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Indonesia has abundant marine biota that can be used for various pharmacological activities. Among these, the
sponge Aaptos suberitoides (A. suberitoides), which is rich in alkaloid compounds, and this group is reported to
show antiplasmodium activity. This research aims to identify alkaloid compounds using Liquid Chromatography-
High Resolution Mass Spectrometry (LC-HRMS) and test their antimalarial activity in vitro and molecular docking.
Extraction was done using the mixture of dichloromethane (DCM) and methanol (1:1). The DCM phase extraction
was followed by gradual partitioning with ethyl acetate and water. Phytochemical screening was performed on the
dried extracts. The ethyl acetate extract was purified using column chromatography. The purified fractions were
tested in vitro for antimalarial activity, and the most active fraction was subjected to compound identification using
LC-HRMS as well as molecular docking studies on the 1J3K and 1J3J proteins. The results of the phytochemical
screening of the ethyl acetate extract showed that it contained alkaloids with an IC, value of 0.8189 pg/ml. Fraction
number 12 resulting from the purification of ethyl acetate extract has the most potential as an antimalarial, with IC,
values of 00.423+ 0.243 pg/ml and 10.21 + 3.63 pg/ml, in the heme polymerization and antipalsmodium methods,
respectively). Compounds identified in the most potent fraction were konbamidin, demethylaaptamine, penicyclone
D, and two compounds with codes NP-011220 and NP-013736, which are thought to be new compounds. The results
of studies using a molecular docking approach show that demethylaaptamine and penicyclone D are active against
malaria proteins coded 1J3K and code 1J3J, respectively. Bioactive compounds from the sponge 4. suberitoides can
be developed into potential active ingredients for the treatment of malaria from natural marine biota.

INTRODUCTION

phylum Porifera represent a diverse group of aquatic animals

Indonesia is famous for its abundant natural and
marine biodiversity due to its distinct coastal and marine
ecosystems. Around 25,000 square kilometers of coral reefs
are mapped in its waters. There is a variety of life, including
around 8,500 species of fish, 555 species of seaweed, and
950 coral reef biotas. In the waters of Podang Island, South
Sulawesi, various types of sea sponges are found. The bioactive
compounds contained are reported to have various potential
activities, especially the alkaloid group [1]. Sponges in the
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that have a unique composition, lacking true tissues and organs,
thus relying solely on specialized cells that perform different
functions, such as capturing food particles and releasing
enzymes that provide structural support [2—4].

Sponges are known for their diverse secondary
metabolites, which are much more abundant than in other
animals. These compounds have cytotoxic, antibacterial,
hemolytic, and various other biological activities [5,6]. One that
has the potential to be studied further regarding its compound
content and potential activity is the Aapfos sponge type. The
main secondary metabolite groups of sponges of the genus
Aaptos mostly contain alkaloids such as aaptamine derivatives
[7,8]. Alkaloids are unique and promising compounds as
potential drug candidates [9]. Derivatives of these alkaloids
have inherent properties such as water solubility, acidity, and
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lipid solubility, which are the basis for their use as medicinal
compounds. Alkaloids play an important role in both human
medicine and the natural defense mechanisms of organisms.
Therapeutically, alkaloids are best known for their role as
anesthetics, cardioprotective agents, and anti-inflammatory
agents. In addition, alkaloids are also widely known for
their clinical applications, especially in treatments targeting
conditions such as antibacterials and anti-malarials [ 10—12].

