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A B S T R A C T

A new series of fatty acid amides viz. N-(4-methoxybenzyl)undec-10-enamide (5), (9Z, 12R)-12-Hydroxy-N-(4-
methoxybenzyl)octadec-9-enamide (6) and N-(4-methoxy benzyl)oleamide (7) were synthesized by using a
suitable synthetic route involving DCC and DMAP as catalysts. The synthesized compounds were characterized
through FTIR, NMR spectroscopy, and mass spectrometry. DNA binding studies through spectroscopy and mo-
lecular docking were performed to evaluate the binding mechanism of molecules (5–7) with (ctDNA). The in-
hibition zone with reference to standards, Minimum Inhibitory Concentration (MIC) and Minimum Killing
Concentration (MKC) values were determined to study the in vitro antimicrobial activity for tested compounds.
Among all the tested compounds, the compound 6 containing hydroxy group at the fatty acid chain showed most
powerful antifungal as well as antibacterial activity.
1. Introduction

Infection due to microbes has become a serious health hazard and has
posed grave threat to health care systems. Therefore, development of
antimicrobial agents to treat various infections is an interesting area of
contemporary research. The increased drug resistance in microbes leads
to severe implications such as higher mortality and morbidity (Devasia
et al., 2006). The enteric bacterial infection is one of the major problems
in developing countries: Indian-subcontinent and some tropical parts of
South Africa (Zhang et al., 2006). The world's most common and dreadful
infectious diseases like dysentery and diarrhea were mainly caused by
Escherichia coli (E. coli) (Puerto et al., 2006; Yoder et al., 2006). Various
synthesized drugs containing an Azole and bile acid derived oxazole
functionalities have been used against fungal diseases (Fernandez et al.,
2016; Shafiei et al., 2020). The E. coli can be treated with Amoxicillin,
Norfloxacin and Ciprofloxacin, but they generally have some side effects
(Nolan et al., 1979). Bacterial resistance and drug toxicity are the major
drawbacks for the treatment of these infections (Li andWebster, 2018). A
huge number of diseases are caused by gram-positive and gram-negative
bacteria that results in the damage to host tissue (Ramachandran, 2014).
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Till date several seed extracts, fatty acids and their derivatives have been
tested to know their antibacterial (Nengroo and Rauf, 2019, 2020),
antifungal (Nengroo et al., 2020), and antioxidant (Nengroo and Rauf,
2019) activities. However, FA-Amide analogs have received very little
attention as antimicrobial agents despite of the fact that these molecules
possess a broad range of biological activities. These FA-Amide analogs
have shown excellent activity to treat obesity, diabetes, cancer, cardio-
vascular diseases, inflammation, pain, drug addiction, eating disorders,
anxiety, depression and CNS disorders (Witkamp, 2010; Di Marzo et al.,
2007; Starowicz et al., 2007; Karanian and Bahr, 2006; Felder et al.,
2006; Ahn et al., 2009; Adelani and Labunmi, 2017).

DNA, an important genetic substance plays an extremely and signif-
icant role in the process of gene expression, gene transcription, muta-
genesis, and carcinogenesis within an organism (Kathiravan and
Renganathan, 2009). The main target molecule for natural and synthetic
molecules is DNA. In recent past the study of some organic compounds
like pesticides have been the focus among researchers across the world,
owing there potential of being genotoxic as well as alkylating agents for
DNA molecules (Zhang et al., 2012). Previous studies have shown that
pesticides covalently bind and intercalate to DNA molecules and develop
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Figure 1. Synthesis of fatty acid amides of 4-methoxybenzylamine using DCC/DMAP as a catalyst.

