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ABSTRACT 

 
Bovine β-lactoglobulin (β-lg), consisting of pronounced β-sheet content, have been chosen as a 

model protein which on prolonged thermal treatment forms large molecular aggregates similar 

to Alzheimer’s type amyloid fibrils. The effects of L-arginine (free base) in thermal aggregation 

process of β-lg were monitored at varying concentrations. Concentration dependent opposite 

behaviour has been reported here for the first time where 0.2-0.3 M concentration was 

optimized as an apparent critical concentration above which arginine acts as a suppressor and 

at below it behaves as a promoter of aggregation of β-lg. Solubility study and SDS-PAGE 

pattern followed by densitometric analysis shows this fact. Solution behaviour of arginine and 

its self assemblyformation were evidenced with the help of circular dichroism (CD) studies. The 

delocalized pi-pi (п→п) type of interaction is proposed to foster the energy stabilization during 

the attainment of planarity of the molecules accompanied with the self-clustering of arginine 

molecules. 
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1. INTRODUCTION 

 
L-Arginine (Arg) is one of the most commonly used suppressors of aggregation of protein and 

hormones in vitro [1-3]. Its general acceptability as a suppressor of protein aggregates is well 

known, but the mechanism of its action in molecular detail remains elusive in spite of having a 

series of progress with Arg and its derivatives also [4]. The effect of Arg on the in vitro refolding 

of protein was discovered serendipitously by a group of authors [5]. Interestingly L-arginine and 

its derivatives were widely used in the industrial production process for plasminogen activator 

and continued to be marketed as bio-pharmaceuticals to this days also. Arginine exhibited the 

best results in preventing the formation of aggregates of lysozyme as a model protein under 
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thermal stress and refolding pathway from previously denatured state in comparison to other 14 

amino acids [1]. The preventive actions of Arg have been also reported by Shiraki and coworkers 

with other eight kinds of proteins. It was stated that the suppression effect was independent of 

size and/or iso-electric point of the proteins [1]. Nonetheless, one novel derivative, arginine ethyl 

ester significantly prevents thermal inactivation and aggregation of lysozyme whereas only Arg 

and guanidine (Gdn.HCl) was less effective in case of heat labile proteins [6]. Though Gdn.HCl 

and urea are well established as aggregation suppressor that weaken the hydrophobic 

intermolecular interactions of proteins [7-8]. Arginine does not facilitate refolding, but suppresses 

aggregation, with only minor effect on protein stability [9], while the solubility of aggregate –

prone molecules is enhanced. Other additives like, proline, glycerol, glycine and ethylene glycol 

have also been reported which are not enough to eliminate the problems of protein aggregation 

and mis-folding  [8]. Recently it was also reported that di-amines [10], and poly-amines typically 

spermine and spermidine, prevent heat-induced inactivation and aggregation of lysozyme [11-12]. 

 

Different mechanisms have been proposed towards the understanding of the preventive role of 

Arg in protein aggregation. The influence of co-solvent additives to the aqueous protein solution 

may in many cases be rationalized by the dichotomy of solubilizationvs stabilization or salting-

out and salting-in. Solubilising agents often destabilize the native conformations in solution while 

stabilizing agents reduce protein solubility.  The stability of the native state of dissolved proteins 

is generally not affected by the presence of L-arginine. Earlier it was reported that L-arginine has 

been found to destabilize RNaseA[13] and Cytochrome C [14] slightly. On the other hand, Reddy 

et al (2005) hardly found any destabilizing effect of L-arginine.HCl up to concentrations level of 

1.0 M in the case of hen egg white Lysozyme [15]. Arginine ethyl ester and L- Arginine amide 

had been identified to destabilize the native state of protein in solution [16]. Moreover enzymatic 

activity and native structure of H. Slinarum nucleoside diphosphate kinase were found to be 

preserved in solution containing up to 2 M Arginine.HCl [17]. Arginine not only suppresses the 

aggregation reaction but also exerts an influence on the solubility of proteins in equilibrium. It 

was shown to increase the equilibrium solubility of most proteinogenic amino acids, except L-

valine and L-isolucine [18] and of aromatic molecules like, pyrene[19] and coumarine [20]. L-

