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Abstract  

Early glycation involves attachment of glucose on Ɛ-NH2 of lysine residues. Human serum albumin 

(HSA), a lysine rich protein, is highly prone for non-enzymatic glycation. In this study, effect of different 

concentrations of glucose on HSA through early glycation was assessed by various physicochemical 

techniques. An early glycation product Amadori HSA was estimated by colorimetric method, Nitro blue 

tetrazolium (NBT) and thiobarbituric acid assay (TBA). The conformational changes were confirmed by 

the UV-visible spectroscopy, tryptophan fluorescence quenching, Circular dichoism (CD), and sodium 

dodecyl sulphate poly acrylamide gel electrophoresis (SDS-PAGE). Biochemical alterations in Amadori-

HSA were analyzed by NaBH4 reduction, increased in carbonyl content and decrease in free lysine, 

arginine and sulfhydryl groups. Most of the studies have reported on the structural changes in protein due 

to AGEs or Amadori protein at a particular glucose concentration; to the best of our knowledge, no 

reports have been published comparing the physicochemical changes in HSA due to early glycation 

within a range of glucose concentration. In the present study, the investigations confirmed the structural 

and biochemical alterations in Amadori-HSA which is directly proportional to glucose concentrations. 

This might interfere with the normal function of HSA and can contribute in the progression of diabetes 

and its associated complications. Amadori modified HSA might be used as a biomarker for early 

detection of diabetes and be beneficial in preventing the diabetic complications at early stages of diabetes. 

In this context, this study provides additional information about biochemical and biophysical changes 

occurring in Amadori-HSA within glucose range upon early glycation.  

Abbreviations: 

HSA= Human Serum Albumin 

NBT= Nitro blue tetrazolium 

TBA = Thiobarbituric acid assay 

AGEs = Advanced glycation end product 

CD = Circular dichroism 

SDS-PAGE= Sodium dodecyl sulphate polyacrylamide gel electrophoresis 

Page 2 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



3 

 

DNPH = 2,4-dinitrophenylhydrazine 

NaBH4 = Sodium borohydride 

HMF= Hydroxymethylfurfural 

DTNB = 5, 5′-dithio-bis [2-nitrobenzoic acid]  

TNBS = 2, 4, 6 trinitrobenezene sulphonic acid  

MALDI-TOF = Matrix-assisted Laser Desorption/Ionization- Time of Flight 

 

Introduction:  

Diabetes Mellitus (DM) is a serious metabolic disorder characterized by hyperglycemia which affects 1–

2% of the population worldwide. 
1
 The precise role of hyperglycemia in the pathogenesis of long-term 

complications is still unclear. However, an attractive hypothesis that has received significant interest is 

the role of non-enzymatic glycation of protein in diabetes. Non-enzymatic glycation is a spontaneous 

reaction which depends on degree and duration of hyperglycemia, the half-life of protein and permeability 

of tissues to free glucose.
2
 In non-enzymatic glycation, glucose molecules attached to free amine residues 

of protein, forms Schiff base. Through acid–base catalysis, this schiff base labile adducts undergo 

rearrangements and convert into a more stable and reversible early glycated product known as Amadori-

product. Now the reaction becomes more diverse and complicated and forms an irreversible and complex 

advanced glycation end product (AGEs). Only a little part of Amadori-adduct undergoes further 

irreversible chemical reactions leading to the formation of AGEs.
3
 Amadori rearrangement is an early key 

step in non-enzymatic reaction.
4
 Moreover, the concentration of Amadori-glycated proteins is at least 2% 

of serum proteins, whereas AGEs are less than 0.01%. Amadori albumin forms five time higher rate than 

other serum proteins.
5
 Studies have shown that Amadori-adducts mediated AGEs lead to progression of 

various diabetic complications such as nephropathy, neuropathy, retinopathy and cardiovascular 

diseases.
6
 Glycation has potential to induce unfolding and refolding of globular proteins into cross-β 

structure and alters its secondary and tertiary structure and native functions. In diabetic patients, because 

of chronic hyperglycemia such compounds may have a direct link to the development of glucose-related 

complications that has evidently established by important clinical trials, such as the DCCT and 

[UKPDS.
7,8

 

Human serum albumin (HSA), most abundant serum protein having 59 lysine and 23 arginine residues 

and contains only one tryptophan residue. It has been proved that specific lysine residues in HSA are 

involved in glycation, in vivo.
9
 Non-enzymatic glycation of HSA occurs at multiple sites as lysine 199, 

lysine 281, lysine 439 and lysine 525 and other minor lysine and arginine residues at the N-terminal 

residues of polypeptides.
10

 As a result, the conformational and functional changes occur in HSA, which is 

one of the pathological conditions associated with early incidence of micro and macro-vascular 
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complications. Earlier studies on serum albumin indicated similar reaction with glucose, yielding a stable 

glycated form of albumin, which is markedly elevated in diabetes than the rest of the population.
11

