[ Downloaded from system.khu.ac.ir on 2024-04-29 ]

[ DOR: 20.1001.1.24236330.1401.9.3.1.1]

[ DOI: 10.52547/nbr.9.3.153 ]

Research Article 93 dlio
Nova Biologica Reperta 9(3): 153-168 (2022) ) peke 5 (g8 sldasly

) _ OF-DIFA JNOF Slxio ¥ o lais A al>
Print ISSN: 2423-6330/0nline ISSN: 2476-7115 _

. S o9 oluils ol jlacs!
https://nbr.khu.ac.ir; Kharazmi University Press; DOI: 10.29252/nbr.9.3.153

wdinb (Gl g 3l oolisw! b (ludl oy (rrogdT b ol (i 9805 JiiSod yy axlla
g0 oSS g 5lwanl g

I (e . Yo .. Y Yo & - (- (&
@%Wg Gg.bw‘ oal)lg';)‘sab.ao‘ GS,L»A%.:,s‘_;ﬁ,,“LJS
(el Cun 09,57 10|l e ot (S pole oRiils ¢ g ls (50,5 laasy 35 e 1ol o oIS o 0SLEIS cdy j2 soundd 09,5
0aSLElS ¢ 29,0 oot 09,57 1yl S e (Kb pole oKy « IAE pole g 4dE5 0aSisls dis 09,5ty l eyl 5 55 ply olKtils (pole oaSiasls
Ol e Gupd (Sag pole olKuils cg5lwg o
soltanis@tbzmed.ac.ir . jlale acow :5L5 K Jgims

50! 31 el Lls 1 ciliises (slag o 5 Sl 5 5l g0l 0 4 Jlail (Ul a5l G35 Siaisn Grrres 3 Su bl e sl oSy
2 gL g)ls (2aSem el Coenl Bl Lag o SealusgSle)ls 5 StisS5Sheylb Slaogas g S5 lp mesdl b bag s wigs (SoSx 5l o
Oreling 930S Gloyd 5 (5N sl 45 sl 3l 5 el (29,1 JoSo Sy el 55 el IS I B glacdl L gyl (iSen s g g8 ig S5,
S 5 (5592l slogstg; 5l Sl s gl b sl s Jsge (iSan il aslllas (sl gy (al ) 0sdse Brae Yo
ot Sl o Grosdll g el S (iSen (53, SIS 5 0p5l w3 long s3> 5 ik sl glo PH dos 13l sl oad osliul JsSse
g0t ST 5 0392 3T (slog e S s Bae sl s cyraged] s sl cpsd s SiiSiad 45 ol L 225K il lalllae el o
5 3 slops i anl e 3 SIS jpao 50 a5 el (Jgol 1) FIPxY T 5\ Ll o e Jlail 5 Jlasl olSolr slass il (05541055
@ladsslse o8 el (s e o)l hlod salonissis a8 ol (l Sl Jolo b s oo (205 sl @y el sSi Jlail eoli LS pH
@l bl oo (Suiedsnied Alise sl o aelindsSi jpdo 5 5 RS0 el i 3 050 e iz oo Ll & ol s b

a3l dsde wilsi oo
Voo omelug o Joge 65le ands ol (g 0907 9)l0 GEISKe (298w Sl L gudS (sW0 19

Study of interaction between nicotinamide and human serum albumin
using spectroscopic techniques and molecular docking simulation

Golnaz Parvizi Fard', Lale Solouki?, Mostafa Zakariazadeh’, Hossein Haghaei* & Somaieh

Soltani®
"Department of Analytical Chemistry, Faculty of Chemistry, University of Tabriz, Tabriz, Iran; 2Drug Applied Research
Center, Tabriz University of Medical Sciences, Tabriz, Iran; *Department of Biology, Faculty of Sciences, Payame
Noor University, Tehran, Iran; “Department of Nutrition, Faculty of Nutrition and Food Sciences, Tabriz University of
Medical Sciences, Tabriz, Iran; *Department of Medicinal Chemistry, Faculty of Pharmacy, Tabriz University of
Medical Sciences, Tabriz, Iran
Correspondent author: Somaieh Soltani, soltanis@tbzmed.ac.ir

Abstract. Human serum albumin is one of the most important blood proteins that has the ability to bind a wide range of
compounds and different drugs. Hence, knowing how drugs bind to albumin is crucial to understand their
pharmacokinetics and pharmacodynamic properties. The binding of drugs to protein affects the drug's excretion,
distribution and interaction in the target tissues. Nicotinamide (NA) is a safe and inexpensive medical supplement that
used to prevent and treat vitamin B3 deficiency. In this research, the molecular mechanism of the interaction between
nicotinamide and human serum albumin was studied by the utilization of spectroscopic and molecular docking methods.
The effects of temperature, acidic/basic pHs, metal ions, urea, and glucose on the interaction between nicotinamide and
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human serum albumin were also investigated. The spectroscopic studies indicated that the interaction between
nicotinamide and human serum albumin is mainly controled by hydrophobic forces and the interaction is spontaneous.
The number of binding site and binding constant is 1 and 4.6x10* (L/mol), respectively, which were increased in the
presence of glucose. The presence of metallic ions and basic pH decreased the binding constant of nicotinamide to
albumin. The obtained results indicated that nicotinamide tend to binds to the similar sites wherever the molecules with
acidic moieties bind. The results could be helpful to interpret the mechanisms of actions of nicotinamide in the various

physiological phenomena in the human body.
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NA-HSA M}J Kq 9 st )JOLG.Q -\ Jju\?
Table 1. The Ky and K, values of HSA-NA interaction.

