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Purification of decorin core protein from human lung tissue  
 
 
An adapted version of this chapter has been published as: Mihaela Didraga, Begona Barroso, 
Marcel de Vries, Huib Kerstjens, Dirkje Postma, and Rainer Bischoff, J Chrom A 1123 (2006) 
151. 
 
A chromatographic method to purify decorin core protein from human lung tissue is 
described. The method is simple and rapid, using a combination of two-anion exchange and 
one reversed phase chromatography steps and the enzymatic digestion with chondroitinase 
ABC. SDS-PAGE analysis of the final product revealed a single 42 kDa protein band, which 
was recognized by anti-decorin antibodies upon Western blotting and identified by mass 
spectrometry. Further digestion with PNGase F evidenced the presence of N-linked 
oligosaccharides on the core protein. Using this method we purified decorin protein core with 
the attached N-linked oligosaccharides from two different locations of a healthy human lung 
and the same locations of an emphysematous human lung. The described strategy forms the 
basis for studying structural alterations of decorin related to the pathology of diseases where 
tissue destruction plays a role. 
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3.1 Introduction 
 
The extracellular matrix (ECM) is a complex network consisting mainly of collagens, elastin, 
noncollagenous glycoproteins, and proteoglycans (PGs). In addition to filling the space 
between cells, ECM plays a unique role in building a scaffold for cells, thus maintaining the 
structural integrity of many tissues. Although representing a low percentage of the total ECM 
proteins, proteoglycans are functionally very important being involved in a variety of 
processes like tissue organization [1], regulation of tissue mechanical properties [2], 
modulation of growth-factor activities [3], and regulation of collagen fibrillogenesis [4,5]. 
Covalently attached to their backbone protein cores, proteoglycans carry as hallmark 
glycosaminoglycan (GAG) chains, polymeric structures composed of repeating disaccharide 
units. Depending on the disaccharide composition, GAGs can be divided into four main 
categories: chondroitin sulfate (CS) and dermatan sulfate (DS), heparin and heparan sulfate 
(HS), keratan sulfate (KS), and hyaluronan (HA). 

Decorin is the archetype of the small leucine-rich repeat proteoglycan (SLRP) family 
and is widely distributed in a variety of connective tissues. Its mature protein core (without 
the signal peptide and the pro-peptide) consists of 329 [6] or 330 [7] amino acids and is 
decorated with one chondroitin/dermatan sulfate glycosaminoglycan chain at Serine 4 [8] and 
two or three N-linked oligosaccharides near the C-terminus [9,10]. Molecular modeling of 
decorin [11] has revealed an open horseshoe structure allowing an extensive binding area, 
which favors interactions with the triple helix of collagens [12,13] and can adjust to the 
specific requirements of other interacting molecules. It is thus not surprising that a 
considerable number of cytokines, growth factors and adhesion molecules bind to decorin and 
participate not only in matrix assembly, but also in the control of cell proliferation and tissue 
morphogenesis [14]. The attached negatively charged chondroitin/dermatan sulfate 
glycosaminoglycan confers polyanionic properties to decorin and by its large hydration 
capacity regulates lung tissue viscoelasticity [15]. The protein core of decorin contains as a 
central domain a series of 12 leucine-rich repeats (LRR) flanked by cysteine-rich regions. The 
central region of the LRR, located between the fourth and the sixth repeat, is thought to be 
responsible for the collagen binding activity of decorin and other members of the SLRP 
family [16]. 
 As a regulator of growth factors and collagen fibrillogenesis, decorin contributes 
directly to the proper ECM assembly. Therefore, in diseases associated with an altered ECM 
organization it is expected that decorin may play a major role. This has already been 
established in pulmonary [17,18], joint [19], cardiovascular [20], and renal [21] diseases. The 
implication of several other proteoglycans (e.g. versican, perlecan, biglycan, hyaluronan) in 
the mechanism of pulmonary diseases like fibrosis [22], asthma [23], lung edema [24] or 
emphysema [17] has been demonstrated. A more complete overview of proteoglycans 
involved in lung pathophysiology is presented in [25]. The study of decorin in all mentioned 
diseases is based on measurements of mRNA levels, immunohistochemistry studies or 
quantitation of decorin associated with the cells or in cell culture supernatants. While of 
importance, none of these methods offer any structural information about decorin in relation 
to the disease state and it is not established so far whether only decorin production is 
diminished and/or whether structural alterations (e.g. degradation, altered N-glycosylation) of 
decorin take place. In order to address these questions, comparative structural characterization 
of decorin purified from diseased and normal tissue is necessary. 

