouts.>¢

ALA is an antioxidant for fatty acids. It is considered
an important metabolite for energy production in
mitochondria, and it also serves as a potent free radical
scavenger in both aqueous and lipophilic media.”!'* This
compound is used as a drug in many European countries,
mainly to treat liver disorders and neuropathies.!! Lipoate,
or its reduced form, dihydrolipoate, reacts with reactive
oxygen species such as superoxide radicals, hydroxyl
radicals, hypochlorous acid, peroxyl radicals and singlet
oxygen.'>!3 In general, antioxidant properties of ALA
have been related to its capacity to reduce reactive oxygen
species (ROS), regenerate endogenous antioxidants, repair
oxidative tissue damage and to its chelating capacity.'+!¢

The antioxidant properties of ALA vary depending on
the species: the oxidized form is antioxidant, chelating
agent for Fe and Cu, and it can remove ROS. Its reduced
form is antioxidant and a Cd-chelating drug. It can also
remove ROS, regenerate vitamins C, E and glutathione;
and increase levels of proteins involved in repair
(o-1-antiprotease).'* Dihydrolipoic acid (DHLA) can
increase the activity of antioxidants in both aqueous and
hydrophobic membrane phases.'”"°

In vitro experiments have demonstrated that ALA
increases glucose uptake by promoting translocation of
the glucose transporter GLUT4 to the cell membrane, and
this property has been used during alleviation of diseases
such as diabetes.?*?2 The biochemical importance of ALA
is mainly represented by its participation as a cofactor in
several biological processes, and due to its antiapoptotic
action via activation of the insulin receptor/PI3-kinase/Akt
pathway.?

Nowadays, in silico screening has made possible to find
suitable biological targets for particular compounds. Target
Fishing Dock (TarFisDock) is a web server that docks small
molecules with protein structures in the Potential Drug
Target Database (PDTD), as a tool to discover new drug
targets. It works performing reverse molecular docking.
This process allows docking a particular compound into
known binding pockets of proteins found in the PDTD.
This server has been used to predict protein binding
sites for chemicals such as vitamin E and 4H-tamoxifen.
Experimental evidence has shown that nearly 50% of
the predicted proteins can in fact bind these compounds,
indicating the reliability of this server tool.* This tool has
been used to identify molecular targets for developing
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new drugs against Helicobacter pylori, and also as a
complementary approach of functional genomics.” In
another study, Olivero et al.,’® have used TarFisDock to
find possible target proteins for TCDD, in particular those
related to AhR-independent activities of TCDD. However,
in addition to TarFisDock, there are other available
approaches to perform multiple target identification.?”

In this paper, TarFisDock server has been used to
perform virtual screening of molecular targets for ALA,
with proper validation of this prediction with different
methods of computational chemistry, discussing the
possible role of this compound in diseases for which these
proteins are important.

Experimental
Molecular modeling

For the present study R-ALA, S-ALA and DHLA
structures were optimized using density functional theory
(DFT) at the B3LYP/6-31G level. Calculations were carried
out with Gaussian 03 package program.® The resultant
geometry was translated to Mol2 format with Open
Babel® and the optimized ALA structures were submitted
to TarFisDock? to find proteins with tri-dimensional
structures having theoretical binding sites for each one of
the studied species. The search started using the “targets in
all categories” option, and ligand docking was performed
on all proteins (1207 proteins currently available) present
in PDTD. The output consisted of the best hits ranked by
an energy score, providing binding conformations and a
table with related target information.

Docking validation

As AutoDock Vina can detect protein cavities for ligand
binding on any given protein, it was used to find cavities
on randomly selected proteins taken from Protein Data
Bank.*® Randomly selected protein models 1ABI, 1CA2,
1CAL 1DFR, 1FDH, 1LCT, 1LFH, 1RHG, 2DHF, 2HHM,
2PAB, 2W9YI, 2XAl, 3A1F, 3GPD, 3GRG, 3LHM, 4HVP,
4I1B and 8FAB were docked to R-ALA using AutoDock
Vina, and the output affinities were utilized to determine
a theoretical value for non-specific affinities for R-ALA.