Figure 2. FTIR analysis of N-(4-methoxybenzyl)undec-10-enamide (Compound 5).
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adducts, which leads to mutation and start potential carcinogenic effects
(Saquib et al., 2010). Generally the small compounds bind to the DNA by
three non-covalent ways: intercalation, groove binding, and electrostatic
interaction (Tjahjono et al., 1999). Intercalative and groove binding
occurs in the grooves of the DNA, while electrostatic binding occurs out
of the DNA groove. Among all the most effective modes intercalative
binding is considered as most effective mode of DNA modification by
chemical target (Tan et al., 2009). There are several methods (Zhang
et al., 2014) for the preparation of FA-Amides, The N,
2

N-dicyclohexylcarbodiimide (DCC) as a coupling agent marked first
mild method for synthesis of FA-amides and esters (Sheehan and Hess,
1955). Our laboratory also working in the field of natural product,
particularly, isolation, characterization, derivatization of fatty acids
(Ahmad et al., 2013; Banday et al., 2010). The main aim of this work was
to find the novel bioactivity of various FA-amide derivatives of 4-Methox-
ybenzylamine (PMBA). Keeping into consideration the potential of FA as
pharmacophores, here we report the design, synthesis, and in vitro
evaluation of FA-amide of PMBA derivatives as antimicrobial agent.



Figure 3. 1H NMR analysis of N-(4-methoxybenzyl)undec-10-enamide (Compound 5).

Figure 4. 13C NMR analysis of N-(4-methoxybenzyl)undec-10-enamide (Compound 5).
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2. Materials and methods

2.1. Chemicals, reagents and instruments

(9Z)-octadec-9-enoic (97%) and Undec-10-enoic (98%) acids were
purchased from fluka chemicals (Bucks, Switzerland). The 4-
3

Methoxybenzylamine was purchased from TCI chemicals (India) Pvt.
Ltd. All the solvents used were of analytical grade. The glass plates with
layer of silica gel (0.5 mm, Merck, Mumbai, India) were used for thin
layer chromatography (TLC). Highly polymerized Calf thymus DNA
(ctDNA) was obtained from Sigma Aldrich. Hoechst33342 was obtained
from Life Technologies, USA. Ethidium bromide (EtBr) was purchased



Figure 5. ESI-MS analysis of N-(4-methoxybenzyl)undec-10-enamide (Compound 5).

Figure 6. FTIR analysis of (R,Z)-12-hydroxy-N-(4-methoxybenzyl)octadec-9-enamide (Compound 6).

Z.R. Nengroo et al. Heliyon 7 (2021) e06842
from SRL. Tris–HCl buffer medium (10 mM) at pH 6.8 was used as me-
dium for conducting experiments. The EtBr (0.1 mM) and HO stock so-
lutions (0.15 mM) after being prepared by dissolving their crystals in a
Tris–HCl buffer solution have been stored in a cool and dark place.
Column chromatography was conducted using silica gel (Merck, Mum-
bai, India) having mesh size of 60–120. The Shimadzu 8201 PC spec-
trometer was used to record IR spectra and absorption as given in cm-1.
13C NMR and 1H NMR were recorded in Bruker DRX-400 instrument in
CDCl3. TMS was used as an internal standard, and chemical shifts (δ)
were measured relative to TMS and quoted in ppm. Coupling constants
(J) are expressed in Hertz (Hz). The JEOL-SX 102/DA-600 Mass
4

spectrometer was used to record mass spectra. Melting points are taken in
an open capillary and are uncorrected.

2.2. General synthesis for fatty acid derived 4-methoxybenzylamides

(9Z, 12R)-12-Hydroxyoctadec-9-enoic (ricinoleic, 98%) acid was
isolated from Ricinus communis (R. communis) seed oils, following the
method of Gunstone (1954), further purified by column chromatog-
raphy. A solution of FA (5 mmol), DCC (5.5 mmol) and MBA (5 mmol)
in dichloromethane (40 ml) was taken in a dried conical flask, cata-
lytic amount of DMAP was added, and the reaction was stirred



Figure 7. 1H NMR analysis of (R,Z)-12-hydroxy-N-(4-methoxybenzyl)octadec-9-enamide (Compound 6).

