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ABSTRACT

he increasing the importance of synthesizing compounds with high biocompatibility, low cytotoxicity, and advanced

antibacterial properties is evident in current research. L-3,4-Dihydroxyphenylalanine (L-DOPA) is a crucial drug widely
used in the treatment of Parkinson's disease. In this study, we investigated the antimicrobial and cytotoxic effects of L-DOPA
and its water-soluble derivative, L-DOPA methyl ester. The antimicrobial effects of L-DOPA and L-DOPA Methyl Ester were
tested on both Gram-negative and Gram-positive bacteria. Additionally, the impact of L-DOPA and its ester on cell viability
was assessed using the MTT assay on cancerous and non-cancerous cell lines. The study revealed that both substances
were effective against Gram-positive bacteria but not Gram-negative bacteria. Specifically, the growth of Gram-positive
bacteria was inhibited by both compounds, with L-DOPA showing greater efficacy. We also observed that L-DOPA and its
ester exhibit anti-cancer activity. Furthermore, the molecular docking mechanism between the three targets (2DS2, 4URO
and 1M17) and the compounds was investigated using Autodock Vina. The findings show that the L-DOPA molecule is more
appropriately attached to the target receptors than the L-DOPA methyl ester molecule. As a result, its inhibition is greater.
The results obtained are new and it is thought that these results of the study will contribute to the development of new
synthesizable drug studies.
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0z

Yuksek biyouyumluluk, distk sitotoksisite ve gelismis antibakteriyel 6zelliklere sahip bilesiklerin sentezlenmesinin artan
onemi glincel arastirmalarda agikga gorilmektedir. L-3,4-dihidroksifenilalanin (L-DOPA), Parkinson hastaliginin tedavisin-
de yaygin olarak kullanilan é6nemli bir ilagtir. Bu galismada, L-DOPA ve suda ¢6zlnir tirevi L-DOPA metil esterinin antimikro-
biyal ve sitotoksik etkilerini arastirdik. L-DOPA ve L-DOPA Metil Esterinin antimikrobiyal etkileri hem Gram negatif hem de
Gram pozitif bakterilerde test edildi. Ek olarak, L-DOPA ve esterinin hiicre canhligi Gzerindeki etkisi, kanserli ve kanserli olma-
yan hicre hatlarinda MTT testi kullanilarak degerlendirildi. Calisma, her iki maddenin de Gram pozitif bakterilere karsi etkili
oldugunu ancak Gram negatif bakterilere karsi etkili olmadigini ortaya koydu. Ozellikle, Gram pozitif bakterilerin biyimesi
her iki bilesik tarafindan da engellendi ve L-DOPA daha fazla etkinlik gésterdi. Ayrica L-DOPA ve esterinin antikanser aktivite
gosterdigini gozlemledik. Ayrica, Gg hedef (2DS2, 4URO ve 1M17) ile bilesikler arasindaki molekiler yerlestirme mekanizmasi
Autodock Vina kullanilarak arastirildi. Bulgular, L-DOPA molekulinin hedef reseptorlere L-DOPA metil ester molekilinden
daha uygun sekilde baglandigini gbstermektedir. Sonug olarak, inhibisyonu daha fazladir. Elde edilen sonuglar yenidir ve
¢alismanin bu sonuglarinin yeni sentezlenebilir ilag calismalarinin gelistirilmesine katkida bulunacagi distinilmektedir.
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INTRODUCTION

ecently, widespread drug resistance against infec-
Rtious bacterial pathogens and the impact of this si-
tuation on the treatment of diseases have become ext-
remely important. This problem has made it necessary
to investigate new generation agents from new sources.
To date, several hundreds of antimicrobial agents have
been discovered. However, much less than 1% of them
have become drugs [1]. Structures of several dozen of
known antibacterial, antifungal or antiprotozoal agents
are based on the amino acid. In most of them, the ami-
no acid skeleton is of a vitally importance for their bio-
logical activity. For this reason, amino acid-based some
derivatives, which constitute a group of compounds
with various biological activities, have found many app-
lications in the medical fields because of their high level
of biocompatibility and biodegradability [2]. And also,
various drug discovery techniques allow the discovery
of new different chemical entities with high pharmaco-
logical activities [3,4]. In chemical modifications, one of
the several ways to increase the solubility and passive
permeability of the parent drug in the traditional prod-
rug approach involves the introduction of lipophilic gro-
ups such as alkyl [5,6]. Therefore, research on the biolo-
gical activities of alkyl esters of amino acid derivatives
are interesting. However, there are very few studies in
the literature on amino acid alkyl esters, which have
been determined to have antibacterial and anticancer
activities. In addition, a remarkable study found that
some esters of dopamine, a phenolic compound deri-
ved from tyrosine, are have antibacterial activity [7-9].
Some studies also suggest that materials consisting of
ester bonds between amino acids and polysaccharides
are useful for targeted drug delivery, bioimaging or sur-
face functionalization [10]. These compounds exhibit
antimicrobial properties due to their ability to interact
with the bacterial membrane [11-12].