 It has 

been reported that Amadori albumin plays precise role in early nephropathy and retinopathy in diabetic 

patients.
12

 A number of Amadori-modified plasma proteins such as immunoglobulin heavy-chain constant 

regions have also been identified in type2 diabetic patients.
13

 It has been shown that both Amadori 

product as well as Amadori-derived AGEs are involved in diabetes.
14

 Their remain paucity of reports on 

the characterization and role of Amadori products in diabetes associated complications. Oxidative stress, 

which is believed to play an important role in the pathogenesis of diabetes mellitus, was associated with a 

decrease of the HSA-thiol group (HSA-SH) content and increase in carbonyl stress.
15

 This effect has been 

used as a potential explanation for the underlying tissue damage associated with diabetic complications. 

Amadori-albumin is an autonomous and effective trigger of molecular mediator contributory to diabetic 

complications.
16

 McCance et.al., reported an independent association of initial Amadori adduct with 

diabetic nephropathy and retinopathy.
17

  

Non-enzymatic glycation may have a variety of important physiological effects and in vitro modification 

of protein by glucose is regarded as an appropriate model for alterations in protein structure and function 

relevant to diabetes and its related complications. Reckoning with the above detailed facts; the present 

study was designed to characterize the glycated HSA at early stage of gylcation (Amadori-HSA). For this, 

HSA (15µM) was incubated in vitro, in normal healthy subjects (5mM), diabetic plasma (up to 25mM) 

and also at high non-physiological glucose concentrations (50mM and 75mm) which might be present in 

uncontrolled diabetic plasma. This may serve as an appropriate model to analyze the effect of glucose 

within a range on HSA structure in diabetic patients. Amadori-HSA was determined by Nitro blue 

titrozolium (NBT) and Thiobarbituric acid (TBA) assay and authenticated by HPLC using furosine as a 

standard. Different concentrations of glucose induced structure and conformational changes have been 

studied by UV-visible and fluorescence spectroscopic studies, circular dichroism (CD) and sodium 

dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Furthermore, Amadori modified 

biochemical changes have also been analyzed by estimation of free thiol group, free lysine and arginine 

amino acid. 

 

Results and Discussion 

NBT assay for Amadori adduct  

HSA (15mM) without glucose and with 5, 25, 50 and 75mM glucose was incubated at 37
0
C for 7 days. 

The content of Amadori-HSA was determined by the NBT assay, a standard colorimetric method for the 

detection of Amadori adducts not for AGEs.
18

 The yield of Amadori products were quantitated as 

fructosamine using extinction coefficient of 12640 cm
-1

mol
-1

 for monoformazon
19

 and results were 

expressed in nmol/mg. Increase fructosamine content (FC) was calculated by the following equation: 
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% increase in FC = 
FCmodified-HSA - 	FCnative HSA

FCmodified-HSA

 × 100                                                                            (1)	

As shown in Fig. 1. fructosamine formation was started from day 0 and continued till 4 days and on 4
th 

day, a peak was obtained that shows highest level of fructosamine content in all glycated samples. After 

reaching at highest level, it decays till day 7 because the fructosamine level started decreasing and early 

glycation products (Amadori) has been converted into AGEs. In our experimental condition, the yield of 

Amadori product in 5, 25, 50 and 75mM glucose modified HSA samples measured as fructosamine was 

37.7±4.2, 59.3±2.5, 75±5.4 and 107.2±2 nmol/mg, respectively in 4 days old glycated samples (Table 1). 

Fourth day old HSA sample without glucose was considered as native HSA containing only 

6.6±1.2nmol/mg frucotasmine content that was considered negligible. Increase percent in fructosamine 

content was found to be 62.5%, 86.5%, 91.1% and 93.8% respectively compare to native sample. Higher 

yield of Amadori product was obtained at highest glucose concentration (75mM) at 4
th
 day. Level of 

fructosamine in glycated samples were increased respectively by increasing glucose concentrations. For 

further studies, 4
th
 day old native HSA and Amadori-HSA with above concentrations samples were used.   

 

Detection of HMF by thiobarbituric acid assay 

Hydroxymethylfurfural (HMF) that might have formed in all Amadori-HSA samples was determined by 

Thiobarbituric acid assay (TBA). High yield of TBA reactive HMF was obtained at different 

concentrations of glucose in Amadori rich glycated samples. This observation is in agreement with an 

earlier finding.
20

 As shown in Fig. 2. HMF content in Amadori-HSA (5, 25, 50 and 75mM) that was 

12.35±1.9, 21.18±0.8, 29.65±2.2 and 32.42±3.2 nmol/mg respectively while for native HSA, it was 

5.98±0.5 nmol/mg. TBA assay for glycated samples provides structural evidence of hexose bound to 

HSA.
21

 NBT as well as TBA assay both gave high concentration of fructosamine and HMF respectively at 

high concentrations of glucose at 4
th
 day. A p value of 0.05 indicates significant difference in the 

fructosamine and HMF content of native and Amadori-HSA samples.    

