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Characterization of N-linked oligosaccharides of human lung 
decorin using Post Source Decay MALDI-TOF-MS 
 
 
Mihaela Didraga, Begona Barroso, Marcel de Vries, Dirkje Postma, Huib Kerstjens, Wim 
Timens, and Rainer Bischoff 
 
The protein core of decorin, a small leucine-rich repeat proteoglycan, presents three 
consensus sequences for the attachment of N-linked glycans in its C-terminal region. We 
previously established a reduced presence of decorin in peribronchiolar tissue in emphysema. 
In order to investigate decorin glycosylation in relation to emphysema, we purified decorin 
protein core with the attached N-linked oligosaccharides from two different locations of a 
healthy human lung and from comparable locations of an emphysematous human lung. 
Following enzymatic digestion with PNGaseF, glycans were isolated after ethanol 
precipitation of the protein cores. The molecular masses of the sodiated adducts of glycans 
were obtained using Matrix-Assisted Laser Desorption Ionization-Time Of Flight-Mass 
Spectrometry (MALDI-TOF-MS). Structural information about representative members of 
the glycans was obtained by MALDI-TOF-MS with Post-Source Decay (PSD) fragmentation. 
The N-linked glycans attached to human lung decorin are of the complex type, being bi- or 
tri- antennary. We did not find structural differences between the N-glycans attached to 
decorin in the emphysematous and the control lung, nor between glycans from different areas 
of the same lung. 
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5.1 Introduction  
 
Decorin is the archetypal and best characterized member of the small leucine-rich repeat 
(LRR) proteoglycan family. The structural hallmarks of this class of proteins are the internal 
tandem repeats (rich in leucine and other small hydrophobic residues) and two very well 
conserved cysteine clusters, flanking the LRR domains and forming disulfide bonds. Both N-
terminal and C-terminal cysteine capping motives are exclusive to eukaryotic proteins and 
play important roles in the stability of the LRR domains [1], which are involved in protein-
protein interactions [2,3]. Other members of the LRR proteoglycans include biglycan, 
fibromodulin and lumican, decorin sharing the highest degree of structural similarity with 
biglycan. Serine 4 of the mature decorin molecule is modified with a chondroitin/dermatan 
sulfate glycosaminoglycan (GAG) chain. Additionally, the protein core of decorin displays 
branched oligosaccharides attached at three N-glycosylation sites [4-6], which contain an 
asparagine (N) residue in the consensus sequence NXS/T. The attached oligosaccharides are 
all positioned towards the C-terminus to form a glycan-rich surface which is presumably not 
involved in protein-protein interactions. Although the function of decorin N-glycans is not 
fully elucidated, it has been established that they maintain the protein core in a non-
aggregated state [7], which ensures proper biological functionality. 

The alteration of glycoforms of different proteins in disease has been shown in several 
pathological conditions such as: inflammation [8], rheumatoid arthritis [9], cancer [10], 
inflammatory bowel disease [11], and diabetes mellitus [12]. Investigation of structural 
differences between glycans in the normal and diseased state is essential for elucidating their 
possible involvement in disease pathology. Although several recombinant glycoforms of 
decorin and biglycan have been characterized [13,14], there is little information available in 
the literature with respect to the structure and composition of the N-glycans attached to 
decorin. Scott and Dodd determined the elemental composition of the asparagine-linked 
glycans attached to decorin purified from bovine skin [5]. Shinkai et al [15] reported that 
biglycan purified from newborn-calf skin displays both neutral and acidic N-glycans of 
complex type attached to the protein core. Both studies were undertaken before the emergence 
of mass spectrometry (MS) as an important tool in structural characterization of 
glycoconjugates. Today, matrix-assisted laser desorption ionization time-of-flight (MALDI-
TOF) and electrospray ionization (ESI) mass spectrometry [16], are the most efficient 
strategies applied for structural investigation of protein-bound oligosaccharides. However, by 
using MALDI-TOF-MS alone it is difficult to discriminate unambiguously between 
oligosaccharide chains, due to the existence of several structural isomers with the same 
molecular mass but different branching patterns and linkage positions [17]. Important 
structural information can be obtained using MALDI post-source decay (PSD) fragmentation 
[18-20], which allows generation of structurally informative fragment ions from decay taking 
place in the field-free region after the ions have left the ion source [21].  

