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Abstract: Dopa decarboxylase is a key enzy-
me in the synthesis of neurotransmitters such
as dopamine and is directly implicated in the
pathophysiology of Parkinson’s disease. In
this study, a molecular docking analysis was
performed to evaluate the inhibitory potential
of isochlorogenic acid compared to other na-
tural compounds, including caffeic acid, chlo-
rogenic acid, quinic acid, and caffeine, as well
as the known inhibitor carbidopa. Isochlo-
rogenic acid displayed the highest binding
affinity (-8.9 kcal/mol), surpassing even car-
bidopa (-7.1 kcal/mol). Chlorogenic acid also
showed strong affinity (-8.0 kcal/mol), while
quinic acid had the lowest (-5.7 kcal/mol).
Isochlorogenic acid formed numerous hydro-
gen bonds and hydrophobic interactions with
residues critical to the enzyme’s catalytic func-
tion, such as HIS192, SER194, and LYS303.
These results suggest that isochlorogenic acid
may act as a potent competitive inhibitor of
Dopa decarboxylase and holds promise for
further investigation as a therapeutic agent in
the treatment of Parkinson’s disease.
Keywords: Dopa decarboxylase inhibition;
Isochlorogenic acid; Chlorogenic acid; Mo-
lecular docking; Parkinson’s disease; Natural
polyphenols.

INTRODUCTION

In the United States of America, approxima-
tely 1.04 million persons were diagnosed with
Parkinson’s disease, PD, in 2017. (Yang et al.,
2020). In this regard, L-carbidopa and L-do-
pa have been used to treat Parkinson’s disease.
Also, chinese traditional medicine revealed
herbs with anti-Parkinson properties. Nume-
rous polyphenols have been implicated in the
treatment of Parkinson’s; for example, verbas-
coside, has been implicated in the treatment of
Parkinson’s disease due to its capacity to rege-
nerate tyrosine hydroxylase-inmunoreactive
neurons (Liang et al., 2016). Although I has
been detected in several plants, in Mexico was
also identified in Buddleja chordata (Avila Ace-
vedo et al., 2005), (Santos-Cruz et al., 2012).

Other natural compounds were evaluated
against Parkinson’s disease (Jha & Kumar,
2017); nevertheless, K. values range betwe-
en 2.67 uM and 221.78 uM. Whereas virtual
screening of dopa decarboxylase revealed a K.
value of 500 nM (Daidone et al., 2012). Addi-
tionally, the benefits of another plant, Ilex pa-
raguarinensis, more commonly referred to as
yerba mate, have been examined, with results
indicating that it provides neuroprotective
support for dopaminergic neurons (Bernardi
et al., 2019). In this regard, docking studies
have demonstrated that chlorogenic acid 2
inhibits monoamine oxidase (MAQO) and ca-
techol-O-methyltransferase (COMT), which
have been investigated as potential targets for
natural chemicals in the treatment of PD (En-
gelbrecht et al., 2019). (Sivaraman & Srikanth,
2016). However, another therapy option for
Parkinson’s disease is tied to the Dopa decar-
boxylase conversion of L-dopa to dopamine.
Due to the release of synaptic chemicals, dopa
decarboxylase is a critical special in Parkin-
son’s disease. Previous research on verbasco-
side’s activity in Parkinson’s disease has been
also published (Daidone et al., 2012). In this
study we report the inhibition of dopa de-
carboxylase by some of the main compounds
found in Ilex paraguarinensis. Dopa decarbo-
xylase is seen as a possible therapeutic target
for developing treatments for Parkinson’s di-
sease. Carbidopa is a medical compouns whi-
ch inhibits dopa decarboxylase for Parkinson’s
disease.

MATERIALS AND METHODS

The structure of the enzyme Dopa decar-
boxylase (DDC) was obtained from the Pro-
tein Data Bank (PDB), specifically the crystal
structure 1JS3, in which the enzyme is co-
-crystallized with the inhibitor carbidopa. All
water molecules, ions, and heteroatoms were
removed from the structure prior to prepara-
tion for molecular docking. To further ensure
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structural accuracy, homology modeling of RESULTS
the enzyme was also conducted using YASA-
RA software (Krieger, 2002).

A virtual screening was performed using
a set of natural and synthetic compounds
including caffeic acid, chlorogenic acid, iso-
chlorogenic acid, quinic acid, caffeine, and
carbidopa (Ding, 2023). The atomic coordi-
nates of the compounds were retrieved from
PubChem. Their geometry was optimized,
and Gasteiger partial charges were calculated
using Gaussian 19 (Frisch, Trucks, Schlegel, et
al., 2016), applying the B3LYP functional (Be-
cke, 1993; Lee & Yang, 1988), which is widely
used for geometry optimization in molecular

modeling.

Molecular docking simulations were car-
ried out with AMdock software (Valdés-Tre- Figure 1. Ligand interaction diagram of iso-
sanco, 2020), which incorporates AutoDock chlorogenic acid with dopa decarboxylase.

The picture was generated by PyMOL (The Py-
MOL Molecular Graphics System, Version 2.0,
Schrédinger, LLC).

Vina as the docking engine (Trott & Olson,
2010). The docking grid was centered on the
crystallized carbidopa ligand by using the
“center on hetero” option, which places the
search space at the geometric center of the de-
fined receptor. This approach is advantageous
because several of the tested ligands, particu-
larly isochlorogenic and chlorogenic acids,
resemble the catechol structure of carbidopa,
suggesting potentially similar binding modes.