NaBH4 reduction of Amadori Adduct 

Presence of Amadori adduct in all glycated HSA samples was confirmed by NaBH4 reduction. All 

Amadori-HSA samples showed marked reduction in fructosamine level when treated with NaBH4 (Table 

1). In Fig. 3 comparison between the fructosamine level before and after NaBH4 reduction has been 

shown. The yield of fructosamine decreased after NaBH4 reduction leading to the elimination of keto 

group of Amadori product that causes reduction in fructosamine content. This finding confirmed that 

glycated samples were rich in Amadori adduct. The formation of Amadori product (fructosyl lysine) 

measured as furosine was further confirmed by HPLC (data not shown). Amadori-HSA with varying 

concentrations of glucose was characterized further by various physicochemical techniques. 
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Ultraviolet-visible analysis of native and Amadori-HSA 

Non-enzymatic glycation induced structural changes in the Amadori-HSA samples which further 

evaluated by Ultraviolet-visible (UV) absorption spectroscopy (Fig. 4). Upon modification of HSA, 

absorbance at λmax kept rising with increasing concentrations of glucose. Native HSA gave characteristic 

peak at 280 nm (λmax), which increased on modification by various glucose concentrations. Percent 

hyperchromacity was calculated as following equation:  

 

%	hyperchromaticity	at	280nm =	
A��������	��� − A�� �!�	���

A��������	���

× 100																																														(2)  

 

 

HSA modified with 5mM, 25mM, 50mM and 75mM glucose showed hyperchromacity of 9.3%, 23.25%, 

28.57% and 34.95% respectively compare to native HSA. Highest modification reached at 75mM of 

glucose, which showed a marked hyperchromicity (34.95%) as compared to native analog. Sharpness of 

the peak was almost same at even different concentrations of glucose. The overall structure of aromatic 

amino acid residues responsible for the typical absorbance of HSA at 280 nm was maintained upon early 

glycation. Hyperchromicity was shown with increasing glucose concentrations which may be attributed to 

the exposure of chromophoric aromatic amino acid residues due to the unfolding and fragmentation of 

protein as a result of glycation.
22

 To prove the absence of AGEs adducts in glycated samples, absorbance 

was also taken between 300-400 nm. 

 

Fluorescence analysis of native and Amadori-HSA 

Proteins exhibit intrinsic fluorescence due to the aromatic amino acids tryptophan, tyrosine and 

phenylalanine. The intrinsic fluorescence emission profile is an excellent parameter to monitor the 

polarity of tryptophan environment in the protein .
23

 HSA is a unique protein as it has only one tryptophan 

residue (Trp-214), located in domain II of HSA. To examine the conformational changes in the micro-

environment around this residue upon early glycation, samples were excited at 295nm, which is specific 

for tryptophan residues
24

 and showed a strong emission peak at 330 nm. Fig. 5 showed that quenching in 

tryptophan fluorescence intensities with increasing the concentration of glucose. Loss of fluorescence 

intensity was calculated as follows:  

		%	loss	of	FI =
FI�� �!�	��� −	FI��������	���

FI�� �!�	���

× 100																																																																															(3) 

 

Amadori-HSA with 5, 25, 50 and 75mM glucose showed loss of 3.85%, 11.82%, 28.62% and 66.06% in 

intensity compared to native HSA respectively (Table 2). Loss in the intensity of fluorescence indicates 
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that tryptophan acquired a different micro-environment upon glycation. Early glycation occurs primarily 

on Ɛ amino group of lysine residues that might play important role in altering the tryptophan-214 

microenvironment
25

. Quenching in tryptophan fluorescence with increase glucose concentrations were 

observed in all Amadori-HSA samples that might be due to the destruction of the residues and/or 

modification of tryptophan-214 microenvironment upon Amadori formation. Credible existence of 

fluorogenic AGEs in all amadori modified samples were confirmed with AGE-specific fluorescence after 

excitation at 370 nm and emission at 440 nm.
26
  

 

Circular Dichroism analysis for native and Amadori-HSA 

Secondary structure changes in Amadori-HSA with different concentrations of glucose were further 

confirmed by far UV-Circular dichroism (CD) spectrometry. CD spectra of proteins lie in the spectral 

region of 200-250 nm which is associated with secondary structure.
27

 As shown in Fig. 6. CD spectra of 

native HSA exhibit two negative minima in ultraviolet region at 208 and 222nm, a characteristic feature 

of α-helical structure.
28

 and with increase in glucose concentration, the signals have decreased. It can be 

stated here that the secondary structure at physiological glucose concentration (5mM) is quite resistant 

and by increasing glucose concentration (25mM and 50mM), there is only a little change in structure but 

remarkable change occurred at 75mM glucose modified HSA.  The α-helix content in Amadori-HSA  

gradually decrease as 59.23%, 57.66%, 56.82%, 56.15% with increasing glucose concentrations as 

compared to native HSA (59.29%). It was calculated by K2D2 software. Mean residual ellipticity (MRE) 

in deg cm
2
 mol

-1 
was calculated according to the formula given below and values are shown in table 2.  