Several studies indicate a different distribution and function of decorin in 
emphysematous lungs as compared to controls. On this line it is worth mentioning that 
immunohistochemical investigations revealed significant reduction of decorin in the 
adventitia of small airways in lung tissue of patients with severe COPD as compared with 
control subjects [22]. Also lung fibroblasts from patients with severe emphysema stimulated 
by cytokines manifest dysregulation of decorin production when compared with matched 
control samples [23]. We recently also found that single nucleotide polymorphisms in the 
decorin protein core were not associated with COPD. The main purpose of the work described 
in this chapter was to establish whether alterations in N-glycans are induced during lung 
emphysema development and progression.  
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Decorin core protein with its attached N-linked glycans was purified from two 
different locations (upper and lower lobes) of an emphysematous lung and the same locations 
of a control lung (smoker without emphysema), as described in Chapter 3. SDS-PAGE 
analysis of the four purified decorin batches revealed a doublet of bands in three of them, and 
a single band in the forth one as has been shown in Chapter 4 indicating some 
microheterogeneity. In the present work we investigated whether the observed differences 
were due to variations in the number and/or composition of N-linked glycans attached to the 
decorin protein core. Following glycan isolation, the molecular masses of the sodiated glycan 
adducts were obtained using MALDI-MS. Additional structural information about 
representative glycans was obtained by partial sequence analysis using MALDI-PSD.  
 
5.2 Materials and methods 
 
5.2.1 Materials 
 
Decorin core protein was purified from human lung tissue using the chromatographic method 
described previously [6]. In the present study we performed the profiling and partial structural 
characterization of the N-linked oligosaccharides attached to decorin protein core purified 
from two different areas (upper and lower lobes) of one control and one emphysematous 
human lung. 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.  

The enzymatic in-solution N-deglycosylation kit containing PNGase F from 
Chryseobacterium (Flavobacterium) meningosepticum was purchased from Sigma-Aldrich 
Inc. (St. Louis, MO, USA). All common laboratory reagents were obtained from Merck 
(Darmstadt, Germany).  
 
5.2.2 Release of oligosaccharides from decorin protein core by PNGase F digestion 
 
N-linked oligosaccharides attached to the intact decorin protein core were enzymatically 
released using PNGase F according to the protocol supplied by the manufacturer of the 
deglycosylation kit. Briefly, 60 µg of purified decorin protein core were reconstituted in 35 
µL of reaction buffer (200 mM ammonium bicarbonate solution). Five µL of denaturant 
solution containing 2% octyl-D-glucopyranoside and 100 mM 2-mercaptoethanol were added, 
the samples were boiled at 100°C for 10 minutes and cooled to room temperature (RT), 
followed by the addition of 5 µL of reaction buffer and 5 µL of PNGase F enzyme solution 
(500 units/ml). The resulting 50 µL samples were incubated at 37°C for 2 h using an 
Eppendorf Thermomixer. The reaction was stopped by boiling the samples at 100°C for 10 
minutes.  
 
5.2.3 Isolation of N-linked oligosaccharides  
 
Following PNGase F digestion, the protein cores from 50 µL decorin digest were precipitated 
by incubation with four volumes of 100% cold ethanol (-20◦C) for 30 minutes, followed by 
centrifugation at 20000 rpm (using an Eppendorf 5471R centrifuge) at 4◦C for 20 minutes. 
The supernatant was transferred into a new Eppendorf tube. The solvent was totally 
evaporated using a CentriVap Concentrator (Labconco, The Netherlands) and the N-linked 
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oligosaccharides were reconstituted in 20 µL of ultrapure water (approx 6 mM 
oligosaccharide mixture). This preparation was subjected to MALDI-TOF-MS analysis. 
 