tyrosine and L-tryptophan experience the greatest increase in solubility of all naturally occurring 

amino acids, when L-arginine is present as a co-solvent. Based on the pronounced effects of 

arginine.HCl on the solubility of model compounds, specific interaction between the guanidino 

group of L-Arginine and aromatic amino acid residues have been proposed [17, 21]. The surface 

tension, linked to co-solvent properties, of aqueous solutions of L-arginine.HCl significantly 

increases with increasing concentration which is distinctly opposite in behaviour of Gdn.HCl that 

indicates the protein stabilization and decreased protein solubility. Thus preferential binding and 

preferential hydration consist of direct interactions between protein mediated by co-solvent in 

solution remains enigmatic till date [13, 22]. 

 

In this work, we have selected bovine β-lactoglobulin (β-lg), consisting of pronounced β-sheet 

content, as a model protein which on prolonged thermal treatment forms large molecular 

aggregates similar to Alzheimer’s type amyloid fibrils. The effects of L-arginine (free base) in 

thermal aggregation process of β-lg were monitored at varying concentrations. Concentration 

dependent opposite behaviour has been reported here for the first time where 0.2-0.3 M 

concentration was optimized as an apparent critical concentration above which arginine acts as a 

suppressor and at below it behaves as a promoter of aggregation. Solubility study was indicative 

of this paradoxical behaviour of arginine with the appearance of heterogeneity in solutions during 
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heating process.  Both native and SDS-PAGE pattern and densitometric analysis evidenced the 

fact, detected preliminary on solubility studies of heat treated β-lg solutions.  

 

Therefore our immediate interest was to study of the structural pattern of arginine in solution at 

different concentration by which the suppression behaviour could be explained. The previous 

knowledge was that arginine at higher concentration may form self assemblies in solution in 

which the β-lg molecules can be encapsulated/ segregated and be stabilized so that thermal 

exposure fails to form high molecular aggregates. Recently a group of authors have reported that 

molecular clusture of arginine in solutions display hydrophobic surface by the organization of its 

three methylene groups [23]. Thus hydrophobic surface inhibits protein-protein interaction by the 

masking effect. Nonetheless, salt bridged stabilization of charged zwitterionic arginine aggregates 

in gas phase has also been reported by another group[24]. Far UV-CD studies were of 

concentration dependent arginine solutions were sufficient enough to explain the self-cluster 

formation. Red shift in positive CD signals is due to facile n→п* electronic transition with 

accompanied ionic association and hydrogen bond formation in between inter-playing guanidine 

and carbonyl groups. Staking of Arginine molecules exhibit the clustering of hydrophobic 

methylene groups. Role of hydrogen bond or the hydrophobic interactions facilitating the n→п* 

energy transfer and п - п interactions in cluster stabilization have been proposed in this context.  

 

2. MATERIALS AND METHODS: 
 

This section contains the information about the essential reagents synthesized and/or procured 

from the different available sources and from the suppliers.  

 

2.1. Materials 
 

Bovine β-lg used was isolated and purified from fresh cow milk following the procedure 

described earlier. The final product was lyophilized and stored at 4º C [25]. The purity of the 

protein was ascertained by SDS-PAGE, where a single band was observed. Concentration of β-lg 

in solution was determined spectrophotometrically (ε280=17,600 M
-1

 cm
-1

). AR grade sodium 

dihydrogen phosphate and disodium hydrogen phosphate were purchased from Sisco Research 

Laboratory, India. AR grade hydrochloric acid, ammonia, methanol, acetic acid, glycerol, urea, 

sodium acetate (anhydrous) and ammonium sulphate were obtained from Merck, India.L-

arginine, L-lysine, acryl amide, bis- acryl amide, N, N, N, N’-tetramethylethylenediamine 

(TEMED), ammonium persulphate, SDS, bromophenol blue, coomassie blue, Tris buffer, were 

from Sigma Chemical Co., U.S.A. All other chemicals were of the highest purity available.  