Figure 8. 13C NMR analysis of (R,Z)-12-hydroxy-N-(4-methoxybenzyl)octadec-9-enamide (Compound 6).
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Figure 9. ESI-MS analysis of (R,Z)-12-hydroxy-N-(4-methoxybenzyl)octadec-9-enamide (Compound 6).
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mechanically at room temperature until amide formation was
completed. The side product N,N-dicyclohexylurea (DCU) was filtered
off, and the filtrate was washed continuously with water (3 � 50 ml),
5% acetic acid, and then again with water (3 � 50 ml) and it is dried
over anhydrous sodium sulphate. The solvent was removed under
reduced pressure to give amides 5–7 (Figure 1). The compounds were
purified over a column of silica gel using n-hexane-ethyl acetate
(88:12, v/v) as an eluent. All these novel compounds were charac-
terized by their spectral data.
Figure 10. FTIR analysis of N-(4-metho
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2.3. N-(4-methoxybenzyl)undec-10-enamide

White amorphous compound 5, isolated yield, 90%, m.p, 91 �C,
IR (KBr, cm�1): 3302, 3078, 2920, 2851, 1638; 1H NMR (400 MHz,
δ ppm/CDCl3): 7.17 (d, J ¼ 8.6 Hz, 2H), 6.83 (d, J ¼ 8.6 Hz, 2H),
6.08 (s, NH), 5.80 (m, 1H), 5.01–4.94 (dd, 2H), 4.32 (d, J ¼ 5.6,
2H), 3.77 (s, 3H), 2.16 (t, 2H), 2.01 (m, 2H), 1.62 (m, 2H), 1.36
(m, 2H), 1.28 (m, 8H). 13C NMR (100 MHz, δ ppm/CDCl3): 173.07
(C), 158.92 (C), 139.15 (CH), 130.60 (CH), 129.12 (C), 114.18
xybenzyl)oleamide (Compound 7).



Figure 11. 1H NMR analysis of N-(4-methoxybenzyl)oleamide (Compound 7).
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(CH2), 113.99 (CH), 77.13 (CH3), 55.26 (CH2), 42.95 (CH2), 36.73
(CH2), 33.80 (CH2), 29.71 (CH2), 29.35 (CH2), 29.08 (CH2), 29.90
(CH2), 25.80 (CH2). ESI-MS for C19H29NO2: calculated [M þ H]þ:
304.23, found: 304.23.
Figure 12. 13C NMR analysis of N-(4-met
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2.4. (9Z, 12R)-12-hydroxy-N-(4-methoxybenzyl)octadec-9-enamide

White amorphous compound6, isolated yield, 84%,m.p, 73 �C, IR (KBr,
cm�1): 3305, 3007, 2925, 2852, 1640; 1H NMR (400MHz, δ ppm/CDCl3):
hoxybenzyl)oleamide (Compound 7).



Figure 13. ESI-MS analysis of N-(4-methoxybenzyl)oleamide (Compound 7).

Figure 14. UV-vis absorption spectra of ctDNA in the absence and presence of varying concentration of compound 5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z,
12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide.

Table 1. The values of Stern–Volmer constant and quenching rate constant for the interaction of compounds with DNA.

pH Compound Ksv (�103 M�1) Kq (�1012 M�1 s�1) R2

7.4 Compound 5 6.04 6.04 0.9584

Compound 6 5.14 5.14 0.9892

Compound 7 5.44 5.44 0.9882

5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide.

Table 2. The values of binding constant and the number of binding sites for the interaction of compounds with DNA.

pH Compound K (�104 M�1) n R2

7.4 Compound 5 14.46 1.29 0.9896

Compound 6 2.87 1.15 0.9903

Compound 7 0.3429 0.95 0.9858

5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide.
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Figure 15. Steady-state fluorescence spectra and Stern-volmer plots of compound 5 (a–c): N-(4-methoxybenzyl)undec-10-enamide; 6 (a–c): (9Z, 12R)-12-Hydroxy-N-
(4-methoxybenzyl)octadec-9-enamide; 7 (a–c): N-(4-methoxy benzyl)oleamide in the absence and presence of varying concentration of ctDNA.

