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ABSTRACT

he binding properties of insulin hormone to the potential antidiabetic coumarin derivative umbelliferone (7hydroxycou-
Tmarin, 7HC) was investigated by absorption, fluorescence quenching and molecular docking methods. The negative signs
of thermodynamic parameters (AH and AS) indicated that hydrogen bonds and van der Waals forces were dominant in the
binding mode. The effect of common metal ions was investigated on binding parameters. According to the Forster’s theory;
binding distance, r was obtained as 4.17 nm. The spectral data further supported by molecular docking calculations which

show hydrogen bonds between 7HC and insulin.
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0z

i nstlin hormonunun potansiyel antidiyabetik kumarin tirevi olan umbelliferon (7hidroksikumarin, 7HC) ile baglanma 6zel-

likleri absorpsiyon, floresan séndirme ve molekiler kenetlenme yontemleriyle incelenmistir. Termodinamik parametre-
lerin (AH ve AS) negatif isaretleri, hidrojen baglarinin ve van der Waals kuvvetlerinin baglanma modunda baskin oldugunu
gostermistir. Bazi genel metal iyonlarinin baglanma parametreleri Gzerindeki etkisi arastirilmistir. Férster teorisine gore bag
uzunlugu, r, 4.17 nm olarak bulunmustur. Spektral veriler, 7HC ve insulin arasindaki hidrojen baglarini gésteren molekiler

kenetlenme hesaplamalari ile desteklenmistir.
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INTRODUCTION

iabetes mellitus is an endocrine disorder caused

by hyperglycemia, disturbances of carbohydrate,
fat and protein metabolism. Hyperglycemia or high
blood sugar is a serious problem in diabetes. Therefo-
re, a model antidiabetic agent to be used should have
both hypoglycemic and antioxidant properties and also
it should not be side effects [1-3]. Umbelliferone (7HC)
is one of coumarin derivatives which is known to be ef-
fective as an antidiabetic agent in natural products such
as edible fruits and vegetables. The significant antihy-
perglycemic and antioxidant effect of umbelliferone in
streptozotocin-diabetic rats were revealed by Ramesh
and Pugalendi [4,5]. There are many studies reported
about investigation of biophysical effect of umbellifero-
ne on biomolecules [6,7]. The parent molecule couma-
rin (1,2 benzopyrone) is one of these attractive groups
because of the blood glucose level reducing effect its
anti-inflammatory, anti-mutagenic, anti-cancer and an-
tioxidant properties. Beside these properties its presen-
ce in a wide variety of plants providing high interest to
coumarin [8-10].

Insulin is a polypeptide hormone produced by the
B-cells of the pancreatic islets and it plays main role
in the control of the glucose metabolism and diabe-
tes treatment. The roles of insulin in lowering blood
glucose, regulating carbohydrate and fat metabolism
make the rapid and sensitive determination of insulin
isimportant [11,12]. An insulin molecule is composed of
two chains connected with two disulfide bridges. The
chain-A contains 21 amino acid residues and chain-B
contains 30 ones. The difference between the insulin
of various species of mammals comes from the only by
the sequence of amino acids 8, 9 and 10 in the chain-A
which has four tyrosine (Tyr) and three phenylalanine
(Phe) residues which give fluorescence property to
the hormone. In this case Try residues are the major
contributors to the absorption spectrum of insulin and
emission spectrum because of the low fluorescence
quantum yield of phenylalanines [13,14]. Tracking the
intrinsic fluorescence of proteins is a common method
in the investigation of their physicochemical and struc-
tural properties. The aim of the represented study is
investigation of the interaction of insulin with 7HC by
fluorescence spectroscopy and UV-visible absorption
spectroscopy and molecular docking studies. The study
is focused on the evaluation of interaction properties,
thermodynamic parameters, energy transfer and in-

termolecular distance of insulin-7HC and the effect of
common metal ions on interaction parameters by using
fluorescence quenching of intrinsic Tyr emission by 7HC.
Here, the results will provide useful contribution to the
design and understanding of interaction mechanism of
novel coumarin derivatives to biomolecules.