 

  																																	MRE =
/012(�	��3)

45∗�∗7∗8
																																																		(4)	 

  

Where, θobs is the CD in milli-degree, n is the number of amino acid residues in human albumin (585-

1=584), l is the path length of the cell in cm and C is the concentration of protein in moles/litre. These 

changes in secondary structures showed that HSA undergoes conformational alteration upon early 

glycation. At higher concentration of glucose (75mM), more reduction in α helix was obtained as 

compared to native and other conc. of glucose (5, 25, 50mM). The observed decrease in fluorescence 

intensity together with loss of helical structure in Amadori-HSA are suggestive of unfolding of the 

domain II.
24

 Thus, all the spectroscopic findings confirm that increased glucose concentration with HSA 

induced increased conformational changes in the secondary structure of HSA at early stage of glycation 

(Table 2).  
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Electrophoresis (SDS-PAGE) 

Fig.7 shows the migration pattern of native and all Amadori-HSA samples in 10% SDS-PAGE. Protein 

bands were visualized by silver staining and the band size was determined with molecular ladder, ranging 

from 200kD to 29kD. Native HSA band appeared at 67kD. Amadori-HSA (5, 25, 50 and 75mM) showed 

appreciable retardation in the electrophoretic mobility due to the increment of molecular weight by 

attachment of glucose molecules (Fig.7). 75mM glucose modified HSA showed maximum retardation in 

electrophoretic mobility as compare to native HSA. Moreover, advanced glycation shows cross linked 

dimers formation but in our experiment no dimer or polymer formation was observed, which clearly 

indicates the absence of any cross-linked structures. To authenticate this observation mass spectroscopy 

has been performed of 75mM glucose modified HSA in comparison to native HSA.  

 

Matrix-Assisted Laser Desorption/Ionization-Mass spectrometry analysis  

The Matrix-assisted Laser Desorption/Ionization-Time of Flight (MALDI-TOF) mass spectrometry was 

done to verify the molecular mass of HSA after glucose treatment (Fig. 8). A m/z mass peak was found at 

67002.36 Da. When 75mM glucose modified HSA was analysed at mass spectroscopy at identical 

conditions, a m/z peak was obtained at 67,972.61 Da. We observed increase in the mass of 75mM glucose 

modified HSA compared to the native counterpart (∆M=670 Da). We propose that due to the early 

glycation only 6 glucose molecules have been attached in Amadori-HSA (75mM). This result augments 

the changes observed in our SDS-PAGE experiment. SDS-PAGE results showed appreciable retardation 

in the mobility due to the increment of molecular weight by attachment of glucose molecules (Fig.7). 

MALDI-TOF data of our samples authenticate this statement fully. 

 

Carbonyl content   

Amadori adducts are stable ketoamines and have a definite effect on protein structure and conformation. 

Ketoamine are converted to protein carbonyl compound via a protein enediol, generating superoxide 

radical.
29

 which converts into the highly reactive hydroxyl radical (OH
*
) via Fenton reaction and create 

the oxidative stress.
30

 Protein carbonyl content is a known biomarker of oxidative stress.  As shown in 

Fig. 9. carbonyl content in native and Amadori-HSA (5, 25, 50 and 75mM) was found to be 2.7±0.2, 

6.9±0.4, 11.4±0.7, 16±1.3 and 17.8±1.3 nmol/mg proteins, respectively. Highest carbonyl content was 

found in 75mM glucose modified HSA. This is corresponded to almost seven fold increase in carbonyl 

level as compared to native HSA. The oxidation of Amadori-HSA was further evident by the significant 

increase in its carbonyl content in comparison to native HSA.  

