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Abstract: Proteins are the most abundant macromolecules in cells and are essential for maintaining 

normal cell activities. One of the most important components of plasma proteins is bovine serum 

albumin (BSA), which transports and metabolizes many endogenous and foreign chemicals. A novel 

and cost-effective Schiff base, derived from 2,4-dinitrophenyl hydrazine (L), was designed and 

synthesized. The synthesized molecular probe (L) was characterized using various spectroscopic 

techniques. The interaction between BSA and L was characterized using UV-Vis, fluorescence, 

dynamic light scattering (DLS), scanning electron microscopy (SEM), and differential scanning 

calorimetry (DSC). In phosphate buffer solution (pH = 7.4), BSA showed fluorescence maxima at 342 

nm. Quenching fluorescence was observed upon incremental addition of L. The quenching of the 

fluorescence emission is due to the formation of a complex between BSA and L. The binding interaction 

was calculated from fluorescence titration and found to be 7.257 × 108 M. A molecular docking 

experiment was performed to establish the interaction between BSA and L.  
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1. Introduction 

The most common protein in blood is serum albumin, which is the main element of 

blood plasma [1-2]. The 3D structure of Serum albumin consists of three similar domains (III, 

II, I), which are further separated into A and B sub-domains. Molecular forces like hydrogen 

bonds, interaction with electrostatic forces, and hydrophobic forces are situated on the various 

binding sites, contributing to serum albumin’s binding properties [3-4]. It primarily functions 

in the blood as a carrier for chemicals such as steroids, fatty acids, thyroid hormones, and other 

exogenous and endogenous compounds [5-7]. The primary structure of BSA consists of 17 

disulfide linkages, and free cysteine residues are present in 583 amino acid residues. The amino 

acids 6-105 are found in BSA subdomain IA, while amino acids 119-196 are found in 

subdomain IB [8-10]. Amino acids 197-291,314-481 and 511-583 are included in subdomains 

IIA, IIB, IIIA, and IIIB, respectively. Trp-134 in subdomain IB and Trp-212 in subdomain IIA 
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are the two tryptophan residues in BSA that act as intrinsic fluorophores [11-13]. BSA is used 

as a standard for protein due to its ability to increase signal in assays and its affordability and 

ease of mass production. Advantages of using BSA include serving as a blocking reagent in 

immunoassays, serving as a nutrient source in microbial cultures, serving as a carrier protein 

for conjugates, and serving as a protein supplement in cell culture media [14-16]. Due to the 

binding of ligands, the structure of the albumin changes due to hydrophobic contacts of the 

chromophore within the protein interior [17-19]. A fluorophore(tryptophan) could be present 

in the domain where the quencher can penetrate. BSA, Trp-214 trapped in the hydrophobic 

loop, and Trp-134 exposed to a hydrophilic environment (subdomain IIA of serum albumin) 

[20-21]. 

In numerous fields, including the quantitative, natural, and chemical sciences, Schiff 

bases constitute a significant class of the most frequently used organic molecules [22-23]. Due 

to their wide range of biological actions, including antimicrobial, antibacterial, anticonvulsant, 

antitubercular, chemotherapeutic, antioxidant, and insecticidal properties, Schiff bases have 

gained greater popularity in the medical and commercial fields [23-25]. The interaction of the 

Schiff base ligand can be studied using various methods, such as fluorescence, electrochemical, 

atomic absorption, voltammetry, and atomic emission spectroscopy [26-29]. The fluorescence 

method is mostly used for its high specificity, low cost, high sensitivity, simple operation, and 

quick response at low concentrations [30-33]. In both fundamental studies and practical 

applications involving organic molecules, the photophysical characteristics of the excited-state 

intramolecular electron-transfer mechanism in fluorescence spectroscopy have attracted 

significant interest [34-36]. 

Herein, we designed and synthesized a 2,4-dinitrophenylhydrazine-based Schiff base 

to study its interaction with BSA (Scheme 1). 2,4-dinitrophenylhydrazine is an important 

reagent in analytical chemistry and is used for the qualitative analysis of carbonyl groups. This 

2,4-dinitrophenylhydrazine-based optical sensor has attracted significant attention for its 

outstanding sensitivity and specificity, low detection limits, quick and simple manufacturing, 

low cost, and non-destructive properties. Due to the structural conjugation, catalytic 

characteristics, and inherent attributes, 2,4-Dinitrophenylhydrazine is sensitive and effective.  