Docking ALA structures to target proteins predicted by
TarFisDock

R-ALA, S-ALA and DHLA were docked on each one of
the target proteins predicted by TarFisDock, after preparing
them using Sybyl 8.1 program.?! For protein preparation,
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all hydrogens were added using the Biopolymer module
of Sybyl package, and inhibitors within the active site,
heteroatoms, and all water molecules were removed.
Proteins were minimized applying Kollman’s all partial
atomic charges, Powell’s conjugate gradient method with
distance-dependent dielectric constant value of 1.0, and
a gradient convergence value of 0.001 kcal mol".>> Once
minimized, the protein is loaded in MGLTools* creating a
PDBAQT file that contains a protein structure with hydrogens
in all polar residues, and it is then used by the docking
program AutoDock Vina 1.0* to obtain the affinity binding
values for a particular ligand. The docking site for ALA
structures on protein targets was defined by establishing
a cube with the dimensions 24 x 24 x 24 A, covering the
binding site predicted for TarFisDock with a grid spacing
of 0.375 A centered on the center of mass of the ligand.
Ten runs with AutoDock Vina were performed in all
cases per each ALA structure, and for each run the best
pose was saved. The average affinity for best poses was
taken as the final affinity value for a particular complex.
Mammal proteins that showed greater affinity scores for
ALA were checked with the program LigandScout 2.0%
to detect those primary interactions prevailing in the
protein-ALA complex. LigandScout is a software tool that
allows to rapidly and transparently derive 3D chemical
feature-based pharmacophores from structural data of
macromolecule-ligand complexes. Its algorithms perform
a stepwise interpretation of the ligand molecules: planar
ring detection, assignment of functional group patterns,
determination of the hybridization state, and finally the
assignment of Kekulé pattern.’

Counterpoise-corrected interaction energy (CP-CIE)
calculations

In order to evaluate the theoretical likeliness of residues
present in the protein binding site being interacting
with R-ALA, CP-CIE calculations were performed. The
protein-R-ALA complexes for the mammalian proteins
selected by TarFisDock were processed by AutoDock
Vina. From these complexes, one was randomly selected
per target protein, and then minimized using the standard
Tripos molecular mechanics (MM) force field of the
SYBYL molecular modeling package, following a Powell
energy minimization algorithm, applying Gasteiger-
Hiickel charges and 0.005 kcal mol"!' A' energy gradient
convergence criterion.’”*® Following this optimization,
molecular dynamics (MD) simulations were performed in
vacuo using SYBYL 8.1 force field.* The protocol included
(i) a 5000 fs period, beginning at 0 to 300 K, as a heating
protocol, (i7) a 10000 fs period at 300 K was employed for
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equilibration and (iii) 20000 fs at 300 K were used in the
simulations with a time step of 1 fs.%

After these simulations were concluded, the affinities of
R-ALA for the protein in each one of the final complexes
obtained under MM and MD protocols were calculated,!
and the geometry and affinities of the these complexes were
compared to that given by the structure directly obtained
from TarFisDock server.

The relative binding contribution of different residues
in the binding site, as predicted by LigandScout 2.0,
was evaluated calculating CP-CIE values,* computed
from single-point calculations. This was performed on the
structures of the protein-R-ALA complexes with the best
AutoDock Vina-calculated ligand affinities, following the
“Boys and Bernardi” method,* according to equation 1:

AE(AB)F = E*®, (AB) — E*®,(A) — E*®,(B) 1

where, AE(AB)®* is CP-CIE, and E*B,;(AB), E*5,(A)
and E*P,(B) are the total energies computed in a balanced
basis set (AB) for complex, residue and ligand (R-ALA)
systems,** respectively, in order to correct the basis set
superposition error (BSSE).