In our research we are interested to identify the structural alterations that decorin 
undergoes during chronic inflammation in lung emphysema. Our group previously has found 
diminished immunohistochemical staining of decorin in the peribronchiolar area of lung 
tissue from patients with severe emphysema as compared to lung tissue from control subjects 
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[17] and dysregulation of decorin production by lung fibroblasts of patients with severe 
emphysema after modulation with cytokines [26]. Furthermore, it has been observed that 
matrix metalloproteinases (MMPs), which are activated during pulmonary inflammation, can 
degrade decorin [27] and other structural proteins of the alveolar wall in emphysematous lung 
tissue [28]. 

In the present work we report the development of an improved method for the 
purification of decorin core protein that was for the first time applied to lung tissue. The 
method is simple and rapid, using a combination of two-anion exchange and one reversed 
phase chromatography steps. Moreover, this method allows the study of other proteoglycans 
from the CS/DS family and estimates the ratio between decorin and other family members. It 
is likely that the described method can be applied for the purification of decorin from other 
types of tissue. 
 
3.2 Materials and methods 
 
3.2.1 Materials 
 
Human lung tissue was obtained from the Department of Pathology of the University Medical 
Center Groningen based on protocols approved by the medical ethics committee. The 
classification as normal or emphysematous lung tissue was made based on histological 
examination of tissue performed by a pulmonary pathologist. The control lung presented only 
mild changes related to smoking, with limited airspace enlargement and some goblet cell 
hyperplasia in the airways. No major pathology was present.  

Chondroitinase ABC, affinity purified from Proteus vulgaris, chondroitin sulfate A 
sodium salt from bovine trachea, phenylmethylsulphonyl fluoride (PMSF), Protease inhibitor 
cocktail for mammalian tissues (containing 4-(2-aminoethyl)benzenesulfonyl fluoride 
(AEBSF), pepstatin A, E-64, bestatin, leupeptin, and aprotinin), decorin from bovine articular 
cartilage (salt free, lyophilized powder), PNGase F from Chryseobacterium (Flavobacterium) 
meningsepticum, and propylene glycol were purchased from Sigma–Aldrich Inc. (St. Louis, 
MO, USA). HiTrap Q-Sepharose columns were from Amersham Biosciences Benelux 
(Roosendaal, The Netherlands). The reversed phase column was a Protein C4 column 
(2.1 mm I.D. × 250 mm length), obtained from Vydac (Hesperia, CA, USA). The Protein 
Desalting Spin Columns were purchased from Pierce Biotechnology Inc. (Rockford, IL, 
USA). The Micro BCA™ Protein Assay Reagent Kit was from Pierce (Perbio Science, Etten-
Leur, The Netherlands) and the Blyscan™ Sulfated Glycosaminoglycan Assay Kit from 
Biocolor Ltd. (Newtownabbey, Northern Ireland). The stirred ultrafiltration cell Amicon 8050 
(50 ml), the ultrafiltration membrane Biomax PBGC (10.000 NMWL), and the Stericap™ 
PLUS filtration systems were from Millipore (Millipore Corporation, Bedford, USA). 
Ethylenediaminetetraacetic acid disodium salt (EDTA), Tris–hydrochloride (Tris–HCl), and 
glycine were from Duchefa Biochemie B.V. (Haarlem, The Netherlands). All common 
laboratory reagents were obtained from Merck (Darmstadt, Germany). 

The monoclonal antibody 6D6 directed against bovine decorin core protein was a gift 
from Prof. Dr. P.G. Scott (Department of Biochemistry, University of Alberta, Edmonton, 
Canada). The epitope recognized by this monoclonal antibody has been previously described 
[29,30]. This antibody cross-reacts with decorin from most mammalian species and 
consequently was used for following the purification of decorin from human lung tissue. 
 