MATERIALS and METHODS

Reagents

Insulin (from bovine pancreas; MW: 5733 Da) and um-
belliferone (7hydroxycoumarin) were obtained from
Sigma-Aldrich and Fluka, respectively. Insulin stock
solution (0.564 mg/mL) was prepared in Tris-HCl buf-
fer solution (0.05 M Tris, 0.1 M NaCl, pH 7.4). 7HC stock
solution (5.0x10° M) was prepared in DMSO. For ionic
effect assays, metal ion solutions at 1.0x10° M con-
centration were prepared in water using their metal
salts. APP*, Co?*, Zn?*, Ca?* and Mn?* ion solutions were
prepared from their chlorides and also Pb?* and Cu**ion
solutions were prepared from their nitrates. The daily
experimental solutions were prepared by appropriate
dilution of stock solutions with buffer. All the solutions
were stored in refrigerator 4 2C until used and doubly
distilled water was used in all the carried experiments.

Apparatus

All fluorescence spectra and measurements were per-
formed on a Hitachi F-4500 spectrofluorometer (Japan)
which contains FLSolutions software and 150 W Xe
lamp. Excitation/emission band slits were 2.5 nm, PMT
voltage was 700 V and scan speed was 20 nms? in all
measurements. All absorption measurements were
recorded by a Shimadzu UV-1700 PharmaSpec (Japan)
UV-visible spectrophotometer which contains UVProbe
software. The pH value of solutions was determined
with a Mettler Toledo (FiveEasy Plus) digital pH-meter.

Fluorescence measurements and UV-Vis absorption

Fluorimetric titration experiments were carried out ma-
nually by using trace syringes. Certain amount of stock
umbellifeone solutions were added into 2.5 mL, 2.5x10°
& M insulin solution in fluorescence cell. The fluorescen-
ce spectra were recorded at \_/\_ =276/307 nm at
three temperatures (296, 303 and 310 K). Stern-Volmer
equation was used in the analyses of evaluated fluores-
cence titration data. According to Forster’s resonance
energy transfer theory, FRET parameters (r, R , J(\), E)
were obtained between insulin and 7HC. The following
equation was used in the correction of measured tyro-



sine emission data for inner filter effect [15],
Fcor: Fobs 10(Aex+Aem)/2 (1)

Here, F _and F_ are corrected and observed fluores-
cence intensities; Aex and Aem are absorbances at excita-
tion and emission wavelengths.

The UV-vis absorption spectra were recorded from so-
lution of free 7HC, free insulin and 7HC-insulin mixture
in the range of 200-450 nm.

Molecular docking studies

The computational calculations were performed on Fu-
jitsu workstation using Discovery Studio (DS) 2017 R2
[16]. Dock Ligands (CDOCKER) protocol was applied for
understanding docking interactions between 7HC and
insulin. CDOCKER is a grid based molecular docking
technique that uses CHARMm force field [17]. The struc-
ture of bovine insulin was downloaded from the Prote-
in Data Bank (PDB) (https://www.rcsb.org/pdb, PDB ID:
4MAL [18], Frankaer, 2014). The ligand, 7HC was drawn
and optimized at DFT/B3LYP/6-31G* level by using Ga-
ussian 09 (G09) [19]. After these, DS software was used
for preparation of 7HC and insulin to do molecular
docking. In the meantime, conformations of 7HC were
examined using ligand conformational analysis protocol.
CDOCKER was implemented using default settings. The
best conformational pose for 7HC against insulin was
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preferred based on the Binding energy, CDOCKER sco-
res, and root mean square deviation (RMSD) values.

RESULTS and DISCUSSION

Fluorescence quenching studies

Bovine insulin has seven aromatic amino acids, four Tyr
(A14, A19, B16, B26) and three Phe (B1, B24, B25) resi-
dues, and only three Tyr residues contribute the insulin
fluorescence. The disulfide bridge blocks one of the Try
residues hence its contribution to the insulin fluores-
cence. In the case of Phe, fluorescence quantum yield of
Try is much higher than the Phe fluorescence quantum
yield when it is compared and its contribution to insulin
fluorescence can be neglected [20,21]. Fig. 1 shows that
7HC causes a concentration dependent quenching of
the intrinsic fluorescence of tyrosine residues of insulin
at \_/\,,,=276/307 nm. The constant amount of insulin
in fluorescence cell was titrated with various concent-
ration of 7HC in the range of 3.99-35.4x10°° M. The flu-
orescence intensity of insulin decreased regularly with
the increasing concentration of 7HC without changing
shift of emission wavelength and shape of the peaks.
The fluorescence quenching processes are mainly ca-
tegorized as dynamic or static by means of quenching
mechanisms. Quenching mechanism types can be dis-
tinguished by temperature dependence of quenching
and binding constant values of the investigated systems.