 

Scheme 1. (E)-1-(4-chlorobenzylide)-2-(2,4-dinItrophenyl) hydrazine) (L) used for protein interactions. 

2. Materials and Methods 

2.1. Materials and equipment. 

All chemicals, such as 4-chlorobenzaldehyde, 2,4-dinitrophenyl hydrazine, DMSO, and 

BSA, were procured from Sigma-Aldrich and used without purification. The BSA stock 

solution was prepared by dissolving BSA in 10 mM phosphate buffer at pH 7. The stock 

solution was stored in the refrigerator (5º C) and used only for up to 3 days. 1H NMR (TMS as 

internal standard) and 13C NMR were recorded on an Agilent Technologies, Inc., CA, USA, 
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400 MHz instrument using DMSO-d6 as solvent. The UV-vis study was performed using a 

Toshvin 1900i LS-55 spectrofluorimeter over the wavelength range of 200-600 nm. The FTIR 

spectrum was recorded using a Bruker Alpha ECO-ATR instrument over a wide range of 

wavenumbers from 4000 to 400 cm-1. The UV-Vis study was performed using a Toshvin 1900i 

LS-55 spectrofluorimeter over the wavelength range of 200-600 nm. The fluorescence spectra 

are recorded using a Perkin-Elmer fluorescence spectrophotometer with a slit width of 5.0 nm 

and with a scan speed of 1200 nm min-1. The particle size and hydrodynamic diameter of BSA 

and its complex were measured using a Zetasizer device from Malvern Panalytical Ltd., Hyogo, 

Japan, model no. ZEN-3690. All the experiments are performed at ambient conditions. Doubly 

distilled, deionized water was used throughout the experiment where necessary.  

2.2. Synthesis and characterization. 

A hydrazine based Schiff based ligand (E)-1-(4-chlorobenzylide)-2-(2,4-dintrophenyl) 

hydrazine) (L) was designed and prepared by the 1:1 addition of 2,4-dinitrophenyl hydrazine 

and 4-chlorobenzaldehyde in DMSO, as previously reported (Scheme S1). The solution was 

stirred at room temperature for 20 hours, and an orange-red precipitate was obtained, which 

was filtered. The orange-red color precipitate was allowed to dry in the open air. The ligand 

was characterized by various spectral analyses. 1H NMR: (400 MHz, DMSO-d6) δ 11.71 (s, 

1H), 8.87 (d, J = 2.6 Hz, 1H), 8.71 (d, J = 5.1 Hz, 2H), 8.39 (dd, J = 9.6, 2.6 Hz, 1H), 8.12 (d, 

J = 9.6 Hz, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.83 (d, J = 8.5 Hz, 1H), 7.58 (t, J = 8.9 Hz, 2H); 13C 

NMR: (101 MHz, DMSO) δ 148.24, 144.63, 139.75, 136.62, 134.9, 130.22, 129.31, 129.18, 

123.18 and 117.04. IR: (KBr, cm-1):  3282 (W), 1601 (S), 1503 (S), 1322 (W), 1126 (S), 1079 

(S), 819 (S), 609 (S). Mass (ESI) found m/z: 286.07; Calculated exact mass for C13H12N2OS; 

245.0743.    

2.3. Protein binding studies. 

The interaction of BSA with the synthesized ligand L has been studied extensively 

using UV-visible and fluorescence spectroscopy. The BSA solution was prepared in phosphate 

buffer at pH 7, and the ligand solution was prepared in DMSO at a concentration of 10-4 M. 

The absorption study was carried out by adding the ligand incrementally to a fixed amount of 

BSA in Buffer. Further, the fluorescence quenching analysis (λex = 290 nm) was performed 

by gradually incorporating the ligand into BSA in Buffer solution. The fluorescence quenching 

mechanism can be explained by the Stern-Volmer equation. 
𝐹0

𝐹
= 1 + 𝐾𝑠𝑣[𝑄] …..(1) 

In the above equation, the emission intensity in the absence and presence of the 

quencher was defined by F0 and F, respectively. Ksv is the Stern-Volmer constant, and [Q] is 

the quencher concentration. 