3.2.2 Purification of decorin 
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Lung tissue was freed of blood by perfusion with phosphate buffered saline (PBS). The left 
upper lobe (peripheral parenchymal tissue, including a minor amount of small airways) was 
used for the purification. This lung area was cut into small pieces (1–2 cm3), immediately 
frozen in isopentane and stored at −80 °C until use. Lung pieces (25 g frozen tissue) were 
homogenized with a blender and incubated with 100 ml/g tissue extraction buffer (50 mM 
sodium acetate, 300 mM NaCl, pH 6.0, containing 20% (v/v) propylene glycol, 10 mM 
EDTA, 1 mM PMSF, supplemented with 0.04% (v/v) ready-made solution of protease 
inhibitor cocktail) for 20 h at 4 °C with continuous stirring, as described by Brown et al. [31]. 
The resulting extract was centrifuged at 40,000 × g for 30 min (4 °C) using an Avanti™ J-30 
centrifuge (Beckman Coulter) equipped with a JA-3050 rotor. The pellet was re-extracted in 
500 ml extraction buffer followed by centrifugation in the same way as described above. 
Supernatants were combined and filtered through Stericap™ PLUS filters (0.22 µm pores) 
under vacuum. The total protein content of the extract was measured using the bicinchoninic 
acid (BCA) assay, and glycosaminoglycans were quantitated using the Blyscan™ assay kit 
(see Section 2.3). 

The first two chromatographic steps were performed using an AKTA basic fast 
protein liquid chromatography (FPLC) system (Amersham Biosciences) and the UV 
absorbance at 280 nm (A280) was monitored. Ten percent of the lung extract was loaded on 
two HiTrap-Q Sepharose columns (5 ml each), tandem connected, and equilibrated with the 
extraction buffer. The column was operated at 4 ml/min flow rate. After loading the sample, 
the column was washed with extraction buffer until A280 decreased to baseline followed by 
five column volumes with buffer containing 50 mM sodium acetate and 300 mM NaCl, pH 
6.0. The proteoglycan containing fraction was eluted with 1.5 M NaCl, 50 mM sodium 
acetate, pH 6.0 in a single peak. Measurements of sulfated GAGs and Western blot analysis 
showed the presence of proteoglycans and decorin, respectively, in this fraction. GAG 
containing fractions were pooled, further concentrated (to approximately 5 ml) and subjected 
to buffer exchange into 10 mM Tris–HCl, pH 7.8. 

Isolated proteoglycans were digested with chondroitinase ABC (as described in 
Section 2.4) in order to remove the chondroitin/dermatan sulfate chains. Following digestion, 
the volume of the sample was adjusted to 75 ml using a buffer containing 50 mM sodium 
acetate, 250 mM NaCl, pH 6.0 and the sample was loaded on the same 10 ml tandem HiTrap-
Q Sepharose column, previously equilibrated in the buffer mentioned above. The column was 
washed with the equilibration buffer until A280 decreased to baseline. The flow through 
fraction, containing mainly the protein cores from CS/DS proteoglycans, decorin being one of 
them, was collected and further concentrated to 3 ml. The proteoglycans resistant to 
enzymatic deglycanation were eluted with 1.5 M NaCl, 50 mM sodium acetate, pH 6.0. 

Decorin was purified by reversed phase HPLC on a Vydac C4 column (2.1 mm 
I.D. × 250 mm length) operated at 250 µL/min flow rate using a Merck Hitachi Liquid 
Chromatography system equipped with an L-7200 autosampler. Mobile phase A consisted of 
0.1% TFA in ultra pure water and mobile phase B of 0.1% TFA in acetonitrile. Separation 
was performed with an increasing gradient of B (5–95% in 75 min) with detection at 214 nm. 
Following each chromatographic step, Western blot analysis was performed in order to trace 
decorin. During the whole protocol, concentration and buffer exchange steps were performed 
using the Amicon 8050 ultrafiltration cell. 
 
3.2.3 Quantitation of total GAG and total protein 
 
Total sulfated GAGs were quantitated using the Blyscan™ Sulfated Glycosaminoglycan 
Assay Kit, according to the manufacturer's instructions. The assay is based on a colorimetric 
reaction between the negatively charged GAGs and the positively charged dye dimethyl-
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methylene blue (DMB). Concentrations were determined from standard curves of chondroitin 
sulfate A. The total protein content of samples was determined using the BCA assay kit, from 
standard curves of bovine serum albumin (BSA). 
 
