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Abstract 

Amyloid fibrils are playing key role in the pathogenesis of various neurodegenerative 

diseases. Generally anionic molecules are known to induce amyloid fibril in several 

proteins. In this work, we have studied the effect of anionic food additive dye i.e., 

tartrazine (TZ) on the amyloid fibril formation of human serum albumins (HSA) and 

bovine serum albumin (BSA) at pHs 7.4 and 3.5. We have employed various biophysical 

methods like, turbidity measurements, Rayleigh light scattering (RLS), Dynamic light 

scattering (DLS), intrinsic fluorescence, Congo red assay, far-UV CD, transmission 

electron microscopy (TEM) and atomic force microscopy (AFM) to decipher the 

mechanism of TZ-induce amyloid fibril formation in both the serum albumins at pHs 7.4 

and 3.5. The obtained results suggest that both the albumins forms amyloid-like 

aggregates in the presence of 1.0 to 15.0 mM of TZ at pH 3.5, but no amyloid fibril were 

seen at pH 7.4. The possible cause of TZ-induced amyloid fibril formation is electrostatic 

and hydrophobic interaction because sulfate group of TZ may have interacted 

electrostatically with positively charged amino acids of the albumins at pH 3.5 and 

increased protein-protein and protein-TZ interactions leading to amyloid fibril formation. 

The TEM, RLS and DLS results are suggesting that BSA forms bigger size amyloids 

compared to HSA, may be due to high surface hydrophobicity of BSA.    
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1. Introduction 

Tartrazine (Trisodium 5- hydroxy-1-(4-sulfonatophenyl)-4-(4-sulfonato-phenyl azo)-

pyrazole-3-carboxylate); TZ is an anionic orange colored dye (Fig. 1A), highly soluble in 

water and extensively used in food products, drink, pharmaceuticals and cosmetics [1]. 

TZ is having N=N linkage with aromatic rings, and hazardous to human health. The 

maximum acceptable daily intake (ADI) of TZ is recommended to a person is ~7.5 mg/kg 

body weight [2]. The toxicological concerns of TZ are important and needed high-quality 

research. Several discrepancies were already found regarding TZ toxicology. In some 

reports, it has been seen that TZ is showing toxic effects while in other reports TZ is not 

toxic [3,4]. Recently, it is discovered that low as well as a high concentration of TZ, is 

altering the function of important biological markers of essential organs such as kidney 

and liver [5]. It is also known to affect the learning memory functions and reproductive 

functions of Swiss albino mice [6,7]. The toxicological study of TZ is critical because it 

is used in a wide verity of food products. In this regard, it will be interesting to see the 

effect of TZ on proteins structure and function. Earlier, it has been seen that the TZ is 

altering the secondary structure of human and bovine serum albumin at neutral pH [8].  

TZ salt yields four ionic states in solution; H
5
L

+
 (pH<3), H

2
L

2-
 (pH 3 to 4), HL

3-
 (pH 4 to 

6.5) and L
4-

 (pH 7 to10). H
5
L

+
, H

2
L

2-
, HL

3-
, L

4-
 exhibited the absorbance maxima at 440 

nm, 430 nm, 420 nm and 400 nm respectively. The pKa1 and pKa2 values are 5.15.and 

9.25 respectively [9]. Thus, TZ remains in a protonated state at pH 3.5, while 

deprotonated state at pH 7. TZ has high binding affinity to bovine serum albumin (BSA) 

compared to human serum albumin (HSA) investigated by isothermal titration 

calorimetry at pH 7.4 [10]. It has also been found that the small molecules are modulating 
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amyloid fibril formation in many proteins at physiological and acidic pH [11,12]. 

Amyloid fibrils are toxic to the cells and causing various neurodegenerative diseases in 

humans [13,14]. The amyloid fibrils are a long unbranched polymer of protein monomer; 

the size of amyloid fibril is found typically 10 nm in diameter to micrometer [15]. 

Amyloid fibrils are well-organized and insoluble proteins, possessing cross β-sheet 

structure and showing high ThT dye binding [16]. The mechanism of amyloid fibril 

formation is still not understood. Several works have been done to find out the 

mechanism of amyloid fibril formation in proteins under in-vitro condition [17,18].  