Figure 16. Competitive displacement assays. Graph A: Fluorescence titration of EB-DNA complex with increasing concentration of compound 5, 6 and 7, Graph B:
Fluorescence titration of Hoechst-DNA complex with increasing concentration of compound 5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-
methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide.

Z.R. Nengroo et al. Heliyon 7 (2021) e06842
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7.19 (d, J¼ 8.6, 2H), 6.85 (d, J¼ 8.6, 2H), 5.95 (s, NH), 5.55–5.50 (m, 1H),
5.42–5.36 (m, 1H), 4.34 (d, J ¼ 5.6, 2H), 3.79 (s, 3H), 3.59 (m, 1H),
2.22–2.16 (m, 4H), 2.06–2.01 (m, 2H), 1.63 (t, 2H), 1.45 (m, 2H), 1.29 (m,
16H), 0.88 (t, 3H). 13C NMR (100MHz, δ ppm/CDCl3): 173.05 (C), 158.94
(C), 133.25 (CH), 130.54 (CH), 129.17 (C), 125.30 (CH), 114.02 (CH),
71.48 (CH), 55.28 (CH3), 43.01 (CH2), 36.83 (CH2), 36.72 (CH2), 35.35
(CH2), 31.85 (CH2), 29.55 (CH2), 29.37 (CH2), 29.21 (CH2), 29.16 (CH2),
29.07 (CH2), 27.34 (CH2), 25.73 (CH2), 22.64 (CH2), 14.12 (CH3). ESI-MS
for C26H44NO3: calculated [Mþ H]þ: 418.33, found 418.34.
2.5. N-(4-methoxy benzyl)oleamide

Off white solid compound 7, isolated yield, 88%, m.p, 81 �C, IR (KBr,
cm�1): 3298, 3003, 2921, 2850, 1640; 1H NMR (400 MHz, δ ppm/
CDCl3): 7.12 (d, J ¼ 8.6 Hz, 2H), 6.77 (d, J ¼ 8.6 Hz, 2H), 5.77 (s, NH),
5.28–5.25 (m, 2H), 4.27 (d, J ¼ 5.6, 2H), 3.71 (s, 3H), 2.11 (t, 2H), 1.93
(m, 4H), 1.55 (m, 2H), 1.22–1.18 (m, 22H), 0.80 (t, 3H). 13C NMR (100
MHz, δ ppm/CDCl3): 173.01 (C), 158.98 (C), 130.51 (CH), 130.01 (CH),
129.75 (CH), 129.18 (C), 114.04 (CH), 77.13 (CH3), 55.28 (CH2), 43.03
(CH2), 36.79 (CH2), 31.92 (CH2), 29.78 (CH2), 29.72 (CH2), 29.54 (CH2),
29.34 (CH2), 29.31 (CH2), 29.28 (CH2), 29.16 (CH2), 27.21 (CH2), 25.79
(CH2), 22.71 (CH2), 14.15 (CH3). ESI-MS for C26H43NO2: calculated [Mþ
H]þ: 402.34, found 402.34.

3. DNA binding study

3.1. Sample preparation

The ctDNA purity was tested by observing the absorbance ratio at 260
and 280 nm (A 260/A 280) which was found to be 1.89, demonstrating
that ctDNA was sufficiently free from molecule of protein (Mahadevan
and Palaniandavar, 1998). By UV absorption at 260 nm, the ctDNA
concentration in stock solution was observed to be 2.50 � 10-3 mol L�1

by using a molar absorption coefficient € 260 ¼ 6600 L mol -1cm -1
(Kanakis et al., 2009).
3.2. UV-vis absorption spectral measurements

The UV-Vis spectra for all mixture solutions of ctDNA and compound
5, 6 and 7 were recorded from 230 to 350 nm using an UV-1800 spec-
trophotometer (Shimadzu, Japan) with a 1.0 cm quartz cuvette. The
absorbance measurements were performed by keeping the DNA con-
centration constant (5 μM) while varying the 5, 6, and 7 concentrations
(from 0-15 μM).
3.3. Fluorescence spectroscopic studies