Figure 1. Fluorescence spectra of 5.0x10°° M insulin in the presence of 7HC. The adding concentrations of 7HC (from high to low): O;
3.99x10°%, 7.97x10°, 11.9x10°, 15.9x10°, 19.8x10°, 23.7x10°, 27.6x10°, 31.5x10°, 35.4x10°° M. Condition: X_ = 276 nm, pH 7.4, 296 K.

(Inset, molecular structure of 7HC).
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Change in excited-state lifetime of the fluorophors is
another main parameter in the identification of the in-
teraction mechanisms. Stern-Volmer equation is com-
monly used in the analyses of fluorescence quenching
[15],

F,/F=1+K_[Q] = 1+ quO [Ql (2)

F,is the initial fluorescence intensity of the insulin and
F is the fluorescence intensity of insulin in presence of
the quencher (7HC). [Q] is the quencher concentrati-
on. K and kq represent the Stern—Volmer quenching
constant and the quenching rate constant of the bio-
molecule, respectively. kq values can be obtained from
K, values by using the average lifetime of the biomole-
cule without quencher (7,:10°® s) [22]. The linear Stern-

Volmer plots obtained by using the fluorescence titrati-
ons data at different temperatures (296, 303 and 310 K)
were shown in Fig. 2a. The values of K were obtained
from the slopes of graphs. K_ and kqvalues represented
in Table 1 and the values showed that the quenching
constants decreased with the increase in temperature.
Accarding to this, the possible fluorescence quenching
of insulin by 7HC was static. The reported maximum kq
value of various quencher/biopolymer systems is 2x10*
Lmol*s?[15,23]. The evaluated kq values of insulin qu-
enching initiated by 7HC were greater than maximum kq
value of dynamic quenching processes. This result pro-
ves that the static quenching is driven interaction type
with the formation of insulin-7HC complex.

Figure 2. The effect of (a) temperature and (b) common metal ions on the Stern-Volmer plots of 7HC/insulin system.

C . =5.0x10°M,C

insulin

=10x10°Mat \_/X\_ =276/306 nm.

eachion



The binding constant values (K,) and the binding site
numbers (n) of 7HC with insulin were derived from ex-
perimental data by using the following double-log equ-
ation [24],

log (F,—F) / F=log K, + nlog[Q] (3)

Here, K and n refer to the binding constant and the bin-
ding site numbers of 7HC/insulin system, respectively.
As seen in Fig. 3, K, and n values at three temperatu-
res were obtained from the intercept and slope of the
double-log plot, log (F ~F)/F versus log [Q], respectively.
The K, and n data were listed in Table 1. The decrease
of the binding constants with increasing temperature
indicates that the complex structure is partially decom-
posed at high temperature.

Common metal ion effects on the Stern-Volmer
quenching and binding constants

Binding properties of plasma proteins with small mole-
cules can be altered by metal ions [25, 26]. The effect of
several common metal ions was investigated on the in-
teraction of 7HC/insulin. The changes in the quenching
constant, binding constant and the number of binding
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sites of 7HC/insulin complex were examined in the pre-
sence of Zn%, Pb?* Al**, Ca%, Cu®*, Mn?* and Co?" ions at
296 K. All fluorescence spectra of 7HC/insulin system
were recorded in the range of 290-350 nm at excitation
276 nm. The final concentrations of insulin and metal
ions were fixed 5.0x10° M and 10x10°® M in titrations,
respectively. The effect of these metal ions on Stern-
Volmer plots were shown in Fig. 2b. The quenching
constants, binding constants, the ratio of the quenching
constants or binding constant in the presence of metal
ion (K, or K') to the quenching constants or binding
constants in the absence of metal ions (K, or K,) and
binding site numbers were calculated and represented
in Table 2. The higher K, values were obtained in the
presence of Zn*, Pb* and Mn?* ions which point that
the quenching effect becomes more significant when
both ion and 7HC are present together. The K/ values
are smaller in the presence of Ca?* and Cu?*ions which
can be resulted inhibition of quenching effect of 7HC by
ion-7HC interaction.

The higher binding constants and also n values in the
presence of APF*, Ca?* and Cu?* ions can be caused from
ion-7HC interaction via metal ion bridge. This may pro-

Figure 3. The double-log plots for the binding of 7HC with insulin at different temperatures.

Table 1. Stern-Volmer quenching (Ksv), quenching rate (kq), binding (Kb) constants and binding sites (n) for 7HC/insulin system at

different temperatures.