Serum albumin is a cargo protein, most abundantly found in blood plasma and 

carried out several physiological functions including transportation and deposition of 

ligands [19]. HSA and BSA are multifunctional proteins in plasma and share almost 76% 

sequence homology [20]. They contain two primary ligand binding sites, i.e. Sudlow site 

I and II. The Sudlow site I, is located in subdomain IIA and site II is located in 

subdomain IIIA [21]. Tryptophan residues are primary fluorophores in proteins. HSA 

contains one Trp-residue at 214 positions in subdomain IIA, and BSA contains two Trp-

residues at positions 134 and 212. The Trp-134 of BSA was found on the surface of the 

first domain, and Trp-212 was located in the hydrophobic pocket of the second domain 

[22]. BSA is relatively more hydrophobic compared to HSA. Total hydrophobic residues 

on the surface of the serum albumins are highlighted in red color shown in Fig. 1.  

Serum albumins are a model protein to study the mechanism of amyloid fibril 

formation under in-vitro conditions [23,24]. It is reported that HSA and BSA form 

amyloid fibrils in the presence of three different anionic surfactants at low pH [25].  
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Previously, we have seen the effect sodium dodecyl sulphate (SDS) on lysozyme 

at physiological pH and found that SDS is promoting amyloid-like fibril formation [26]. 

SDS is similar to TZ because both the molecules contain negatively charged sulphate 

group and hydrophobic chain on the other side. It will be interesting to see the effect of 

TZ on serum albumin at both physiological as well as low pH conditions. The serum 

albumins were found in cationic states at low pH and anionic state at neutral pH.  It is 

vastly reported that lots of proteins are found in cationic state under in-vivo conditions so 

TZ can affect the important function of cationic proteins. In this work, we have studied 

the effect of a TZ on amyloid induction of two proteins; HSA and BSA, at two specific 

pHs 3.5 and 7.4. The study also includes the differences of HSA and BSA in amyloid 

formation with TZ. 

2. Experimental 

2.1. Materials. 

Human, Bovine serum albumin, Tris-HCl, TZ and Sodium Acetate were purchased from 

Sigma Chemicals Co. (St. Louis, MO, USA). All other reagents and chemicals were used 

to very high-quality analytical grade. Milli-Q water has been used although for preparing 

buffers. 

2.2. Methods 

2.2.1. Stocks of human and bovine serum albumin preparation 

The human and bovine serum albumin was dissolved in 20 mM, Tris-HCl buffer pH 7.4. 

The concentrations of human and bovine serum albumins were quantified by taking 

optical density at 280 nm by a spectrophotometer. The molar absorption coefficient of 
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human and bovine serum albumin was taken at 280 nm is 35700 and 43827 M
-1

 cm
-1

 

respectively [25]. 

2.2.2. pH measurements 

The pH of solution, 20 mM of Tris-HCl for pH 7.4 and sodium acetate for pH 3.5 was 

measured by the Mettler Toledo pH meter. Before experiments, all the buffer solutions 

were filtered through PVDF 0.25 mm syringe filter from Millipore Milex-HV. 

2.2.3. Turbidity measurements 

 The turbidity of the solution was measured by Perkin-Elmer double beam UV-Vis 

spectrophotometer by measuring turbidity at 650 nm. The human and bovine serum 

albumin concentrations were fixed 0.2 mg ml
-1

 in all the samples. The concentrations of 

TZ were taken from 0 to 20 mM. The turbidity study was conducted at two different pH 

(7.4 and 3.5). Before measurements, all the samples containing human and bovine serum 

albumin with and without TZ were incubated overnight. 

2.2.4. Rayleigh light scattering measurements (RLS) 

 RLS study was performed to characterize the TZ-induced aggregation in human and 

bovine serum albumins at two different pHs (7.4 and 3.5). The Jasco FP-750 

spectrofluorometer was used to do all the RLS experiments at room temperature with 1.0 

cm path length cuvette. Both the albumins were incubated with different concentrations 

of TZ (0-20 mM) at two different pH, 7.4 and 3.5. Both albumins samples were excited at 

650 nm and emission was taken at the same wavelength. The excitation and emission slit 

widths were set at 5.0 nm in all the measurements. In RLS measurements, we used 0.05 

mg ml
-1

 of albumins concentrations at both the pHs because the light scattering cannot be 

measure beyond the value of 1000 a.u.  
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2.2.5. Dynamic Light Scattering (DLS) 