The spectroflurophotometer (RF-5301PC Shimadzu, Japan) fitted with
xenon flash lamp using 1.0 cm cell was used to carry out Fluorescence
emission measurements of EDF. The fluorescence tests were obtained on
Compounds 5, 6, and 7 at fixed concentrations (5 μM) with increasing
ctDNA concentrations (0–45 μM). The fluorescence emission spectra were
observed inwavelength 230–550nmwhile excitingwavelength at 225nm.
3.4. Competitive displacement assay

The EtBr displacement assay was performed on a solution EtBr (3
μM), ctDNA (5 μM) and different concentrations of compounds 5, 6, and
7. This complex (EtBr-ctDNA) was excited at 471 nm, with spectra of
emissions were detected from 500 to 700 nm. Similarly, Hoechst 33342
dye displacement assays were carried with similar concentrations of dye
and ctDNA like EtBr. However, the excitation and emission spectrum
wavelength of ctDNA-Hoechst 3342 complex were commanded at 343
nm and 400–650 nm respectively.
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3.5. Molecular docking study

The exert blind docking calculations between DNA sequence and
compounds 5, 6 and 7 were performed by using MGL tools 1.5.4 with
AutoGrid4 and AutoDock4. The sequence of DNA (CGCGAATTCGCG)2
used for the docking studies was obtained from Protein Data Bank (PDB
ID: 1BNA). Chem Draw (2012) and OPLS-2005 force field were used to
obtain the structures of compounds (5, 6, and 7) and 3D optimization
(Hanwell et al., 2012), respectively. The water molecules were deleted at
first sight. The DNA was surrounded in a box having grid points 76 � 78
� 120 in x� y� z directions and 0.375 Å as grind spacing. The AutoDock
was used to obtain Lamarckian genetic algorithms, which were further
employed to perform docking calculations. The rest of the parameters
were of default settings. In all docking cases, the docked conformation
with the lowest energy according to the Autodock scoring function was
taken as binding mode. Moreover, PyMol molecular graphics program
was used to obtain visualization of the docked pose.

4. Antimicrobial studies

4.1. Antimicrobial activity

Minimum inhibitory concentration (MIC) was estimated by the micro-
broth dilution method, according to the British Society for Antimicrobial
Chemotherapy (BSAC) guidelines (Ghosh et al., 2015). The selective bac-
teria E. Coli and Agrobacterium tumefaciens (A. tumefaciens) and fungi
(AlternariaandRhizopus)wereapplied toassess theantimicrobialpotencyof
compound 5, compound 6, and compound 7 with different concentrations
(Das et al., 2010). Subculturing of the bacteria and fungi was carried out at
37 �C for overnight, and turbidity of Macfarland standard No. 0.5 was used
to evaluate the growthof the selectedmicrobes. The assaywas performed in
three replicates, and the MIC and MKC were determined after 24 h of the
prepared samples (Senthil and Kamaraj, 2011).

4.2. Disc diffusion assay

The antimicrobial activity of prepared samples was carried out with
disc diffusion method against to E. Coli, A. tumefaciens, Alternaria and
Rhizopus on nutrient agar (NA) plate (Zare et al., 2018). Microbial sus-
pension in Luria broth (concentration of 120 ml-1 of each microbe) from
freshly prepared cultures was used as working suspension. From each
bacterial culture, about 20 μl (120 CFU ml-1) were spreaded on the agar
surface by sterile glass beads. The discs with 6 mm diameter were placed
on agar plates. As a positive control, antibiotic/antifungal Kanamyci-
n/Amphotericin was used and a paper disc without coatings was used as
a control. The plates were incubated at 37 C for 24 h for bacterial culture
and 32 h for fungal culture. The antimicrobial activity was assessed by
determining the diameter of the zone of inhibition against the microbes.

