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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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OF V) VOTFA K o)les A als ¢ s pole o cns sloasily

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
3000 0.01
Nicotinamide ===
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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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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