 DLS measures the change in hydrodynamic radii of human and bovine serum albumin 

with response to TZ. The concentrations of serum albumins and TZ were taken 1.0 mg 

ml
-1

 and 5.0 mM respectively. DLS study was done on a DynaPro-TC-04 dynamic light 

scattering instrument (Protein Solutions, Wyatt Technology, Santa Barbara, CA) 

equipped with a temperature-controlled micro-sampler. Every solution was filtered 

through a Millipore filter with 0.22 μm pore size. The hydrodynamic radii (Rh) and 

polydispersity (Pd) were calculated by translational diffusion coefficient from the 

Stokes–Einstein equation [27]: 

𝑅ℎ =
𝑘𝑇

6𝜋𝜂𝐷
 

 

Where hydrodynamic radii are denoted as Rh, k is the Boltzmann’s constant, T is the 

absolute temperature (K), η is the viscosity of buffer and D is the translational diffusion 

coefficient. 

2.2.6. Time-dependent kinetics of TZ-induced aggregation  

Kinetics study was carried out on Hitachi F7000 spectrofluorometer at room temperature 

in the cuvette of 3 ml with 1 cm path length. The serum albumins (HSA and BSA) 

samples with and without TZ were excited at 650 nm and emission was taken at the 650 

nm with respect time in seconds. The excitation and emission slit width were fixed 5 nm 

and albumin concentrations was taken 0.2 mg ml
-1

 in all the samples. The kinetics study 

was performed at both pHs (7.4 and 3.5). 
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2.2.7. Steady-state fluorescence measurements 

 Before steady-state fluorescence study, the TZ-induced-amyloid fibril of serum albumins 

(HSA and BSA) was centrifuged two times at 5000 RPM for 5 minutes to remove the 

excess dye from the samples. The centrifugation and washing was done to nullified the 

inner filter effects. Jasco FP-750 spectrofluorometer was used to do the intrinsic 

fluorescence studies of washed samples. An intrinsic fluorescence study was done at 

room temperature in a 1 cm path length cuvette. In intrinsic fluorescence measurements, 

the HSA and BSA alone and in the presence of TZ samples were excited at 295 nm and 

emissions was taken in the range of 300 to 400 nm. The serum albumin concentrations 

(0.2 mg ml
-1

) was taken in all the measurements. The excitation and emission slit width 

were set 5 nm. All the samples were incubated overnight prior intrinsic fluorescence 

measurements.   

2.2.8. Congo Red (CR) binding 

 CR dye was dissolved in Milli-Q water and then filtered through 0.2 μ Millipore syringe 

filter. The concentration of freshly prepared CR was estimated by spectrophotometrically 

by taking extinction coefficient 45000 M
-1

 cm
-1

 at 498 nm. TZ-induced aggregated 

samples were centrifuged two times at 5000 RPM for 5 minutes to remove the dye. The 

aggregated and non-aggregated samples were incubated with CR (5.0 μM) for 30 minutes 

in the dark. The concentrations of serum albumins were fixed 0.2 mg ml
-1

 and different 

concentrations of TZ were taken. CR binding study was performed on a Perkin-Elmer 

double beam UV-Vis spectrophotometer and absorbance was taken in the range of 400-

800 nm. 
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2.2.9. Far-UV CD measurements 

 Far-UV CD measured the change in secondary structure of proteins. The Applied 

Photophysics, Chirascan-Plus, UK spectropolarimeter attached with Peltier and water 

circulator was used to see the change in secondary structural of serum (HSA and BSA) 

proteins. Far-UV CD spectra of all the samples were acquired in the range of 200-250 

nm. The serum albumins (0.2 mg ml
-1

) were incubated with different concentrations of 

TZ for overnight. The incubated samples were centrifuged two times at 5000 RPM for 5 

minutes, and then supernatant was discared and precipitates was redissolve in respective 

buffer. The centrifugation was done to remove excess dye. Aggregated and non-

aggregated samples were scanned three times, and average spectra were taken. The 

averaged spectra were smoothed by the Savitzky–Golay method. 

2.2.10. Transmission electron microscopy (TEM) 

 TEM was performed to identify the morphology of TZ-induced aggregates of serum 

albumins. JEOL transmission electron microscope operating at an accelerating voltage of 

200 kV was used to capture the morphology of aggregates. The 6.0 μl of aggregated 

samples were taken and applied to on 200-mesh, copper grid covered by the carbon 

stabilized the formvar film. After a few minutes, the grid was further negatively stained 

with 2% (w/v) uranyl acetate and leave for dryness. The albumin concentrations were 

fixed 0.2 mg ml
-1

 in all the samples. The images were viewed at high resolution.  

