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two serum albumins (SA) are essentially identical 
(66 KDa and 66.5 KDa for BSA and HSA, 
respectively) and they have an 80 percent structural 
similarity7. The aromatic amino acids tryptophan, 
tyrosine, and phenylalanine are found in proteins and 
are capable of displaying intrinsic fluorescence. 
Because the fluorescence of tyrosine and phenylalanine 
is often challenging to notice, tryptophan is the most 
commonly employed amino acid of proteins for 
fluorescence investigation.8 

The study of protein ligand binding is crucial in 
drug development and development systems. At the 
very early stages of research, a protein ligand binding 
study can tell if a ligand can operate as a medication 
or not. Photophysical investigations of protein-ligand 
interactions utilising various spectroscopic techniques 
improve our understanding of the binding process8,9. 

Bromelain (BMLN) is a proteolytic enzyme, most 
commonly derived from pineapple stems.6 BMLN 
possesses a wide range of protease inhibitors, making 
it a powerful therapeutic agent10. Stem BMLN is 
commonly used to inhibit platelet aggregation, angina 
pectoris, bronchitis, sinusitis, surgical traumas, 
thrombophlebitis, and pyelonephritis, as well as to 
improve drug absorption, especially antibiotics, 
analgesics, anti-inflammatory, antitumoral, and 
antituberculosis activity10,11. BMLN’s interactions with 
some bioactive compounds have been widely researched 
in recent years due to their promising medical 
applications12. However to the best of our knowledge till 
now no study of interaction has been carried out 
between BMLN and triazole-based molecule. Hence 
study of the interaction of a synthesized triazole with 
BMLN can be considered as an important area to 
investigate.  

Pharmacokinetics is a branch of pharmacology 
which investigates what the body does to any drug 
molecule. Pharmacokinetic studies try to estimate the 
rate of absorption or distribution of any chemical 
inside the body, mechanistic pathways of metabolism 
and excretion of that chemical and the concentration 
of that chemical in plasma for a long period of time. 
To achieve these, four steps are defined in 
Pharmacokinetics, which are abbreviated as ADME 
(Absorption, Distribution, Metabolism, Excretion). 
Absorption deals to the movement of the chemical 
(drug) from its site of administration to the 
bloodstream. Distribution examines where the 
chemical travels to and the rate at which it arrives to 
the required sites. Metabolism can be defined as the 
biotransformation of a drug chemical by certain 

organs or tissues (e.g. liver, kidney, skin or digestive 
tract) so that the drug can be excreted. Finally 
excretion is the process through which the 
metabolized drug chemical get removed from the 
body13,14. 

In drug discovery and development, the researchers 
have to examine the activity of any drug chemical in 
the body to ensure safety and toxicity. ADME and 
toxicology studies, are a critical step in this process15. 
The data collected from ADME prediction tells 
researchers if the chemical can be considered as a 
drug molecule in a very early stage of drug design. In 
order to be an effective drug, any chemical compound 
must have a good ADME (Absorption, Distribution, 
Metabolism, Excretion) profile. In the field of drug 
design and research, before synthesis of any new 
chemical compound, it is essential to check its ADME 
profile16-18. 

Here in this paper, our work is mainly categorized 
into two parts namely, design and synthesis novel 
coumarin based triazole compound tert-butyl(6-oxo- 
6-(((1-(2-oxo-2H-chromen-4-yl)-1H-1,2,3-triazol-4-yl) 
methyl)amino)hexyl)carbamate (SAM-1, Fig. 1) using 
CuAAC reaction (Scheme is shown in Fig. 2) and 
then the biophysical studies of the synthesized 
compound was carried out with both the serum 
albumins (BSA/HSA) and bromelain (BMLN). As a 
result, an attempt is made to evaluate the role of a 
novel compound in the development of biomedicines 
for the drug design process at a very early stage of the 
research by conducting a binding study of the newly 
synthesized compound with biomolecules. 

Results and Discussion 

Fluorescence quenching study 
If addition of an external agent to the solution of 

fluorophore leads to decrease of the fluorescence 
intensity of fluorophore, then the external agent is called 
quencher and the phenomenon is fluorescence 
quenching. From the fluorescence quenching experiment, 

Fig. 1 — Structure of tert-butyl (6-oxo-6-(((1-(2-oxo-2H-chromen-
4-yl)-1H-1,2,3-triazol-4-yl)methyl)amino)hexyl)carbamate  (SAM-1) 