T (K) Ksv (M1)x10* ka(M1s?) x101? Kb (M?)x10* n R2™
296 4.108 4.108 0.995 7.849 1.064 0.994
303 3.616 3.616 0.987 4.927 1.032 0.997
310 3.048 3.048 0.981 2.460 0.978 0.990

*the correlation coefficient for the Stern-Volmer plot.
**the correlation coefficient for the Kb value from double-log plot.
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Figure 4. The ratio of binding constants versus metal ions for 7HC-insulin system.

Table 2. Common metal ions effect on the Stern-Volmer quenching (K_ ) and binding (K,) constants and binding sites (n) numbers of

7HC/insulin system at 296 K

lons st')((ngl,O"l) K/Ky, R”
without 4108 - 0.9947
ca* 2.432 0.592 0.9829
cu 3.523 0.856 0.9953
AP 4,038 0.983 0.9876
Co 4.098 0.998 0.9816
Mn?* 4673 1138 0.9798
Pb?* 5.414 1318 0.9933
0 6.150 1497 0.9919

Ky (XLlrgf ) K/, n RZ
7.849 1.064 0.9944
71.12 9.061 1.336 0.9868
36.42 4.640 1.226 0.9976
91.47 11.65 1314 0.9884
1731 0.221 0.9075 0.9976
6.947 0.885 1.048 0.9906
5.493 0.700 0.9997 0.9925
5.645 0.719 0.9983 0.9899

K,'and K, 'represent the binding and quenching constants in the presence of metal ions, respectively. *regression coefficients of plots.

long the storage period of 7HC in plasma and enhance
its maximum effects or ions induced the conforma-
tional changes of insulin which is easier for 7HC to in-
sulin. Overhand the decrease in the binding constant in
the presence of Co*, Zn*, Pb* and Mn?* ions may due
to the formation of metal ion-insulin ionic interaction
which is likely to affect the conformation of insulin. It
may influence 7HC binding kinetics and imply weaker
binding between 7HC and insulin. Binding site num-
bers represented in Table 2 show that the n values in
the presence of these ions are smaller than n value
obtained in the absence of metal ions, 1.064. It can be
concluded that the 7HC can be removed from 7HC/in-
sulin complex because of the competition between 7HC
and ions. The decrease in binding constant could point
that the shortening in the storage time and enhance-
ment in the effectiveness of 7HC in plasma. The ratio
of binding constants (K_/K,) versus metal ions is shown
in Fig. 4.

Thermodynamic analysis and binding mode
Thermodynamic analysis of the binding parameters of
small molecules is one of the common ways to charac-
terize the acting forces. Noncovalent interactions bet-
ween small molecules and biomolecules mainly catego-
rized in four groups; hydrogen bonds, van der Waals for-
ces, electrostatic forces and hydrophobic interactions
[27]. The main acting force in the interaction determine
the signs and magnitude of the enthalpy (AH) and ent-
ropy change (AS) of the system. The thermodynamic
parameters of the interaction of 7HC with insulin were
analyzed by using van’t Hoff equation:

In K, = - AH/RT + AS/R (4)

The obtained In K, values from the fluorimetric titrati-
ons at different temperatures were plotted against the
reciprocal of studied temperatures. According to the



van’t Hoff graph (Fig. 5), AH and AS values were ob-
tained from the slope and intercept of linear plot, res-
pectively. The free energy change (AG) of the system at
different temperatures can be obtained with the follo-
wing relationship:
AG=AH-TAS=-RTInK, (5)

The parameters are calculated and listed in Table 3. The
negative sign of AG indicates the spontaneous binding
process of 7HC-insulin system. The negative enthalpy
change of the complex points that the mainly enthalpy
driven exothermic binding process. According to the
theory of Ross and Subramanian about the characteris-
tic signs of the thermodynamic parameters in protein
association process [28], the negative AH and AS valu-
es confirm that the hydrogen bonding or van der Waals
forces in binding mechanism of molecules to proteins,
which is consisted with the values obtained from the
interaction of 7HC with insulin [29].

Ultraviolet-visible absorption studies

Fig. 6 shows the absorption spectra of free insulin, free
7HC and 7HC-insulin system at 296 K. The absorption
intensity of the insulin absorption band observed at 278
nm increased by the addition of 7HC. Beside that the
absorption band of 7HC with the absorption maxima
at 325 nm was disappeared in the presence of insulin.
This result indicates that the reason of the change in ab-
sorption spectra is formation of a ground state complex
between 7HC and insulin.