 

Page 8 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



9 

 

 

Thiol group estimation 

Oxidative modification induced by glycation in Amadori HSA was analyzed by the estimation of free 

sulfhydryl group content in protein samples by Ellman's method. Anti-oxidative activity of HSA is one of 

the important functional property which resides in one free cysteine-derived redox-reactive thiol (-SH) 

group (Cys34), exists in both reduced and oxidized forms.
31

 The free sulfhydryl group content is a 

parameter of the redox state of the protein. The concentration of free thiol group was calculated by using 

an extinction coefficient of 13600 M
−1

·cm
−1

 and results were expressed in nmol/mg. Average free 

sulfhydryl group content of three independent assay (mean±SD). Native HSA contains 3.03±0.2 nmol/ml 

of protein whereas a significant decrease was found in Amadori samples (5, 25, 50 and 75 mM) 2.32±0.1, 

2.12±0.2, 1.32±0.2 and 0.68±0.18 nmol/mg respectively (Fig. 10). As expected the thiol group reactively 

was increased to 23.3%, 29.9%, 56.5% and 77.4% with respect to increasing concentrations of glucose as 

compared to native HSA. A significant oxidation of thiol group in HSA was observed due to the 

increasing flux of reactive dicarbonyl compounds which occurs during carbonyl stress
32

, leads to the Cys 

side chain carbonylation and, therefore, to the decrease of the HSA-SH content.
33

 As a result the native 

functional properties of HSA may be changed due to the alteration in protein conformation. 

Determination of reacted lysine and arginine residues in native and Amadori-HSA 

Non-enzymatic glycation occurs preferentially on lysine residue but arginine, histidine and cysteine 

amino acid residues are also involved.
34

 In this reaction, carbonyl groups interact with free ε-NH2 groups 

of lysine and arginine residues of proteins. A significant decrease in free lysine and arginine residues 

upon early glycation were observed in all Amadori samples (Fig. 11 and Fig. 12). This might be due to 

the involvement of several exposed negatively charged lysine and arginine residues that was neutralized 

by glucose. The maximum free amino acid residues decrease was observed in 75mM glucose modified 

Amadori-HSA (Table 1).  A percentage decrease in free lysine and arginine of Amadori-HSA was found 

rapidly with increasing glucose concentrations which was calculated by following formula: 

 

%	decrease	in	free	ε	amino	groups =
(>	�����	3?@A	��	�� �!�	���)B	(>	�����	3?@A	��	��������	���)

>	�����	3?@A	��	�� �!�	���
                      

(5) 

The biochemical changes in native and Amadori-HSA with different glucose concentrations revealed that 

due to the changes in structure of HSA, native properties of HSA altered. All results are summarized in 

Table 1 and the p< 0.05 indicates significant difference of native and Amadori-HSA.  
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Experiments 

Chemicals and Apparatus 

HSA (fatty acid free, 99%) (15mM) was purchased from the Sigma Chemical Company (St. Louis, USA) 

and used without further purification. Acrylamide, N,N
’
-methylene bisacrylamide,

 
2-mercaptoethanol 

(MPE), ammonium persulphate, N,N,N
’
,N

’
-tetramethylethyl-enediamine (TEMED), sodium dodecyl 

sulphate (SDS), glycerol,
 
bromophenol blue were purchased from Sigma were used as received. D-

glucose (5, 25, 50, 75mM) and sodium borohydride (NaBH4) were obtained from Merck (Darmstadt, 

Germany). Nitroblue tetrazolium (NBT) was purchased from SRL Chemicals (India). Furosine-HCl was 

purchased from Polypeptide Laboratories, Strastbourg, France. All other chemicals and reagents used 

were of highest analytical grade available. HPLC grade solvents, UV transparent cuvettes and multi-well 

fluorescence plates were obtained from Fisher Scientific (New Lawn, NJ and USA). 
 

UV-spectra were recorded on Shimadzu UV- 1700 spectrophotometer. Fluorescence measurements were 

carried out on a Shimadzu (RF 5301) spectrofluoasometer (Molecular Devices, Sunnyvale, CA, USA). 

For excitation and emission, the slit widths were set at 5 nm. CD spectra were measured on Jasco J-815-

CD spectropolarimeter calibrated with D-10-camphor sulfonic acid. Polyacrylamide gel electrophoresis 

assembly (Bio-Rad Laboratories, USA) and Gel-doc XR (Bio-Rad laboratories, USA) were also used. 

LC-MS Micromass Quattro II triple quadrupole mass spectrometer (Beverly, MA, USA) coupled with 

HPLC system. 

 

Preparation of reaction mixture 

The glycated HSA embodying high level of Amadori product was prepared following the published 

method by Cohen and Hud as detailed elsewhere.
18

 Stock solution of 300mM HSA was prepared 

separately in 20mM phosphate buffer saline (PBS), pH 7.4 and reactive solution 15µM HSA, were made 

with different glucose concentrations 5, 25 50 and 75mM. 15µM HSA without glucose was also dissolved 

in same buffer used as a native. Unless otherwise indicated, each reaction mixture contained 0.02% 

sodium azide. 

 

Incubation of Reaction mixture  

To study the effect of non-enzymatic glycation on native HSA as well as different concentrations of 

glucose with HSA were incubated at 37
0
C for one week in sterile conditions. During the incubation 

period, 300 µl reaction mixture from each sample was taken periodically and measured the Amadori 
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adduct level. After the formation of Amadori product at highest level, to remove excess glucose from the 

samples, all samples were extensively dialyzed against PBS (pH 7.4). 