Malaria is an infectious disease that is still a health
concern in several regions of Indonesia, especially in the
eastern region. The number of malaria cases in Indonesia in
2021 was 304,607, a decrease compared to the number of cases
in 2009 (418,439 cases). Based on these figures, the number
of malaria cases expressed as an indicator of annual parasite
incidence (fire) is 1.1 cases per 1,000 people. This high number
of cases shows the importance of addressing the continuing
prevalence of malaria in Indonesia. Malaria in Indonesia is
caused by protozoan parasites from the genus Plasmodium,
namely:  Plasmodium  falciparum,  Plasmodium  vivax,
Plasmodium ovale, and Plasmodium malariae, which infect red
blood cells in humans [13,14]. The World Health Organization
recommends artemisinin-based combination therapy as the
primary treatment for malaria. Artemisinin is extracted from
the Artemisia annua plant and quinine is from the bark of the
cinchona tree. However, inappropriate use of artemisinin in the
treatment of malaria can cause resistance to the P. falciparum
parasite due to gene mutations [15,16]. Artemisinin effectively
inhibits the growth of malaria parasites (for 1, 3, and 7 days),
but the parasites can reappear after 28 days [17,18].

The development of parasite resistance to anti-malarial
drugs poses a significant challenge to their efficacy [19]. The P.
falciparum parasite that causes malaria has developed resistance
to antifolate drugs such as pyrimethamine, which targets the
parasite enzyme dihydrofolate reductase (PfDHFR). This
resistance is widespread in combinations of antifolate and sulfa
drugs, so to overcome this problem, new strategies have been
designed to create antifolate compounds that remain effective
against PFDHFR mutations found in resistant parasites [20,21].
Therefore, this research aims to identify the content of alkaloid
compounds in the sea sponge Aaptos suberitoides, originating
from South Sulawesi. It is hoped that this can be used as a guide
in the discovery of potential new drugs for the better treatment
of malaria.

MATERIALS AND METHODS

Materials

The primary material utilized in this study was the
A. suberitoides sponge from South Sulawesi, identified at
the Laboratory of Biology, UGM. Chemicals employed for
extraction and fractionation included dichloromethane (DCM),
methanol, ethyl acetate, and n-hexane. All organic solvents
utilized were of analytical grade. Silica gel with various sizes,
octadecylsilane (ODS) Fuji Sylisia, thin layer chromatography
plates (Merck), and ODS plates were used for purification
processes. For visualization, a 10% sulfuric acid in Ethanol
(EtOH) staining reagent was employed. For anti-malarial
testing using the P. falciparum strain falciparum chloroquine

resistant, , the following materials were utilized: Rosewell
Park Memorial Institute (RPMI) 1,640 medium containing
L-glutamine,  2-hydroxyethylpiperazine-N-2-ethanesulfonic
acid, 5% sodium bicarbonate solution (NaHCO,), injectable
gentamicin sulfate antibiotic, serum, O-group red blood cells,
sorbitol (Merck), dimethyl sulfoxide (DMSO) (1/10,000
ppm DMSO), saponin (Sigma), Phosphate Buffered Saline,
ammonium persulfate, citrate phosphate dextrose anticoagulant
solution, Giemsa stain, and pH 7.2 phosphate buffer solution.

Extraction, phytochemical screening of sponges

A 300-g sample of A. suberitoides sponge was finely
chopped and subjected to maceration using a solvent mixture
of DCM and MeOH in a 1:1 (v/v) ratio totaling 400 ml for
2 x 1 hour at room temperature. The resulting maceration
is put into a separating funnel so that it forms two phases
and is separated into methanol extract and DCM extract.
The DCM extract was evaporated using an evaporator
below its boiling point, approximately £35°C, resulting in
a concentrated DCM extract. The concentrated DCM extract
was introduced into a separating funnel, ethyl acetate, and
water were added, and the mixture was vigorously shaken.
After settling, it separated into two layers: the ethyl acetate
layer and the water layer. The ethyl acetate layer was then
evaporated at 77°C to obtain concentrated ethyl acetate
extract. The concentrated ethyl acetate extract was subjected
to phytochemical screening and antimalarial activity testing.
Phytochemical screening was carried out using standard
reagents and procedures to identify alkaloids, flavonoids,
terpenoids, and steroids [22-25]. This extract underwent
separation using column chromatography on silica gel (230—
400 mesh), employing a gradient system. Subsequently,
fractions were obtained. These fractions were further
separated using column chromatography on silica gel (230—
400 mesh) with a solvent system of n-hexane: ethyl acetate to
yield pure compounds [20,26]. The purified fraction from the
ethyl acetate extract was then tested for antimalarial activity
in vitro using heme polymerization and antiplasmodial
methods, and the compound content of the most potent
fraction was identified using a liquid chromatography-high
resolution mass spectrometry (LC-HRMS) instrument.

