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ARTICLE INFO ABSTRACT

Keywords: This research investigates the potential of bioactive compounds derived from cyanobacteria as inhibitors of alpha-
Diabetes amylase and beta-glucosidase enzymes, which are involved in starch digestion and glucose release. The study
Cyanobacteria

reveals strong molecular interactions between these compounds and the enzyme active sites through docking
analysis. Notably, compounds such as Abietic, Anilide, Nostocarboline, Noscomin, Tanikolide, Tubercidin,
Cryptophycin, and Cyanobacteria exhibit the lowest binding energies when interacting with alpha-amylase.
Among them, Noscomin demonstrates the lowest docking score and binding energy against alpha-amylase, out-
performing the reference compound metformin. Similarly, these compounds also display low binding energies
when interacting with beta-glucosidase. The bioactive compounds from cyanobacteria show significant potential
as inhibitors of alpha-amylase and beta-glucosidase, suggesting their efficacy in managing diabetes by slowing
down starch digestion and controlling glucose release. Their superior binding affinities and lower binding en-
ergies, particularly Noscomin, indicate their potential in regulating blood sugar levels by interacting effectively
with these enzymes. Thus, these compounds hold promise as valuable leads for developing alpha-amylase and
beta-glucosidase inhibitors, contributing to the management of diabetes. Further research is required to under-
stand the underlying mechanisms of action and assess the bioavailability, toxicity, and pharmacological potential
of these cyanobacterial compounds. This investigation provides valuable insights into the potential of cyano-
bacterial bioactive compounds as effective candidates for the development of novel therapeutics targeting alpha-
amylase and beta-glucosidase enzymes in diabetes management.

Bioactive compounds
Molecular docking
Alpha-amylase and beta-glucosidase

1. Introduction The search for natural compounds with potential anti-diabetic proper-

ties has gained considerable momentum due to their diverse chemical

Diabetes mellitus, a complex metabolic disorder characterized by
persistent hyperglycemia, represents a significant global health concern
affecting millions of individuals worldwide.! The escalating prevalence
of diabetes, along with its associated complications, emphasizes the
pressing need for effective management strategies and the development
of novel therapeutic approaches.? In this context, natural products have
emerged as a valuable resource for the discovery of new drugs that can
help control diabetes and its complications.>*
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structures and biological activities.>® Among the various sources of natural
products, cyanobacteria, a diverse group of photosynthetic microorgan-
isms, have garnered attention as a promising reservoir of bioactive com-
pounds with potential medicinal properties. Cyanobacteria, also known as
blue-green algae, are ubiquitous in various aquatic and terrestrial envi-
ronments and are capable of synthesizing an array of secondary metabo-
lites.”:324

The bioactive compounds produced by cyanobacteria exhibit a wide
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Fig. 1. 3-D Structure of human pancreatic a-amylase (PDB ID: 1B2Y).

range of medicinal properties, making them intriguing candidates for
exploring their potential in diabetes management.” Some of the
well-known bioactive compounds derived from cyanobacteria include
Abietic, Anilide, calophycin, cryptophycin, Cyanobacteria, tubercidin,
tolytoxin, tanikolide, nostocarbilin, Noscomin.'®!! These compounds
have shown promise in various biological activities, such as antioxidant,
anti-inflammatory, and anti-cancer properties.é’lz’25 Moreover, cyano-
bacterial compounds have demonstrated the potential to modulate key
enzymes involved in glucose metabolism, including alpha-amylase and
beta-glucosidase.'®

Alpha-amylase is an enzyme responsible for the breakdown of com-
plex carbohydrates into simpler sugars,'* whereas beta-glucosidase plays
a crucial role in the final step of glucose release.'>® Inhibiting these
enzymes can effectively regulate postprandial glucose levels, a critical
factor in diabetes management. Cyanobacterial compounds have shown
the ability to interact with these enzymes, suggesting their potential as
inhibitors and regulators of carbohydrate digestion and glucose
release. !’

The medicinal properties of cyanobacterial bioactive compounds
make them attractive candidates for further exploration and potential
development into novel anti-diabetic agents.'® The potential benefits
extend beyond glycemic control, as these compounds may also contribute
to preventing or alleviating the complications associated with diabetes,
such as diabetic nephropathy, retinopathy, and neuropathy.”>'°

To investigate the potential of cyanobacterial compounds in diabetes
management, an in-silico approach is employed in this study. In-silico
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Fig. 2. 3-D Structure of human f-glycosidase (PDB ID: 2JFE).

techniques, such as molecular docking, provide valuable insights into
the molecular interactions between bioactive compounds and target
enzymes, aiding in the identification of lead compounds with optimal
binding energies and affinities for further investigation.