L-3,4-Dihydroxyphenylalanine (L-DOPA) is an aromatic
and a bioactive amino acid that produces dopamine in
the body after oral ingestion. Commonly administered
for symptom management in patients with Parkinson’s
disease. It is also emphasized in the literature that va-
rious DOPA-based derivatives show antiproliferative,
antibacterial and antimicrobial activities. This is promi-
sing in terms of pharmacological effects [13-15]. Impor-
tant results of various applications of ester prodrugs
of L-DOPA are reported in the literature, but they are
limited in number. These studies were conducted with

Dopa esters with groups such as Octyl, Decyl, Dodecyl,
Tetradecyl, and it was determined that the esters had
antibacterial activity [16-18]. Additionally, only one
study reported the in vivo antitumour activity of DOPA
methyl ester [19]. L-DOPA methyl ester is a soluble neut-
ral derivative of L-DOPA formulated for increased solu-
bility compared to the parent compound. It is especially
important to conduct research on water-soluble DOPA
methyl ester, and such information is also needed for
the synthesis of new biologically active compounds ba-
sed on DOPA.

Therefore, in this study, antimicrobial activity and cyto-
toxicity studies of L-DOPA and L-DOPA methyl ester
were performed, as well as molecular docking studies
of the compounds and discussed comparatively. The re-
sults of the study are new data to the literature and will
contribute to further research on DOPA derivatives and
strengthen the development of new strategies using
DOPA-based synthesizable molecules and contribute to
advances in drug development research.

MATERIALS and METHODS

Chemicals

All the chemicals, reagents, and media supplements
were purchased from Sigma-Aldrich (St. Louis, MO,
USA), Merck (Darmstadt, Germany), Becton Dickinson
and Company (Franklin Lakes, NJ, USA), and Gibco, Ther-
mo Fisher Scientific (Waltham, MA, USA). The CellTiter
96® AQueous One Solution Cell Proliferation (MTS) As-
say was provided by Promega (Madison, WI, USA). The
human embryonic kidney cell line HEK293, undifferen-
tiated human neuroblastoma SHSY5Y and the hepato-
cellular carcinoma cell lines PLC/PRF/5 and HuH7 were
supplied by ATCC.

Minimum Inhibitory Concentration Assays

Using the modified microdilution broth method [20],
the in vitro antibacterial activities of [-DOPA (LD) and
L-DOPA Methyl Ester (LDME) were tested against Gram-
positive Staphylococcus aureus ATCC 29213 and Gram-
negative Escherichia coli ATCC 53323 in the 96-well
microplates. The stock solution for compounds was
made using distilled water. After being serially diluted
with the growth medium, the final concentration varied
from 3.9 mM to 4000 mM. Ampicillin and streptomy-
cin, widely used antibiotics, were employed as positi-
ve controls at the same concentrations as the tested
compounds. Additionally, growth controls without any



drugs were included. 100 ml of LB medium was added
from the second well to the 12" well in each column on
the 96-well microplate. To make a serial double diluti-
on, 200 ml of the stock solution was added to the first
wells in each column. Then, 100 ml were transferred
from the first to the eleventh well. The 12 well was
drug-free and used to control growth. Finally, 100 ml
of the bacterial suspension was added to each well to
obtain 10°° cells/ml. The MIC values were calculated
after 24 hours of incubation at 37°C in a humid atmosp-
here. The lowest concentration of compounds at which
no growth was observed compared to the control was
designated as the minimum inhibitory concentration
(MIC). Using a Fluostar Omega Microplate Reader (BMG
Labtech, Ortenberg, Germany), the results were also as-
certained spectrophotometrically after being evaluated
visually. Each concentration was tested in triplicate, and
the entire procedure was repeated at least twice.