TK Kq Ksv )
& (10 2M 5 104 M) R
298 4/74 4/74 0/98
305 5/12 5/12 0/99
310 5/84 5/84 0/99
315 6/67 6/67 0/98

2 .
1.6 -
=
=
12
0.8 T T T T T 1
A 0 2 4 6 8 10
Q (M) x10°
0
-0.4 -
=
2= 0.8 -
g
-
1.2 -
—1-6 T T T T 1
-6.2 -6 -5.8 -5.6 -5.4 -5.2 -5 -4.8
B Log(Q)

2SO0 5 OV (BHF+0 (ANVA slalos 1o oo g B) ¢ joggy il (A) slologes —F S
Figure 4. The Stern-Volmer (A) and Hill (B) plots at 298(A), 305@B), 310(C) and 315(D) Kelvin.

NA-HSA M}J n 9 Kb )JOLﬂ.o -y Js»
Table 2. The Ky and n values of HSA-NA interaction.

Kb
TEK) n 105M) R?
298 0/99 0/46 0/98
305 1/03 0/74 0/99
310 1/09 1/69 0/98
315 1/14 3/56 0/99
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NA-HSA (15en s 00l dlone (Salizage s sloyial =¥ Jgux
Table 3. Calculated thermodynamic values of HSA-NA interaction.

TXK) (AH) (KJ.mol") AS) J.mol'K™) (AG) (KJ.mol™) R2
298 95/9 409/2 -26/2 0/96
305 95/9 409/2 -29/1 0/96
310 95/9 409/2 -31/1 0/96
315 95/9 409/2 -33/2 0/96

NA-HSA Sen 53 Kov 511 Ko polie o5l 5 55515 (538 slacyse PH b -F Jgazr
Table 4. The effect of pH, metal ions, glucose, and urea in Ky, n, and K, of HSA-NA interaction.

pH / ion / molecule Ksv Kby N
a04mM™ 105M™
5/5 3/74 1/170 1/09
7/4 4/74 0/460 0/99
8/0 2/89 0/290 1/00
Fe 0/60 0/003 0/76
Mn 1/56 0/105 0/97
Na 1/87 0/001 0/59
Zn 2/26 0/243 1/00
Cu 2/22 0/003 0/63
Ni 2/25 0/009 0/93
Glucose 2/19 10/010 1/33
Urea 3/08 12/450 1/47
b Nicotinamide === 20
HSA =—
0.008
é 0006 2
g T
0.002
0 0
300 320 340 360 380 400
A Wavelength (nm)
2500 3000 ' 1500 1?100
B Wavenumber (cm!)

e b (©) NA-HSA sLs «(b) NA (@) HSA (o lsges sl FTIR Glacals B) ( od> g 6,85 slocids  Sligeen (A) -0 S5

AR ‘;3,4

Figure 5. (A) The overlapped of emission and absorption spectra. (B) FTIR spectrum for HSA (), NA (b), HSA-NA

complex (¢) plots with 1:1 molar ration.
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Table 5. The values of inter molecular energy transfer parameters.

Complex J <105 cm3L mol™) E§) Ro(nm) ro(nm)
NA-HSA 7/75 0/135 1/60 2/18
100 — HSA
— HSA+NA (1 uM)
— HSA+NA (9 uM)
60
_g" 20 -
e
8 =20 +
-60
-100
195 205 215 225 235 245 255
Wavelength (nm)

Figure 6. The CD spectra of HSA (7.5 micromolar) and in the presence of 1 and 9 micromolar of NA.

NA jsa> 5 ole ;o HSA pgs Jsle 6;5 Ao, polie - Jeus
Table 6. Quantified percentage values of HSA secondary structure in the absent and presence of NA.

Secondary Stf““““’ of HSA (%) HSA + NA (1IpM) (%) | HSA +NA OuM) (%)
protein
a-Helix 50/40 28/40 25/60
[-sheet (parallel) 3/70 12/00 14/10
f-sheet (anti-parallel) 5/30 10/00 10/90
B-Turn 14/00 17/70 18/30
Random Coil 22/00 35/70 38/00
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(Alvarado et al., 2021
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site B ¢ site 1B

B mm crystal conformer of diclofenac
== docking conformer of diclofenac
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RMSD = 1724

site I1IA site IB

inles . SLdglSos ooy STo o,9ilS b ojllies S Jsle 5l5ee (B) Jlail slaoll> 0 NA jiiSen y g HSA soman [lsle (A) -V i
Jlasl ol ¥ o F-H) somans ioles g o3 KJ 5810 5 alwsas NA-HSA (1S (C-B) (gomgo
Figure 7. (A), Three-dimensional structure of HSA and interaction of NA at binding sites. (B), superimposition of

crystal and docked conformers of diclofenac. (C-E), two-dimensional representation of HSA-NA interaction by LigPlot

software and three dimensional (F-H) representation at three binding sites.

NA GHSA 0 6l - b piiSon 5 (559,00 Ngw 53 008 15 sboaslawl AG pslie =Y Jgux
Table 7. The values of AG, amino acids participate in H bonds and n-7 interaction between HSA and NA.

Binding Site AG (Kcal/mol) Hydrogen bonding n-m interaction
1A -6/1 Asn99 Phe70
A ~4/6 Cys246-Tyr148
A 55 Argd85-Arg348-Tyrdl1 Trp214-Tyrd11
1B -6/1 Leul35 Phel65-Tyr168-Tyr138
1B -5/1 Asp324 -
111B -5/3 Ser579-Lys525 Phe551
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