3.2.4 Chondroitinase ABC digestion 
 
Pooled chromatographic fractions containing proteoglycans after the first anion exchange step 
were subjected to buffer exchange into 10 mM Tris–HCl, pH 7.8, and preconcentrated using 
the stirred ultrafiltration cell to 1.4 mg/ml total GAG. Proteoglycans were incubated overnight 
with chondroitinase ABC (2.8 mU/µg GAG) at 37 °C, to ensure complete digestion of GAG 
chains. Completeness of the enzymatic digestion was monitored by quantifying the sulfated 
disaccharides liberated from the GAG chains at different time intervals by LC–MS [32]. 
When further addition of the enzyme did not produce any increase in the amount of 
disaccharides it was considered that the digestion was completed under the given conditions. 
 
3.2.5 SDS-PAGE and Western blot analysis 
 
For SDS-PAGE analysis, a Miniprotean III system from Bio-Rad (Hercules, CA, USA) was 
used. Aliquots of pooled chromatographic fractions were analyzed by SDS-PAGE and/or 
Western blotting. Samples eluted with high salt concentrations were subjected to buffer 
exchange with 10 mM Tris–HCl, pH 7.8 (using protein desalting spin columns, according to 
the manufacturer's instructions) prior to SDS-PAGE analysis. For gel electrophoresis 10 µL 
samples were mixed with 10 µL loading buffer (2% SDS, 350 mM DTT, 25% (v/v) glycerol, 
0.01% Bromophenol Blue in 62.4 mM Tris–HCl, pH 6.8) and boiled for 5 min. Proteins were 
separated on a 12.5% SDS-polyacrylamide gel under reducing conditions. Gels were either 
stained with Coomassie® Brilliant Blue R or electrophoretically transferred to a 
polyvinylidene-difluoride (PVDF) membrane (using the Miniprotean III blotting system) in 
25 mM Tris–HCl, pH 8.3, and 192 mM glycine containing 20% (v/v) methanol (350 mA for 
1 h). Membranes were blocked for 30 min with 5% Protifar non-fat milk (Nutricia, 
Zoetermeer, The Netherlands) in TBS-T buffer (10 mM Tris, 137 mM NaCl, and 0.05% 
Tween 20, pH 8.8), and incubated for 2 h at room temperature (RT) with the 6D6 monoclonal 
antibody directed against decorin (1:150) in 1% BSA in PBS (140 mM NaCl, 2.7 mM KCl, 
10 mM Na2HPO4, and 1.8 mM KH2PO4, pH 7.4). Blots were washed with TBS-T and 
incubated with the secondary goat anti-mouse IgG antibody coupled to alkaline phosphatase 
(Sigma–Aldrich, St. Louis, MO, USA) at a dilution of 1:15000 in TBS-T buffer, for 1.5 h at 
RT. Blots were washed with TBS-T and incubated 10 min with AP buffer (100 mM Tris, 
100 mM NaCl, 5 mM MgCl2, pH 9.5). Proteins were visualized by a colorimetric reaction 
after incubation of the blots with 0.4 mM nitro blue tetrazolium (NBT) and 0.4 mM 5-bromo-
4-chloro-3-indolyl-phosphate (BCIP) in AP buffer. The reaction was stopped by washing the 
membranes with ultra-pure water. 
 
3.2.6 “In gel” tryptic digestion 
 
After excision, gel pieces were transferred to 1.5 ml Eppendorf tubes. The Coomassie® 
Brilliant Blue R stain was removed by washing the gel pieces with 25 mM ammonium 
bicarbonate and acetonitrile. Gel pieces were completely dried using a CentriVap 
Concentrator (LABCONCO, The Netherlands). Proteins were reduced with 20 µL of 10 mM 
DTT in 0.1 M ammonium bicarbonate for 30 min at 56 °C. Excess liquid was removed and 
proteins were further alkylated using 20 µL of 55 mM iodoacetamide (IAA) in 0.1 M 
ammonium bicarbonate for 30 min at RT in the dark. Excess liquid was removed and gel 
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pieces were washed again as previously described and completely dried. Twenty microliters 
of 10 ng/µL cold bovine trypsin (Promega Corporation, Madison, USA) were added and the 
tubes were kept on ice for 30 min. Excess trypsin solution was replaced with the same volume 
of 25 mM ammonium bicarbonate and digestion performed overnight at 37 °C. Excess liquid 
after the digestion was transferred to a new tube. Twenty microliters of 5% (v/v) aqueous 
formic acid were added and the tubes let to stand at RT for 15 min. Twenty-microliter 
acetonitrile were added and after 15 min the excess liquid was removed and combined with 
the excess liquid resulting after tryptic digestion. The combined extract was completely dried 
and peptides reconstituted in 20 µL of 5% formic acid and further analyzed by LC–MS/MS. 
 