Biofilm Assay

First, bacteria from the frozen stock were streaked onto
LB agar plates at -80°C. After that, the streaked plates
were kept at 37 °C overnight to encourage bacterial
growth. With the growing colonies onto streaked plates,
a bacterial solution for E. coli and S. aureus was made
in the media of Tryptic Soy Broth and Tryptic Soy Broth
66% supplemented with glucose 0.2%, respectively. The
bacterial solution’s OD value was set to 0.1 (OD600=0.1,
i.e., 108 CFU/ml). Each substance (LD and LDME) was put
to a separate well of a 96-well plate in concentrations
ranging from 3.9 to 4000 mM. The appropriate amount
of the bacterial solution containing roughly 108 CFU/ml
of E. coli or S. aureus was then added to each well to
obtain 10° cells/ml, and the mixture was then incuba-
ted for 96 hours at 37°C without shaking. As controls,
the drug-free wells were used. After the wells had been
incubated, they were washed twice with distilled water
to get rid of any adherent cells before being stained for
15 minutes at room temperature with 0.4% crystal vio-
let. The leftover dye was then eluted by applying a 33%
acetic acid solution for 15 minutes after three distilled
water washes to the stained wells. Utilizing a Fluostar
Omega Microplate Reader (BMG Labtech, Ortenberg,
Germany) and absorbance at OD595, biofilm biomass
was then calculated.

Cell Culture and Treatment Paradigm

Hepatocellular carcinoma (HCC) cell lines HUH7 and
PLC/PRF/5, human embryonic kidney cell line HEK293,
and undifferentiated human neuroblastoma cell line
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SHSYS5Y were cultured in complete Dulbecco’s Modified
Eagle’s Medium (DMEM, Gibco), which was supplemen-
ted with 10% (v/v) heat-inactivated fetal bovine serum
(FBS, Gibco), 100 units/mL penicillin/streptomycin, and
1% non-essential amino acids. The cells were maintai-
ned in a humidified incubator at 37°C with an atmosp-
here of 5% CO, and 95% air, using 25 cm? sterile tissue
culture flasks. For the MTT assay, cells were seeded into
96-well plates, while for other experimental analyses,
cells were seeded into 60 mm culture dishes. Following
an initial incubation period of 16—20 hours, the cells
were treated with or without various concentrations of
LD or LDME. Post-treatment, cells were incubated un-
der the same conditions, and subsequent analyses were
performed. All experiments were conducted in triplica-
te and were repeated at least three independent times
to ensure reproducibility and accuracy.

Cell Viability with MTT Assay

HEK293 healthy human fibroblast cells, PLC/PRF/5 and
HUH7 hepatocellular carcinoma cells, and SHSY5Y un-
differentiated human neuroblastoma cells were each
seeded at a density of 8,000 cells per well in 96-well
culture microplates and incubated overnight at 37°C.
Following the initial incubation, cells were treated for
24,48, and 72 hours with 200 ul of fresh medium conta-
ining varying concentrations of LD and LDME (10 uM, 20
UM, 50 uM, 100 uM, and 200 uM). After the incubation
periods, the medium was removed, and 100 pl of fresh
medium containing 10 pl of MTT reagent (5 mg/ml)
was added to each well. The cells were then incubated
for an additional 2-4 hours at 37°C. Following this, the
MTT-containing medium was aspirated, and 100 ul of
DMSO was added to each well to dissolve the formazan
crystals. The plates were then incubated for 10-20 mi-
nutes at room temperature with shaking. Absorbance
was measured at 590 nm using a Varioskan Flash Mul-
tiplex Reader UV Spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). The absorbance values
were used to calculate the percentage of cell viability
for each cell type. The IC_ values, representing the
concentration required to reduce cell viability by 50%
relative to DMSO-treated control cells, were calculated
using GraphPad Prism 5 software and analyzed using
Two-way ANOVA.

Cell Viability with Trypan Blue Staining

Dead and viable cell numbers were determined with
trypan blue staining. An aliquot of cell suspension in
phosphate buffered saline (PBS) was mixed with an equ-
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al volume of trypan blue solution (0.4% in PBS) and cells
were counted on a hemocytometer under the micros-
cope. Trypan blue is an impermeable dye, and only dead
cells with impaired membrane semi-permeability were
stained with trypan blue. It is expressed as the percen-
tage of trypan blue dead cells in the total cell populati-
on by repeated counts [21]. The viable cell percentage
was calculated with the formula (Eq.1).

LiveCells (unstained)

x100
Total of counted cells (srained +unstained )

Viability Percentage=

(Eq.1)

Western Blotting

SHSYSY cells incubated for 24 hours with the IC_ valu-
es of LD and LDME substances of 108.5 uM and 110.5
uM, respectively, were collected into SHSY5Y cells and
lysis was performed with SDS lysis buffer containing
protease/phosphatase inhibitor cocktail. Total protein
concentrations were measured using the BCA Protein
Assay Kit in a Vario-Scan plate reader. 50 ug of protein
was separated by 10% SDS-PAGE, then transferred to
nitrocellulose membrane. After blocking non-specific
bindings with 5% skim milk powder in TBS + 1% Twe-
en-20, the membranes were incubated with primary
antibodies O/N at 4 °C.