Known inhibitors for TarFisDock-predicted R-ALA-
binding proteins were found in PubChem and DrugBank, and
their affinity scores to such molecules were calculated using
AutoDock Vina 1.0. The binding site was set specifically at
the site proposed by the TarFisDock server. Similar docking
parameters and run number employed for ALA structures
were also used for the affinity calculations of inhibitors
on target proteins. In order to determine if the docking
of R-ALA on target proteins takes place under the same
ligand conformation, a superposition of the 3D structures
of R-ALA docked on the binding sites, together with the
optimized R-ALA structure as a template, was performed
using Sybyl 8.1.1, and visualized by Pymol.* For comparison
purposes, CP-CIE values for protein-R-ALA complexes were
compared to those obtained for the leukotriene A4 hydrolase
(1HS6) bound to its inhibitor, bestatin, structure that was
taken from Protein Data Bank (PDB).

Results and Discussion

TarFisDock server was used to find target proteins
for R-ALA, and AutoDock Vina allowed the calculation
of affinity scores for ALA-protein complexes. Based on
affinity data provided by AutoDock Vina, non-specific
binding of R-ALA to randomly selected proteins from PDB
occurs at absolute affinity values lower than 5.1 kcal mol!
(Figure 2). Accordingly, from the best 25 hits suggested by
the TarFisDock server as R-ALA protein targets, affinities for
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Figure 2. Box-and-whisker diagram showing the affinities of R-ALA for
twenty randomly selected proteins from PDB.

those with values greater than the maximum (5.1 kcal mol™)
plus its 10% (0.5), that is 5.6 kcal mol’, in addition to data
obtained for S-ALA and DHLA on the same proteins, are
shown in Table 1.
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Virtual screening of protein targets for ALA showed
that, at least hypothetically, this antioxidant could interact
with different enzymes such as hydrolases, isomerases,
ATPases, oxidases and DNA topoisomerases, among
others. In addition, R-ALA has indeed similar affinities
than S-ALA for target proteins, although when the disulfide
cycle is broken, as in DHLA, the affinity scores drop
significantly (Table 1). Accordingly, it is plausible to think
that only the oxidized form of R-ALA is more prone to
act as a pharmacological agent targeting several proteins.

Some of the proteins predicted to bind ALA are found
in mammals (Mus musculus, Homo sapiens, Oryctolagus
cuniculus and Bos Taurus) and those represent important
pharmacological targets such as leukotriene A4 hydrolase,
voltage gated potassium channel, alpha hydroxysteroid
dehydrogenase and epoxide hydrolase.

The ligand binding sites for the mammal proteins
mentioned before, as well as the interactions between
their residues and R-ALA in the docking complex, as
identified by LigandScout 2.0, are shown in Figure 3. The

Table 1. TarFisDock-predicted proteins that interact with R-, S-ALA and DHLA

R-ALA S-ALA DHLA
Protein PDB code Affinity / Affinity / Affinity /
(Organism source) ES (TFD) crmory PS5 qearmory BT cal mot)
D-xylose isomerase IDID -30.14 -5.4 -27.78 -5.4 -29.89 —4.7
(Arthrobacter sp)
Aldehyde oxidoreductase 1VLB -29.40 -6.2 —28.06 -6.2 -28.43 =55
(Desulfovibrio gigas)
Tryptophan synthase alpha chain 1K3U -27.68 -6.2 - - -28.61 -5.4
(Salm. typhimurium)
Epoxide hydrolase 1CQZ -27.03 6.1 -25.25 6.1 - -
(Mus musculus)
Leukotriene A4 hydrolase 1HS6 —-26.86 —6.6 —26.28 —-6.7 -27.13 -5.8
(Homo sapiens)
DNA topoisomerase IT 1PVG -26.44 -5.7 - - - -
(Sacch. cerevisiae)
Fab fragment of monoclonal 1DBM -25.96 —6.1 -26.56 =59 -26.37 =53
antibody Db3 (Mus musculus)
Voltage gated potassium channel 1ZSX —-25.66 -6.5 - - - -
(Homo sapiens)
Beta-glucosidase 1EIF -25.55 -6.0 -25.21 -6.2 -26.47 -5.4
(Zea mays)
Alpha hydroxysteroid dehydrogenase 1Q5M -25.31 -6.2 - - -25.96 -5.6
(Oryct. cuniculus)
Fab fragment of monoclonal 1DBJ -25.23 -5.6 - - - -
antibody Db3 (Mus musculus)
Beta-glucosidase 1ES55 -25.17 -6.0 -26.12 —-6.0 -26.68 =53
(Zea mays)
Polyamine oxidase 1H82 -25.14 -6.0 —27.08 -6.2 -27.09 =55
(Zea mays)
Bovine mitochondrial F1-ATPase 1EFR -25.04 =5.7 - - - -