 

2.2. Methods: 
 

The methodology part contain the different scientific techniques opted for better understanding 

the mechanistic path of our objective and those were solubility measurements of protein solution 

in presence of varying arginine concentration. Native and SDS-PAGE of heat treated solutions 

were carried out to understand the aggregation profile and in presence of arginine and 

consequently densitometrin analysis was performed. Circular Dichroism studies were carried out 

particularly to understand the formation of higher ordered structure of choral molecules like 

arginine etc. 
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2.2.1. Solubility measurement of heat treated β-lg solutions 
 

Solubility of heat treated β-lg solutions was measured according to standard procedures, with a 

little modification [1]. Protein solutions of different concentrations (1 mg mL
-1

, 2 mg mL
-1

) 

containing arginine (0 – 1.0M) in phosphate buffer (pH 6.5) were incubated at 80 
◦
C for 1hour 

duration followed by cooling down to room temperature. The solutions were centrifuged at 15000 

×g for 15 min at 4 
◦
C. Then optical densities of the aliquots of supernatant solutions were 

measured at 280 nm. Inverse of optical density data signifies for the extent of aggregate formation 

in percent (%) while optical density directly stands for residual soluble protein amount. The 

presence of different soluble oligomers could not be discriminated through optical density 

(OD280nm) measurements indeed. All the data points were an average of triplicate measurements. 

 

2.2.2. Native and SDS-PAGE study 

 

Native and SDS-PAGE studies were performed to characterize the monomer, dimmer, soluble 

oligomers and high molecular aggregates of β-lg. Aliquots (10 µL) of heat treated β-lg solutions 

containing different concentrations of arginine were loaded in the wells of the native and SDS gel 

slab. The appearance of bands of protein aggregates were visible after staining with Coomassie 

brilliant blue R-250 and followed by destaining the gel with methanol and acetic acid solutions in 

the usual way. Both the native and SDS-PAGE were carried out to confirm the suppression 

efficiency of arginine was for both the non-covalent and co-valent (disulfide linked, S-S) 

aggregation of β-lg. Quantitative analysis of the aggregates was done after densitometric studies 

(Quantity One software, equipped with Biorad gel documenting instrument, Universal hood II-S. 

N. 76S/04602, Italy) of the band appeared in SDS-PAGE. 

 

2.2.3. CirculalDichroism studies 
 

All the Far UV-CD experiments were carried out in a JASCO J-815 spectropolarimeter at 25
◦ 
C 

using a cylindrical cell of path length 1mm. Solutions were made in 10 mM sodium phosphate 

buffer, pH 6.5. Solution of L-arginine and L-lysine (in phosphate buffer, pH 6.5), of the 

concentration range 0.03 M to 1.0 M, were used for far UV CD spectra. Typical instrumental 

parameters used were: path length=1.0 mm, sensitivity=50 mdeg (for far UV) and, time constant 

2 s, step resolution = 0.2 nm/data, scan speed 20 nm/min. Far UV-CD spectra were scanned 

within 200-250 nm. Each spectrum was the average of three consecutive scans. The smooth 

spectral profiles were achieved using the polynomial curve-fitting program. The CD results were 

expressed as mean residual ellipticity (MRE) in degree cm
2
 dmol

-1
, which can be defined as  

MRE (θ) = θobs (mdeg) / 10 x n x ι x Cp 

 

Where θobs is the elipticities in millidegrees, n is the number of amino acid residues (162), ι is the   

path length of the cell in cm and Cp is the mole fraction. Far UV and near UV CD spectra of β-Lg 

were recorded and the corresponding buffer spectrum was subtracted     from each of them. 

 

3. RESULTS AND DISCUSSIONS 
 

This section contains the results obtained from the above studies which have been presented in 

graphical/ image form for better understanding the exact role of arginine. This part also contain a 

vivid discussion on the basis of the results obtained and for the first time we have proposed the 
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delocalized pi-orbital interactions of self clustering arginine molecules actively participate in the 

aggregation-inhibition process. 

 

3.1. Solubility and aggregation studies 
 

Amount of soluble β-lg present in heat treated solutions containing different concentrations of 

arginine have been presented in terms of solubility percentage (%) in Figure 1. The figure shows 

that there was a cut off point of arginine concentration at which the soluble protein concentrations 

were minimum due to formation of large molecular weight aggregates.  
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Figure 1: Solubility profile of β-lg (protein concentration: 4 mg mL

-1
 in upper panel and 2 mg mL

-1 
in lower 

panel) in presence of different arginine concentration in phosphate buffer (10 mM, pH 6.6-6.8). 

