
BMB
   reports

516 BMB reports http://bmbreports.org

*Corresponding author. Tel / Fax: 86-10-6891-4607; 
Email: deng@bit.edu.cn

Received 22 October 2007, Accepted 26 December 2007

Keywords: AGEs, Bovine serum albumin, Glycated peptides, Mass 
spectrometry

Identification of AGE-precursors and AGE formation in 
glycation-induced BSA peptides
Waqar Ahmad, Lili Li & Yulin Deng*

School of Life Science & Technology, Beijing Institute of Technology (BIT), Beijing-10008, P.R. China

The glycation of BSA leads to protein/peptide modifications that 
result in the formation of AGEs. AGEs react with the amino groups 
of N-terminal amino acid residues, particularly arginine and ly-
sine residues. Enhanced AGE formation exists in the blood and 
tissues of diabetics, as well as in aging and other disorders. The 
Identification of AGEs is of great importance. Mass spectrometry 
has been applied to identify and structurally elucidate AGEs. 
Here, we report on the identification of AGE- peptides and AGE- 
precursors based on relative mass changes as a result of specific 
AGE formation. HPLC-ESIMS, ESI-MS/MS, and the Mascot data-
base were used. The relative mass changes due to the specific 
type of AGE formation were added to the identified peptides fol-
lowed by a manual search of the glycated samples, which re-
sulted in the identification of seven peptides for the formation of 
five AGEs, namely CML, pyrraline, imidazolone A, imidazolone 
B, and AFGP. Four glycated peptides (FPK, ECCDKPLLEK, 
IETMR, and HLVDEPQNLIK) were identified in the formation of 
AGE-precursors. [BMB reports 2008; 41(7): 516-522]

INTRODUCTION

Advanced glycation end products (AGEs) are a heterogeneous 
group of proteins that have been modified with glucose or car-
bohydrate adducts, and arise from the nonenzymatic addition 
of reducing sugars to the side chains of lysine and/or arginine 
residues in proteins (1). The free amino groups of the proteins 
react slowly with the reducing sugars, including glucose, via 
glycation or the Maillard reaction (2-4). This process is ini-
tiated by condensation reactions between the reducing sugars 
and free amino groups to form Schiff bases, which undergo re-
arrangement to form relatively stable Amadori products (3, 5). 
The Amadori products, through oxidation and dehydration re-
actions, subsequently degrade into a variety of carbonyl com-
pounds (glyoxal, methylglyoxal, deoxyglucosones) (6, 7). These 

compounds are more reactive than the parent sugars with re-
spect to their ability to react with the protein amino groups to 
form cross-links, stable end products called advanced Maillard 
products or advanced glycation end products (1). The ex-
posure of proteins to high glucose levels, as observed in dia-
betes, and the further reaction of glucose with proteins are re-
tained responsible for the long-term complications of this dis-
ease (8). Chronic hyperglycemia leads to micro- and mac-
ro-vascular diabetic complications through four intracellular 
mechanisms, including increased polyol pathway flow (9, 10), 
the activation of protein kinase C (11), increases in the hexos-
amine pathway (12), and increased AGE formation (13). AGEs 
accumulate slowly in long-lived proteins such as collagen, re-
sulting in the altered structure and properties of certain tissues 
such as vascular walls, the kidneys, etc. (14, 15). This process 
is thought to be an important pathogenic factor for diabetes 
complications (16-20). AGE accumulation in tissue proteins 
has been implicated in the pathological development of aging, 
diabetes, atherosclerosis, as well as in diabetes complications 
such as retinopathy, nephropathy, and neuropathy (21, 22). 
The three main mechanisms by which AGEs cause tissue dam-
age are: cross-link formation, interactions with specific cellular 
receptors, and intracellular glycation (13).
    Serum AGE concentration is recognized as a marker for 
monitoring the treatment of diabetic patients, especially those 
with renal and/or vascular complications. However, utilizing 
AGE measurements in clinical practice remains limited by a 
lack of simple and rapid analytical procedures (23, 24). The 
high sensitivity and specificity of mass spectrometry and the 
utilization of its ionization systems for analyzing polar macro-
molecules are shown to be effective in the study of glycation 
processes (25). The LC-MS/MS approach with electrospray ion-
ization (ESI) has proved to be highly effective in analyzing gly-
cated amino acids and peptides (8). Therefore, HPLC-ESI-MS 
and ESI-MS/MS were used to study glycation-induced post-
translational protein/peptide modifications with the subsequent 
identification of AGEs and AGE-precursors. Keeping in mind 
the high complexity of plasma, the direct identification of AGE- 
peptides is certainly a difficult task. Consequently, we started 
from in-vitro experiments, based on the in vitro non-enzymatic 
glycation of BSA followed by enzymatic digestion with trypsin. 
Here, we report on the glycation-induced protein/peptide mod-
ifications as well as the identification of both AGE-precursors 
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Fig. 1. Flow chart of the analytical strategy adopted for AGE Iden-
tification.