MISRA et al.: INTERACTION OF A NEW TRIAZOLE COMPOUND 307

it was observed that SAM-1 can effectively quench the 
fluorescence intensity of the tryptophan emission of 
BSA, HSA, and BMLN (Fig. 3). The emission maxima 
was shifted towards shorter wavelength (blue shift) in 
the case of BSA (1.2 nm) and HSA (4 nm) but a reverse 
effect was observed for BMLN (2 nm red shift) with 
gradual addition of SAM-1. The blue shift indicates an 
increase in hydrophobicity in the microenvironment of 
the tryptophan residue while a red shift in emission 
spectrum indicates a decrease in hydrophobicity in the 
microenvironment of the tryptophan residue7,19-21. 
Therefore, we can conclude that the tryptophan moiety 
becomes more hydrophobic (i.e. gradually buried inside) 
with gradual addition of SAM-1 to BSA and HSA while 
for BMLN, the tryptophan moiety becomes much more 
exposed (less hydrophobic) on gradual addition of 
SAM-1 to it.  

Stern-volmer plot 
The quenching mechanisms can be broadly 

classified as static quenching and dynamic quenching. 
In case of static quenching, a non-fluorescent 
complex is formed between the fluorophore and 
quencher in the ground state of fluorophore. For 
dynamic quenching, fluorophore-quencher collision 
occurs in the excited state and this stops fluorescence 
emission of excited fluorophore. This Stern-Volmer 
plot is based on Stern-Volmer equation, which is as 
follows (Eq. 1): 

F0/F= 1+ KSV [L] = 1+kq0 [L]               ... (1) 

where, F0 and F represents fluorescence intensity of 
the in absence and in presence of quencher, [L] 
represents concentration of quencher in Molarity, 0 

represents the average lifetime of the flourophore 
(which is nearly 5 ns for the tryptophan of BSA, 
HSA3,4,7,19,20 and 10 ns for BMLN12,22). KSV is called 

Stern-Volmer quenching constant and Kq represents 
bimolecular quenching constant.  

Higher the value of KSV higher will be the extent of 
quenching. The order of KSV value (Table 1) runs as: 
BSA<BMLN<HSA. This indicates that SAM-1 shows 
the most effective quenching with HSA and least 
effective quenching with BSA at room temperature 
(298K) (Fig. 4). The Kqvalue (Table 1) also runs as: 
BMLN<BSA<HSA. Kq represents the rate constant 
for quenching8. The trend in Kq value indicates that 
SAM-1 is able to quench the Trytophan emission of 
HSA at highest rate (fast) and quenching with BMLN 
occurs at lowest rate (slow) at room temperature. 

Stern-Volmer plot is highly significant in order to 
predict the mechanism of quenching. If a linear Stern-
Volmer plot is obtained, it indicates the presence of 
only one kind of quenching mechanism (either static 
or dynamic). From the slope of Stern-Volmer plot, we 
can determine kq value. If the value of kq is nearly 
equal or less than 2×1010 M–1ꞏs–1 then the quenching is 
considered to be dynamic and if kq is greater than 
2 × 1010 M–1ꞏs–1 then the quenching is considered to 
follow static quenching mechanism. In our study, kq 
of SAM-1 is found to be much higher than the 
maximum possible value of scattered collision 
quenching constant (2 × 1010 M–1ꞏs–1) 20-24. Hence, the 
quenching processes in both proteins follows static 
quenching mechanism (Fig. 4). 

Binding constant and number of binding sites 
The binding interaction can be evaluating by using 

modified Scatchard equation25,26 shown as follows 
(Eq. 2) 

log [(F0-F)/F] = log Kb + n log [Q]      ... (2) 

where, where, F0 and F represents the fluorescence 
intensities of serum albumins(BSA and HSA) and 
BMLN in the absence and presence of quencher 
molecule respectively, Kb is the binding constant of all 
the complexes formed (BSA-SAM-1, HSA-SAM-1, 
BMLN-SAM-1) and ‘n’ is the number of binding 
sites27-31 (Table 2). 

Fig. 2 — Synthesis of SAM-1 

Table 1 — Stern-Volmer quenching constant (KSV) and 
bimolecular quenching constant (kq) of the complex formed  
due to the interaction of SAM-1 with BSA, HSA and BMLN 

in aqueous buffer (pH 7) at 298 K. 