(Bos Taurus)

“Mean value (n = 10); in all the cases, the standard error of the mean was lower than 0.09 kcal mol™'; ES: energy score; TFD: TarFisDock; —: TFD did not

propose this protein as a target for the ligand.
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Figure 3. 3D structures of proteins showing the binding sites (left), and
main residues involved in the interaction ligand-protein (right) of R-ALA
to leukotriene A4 hydrolase (A,B), voltage gated potassium channel
(C,D), alpha hydroxysteroid dehydrogenase (E,F) and epoxide hydrolase
(G,H), respectively.

ALA-protein binding site for leukotriene A4 hydrolase is
determined by Tyr378, Ser379, Val381 and Pro382. For
voltage gated potassium channel, these aminoacids are
Lys104, Asnl44, Argl75 and Trp229, whereas for alpha
hydroxysteroid dehydrogenase Glu224, His222, Ser221 and
His117. Unlike the previous protein-ligand interactions,
this last one occurs with one of the sulfur atoms present in
the R-ALA. Finally, epoxide hydrolase showed the smaller
number of interacting aminoacids in the R-ALA binding
site, Arg408 and Trp524.

The AutoDock Vina-calculated affinities of R-ALA
on target proteins (1HS6, 1ZSX, 1Q5M and 1CQZ) using

J. Braz. Chem. Soc.

the structure directly obtained from TarFisDock, the one
generated after the optimization by MM, or that resulted
from MD simulations of the MM minimized complexes
are presented in Table 2. Greater absolute values for
affinity binding were obtained for complexes optimized by
MM. RMSD values calculated between the 3D structure
complexes obtained from TarFisDock and that generated
after MM minimization were the lowest, meaning that MM
optimization does not dramatically change the 3D structure
of the complexes. However, this protocol is important to
guarantee better binding affinity scores. Therefore, the MM
optimized structure was used to calculate the CP-CIE values
between R-ALA and all interacting residues, as predicted
by LigandScout, and the results are presented in Table 3.

For leukotriene A4 hydrolase (1HS6), all CP-CIE
values for binding residues with R-ALA were predicted
to be negative, suggesting that there is little repulsion
between system elements, and therefore a theoretically
greater stability in the 1HS6-R-ALA complex formation.*
Regarding the other examined proteins (1ZSX, 1Q5M
and 1CQZ), not all CP-CIE values were negative, and
consequently, the interactions are not totally favorable,
although the affinity value calculated for 1ZSX was the
same as that obtained for 1HS6.

In order to perform a validation procedure, CP-CIE
values were calculated for the 1HS6-bestatin complex,
which was available from Protein Data Bank (Table 4). As
expected, there is a difference in the number of interacting
residues for bestatin (ten), when compared to R-ALA
(four). Interestingly, the interacting residue in both cases
(TYR378) presented a greater absolute CP-CIE value for
bestatin (2.85 kcal mol!) than for R-ALA (0.43 kcal mol™).
However, the interaction between R-ALA and SER379 on
1HS6 generated an absolute CP-CIE value of 7.9 kcal mol”!,
much greater than those obtained with any residue predicted
on the bestatin interaction. This may suggest that R-ALA
could be acting as a weak inhibitor of 1HS6.