 

It was necessary to mention that heterogeneities in solution were also observed with all the 

solutions of β-lg (both 2mg mL
-1

 and 4mg mL
-1

) containing arginine up to 0.25 M concentration. 

Above this particular concentrations of arginine, the amount of soluble protein concentrations 

increases. This clearly indicates that mechanism of suppression of aggregation became effective 

after a certain concentration of arginine below which it acts as promoter of β-lg aggregation. This 

concentration of arginine was optimized 0.2-0.3 M. Arginine, in the concentration range of 0.5-

1.0 M, almost suppressed the aggregation of β-lg where most of the β-lg remains in solutions. 

Similar trend was also observed in the case of suppression of lysozyme aggregation by arginine 

as reported elsewhere [1]. Appearance of heterogeneity/turbidity confirms the large aggregate 

formation, but solubility test could not insight about formation of soluble aggregates/ oligomers. 
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3.2. Native and SDS-PAGE studies: Densitometric analysis
 

Characterization of aggregates was done by both native and SDS

figure (2a and 2b), qualitatively it can be assumed that proportion of aggregates, particularly large 

molecular aggregates were formed at arginine concentration range 

where the aggregates failed to penetrate the gel (staking part) and band intensities in the 

monomeric region were sufficiently less with compared to dimer/ oligomeric bands. The band 

intensities in the monomeric region start

high molecular weight region ( staking gel part, after lane 4) with the gradual increase of arginine 

concentrations (lane 6, 7; Arginine concentration 0.5 amd 1.0 M respectively). Interestingly, th

cause of appearance of heterogeneity during solubility studies was unfolded here and made some 

visible impact as the bands appeared in different molecular weight ranges. Nonetheless the 

contribution was not only because of the monomer but also the co

soluble forms was prominent even after heat treatment in all the lanes. Similar kind of 

observation of the existence of soluble oligomers was also reported 

dependent suppression of β-lg aggregation by arginin

mobilities and SDS-PAGE also revealed that arginine was successful in suppression of co

valently linked (di-sulfide linked, S

interactions could be discriminated.

 

Lane:   7       6       5     4      3       2      

 

Figure 2: (a) Native PAGE and (b)

presence of arginine (lane1: 0 M, lane 2: 0.06m, lane 3: 0.12M, lane 4: 0.25M, lane 6:  0.5 M, lane 7: 1M) 

in Tris.HCl buffered solution (pH 6.8).

Quantitative estimation of aggregate formation and arginine induced suppression was performed 

with the help of densitometric analysis of the bands appeared in the SDS

estimation nicely demonstrates the monomer 

transformation of β-lg depending on arginine concentrations. Partial loss of proteins due to 

heterogeneity appeared in heating process may be attributed toward the erroneous density profile 

(particularly in lane 3, 4, 5) but gross errors within 10

densitometric intensity profile has been presented (Fig 3b) correspondingly.

Computer Science & Information Technology (CS & IT) 

PAGE studies: Densitometric analysis 

Characterization of aggregates was done by both native and SDS-PAGE techniques. Form the 

figure (2a and 2b), qualitatively it can be assumed that proportion of aggregates, particularly large 

molecular aggregates were formed at arginine concentration range 0.03 to 0.25 (lane 2, 3, 4, 5), 

where the aggregates failed to penetrate the gel (staking part) and band intensities in the 

monomeric region were sufficiently less with compared to dimer/ oligomeric bands. The band 

intensities in the monomeric region starts increasing with the gradual disappearance of the band at 

high molecular weight region ( staking gel part, after lane 4) with the gradual increase of arginine 

concentrations (lane 6, 7; Arginine concentration 0.5 amd 1.0 M respectively). Interestingly, th

cause of appearance of heterogeneity during solubility studies was unfolded here and made some 

visible impact as the bands appeared in different molecular weight ranges. Nonetheless the 

contribution was not only because of the monomer but also the co-existence of oligomers in 

soluble forms was prominent even after heat treatment in all the lanes. Similar kind of 

observation of the existence of soluble oligomers was also reported [26]. Thus concentration 

lg aggregation by arginine was nicely observed in gel-electrophoretic 

PAGE also revealed that arginine was successful in suppression of co

sulfide linked, S-S) aggregation process where hydrophobic or electrostatic 

iminated. 
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(b) SDS-PAGE pattern of heat treated β-lactoglobulin (2mg mL

presence of arginine (lane1: 0 M, lane 2: 0.06m, lane 3: 0.12M, lane 4: 0.25M, lane 6:  0.5 M, lane 7: 1M) 

in Tris.HCl buffered solution (pH 6.8). 