Systems Ksv (M
-1) Kq (M

-1s-1) R2 

BSA-SAM-1 4.8 × 105 9.6 × 1013 0.95 
HSA-SAM-1 13.8 × 105 27.6 × 1013 0.95 
BMLN-SAM-1 8.2 × 105 8.2 × 1013 0.97 
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P + L → PL       ... (3) 

where P = BSA/HSA/BMLN, L= SAM-1 
The change in Gibbs free energy (ΔG) indicates the 

spontaneity of the chemical reaction or process. Higher 
the negative value of ΔG, more spontaneous will be the 
process31-35. It is directly related to the equilibrium 
constant (here binding constant, Kb) as follows (Eq. 4): 

ΔG = -2.303 RT log Kb                                         ... (4) 
The order of ΔG for the interaction of SAM-1 with 

the bio-macromolecules runs as BSA<BMLN<HSA. 
This indicates that SAM-1 binds most spontaneously 
with HSA and least spontaneously with BSA. 

Molecular docking 
The binding interaction of SAM-1 with BSA, HSA 

and BMLN were performed using the standard 
proceudre36,37. The grid box for 4OR0 (BSA) protein 
was taken as 73 × 30 × 92 Å with size 30 × 30 × 30 Å 
along x- , y- and z- axes and ΔG value of – 9.6 
Kcal/mol, grid box for 2BXG (HSA) protein was taken 
as 45 × 35 × 72 Å with size 30 × 30 × 30 Å along x- , y- 
and z- axes and ΔG value of – 9.6 Kcal/mol and grid 
box for BMLN (1W0Q) was taken as - 2.6 × 4.2 × - 0.75 
Å with size 51 × 36 × 36 Å along x- , y- and z- axes and 
ΔG value of – 9.5 Kcal/mol (Table 3). Considering the 
role of triazole in the protein-ligand complex (Fig. 6) it 
can be concluded that the nitrogen atoms of triazole ring 

Fig. 6 — Molecular docked pose of (A) BSA-SAM-1 complex; (B) HSA-SAM-1 complex; and (C) BMLN-SAM-1 complex 
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is involved in the hydrogen bonding interaction with the 
amino acid residues in case of HSA and BMLN; 
however such effect is found to be absent in case of 
BSA-SAM-1 complex. 

ADME prediction 
The result from SWISS ADME of SAM-1 came 

very satisfactory as it offers no violation from 
Lipinski’s rule, Ghose rule, Egan rule and Muegge 
rule and it shows high gastrointestinal absorption as 
shown in (Suppl. Table S1) and it has a good bio-
radar (Fig. 7) which makes it a fair candidate as orally 
admissible drug molecule38. In the boiled egg diagram 
(Fig. 7) if the small circle appears over the white zone 

then it HSA high gastrointestinal absorption, the blue 
colour tells that it would be effluxed out or 
metabolised by poly glycoproteins. The circle is far 
from the yellow zone which means it will not pass 
through the blood brain barrier39-42. 

Conclusion 
SAM-1, a 1,2,3 triazole based compound is 

synthesized via CuAAC reaction and the interactions 
of the molecule with BSA, HSA and BMLN are 
investigated by using fluorescence spectroscopy. 
SAM-1 can effectively quench the tryptophan 
emission of both the serum albumins and BMLN. In 
the case of serum albumins, the interaction of SAM-1 
with the tryptophan residue makes it to move towards 
inside (away from solvent, hydrophobicity increases) 
but reverse effect occurred for BMLN. The Stern-
volmer plot and the Kq value indicates a static 
quenching mechanism. The molecule SAM-1 shows 
strong binding (of 105 order) with BSA, HSA and 
BMLN at room temperature under biological pH. 

Table 3 — Docking Scores for the interaction of SAM-1 
with BSA, HSA and BMLN 

Systems PDB ID Docking Score ΔG  
(kcal mol-1) 

BSA-SAM-1 4OR0 -9.6
HSA-SAM-1 2BXG -9.6

BMLN-SAM-1 1W0Q -9.5

Fig. 7 — ADMET Analysis of SAM-1 
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Binding with serum albumins makes it suitable to be 
considered as a potential drug candidate. As SAM-1 
binds with BMLN, it makes it suitable for oral 
absorption, the theoretical ADMET prediction is also 
in consistent with it. Under biological condition the 
binding constant as well as the spontaneity of the 
process of interaction of SAM-1 runs as HSA > 
BMLN > BSA. So we can consider that SAM-1 can 
preferably bind with HSA in presence of BMLN and 
BSA. The binding interaction is also confirmed with 
molecular docking techniques which shows good 
binding potential. The ADMET prediction primarily 
gives conformation about its drug-able nature, subject 
to further studies. 

Experimental 

General information 
All the reagents were of analytical grade, and 

chemicals and SA (BSA and HSA) were purchased 
from Sigma- Aldrich Chemicals Pvt. Ltd. All the 
solvents used were of spectral grade and further 
distilled by standard procedures. A phosphate buffer 
of pH 7 was prepared in triply distilled water and used 
for making experimental solutions. Analytical thin-
layer chromatography (TLC) was performed on 
precoated (0.25 mm) silica-gel plates (Merck, TLC 
Silica Gel 60 F254, Cat. No. 1.05554.0001). 