Proteins predicted by TarFisDock to be R-ALA
targets are key biochemical mediators of several known
signaling pathways, for which several inhibitors have
been identified. The AutoDock Vina-calculated affinity

Table 2. AutoDock Vina-calculated affinities and RMSD values for protein-R-ALA complexes obtained from different methods

Protein Affinity / (kcal mol™")  Affinity / (kcal mol™') RMSD Affinity / (kcal mol™) RMSD
TarFisDock complex MM complex TFD vs. MM MD complex TFD vs. MD
1HS6 —-6.6 -6.7 0.230 -6.3 1.447
1ZSX -6.5 -6.7 0.193 -6.5 1.539
1Q5M -6.2 -6.2 0.105 =55 1.879
1CQZ —6.1 6.1 0.204 -5.7 1.603

MM: molecular mechanics; MD: molecular dynamics.
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Table 3. Counterpoise-corrected interaction energies (CP-CIE) between various residues in protein-R-ALA complex®

Protein Residue Complex energy (Eh) Residue energy (Eh) R-ALA energy (Eh) CP-CIE / (kcal mol ")
TYR378 —-1886.07 -628.34 -1257.73 —-0.43
SER379 -1655.71 -397.97 —-1257.73 -7.15
HHso VAL381 -1658.99 —-401.26 -1257.73 -0.27
PRO382 -1657.81 -400.08 —-1257.73 -0.87
LYS104 —-1753.35 —495.64 -1257.71 —-0.80
ASN144 —-1748.94 -491.22 -1257.71 -3.18
175X ARG175 —-1862.60 —604.89 —-1257.71 1.37
TRP229 —-1942.22 —-684.50 -1257.71 -5.51
HIS117 —-1804.99 -547.31 —1257.68 -0.06
105M SER221 —-1655.62 -397.95 —-1257.68 4.13
HIS222 —-1805.01 —-547.32 —-1257.68 -6.97
GLU224 -1807.89 -550.22 —-1257.68 2.75
TRP524 —-1942.24 —-684.50 -1257.73 —-1.84
1CQZ
ARG408 —-1862.63 —604.89 —-1257.73 0.43

*All calculations were performed with MP2 at the 6-311+g* level of theory; Eh: Hartree energy.

Table 4. Counterpoise-corrected interaction energies CP-CIE for various residues in site active of IHS6-Bestatin complex®

Protein Residue Complex energy (Eh) Residue energy (Eh) R-ALA energy (Eh) CP-CIE / (kcal mol ")
GLY269 -1315.36 —283.62 -1031.72 —-6.00
ARGS563 -1636.52 —604.80 —-1031.72 0.81
HIS295 —-1578.95 —547.23 —-1031.72 2.17
HIS299 —-1578.95 —547.23 -1031.72 1.70
TYR378 -1659.97 -628.24 —-1031.72 -2.85

HHse GLU271 —-1581.95 -550.22 —-1031.72 -4.32
GLU296 —-1581.98 —-550.25 —-1031.72 -6.10
GLU318 -1580.36 —548.63 —-1031.72 -3.72
TYR383 -1660.07 —628.34 -1031.72 -3.01
MET270 —-1830.64 -798.91 -1031.72 -3.16

*All calculations were performed with MP2 in 6-311+g* level.

values obtained for some of them are shown in Table 5,
and their superposition with R-ALA are presented in
Figure 4. With the exception of pergolide, inhibitor of
1ZSX, affinities for these inhibitors were found to be
greater than that obtained for R-ALA. It is known that
bestatin, meclofenamic acid and 1-cyclohexyl-3-decylurea

act as ligands in a competitively manner for leukotriene
A4 hydroxylase, alpha hydroxysteroid dehydrogenase
and epoxide hydrolase, respectively, whereas pergolide
works by direct binding on voltage-gated potassium
channels.*! In all these cases, results from AutoDock
Vina showed that their binding site is the same predicted