For apoptosis analysis; as primer antibodies PARP, Cle-
aved Caspase 3, p53, and as secondary antibodies anti
rabbit (Advansta) and anti-mouse (Advansta) were
used. The GAPDH (CST) antibody used as a loading cont-
rol was used. Proteins were detected using an ECL rea-
gent (Advansta) and analyzed with the Chemi Doc XRS+
System (Bio-Rad, Hercules, CA, USA).

Apoptosis

SHSY5Y cells were seeded at 60% density ina 60 mm cell
dish, the next day LD and LDME substances of 108.5 uM
and 110.5 uM, respectively, were added and incubated
for 24 hours. After incubation, cells were harvested and
the cell pellet was washed with cold PBS, resuspended
in 1X binding buffer. FITC-labeled Annexin V (5 ul) and
Pl (5 ul) were added to SHSYSY cells, followed by incu-
bation for 15 minutes at room temperature and in the
dark. Cell apoptosis was assessed by flow cytometry
(BD-Accuri, BD Bioscience, Franklin Lakes, NJ, USA).

Cell Cycle
SHSYS5Y cell line was seeded at 60% density in 60 mm
cell dishes. The next day, medium containing LD and

LDME substances of 108.5 uM and 110.5 uM, respec-
tively, were was added to the appropriate cell dishes
and incubated for 24 hours, after which the cells were
washed with PBS (ice-cold) and fixed using cold 70%
ethanol. After washing again with PBS, the cells were
incubated for 1 hour at 37 °Cin the dark in dye solution
(PBS containing 0.1% Triton X-100, 1 mg/ml RNase A and
Pl (50 ug/ml, Bio-Legend). Depending on the abundan-
ce of the PI-DNA complexes in the cell, the amount of
emitted fluorescent light was measured by flow cyto-
metry (BD-Accuri, BD Bioscience, Franklin Lakes, NJ,
USA) and the cell density at different stages of the cell
cycle was determined as a percentage.

Statistics and Data Analysis

Each experiment was performed at least three times,
and representative data are shown. Data in bar graphs
are given as the means + S.D. Means were checked for
the statistical difference using the t-test and p-values
less than 0.05 were considered significant (*p <0.05,
**p <0.01, ***p <0.001). The IC_; value was calculated
using GraphPad. The IC,  was defined as the concentra-
tion that gave rise to a 50% viable cell number.

Computational Details

The optimized structures of the LD and LDME compo-
unds were determined using the Gaussian 09W pac-
kage [22] and Gauss View 5.0 interface [23] tools, res-
pectively, using the DFT/B3LYP theory/functional and
6-311++G(d,p) basis set. The calculations were carried
out in the Gas phase. Using AutoDock Vina [24] the en-
suing in silico molecular docking calculations were car-
ried out.

RESULTS and DISCUSSION

Determination of the MIC Value

Table 1 presents the minimal inhibitory concentrations
of LD and LDME. All two compounds were found to
have no effect on the growth of Gram-negative bacte-
ria at any concentration. However, LD and LDME inhi-
bited Gram-positive bacteria. The MIC values for them
were 250 and 1000 uM, respectively (Table 1).



Table 1. MIC values of the L-DOPA and L-DOPA methyl ester.

E. coli

L-DOPA
L-DOPA methyl ester
Ampicillin

Streptomycin

The LD and LDME compounds were shown to have an

antibacterial impact on Gram-positive bacteria but no

effect on Gram-negative bacteria when their antimic-
robial characteristics were investigated. Similar fin-
dings have been found in the literature. In one study,
PEGylated dopamine ester (PDE) was synthesized, and

its antimicrobial properties were investigated against
Gram-negative bacteria, Gram-positive bacteria. The

compound has been shown to be effective against all

tested strains [25]. In another study, when the antimic-
robial properties of synthesized DOPA esters were exa-
mined, it was observed that they showed the highest
antimicrobial effect against Gram-positive S. aureus
with an MIC value of 249 mM [18]. It is possible that this
is because of the presence of a membrane on the exte-
rior of the E. coli cell wall or that the process of inacti-
vation of the organism differs [26]. This cell membrane
may be more resistant to LD and LDME substances and

