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Abstract
Considering the current increase of antibiotic resistance, as alternatives to try the alkaloids from D. triflorum as antimicrobial
compounds by molecular docking studies. The bacterial proteins were downloaded from Protein Data Bank with PDB id:
1UAG, 2X5O, 3UDI and 3TYE. The 2D structures of the ligands were drawn using Chemdraw 8.0. Docking was carried out
using the softwares Pyrex, Chimarh, and Discovery. Among all the compounds indole-3-acetic acid and hypaphorine showed
very good scores with the proteins 1UAG, 2X5O, 3UDI and 3TYE bacterial proteins. The proteins are involved in the cell
wall synthesis, protein and nucleic acid synthesis. This shows that the antibacterial activity of the compounds of D. triflorum
may be due to the inhibition of cell wall synthesis as well as protein and nucleic acid synthesis of the bacteria.
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INTRODUCTION
Desmodium triflorum (L.) DC (Fabaceae/Leguminosae) a
medicinal plant is a very small terrestrial, annual, prostrate
herb, found in tropical countries including India, Srilanka,
Philippines and Taiwan. The leaves are used in diarrhea,
convulsions and as a galactagogue [1]. The fresh juice of
the plant is also recommended for use in dysentery and as a
laxative [2]. Dried powder of whole plant was taken on
empty stomach is useful in curing bone fracture [3].
Desmodium triflorum contains chemical constituents
Ursolic acid, Vitexin, Genistin, Fucosterol and rare
diholosylflavane, 2-Glucosylvitexin. Leaves contains
alkaloids like Phenethylamine(major alkaloid), Indole-3acetic acid, Tyrumine, Trigonelline, Hypaphorine and
Choline. Root contains Hypaphorine (major alkaloid), N,
NDimethyl tryptophan betaine and Choline [8]. It was
reported for its antibacterial activity also. The inhibition
of cell wall synthesis, inhibition of protein synthesis,
inhibition of nucleic acids synthesis and antimetabolites
[12] are the mechanisms followed by the antimicrobial
agents.
Considering the current increase of antibiotic resistance, the
requirement of novel compounds to treat infections with
lower side effects becomes important. In this regard, the
alkaloids from D. triflorum were tried as antimicrobial
compounds although their mechanisms of action are not
known. Herein, we intended to extend the knowledge on
possible interactions between these compounds and target
proteins that would allow understanding and describing the
mechanism of action.
MATERIALS AND METHODS
Molecular docking studies being carried out using 8
compounds which have been reported already in previous
works. Four different bacterial proteins are used for
docking studies, namely 1UAG, 2X5O, 3UDI involved in
cell wall synthesis and 3TYE which is involved in the
synthesis of dihydrofolic acid. The softwares used are
Chemdraw, Pyrx, Chimera, and Discovery.

Preperation of the protein
The bacterial proteins were downloaded from Protein Data
Bank with PDB id: 1UAG, 2X5O, 3UDI and 3TYE.
Structure of the ligands
The 2D structures of the ligands were drawn using
Chemdraw 8.0
Molecular Docking
Docking was carried out using the softwares Pyrex,
Chimarh, and Discovery.
RESULTS AND DISCUSSION
In the present work, the knowledge on target proteins of
standard antibiotics is extended to the phytoconstituents
identified from D. triflorum. Docking studies are performed
for all the eight compounds present in order to evaluate
their affinity to bacterial proteins that are known targets for
some antibiotics with different mechanism of action. The
compounds present in D. triflorum prove to be particularly
interesting sources of bioactive compounds. The docking
results of the eight compounds reported from D. triflorum
and the corresponding 3-D figures are presented below.
Among all the eight compounds indole-3-acetic acid and
hypaphorine showed very good scores with the proteins
1UAG and 2X5O bacterial proteins. Thus the results were
give in the below (Table 1).
Indole-3-acetic acid showed very good interactions with the
1UAG, 2X5O, 3UDI and 3TYE and have a binding score
of -5.8, -5.8, -6.0 and -5.7 K cal/mole respectively. It
showed hydrogen bonding with SER 264 of 1UAG, with
ASN:268 and SER:264 of 2X5O, with GLN285 and ILE
241 of 3UDI and with ASN147 and ALA190 of 3TYE. In
addition to this this also showed alkyl-pi alkyl interactions,
pi-pi stacked and pi-cation interactions with the proteins
(Fig 1). Likewise hypaphorine showed binding scores of 6.9, -5.9, -6.3 and -6.0 K cal/mole with 1UAG, 2X5O,
3UDI and 3TYE proteins respectively. It exhibited
hydrogen bonding with THR270 of 1UAG, LEU199 of
2X5O, TRP123 of 3TYE. Further here there are more
hydrophobic interactions (Fig 2). Both the proteins are
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involved in the cell wall synthesis. This shows that the
antibacterial activity of the compounds of D. triflorum may