Table 5. AutoDock Vina-calculated affinities for known inhibitors on target proteins

Protein (PDB-code) Inhibitor Affinity / (kcal mol ™) Biological activity Reference

1HS6 bestatin -85+0.2 IC,,=4uM Thunnissen er al.¥’
1ZSX pergolide -59+0.1 1C,, =120 nM Hurs et al.,”® Hong et al '
1Q5M meclofenamic acid -8.8+0.0 Ki=18.9 uyM Haiching er al.*
1CQZ 1-cyclohexyl-3-decylurea -8.7+0.0 Ki=63+0.5nM Argiriadi er al.®

“Mean value * standard error (n = 10); IC,: half maximal inhibitory concentration; Ki: inhibition constant.
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Figure 4. 2D Structure of inhibitors of selected proteins (left) and their
3D-superposition with R-ALA (right).

for R-ALA. The results of the superposition of different
R-ALA conformations acquired on binding sites of targets
proteins are shown in Figure 5. This analysis shows that
R-ALA undergoes different spatial conformations when
docked on the binding sites of these proteins. This is also
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[l B3LYP/6:31G Optimized R-ALA [l R-ALA in 1HS6 R-ALA in 1ZSX

- R-ALA in 1Q5M

R-ALAin 1CQZ

Figure 5. Superposition of the different conformations taken by R-ALA
in the four target proteins.

in agreement with Figure 3, which shows that R-ALA
can fit in protein cavities having different types of residue
arrangements.

The physiological and toxicological relevance of the
interactions between R-ALA and predicted targets is still
unknown. However, this study unveils the opportunity to
open new possibilities for the physiological role of ALA
on different biochemical systems in the organisms. The
role in human health of those proteins predicted to be
R-ALA targets by TarFisDock is presented in Table 6.
These data suggest that R-ALA can have a wide spectrum
of possible biochemical targets within the cell, probably,
independently from its major biochemical function as
antioxidant. Clearly, these targets are well known for their
importance on diabetes, cancer, inflammation and heart
disease, among others.

The highest binding affinity for R-ALA was obtained for
leukotriene A4 hydrolase (LTA4 hydrolase, (6.6 kcal mol )
and voltage gated potassium channel (—6.5 kcal mol™).
LTA4 hydrolase specifically acts on ether bonds, and it is

Table 6. Diseases related to the four most important proteins (or their counterparts in humans), predicted to be targets of R-ALA

Protein Related disease Reference
cancer Chen et al. >
1HS6 Hicks er al.,>* Tager and Luster,” Iversen et al.*® and

Leukotriene A4 hydrolase

psoriasis, cystic fibrosis, asthma and arthritis rheumatoid

Penning et al.”’

cardiovascular disease and inflammation Funk?®
diabetes Yan et al.®®
1ZSX cancer Teisseyre er al.®

Voltage gated potassium channel

Parkinson’s and Alzheimer’s disease

neurological and cardiovascular disorders

Wulff ez al.®!
Bednarczyk®

Lewis et al.®

Piekorz er al.**

1Q5M* cancer

Alpha hydroxysteroid dehydrogenase  premature birth
diabetes

1CQz®

Epoxyde hydrolase

hypertension and others cardiovascular diseases

Oguro er al.®

Chiamvimonvat et al.,*® Imig and Hammock®” and
Imig et al.®®

“This protein is not present in humans, however its human counterpart 3C3U (AKR1C1), which has about 70% identity with 1Q5M; “this protein is not
present in humans, but its human counterpart, 311Y (soluble epoxide hydrolase), which has about 70% identity with 1CQZ.
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encoded by the human gene LTA4H.%®™ It is a bifunctional
zinc enzyme (EC: 3.3.2.6) which converts leukotriene A4
to leukotriene B4, a proinflammatory mediator that has the
ability to recruit and activate inflammatory cells, causing
tissue damage and disease.” Besides, this leukotriene is as
a potent lipid chemoattractant involved in inflammation,
immune responses, host defense against infection, platelet
activating factor-induced shock,”7? psoriasis, cystic fibrosis,
asthma and arthritis rheumatoid, among others.>>* LTA4
hydrolase also acts as aminopeptidase,’ and it has been
linked to esophageal cancer, as its over expression appears to
be an early event in this process, therefore being a potential
target for the chemoprevention of this disease.”> Moreover,
some authors have linked the presence of this enzyme to the
inflammatory component of cardiovascular diseases.*®