Energy transfer from insulin to 7HC

Fluorescence energy transfer (FRET) is a process the
transfer of excited state energy from a donor to an
acceptor. It takes place simultaneous quenching of the

Figure 5. The van’t Hoff graph of 7HC-insulin system.
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donor fluorescence and electronic excitation of the
acceptor in the process [30,32]. According to Forster’s
non-radiative energy transfer theory, the energy trans-
fer depends on the overlap of fluorescence spectrum
of the donor with UV-vis absorption spectrum of the
acceptor and the distance of approach between donor
and acceptor. The energy transfer efficiency E can be
calculated under the condition of 1:1 situation of donor
and acceptor concentrations by using the Eq. 6;

E=1-F/F, (6)
E=RS/(RS+r) (7)

Here, F and F are fluorescence intensities of insulin
with and without 7HC; r is acceptor-donor distance;
R,, critical distance refers to the distance 50% transfer
efficiency provided. The energy transfer efficiency is
changed with acceptor concentration at different tem-
peratures.

R, value is calculated by using the following equation;

R,=0.211 (r?n*Q, J(\) )" (8)

k% The spatial orientation factor of the donor-acceptor
dipoles

n: Working medium refractive index

Q,: Initial fluorescence quantum yield of the donor

J(\) is the overlap integral of the fluorescence emission
spectrum of the donor and the absorption spectrum of
the acceptor and it can be calculated by the Equation 9;
JON = YF (N e, (NN AN/ Y F (N AN 9)

F,(\) is the corrected fluorescence intensity of the do-
nor in the wavelength range X to A+AX with the total

303



304

E. Gokoglu et al. / Hacettepe J. Biol. & Chem., 2023, (3), 297-307

Table 3. Thermodynamic parameters of 7HC/insulin system.

T(K) AH (kJ/mol) AG (kJ/mol) AS (kJ/mol) Binding mode
296 6311 -27.84 -115.2 Hydrogen bonding
303 -27.00 van der Waals forces
310 -26.17

intensity (area under curve). g,(\) is the extinction coef-
ficient of the acceptor at X. J(\) value could be evalu-
ated by integrating the overlap of absorption spectrum
of 7HC (acceptor) and fluorescence spectrum of insulin
(donor) in Fig. 7. The integration result for X\ = 290-350
nm wavelength range was 3.8807x10% Lmol'cm3nm*
according to Eq. 9. The obtained value of E by using
Eqg. 6 was 0.1598 at the equal concentrations of insulin
and 7HC. r and R were calculated as 4.17 and 3.16 nm
by using Eq. 7, respectively. In the calculation required
values used as k*> = 2/3, n = 1.336 and Q, = 0.14 for ty-
rosine [15]. The results showed that the donor-acceptor
distance (r) is less than 8 nm, the value is in the range
of 0.5R < r < 1.5 R, which suggests the non-radiative
energy transfer from insulin to 7HC. Also, r >R support
the presence of a static quenching [33].

Analytical results and determination of 7HC

The regular quenching of the intrinsic tyrosine emissi-
on of insulin with increase in 7HC concentration was
observed from fluorimetric titration which was carried
out at fixed insulin concentration by adding 7HC solu-
tions. The linear Stern-Volmer graph (F_ /F = 0.9688 +
4.108x10* [Q] with R=0.9947) was used determination
of 7HC in the presence of insulin at 296 K. 35b/m and

10Sb/m were used to obtain the LOD (limit of detection)
and LOQ (limit of quantification) values of 7HC, respec-
tively. m is the slope of the calibration graph and Sb is
the standard deviation of the intercept. N is the number
of replicate measurements [34]. The obtained results
(N=7) were listed in Table 4. The relative standard de-
viation (RSD) was obtained as 2.93% from replication of
guenching results of 7.97x10® M concentration of 7HC
(N=8) for the precision of the method.

Molecular Docking Studies

In this section, molecular docking method is employed
to predict the structure of the intermolecular comp-
lex formed between 7HC and insulin. The ligand, 7HC
was docked with insulin and the best docked pose in
all possible ten poses of 7HC is shown in Fig. 8. In the
docked complex, the 7HC has two hydrogen bonds ac-
ceptor interactions with the hydroxyl oxygen atom O1
of TYR19 of active site of insulin at distances 1.795 A.
and also with GLY1 residue of active site of insulin at
distance 2.447 A. The docked 7HC-insulin complex and
its docked interactions are shown in Fig. 8 and Table 5,
respectively.