 

on of aggregate formation and arginine induced suppression was performed 

with the help of densitometric analysis of the bands appeared in the SDS-PAGE (Figure 3a). This 

estimation nicely demonstrates the monomer → oligomers/ aggregates →

lg depending on arginine concentrations. Partial loss of proteins due to 

heterogeneity appeared in heating process may be attributed toward the erroneous density profile 

(particularly in lane 3, 4, 5) but gross errors within 10-20% were in accountability.  Lane wise 

densitometric intensity profile has been presented (Fig 3b) correspondingly. 

PAGE techniques. Form the 

figure (2a and 2b), qualitatively it can be assumed that proportion of aggregates, particularly large 

0.03 to 0.25 (lane 2, 3, 4, 5), 

where the aggregates failed to penetrate the gel (staking part) and band intensities in the 

monomeric region were sufficiently less with compared to dimer/ oligomeric bands. The band 

s increasing with the gradual disappearance of the band at 

high molecular weight region ( staking gel part, after lane 4) with the gradual increase of arginine 

concentrations (lane 6, 7; Arginine concentration 0.5 amd 1.0 M respectively). Interestingly, the 

cause of appearance of heterogeneity during solubility studies was unfolded here and made some 

visible impact as the bands appeared in different molecular weight ranges. Nonetheless the 

stence of oligomers in 

soluble forms was prominent even after heat treatment in all the lanes. Similar kind of 

. Thus concentration 

electrophoretic 

PAGE also revealed that arginine was successful in suppression of co-

S) aggregation process where hydrophobic or electrostatic 
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lactoglobulin (2mg mL
-1

) in 

presence of arginine (lane1: 0 M, lane 2: 0.06m, lane 3: 0.12M, lane 4: 0.25M, lane 6:  0.5 M, lane 7: 1M) 

on of aggregate formation and arginine induced suppression was performed 

PAGE (Figure 3a). This 

→ monomer 

lg depending on arginine concentrations. Partial loss of proteins due to 

heterogeneity appeared in heating process may be attributed toward the erroneous density profile 

tability.  Lane wise 
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Figure 3a: Densitometric bar diagram of aggregation pattern and suppression in presence of L-

arginine from lane 1-7 in stacked fashion (Band density intensity mm
-2

). On X-axis, Monomer 

(1), Dimer (2), oligomers/ soluble aggregates (3-4) and high molecular weight aggregates (5-6) 

correspond to appearance of relative proportion of the bands after coomassie blue staining. 

Relative errors were within 10-20 %. 
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Figure 3b: Densitometry profile in SDS-PAGE pattern (top left) of β-lg aggregation promotion and 

suppression in presence of L-arginine from lane 1-7 (band density intensity mm
-2

). Density analysis was 

done with the help of software ‘Qualtity One’ equipped with the Biorad (Biorad, Universal Hood II-S.N. 

76S/04602; Italy) gel documenting instrument. Relative errors were within 10-20 %. 
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3.3. Role of Arginine: a molecular level understanding 

 

It is evident that arginine is a novel suppressor in protein aggregation process at higher 

concentration. Some detail molecular level explanation is required to justify the statement. 