and AGEs by means of HPLC-ESI-MS, ESI-MS/MS, and the 
Mascot database, using a manual search method of analysis. 
This identification relied on the relative mass changes (∆ mass) 
due to the formation of the AGE-precursors and AGEs.

RESULTS AND DISCUSSION

The incubation of BSA with glucose is shown to induce protein 
modifications that eventually result in the formation of AGEs 
(15, 26). Enhanced AGE formation was found to exist in the 
blood and tissues of diabetics as well as in various pathophysio-
logical states, such as atherosclerosis, Alzheimer's disease, 
end-stage renal disease, rheumatoid arthritis, and liver cirrhosis 
(27). AGEs induce chemical modifications and cross-linking of 
tissue proteins, affecting structure, function, and turnover, and 
ultimately contributing to gradual declines in tissue function 
and to the pathogenesis of diabetic complications. Various AGE 
structures such as imidazolone A and B, pyrraline, 1-alkyl-2- 
formyl-3,4-glycosyl-pyrrole (AFGP), crossline, carboxyethyl-lysine 
(CEL), carboxymethyl-lysine (CML), deoxyglucosone-derived ly-
sine dimmer (DOLD), fructosyl-lysine (FL), glyoxalderived lysine 
dimmer (GOLD), methylglyoxal-derived lysine dimmer (MOLD), 
and pentosidine were detected in the cellular and extracellular 
proteins of physiological systems (23, 28, 29). The identification 
of AGEs based on their relative mass changes (∆ mass) was pre-
viously reported (30). 
    We undertook this study to investigate glycation-induced 
protein/peptide modification with subsequent AGE formation 
originating from the enzymatic digestion (trypsin) of glycated 
BSA. Briefly, control BSA and BSA treated with D-glucose (1.0 
and 2.5 M) were digested with trypsin. The reason for choosing 
these high glucose concentrations, which are quite different 
from physiological levels, was to enhance the yield of glycation 
with subsequent AGE formation. Digestion was completed 
without any derivatization of the sulfhydryl groups, to remain 
as close as possible to the conditions present at the systemic 
level. The digestion mixtures of BSA (control) were analyzed 
using LC-ESI/MS and ESI-MS/MS experiments with incubation 
for 0 days, whereas the LC-ESI/MS experiments were performed 
to analyze the glycated BSA incubated for 14 and 28 days. The 
MS/MS data of the control BSA (0 days incubation) were ex-
ported to the online Mascot database in order to rationalize the 
data and to identify the various peptides and their amino acid 
sequences in the online database (Fig. 1). For the control BSA 
digested with trypsin, a total of 27 peptides and their amino 
acid sequences were matched in the online database search 
query (Table 1). Mass increments of 58.03, 108.02, 144.03, 
142.03, 162.02, and 270.07 were reported for the formation of 
Nὲ-(carboxymethyl)-lysine (CML), pyrraline, imidazolone A, 
imidazolone B, Schiff bases or Amadori products (AP), and 1- 
alkyl-2-formyl-3,4-glycosyl-pyrrole (AFGP), respectively (30). A 
data set of theoretical peptide masses was generated by simply 
adding the corresponding mass increments for these specified 
AGEs and AGE precursors to the known peptides of the 