It is evident that the complex is stabilized mostly due
to hydrogen bonds and van der Walls interactions. Doc-

Figure 6. The absorption spectra of (a) 5.0x10° M free 7HC, (b) 5.0x10°M free insulin, (c) 5.0x10® 7HC-5.0x10°® insulin system.



king score, docking interaction, binding and entropic
energies and solvent accessible surface area buried and
root mean square deviation values of 7HC compound
with insulin are exhibited at the end of the molecular
docking. The obtained binding energy and solvent ac-
cessible surface area (SASA) values (-12.845; 47.88, res-
pectively) of ligand show the affinity of ligand and how
well bonding was done with insulin as given in Table 6.

The docking results reveal that 7HC compound was
held in the binding site by various hydrogen bonds and
van der Waals interactions with bovine insulin. These
interactions are very important in enhancing binding
affinity and the biological activity of the compound. Ad-
ditionally, the lowest CDOCKER, CDOCKER interaction
energy values and negative binding and entropic ener-
gies support better docking complex of the 7HC. These
results may be help for related studies to evaluate its
advanced clinical studies.

CONCLUSION

The interaction of insulin hormone with umbellifero-
ne (7Hydroxycoumarin, 7HC) which is a coumarin de-
rivative was investigated with spectral and molecular
docking studies. Obtained results showed that 7HC
has strong ability to quench the tyrosine fluorescence
of insulin by static quenching process with formation a
ground state complex. Binding constants and binding
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site numbers and the effect of common metal ions on
these values were explored from the fluorescence data.
In the presence of AP, Ca?* and Cu? ions increase in
binding constants and n values were observed. One can
be concluded that these ions enhance the storage pe-
riod of 7HC in plasma and its maximum effects. On the
other hand the decrease in the binding constant in the
presence of Co?*, Zn?*, Pb** and Mn?* ions can be used to
easy decomposition of 7HC-insulin complex by compe-
titive binding of metal ions to insulin. The energy trans-
fer calculations performed based on the Forster theory
and r value was obtained as 4.17 nm which indicates the
non-radiative energy transfer from insulin to 7HC. For
determination of 7HC in the presence of insulin, LOD
and LOQ were calculated as 2.95x10°® M and 9.83x10°®
M 7HC in this method, respectively. The obtained nega-
tive AH° (-63.11 kJmol?) and AS° (-119.2 Jmol*K?) valu-
es mark that the hydrogen bonding and van der Waals
forces are dominant forces in stabilizing the complex.
The binding reaction was spontaneous and exothermic
process. According to molecular docking calculations,
the complex includes two hydrogen bonds with GLY1
and TYR19 residues of insulin. Binding energy, solvent
accessible surface area and root mean square deviation
were also obtained to be -12.845 kcalmol?, 47.88% and
0.00968, respectively. The binding of 7HC to insulin may
be provided by increased secretion of insulin and more
decreased blood glucose levels. Furthermore, the ob-

Figure 6. The absorption spectra of (a) 5.0x10° M free 7HC, (b) 5.0x10°M free insulin, (c) 5.0x10® 7HC-5.0x10® insulin system.
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Table 4. The analytical results for determination of 7HC in the presence insulin.

Dynamic range of 7HC (M)
Standard deviation of the intercept (Sb)
Limit of detection (LOD) (M)

Limit of quantification (LOQ) (M)

3.99x10°-35.4x10°
0.04037
2.95x10°
9.83x10°¢

Figure 8. Docked 3- and 2-dimensional interactions of 7HC compound to insulin.

tained experimental results have been confirmed with
molecular docking results which show that the compo-
und may act as an antidiabetic agent against insulin. In
addition, this study can be a guide to evaluate the in-
teraction behavior of a coumarin derivative and insulin
with experimental and computational applications.

References

1. M.A. Avery, C.S. Mizuno, A.G. Chittiboyina, T.W.Kurtz, H.A.
Pershadsingh, Type 2 diabetes and oral antihyperglycemic
drugs. Curr. Med. Chem. 15 (2008) 61-74.

2. R.J. Marles, N. Farnsworth, Antidiabetic plants and their
active constituents: An update, Prof. J. Bot. Med. 3 (1996)
85-135.

3. LW. Qi, E-H. Liu, C. Chu, Y-B. Peng, H.X. Cai, P. Li, Anti-
diabetic agents from natural products- An update from
2004 to 2009. Curr. Top. Med. Chem. 10 (2010) 434-457.