Identification of A. suberitoides fraction compounds using
LC-HRMS

The identification of compounds contained in the A.
suberitoides sponge fraction, using an LC-HRMS instrument,
was done according to the compound analysis procedure
described in previous research [27].

In-vitro antimalarial test

Heme polymerization inhibitory activity assay

The heme polymerization test was carried out
following a method previously reported, with slight
modifications [28]. The test group and positive control
(chloroquine diphosphate) were prepared in various
concentrations: 20, 10, 5, 2.5, and 1.25 mg/ml. 100 pl of
each concentration variation was put into a microtube,
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and then 200 pl of hematin solution was added to each
concentration series, followed by 100 pl of 100% glacial
acetic acid solution (pH 2.6). The mixture was then incubated
at 37°C for 24 hours. After the incubation period, each test
sample in the microtube was centrifuged at 8,000 rpm for 10
minutes. The sediment and supernatant were separated, and
the supernatant was discarded. The sediment was washed by
adding 400 ul of 100% DMSO, centrifuged again at 8,000
rpm for 10 minutes, and the supernatant was discarded.
This washing step was repeated three times. The obtained
sediment was then treated with 400 pl of 0.1 M NaOH, and
100 pl was transferred to a 96-well microplate to measure the
absorbance using an ELISA reader.

Antiplasmodial assay

Cultured Plasmodium was synchronized by adding
5% D-sorbitol. Plasmodium was transferred from the
culture flask to a conical tube and centrifuged at 1,000 rpm
for 10 minutes. After discarding the supernatant, sterile 5%
sorbitol was added and incubated for 10 minutes at 37°C.
The Plasmodium suspension was centrifuged again; the
supernatant was discarded, and the Plasmodium was washed
by adding culture media. The Plasmodium suspension was
centrifuged once more, and the supernatant was discarded,
resulting in Plasmodium in the form of rings only. Parasitemia
was calculated from thin blood preparations. Testing was
conducted using 1% parasitemia at a hematocrit of 2% in
RPMI medium supplemented with 10% human serum.

The samples and chloroquine, used as a control,
were dissolved in the RPMI medium. The test compounds, at
various concentrations (21.25; 62.5; 125; 250; and 500 pg/ml)
of 100 pl each, were added to a 96-well microplate, followed
by the addition of 100 pl of Plasmodium suspension. Each
concentration series was repeated three times. The microplate
was then incubated at 37°C for 72 hours. At the end of the
incubation period, thin blood smears were prepared using
10% Giemsa stain and observed under a microscope at 1,000x
magnification. The percentage of parasitemia (counting a
minimum of 1,000 erythrocytes) was calculated from thin
blood smears and used to determine the percentage of growth
inhibition against Plasmodium. Plasmodium culture without test
compounds was considered to have 100% growth as a control
[29,30]. The antiplasmodial activity was expressed as IC,,
which is the concentration of a compound required to inhibit
50% of Plasmodium growth. The IC,  value was calculated
using probit analysis with SPSS software.

Computation elementals

The hardware used is a computer equipped with a
13th Gen Intel 17-13700KF CPU running at 5300 GHz, 64 GB
RAM with an Ubuntu 22.04.3 LTS x86 64 operating system,
and an Nvidia GPU. The software utilized consists of YASARA
Version 20.810 [31,32] as the primary software for molecular
docking and molecular dynamics (MD) simulations. Discovery
Studio by Biovia was employed for the analysis of molecular
docking and MD interactions. ChemDraw by PerkinElmer was
used to draw ligand structures.