This research paper aims to explore the potential of cyanobacterial
compounds in diabetes management, focusing specifically on their
interaction with alpha-amylase and beta-glucosidase. The study will
investigate the binding energies and affinities of the aforementioned
cyanobacterial compounds to the active sites of these enzymes using in-
silico methods. The findings will shed light on the inhibitory potential of
cyanobacterial compounds and their ability to regulate carbohydrate
digestion and glucose release, thus contributing to diabetes management.

Through this research, we aspire to contribute to the growing body of
knowledge surrounding natural product-based approaches to diabetes
management. By highlighting the potential of cyanobacterial compounds
and their bioactive constituents, we aim to shed light on their therapeutic
value and pave the way for further investigations and the potential
development of novel antidiabetic agents from these natural sources.

2. Material and methods
2.1. Preparation of protein receptor

The Human pancreatic alpha-amylase (1B2Y) (Fig. 1) and human
beta-glucosidase (2 J FE) (Fig. 2) structure was downloaded from protein
databases. All water molecules were removed, hydrogen atoms were
added, non-polar hydrogen atoms were merged, and Gasteiger charge
was assigned to the receptor molecule.
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Table 1

Name and structure of bioactive compounds of cyanobacteria used as ligands and standard drug metformin.
S. NO. CHEMICAL NAME OF LIGANDS STRUCTURE
1. Abietane

2. Anilide

3. Calophycin .

4. Nostocarboline ™
"ow

5. Cyanobacteria »

6. Cryptophycin

(continued on next page)
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Table 1 (continued)
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S. NO. CHEMICAL NAME OF LIGANDS STRUCTURE
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Table 2
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Analysis results of selected bioactive compounds against human pancreatic alpha-amylase target sites.

S. NAME OF THE BINDING FREE ENERGY INHIBITION CONSTANT INTERACTING AMINO ACIDS
NO. LIGAND (KCAL/MOL) (KD
1. Anilide —8.56 535.58 nM TYR151, ASN152, ALA198
LYS200, HIS201, GLU233
GLY239, GLU240
2. Abietic -7.78 1.99 uM ARG267, ASN301, GLN302,GLY304, GLY309, ALA310,ILE312, THR314,
ARG346,GLY351, ASN352
3 Nostocarbolin —5.66 71.17 uM TYR62, GLN63, HIS299,ASP300
4 Cyanobacteria -7.11 6.16 uM SER3, PRO4, ASN5,THR6, GLN8, GLY9,ARG10, THR11, ARG252,ASP402
5. Noscomin —9.15 196.01 uM ILE372, ASN373, PRO374,ARG387
6. Tanikolide —6.05 36.68 uM ARG252, ASP290, ARG421
7 Tubercidin —5.67 41.97 uM SER3, PRO4, ASN5, THR6, GLN7, GLN8,GLY9, ARG10, THR11
8 Cryptophycin —5.68 68.11 uM TRP269, ASN270, GLY306,ALA307, GLY308, GLY309,ALA310, SER311
9. Tolytoxin +1.50 = VAL234, ILE235, ASP236,THR254, GLU255, PHE256
10. Calophycin +5.21 - VAL234, ILE235, ASP236,THR254, GLU255, PHE256
11. Metformin —7.00 7.45 uM THR11, SER12, GLY334,PHE335, ARG398, ASP402
Table 3
Analysis results of selected bioactive compounds against human beta-glucosidase target sites.
S.NO. NAME OF THE BINDING FREE ENERGY INHIBITION CONSTANT INTERACTING AMINO ACIDS
LIGAND (KCAL/MOL) (K1)
1. Anilide —6.28 25.06 uM GLY384, THR385, ARG720, GLU721, GLN855
2. Abietic —7.62 2.58 um ARG377, ALA380, SER381, GLY384, THR385, ARG720,
GLU721
3. Nostocarbolin —6.04 37.56 uM ARG377, ALA380, SER381, GLY384, THR385, ARG720,
GLU721
4. Cyanobacteria -7.14 5.79 uM THR385, ARG610, TYR716, HIS719, ARG720, TYR854, GLN855, GLN858
5. Cryptophycin —8.32 796.69 nM PRO116, ASP117, LEU119, VAL120, ALA121, ASP122, ARG518, ASP585
6. Tanikolide —4.64 398.83 uM THR385, ASP585, ARG610, PHE611
7. Noscomin -7.57 2.83 uM ARG588, GLY593, MET594, ARG610, PHE611, GLN855, THR856
8. Tubercidin —5.67 69.21uM ARG377, ALA380, SER381, GLY384, THR385, HIS719, ARG720, GLU721
9. Tolytoxin +1.89 - TYR379, GLY607, GLN609, VAL639, GLY640, LEU641
10. Calophycin +5.13 - TYR379, PHE605, ALA606, SER608, GLN609, VAL639, GLY640, LEU641
11. Metformin —6.12 32.71 uM VAL375, PHE376, TYR379,ALA380, THR385, GLN386,GLY637, LEU638,