Several explanations have been proposed so far to support the mechanism. Earlier statement that 

hydrophilicity rather than hydrophobicity of the additives is the important factor for preventing 

aggregation was made by another group [1]. Okajono and co-workers have also proposed that 

high hydrophobicity is not a favourable characteristic of additives for suppression considering the 

hydrophobic chain length of polyamines [10]. It was also suggested that if side chain of arginine 

possesses properties identical to those of Gdn.HCl, incorrect inter- or intra-molecular hydrogen 

bonds may be cleaved and rearranged by arginine as in case by Gdn.HCl[27]. Even in our case it 

was quite inconclusive from the results of circular dichroism studies when secondary structural 

perturbation was monitored at identical Gdn.HCl and arginine concentration along with β-lg. At 1 

M concentration Gdn.HCl slightly perturbed β-lg secondary structural content where as at the 

same concentration, arginine signal was so prominent that fail to get any secondary 

conformational signature of β-lg (Figure 4). UV-CD studies were also performed at varying 

concentration of chirally pure L-lysine containing four hydrophobic methylene groups to verify 

the role of guanidino group in self-clustering of arginine molecules. At lower concentration of 

lysine, where guanidine part is not present, CD signal was obtained at 201 nm in buffered 

solution (pH 6.5) (Figure 5). 
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Figure 4: Far UV- CD spectral pattern of Native β-lg (0.25 mg mL

-1
, black line) in presence of varying 

concentrations of arginine. Here the lines correspond as follows: Red, 0.03 M Arginine+ β-lg; green, 0.06 

M Arg+ β-lg; blue, 0.12 M Arg+ β-lg; cyan, 0.25 M Arg+ β-lg; pink, 0.5 M Arg+ β-lg and yellow, 1.0 M 

Arg+ β-lg respectively. Solutions were prepared in phosphate buffer (10 mM, pH 6.5) and spectra were 

recorded within the range of 200 nm to 250 nm at room temperature. All the data points were an average of 

three consecutive scans and correspondingly blank corrected. 

 

This is probably because of the n→п* transition of carbonyl group present in L-lysine. In the case 

of n→п* transition of the carbonyl groups, substituted by an auxochrome, a large blue shift is 

observed from 280 nm to 200-220 nm (e.g. acetic acid: 204 nm; acetamide: 220 nm) [28]. With 

the increase in lysine concentrations (up to 1M) a red shift (212 nm) in signals is found in UV-CD 



454                                     Computer Science & Information Technology (CS & IT) 

 

pattern, signifies п* energy level stabilization. Generally amino acids have a general tendency to 

orient themselves in a peptide/ amide (-CONH-) like fashion with N- and C-terminal group 

juxtaposition rendering side chains away on the either sides  [29]. Therefore the signals lie 

certainly in between 200-220 nm, which is in good agreement with the literature values. At higher 

concentration, lysine form macromolecular aggregate/ micelle rather than an open ended bi-layer 

structures in aqueous solution [19]. Thus lowering of energy could be due to this macromolecular 

assembly of lysine residues.   Therefore entire focus was directed towards the solution behavior 

of arginine through circular dichroism studies. Interestingly it was observed that signals, obtained 

from CD spectral patterns, of arginine put a signature of structure formation in aqueous solution 

(Figure 6).  The sharp positive signal (at 207-209 nm) of arginine at lower concentration (0.03 M) 

was due to the n→п* electronic transition significantly contributed by the carbonyl moiety of 

carboxylate anion part, which ultimately shifted toward higher wavelength (224 nm) with the 

increase in arginine concentration (upto 1 M). This red shift (207 to 224 nm) in CD signals was 

indicative of lowering of energy gaps accompanied with the energy stabilization up on increasing 

arginine concentration. The red shifts in CD signals have been recently mentioned in 

supramolecular/self-assembling peptide-amphiphilic systems [30-31].  

 

This kind of lowering in energy may be due to self clustering of Arginine where the attainment of 

the different electronic microenvironment surrounding the carbonyl moiety can not be ignored. 