Synthesis of SAM-1 
The compound 4-azido coumarin was synthesized 

followed by the literature and 1H NMR value and 
melting point which is similar with the literature 
value.25 

Preparation of BOC protected 6-Aminocaproic 
acid: Compound was synthesized by stirring an 
equivalent mixture of 6-aminocaproic acid and BOC 
anhydride with sodium bicarbonate in a solvent 
system of equal volume mixture of THF and water, at 
room temperature for 12 h.  

Preparation of BOC protected 6-amino-N-(prop-2-
yn-1-yl)hexanamide: BOC protected 6-Aminocaproic 
acid, HOBT and EDC were dissolved in DCM in a 
100 mL round bottom flask. After 10 min of stirring, 
NMM was added. After 15 min of stirring propargyl 
amine (prop-2-yn-1-amine) was added drop wise. 
Then it was kept for 12 h of stirring. The reaction was 
monitored by TLC. The reaction mixture was poured 
into water and extracted with EtOAc. The layer was 
washed with saturated bicarbonate solution followed 
by brine solution. It was dried under anhydrous 
sodium sulphate and the solvent was evaporated to 

yield solid products. The product was then purified 
through column chromatography using 50% EtOAc in 
PET ether solution. 

Preparation of tert-butyl (6-oxo-6-(((1-(2-oxo- 
2H-chromen-4-yl)-1H-1,2,3-triazol-4-yl)methyl)amino) 
hexyl)carbamate (SAM-1): In a 50 mL two-neck 
round-bottom flask, 4-azido coumarin, BOC protected 
6-amino-N-(prop-2-yn-1-yl) hexanamide and CuI 
(10 mol %) were dissolved in DMF under inert 
atmosphere at room temperature. Triethylamine 
(Et3N) was added drop wise and then stirred for 5 h. 
The advancement of reaction was monitored by TLC. 
The mixture was filtered through a celite slurry of 
EtOAc. Cu was trapped in it. Then, eluted solution of 
EtOAc was washed with ammonium chloride (twice) 
carefully and then washed with water, saturated 
sodium bicarbonate, and brine solution. It was dried 
under anhydrous sodium sulphate, and the solvent 
was removed at reduced pressure. The crude product 
was purified by silica gel column chromatography 
(Fig. 2). The NMR and Mass spectrum of the 
compound are given in supporting information 
(Suppl. Fig. S1, S2, and S3). 

Fluorescence quenching Study 
The Fluorescence spectrum were recorded on a 

F-4700 Hitachi spectrofluorimeter equipped with a 1
cm path-length quartz cell and a circulating water
bath, using an excitation wavelength of 290 nm. All
the experiments were performed in micromolar range
to avoid aggregation and inner filter effect. The
solution of BSA (5 µM), HSA (5 µM) and BMLN
(5 µM) were titrated separately with SAM-1 (0 to 2
µM) F0 and F in all the cases being calculated
considering the area under the emission curve of the
fluorescence spectra.

Molecular docking study 
Molecular docking of our designed moiety was 

further done with bovine serum albumin (BSA), 
human serum albumin (HSA) and Bromelain 
(BMLN). In order to do so we retrieved the proteins 
x-ray crystallographic structure in PDB format from
RCSB PDB website (http://www.rcsb.org/pdb)
bearing PDB ID’s 4OR0 (BSA) and 2BXG (HSA) but
x-ray crystallographic structure in PDB format is
unavailable in the website so we took 1W0Q (BMLN)
which is a formed structure through homology
modelling, this modelled protein showed good result
according to the positions occupied by its residues in
Ramachandran Plot (Suppl. Fig. S4). Thus we used
the PDB format of 1W0Q to dock with our designed
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moiety42. All steps involving protein preparation, 
ligand preparation and other necessary ones for 
docking protocol done accordingly36,37. For 
visualising in many formats we used software’s 
UCSF-Chimera and Discovery studio. 

ADME prediction 
To investigate the physicochemical properties of 

the secondary metabolites of all the plants. In silico 
ADME analysis was done, these are water solubility, 
lipophilicity and pharmacokinetics by using following 
website http://www.swissadme.ch, but the toxicity 
of these molecules cannot be investigated by using 
Swiss ADME, so help was taken from pkCSM - 
pharmacokinetics server to predict the Toxicity along 
with other ADME parameters of the molecules with 
their SMILE (Simplified Molecule Input Line Entry 
Specification) profile15,36-38. 
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