3.2.7 PNGase F digestion of the intact protein core  
 
N-linked oligosaccharides attached to the intact decorin core protein were enzymatically 
released using PNGase F. In order to deglycosylate the intact protein core, we used a 
procedure adapted from Barroso et al [33], which was in brief: 20 µg of decorin core protein 
reconstituted in 35 µL of 1 mg/ml N-octylglucoside, pH 7.5, were boiled at 100°C for 2 
minutes, cooled at RT and incubated with 0.5 µl of PNGase F stock solution (5 units/µL) for 
48 h, at 37°C, using an Eppendorf Thermomixer.  
 
3.2.8 Liquid chromatography–Mass Spectrometry (LC-MS) 
 
The HPLC part of the analytical system consisted of an Agilent Series 1100 capillary LC 
system (Waldbronn, Germany). Peptides were separated on an Atlantis™ dC18 NanoEase™ 
Column (Waters Corporation, Milford, MA, USA), 300 µm I.D. × 150 mm length operated at 
5 µL/min flow rate. Mobile phase A consisted of 0.1% formic acid in ultra pure water and 
mobile phase B of 0.1% formic acid in acetonitrile. Separation was performed with an 
increasing gradient of B (5–90% in 60 min). The peptides were detected by an Agilent SL 
ion-trap mass spectrometer equipped with an ESI source operated in positive mode. MS data 
were acquired over a scan range of 50–1500 a.m.u. at 5500 m/z per second scan rate. For the 
MS/MS analysis doubly charged ions were preferred and the fragmentation cut-off was set to 
27% of the m/z of the respective precursor ion. 
 
3.2.9 Matrix-assisted laser desorption ionisation (MALDI)–Mass Spectrometry 
 
MALDI analysis was performed in the positive ionization mode using a Voyager DE Pro 
instrument (Applied Biosystems, Framingham, MA, USA). The intact protein core 
preparations spectra were acquired in linear mode with delayed extraction using a two point 
external calibration with an intact BSA preparation (m/z of 66,431 Da and 33,216 Da for the 
singly and doubly charged ions, respectively). Sinapinic acid (SA) was used for matrix 
preparation. Prior to the analysis, 7 µL of the intact decorin core protein preparations were 
desalted and concentrated using C8 Stage tips (Proxeon, Odense, DK), according to the 
manufacturer's instructions. Finally, the samples were eluted with 1 µL of 5 mg/ml SA in 50% 
ACN containing 0.1% TFA and directly spotted on a stainless steel MALDI target. 
 
3.3 Results 
 
3.3.1 Decorin purification 
 
An overview of the purification protocol is presented in Fig. 1 and the results are summarized 
in Table 1.  
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Fig. 1. Schematic representation of the method used for decorin purification. The concentration and 
buffer exchange steps will be referred to in Table 1 as “Amicon cell 1” and as “Amicon cell 2”.  
 
Table 1. Purification of decorin core protein from 25 g human lung tissue  
 

Step Volume 
(ml) 

Total GAG 
(mg)a 

Total protein 
(mg)b 

Total GAG/Total 
protein 

Lung extract 2500 10.5 315.2 0.033 
First AEC 180 7.8 23.1 0.327 

Amicon cell 1 5 3.2 11.5 0.278 
Second AEC 115 nac 1.3 na 
Amicon cell 2 3 na 0.9 na 

RP-HPLCd 12 na 0.173 na 
 
Final yield of purified decorin was 173 µg. Decorin was quantified by HPLC from a calibration curve 
using as standard bovine decorin. 
a Total GAG was measured using the Blyscan kit. 
b Total protein was measured using the BCA assay. 
c na = not applicable (due to the enzymatic digestion of CS/DS chains). 
d Fractions containing decorin, collected from RP-HPLC (successive injections) were pooled together 
and the solvent was totally evaporated under a flow of nitrogen. 