7.8
<3.9
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MIC [LM/L]
S. aureus
250
1000
<3.9
<7.8

may enable bacteria to survive and flourish in conditi-
ons that are lethal to S. aureus. Contrarily, LD and LDME
substances may interact with the S. aureus cell memb-
rane, increasing its permeability and perhaps causing
depolarization, lysis, and cell death [8]. Similar to this,
it’s possible that the LD and LDME compounds’ inability
to interact with E. coli was due to the differences in cell
wall composition between Gram-positive and Gram-
negative bacteria [26,27]. The study’s findings demons-
trated that LD and LDME compounds were effective at
killing Gram-positive bacteria. Therefore, it is very li-
kely that new antimicrobial compounds with enhanced
antibacterial activity and a broad spectrum would be
produced by synthesizing different L-DOPA compounds.
Research on different drug classes shows that tricyclic
phenothiazines have antimicrobial properties. Studies
on literature showed that aromatic rings are the source
of antimicrobial properties of some agents [28].
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Figure 1a. Antibiofilm activity of the indicated LD and LDME concentrations (3.9 to 4000 uM) on E. coli after 96 hours of incubation.
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Antibiofilm Activity

We tested the antibiofilm properties of LD and LDME
compounds with concentrations ranging from 3.9 to
4000 mM using a modified static biofilm assay [29].
Even at the highest LD and LDME concentrations used,
none of the compounds prevented E. coli from forming
biofilms (Figure 1a). S. aureus biofilm formation was
dose-dependently reduced for LD and LDME, resulting
in approximately 53% and 49% reductions in biofilm bi-
omass at the highest concentration tested (4000 mM),
respectively (Figure 1b).

LD and LDME Induced a Reduction in the Viability

of Cancer Cells in a Concentration-Dependent and
Time-Dependent Manner.

To evaluate the effect of LD and LDME on cell viability,
HEK293, PLC/PRF/S5, HUH7 and SHSY5Y cell lines were
exposed to increasing concentrations (0-500 uM) over
72-hour period, with cell viability assessed using the
MTT method. In the PLC/PRF/5 cell line, both LD and
LDME reduced cell viability in a dose- and time-depen-
dent manner, with LD demonstrating greater efficacy
at lower concentrations compared to LDME (Fig. 2a).
Similarly, in the HUH7 cell line, LD significantly decrea-
sed cell viability in a dose- and time-dependent manner,
whereas LDME only partially reduced viability, with cell
viability remaining above 70% at all tested doses, thus

precluding the calculation of an IC, value (Figure 2a).
In the SHSY5Y cell line, both LD and LDME notably dec-
reased cell viability, particularly at lower doses, when
compared to other cancer cell lines (Fig. 2a). Across all
three cancer cell lines, LD consistently exhibited greater
potency in reducing cell viability than LDME. Additio-
nally, at higher doses, both LD and LDME were effective
in reducing cell viability in the non-cancerous HEK293
cell line (Fig. 2a). Inhibition graphs are detailed in Fig. 3,
as LD and LDME substance administrations in SHSY5Y
cells cause a dose- and time-dependent change on cell
viability (Figure 2b).

IC,, values calculated with the GraphPad program were
calculated for all cell lines. The IC, values also quan-
titatively indicate that the anti-proliferative property
of LD is more effective than LDME (Table 2). However,
when the cell viability results are examined, it is a plea-
sing and promising result that the IC_ values calculated
for the SHSY5Y cell are not toxic to the healthy cell line
HEK293.

LD and LDME Induce Cytotoxicity in Human Cancer
Cells with Tryphan Blue Assay

When HEK293, PLC/PRF/5, HUH7, and SHSYS5Y cell lines
were exposed to LD and LDME, time and dose-depen-
dent decreasing cell viability was recorded by trypan

r

Biofilm Biomass (ODgys)
[s=]
W

0 3,9 7,81 1562 31,25

62,5
Concentration (pM)

B LD WLDME

125 250 500 1000 2000 4000

Figure 1b. Antibiofilm activity of the indicated LD and LDME concentrations (3.9 to 4000 uM) on S. aureus after 96 hours of incuba-

tion.
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Figure 2a. Viability effects of LD and LDME on the human cell lines. Cells were incubated for 24h, 48h, 72h with a range of LD and
LDME concentrations and their viability was measured by MTT assay data showing the optical density (OD). Cell viability was ex-
pressed as relative cell viability compared to control, and the data shown are the most representative of 3 separate experiments. (*p

<0.05, **p <0.01, ***p <0.001).



40

T.D. Karaca et al / Hacettepe J. Biol. & Chem., 2025, 53 (4), 33-46

Figure 2b. Viability effects of LD and LDME on the human cell lines. The graphs show the 50% inhibitory concentrations (IC, ) of the

LD and LDME in SHSY5Y cell line at 24, 48 and 72 h.

staining (Figure 3). The results obtained with trypan
staining show parallelism with the cell viability results
obtained with the MTT assay.