4. B. Ramesh, K.\V. Pugalendi, Antihyperglycemic effect of
umbelliferone in streptozotocin-diabetic rats, J. Med. Food
9 (2006) 562-566.

5. B.Ramesh, K.V. Pugalendi, Antioxidant role of umbelliferone
in STZ-diabetic rats. Life Scie. 79 (2006) 306-310.

6. E. GOkoglu, Investigation of binding properties of
umbelliferone (7hydroxycoumarin) to lysozyme. J. Fluoresc.
23 (2013) 333-338.

7. D.P. Yeggoni, M. Gokara, D.M. Manidhar, A. Rachamallu, S.
Nakka, C.S. Reddy, R. Subramanyam, Binding and molecular
dynamics studies of 7-hydroxycoumarin derivatives with
human serum albumin and its pharmacological importance.
Mol. Pharm. 11 (2014) 1117-1131.

10.

11.

12.

13.

14.

15.

16.

17.

C.S. Lino, M.L. Taveira, G.S.B. Viana, F.J.A. Matos, Analgesic
and antiinflammatory activities of Justicia pectoralis Jacq
and its main constituents: Coumarin and umbelliferone,
Phytother. Res. 11 (1997) 211-215.

K.N. Venugopala, V. Rashmi, B. Odhav, Review on natural
coumarin compunds for their pharmacological activity.
BioMed Res. Int. 2013 (2013) 1-14.

T. Sarwar, S.U. Rehman, M.A. Husain, H.M. Ishqi, M. Tabish,
Interaction of coumarin with calf thymus DNA: Deciphering
the mode of binding by in vitro studies, Int. J. Biol. Macromol.
73 (2015) 9-16.

Z. Yong, D. Yingjie, L. Ming, D.Q.M. Craig, L. Zhenggiang, A
spectroscopic investigation into the interaction between
bile salts and insilin in alkaline agueous solution, J. Colloid
Interface Sci. 337 (2009) 322-331.

D. Jacob, M.J. Taylor, P. Tomlins, T.S. Sahota, Synthesis
and identification of FITC-insulin conjugates produced
using human insulin and insulin analogues for biomedical
applications. J. Fluoresc. 26 (2016) 617-629.

I.B. Bekard, D.E. Dunstan, Tyrosine autofluorescence as a
measure of bovine insulin fibrillation, Biophys. J. 97 (2009)
2521-2531.

G. Hosseinzadeh, A. Maghari, A.A. Saboury, A.A. Moosavi-
Movahedi, Unfolding of insulin at the surface of ZnO
quantum dots, Int. J. Biol. Macromol. 86 (2016) 169-176.

J.R. Lakowicz, Principles of Fluorescence Spectroscopy
(2006) New York:Plenum.

Dassault Systemes Biovia, Discovery Studio Modeling
Environment Release 2017, Dassault Systemes, San Diego,
2016.

B.R. Brooks.; R.E. Bruccoleri, B.D. Olafson, D.J. States,
S. Swaminathan, M. Karplus, CHARMM: A program for
macromolecular energy, minimization, and dynamics
calculations, J. Comput. Chem. 4 (1983) 187-217.



Table 5. Interaction data between 7HC and insulin.

E. Gékoglu et al. / Hacettepe J. Biol. & Chem., 2023, (3), 297-307

Compound Bonding Bonding Types Distance (A) Interactions
H Bond Conventional H Bond 1.795 7HC:H18 - ATYR19:0H
7HC
H Bond Carbon H Bond 2.447 A:GLY1:HA1 -7HC:012

Table 6. Molecular docking score and energies of 7HC.

18.

19.

20.

21.

22.

23.

24.

25.