2.2.11. Atomic force microscopy (AFM) 

HSA and BSA (0.2 mg. ml
-1

) were treated with TZ (5.0 mM) and leave for 12 h 

incubation at room temperature in 20 mM sodium acetate buffer, pH 3.5. After incubation 

10 μl of the aggregated samples were taken and diluted almost 50 times. Diluted samples 
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were poured on freshly cleaved mica and incubated for 5 minutes. The mica was rinsed 

with Milli-Q water and then leaves for one day for dryness. The dried mica was 

visualized on Bioscope Catlyst AFM (Bruker, USA) in the tapping mode. The captured 

images were processed for publication by using Nanoscope Analysis v.1.4.  

3. Results 

3.1. Turbidity at 650 nm Measurements 

Turbidity measurements were employed to detect the TZ-induced aggregation in HSA 

and BSA protein at pH 3.5 and 7.4. The aggregated protein showed high turbidity in the 

wavelength range of 350-650 nm [28]. The turbidity of the HSA and BSA with and 

without TZ was measured at pH 3.5 and 7.4 (fig 2A). The turbidity was measured at 650 

nm because TZ absorbance is almost zero at this wavelength [29]. Below 1.0 mM of TZ, 

the albumins didn't show any turbidity. However, in the presence of higher concentrations 

(beyond 1.0 mM) of TZ progressive increase in turbidity was recorded up to 15.0 mM at 

pH 3.5. However, no turbidity was seen in a sample (HSA and BSA with TZ) at pH 7.4. 

3.2. Rayleigh light scattering (RLS) measurements 

RLS is a very sensitive spectrofluorimetric technique used to observe the aggregation by 

scattering at 650 nm. The role of TZ was seen on aggregation of HSA and BSA at two 

pHs (7.4 and 3.5) shown (Fig. 2B). The scattering profile of HSA and BSA with 1.0 to 

15.0 mM TZ showed high scattering at pH 3.5, with higher scattering in the case of BSA 

and lower in the case of HSA. Albumins with below 1.0 mM TZ couldn't found to induce 

any scattering at 650 nm. Only base line changes observed in scattering of HSA and BSA 

with or without TZ at pH 7.4. The turbidity and RLS results suggest that the albumins 

aggregate in the presence of >1.0mM TZ at pH 3.5 , but no change observes at pH 7.4.   
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3.3. Dynamic Light Scattering (DLS) 

 The DLS experiments were carried out to characterize hydrodynamic radii of HSA and 

BSA with or without 5.0 mM TZ at pH 7.4 and 3.5 respectively, and shown in fig 3 and 

table 1. It is a known fact that small molecules or ligands can affect the hydrodynamic 

radii of proteins [30]. The hydrodynamic radii of the HSA and BSA at pH 7.4 were 

found around 3.5 (fig. 3A) and 3.7 nm (fig. 3B) respectively, which is very similar to 

already published work [31]. However, the hydrodynamic radii and polydispersity of 

albumins were increased at pH 3.5, from 3.5 nm to 4.1nm (fig. 3C) in case of HSA and 

3.7 nm to 4.7 nm (fig. 3D) in case of BSA. This may happen possibly due to partial 

unfolding of albumins. After incubation with 5.0 mM of TZ, the hydrodynamic radii as 

well as the polydispersity of HSA (fig. 3E) and BSA (fig. 3F) have increased shown in 

table 1. The DLS results further confirm that the TZ is inducing bigger size aggregates in 

the albumins at pH 3.5. 

3.4. Kinetics of TZ induced human and bovine serum albumin aggregation 

We have investigated the effect of different concentrations of TZ on HSA and BSA 

kinetic fibrillation at pH 3.5 with RLS, by scattering at 650nm (Fig. 4). The kinetics 

study was done at six different conditions mentioned in Fig. 4 inset. No change in 

scattering at 650 nm was observed in the absence of TZ., but in the presence of TZ it 

was found huge scattering without any lag phase. Irrespective to conditions, TZ-induced 

aggregation was very fast and saturation achieved within 10 seconds.  Although, 

intensity of scattering has increased with TZ concentration. Similar kind of rapid 

kinetics of aggregation has been reported in case of serum albumins and anionic 

surfactant interaction at low pH [25].  
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3.5. Intrinsic Fluorescence 

We have performed intrinsic fluorescence measurements of albumins in the presence and 

absence of TZ at pH 3.5 (fig.5). HSA and BSA in the absence of TZ showed maximum 

fluorescence intensity (FI) at 335 and 340 nm respectively after excitation at 280 nm. 