3. Results and Discussion 

The molecular probe was designed based on previously reported procedures [37-38] 

and is shown in Scheme 1. The formation of the Schiff base and its structure were confirmed 

by analytical and spectroscopic techniques like 1H NMR, 13C NMR, and FTIR (Figure S1-S3). 

The binding interaction of the Schiff base with BSA was further investigated using various 

photophysical analyses, including UV-visible and Fluorescence emission spectroscopy. The 
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changes in BSA and its surface morphology in the presence of L were also investigated using 

scanning electron microscopy (SEM) and dynamic light scattering (DLS).  

3.1. Optimization of the geometry of L. 

The stability analysis of the L follows a methodology comparable to that outlined 

earlier, and the resulting outcomes include data on the HOMO-LUMO energy gap, UV-Vis 

absorption spectra, and related parameters [39-43]. The optimized geometries of the ligand L 

within the gas and solvent (DMSO) medium are depicted in Figures 1a and 1b. 

  
(a) (b) 

Figure 1. Optimized geometries of the ligand L (a) in gas phase; (b) in solvent (DMSO) medium. 

For the ligand L, a notable reduction in the HOMO-LUMO energy gap was observed, 

enhancing the favorability of electronic transitions. Notably, among the entries in Table 1, this 

ligand exhibited the smallest energy gap in the solvent medium. These findings are 

substantiated by TD-DFT calculations, revealing the most preferred electronic transition at 

423.09 nm for the L, as illustrated in Figures S3-S4. 

Table 1. HOMO and LUMO Energy Gap of L. 

 In the gas phase In the solvent phase (DMSO) 

HOMO 

  

LUMO 

  

Eh -6.679 -6.394 

El -3.417 -3.323 

ΔE 3.262 3.071 

3.2. UV-Vis absorption spectra. 

UV-Vis absorption analysis is a technique for examining the structural change and 

formation of a complex [44]. BSA exhibited absorption maxima at 276 nm. The absorption 

band at 276 nm appeared for BSA because of π→π* transition (Figure S4).  

 
Figure 2. UV-Vis spectra of BSA (4 µM, 3 mL, and phosphate buffer pH = 7.4) upon the addition of various 

concentrations of L in DMSO (10-6 M). 
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The addition of L to the BSA buffer solution causes a drastic shift in BSA's absorption 

band. The enhancement and raising of the new absorption band at a higher wavelength is due 

to the formation of a complex between BSA and L (Figure 2 and Figure S5). To find more 

information about the formation of complex, steady-state fluorescence emission, experiments 

have been carried out. 

3.3. Fluorescence emission studies. 

Fluorescence is a highly sensitive and precise technique for studying biological and 

other chemical systems. The BSA exhibited a strong emission peak at 342 nm when excited at 

290 nm (Figure 3a). The tryptophan residue in BSA caused a fluorescence peak at 342 nm 

(Figure S6). In the presence of L, the quenched fluorescence of BSA was observed. With the 

gradual addition of L, the fluorescence intensity of BSA at 342 nm decreased, accompanied by 

a blue shift from 342 nm to 331 nm (Figure S7-S8). The alteration in fluorescence intensity 

and the blue shift in wavelength provide evidence for a stable hydrophobic interaction between 

BSA and L. It forms a stable complex between L and BSA. The Stern-Volmer equation 1 was 

utilized to investigate the quenching of BSA's fluorescence in more detail [45-46]. After doing 

the Stern-Volmer plot F0/F vs [Q], the result was 6.745 × 106 M (Figure 3b, Table 2). 

Additionally, the steady-state fluorescence anisotropy experiment has been conducted in the 

presence and absence of BSA to obtain more information on the formation of the complex [47]. 

Table 2. Stern-Volmer constant and anisotropy of BSA with L. 

Complexa KSV (M) × 108 Anisotropy of BSAb 

BSA +L 7.257 0.164 

a = 4 μM BSA (3 mL) in 10mM in phosphate buffer, pH = 7.4; b = Anisotropy of BSA = 0.635. 

Equation 1 has been used to calculate the fluorescence anisotropy of BSA in both the 

presence and absence of L. The anisotropy values rise from 0.635 to 0.164 (Table 2) when 

different concentrations of L are added to BSA, indicating that interactions between the probes 

and BSA occurred. Increased anisotropy values validated the shape change of the BSA protein 

[48]. 

r = (IVV-GIVH/IVV+2GIVH)       (1) 

  
(a) (b) 

Figure 3. (a) Fluorescence spectral changes of BSA (4 µM, 3 mL, and phosphate buffer pH = 7.4) upon the 

addition of various concentrations of L in DMSO (10-6 M); (b) Stern-Volmer plot. 