GLY640,ALA718, GLY722

2.2. Preparation of ligands

The major bioactive compounds of cyanobacteria such as Abietic,
Anilide, calophycin, cryptophycin, Cyanobacteria, tubercidin, tolytoxin,
tanikolide, nostocarbilin, Noscomin were used as ligands (Table 1). The
compounds are selected from the literature review based on its medicinal
properties such as antioxidant, antidiabetic, anti-inflammatory, anti-
bacterial. The 3D structure of each ligand and standard drug for diabetes
(Metformin) were obtained from PubChem. Metformin's established
clinical significance as a front-line treatment for type 2 diabetes, coupled
with its well-characterized binding interactions and structural avail-
ability, makes it an ideal standard in docking studies, ensuring clear
relevance and robust validation.

2.3. Molecular docking study

The 3-dimensional structure of alpha-amylase, beta-glucosidase was
taken from the protein data bank to be used for the docking study. The
structure of all the bioactive compounds was obtained from the PubChem
database. The MMFF94 forcefield was used for the energy minimization
of the ligand molecule. Gasteiger partial charges were added, non-polar

hydrogen atoms were merged and rotatable bonds were defined. Dock-
ing calculation was carried out on the protein molecule. Essential
hydrogen atoms, Kollman united atom type charges and salvation pa-
rameters were added with the aid of AutoDock tools. Grid maps of 60 x
60 x 60 A° grid points were generated with the help of the Auto grid
program. Alpha-amylase and beta-glucosidase was embedded in a three-
dimensional grid, and a probe atom was placed at each grid point.
AutoDock parameter set and the distance-dependent dielectric functions
were used in the calculation of the Van der Waals and the electrostatic
terms, respectively. The torsion of the ligand molecule was set randomly.
Each docking experiment was derived from 100 different runs that were
set to terminate after a maximum of 2,500,000 energy evaluations. The
population size was set to 150. The final figure was generated with the
help of BIOVIA Discovery Studio Visualizer.?% >

3. Results and Discussion

In this study, molecular dockings were conducted to explore the in-
teractions between bioactive compounds from cyanobacteria and alpha-
amylase and beta-glucosidase enzymes. The results, presented in Tables 2
and 3and Figs. 3 and 4, provided insights into the binding energies of the
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Fig. 3. Docking images showing the interaction of Abietic (A), Anilide (B) Calophycin (C), Cryptophycin (D), Nostocarbolin (E), Tanikolid (F), Tolytoxin (G),
Tubercidin (H), Cyanobacteria (I), Noscomin (J), Metformin (K) with alpha-amylase.
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compounds to the active sites of the enzymes.

When binding to alpha-amylase, compounds namely Noscomin
(—9.15 kecal/mol), Anilide (—8.56 kcal/mol), Cryptophycin (—8.48 kcal/
mol), Abietic (—7.78 kcal/mol), Cyanobacteria (—7.11 kcal/mol), Tani-
kolide (—6.05 kcal/mol), Tubercidin (—5.97 kcal/mol), and Nosto-
carboline (—5.66 kcal/mol), and exhibited the lowest binding energies.
Metformin, the reference standard, displayed a binding energy of —7.04
kcal/mol. However, Tolytoxin and Calophycin, demonstrated positive
binding energies of +1.50 kcal/mol and +5.21 kcal/mol, respectively,
against alpha-amylase.

Among all the compounds tested, Noscomin achieved the lowest
docking score of —9.15 kcal/mol against alpha-amylase, surpassing the
binding energy of metformin (—7.13 kcal/mol). Furthermore, the bind-
ing energy of Noscomin to alpha-amylase was lower than its binding
energy to beta-glucosidase (—7.57 kcal/mol).