After incubation with different concentrations (3.0, 5.0, 7.0 and 10.0 mM) of TZ, the FI 

was found to increase with a blue shift in wavelength maximum from 335 to 320 nm in 

case of HSA and 340 nm to 322 nm in case of BSA. The saturation achieved even at the 

lowest concentration of TZ (3.0 mM). No further investigation has been done below 3.0 

mM of TZ. The blue shift of fluorescence spectra is a sign of the movement of intrinsic 

fluorophores; like tryptophan, towards more hydrophobic environment. It may have 

happened due to the formation of inter-molecular hydrophobic cluster during aggregation 

of the albumins [32].  

3.6. Congo Red Study 

 Congo red is a dye used in detection of amyloid fibrils in solutions and tissues. Congo 

red binds with amyloid fibrils and showing a red-shift in absorbance maximum [33,34]. 

A Congo red dye binding study was performed with albumins and TZ at pH 3.5, as 

shown in Fig. 6. In the absence of TZ, albumins show absorbance maximum around 498 

nm with congo red. The absorbance maximum of the HSA and BSA were red-shifted 

512 nm and 516 nm respectively, when it was incubated with 5.0 mM TZ at pH 3.5. No 

further change has been observed in the presence of 5.0 mM TZ. The red-shift in the 

absorbance maximum of the HSA and BSA  in the presence of TZ may happened due to 

amyloid-like aggregates [35].  

3.7. Circular dichroism measurements 
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 To gain insight into the secondary structural modifications upon formation of amyloid-

like aggregates, we performed far-UV CD experiments. It is vastly reported that any 

protein whether it contains α, β and random coil as a secondary structure they turn into 

cross β structure when it form amyloid-like fibrils [36,37]. Far-UV CD spectra of HSA 

and BSA (Fig. 7) were observed in the absence and presence of TZ at pH 3.5. In the 

absence of TZ, far-UV CD spectra of human and bovine serum albumins show two 

minima, one at 208 and another at 222 nm; a unique feature of α-helical proteins [37]. 

But, in the presence of TZ, a single minima was observed at 225 nm. This resembles the 

cross β-sheet structure of proteins that shows a single minimum around 225-230 nm 

[38]. The ellipticity of HSA and BSA spectra was also decreased in the presence of 

different concentrations of TZ. Similar far-UV CD spectra have been observed in 

hyperthermophile proteins in the presence of  SDS at acidic pH [39]. A change in 

percent secondary structure of HSA and BSA with response to TZ are shown in table 2.  

3.8. Morphology of TZ-induced serum albumins aggregates 

 The morphology of TZ-induced aggregates of the HSA and BSA was examined by 

transmission electron microscopy (TEM). TEM is used to categorize the morphology of 

aggregates, whether it contains amyloid-like or amorphous aggregates. The shape and 

size of amyloid fibrils varied depending on the protein and in-vitro factors [40]. TEM 

images of HSA and BSA in the presence of 5.0 mM TZ at pH 3.5 are shown in Fig. 8. It 

can be seen from the figure both the proteins (HSA and BSA) are formed amyloid-like 

aggregates in the presence of TZ. The size of BSA fibrils is found bigger than the size of 

HSA fibrils. Our all results confirmed that TZ-induced HSA and BSA aggregates show 

amyloid-like morphology. 
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3.9. Morphology of TZ-induced HSA and BSA aggregates was evaluated by AFM 

The morphology of HSA and BSA aggregates was further analyzed by using atomic force 

microscopy (AFM) and results are summarizing in Fig. 9A (HSA) and 9B (BSA). HSA 

and BSA both form long and straight fibril in presence of 5.0 mM TZ at pH 3.5. From the 

figure 9A and B, it was seen that BSA form dense fibril compared to HSA. AFM results 

is also supported that TZ-induced aggregates have amyloid-like morphology.  