3.4. DSC, DLS, and SEM studies. 

To find additional evidence for the interaction between BSA and L, various analyses, 

including dynamic light scattering (DLS), scanning electron microscopy (SEM), and 

differential scanning calorimetry (DSC), are performed. The DLS technique is used to 
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investigate the physical characteristics of the complex in solution, including polydispersity, 

hydrodynamic diameter, and aggregation behavior. Figure 4a illustrates the size distribution 

curve of BSA and BSA-L complexes in a buffer solution. Upon the addition of ligand to BSA, 

the aggregation and size distribution of the system change due to the formation of a complex 

between BSA and ligand. The PDI value also changed from 0.738 to 0.480. The lower PDI 

value (less than 1) and the correlation coefficient plot (Figure S8) indicate the highly 

monodisperse nature of BSA, whether in the absence or presence of L. The formation of L 

aggregates was facilitated by an increase in particle size from 72.93 nm to 222.1 nm. It reveals 

that the BSA unfolds in the presence of L. The surface morphology of the BSA in the absence 

and presence of L is recorded using SEM analysis (Figure 4b). The ligand in DMSO has distinct 

needle-like crystals of small size. In the presence of BSA, the ligand's morphology changes, 

and the needle-shaped crystallinity of L is lost. The needle-shaped crystallinity of L changed 

to a bulk-shaped agglomerated crystal in the presence of BSA. The change in morphology of 

the L in the presence of BSA indicates the hydrophobic interaction between BSA and L. The 

DSC analysis of BSA in the absence and presence of L is also performed to analyze their phase 

transition temperature. It was also used to investigate the denaturation temperature of BSA in 

the presence and absence of L. The flat baseline in the DSC curve indicates their great purity 

(Figure 4c). The increase in the endothermic temperature may indicate a hydrophobic 

interaction between L and BSA. 

  

(a) (b) 

 

(c) 

Figure 4. (a) DLS spectra of BSA and BSA + L complex; (b) SEM images of L and BSA + L complex; (c) 

DSC of BSA and BSA + L complex. 

3.5. Molecular docking analysis. 

A molecular docking analysis was performed to determine the interaction between L 

and the native protein [49]. The molecular probe L formed hydrogen bonds with Arg217 and 

Arg194 in BSA, while encountering three unfavorable interactions with Arg198, His241, and 

Arg217. These interactions resulted in an interaction energy of -8.8 kcal/mol (Figure 5). The 

interaction of various amino acid residues of BSA with L is shown in Table 3. 
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Figure 5. (a) 3D structure of BSA with L; (b) 2D structure of BSA (various amino acid residues) with L. 

Table 3. Interaction of L with amino acids of BSA. 

Molecular docking studies 

Ligands 
Docking Score 

(kcal/mol) 
Interactions 

L -8.8 

H-bonding Arg217, Arg194 

Other interactions 
Arg198, Leu237, Ile263, Leu259, 

Ile289, Ala290, Arg198, His241 

4. Conclusions 

Several spectroscopic methods were used to synthesize and characterize a novel 

successfully, cost-effective Schiff base compound L. Diverse spectroscopic methods were 

employed to investigate the interaction between L and BSA. The experiment demonstrated that 

the presence of L suppressed BSA's intrinsic fluorescence because a stable complex formed 

between the two. According to molecular docking studies, L and BSA bind to each other 

through hydrogen bonds and other non-covalent interactions.   
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Supplementary materials 

 

Figure S1. 1H-NMR spectra of L in DMSO-d6. 

 

Figure S2. 13C-NMR spectra of L in DMSO-d6. 
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Figure S3. FTIR spectra of L. 

 

Figure S4. UV-vis spectra of BSA. 
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Figure S5. UV-vis spectra of BSA+L. 

 

Figure S6. Fluorescence spectra of BSA. 
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Figure S7. Fluorescence spectra of BSA+L. 

 

Figure S8. Correlation Coefficient versus time plot for BSA in absence and presence of L. 
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