LD and LDME Treatment Induce Increased Apoptotic

Pathway Related Proteins

Twenty-four hours after treatment of the SHSY5Y cell
line with LD and LDME at their respective IC, concent-
rations, the cells’ resistance to apoptosis was assessed
by evaluating the cleavage of the PARP protein (p89
PARP), a marker of apoptosis induction [30,31]. Wes-
tern blot analysis revealed an increased PARP cleavage
fraction in both LD- and LDME-treated cells compared
to the control group. Specifically, PARP expression inc-
reased 1.3-fold following LD treatment and 2.9-fold fol-
lowing LDME treatment relative to the control (Figure
4a). Additionally, the expression of another key apop-
totic marker, caspase-3, was analyzed [32]. A notable
increase in caspase-3 expression was observed in both
treatment groups compared to the control. LD treat-
ment resulted in a 1.9-fold increase in caspase-3 exp-
ression, while LDME treatment led to a 1.2-fold increase
(Figure 4a). Interestingly, the expression of p53, another
well-established apoptotic marker, showed differenti-
al regulation following treatment: p53 expression inc-
reased by 0.8-fold after LD treatment and by 1.2-fold
following LDME treatment (Figure 4a). These changes
in protein expression were normalized to GAPDH to ac-
count for any variations in loading controls, and quanti-
tative analysis was performed to compare the protein

levels between the LD and LDME treatment groups and
the control group. Furthermore, to determine the cells’
susceptibility to apoptosis, Annexin V/7-AAD staining
was conducted and analyzed using BD Accuri C6 flow
cytometry. This assay provided additional insights into
whether the cells exhibited resistance to the apoptotic
response following LD and LDME treatments.

LD and LDME Treatment Induce Apoptosis

To determine whether LD and LDME cause cell death by
apoptosis, AnnexinV/7AAD staining with LD and LDME
on the SHSYSY cell line was performed and analyzed by
BD Accuri C6 FACS. As shown in Fig.4b, when SHSY5Y
cells were treated with IC 50 values of 108.5uM and
110.5uM for 24 hours, it was shown that LD applicati-
on led to apoptosis in 78.8% and LDME application in
68.5% (Figure 4b).

LD and LDME Treatment Cause of Cell Cycle Arrest at

Differents Levels

Cell cycle analysis by flow cytometry was performed to
explain the altered proliferation status of LD and LDME
administration in the SHSY5Y cell line. Cells stained with

Pl (propidium iodide) dye were analyzed by BD Accuri

C6 FACS. It has been shown that LD application causes
aggregation of cells, especially in the G2/M phase. Ho-
wever, in LDME application, cells are halted in the G1
and S phases and far fewer cells can progress to the
G2/M phase (Figure 5).



Table 2. IC, values.
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HEK293 PLC HUH7 SHSY5Y
IC,, (LM) LD LDME LD LDME LD LDME LD LDME
24h 212.78 220.4 500 500 108.5 110.5
48h 254.9 259.6 227.9 500 170 100.2 84.71
72h 252.83 202.2 97.63 270.5 375.2 72.37 82.83

Molecular Docking Analysis

By simulating the interaction between a small molecule
and a protein at the atomic level, the molecular docking
method enables us to characterize how small molecu-
les behave at the binding site of target proteins and to
better understand fundamental biological processes
[33,34]. Therefore, based on both temporal and finan-
cial outcomes, we can state that this methodology is a
crucial foundation for the development of novel drugs.
Although there are many in-silico models, we found
that Autodock Vina 24 [5], an open source and cost-free
computational tool for molecular docking, was more ef-
ficient for our calculations. In this part, PDB: 2DS2 [35],
PDB: 4URO [36] and PDB: 1M17 [37] proteins were de-
termined as antimicrobial, antibacterial and anticancer
targets for LD and LDME molecules.Molecular optimiza-
tion for LD and LDME was done before docking by using
DFT/B3LYP theory/functional and 6-311++G(d,p) basis
set within the Gaussian 09W [22], and then output file

was recorded as PDB (protein data bank) format. Here,
numbering formats for the ligands (LD and LDME) were
derived from the output and the resulting structures
were shown as in Figure 6.