4. DISCUSSION 

The anionic molecules are known to promote amyloid fibril formation in many proteins 

[39,41,42]. However, the mechanisms of amyloid fibril formation by anionic molecules 

are not clearly understood. Previously, we have reported that the negatively charged 

surfactant (sodium dodecyl sulfate; SDS) induces amyloid fibril in 25 types of mesophilic 

proteins via electrostatic and hydrophobic interactions [43]. In this study, our primary 

goal is to decipher the mechanism of TZ-induced amyloid fibril formation in serum 

albumins. The isoelectric point (pIs) of human and bovine serum albumins is lying in 

between 5.67 to 5.65, below this pH both the albumins have a total net positive charge 

HSA (80.7) and BSA (79.2) as calculated by PROTEIN CALCULATOR v3.3 software 

[42]. The N state of HSA possesses ~58% alpha helix, while the F state possesses ~46%. 

The loss of secondary and tertiary structures may be attributed by the loss of domain III 

of the proteins [44]. F state is partially unfolded that may push some hydrophobic clusters 

of albumins towards the solvent. The partially unfolded states of proteins are more prone 

to form amyloid like aggregates [45]. Furthermore, all the selected albumins exhibit a net 

positive charge at pH 3.5 (pI B 5.5). We have used various biophysical techniques to test 

the mechanism of TZ-induced aggregation. The Turbidity and RLS results indicate that 
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both the serum albumins become aggregated beyond 1.0 mM of TZ concentrations at pH 

3.5. The protonated salt state of TZ (H2L
2-

) possesses at least three negatively charged 

functional groups (two -SO
3-

 and one -COO
-
) that may act like hooks between protonated 

amino acid residues of albumins at pH 3.5, and may have formed a salt bridge among the 

aggregating monomers [9]. This could have given larger accessibility of the solvent 

accessible hydrophobic moieties of albumins, due to unfolding of domain III, to form 

inter-molecular hydrophobic interaction that ends in aggregation. In short, both 

electrostatic and hydrophobic interaction may have played role in TZ-induced 

aggregation. In contrary, at pH 7.0, the deprotonated and fully folded albumins couldn't 

be able to interact enough with negatively charged TZ to result in any polymerization. 

Turbidity and RLS were also found high due to electrostatic and hydrophobic interaction 

between lysozyme and SDS below pH 11.0 [46,26]. The hydrodynamic radii of both the 

serum albumin were also measured in the absence and presence of TZ at low pH. It has 

been seen that the hydrodynamic radii of BSA increased at 65 
o
C and in the presence of 

1.0 M, L-Arg at 14 hours [47]. In our case, we also found increased in hydrodynamic 

radii of the HSA and BSA when albumins were exposed to 5.0 mM of TZ at pH 3.5. The 

hydrodynamic radii results confirmed that TZ binds via ionic interaction with both the 

serum albumins and forming a bigger size aggregates that could be amyloid fibril. 

Further, we have also seen the kinetics of TZ-induced aggregates in both the albumins at 

pH 3.5. TZ-induced aggregation is also supported by the fact that seeding of preformed 

aggregates does not need for the fibrillation process [48]. The RLS was found more in 

both the albumin when higher concentrations of TZ were added. Similar kind of kinetics 

was also found when Aβ2M protein was incubated with 0.5 and 1.0 mM of anionic 
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surfactant i.e. SDS, no lag phase was detected, and equilibrium reached after 120 hours 

incubation [49]. Intrinsic fluorescence results also indicate that both the albumins 

wavelength maximum was found blue shifted in the presence of higher concentrations of 

TZ. Further, TZ induced aggregate morphology was also detected by Congo red dye 

binding, TEM and AFM. It has been found that the Congo red has a high affinity to the 

parallel, anti parallel and cross β-sheet structures of amyloid fibril [50]. Congo red dye 

binds with TZ-induced aggregates and shift in the absorbance maximum towards higher 

wavelength. Congo red binding results confirmed that TZ-induced aggregates have 

amyloid-like aggregates. The TEM and AFM results are also confirmed that TZ-induced 

aggregates have well organized amyloid-like aggregates. This is good agreement with 

earlier published reports, the 5.0 mM of negatively charged phospholipid, di hexanoyl 

phosphatidylserine (DHPS) induced amyloid fibril in apoC-II protein confirmed by TEM 