Redocking (validation method)

The process of redocking natural ligands into proteins
was carried out using YASARA software. Fourfold mutant P,
falciparum dyhydrofolate reductase protein and double mutant
P falciparum dyhydrofolate reductase protein with PDB
codes 1J3K and 1J3J. Each was made by separating proteins
and their natural ligands from other molecules, such as water
molecules, Ca atoms, and other ligands. Next, the protein’s pH
was adjusted using the default setting of the YASARA software.
Then, the protein was “Clean All” to display the hydrogen
atoms, and energy minimization was performed to correct the
angles and distances of the protein molecules. After preparation
was carried out, the protein was set to become rigid and the
redocking process was carried out using additional methods
from molmod.id [33,34].

Re-docking of the natural ligand was carried out on
the active site of the protein using the VINA autodock method
with the AMBERO3 force field for 100 repetitions, with each
repetition producing the 25 best conformations of the natural
ligand to form a bond with the active site. The results of re-
docking using additional methods from molmod.id will
automatically produce protein files that have been separated
from their ligands, ligands before and after re-docking, and root
mean square deviation (RMSD) data. Re-docking is said to be
accurate if it produces an RMSD value of <2 A and forms a
ligand-receptor interaction that is similar to the ligand-receptor
bond in the protein crystal structure [13,14].

Molecular docking

The molecular docking study began with energy
minimization for each ligand, both natural compounds and
acarbose as a positive control using the default settings of
the YASARA software. Molecular docking parameters were
carried out using re-docking parameters that had been done
previously. The results of molecular docking were analyzed by
paying attention to the bonds formed between the ligand and
the receptor. Molecular docking is expected to form interactions
with the main catalytic residues, where the main catalytic
residues in the 1J3K protein are residues Ile14, Cysl5, Asp54,
Met55, Phe58, Leull9, Ile164, and Tyr170. In the 1J3]J protein,
namely le14, Cysl15, Asp54, PheS8, Pro113, and Ile164. Apart
from the interaction of amino acid residues with various specific
amino acids, the natural ligands of 1J3K and 1J3J have a more
specific interaction, namely Asp54 [17,35].

RESULT AND DISCUSSION

Aaptos suberitoides sponge extract yield and phytochemical
analysis

The sponge used in this research came from the
waters of South Sulawesi and was the result of sample
determination carried out by an animal systematist from the
animal systematics Laboratory of the Biology Faculty. The
sample was named A. suberitoides in Latin (number: 008/
B1/SH/111/2024). The extract obtained was partitioned using
ethyl acetate solvent, and 0.2 g (0.067%) was obtained in the
form of a paste and greenish-brown in color, which was then
referred to as ethyl acetate extract. The extract obtained was
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further investigated to determine the content of phytochemical
compounds using standard reagents. This information is very
important to reflect success during the extraction process of
secondary metabolites contained in the sample. The extraction
yield is closely related to the active compound content in the
sample, implying that a higher extraction yield is correlated
with an increased active compound content [36,37]. The
results of the phytochemical screening of the partitioned
ethyl acetate extract were positive for alkaloid, terpenoid, and
steroid compounds.

The results of hematin polymerization inhibition

Antimalarial activity testing was carried out on
all fractions resulting from column chromatography. In
its life cycle, P. falciparum multiplies and breaks down
hemoglobin in food vacuoles to obtain nutrients. This
hemoglobin breakdown process produces free globin and
heme molecules, which are toxic to Plasmodium and are
known as ferriprotoporphyrin IX (FPIX). Plasmodium
utilizes globin to survive in host cells because it can be
broken down into amino acids for protein synthesis. The
toxin-free heme, FPIX, then breaks down into a harmless
substance known as hemozoin (malarial pigment) [38,39].
The ability of an antiplasmodial agent to inhibit hematin
polymerization is directly related to its effectiveness as an
antimalarial agent, although it is known that the mechanism
of action of antiplasmodial agents is not limited to inhibiting
hematin polymerization. The activity of inhibiting hematin
polymerization actually involves one or two mechanisms.
First, there is an interaction between terpenoid compounds,
phenols, or sterols and the hematin electron system. Second,
the extract contains compounds that have hydroxyl groups
that are able to bind to iron ions in hematin.