 
Two hundred and fifty milliliters crude lung extract were loaded onto the 10 ml 

HiTrap-Q Sepharose tandem column in each of 10 successive runs and a representative 
chromatogram is shown in Fig. 2. Washing of the column with 0.3 M NaCl resulted in the 
elution of a small protein fraction (F1), containing weakly bound components. This fraction 
was collected and subjected to Western blot analysis, which demonstrated that decorin was 
not present (data not shown). Proteoglycans captured by anion exchange chromatography 
eluted with 1.5 M NaCl as a single peak (F2). Western blot analysis of this fraction revealed 
the presence of decorin which migrated as a broad band around 100 kDa (Fig. 3b, lane 1). On 
SDS-PAGE no band was visible at the molecular weight of the corresponding blot (Fig. 3a, 
lane 1). The flow through fraction contained approximately 90% of the proteins loaded and 
did not contain detectable amounts of GAG.  
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Fig. 2. Anion exchange chromatography of human lung extract. Lung extract (250 ml from a total of 
2500 ml) was applied to a 10 ml HiTrap Q Sepharose tandem column at 4 ml/min in the presence of 
0.3 M NaCl. During washing, a small amount of proteins eluted (F1) while proteoglycans were eluted 
with 1.5 M NaCl (F2). 
 

 
 
Fig. 3. SDS-PAGE (a) and Western blot (b) analysis of fractions containing decorin. Lane 1: fraction 
F2 (see Fig. 2) at 1.5 M NaCl after first AEC; lane 2: collected peak after first AEC digested with 
chondroitinase ABC; lane 3: flow-through fraction collected from second AEC after 33-fold 
concentration; lane 4: decorin core protein purified by reversed phase HPLC; lane 5: prestained 
molecular weight marker. The gel was stained with Coomassie® Brilliant Blue R concentrate (Sigma). 
 

Enzymatic digestion with chondroitinase ABC selectively removed the 
chondroitin/dermatan sulfate chains from decorin and other proteoglycans belonging to the 
CS/DS class. Western blot analysis of the digest revealed a shift of the band corresponding to 
glycanated decorin (Fig. 3b, lane 1) to a much sharper band with a molecular weight of 
slightly less than 50 kDa (Fig. 3b, lane 2). This molecular weight is consistent with literature 
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data and corresponds most likely to the N-glycosylated decorin core protein [31,34]. It is 
again not possible to discern a band corresponding to this Western blot upon SDS-PAGE 
(Fig. 3a, lane 2). 
 

 
 
Fig. 4. Anion exchange chromatography of proteoglycans after deglycanation with chondroitinase 
ABC. Fraction F2 (see Fig. 2) was treated with chondroitinase ABC and loaded onto the same column 
at 3 ml/min in the presence of 0.25 M NaCl. Decorin core protein was recovered in the flow through 
fraction (see lane 3 of Fig. 3b) while proteoglycans resistant to deglycanation and digested GAGs were 
eluted with 1.5 M NaCl (F).  
 

Decorin core protein was further enriched by a second HiTrap-Q Sepharose 
chromatography step (Fig. 4). Without the highly charged CS chain, decorin core protein was 
this time recovered in the flow through fraction (1.3 mg protein; no detectable GAGs) while 
the GAGs and other proteoglycans resistant to enzymatic deglycanation eluted with 1.5 M 
NaCl (fraction F in Fig. 4; 6.2 mg protein; 3.2 mg GAGs). Only weak traces of decorin were 
identified in the 1.5 M NaCl fraction by Western blot analysis (data not shown). SDS-PAGE 
analysis of the flow through fraction showed at this stage a band with a molecular weight 
corresponding to that of decorin core protein as detected by Western blot analysis (Fig. 3a and 
b, lane 3).  