[51]. Far-UV CD also monitored the secondary structural level transition. The far- V CD 

spectra of both the albumins at p   .5, display native-like α- heli . The minima at 20  

and 222 nm of both the albumins shifted into single minimum in the range of   225-230 

nm in the presence of various concentrations (2.0, 5.0 and 10.0 mM) of TZ. The minima 

at 225 and 2 0 nm is not a characteristic feature of β- sheet protein, but it could be the 

minima of the cross- β sheet structure. This is widely reported that the amyloid fibril 

contains cross β-sheet structure. A similar kind of secondary structural minima shift was 

also noticed in β-sheet protein (Con A) when it was incubated with very low 

concentrations of cationic surfactant (cetyltrimethylammonium bromide) at physiological 

pH [52]. 
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4.1. Differences were noticed among human and bovine serum albumin in response to TZ 

 Both the serum albumins are similar in structure, but have minute differences in 

structural stability. The human serum albumin was found thermally more stable 

compared to bovine serum albumin confirmed by differential scanning calorimetry [53]. 

Previously, we have also characterized the comparative stability of both serum albumin 

and found that the BSA is less stable than HSA because BSA contains two tryptophan 

residues at 134 and 212 position [54]. The charges of the BSA is almost same as the 

charges of HSA at pH 3.5, but BSA has more surface hydrophobicity compared to HSA 

[55]. In this study, we found that TZ is inducing bigger size aggregates in BSA compared 

to HSA, which is confirmed by turbidity, RLS and DLS measurements. The possible 

cause of larger size aggregate formation in the BSA is surface hydrophobicity not to the 

net positive charges. It is good agreements with earlier reports; they claimed that protein 

aromatic residues are playing essential role in amyloid fibril formation
 
[56].  

The TZ-induced aggregation and its mechanism of are summarized in Fig. 10. 

Both the serum albumins contain several positively charged, negatively charged and 

hydrophobic amino acids. The amino group (-NH2) of all the positively charged amino 

acids are protonated at pH 3.5 because pI of both the albumins are found around 5.7. It 

is well established that protein acquires a total net positive charge when it was 

incubated at pH below two units of the pI and negatively charged residues are 

uncharged. The negatively charged sulfate group of TZ dye interacted electrostatically 

with protonated positively charged amino acids and inducing amyloid fibril in both the 

albumins. However, at pH 7.4, strong electrostatic repulsion was found between both 

the albumins and negatively charged TZ dye because both the albumins are negatively 
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charged at pH 7.4. Overall our results suggest that the electrostatic and hydrophobic 

interactions are playing very crucial role in the TZ-induced aggregation process.   

5. Conclusion 

In this work, our results show that the anionic food additive dye i.e., TZ-induce 

amyloid-like fibril in HSA and BSA at pH 3.5.  The TZ-induced aggregates have a 

cross β-sheet structure, confirmed by far-UV CD experiments. The TZ is inducing 

bigger size aggregates in BSA compared to an HSA. These results are indicating that 

the electrostatic and hydrophobic interaction are key player in the TZ-induced 

aggregation. Probably, TZ has the potential to induce amyloid fibril in any protein that 

is positively charged.  
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Figure and Legends: 

Fig. 1A: Molecular structure of TZ. Crystal structure of HSA and BSA and hydrophobic 

amino acids distributions from highlighted in red color. 

Fig. 2. Turbidity measurements: The effect of increasing concentrations of TZ on human 

and bovine serum albumin at pH 3.5 (-■-), (-▲-) and 7.4 (-●-), (-▼-) was seen and 

plotted in fig. 2A.  RLS data: Light Scattering at 650 nm of human and bovine serum 

albumin was plotted with increasing concentrations of TZ at pH 3.5(-■-), (-▲-) and 7.4 (-

●-), (-▼-) shown in fig. 2B. The samples were excited at 650 nm and emission was taken 

at 650 nm. The albumins concentrations were taken 0.2 mg ml
-1

 in both (Turbidity and 

RLS) the measurements. 

Fig. 3. The hydrodynamic radii of TZ-induced aggregates were measured by DLS:  The 

hydrodynamic radii of human serum albumin at pH 7.4 (A), pH 3.5 (B) and in the 

presence of 5.0 mM TZ at pH 3.5 (E) are shown. The hydrodynamic radii of BSA at pH 

7.4 (C), pH 3.5 (D) and presence of 5.0 mM TZ at pH 3.5 (F). The HSA and BSA 

concentrations were taken 1.0 mg ml
-1

.  