 

Amadori detection by Nitroblue tetrazolium (NBT) assay  

The Amadori albumin product (fructosamine), in native HSA and glucose modified HSA was determined 

by NBT assay.
35

 Native and modified HSA samples (300 µl each) were added (in duplicate) in tubes 

followed by 3ml NBT reagent (250µl mol/l in 0.1 mol/l carbonate buffer, pH 10.35) in each tube and 

incubated at 37°C. After 2 hrs dark purple color was appeared and it was read at 525 nm.  

 

Detection of HMF by TBA  

Formation of HMF from native and Amadori-HSA samples was estimated by thiobarbituric acid assay 

(TBA) as described earlier.
36

 Briefly, 1 ml each sample were mixed with 1M oxalic acid and incubated at 

100
0
C for 2 hours and protein from the assay mixture was removed by precipitation with 40% 

trichloroacetic acid. 0.25 ml of thiobarbituric acid (0.05mol/l) was added to 0.75ml protein-free filtrate 

and incubated at 40
0
C for 40 minutes developed color that was read at 443 nm. The results were 

calculated by using molar extinction coefficient value of 4×10
4
 cm

-1
mol

-1
. 

 

Reduction of Amadori adduct by NaBH4 

Native and all glycated HSA samples were reduced with NaBH4 in 20mM PBS at pH 7.4, as described 

previously
37

. Slow addition of 1 N HCl was used to remove excess borohydride. 

UV-Visible spectroscopy 

The UV absorption profile of native and Amadori-HSA samples were recorded in the wavelength range 

of 200-400 nm on Shimadzu UV- 1700 spectrophotometer using quartz cuvette of 1cm path length.  

 

Intrinsic Fluorescence studies 

Tryptophan fluorescence profile of native and Amadori samples (5, 25 50 and 75mM glucose) were 

recorded on a Shimadzu (RF 5301) spectrofluoasometer (Molecular Devices, Sunnyvale, CA, USA) at 

25±0.1
0
C. Emission intensities spectra were taken at wavelength range 300–500 nm with excitation 

wavelength of 295nm in order to excite tryptophan residues only. The excitation and emission slits were 

set at 5 nm.  

 

Circular dichroism (CD) measurements  
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Far UV-CD profile of native and 5, 25, 50 and 75mM glucose modified HSA were carried out with Jasco 

Spectropolarimeter, calibrated with D-10-camphorsulfonic acid. All CD measurements were carried out at 

25
0
C by placing samples in thermostatically controlled cell holder attached to a Neslab’s RTE 110 water 

bath with temperature accuracy of ±0.1
0
C. Native and modified samples were placed in 1 and 10 mm path 

length cuvette and recorded at 200–250 nm wavelength range with scan speed 20 nm/min.  

 

 

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) 

Native and Amadori-HSA were analyzed by sodium dodecyl sulphate polyacrylamide gel electrophoresis 

(SDS–PAGE) on a 10% polyacrylamide gel, as described previously.
38

 10µg each of native and Amadori-

HSA was loaded into the wells. Electrophoresis was performed at 80 V for 4 h at room temperature. 

Protein bands in the gel were visualized by silver staining. 

 

MALDI mass spectroscopy 

MALDI measurements were performed on 4700 plus mass spectrometer (AB Sciex, MA, USA) operated 

in the positive linear mode. Ions formed by a pulsed UV laser beam were accelerated at 30 keV. The 

matrix was sinapinic acid, dissolved in acetonitrile/water (50:50, v/v) at a concentration of about 50mM. 

Samples were diluted five times in 0.1% trifluoroacetic acid aqueous solution. Equal volumes of sample 

and matrix solutions were added, and approximately 1–2µl of the mixture was deposited on the stainless 

steel multiprobe and allowed to dry before introduction into the mass spectrometer. Mass spectra were 

obtained and averaged over 10 shots; three independent MALDI measurements were made for each 

sample to evaluate reproducibility. 

 

Reactive Carbonyl content in Amadori samples 

HSA bound carbonyl groups were estimated as described earlier.
39

 Carbonyl contents in all samples were 

determined using 2,4-dinitrophenylhydrazine (DNPH). The absorbance was recorded at 360 nm against 

blank. Carbonyl content was determined using extinction coefficient 22,000 M
-1

 cm
-1

 and expressed as 

nmol/mg.  