The flow through fraction from the second anion exchange column was concentrated 
to 3 ml using the stirred ultrafiltration cell and decorin was further purified by reversed phase 
HPLC (successive injections of 200 µL each corresponding to 60 µg total protein) (Fig. 5). 
Decorin core protein appeared as the single, most intense peak eluting at approximately 55% 
acetonitrile. SDS-PAGE analysis revealed a single band at the expected molecular weight 
(Fig. 3a, lane 4) that was positive upon Western blotting (Fig. 3b, lane 4). In order to quantify 
the amount of purified decorin core protein a calibration graph was prepared by HPLC using 
bovine decorin previously digested with Chondroitinase ABC and quantified using the BCA 
assay. The calibration was linear between 1 and 12.5 µg total injected amount 
(y = 5.1 × 105 + 6.6 × 105 (r2 = 0.992)) with detection at 214 nm. Overall 173 µg decorin core 
protein were purified from 25 g lung tissue (purification factor: approximately 1800-fold 

   0 

1000 

2000 

3000 

4000 

  0  20  40  60  80 100 120 140 160 

5000 

A
bs

or
ba

nc
e 

at
 2

80
 n

m
 

Volume (ml) 

F

Flow Through 

1.5 M NaCl



Chapter 3 

44 

based on the amount of initially extracted protein; see Table 1). The described purification has 
been repeated with the same tissue giving similar yields and purity. 
 

 
 
Fig. 5. Reversed phase chromatography of decorin preparation. From the 33-fold concentrated flow 
through collected after the second AEC step, 200 µL (60 µg total protein) were applied to a Vydac 
protein C4 column (250 mm × 2.1 mm, 0.25 ml/min, 214 nm). Decorin eluted as the most abundant 
peak (F*) of the chromatogram.  
 

 
 
Fig. 6. LC–MS/MS analysis of the SDS-PAGE band (see Fig. 3a, lane 4) after “in gel” tryptic 
digestion. The identified peptides are numbered and their corresponding sequence is presented in 
Table 2.  
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3.3.2 Decorin analysis 
 
For positive identification of the protein, the gel band was excised and subjected to “in gel” 
digestion with trypsin followed by LC–MS/MS analysis (Fig. 6). Several peptides in the range 
of 623.6–1325.2 a.m.u. were sequenced by MS/MS. Acquired MS/MS spectra were 
introduced into a Mascot Sequence Query of the SwissProt (version 48.6) database, with the 
taxonomy restricted to Homo sapiens. The following search criteria were used: peptide mass 
tolerance of ±1.0 Da, carbamidomethyl (C) as fixed modification, and oxidation of 
methionine as variable modification. A match was considered significant when the score 
exceeded 70 (p < 0.005). All the peptides searched had a score higher than 70 and they were 
identified as belonging to human decorin (accession number P07585). No peptides 
corresponding to any other protein were found. The amino acid sequence of the identified 
decorin peptides and their position in the protein core is summarized in Table 2. The peptides 
were identified as belonging to human decorin (accession number P07585) according to 
SwissProt (version 48.6) database. The numbers in the left column correspond to the peptides 
from Fig. 6. 
 
Table 2. List of peptides identified by LC–MS/MS from “in gel” tryptic digested decorin after 
purification and SDS-PAGE analysis 
 

No. Peptide mass 
(a.m.u.) 

Peptide's posiotion 
in the protein core Peptide sequence Remark 

1 1165.4 93–102 (K)ITEIKDGDFK(N) Missed 
cleavage 

2 1248.6 106–116 (K)NLHALILVNNK(I)  
3 1115.6 120–130 (K)VSPGAFTPLVK(L)  
4 623.6 134–138 (R)LYLSK(N)  
5 1325.2 188–200 (K)SSGIENGAFQGMK(K)  

6 779.4 201–206 (K)KLSYIR(I) Missed 
cleavage 

7 703.4 236–242 (R)VDAASLK(G)  
8 982.4 273–280 (R)ELHLDNNK(L)  

9 696.2 346–350 (R)CVYVR(S) Carbamido-
methylation 

 
MALDI spectra corresponding to approximately 95 pmol purified decorin core protein 

before and after PNGase F treatment are presented in Fig. 7a and b, respectively. Digestion of 
the purified decorin core protein with PNGase F ascertained that it was N-glycosylated as 
indicated by a molecular weight shift from ≈42.5 kDa (Fig. 7a) to ≈34.5 kDa (Fig. 7b). 
 