non-glycated control BSA (Table 1). These theoretical peptide 
masses corresponded to the formation of the respective AGEs. 
A thorough manual search to compare these theoretical masses 
with the HPLC-ESIMS experimental data was conducted in 
both the glycated and control (non-glycated) BSA samples. The 
LC-MS parameters to edit the chromatograms for this manual 
search of the experimental data (HPLC-ESIMS) were: (1) type: 
extracted ion chromatogram (EIC), (2) scan mode: all, (3) 
width: ±0.5, (4) polarity: positive [+] and (5) background: 
none. The ∆ m/z that corresponded to any of the specified 
AGE formations was carefully examined in the chromatograms 
and spectra of both the control and glycated BSA samples. In 
this manner, the glycation-induced formation of five AGEs was 
observed via the cross-linking with seven peptides (two for 
CML, two for pyrraline, one each for imidazolone A and B, and 
one for AGFP). Similarly, four glycated peptides were identified 
in the formation of AGE-precursors (Schiff base or AP). The de-
grees of incidence for these identified AGEs and AGE-pre-
cursors (Schiff base and AP), as a function of glucose concen-
tration and incubation time, are given in Table 2, where ‘-’ 
stands for absence and ‘+’ for presence. An increasing number 
of ‘+’ stands for increasing peak intensity as observed in the 
various glycated BSA samples.

Identification of CML 
Carboxymethyl-lysine (CML), a glyco-oxidation product, was 
structurally characterized. CML is not reactive and not fluo-
rescent, and derives from the oxidative degradation of Amadori 
products (31). CML and pentosidine are present within the col-
lagen of diabetic subjects, where high levels were correlated 
with retinopathy and nephropathy (32). Only two glycated pep-
tides were identified in our search for CML formation. The data 
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Control BSA
CML

 (+58.03)
Pyrraline 

(+108.02)
Imidazolon A
 (+144.03)

Imidazolon B 
(+142.03)

Schiff Base/AP 
 (+162.02)

AFGP
(+270.07)

m/z Peptide Sequence

347.38
391.22
395.26
464.36
507.89
511.76
545.35
571.96
582.41
588.4
625.46
649.3
653.52
660.35
681.95
700.57
720.68
740.68
784.43
784.71
812.87
820.85
834.49
847.59
912.57
461.82
922.69
945.51

1023.2

VTK
FPK
LVTDLTK
YLYEIAR
QTALVELLK
CCTESLVNR
VASLR
KQTALVELLK
LVNELTEFAK
ECCDKPLLEK
FKDLGEEHFK
IETMR
HLVDEPQNLIK
TPVSEK
SLHTLFGDELCK
TVMENFVAFVDK
RHPEYAVSVLLR
LGEYGFQNALIVR
DAFLGSFLYEYSR
DAFLGSFLYEYSR
GLVLIAFSQYLQQCPFDEHVK
KVPQVSTPTLVEVSR
MPCTEDYLSLILNR
LSQKFPK
RPCFSALTPDETYVPK
AEFVEVTK
AEFVEVTK
HPYFYAPELLYYANK
RHPYFYAPELLYYANK

405.41
449.25
453.29
522.39
565.92
569.79
603.38
629.99
640.44
646.43
683.49
707.33
711.55
718.38
739.98
758.60
778.71
798.71
842.46
842.74
870.90
878.88
892.52
905.62
970.60
519.85
980.72

1003.54
1081.23

455.58
499.42
503.46
572.56
616.09
619.96
653.55
680.16
690.61
696.60
733.66
757.50
761.72
768.55
790.15
808.77
828.88
848.88
892.63
892.91
921.07
929.05
942.69
955.79