Fig. 4. Kinetics of TZ-induced aggregation: Time evolution of light scattering at 650 nm 

of HSA and BSA in the presence and absence of TZ at pH 3.5 and 7.4. The HSA and 

BSA concentrations were fixed 0.2 mg ml
-1

 and TZ concentrations were varied.  

Fig. 5. Intrinsic fluorescence emission spectra of HSA and BSA without TZ (-■-) and 

with different concentrations of 3.0 mM (-●-), 5.0 mM (-▲-), 7.0 mM (-▼-) and 10.0 

mM (-♦-) of TZ.  The HSA and BSA concentration was fixed 0.2 mg ml
-1

 in all intrinsic 

fluorescence measurements.  
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Fig. 6. Absorption spectra of HSA and BSA with Congo red at pH 3.5 (-■-) were plotted 

and in the presence of different concentrations 5.0 mM (-▲-), and 10.0 mM (-♦-) of TZ. 

In CR binding measurements albumins and Congo red concentrations were taken 0.2 mg 

ml
-1

 and 5.0 μM respectively.  

Fig. 7. Far-UV CD spectra of HSA and BSA at pH 3.5 (-■-) and with 2.0 (-●-), 5.0 (-▲-) 

and 10.0 (-♦-) mM of TZ was plotted in both the figures. Before scanning of CD spectra 

the aggregated samples were centrifuged and washed with buffers to remove the TZ dye. 

The centrifugation was done to overcome interference of TZ dye in the far-UV range. 

The concentration of HSA and BSA was taken constant 0.2 mg ml
-1

 in all the samples.  

Fig. 8. TEM was done to characterize the morphology of TZ-induced aggregates. The 

HSA and BSA (0.2 mg ml
-1

) were incubated with 5.0 mM of TZ at pH 3.5 and sample 

were leave for overnight incubation at room temperature.  

Fig. 9. AFM was carried to characterize the morphology of TZ-induced aggregates. The 

HSA and BSA (0.2 mg ml
-1

) were treated with 5.0 mM of TZ at pH 3.5 and TZ treated 

samples were incubated for overnight at room temperature.  

Fig. 10. Diagrammatic presentation of TZ interaction with HSA and BSA at two different 

pHs (7.4 and 3.5) and mechanism of amyloid fibril formation with TZ.     

 

 

 

 

 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

30 
 

 

Table 1 

Hydrodynamic radii (Rh) and polydispersity of human and bovine serum albumin 

incubated at different conditions 

S. No. Conditions Hydrodynamic radii 

(Rh) (nm) 

 Polydispersity (Pd) 

% 

1 HSA at pH 7.4 3.5 

 

 12.31 

2 BSA at pH 7.4 3.7  10.54 

 

3 

4 

HSA at pH 3.5 

BSA at pH 3.5 

4.4 

4.7 

 

 16.01 

18.10 

5 HSA at pH 3.5+5.0 

mM TZ 

4.6 and 66.7 

 

 40.98 

 

6 BSA at pH 3.5+5.0 

mM TZ 

5.1 and 69.3 

 

 

 42.12 
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Table 2: % Secondary structure of HSA and BSA without and with different 

concentration of TZ at pH 3.5 was calculated by K2D2 software. 

 

 

 

 

 

 HSA BSA 

 0 pH 3.5 5.0 mM 

TZ 

7.0 mM 

TZ 

10.0 mM 

TZ 

0 pH 3.5 5.0 mM 

TZ 

7.0 mM 

TZ 

10.0 mM 

TZ 

% α-

helix 

50.16 

 
 

11.53 

 
 

11.53 

 
 

11.53 

 
 

63.05 

 
 

13.51 

 
 

13.51 

 
 

13.51 

 
 

% β-

sheet 

7.14 28.35 28.35 28.35 3.29 31.63 31.63 31.63 
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Graphical Abstract 

Unveiling the stimulatory effects of tartrazine on human and bovine serum albumin 

fibrillogenesis: Spectroscopic and microscopic study. 
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Highlights 

1. TZ is accelerating amyloid fibril formation in HSA and BSA at pH 3.5. 

2. Sulphate group of TZ bind electrostatically with cationic amino acids at pH 3.5.  

3. Amyloid is not form at pH 7.4 due to electrostatic repulsion between TZ and albumins. 

4. TZ is inducing bigger size amyloid fibril in BSA compared to HSA. 
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