5. Results and discussion

5.1. Chemistry

There is the latest trend to use catalysts in organic reactions to
improve yields, shorten reaction times as well as promoting multiple
preferred routes for new reactions. To exploit the probability to find new
compounds which are pharmacologically active, our focus has turned to
use of catalysts. In most of the synthesized compounds, the yield of the
product was 84–90%. The amidification of PMBA with undec-10-enoic
acid was taken as a model to adjust the conditions for the preparation
of compounds 5–7 (Figure 1). In order to optimize the reaction conditions
for fatty acid amide synthesizes, variation of molar ratios of reagents and
catalysts were performed. After numerous experiments, we found a set of
conditions that yields better results and thus optimum conditions for
molar ratio of FA, MBA, DCC, and DMAP were set up. All the newly
synthesized compounds were characterized by IR, 1H NMR, 13C NMR



Figure 17. Molecular docked structures of compound 5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide;
7:N-(4-methoxybenzyl)oleamide complexed with DNA. Figures represents minor groove binding of compound 5, 6 and 7 with dodecamer d(CGCGAATTCGCG) 2 (PDB
ID: 1BNA).
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and mass spectra data as given in (Figures 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
and 13). IR absorptions characteristics of amide (1638-1640 cm-1) were
observed in all the synthesized compounds. N-(4-methoxybenzyl)undec-
10-enamide compound 5 showed characteristic IR bands at 3302 (NH)
and 1638 cm-1 (C¼O, amide). 1H NMRwas more supportive in assigning
the structure showing peaks at δ 6.08 (s, NH). In 13C NMR peaks at
173.07 (C), 158.92 (C), 139.15 (CH), 130.60 (CH), 129.12 (C) and
114.18 (CH2) were observed. Mass spectral data [m/z ¼ 304.23 (M þ
H)þ] showed its characterizedmolecular ion peak in accordance with the
molecular formula (C19H29NO2). Similarly, other compounds were
characterized from their spectra data.
11
5.2. UV-vis spectroscopic studies

The binding of compounds 5, 6, and 7 to ctDNA has been studied
through the changes in absorbance and wavelength shifts. The absorp-
tion band at 260 nm of DNA arises due to p–p* transition of nitrogen
bases present in DNA. Absorption spectra were recorded at room tem-
perature using a standard quartz cell having path length of 1.0 cm, in
which 2.0 mL of 5 μM DNA solution was placed. With the gradual
addition of 5, 6, and 7 (3–15 μM) to the fixed concentration of ctDNA (5
μM) a continuous increase of the absorption spectrum of ctDNA was
apparent (Figure 14).



Table 3. Binding energies of different compounds with obtained using AutoDock
4.

S. No Compound Binding Energy (kcal mol�1)

1 Compound 5 -5.21

2 Compound 6 -3.55

3 Compound 7 -3.91

5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-
methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide.
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5.3. Fluorescence studies

Dynamic and static quenching are the twomodes by which quenching
can arise. In dynamic quenching, the quencher in very short existence
comes in contact with excited state, while as in static quenching there is
the formation of fluorophore–quencher complex. In general, dynamic
and static quenching depends on excited-state lifetime and temperature.
On increase in temperature, dynamic quenching increases because
compounds have to move fast in this condition which causes more
probability of collisions. Static quenching mainly occurs due to com-
posite formation. Hence on increasing the temperature, the stability of
the composite decreases, which ultimately leads to fluorescence
quenching descending (Guo et al., 2007). So in both cases, the concen-
tration of the quencher determines the fluorescence intensity and the
quenched fluorophore can be used as an indicator for the quenching
agent (Berlman, 1971).

Fluorescence quenching is described by the Stern–Volmer equation
Eq. (1):

F0/F ¼ 1 þ Kq 0 Q ¼ 1 þ K svQ (1)
Figure 18. Effect of different concentrations of comp. 5: N-(4-methoxybenzyl)undec
7: N-(4-methoxy benzyl)oleamide on growth of (a) E. Coli, (b) A. tumefaciens, (c) Alt
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where F0 and F represent the fluorescence intensities in the absence and
in the presence of used quencher (DNA), respectively. Kq is the fluo-
rophore quenching rate constant, K sv is quenching constant, 0 is the
lifetime of the fluorophore in the absence of a quencher (0 ¼ 10-8), and
[Q] is the concentration of quencher (Zhou et al., 2007). The values are
given in Table 1.