1020.77
570.02

1030.89
1053.71
1131.40

491.41
535.25
539.29
608.39
651.92
655.79
689.38
715.99
726.44
732.43
769.49
793.33
797.55
804.38
825.98
844.60
864.71
884.71
928.46
928.74
956.90
964.88
978.52
991.62

1056.60
605.85

1066.72
1089.54
1167.23

489.41
533.25
537.29
606.39
649.92
653.79
687.38
713.99
724.44
730.43
767.49
791.33
795.55
802.38
823.98
842.60
862.71
882.71
926.46
926.74
954.90
962.88
976.52
989.62

1054.60
603.85

1064.72
1087.54
1165.23

509.40
553.24
557.28
626.38
669.91
673.78
707.37
733.98
744.43
750.42
787.48
811.32
815.54
822.37
843.97
862.59
882.70
902.70
946.45
946.73
974.89
982.87
996.51

1009.61
1074.59
623.84

1084.71
1107.53
1185.22

617.45
661.29
665.33
734.43
777.96
781.83
815.42
842.03
852.48
858.47
895.53
919.37
923.59
930.42
952.02
970.64
990.75
1010.75
1054.5
1054.78
1082.94
1090.92
1104.56
1117.66
1182.64
731.89
1192.76
1215.58
1293.27

A mass increment of 58.03, 108.02, 144.03, 142.03, 162.02, and 270.07 for the formation of (CML, Pyrraline, Imidazolone A, Imidazolone B, Schiff 
base or Amadori product (AP), and AFGP, respectively, were added to peptides identified (mascot data base) for control bsa

Table 1. Theoretical mass list obtained after addition of relative masse change (∆ mass) for AGEs and AGEs-precursors with peptides identified for 
control BSA

search revealed a m/z of 711.3 that was prominent in the EIC 
and mass spectra of the glycated BSA (2.5 M D-glucose) in-
cubated for 28 days, but absent in the non-glycated control 
BSA as well as the glycated BSA (2.5 M D-glucose) incubated 
for 14 days. The m/z at 711.3 corresponded to the peptide 
HLVDEPQNLIK (a. a. 402-412) plus a CML (+58.03). Similarly, 
a m/z at 1081.2 corresponded to the peptide RHPYFYAPELLYY 
ANK (a. a. 168-183) plus a CML (+58.03), which was absent in 
the control BSA sample as well as the glycated BSA (1.0 and 
2.5 M D-Glucose) incubated for 14 days, but present in the gly-
cated BSA samples incubated for 28 days (Table 2). This in-
dicates that CML formation was dependent on both the glucose 
concentration and incubation time, and therefore, supports the 
pre-existing hypothesis that both the process of glycation and 
subsequent AGE formation are reactant concentration and re-
action time dependent. CML formation is characterized by pep-
tide crosslinking at lysine or histidine residues; therefore, the 
two glycated peptides (RHPYFYAPELLYYANK and HLVDEPQN 
LIK) identified for CML formation were expected to have under-
gone crosslinking at their lysine (K) or histidine (H) residues. 

Identification of pyrraline 
Pyrraline has been identified as an advanced glycation end product 
both in vitro and in vivo. Higher levels of pyrraline were found 
in the urine of diabetics than in that of control subjects by an 
HPLC method (31). Two peptides (m/z 768.37 and 808.1) were 
identified for crosslinking and the subsequent formation of pyrra-
line in the glycated samples. A m/z at 808.1 was detected in the 
EIC and mass spectra of the glycated BSA (2.5 M D-glucose) incu-
bated for 28 days, but was absent in the EIC of the control BSA and 
the BSA incubated for 14 days with 2.5 M D-glucose. The m/z of 
808.1 corresponded to the peptide TVMENFVAFVDK (a. a. 569 
- 580) plus pyrraline (+108.02). Similarly, a second modified 
peptide TPVSEK (m/z 768.0) was only present in the glycated BSA 
(1.0 and 2.5 M D-glucose) incubated for 28 days, and was absent 
in the control BSA as well as the glycated BSA (1.0 and 2.5 M 
D-glucose) incubated for 14 days (Table 2). Pyrraline-peptide 
crosslinkages also occur at either lysine or histidine residues. 
However, crosslinking was expected to have occurred at the ly-
sine residue (K) of the two glycated peptides (TVMENFVAFVDK 
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AGE-precursors and AGEs Control BSA
(0 Day)