3.4 Discussion 
 
The collagen–elastin–proteoglycan matrix is the key component of lung parenchyma. 
Although collagen and elastin have been widely studied, little attention has been paid to the 
proteoglycan component. The exact composition and distribution of proteoglycans within 
lungs has not been fully established although the presence of proteoglycans from all four 
classes has been reported [35-37]. Immunohistochemical studies localized them mainly in the 
basement membrane, associated with collagen fibrils, in blood vessel walls and in the 
subepithelial layer of airways. With respect to the leucine-rich repeat PGs it has been shown 
by immunoblotting that lumican is most abundant, while biglycan, decorin and fibromodulin 
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are present in low amounts in adult human lungs [36]. Although it is not an abundant 
component of lung, decorin accomplishes important biological functions via interactions with 
other proteins including fibronectin, TGF-β, membrane receptors and some types of collagen 
[38]. 

In order to gain more information about proteoglycans from human lung tissue, we 
developed a purification method for decorin with the final goal of characterizing it at the 
primary structure level. We considered in our approach the complexity of the previously 
described purification protocols [27,34]. It is advantageous to reduce the number of steps in 
purification strategies, especially when applied to low abundance proteins in a particular 
tissue, in order to increase the overall purification yield. Therefore, the strategy we developed 
consists only of two-anion exchange and one reversed phase chromatography steps. Anion 
exchange chromatography (AEC) has been routinely used for isolating proteoglycans 
possessing few GAG chains and having thus a relatively low ratio of GAG to total protein (as 
for the small leucine-rich proteoglycans). These proteoglycans bind strongly to the AE resins 
due to the negative charges contributed by sulfate and carboxylate groups. Except HA, which 
is the only non-sulfated GAG, all other GAGs and PGs bind strongly to the first AE column 
and are recovered in a single fraction by step elution at high ionic strength. Enzymatic 
treatment of the proteoglycan pool with chondroitinase ABC selectively removes only GAGs 
belonging to the CS/DS class. Therefore, rechromatography of the digest on the AE column 
resulted in the enrichment of the protein cores from this particular class of proteoglycans in 
the flow through fraction. 
 

 
 
Fig. 7. MALDI-TOF mass spectra corresponding to the purified decorin core protein desalted and 
concentrated using C8 Stage tips. (a) Decorin core protein prior to and (b) after treatment with 
PNGase F. The two peaks with the molecular weights of 21,413 and 42,553 Da (a) and 17,292 and 
34,515 Da (b) correspond to doubly and singly charged ions from decorin core protein with or without 
N-linked oligosaccharides attached. 
 

Reversed phase chromatography has not been exploited for the purification of 
proteoglycans, while affinity chromatography using lectins was preferred as the last 
purification step [31]. The use of reversed phase chromatography has the advantage to 
provide resolution between decorin and other copurified proteins. It offers in this way the 
possibility to profile the proteoglycans from the CS/DS class and to gain more insight into the 
proteoglycan composition of lung tissue. This option of “proteoglycan profiling” will be 
further investigated in future research in relation to emphysema development. The 
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chromatogram obtained from the C4 column points to decorin as the most abundant CS/DS 
proteoglycan in normal lung tissue, while lumican, a KS proteoglycan, appeared as the most 
abundant leucine-reach repeat proteoglycan in an adult human lung extract [32], when 
analyzed by Western blot. 

Considerable progress has been made in glycobiology and important biological 
functions have been assigned to carbohydrates attached to proteins like the stabilization of 
protein structure, correct protein folding, cellular trafficking and protein–protein interactions. 
In several diseases like cancer [39] and inflammatory bowel disease [40] changes in 
glycosylation have been shown to be part of the disease mechanism, pointing once more to 
the importance of correct glycosylation. In another example, alterations in the N-glycans of 
α1-acid glycoprotein in chronic and acute inflammation were revealed by MALDI analysis 
[41]. These results strengthen our hypothesis that impaired decorin glycosylation may play a 
role in chronic inflammation during emphysema development and progression.  

Based on the described purification method we aim to investigate whether decorin 
suffers structural alterations during chronic pulmonary inflammation, which may lead to 
emphysema. In order to assess this it is necessary to compare decorin purified from healthy 
and diseased tissue, at the level of both the primary amino acid structure and the N-glycans. 
Therefore, using the purification method described here, we purified decorin protein cores 
with the attached N-linked glycans from two different locations of a control lung and the 
same two locations of an emphysematous lung. For all four batches of purified decorin we 
investigated the occupancy of glycosylation sites as well as the populations of N-linked 
glycans. These results are presented and discussed further in Chapter 4 and Chapter 5, 
respectively. 
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