be due to the inhibition of cell wall synthesis of the
bacteria.

Table 1. Molecular docking studies of the compounds from D. triflorum against the proteins 1UAG, 2X5O, 3UDI and 3TYE.
Docking
Details

1UAG

2X5O

3UDI

3TYE

Binding score (K cal/mol)

-3.9

-4.8

-4.9

-4.9

Conventional H-bond

THR:321

-

GLU:281

GLY:188

Alkyl and pi-alkyl

ALA:414

-

-

-

PHE:422
(Pi-Pi T-shaped)

PHE:303
(Pi-Pi stacked)

GLU:281

PHE:71
(Pi-Pi stacked)

-4.2

-4.1

-5.1

-4.2

SER:264,
HIS:267
LEU:333
PHE:303

ALA:328
ASN:331
PHE:303
HIS:267

ASN:416

ARG:254

PRO:243

LYS:220
PRO:69

-

-

-

THR:67

-4.1

-4.1

-4.3

-4.5

LEU:330,333
VAL:335

ASN:113, 271
HIS:267

VAL:391,389

THR:67

Alkyl and pi-alkyl

-

-

-

-

Others

-

-

-

-

-5.8

-5.8

-6

-5.7

SER:264

ASN:268
SER:264

GLN:285
ILE:241

ASN:147
ALA:190

-

PHE:303

-

-

Ligands

β-phenethylamine

Others
Binding score
(K cal/mol)
S-(-)-Stachydrine ,

Conventional H-bond
Alkyl and pi-alkyl
Others
Binding score
(K cal/mol)

Tyramine

Conventional H-bond

Binding score
(K cal/mol)
Indole-3-Acetic
acid

Conventional H-bond
Alkyl and pi-alkyl
Others
Binding score
(K cal/mol)
Conventional H-bond

Hypaphorine

Alkyl and pi-alkyl
Others
Binding score
(K cal/mol)
Conventional H-bond

PHE:303(Pi-Pi stacked)
HIS:267(Pi- cation)

-

GLU:281

PHE:71
(Pi-Pi stacked)
PHE:189

-6.1

-5.9

-6.3

-6.0

THR:270

LEU:199

-

TRP:123

-

-ILE:220

LYS:137
LEU:141

-

ASP:213,
ASN:211
(C-H Bond)

ARG:221
(C-H Bond)

ALA:181

PHE:71

-5.1

-5.0

-5.6

-

TRP:123

-

-

-4.7
VAL:335

DMT-N-oxide
Alkyl and pi-alkyl
Others
Binding score
(K cal/mol)
Conventional H-bond

LEU:333,339
VAL:335,
LEU:330
(C-H bond)

-

PHE:422
TRP:429

PHE:71
TYR:103
PHE:189

-4.4

-4.9

-5.6

-5.3

-

THR:270,
HIS:267

-

-

ALA:328

ALA:328

ALA:66
PRO:184

PRO:184
ALA:66

ASN:331
(Pi Donor H bond)

GLY:324(C-H Bond)
HIS:267(Pi-Pi T shaped)

LYS:137

LYE:137

-4.7

-4.7

-4.8

-4.8

LEU:333

LEU:333

-

-

LEU:333,339

LEU:333,339, 330

-

-

LEU:330(C-H Bond)