Voltage-gated potassium channels (Kv channels)
regulate cellular processes such as the secretion of
hormones and repolarization of excitable cells. In
pancreatic B-cells, prolongation of the action potential by
blocking of delaying rectifier potassium channels would
be expected to increase intracellular free calcium, and to
promote insulin release in a glucose-dependent manner,
making this protein a potential target for the treatment
of type 2 diabetes.” Moreover, alterations in the smooth
operation of this transmembrane protein can cause heart
diseases, such as arrhythmias.®’7>7 Some authors have
suggested that inhibition of these potassium channels
may exert antiproliferative function in diseases such as of
colon, breast and prostate cancer,” as well as benefits in
the treatment of Parkinson’s and Alzheimer’s diseases.®

Alpha hydroxysteroid dehydrogenase plays an
important role in regulating hormone since it exerts its
activity both on androgens (C19 steroids) and progestins
(C21 steroids) in rabbits and rats.®®”” Its counterpart in
humans is AKR1C1, which belongs to the hydroxysteroid
dehydrogenase (HSDs) family of enzymes, and plays an
important role in the metabolism of progesterone which is
essential for the maintenance of pregnancy. This enzyme
has been linked to diseases such as cancer®® and premature
birth.%

Epoxide hydrolase is an enzyme that is responsible for
the detoxification of mutagenic and carcinogenic agents
by the hydrolysis of epoxide substrates.”” In humans,
this enzyme can be deficient in diseases such as diabetes,
although an important role on the metabolism of key
inflammatory mediators, like the epoxyeicosatrienoic
acids,” and in hypertension have also been reported.®
Soluble epoxide hydrolase inhibitors have been considered
as potential pharmacologic agents due to their ability to
improve vascular function and to reduce renal damage in
angiotensin related hypertension.®
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As presented before, proteins predicted by TarFisDock
to be targets for ALA were different from those already
known to interact with the antioxidant. This may be explained
considering the relatively low number of proteins existing
in the PDTD. However, pyruvate dehydrogenase kinase 2
(2BUY), a protein present in the PDTD, known to be inhibited
by R-alpha lipoic acid,” did not show up as a target. This
is consistent with the fact that AutoDock Vina predicted a
relatively low binding affinity (5.8 + 0.03 kcal mol!) of
R-ALA for this protein.

Finally, one of the most interesting findings in this work
was to establish that the 3D-structure of R-ALA can be
effectively superimposed to well known inhibitors of target
proteins. Although the absolute AutoDock Vina-calculated
affinities of these inhibitors for their target proteins are
considerably greater than those obtained for R-ALA (with
the exception of pergolide, inhibitor of 1ZSX). The docking
on the binding site, as well as the structural similarities for
at least some parts of the inhibitors, suggests that R-ALA
may be able to enter the ligand binding site of these
proteins, probably competing with the endogenous ligands.
However, the relative lower affinity bindings recorded for
ALA imply that only weak inhibitory or agonist activities
may be expected. These computational observations must
be validated with experimental evidence, and this will
support the findings revealing the pharmacological effect
of R-ALA on many diseases.

Conclusion

Virtual screening and docking data suggest that it is
plausible that R-ALA could behave as a weak inhibitor of
proteins such as leukotriene A4 hydrolase and voltage gated
potassium channel, characteristics that could explain some of
the benefits that have been observed for R-ALA on the control
and alleviation of diseases on which those have been involved.
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