5.2.4 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). Oligosaccharides were analyzed 
using as matrix 20 mg/ml of 2,5-dihydroxybenzoic acid (DHB) in an aqueous solution of 50% 
acetonitrile, 0.1% TFA, doped with 10 mM NaCl. The possibility to use 2-(4-
hydroxyphenylazo) benzoic acid (HABA) as matrix was also evaluated, but this gave a 
weaker signal as compared with 2,5-DHB. As the fragment ions in general were rather weak, 
the matrix giving the strongest PSD signal, DHB, was used in this work. The oligosaccharide 
preparation was mixed with the matrix in the ratio 2:1 and 2 µL from the mixture was spotted 
on a stainless steel MALDI plate. Glycan spectra were acquired in reflector mode with 
delayed extraction.  
 
5.2.5 Analysis by Post Source Decay (PSD) MALDI-TOF-MS 
 
PSD spectra were recorded in positive ion mode using delayed extraction (delay time 200 
nsec). The accelerating voltage was adjusted to 20000V and the grid voltage to 78% of 
maximum. The laser intensity was 2700 W/cm2 and 200 laser shots/spectrum were acquired. 
Spectra were recorded in a variable number of segments, with the laser spot being continually 
moved over the target surface in order to compensate for sample depletion. 

Calibration of the PSD fragmentation spectra was performed using a few of the 
theoretical masses calculated for the ions present in the spectra of each individual glycan. For 
generating the theoretical masses of these ions we used the freely available version of the 
GlycoFragments program, provided through the consortium of functional glycomics 
(http://www.glycosciences.de/tools/GlycoFragments). 
 
5.3 Results 
 
Decorin core protein was purified from two different areas (upper and lower lobes) of one 
control and one emphysematous human lung according to the method described in Chapter 3. 
In the present work we performed a comparative analysis of the N-glycan populations 
attached to decorin core proteins from all four batches of purified decorin. 
 
5.3.1 MALDI profiling of N-linked oligosaccharides 
 
Isolated glycan mixtures corresponding to each of the four decorin batches were subjected to 
MALDI-MS analysis. The glycan profiles, as presented in Fig. 1 a) and b) (control lung, 
upper and lower lobes, respectively) and Fig. 1 c) and d) (emphysematous lung, upper and 
lower lobes, respectively) are characterized by the presence of several clusters grouped 
around the following m/z values: 1300.4, 1461.9, 1664.8, 1810.6, 1978.0, 2124.0, and 2437.0. 
No major differences with respect to the molecular weights of glycans were found between 
the spectra, suggesting the same N-linked glycan composition on decorin in the upper and 
lower lobes from both control and emphysematous lungs.  
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Fig. 1. Positive MALDI-MS profiles of N-linked glycans released from decorin protein core purified 
from the upper and lower lobes of a control (a, b) and an emphysematous (c, d) human lung tissue, 
respectively. Molecular masses of the ions correspond to the sodiated adducts. Glycans marked with 
an asterisk were further analyzed by MALDI-MS-PSD.  
 
5.3.2 PSD MALDI-TOF-MS analysis of N-linked oligosaccharides 
 
More structural information (determination of the antennary structure and monosaccharide 
composition) of individual glycans was gathered from the fragmentation spectra obtained by 
PSD MALDI-TOF-MS.  
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Fig. 2. a) Schematic representation of the chitobiose core and the types of linkages between the 
constituting monosaccharides. The chitobiose core consists of two GlcNAc residues (open squares) 
and three mannose (Man) residues (closed circles). b) Formation of ions of type D, containing three 
mannose residues on the 6-antenna. This ion resulted from the loss of 3-linked antenna and the two 
reducing GlcNAc residues. 
 