. Solvent
) Docking Score L . . Root Mean
Compound Docking Score Interaction Binding Energy Entropic Energy Accessible Square
Energy Energy (kcalmol-1) (kcalmol-1K-1) Surfalce Area Deviation
Buried %
7HC -9.687 -12.734 -12.845 -26.657 47.88 0.00968
C.G. Frankaer, S. Mossin, K. Stahl, P. Harris, Towards accurate 26. N. Shahabadi, A. Khorshidi, M. Mohammadpour,
structural characterization of metal centres in protein Investigation of the effects of Zn?, Ca?* and Na* ions on the
crystals: the structures of Ni and Cu T6 bovine insulin interaction between zonisamide and human serum albumin
derivatives, Acta Crystallogr. D 70 (2014) 110-122. (HSA) by spectroscopic methods, Spectrochim. Acta Part A,
Gaussian 09, Revision E.01, M.J. Frisch, G.W. Trucks, H.B. 122 (2014) 48-54.
Schlegel, G.E. Scuseria, M.A. Robb, J.R. Cheeseman, G. 27. |. Saha, J. Bhattacharyya, G.S. Kumar, Thermodynamic
Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. investigations of ligand-protein interactions: Binding of
Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, the phenazinium dyes phenosafranin and safranin O with
J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. human serum albumin, J. Chem. Thermodynamics 56 (2013)
Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. 114-122.
Honda, O. Kitao, H. Nakai, T. Vreven, J.A. Montgomery, Jr., 28. P.D. Ross, S. Subramanian, Thermodynamics of protein
J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, association reactions: Forces contributing to stability,
K.N. Kudin, V.N. Staroverov, R. Kobayashi, J. Normand, K. Biochemistry, 20 (1981) 3096-102.
Raghavachari, A. Rendell, J.C. Burant, S.S. lyengar, J. Tomasi, 29. A. Verdian-Doghaei, M.R. Housaindokht, Spectroscopic
M. Cossi, N. Rega, J.M. Millam, M. Klene, J. E. Knox, J.B. study of the interaction of insilin and its aptamer-sensitive
Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. optical detection of insulin, J. Lumin. 159 (2015) 1-8.
Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. 30. J. Han, H.Y. Zou, M.X. Gao, C.Z. Huang, A graphitic carbon
Ochterski, R.L. Martin, K. Morokuma, V. G. Zakrzewski, G.A. nitride based fluorescence resonance energy transfer
Voth, P. Salvador, J.J. Dannenberg, S. Dapprich, A.D. Daniels, detection of riboflavin, Talanta 148 (2016) 279-284.
O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski, D.J. Fox, 31. C-C. Chiou, S-W. Chen, J-D. Luo; Y-T. Chien, Monitoring
(2009) Gaussian, Inc., Wallingford CT. triplex DNA formation with fluorescence resonance
0. Nowacka, K. Milowska, M. Bryszewska, Interaction energy transfer between a fluorophore-labeled probe and
of PAMAM dendrimers with bovine insulin depends on intercalating dyes, Anal. Biochem. 416 (2011) 1-7.
nanoparticle end-groups, J. Lumin. 162 (2015) 87-91. 32. A. Sarkar, S.C. Bhattacharya, Selective fluorescence
M. Falconi, M. Bozzi, M. Paci, A. Raudino, R. Purrello, A. resonance energy transfer from serum albumins to a bio-
Cambria, M. Sette, M.T. Cambria, Spectroscopic and active 3-pyrazolyl-2-pyrazoline derivative: A spectroscopic
molecular dynamics simulation studies of the interaction of analysis. J. Lumin. 132 (2012) 2612-2618.
insulin with glucose, Int. J. Biol. Macromol. 29 (2001) 161-  33. N. Shahabadi, A. Khorshidi, N.H. Moghadam, Study on the
168. interaction of the epilepsy drug, zonisamide with human
H. Lin, R. Chen, X. Liu, F. Sheng, H. Zhang, Study on serum albumin (HSA) by spectroscopic and molecular
interaction of mangiferin to insilin and glucagon in ternary docking techniques. Spectrochim. Acta Part A 114 (2013)
system, Spectrochim. Acta Part A, 75 (2010) 1584-1591. 627-632.
W.M. Vaughan, G. Weber, Oxygen quenching of 34. C.Zhu, H. Zheng, D. Li, S. Li, J. Xu, Fluorescence quenching

pyrenebutyric acid fluorescence in water. A dynamic probe
of the microenvironment. Biochemistry 9 (1970) 464-473.
M. Toprak, B.M. Aydin, M. Arik, Y. Onganer, Fluorescence
qguenching of fluorescein by merocyanine 540 in liposomes,
J. Lumin. 131 (2011) 2286-2289.

B. Bakaeean, M. Kabiri, H. Iranfar, M.R. Saberi, J. Chamani,
Binding effect of common ions to human serum albumin
in the presence of norfloxacin: Investigation with
spectroscopic and zeta potential approaches, J. Solut. Chem.
41(2012) 1777-1801.

method for the determination of sodium dodecyl sulphate
with near-infrared hydrophobic dye in the presence of
Triton X-100. Spectrochim. Acta Part A 60 (2004) 3173-3179.

307