The sum of electronic and zero-point energies for LD and
LDME compounds were computed as -705.45876096
a.u. and -1205.59852691 a.u., respectively. In other
words, according to the results, we can say that the
LDME molecule is more stable than the LD molecule.
The 3D structure of the used three proteins (PDBs: 2DS2,
4URO and 1M17) as targets in the docking calculation
was obtained from the Protein Data Bank-RCSB [38].
Afterwards, the co-factors and the water molecules in
the proteins were deleted and polar hydrogen charges
were added and then the proteins were saved as PDB
format. The Discover Studio Visualizer 4.0 (DSV 4.0)
program [39] was used to create the PDB structures of
both ligands and proteins and to make the necessary

Figure 3. Dose-dependent effects of LD and LDME on the cell-viability of the human cell lines. Cells were treated without (control)
or with varying concentrations of LD or LDME (10-500 uM) for 24 h and 48h and the cell viability was measured by trypan blue assay.

Values are the means + SD of six observations.
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Figure 4a. Alteration levels of apoptotic proteins after treatment with LD and LDME in SHSY5Y cell line.

Figure 5. Effect of LD and LDME on SHSY5Y cell cycle profile. SHSYSY cells were exposed to 108.5 and 110.5 uM concentrations of LD
and LDME, respectively. Cell cycle analysis of shPLXNC1 and PLKO cell clones M1 G1, M2 S and M3 indicate the G2/M phases.



preparations. Now let’s examine the interactions that
exist between the chosen targets and ligands, corres-
pondingly.

For antimicrobial target (PDB: 2DS2 [35]), firstly the
active sites for C+D chains were determined as ARG70,
PHEG9, PHE49, ARG27, ARG24, since there are no active
residues in the A and B chains. Considering these resi-
dues, the necessary grid parameters for the molecular
docking calculation were as follows:40x82x40A3 x, v, z
dimensions, 0.375 A space, and 16.734, 4.887, 1.706
X,y,z centers. Taking these dimensions, the obtained
binding energies in the interactions between LD+2DS2
and LDME+2DS2 were found to be -5.6 kcal/mol and
-5.1 kcal/mol, respectively. Using these binding energy
values and Ki=exp(AG/RT) equation (G-binding energy,
R-gas constant=1.987203610°3 kcal/mol, and T- room
temperature=298.15K), inhibition constants were fo-
und to be 78.5543uM and 182.672 uM, respectively.
These scores were tabulated in Table 3. Since the bin-
ding energy of the LD molecule to the related protein
(PDB: 2DS2) is higher, the 3D (a) and 2D (b) forms of this
interaction and the insertion of the ligand into the pro-
tein (c) can be given as in Figure7.

As seen from Figure7 (b), two conventional hydrogen
bonding between ARG14 and O1 with 3.07 A and bet-
ween GLN32and 01 with 3.04 A were observed. Additi-
onally, m-alkyl interaction between ARG16 and the cen-
ter of benzene with 5.00 A were seen. For LDME+PDB:
2DS2 molecular docking results were indicated as in
Figure S1 (Supporting Information).

Figure 6. The optimized structures of LD and LDME molecules.
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Second, if we look at the results for the antibacterial
target (PDB: 4URO) 36 [19], the active sites for A chain
were determined as ARG144, SER128, ILE102, GLN91,
ASP89, PRO87, ILE86, GLY85, ARG84, ASP81, GLUSS,
ASP57, SER55, ASN54. Considering these active resi-
dues, the necessary grid parameters for the molecular
docking calculation were as follows:62x48x78 A3x, Y, Z
dimensions, 0.375 A space, and -2.597, -2.639, -12.676 X,
y, z centers. Taking these dimensions, the obtained bin-
ding energies in the interactions between LD+4URO and
LDME+4URO were found to be -7.2 kcal/mol and -6.3
kcal/mol, respectively. Using these binding energy va-
lues and the above equation, inhibition constants were
found to be 5.27669 uM and 24.1027 uM, respectively.
These scores were presented in Table 3. Since the bin-
ding energy of the LD molecule to the related protein
(PDB: 4URQ) is higher, the 3D (d) and 2D (e) forms of this
interaction and the insertion of the ligand into the pro-
tein (f) can be given as in Figure 7. As seen from Figure
7 (e), five conventional hydrogen bondings between AR-
G84and 03 with 3.32 &, between THR173 and O1 with
2.99 &, between GLU58 and H17 with 2.11 A, between
SER128 and H22 with 2.78 A and between SER128 and
H23 with 2.20 A were observed. Additionally, m-sigma
interaction between ILE86 and the center of benzene
with 3.64 A were seen. For LDME+PDB: 4URO molecular
docking results were indicated as in Figure. S2 (Suppor-
ting Information).