Intelligent Pharmacy 1 (2023) 232-243

Regarding the interaction with beta-glucosidase, compounds namely
Cryptophycin (—8.32 kcal/mol), Abietic (—7.62 kcal/mol), Noscomin
(—7.57 kcal/mol), Cyanobacteria (—7.11 kcal/mol), Anilide (—6.28
kcal/mol), Nostocarboline (—6.04 kcal/mol), Tubercidin (—5.67 kcal/
mol), and Tanikolide (—4.64 kcal/mol), exhibited the lowest binding
energies. Metformin showed a binding energy of —6.12 kcal/mol against
beta-glucosidase. Tolytoxin and Calophycin, displayed positive binding
energies of +1.89 kcal/mol and +5.13 kcal/mol, respectively, against
beta-glucosidase.

The molecular docking results indicate that the bioactive compounds
from cyanobacteria exhibit significant interactions with alpha-amylase
and beta-glucosidase enzymes with comparable binding energies to
metformin. These compounds demonstrate lower binding energies and
higher affinities towards the active sites of alpha-amylase and beta-
glucosidase, suggesting their potential as inhibitors of these enzymes.

A\gx
Tyr62\ GIn63

Fig. 3. (continued).
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Fig. 3. (continued).

The observed binding of bioactive compounds to alpha-amylase and
beta-glucosidase implies their ability to inhibit these enzymes effectively.
Inhibition of alpha-amylase can slow down starch digestion, leading to a
slower release of glucose into the bloodstream. Similarly, inhibition of
beta-glucosidase can further contribute to the control of blood sugar
levels.”?3 The superior binding affinities and lower binding energies of
the bioactive compounds from cyanobacteria, particularly Noscomin,
suggest their potential as more efficient inhibitors comparable to the
synthetic compound metformin.

These findings provide significant information supporting the po-
tential of bioactive compounds from cyanobacteria in managing diabetes
by interacting with alpha-amylase and beta-glucosidase. The slowdown
of starch digestion and the consequent controlled release of glucose in the
bloodstream indicates the potential of these compounds in effectively
controlling blood sugar levels. Therefore, the bioactive compounds from

cyanobacteria can serve as valuable leads for the development and syn-
thesis of alpha-amylase and beta-glucosidase inhibitors for the manage-
ment of diabetic patients.

4. Conclusion

In conclusion, the results of this study demonstrate that bioactive
compounds from cyanobacteria exhibit strong molecular interactions
with alpha-amylase and beta-glucosidase enzymes. The docking revealed
the binding energies of the compounds to the enzyme active sites, with
compounds such as Abietic, Anilide, Nostocarboline, Noscomin, Tani-
kolide, Tubercidin, Cryptophycin, and Cyanobacteria showing the lowest
binding energies when interacting with alpha-amylase. Notably, Nosco-
min displayed the lowest docking score and binding affinity against
alpha-amylase, outperforming the reference standard metformin.
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Fig. 4. Docking images showing the interaction of Abietic (A), Anilide (B) Calophycin (C), Cryptophycin (D), Nostocarbolin (E), Tanikolid (F), Tolytoxin (G),
Tubercidin (H), Cyanobacteria (I), Noscomin (J), Metformin (K) with beta-glucosidase.
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Similarly, when interacting with beta-glucosidase, compounds like
Abietic, Anilide, Nostocarboline, Noscomin, Tanikolide, Tubercidin,
Cryptophycin, and Cyanobacteria exhibited the lowest binding energies.

The bioactive compounds from cyanobacteria demonstrated
remarkable potential as inhibitors of alpha-amylase and beta-
glucosidase, which are involved in starch digestion and glucose release.
The superior binding affinities and lower binding energies of these
compounds, particularly Noscomin, suggest their efficacy in inhibiting
these enzymes compared to the synthetic compound metformin. These
findings highlight the promising role of bioactive compounds from cya-
nobacteria in managing diabetes by slowing down starch digestion and
controlling the release of glucose into the bloodstream. The ability of
these compounds to interact effectively with alpha-amylase and beta-

Intelligent Pharmacy 1 (2023) 232-243

glucosidase indicates their potential for regulating blood sugar levels.
Therefore, these bioactive compounds can serve as valuable leads for the
development and synthesis of alpha-amylase and beta-glucosidase in-
hibitors, contributing to the management of diabetic patients.

Further research and exploration are warranted to elucidate the un-
derlying mechanisms of action and to assess the bioavailability, toxicity,
and pharmacological potential of these cyanobacterial compounds.
Overall, the present investigation provides valuable insights into the
potential of cyanobacterial bioactive compounds as effective candidates
for the development of novel therapeutics targeting alpha-amylase and
beta-glucosidase enzymes in the management of diabetes.
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Fig. 4. (continued).
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