The binding constant (Kf) and the binding stoichiometry (n) as given
in (Table 2) for the formation of a complex between DNA and adefovir
dipivoxil were analyzed (Gosselin et al., 1994) by using Eq. (2):

LogðF0� F=FÞ¼LogKf þ nlogjQj (2)

Where, F and F0 are fluorescence intensities of the fluorophore in the
presence and absence of varying concentrations of ctDNA, respectively, n
is equivalent binding site number, and the slope based on the Eq. (2) and
given in (Figure 15) revealed it.
5.4. Competitive displacement analysis

The fluorescent DNA probe was used to study the mode of binding
between small molecules with ctDNA and their way of bindings was well
recognized. It was observed that if a molecule binds with ctDNA sub-
stitutes a bound dye, then it is thought that it would bind to the ctDNA in
a similar fashion as that of dye (Song et al., 2000). The EtBr is one of the
most delicate dye that can bind to ctDNAwith intense fluorescence due to
its strong intercalation mode (Liu and Sadler, 2011; Zhang et al., 2013).
From Figure 16, it is clear that the addition of compounds 5, 6 and 7 to
the ctDNA þ EtBr complex does not show any substantial change in the
fluorescence intensity hence rules out any possibility of intercalative
mode of binding with compounds 5, 6 and 7.

Hoechst 33342, a well-established minor groove binder of ctDNA,
was taken as a molecular probe to confirm mode of binding between
-10-enamide; 6: (9Z, 12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide;
ernaria and (d) Rhizopus.



Figure 19. Inhibition on growth of bacteria (E. Coli and A. tumefaciens) and fungi (Alternaria and Rhizopus) with the 5: N-(4-methoxybenzyl)undec-10-enamide; 6: (9Z,
12R)-12-Hydroxy-N-(4-methoxybenzyl)octadec-9-enamide; 7: N-(4-methoxy benzyl)oleamide and Kanamycin/Amphotericin (measurement of zone of inhibition).
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compounds–ctDNA systems (Manna and Chakravorti, 2012; LePecq and
Paoletti, 1967) Hoechst 33342, which can powerfully bind with ctDNA
and increase its intensity of fluorescence (Yaseen et al., 2014). As dis-
played in (Figure 16) on the addition of compounds 5, 6 and 7 to DNA þ
Hoechst 33342 systems, the emission intensities of Hoechst 33342-DNA
solution were found to decrease. This indicates that compounds 5, 6 and
7 binds to the ctDNA by binding to the minor groove of the ctDNA.

5.5. Molecular docking analysis

Molecular docking is an important technique by which we can un-
derstand the interactions of drug-DNA. Moreover, it helps to study an
efficient approach by keeping a small molecule into the DNA at its
binding site mainly in a non-covalent fashion, although covalent bond
may also be constituted with reactive ligand (Haq and Ladbury, 2000).
Different structural properties of molecules lead to different binding
modes; in fact, one of the most critical factors governing the binding
mode is the molecular shape (Proudfoot et al., 2001; Arjmand et al.,
2012). In this experimental study, the studied compounds were succes-
sively docked with duplex DNA that follows the sequence
d(CGCGAATTCGCG)2 dodecamer (PDB ID: 1BNA) so as to expect the
possible binding site and suitable orientation of the compound inside the
DNA groove. The promising conformation of the docked pose confirmed
that compounds 5, 6 and 7 binds to DNA groove (Figure 17).