LEU:330

PRO:243

PRO:243

Hordenine
Alkyl and pi-alkyl
Others
Binding score
(K cal/mol)
Trigonelline

Conventional H-bond
Alkyl and pi-alkyl
Others

LEU:330,333
ASN:360,
GLY:332
LEU:333,339
VAL:335,364
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a

b

c
d
Figure 1. Molecular docking of Indole-3-Acetic acid against the bacterial proteins a. 1UAG, b. 2X5O, c. 3UDI and
d. 3TYE.

a

b

c
d
Figure 2. Molecular docking of Hypaphorine Indole-3-Acetic acid against the bacterial proteins a. 1UAG, b. 2X5O,
c. 3UDI and d. 3TYE.
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CONCLUSION
The compounds reported from Desmodium triflorum were
subjected to molecular docking studies with bacterial
proteins 1UAG, 2X5O, 3UDI and 3TYE. Among all the
compounds indole-3-acetic acid and hypaphorine showed
very good scores with the proteins 1UAG, 2X5O, 3UDI
and 3TYE bacterial proteins. The proteins are involved in
the cell wall synthesis, protein and nucleic acid synthesis.
This shows that the antibacterial activity of the compounds
of D. triflorum may be due to the inhibition of cell wall
synthesis as well as protein and nucleic acid synthesis of
the bacteria.
1.
2.
3.
4.

REFERENCES
Yoganarsimhan, Medicinal Plants of India. Vol-1; Karnataka;
Interline Publishers; 1996.
Adinarayana D and Syamsundar KV. Occurence of a rare
diholosylflavone.2-0-glucosylvitexin in Desmodium triflorum. Curr
Sci. 1982; 51: 936-7.
Prusti AB, Behera KK, Ethno-medico botanical study of sundargarh
district, Orissa, India. Ethnobotanical leaflets. 2007;11:148-63.
Tabuti JR, Lye KA. Dhillion SS. Traditional herbal drugs of
Bulamogi, Uganda; Plants, use and administration. J
Ethnopharmacol. 2003; 88:19-44.

5.

Samvatsar S. Plant used in treatment of different types of fever by
Bhils and subtribes in India. Ind J Traditional Knowledge. 2004; 3:
96-100.
6.
Rout SK and Kar DM. A Review on antiepileptic agents, current
research and future prospectus on conventional and traditional drugs.
Int J Pharm Sci Rev Res. 2010; 3: 19-23.
7.
Narsimhan Y. Medicinal Plants of India, Vol-1, Karnataka, Interline
Publishers, 1996.
8.
Taesotikul T, Panthong A, Kanjanapothi D, Verpoorte R, Scheffer
JC. Neuropharmacological activites of the crude alkaloidal fraction
from stems of Tabernaemontana pandacaqui poir. J Ethnopharmacol.
1998; 62:229-234.
9.
Dallmeier K, Carlini EA. Anesthetic, hypothermic, myorelaxant and
anticonvulsant effects of synthetic eugenol derivatives and natural
analogue. Pharmacol. 1981; 22:113-127.
10. Asl MA, Rad SS, Zamansoltani F. Anticonvulsant effects of aerial
parts of Passiflora incarnata extract in mice: involvement of
benzodiazepine and opioid receptors. BMC Complement Altern
Med. 2007; 7:1-6.
11. Ziegler K, Diener A, Herpin C, Richter R, Deutzmann R, Lockau W.
Molecular characterization of cyanophycin synthetase, the enzyme
catalyzing the biosynthesis of the cyanobacterial reserve material
multi-L-arginyl-poly-L-aspartate (cyanophycin). Eur. J. Biochem,
1998;
254 (1):
154–9. doi:10.1046/j.14321327.1998.2540154.x. PMID 9652408.
12. Perdih A, Kotnik M, Hodoscek M, Solmajer T. Targeted molecular
dynamics simulation studies of binding and conformational changes
in
E.
coli
MurD
Proteins.
2007;
68 (1):
24354. doi:10.1002/prot.21374. PMID 17427948.

1885