Glycated BSA

14 Days
(G 1.0M)           (G 2.5M)

35 Days
(G 1.0M)           (G 2.5M)

HLVDEPQNLIK(711.55)
CML

- - - + ++

RHPYFYAPELLYYANK(1081.23)
CML

- - - + ++

TPVSEK(768.55)
Pyrraline

- - - ++ ++

TVMENFVAFVDK(808.77)
Pyrraline

- - - - ++

IETMR(791.33)
Imidazolone B

- - - +++ ++

LGEYGFQNALIVR(884.71)
Imidazolone A

- - - - +++

SLHTLFGDELCK(952.02)
AFGP

- ++ ++ ++ ++

FPK(553.24)
Schiff Base/AP

- +++ + - -

ECCDKPLLEK(750.42)
Schiff Base/AP

- +++ ++ - -

IETMR(811.32)
Schiff Base/AP

- - +++ - -

HLVDEPQNLIK(815.54)
Schiff Base/AP

- +++ + - -

The incidence of AGE-precursors and five identified AGEs are compared in non-glycated and glycated BSA samples incubated for 0, 14 and 28 days. 
[Absence (-), Presence (+)]

Table 2. The comparative incidence of AGEs and AGE-precursors in control and glycated BSA

and TPVSEK), as both peptides lack a histidine residue. 

Identification of AFGP 
The search for glycation-induced peptide modifications with 
subsequent AFGP formation only exposed one peptide (m/z 
951.9). An m/z at 951.9 was observed in the EIC and mass spec-
tra of the glycated (1.0 M D-glucose) BSA samples incubated for 
14 and 28 days, respectively, but it was absent in the EIC of the 
control BSA. The m/z of 951.9 corresponded to the peptide 
SLHTLFGDELCK (a. a. 89 - 100) plus AFGP (+144.03). Similar 
to CML and pyrraline, AFGP also forms crosslinkages at lysine 
or histidine residues; therefore, the likely site for crosslinking 

was either the histidine (H) or lysine residue (K). 

Identification of imidazolone A 
Imidazolone A is formed upon the reaction of the sugar degra-
dation product 3-deoxyglucosone with an arginine side chain. 
A data search on the glycated BSA revealed only one peptide 
(LGEYGFQNALIVR) for glycation-induced peptide modification 
and crosslinking, with subsequent imidazolone A formation. A 
m/z at 884.5 was found in the EIC and mass spectra of the gly-
cated BSA (2.5 M D-glucose) incubated for 28 days, but was 
absent in the EIC of both the control and glycated BSA (2.5 M 
D-glucose) incubated for 14 days (Table 2). The m/z of 884.71 
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Fig. 2. Identification of Schiff Bases or APs; (A) EIC of control 
BSA (m/z 750.42), (B) EIC of glycated BSA (2.5 M D-glucose) in-
cubated for 14 days (m/z 750.42), (C) EIC of glycated BSA (2.5 
M D-glucose) incubated for 14 days (m/z 750.42), and (D) mass 
spectra of glycated BSA (2.5 M D-glucose) incubated for 14 days.

corresponded to the peptide LGEYGFQNALIVR (a. a. 421 - 
433) plus imidazolone A (+144.03). The peptide (LGEYGFQN 
ALIVR) was expected to be derived from a crosslinkage at the 
arginine residue (R).