Thirdly, if we look at the results for the anticancer tar-
get (PDB: 1M17) 37[20], the active sites for A chain
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Table 3. Molecular docking scores of L-DOPA and L-DOPA methyl ester molecules.

Antimicrobial target/PDB: 2DS2

Compound Binding Energy (kcal/mol) The number of hydrogen bonding Ki (LM)
L-DOPA -5.6 2 78.5543
L-DOPA methyl ester -5.1 1 182.672
Antibacterial target/PDB: 4URO
Compound Binding Energy (kcal/mol) The number of hydrogen bonding Ki (uM)
L-DOPA -7.2 5 5.27669
L-DOPA methyl ester -6.3 1 24.1027
Anticancer target/PDB: 1IM17

Compound Binding Energy (kcal/mol) The number of hydrogen bonding Ki (uM)
L-DOPA -8.7 7 0.419618
L-DOPA methyl ester -6.4 4 20.3594

Figure 7. The 3D (a, d, g), 2D (b, €, h) forms of the LD+2DS2 and the insertion of the LD into the proteins (c, f, i).

were determined as ASP831, THR830, LEU820, GLY772,
PHE771, PRO770, MET769, LEU768, GLN767, THR766,
LEU764, ALA719, LEU694. Considering these active resi-
dues, the necessary grid parameters for the molecular
docking calculation were as follows: 64x58x60 A3 X, Y,z
dimensions, 0.375 A space, and 23.256, -2.289, 56.367
X, Y, z centers. Taking these dimensions, the obtained
binding energies in the interactions between LD+1M17
and LDME+1M17 were found to be -8.7 kcal/mol and
-6.4 kcal/mol, respectively. Similarly, using these binding
energy values and the above equation, inhibition cons-

tants were found to be 0.419618 uM and 20.3594 uM,
respectively. These scores were given in Table 3. Since
the binding energy of the LD molecule to the related
protein (PDB: 4URO) is higher, the 3D (g) and 2D (h)
forms of this interaction and the insertion of the ligand
into the protein (i) can be given as in Figure 7. As seen
from Figure 7 (h), seven conventional hydrogen bon-
ding between MET769and 013 with 3.26 A, between
MET769 and 013 with 2.43 AD, between THR766 and O1
with 2.89 A, between ASP831and H17 with 2.64 &, bet-
ween THR830 and H17 with 2.82 A, between THR830



and H18 with 2.64 A and between THR830 and 03
with 2.89 A. Additionally, m-sigma interaction between
LEUS20 and the center of benzene with 3.61 A, r-alkyl
interactions between VAL702 and the center of benze-
ne with 5.22 A and between ALA719 and the center of
benzene with 4.00 A were detected. For LDME+PDB:
1M17 molecular docking results were indicated as in Fi-
gure S3 (Supporting Information).

If the obtained in-silico molecular docking results so far
are summed up, we can state that the LD molecule can
be considered as more potential for antimicrobial, anti-
bacterial and anticancer targets. We can say that it is a
good drug candidate, especially considering the hydro-
gen bonds it captures and binds to the LD molecule an-
ticancer/PDB: 1M17 target with its high bound energy.

CONCLUSION

In our research, we evaluated the antibacterial effects
of L-DOPA and L-DOPA methyl ester compounds on
gram-positive and gram-negative bacteria. Both com-
pounds demonstrated antibacterial activity against
gram-positive bacteria, with LD showing a greater inhi-
bitory effect on the growth of gram-positive bacteria
compared to LDME. Also, our study further revealed
that both LD and LDME exhibit anti-cancer activity by
reducing cell viability, primarily through the induction
of apoptosis and modulation of the cell cycle. These
effects were particularly pronounced in cancer cells of
brain origin, suggesting that LD may be a promising can-
didate for the treatment of brain-related cancers. The
data support the potential for further in vivo studies to
explore the therapeutic efficacy of LD based on these
findings. Additionally, molecular docking interactions
between the three target proteins and LD/LDME li-
gands were performed with Autodock Vina. The results
indicated that the LD molecule demonstrated superior
docking affinity to the target receptors compared to
the LDME molecule, correlating with stronger inhibitory
effects. These findings not only enhance our unders-
tanding of the drug potential of the molecules under
study but also underscore the value of integrating both
theoretical and experimental approaches. The insights
gained from this research are expected to guide and in-
form future studies aimed at developing improved the-
rapeutic strategies in this field.
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Figure captions of Supporting Information

H-Bonds

Donor

Acceptor .

Figure. S1. The 3D form of the LDME+2DS?2 interaction.
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Figure. S2. The 3D form of the LDME+4URO interaction.
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Figure. S3. The 3D form of the LDME+1M17 interaction.
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