The B-hematin compound is a heme crystal that
has a chemical structure identical to hemozoin. The use of

Table 1. Heme polymerization inhibition by fractions from EtOAc

extract.

No. Fractions Mass (g) Color IC,, (ng/ml)
1. Fraction 1 98.9 Dark yellow 461.310+0.891
2. Fraction 2 19.0 White 4.405 +0.470
3. Fraction 3 11.2 White 0.731 £0.766
4. Fraction 4 9.2 White 0.734 +£0.190
5. Fraction 5 20.5 White 1.630 +0.190
6. Fraction 6 9.3 Green 1.218 £0.397
7. Fraction 7 10.4 Yellow 0.964 + 0.469
8. Fraction 8 17.3 Dark yellow 0.900 + 0.261
9. Fraction 9 6.2 Drak yellow 0.793 +0.114
10.  Fraction 10 5.9 Yellow 0.995+0.279
11.  Fraction 11 13.8 Brown 0.973 £0.272
12.  Fraction 12 102.8 Brown 0.423 £ 0.243

fourier transform infrared spectroscopy spectrophotometry
can show the bond between the iron-carboxylate ion of
two heme molecules in hemozoin, which has the same
analog, namely B-hematin [38,40,41]. Therefore, in in vitro
assays, inhibition of B-hematin formation is considered
an ideal target for antimalarial drugs. The results of heme
polymerization inhibition are presented in Table 1, which
shows that fraction number 12 has an antimalarial activity
with an IC_ value of 0.423+ 0.243 pg/ml. The activity of
fraction 12 was the best against antimalarials tested by the
heme polymerization inhibition method compared to other
fractions. Furthermore, antiplasmodium activity testing
was carried out using chloroquine as a positive control. The
results of antiplasmodium activity testing are presented in
Table 2.

Chloroquine, an antimalaria drug that was used as
positive control, had an IC, of 11.13 + 4.23 ug/ml (Table 2).
On the other hand, the EtOAc extract of A. suberitoides sponge
showed an IC_ of 11.65 + 4.76 ug/ml (fraction 8), 10.21 +
3.63 png/ml (fraction 12). Remarkably, fraction 12 showed
inhibitory potential comparable to chloroquine. These results
indicate the potential for new alternatives to be developed
as promising antimalarial agents. Given that the active
compounds are sourced from natural materials and common

Table 2. Antiplasmodial activity of fractions obtained by column
chromatography of the EtOAc extract.

Fractions Concentration (ng/

ml)
Fraction 7 500
250
125

IC,, (ng/ml)

27.18+£4.19

62.5
31.25

Fraction 8 500 11.65+4.76
250
125
62.5

31.25
Fraction 12 500

250
125

10.21 £3.63

62.5
31.25

Chloroquine 500 11.13+4.23
(Positive control) 250

125

62.5

31.25

Note: The data heme polymerization inhibitory activity is displayed as the
Means + SD, with three repetitions.

Note: The data antiplasmodial activity is displayed as the Means + SD, with
three repetitions.
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antimalarial drugs cause side effects of resistance. Therefore,
further investigation is needed on the potential and side effects
of using these bioactive compounds as antimalarials. Based
on the antimalarial activity value (IC,)), it is categorized as if
IC,, <10 pg/ml is in the very good category, 10<1C, <50 pg/

ml is in the good category, and IC, =50 pg/ml is in the poor
category [42], then fractions 12, 8, and 7 are included in the

good category.