Identification of imidazolone B 
The search to identify imidazolone B formation with sub-
sequent crosslinking among the glycated (1.0 and 2.5 M D-glu-
cose) samples incubated for 14 and 28 days revealed only one 
peptide (IETMR). The m/z of 790.9 corresponded to the pep-
tide IETMR (a. a. 205 - 209) plus imidazolone B (+142.03). 
The m/z at 790.9 was prominent in the EIC and mass spectra 
of the glycated BSA (2.5 M D-glucose) incubated for 28 days, 
but was absent in the EIC of the control BSA and glycated BSA 
(2.5 M D-glucose) incubated for 14 days. Similar to imidazo-
lone A, imidazolone B formation and subsequent crosslinkage 
occurs at arginine residues; therefore, the glycated peptide 
(IETMR) was expected to have undergone crosslinking at the 
arginine residue (R). 

Identification of schiff base or amadori products 
Amadori-albumin, a major glycated protein, was shown to be in-
volved in experimental hyperglycemia-induced microvascular 
complications (33, 34), and is associated with early and ad-
vanced nephropathy and early retinopathy status in Type 1 dia-
betic patients (35). Fig. 2 shows the absence of m/z at 750.5 in 
the EIC of the control BSA (A) and the EIC of the BSA incubated 
for 28 days with 2.5 M D-glucose (C); however, it was present in 
the EIC (B) and mass spectra (D) of the glycated BSA (2.5 M 
D-glucose) incubated for 14 days. The m/z of 750.5 corre-
sponded to the peptide ECCDKPLLEK (a. a. 300 - 309) plus a 
Schiff base or AP (+162.02). Schiff base or AP formation was 
predominantly observed in the glycated samples (1.0 and 2.5 M 
D-glucose) incubated for 14 days, in contrast to the 28 day-old 
glycated samples and the remainder of identified AGEs (Table 
2). These findings confirm that Schiff bases and APs are formed 
as early glycation products. Similarly, two glycated peptides 

(IETMR and HLVDEPQNLIK) were found to first form as AGE 
precursors, and then later to convert into imidazolone B and 
CML, respectively. Structural isomers such as Schiff bases and 
Amadori products can not be distinguished with LC-MS; there-
fore, the single glycated peptide observed for both the Schiff bas-
es and Amadori products indicates the formation of any one of 
the two. However, Schiff bases are quite labile and undergo re-
arrangement to form relatively stable Amadori products. Thus, 
the glycated peptides were anticipated to be Amadori products.
    A total of nine modified peptides (FPK, ECCDKPLLEK, IETMR, 
HLVDEPQNLIK, TPVSEK, TVMENFVAFVDK, RHPYFYAPELLY 
YANK, SLHTLFGDELCK, and LGEYGFQNALIVR) were identi-
fied for the formation of CML, pyrraline, AFGP, imidazolones A 
and B, as well as AGE-precursors (Schiff bases or APs). The 
HPLC-ESIMS experiments were performed to analyze glycated 
BSA samples incubated for 14 and 28 days; therefore, site-local-
izations for lysine (K) and histidine (H) could not be established 
for the formation of CML, pyrraline, and AFGP. In most cases, 
AGE formation was predominantly observed in the 28 day-old in-
cubated samples glycated with 1.0 and 2.5 M D-glucose, respec-
tively. On the other hand, early glycation products (Schiff bases or 
APs) were identified in the 14 day-old incubated samples, which 
support the hypothesis that glycation-induced AGE formation is 
both glucose concentration and incubation time dependent. 
    For the first time we are reporting the identification of five 
AGEs and four AGE precursors (Schiff bases or APs) in glycated 
samples of BSA by a new approach; although it was laborious 
and time consuming, it allowed for a comprehensive analysis 
of glycation-induced protein/peptide modifications with sub-
sequent identification of AGE formation. We believe that man-
ual searches to identify AGEs within control and glycated sam-
ples, based on relative mass changes due to corresponding 
AGE formation, is simple, economical, and more reliable, as 
each and every peptide is analyzed individually, which can not 
be claimed for algorithm or mathematical model based methods. 
Keeping in mind the importance of AGEs from a pathophysio-
logical standpoint, this relatively simple method will help in 
dealing with the vast data generated (by mass spectrometry) for 
the identification of AGE-peptides and other post translational 
protein/peptide modifications. We expect that the strategy em-
ployed in this in-vitro study for identifying AGEs and AGE pre-
cursor formation will provide a foundation for the identification 
of AGEs within in-vivo study models of diabetes and its asso-
ciated complications, as well as in aging, atherosclerosis, and 
various other pathophysiological conditions.