Here it is proposed that proximity of guanidino group and the carbonyl group of adjacent two 

Arginine molecules may foster an ionic association due to delocalization of п–electrons where п-

orbital interactions (pericyclic type, 4п+2п electronic system) could be possible (Scheme 1). Thus 

staking of Arginine molecules are made possible through weak п –orbital interactions.  
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Scheme 1: Proposed schematic presentation of п-п interactions of arginine clusters. The delocalized 4п 

electrons from carboxylate groups and 2п electrons from guanidium groups of adjacent arginine molecules 

are expected to be stacked to provide extra stabilization in self-assembly. 
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Unlike other amino acids, Arginine stacks in head-to tail fashion and a hydrophobic column 

composed of the three methylene groups is seen along one crystallographic axis [32]. Probably 

the interactions involved, the strong intermolecular interactions and other less significant 

secondary interactions during cluster formation was reported by a group of authors [24]. This 

kind of typical orientation and close packing have also been found in many crystal structures of 

arginine [33-34]. These cluster may have conformational properties as observed in crystal 

patterns and supposed to be rod shaped as seen in case of chirally pure praline molecule [35]. Still 

the role of intercalating water molecule might be highly significant in hydrogen bond formation 

of the clustering units in aqueous solution [36]. Das and co-workers also showed that molecular 

cluster of arginine in solution display a hydrophobic surface by the alignment of its three 

methylene groups, which ultimately interacts with protein and manifests a masking effect toward 

the protein molecules [23]. Therefore the characteristic organization of arginine leading to a 

columnar or rod like cluster may be stabilized by ionic association and/ or hydrogen bond 

formation and also by п-п type interactions with proximity of guanidino and/or carboxylate 

groups.  
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Figure 5: Far UV- CD spectral pattern of L-Lysine (Lys). Here the lines correspond as follows: black, 0.03 

M Lys; red, 0.06 M Lys; green, 0.12 M Lys; blue, 0.25 M Lys; cyan, 0.5 M Lys and pink, 1.0 M Lys, 

respectively. Solutions were prepared in phosphate buffer (pH 6.5) and spectra were recorded within the 

range of 200 nm to 250 nm at room temperature. All the data points were an average of three consecutive 

scans and correspondingly blank corrected. 
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Figure 6: Far UV- CD spectral pattern of L-Arginine (Arg). Here the lines correspond as follows: black, 

0.03 M Arg; red, 0.06 M Arg; green, 0.12 M Arg; blue, 0.25 M Arg; cyan, 0.5 M Arg and pink, 1.0 M Arg, 

respectively. Solutions were prepared in phosphate buffer (pH 6.5) and spectra were recorded within the 

range of 200 nm to 250 nm at room temperature. All the data points were an average of three consecutive 

scans and correspondingly blank corrected. 

 

Nevertheless, it remains confusing whether hydrophobic association made this n→п* interaction 

favorable or the hydrogen bonding itself. On other side, the accumulation of delocalized п–

orbitals in a stacked fashion makes the ground state energy levels electronically more populated 

that enhance the п→п* transition easier, hence the red shift in CD signals occurs. Forces involved 

in the stacked planner cluster of Arginine have been demonstrated as strong multiple polar 

interactions elsewhere [23]. Indeed, the combination of these effects made the Arginine clustering 

possible. In other way these two effects are complementary to each other to form the columnar 

arginine cluster projecting a hydrophobic wall segregating and inhibiting the β-lg molecules 

prone to thermal aggregation. In the case of lysine, bathochromic shift in n→п* transition is 

mainly due to the hydrophobic interactions which stabilizes the micellerclusture. But in case of 

arginine, it is assumed that greater bathochromic shift compared to lysine is probably due to the 

п→п interactions (4п+2п electrons) arising from the adjuscent carboxylate and guanodino group 

of two arginine residues. Water mediated hydrogen bonding and hydrophobic interactions 

contribute largely in both the cases.  

 

4. CONCLUSIONS 
 
In this study, it was observed that aggregation and suppression of β-lg is dependent upon 

concentration of arginine. Arginine fails to suppress the oligomers/ aggregates formation upto 

0.25-0.3 M, above which its suppressive action becomes prominent. The cause of suppression of 

arginine at higher concentration is embedded in the arrangement of the self-clustering of arginine 

molecules. A pi-pi (п→п) type of interaction is proposed to foster the energy stabilization during 

the attainment of planarity of the molecules. This interaction helps in the projection of 

hydrophobic methylenic wall that helps to segregate β-lg molecules to segregate reducing 

protein-protein interactions. These experimental results help us to precede further to monitor the 
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energy stabilization in factors within the scope of computational bio-physics and/or to explore the 

new horizon in some model based protein aggregation-suppression phenomena through 

computational-biology. 
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