The composition of sponge extract by LC-HRMS

The identification of bioactive compounds in sponge
extracts was revealed using LC-HRMS, and the results are
presented in Table 3. There were four compounds identified,
which may be responsible for the antimalarial activity. These
compounds included aaptamine and its derivatives, such as
aaptanone, which is included in the alkaloid group. These
findings are consistent with Herlt ef al. [7]’s research in 2004,

Table 3. Analysis of compounds in fraction number 12 by the LC-
HRMS instrument.

which highlighted alkaloids as typical compounds in sponges,
especially the genus Aaptos, which mostly produces aaptamine
derivatives alkaloids. LC-HRMS analysis produced a total of 5
compounds, including 3 previously identified compounds and
2 new potential compounds. However, the new compounds
are coded NP-011220 and NP-013736 and have structures
predicted using LC-HRMS, which are also presented in Figure
1 and Table 3. Based on the identification results, all compounds
belong to the alkaloid group. Apart from that, two new potential
compounds were identified in the extract, namely NP-011220
with a retention time of 4.941 minute, and NP-001501 with a
retention time of 3.600 minute. A thorough literature review
revealed that these two compounds had not been previously
reported. Thus, it can be concluded that the ethyl acetate extract
of the A. suberitoides sponge contains secondary metabolite
alkaloid compounds.

Redocking and molecular docking

The validation method for molecular docking involves
the process of redocking native ligands that are known to bind
to the enzyme crystal structure. The validation is considered
successful if the conformation of the native ligand after

No Compound R, Formula Accuracy [M7] ; . .
(min) (ppm) redocking closely matches its conformation when bound to
| NP011220 4941 C HNO, Alkaloid 210.1359 the enzyme cr}.lstal. This mat.ch is assesseq by comparing the
. redocked position of the native ligand to its crystallographic
2 NP-013736 C H Alkaloid . .
3.600 o 196.1203 coordinates, using the RMSD value as a measure. A lower
T 22 ) ' RMSD value indicates a higher degree of similarity between
3 Konbamidin - 3.915  C,,H,N,0, Alkaloid 432093 262.0947 the redocked conformation and the original conformation of the
4 lDeTeth.' 1732 C_HN,0, Alkaloid 248764 214.0733 native ligand on the enzyme crystal [38.40].
yiapramine The redocking process to validate the method for
5 Penicyclone o o) C,H,00, Alkaloid 301372 266.1146 the 1J3K and 1J3J (Fig. 2) proteins was carried out by setting
b the grid box size to 19.52 x 19.52 x 19.52 A. The RMSD
o o]
N
}DH S ey L -
HN » NH o]
OH o
AN OH
N 2y OH
Konbamidin Demethylaaptamine Penicylone D
O
o]
N
N
/-' N
=N
OH
NP-011220 OH
] NP-013736

Figure 1. Compound identified in fraction number 12 by the LC-HRMS instrument.
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Figure 2. Redocking of natural ligand, (A) 1J3K, and (B) 1J3J.

257

Figure 3. Visualization of the similarity of natural ligands, (A) 1J3K and (B)

Figure 4. 2D visualization of each compound with 1J3K protein: (A) Demethylaaptamine; (B) Conbamidine; and (C)

Penicylone D.
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Figure 5. 2D visualization of each compound with 1J3J protein: (A) Demethylaaptamine; (B) Conbamidine; and (C) Penicylone D.

Table 4. The results of molecular docking of each compound with 1J3K protein.

Interaction

Compound Hidrogen bond Hirofobic bond Van der Waals Etc Binding Afinity
Demethylaaptamine Ilel4 Leu46 Asp54, Asnl04, Tle112, Gly146, Leul64, Cysl5 —7.1870
Alal6 Phess Gly165 Serl67, Tyr176 Leud0
Met55
Penicylone D Asnl108 Leu40 Ile14, Alal6, Gly41, Gly44, Trp48, Asp54, - —7.4410
Met55 Leul64, Gly166, i:llg;, Glyl165, Tyr170,
Phe58
Leud6
Konbamidin Alal6 Phe58 Ilel4, Cys15, Leu40, Leud6, Trp48, Asp54, Met55 =7.5100
Tyr170 lell2 leul19, Ser167, Gly165
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Table 5. The results of molecular docking of each compound with 1J3] protein.