MATERIALS AND METHODS

All reagents and solvents were used as purchased without fur-
ther purification. BSA was purchased from Merck, Germany. 
Trypsin, glucose, dithiothreitol (DTT), and trifluoroacetic acid 
(TFA) were purchased from Sigma Chemical Co, USA. HPLC 
grade acetonitrile was purchased from Fisher Scientific, New 
Jersey, USA. All other materials were purchased locally. 



Identification of AGE-precursors and AGEs
Waqar Ahmad, et al.

521http://bmbreports.org BMB reports

Glycation of bovine serum albumin 
Bovine serum albumin (BSA) was incubated with different con-
centrations of glucose using the procedure of Lapolla, et al., 
2004, with slight modifications. Briefly, pure, defatted BSA (100 
mg/ml in 0.01 M phosphate buffer, pH 7.4) containing 5 mM 
toluene (as a bacteriostatic) was incubated with 1.0 and 2.5 M 
glucose at 37oC for 0, 14, and 28 days. After incubation, the BSA 
was separated from the solution by extensive dialysis against 
0.001 M phosphate buffer (MW cut-off 10,000 Da), and finally 
lyophilized and stored at -75oC. A control BSA was incubated 
under the same conditions without the addition of glucose. 

Tryptic digestion 
One milligram of BSA was dissolved in 1.3 ml of 50 mM 
NH4HCO3 buffer solution (pH 8.3). After the addition of 15 μl 
of a solution of 45mM dithiothreitol, the mixture was heated at 
50oC for 15 min, followed by incubation with trypsin (200 μl 
of a 100 ng/μl solution, substrate to enzyme ratio = 50:1 w/w) 
for 24 hours at 37oC. The reaction was stopped with the addi-
tion of 80 μl of 10% TFA. 

Chromatographic analysis
The chromatographic separation was carried out using HPLC 
(Agilent Technologies) coupled with quadruple trap mass-spec-
trometry. After digestion with trypsin, the digests were diluted 
1:1 with 50% acetonitrile solution containing 0.1% TFA. The 
chromatographic separation was brought about by injecting 40 
μl of the sample solution into a Vydac protein and peptide C18 
column (particle size 5 um, 250 × 4.6 mm i.d.) (W.R. Grace & 
Co., USA). Solvent A consisted of distilled water with 0.1% 
TFA, and solvent B was comprised of acetonitrile with 0.1% 
TFA. The gradient profile for solvent B was as follows: 15%, 1 
min; 15-45%, 33 min; 45%, 5 min; 45-95%, 10 min; 95%, 15 
min. Elution was carried out at a flow rate of 0.2 ml/min. 

Mass spectrometric analysis
The mass spectrometric analyses (ESI-MS and ESI-MS/MS) were 
performed on an Agilent 1100 LC/MSD Trap (Agilent Techno-
logies) operating in positive ion mode. The instrumental param-
eters were: a nebulizer pressure of 25 psi, auxiliary gas flow at 
8 ml/min, an auxiliary gas temperature of 310oC, a capillary 
voltage of 3.5 kV, and a skimmer voltage of 5 V. The MS and 
MS/MS analyses were performed favoring the fragmentation of 
doubly charged ions.

Peptide sequences
The peptide sequence of the control BSA digested with trypsin 
was matched in an online database search query by exporting 
the MS/MS data of the control BSA to the online Mascot data-
base (http://www.matrixscience.com/).
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