The dimensions of the search space were
setto 19 x 19 x 19 A, determined based on the
radius of gyration of the ligands as implemen-
ted in AMDock (Feinstein & Brylinski, 2015).
Virtual screening was focused exclusively on
ligands exhibiting negative binding affinities,
indicative of stable interactions within the ac-
tive site of DDC. Visualizations of the ligand-

-protein interactions were produced using the Figure 2. Ligand interaction diagram for chlo-
PyMOL Molecular Graphics System, version rogenic acid with dopa decarboxylase residues.
2.0 (Schrodinger, LLC). The picture was generated by PyMOL (The Py-

MOL Molecular Graphics System, Version 2.0,
Schrédinger, LLC).
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TRP71
TYR79
CYS248
SER247
ASP189
THR246
SER247
THR242
LEU200
LEU328
LYS327
PHE326
HIS348
ARG347
Figure 3. Ligand interaction diagram for car- PHE103
bidopa with dopa decarboxylase residues. The PHE309
picture was generated by PyMOL (The Py- ALAS83
MOL Molecular Graphics System, Version 2.0, THRS2
Schrédinger, LLC). PHES0
GLY276
Table 1. Docking interactions with isochloro-
Hydrogen bond Hydrophobic interactions S
genic acid.
THR82 GLU150
LYS303 PRO352 — -
Hydrogen bond Hydrophobic interaction
HIS192 LEU353
Ser147 THR152
SER193 PHE103
Ser149 VALI195
SER247 SER194
Ser194 ASN298
ARG447 SER193
Arg447 ASP271
THR246 SER104
THR242
GLU196
LEU243
ARGY97
ALA273
ILE101
GLY244
PHE309
THR245
ASP139
THR246
ALA272
THR82
ASP271
PROS81
LEU243
TYR79
TYR274
PHES80
THR245
VAL436
GLN190
PRO437
ASP189
PHE103
LEU440
SER104
ARG441
ARG437
ARG439
ARG355
PRO437
LEU353
VAL436




PRO352 Caffeic acid exhibits an affinity energy of
HIS192 -6.6 kcal/mol; isochlorogenic acid, -8.9 kcal/
TRP71 mol; quinic acid, -5.7 kcal/mol; caffeine, -6.6
TYR274 kcal/mol; and chlorogenic acid, -8.0 kcal/mol.
ASN300 In comparison, carbidopa shows an affinity
ILE101 energy of -7.1 kcal/mol. These results indicate
PHE309 that isochlorogenic acid has the highest affini-
HIS302 ty among all the compounds analyzed in this
GLU150 study. Chlorogenic acid also displays a strong
LYS303 affinity, followed by carbidopa. Caffeic acid
has a slightly lower affinity, but it is compa-
Table 2. Docking interactions with chloroge- rable to that of caffeine, both with -6.6 kcal/
nic acid. mol. Quinic acid presents the lowest affinity
energy.

As shown in (Table 1), numerous hydro-

Hydrogen bond Hydrophobic interaction gen bonds and hydrophobic interactions con-
HI5302 ALASS tribute to the binding of isochlorogenic acid
LY5303 TRP7Y with the Dopa decarboxylase enzyme. This
PROSI PHE76 abundance of interactions likely accounts for
GLY354 ALA78 . - . .
the ligand’s high binding affinity. For the chlo-
LEU353 TYR79 S . A
RGAL rogenic acid a similar behavior is observed,
— as described in (Table 2). Based on these re-
PHESO sults, it is noteworthy that isochlorogenic acid
ASN300 demonstrates a higher affinity than even the
SER312 typical inhibitor, carbidopa. Isochlorogenic
GLY146 acid forms several interactions, as summari-
GLU150 zed in (Table 3).
PRO352 Additionally, it is evident that isochloro-
ALAL4S genic acid, chlorogenic acid, and carbidopa
SER149 consistently interact with residues involved in
SER194 the enzyme’s catalytic activity. Notably, some
SER193 of these residues include HIS192 (Bertoldi,
HIS192 2001), SER194 (Lindén, 1982), and LYS303
ALA273 (Dominici, 1991).
PHE103 Furthermore, the three compounds, iso-
ARG347 chlorogenic acid, chlorogenic acid and car-
ILE101 bidopa posses aromatic regions which can be
ARG355 involved in m-m stacking interactions with re-
Table 3. Docking interactions with carbidopa. sidues such as PHE103, TRP71 and PHE309
(Rhaman, 2015).
DISCUSSION Remarkably, the isochlorogenic acid poss-

ses a higher number of total interactions with
at least seven hydrogen bonds and more than
30 hydriphobic interactions which is directly

T —

The interactions of the compounds
with Dopa decarboxylase are as follows:



related to its high affinity energy to carbidopa
decarboxylase. For example the interactions
with LYS303, HIS192, SER193 and ARG447
are important as these residues are implied
in the catalytic mechanism of stabilization of
L-DOPA (Page, 1984).

CONCLUSION

In conclusion, in this work we have identi-
fied isochlorogeni acid and chlorogenic acid
as possible inhibitors of the dopa decarbo-
xylase enzyme, as their affinity energy values
are higher in comparison with carbidopa. Iso-
chlorogenic acid is a possible lead compound
for PD and may be responsible for the obser-

possible lead compound, chlorogenic acid is
suceptible to further structural changes in its
molecular structure to enhance its inhibitory
activity against dopa decarboxylase.
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ved positive effects of yerba mate use. As a
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