Compound Interaction Binding Afinity
Hidrogen bond Hirofobic bond Van der Waals Etc
Demethylaaptamine Ilel4 Leu46 Asp54, Asnl04, Tle112, Gly146, Cysl5 —7.1870
Alal6 Phess Leul64, Glyl65 Serl67, Tyrl76 Leud0
Met55
Penicylone D Alal6 Leu40 Tle14, Gly41, Gly44, Val45, Asn108, - —7.4890
Leud6 Met55 Serlll, lle164, Glyl165, Gly166,
Tyr170
Asp54 Phe58
Konbamidin Alal6 Phe58 Ile14, Leu40, Leud6, Asp54, Met55, - =7.7980
llel64 Asnl08, Ile112, Gly165, Gly166,

Tyrl70

value of redocking was chosen to be the lowest among all
conformations so that an RMSD value of 0.5469 A for 1J3J and
0.7014 A for 1J3K was obtained with a binding energy value
of —8.9340 kcal/mol for 1J3J and —8.7470 kcal/mol for 1J3K.
The RMSD value obtained meets the RMSD requirements for
redocking, namely below 2.0 A. So, the docking results have
met the validity criteria and can be continued with docking
test compounds obtained from the extract and EtOAc fraction
of the sponge, 4. suberitoides.

A visualization of the similarity of natural ligands
after re-docking with natural ligands is shown in Figure 3.
2D visualization of the 1J3K Figure 4 shows the presence
of hydrogen bonds that occur between the natural ligand
and the amino acid residues Cysl5, Asp54, Ilel4, and
Leul64, which are conventional hydrogen bond interactions.
Meanwhile, the results of 2D visualization of the 1J3J Figure
5 redocking show that hydrogen bonds occur between the
natural ligand and the amino acids Ilel164, Ile14, CyslS5,
and Asp54. This interaction occurs between the H atom of
the secondary amine group on the natural ligand and the
O atom on the amino acid residue, which acts as a proton
acceptor. Another interaction is in the form of a salt bridge
between the O atom in the amino acid residue and the H
atom from the tertiary amine group, which has a positive
charge. This salt bridge interaction occurs when there are
two opposite charges at a fairly close distance; this distance
is usually below 4 A [16,31]. This interaction with the
natural ligand is in accordance with the journal [43]. The
next study investigated how three compounds identified from
fractions of 12 A. suberitoides sponge extracts analyzed by
LC-HRMS interacted with the same proteins. The results of
the molecular docking analysis are presented in Table 4, and
images of the interactions between the three compounds on
each protein are shown in Figure 4.

Based on the interaction of three compounds identified
by LC-HRMS analysis, Fraction 12 contains metabolites with
the ability to inhibit the growth of Plasmodium. This inhibitory
effect is due to a specific hydrogen bond interaction between the
bioactive compound (demethylaaptamine) and a specific amino
acid (Ile14) from the Plasmodium protein code 1J3K, which
is shown in Table 4 and Figure 4. In addition, each bioactive
compound shows a specific hydrogen bond interaction with
Plasmodium amino acids (protein code 1J3J), as shown in Table
5 and Figure 5. However, looking at the number of hydrogen
bond interactions formed, Penicylone D has more potential
to show antimalarial activity because it has three hydrogen
bonds (Alal6, Leud6, and Asp54), while the others have two
hydrogen bonds each. Molecular docking studies of the two
compounds coded NP-011220 and NP-013736 are not reported,
considering that further structural analysis is needed to confirm
their molecular structure.

CONCLUSION

Based on the research that has been carried out,
it can be concluded that the extraction of A. suberitoides
sponge samples from the waters of Podang-Podang Island,
South Sulawesi, shows antimalarial activity based on in
vitro test analysis using the HEME polymerization method
(IC,, of 0.4223 pg/ml) and the antiplasmodium method
(IC,, 10.21 £ 3.63 pg/ml), all of which are categorized as
active antimalarials. The results of analysis using molecular
docking studies show a positive correlation where the
Demethylaaptamine compound has specific hydrogen
interactions, and the Penicylone D compound has specific
and more hydrogen interactions with the amino acids of
the Plasmodium protein (code 1J3J). The two suspected
new compounds with the codes NP-011220 and NP-013736
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require further structural analysis and testing both in vitro,
in silico, and in vivo.
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