 

Oxidative modification of Thiol group 

Free thiol groups in native and all Amadori-HSA samples were estimated according to Ellman's method 

using (5, 5′-dithio-bis [2-nitrobenzoic acid] (DTNB).
40

 DTNB stock and Tris dilution buffer were 

prepared: DTNB solution-50mM sodium acetate, 2mM DTNB in distilled water; Tris solution --1 M Tris 

with pH 8.0. DTNB stock was diluted in order to prepare working solution by adding 100µl Tris solution 

and 840µl water. 10µl of all native and Amadori modified samples were added to 990µl of DTNB 
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reagent. It was thoroughly mixed and incubated for 5 min at 37°C. Absorbance was taken at 412nm. The 

concentration of free thiol group was calculated by using an extinction coefficient of 13600 M−1·cm−1. 

Thiol groups for each sample were measured in duplicate and results were expressed in nmol/mg.  

 

Lysine estimation 

Free Ɛ amino groups of lysine amino acids containing native and different concentrations of glucose 

modified HSA were determined by 2, 4, 6 trinitrobenezene sulphonic acid (TNBS) method.
41

 Briefly, 100 

µl of 0.5% (w/v) TNBS was added to 0.5 ml of native as well as Amadori samples and incubated for 1hr 

at 37
0
C. At the end of the incubation, the samples were solubilized in 0.25ml of 10% SDS followed by the 

addition of 0.1 ml of HCl (1N). The absorbance was read at 420 nm against a blank. 

Arginine estimation 

Arginine content in native and different concentrations of glucose modified HSA was determined by the 

method of Van Pilsum et al,(1956).
42

  Protein samples in aqueous solution were chilled in an ice bath and 

made to 2.0 ml by adding required amount of 0.2 M NaOH. 5 ml of alkaline α-naphthol-thymine mixture 

was pipetted into tubes containing protein sample and mixed. Bleach solution (0.2 ml) was added and 

mixed immediately. After 1 min 0.2 ml sodium thiosulphate was added and rapidly mixed. The 

absorbance was recorded at 500 nm. The final color of the assay tubes was stable for several hours.  

The decrease in free amino acids in HSA after glycation was evaluated using the following formula:   

 

%	decrease	in	free	ε	amino	groups =
(>	�����	3?@A	��	�� �!�	���)B	(>	�����	3?@A	��	��������	���)

>	�����	3?@A	��	�� �!�	���
                       (5) 

 

Statistical analysis 

Statistical evaluation of the results was carried out by Student’s t-test using Origin Software 6.1 (USA) 

and data are expressed as mean±SD. A p-value of <0.05 was considered statistically significant. 

 

Conclusion: 

The present study has allowed us to achieve better knowledge of glycation induced structure and 

functional alterations on HSA with varied glucose concentrations ranging from normal to chronic 

hyperglycemic range. The results of present study clearly showed the formation of Amadori-HSA upon 

early glycation. Fine characterization of Amadori-HSA with various biochemical and biophysical 

techniques revealed the devastating changes in HSA tertiary and secondary structure. Amadori-HSA is an 

independent and strong prompt of molecular mediators contributory to diabetes and its related 
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complications. Reckoning with these facts, the study may be valuable to compare the effect of different 

concentrations of glucose on HSA structure and conformation upon early glycation. Protein carbonyl 

content is most commonly used biomarker of protein oxidation. Oxidation of sulfhydryl group present in 

Cys-34 residue in the protein may lead to the formation of disulphide bonds. In this way, carbonyl content 

increased and free sulfhydryl group were found to be decreased in our experimental conditions. These 

conditions go in the favor of oxidative stress and free radical generation that might be a platform for 

progression of diabetes associated complications. It could be concluded that early glycation induced 

modifications in HSA could potentially alter its structure, may interfere with the normal function of HSA 

and contribute to initiation of diabetic and its secondary complications. In this context, this study provides 

additional information. Amadori-HSA may be used as early diagnostic biomarker in diabetes associated 

complication as shown from this study. Diabetic patients, who exhibit poor plasma glucose control, are 

predicted to be must likely to encounter such problems. Further studies are going on in our laboratory on 

Amadori-HSA which may play an important role in the induction of circulating autoantibodies in 

diabetes. 
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Fig.1. Estimation of fructosamine content in Native HSA without glucose (-□-) and its counterparts 

incubated with 5 mM (-♦-), 25mM (-▲-), 50mM (-●-) and 75mM (-■-) glucose for 1–7 days. Each 
bar represents the mean±SD of three independent assays. 

 

 

 

 

 

 

Fig 2: Quantitative estimation of hydroxymeththyfurfural (HMF) in 4 days old native HSA without 

glucose and HSA modified with 5mM, 25mM, 50mM and 75mM glucose. Each bar represents the 

mean±SD of three independent assays. The values are the average of three determinations. 
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Fig 3: Content of fructosamine in 4 days old native HSA without glucose  and its counterparts 5mM, 

25mM, 50mM and 75mM glucose modified HSA before (  ) and after  (   ) NaBH4 reduction. Each bar 

represents the mean±SD of three independent assays. The values are the average of three 

determinations. 