From the data of docking calculation, the minimum binding energy
conformer is selected up from 1 minimum energy conformer from the
50 runs. The run data for the conformers are displayed in Table 3.
According to the energetically favorable conformation of the docked
pose (Figure 17) confirmed that compounds 5, 6, and 7 binds to DNA
minor groove and is located within narrower A–T (10.8 Å) regions as
13
compared to G–C (13.2 Å) ones. This is mainly due to better binding of
adefovir bearing benzyl moiety to A–T regions compared to the G–C
region, which defines the stability of groove mainly due to hydrophobic
contacts and van der Waals interactions with functional groups of the
DNA.

It had been observed From the docking simulation the binding free
energy change (DG) of the drug-DNA complex was calculated to be -5.21
kcal mol-1 which is higher as related to free binding energy (-4.90 kcal
mol-1) obtained experimentally from the fluorescence data. This differ-
ence in free energy changes might be due to the solvent exclusion and/or
rigidity of some other receptor DNA in the study of molecular docking.
Moreover, from UV–visible method, the binding constant obtained was
correlated with the free binding energy of docked model.

5.6. Antimicrobial activity

The antimicrobial potency of compounds 5, 6 and 7 were validated by
inhibiting the growth of bacteria and fungi under a potential mechanism
of physical interaction of compounds with microbes. The study was
carried out using selective bacterial and fungal pathogens, and Figure 18
displays the effect of different concentrations of these compounds on the
growth of (a) E. Coli, (b) A. tumefaciens, (c) Alternaria, and (d) Rhizopus.
Minimum Inhibitory Concentration (MIC) and Minimum Killing Con-
centration (MKC) values for the compounds 5, 6, and 7 were estimated by
analyzing the growth of E. Coli, A. tumefaciens, Alternaria, and Rhizopus.
Visual turbidity analysis displayed the inhibiting concentration of comp.
6 was 45 μg/ml for bacteria and 70 μg/ml for fungi whereas, comp. 5 and
7 were displayed at 55 μg/ml for bacteria and 70 μg/ml for fungi and
considered as MIC values. After re-inoculation with different concen-
trations of these compounds (5, 6, and 7), no growth was observed as
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above mentioned concentrations for respective bacteria and fungi, and
they were considered as MKC values also.
5.7. Disc diffusion assay

Qualitative assessment of antimicrobial activity was performed by the
disc diffusion method. A comparative study of inhibition zones was made
after measuring the diameter of inhibition zones. As given in (Figure 19),
Comp. 6 showed a higher effect for both bacteria and fungi than comp. 5
and 7, which was found to be similar with an earlier study (Farshori et al.,
2010). Among all combinations, comp. 6 against to A. tumefaciens (bac-
teria) and comp. 6 against Alternaria (fungi) displayed higher effect
whereas comp. 5 against E. Coli (bacteria) and comp. 7 against Rhizopus
(fungi) displayed the lowest effect. Experiments were carried out in three
replicates, and the outcome results were displayed as a mean of the
replicates with standard deviation (Figure 19).

6. Conclusion

In summary, the proposed synthetic method is simple, sustainable
and quantitative. Moreover, the study revealed the interaction of the
compounds 5, 6, and 7 binding modes with ctDNA by multispectroscopic
techniques and molecular modeling study. Hyperchromism shift was
observed upon addition of various concentrations of DNA in all com-
pounds, which suggests the strong interaction between compounds 5, 6,
and 7 and DNA. The fluorescence assay presented that the emission in-
tensity of the drug was quenched by the addition of DNA. This quenching
mechanism is described by photoelectron transfer from DNA (guanine
base) to various excited levels of synthesized compounds. The free energy
values of compounds 5, 6 and 7 are negative at various temperatures,
which clearly indicate the spontaneity of compounds 5, 6, and 7 with
DNA binding. The results conceal that the most important contributions
to the binding process are hydrophobic interactions. The docking out-
comes confirmed that groove mechanism is followed by compounds 5, 6
and 7 to bind with DNA. Moreover, the variability of antimicrobial ac-
tivity of these compounds especially compound 6 is a strong validation of
this study. These findings provide a broad biochemical base for
improving the antimicrobial potency of these compounds in drug design
and development in the future.
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