 

 

 

 

Fig 4: Ultraviolet absorption spectra of 4 days old native HSA without glucose (-□-) and HSA 

modified with 5mM (-♦-), 25mM (-▲-), 50 (-●-) and 75mM (-■-) glucose. The spectra are the 

average of three determinations. 
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Fig.5. Fluorescence emission profile of  (A): native HSA (-□-) and HSA modified with 5mM (-♦-), 

25mM (-▲-), 50mM (-●-) and 75mM (-■-) glucose. The spectra are the average of three 

determinations. (B):  a control tryptophan profile alone and with 75mM glucose has been shown. 

 

 

 

 

 

Fig 6: Far-UV CD spectra of 4 days old native HSA (-□-) and its counterparts at 5mM (-♦-), 25mM (-

▲-), 50mM (-●-) and 75mM (-■-) glucose. The spectra are the average of three determinations.  

 

 

 

 

A 
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Fig.7. SDS–polyacrylamide gel electrophoresis of HSA on 10% SDS–PAGE for 4 h at 80 V. Protein 

samples (10 µg in each lane) were loaded on well. Lanes: (1) Protein molecular weight markers; (2–6) 

native and HSA modified with 5mM, 25mM, 50mM and 75mM glucose respectively. 

 

Fig.8. MALDI-TOF Mass spectra of (A) native HSA and (B) 75mM glucose modified HSA with 

sinapinic acid as the matrix. The measured singly charged molecular ions were m/z 67,002.34 for 

native HSA and m/z 67,972.61 for Amadori HSA. 

 

 

Fig 9: Carbonyl content of native and HSA modified with 5mM, 25mM, 50mM and 75mM glucose. 

The bars show average carbonyl content (±SD) of three independent assays. 

 

A 
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Fig 10: Free Thiol group concentration in 4 days old native HSA and modified HSA with 5mM, 

25mM, 50mM and 75mM glucose. Each bar represents the mean±SD of three independent assays. 

 

 

Fig 11: Free Lysine group estimation in 4 days old native without glucose and modified HSA with 

5mM, 25mM, 50mM and 75mM glucose samples. Each bar represents the (±SD) of three independent 

assays. The values are the average of three determinations. 
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Fig 12: Free Arginine group estimation in 4 days old native without glucose and modified HSA with 

5mM, 25mM, 50mM and 75mM glucose. Each bar represents the (±SD) of three independent assays.  
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Table1: Biochemical characterization of 4 days old native and Amadori-HSA samples 

under identical experimental conditions. 
 

                                                                     

Parameters Native HSA   5mM 25mM 50mM 75mM 

Fructosamine 

(nmol/mg) 
6.6±1.2 37.7±4.2* 59.3±2.5* 75.1±5.4* 107.2±2* 

 

5-HMF (nmol/mg) 
5.98±0.5 12.35±1.9* 21.18±0.8* 29.65±2.2* 32.42±3.2* 

 

NaBH4  reduction 

(nmol/mg) 

5.6±0.5 13.7±0.8* 20.5±1.4* 27.3±2.4* 41.0±1.9
* 

 

Carbonyl content 

(nmol/mg) 

2.7±0.2 6.9±0.4* 11.4±0.7* 16.3±1.3* 17.8±1.3* 

 

Thiol group (nmol/mg) 

 

Free Lysine decrease  

( in %) 

3.03±0.2 

 

0 

2.32±0.1 

 

9.3 

2.12±0.2 

 

15.6 

1.32±0.2* 

 

25.1 

0.68±0.8* 

 

34.3 

 

Free Arginine decrease  

( in %) 

0 4.1 10.5 25.8 40.5 

5-HMF-Hydroxymethylfurfural, NaBH4-Sodium borohydride 

All results are in Mean±SD, *p<0.05 vs. native HSA 

 

Table 2: Biophysical characterization of 4 days old native and Amadori modified HSA 

under identical conditions: 
 

Techniques                                  Amadori-HSA at different concentrations of glucose 

                                              Native HSA           5mM          25mM           50mM           75mM   

% Hyperchromacity                    -                         9.3              23.2              28.5              34.9 

 

% loss in trptophan FI                 -                         3.8              11.8                28.6              66.0 

λex= 280 

 

Far-UV CD 

      α – Helix (%)                       59.29%           59.23%          57.66%          56.82%          56.15% 

 

MRE at 208 nm                        -22449.8       -22120.4          -21382.3        -21128.3        -17959.2 

 

MRE at 222 nm                        -22115.1          -21983.3        -20771.6       -20157.3        -16815.3 

FI- Fluorescence Intensity, λex-Excitation wavelength 

CD-Circular Dichroism, MRE value in deg cm
2
 dmol

-1 
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