Fragmentation pathways of glycans can be classified into two groups: a) glycosidic 
cleavages resulting from the breaking of a bond between two successive sugar residues, and 
b) cross-ring cleavages that involve the breaking of two bonds on the same sugar residue. 
When assigning the molecular ions we used the nomenclature proposed by Domon and 
Costello [25]. According to this nomenclature, the ions retaining the charge at the reducing 
terminus are numbered from this site and are designated X for cross-ring cleavages, and Y 
and Z for glycosidic bond cleavages. Those retaining the charge at the non-reducing terminus 
are designated A for cross-ring cleavages, and B and C for glycosidic bond cleavages, the 
numbering starting from the non-reducing end. The letter indicating the fragment type is 
followed by a subscript number indicating the residue. Subscript Greek letters are used to 
distinguish fragments from branched-chain glycans, with the letter α representing the largest 
branch. In the case of ring cleavages, superscript numbers indicate the ruptured bonds. 
Fragments resulting from cleavages, where only one glycosidic bond or one sugar ring is 
involved, are first generation ions and may undergo a second fragmentation to yield second 
generation ions. Ions resulting from more than one cleavage are designated with a slash 
between sites of cleavages (e.g. B3/Y3β). All N-linked glycans have a common core consisting 
of two GlcNAc residues and three mannose residues (see Fig. 2a), which is named a 
“chitobiose core”. The mannose residue linked to the GlcNAc residue on the chitobiose core 
will be termed “branching mannose”. The mannose residue linked α1-6 to the branching 
mannose will be part of the 6-linked antenna, since the one linked α1-3 will be part of the 3-
linked antenna (see Fig. 2 a). The internal cleavage ion resulting from the loss of 3-linked 
antenna and the two reducing GlcNAc residues will be termed “ion D” further in the text, as 
used by Harvey, who described also the mechanism for its formation [26]. The structure of 
ion D is schematically depicted in Fig. 2 b). The detection of this ion leads to the 
determination of the structural arrangement of the 6-linked antenna (see Fig. 2 a). 

In order to facilitate the ionization, we doped the matrix with NaCl. Therefore, the 
glycans were present in the spectra as sodium adducts. We will use the term “molecular ion” 
when referring to the sodium-cationized molecule. Z and C ions were not present in our 
spectra. 

The molecular ions for which we obtained fragmentation spectra were present in the 
glycan pools isolated from all four batches of purified decorin. The same fragmentation 
spectra were obtained for the ion with the same m/z in all four preparations.  
High-mannose glycans. The high-mannose glycan with the composition 
(Man)5(GlcNAc)2 and a parent ion with m/z 1257.3 produced the PSD spectrum shown in Fig. 
3.  

 β-(1-4) β-(1-4) 
 α-(1-6) 

 α-(1-3) 

a) b)

A
sn
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Fig. 3. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1257.3 and 
b) schematic representation of the deduced antennary structure. HexNAc residues are represented by 
open squares and hexose (Hex) residues by closed circles. 
 

 
 
Fig. 4. Scheme of the high-mannose glycan (Man)5(GlcNAc)2. The fragmentation of the cross-ring 
cleavage ion 3,5A4 (m/z 908.6) is shown. 
 

The spectrum contained first generation B and Y ions (B3, m/z 834.6; Y2, m/z 447.8; 
Y3α, m/z 551.9) and cross-ring fragments. Second generation ions were also present (B3/Y3β, 
m/z 671.5; B4/Y4α, m/z 875.5) and were useful in determining the distribution of the mannose 
residues between the two antennae. The ion B3/Y3β contains four mannose residues and 
resulted from the loss of one mannose residue from the 3-linked antenna of the B3 ion. At the 
same time this ion reflects the presence of three mannose residues in the 6-linked antenna. 
The B3 ion resulted from the loss of both GlcNAc residues from the reducing-termini, as 
defined by the number of continuously linked mannose residues. Confirmation of this 
structure is provided by the presence of the 3,5A4 cross-ring cleavage ion (m/z 908.6) 
produced from the branching mannose. A schematic representation of the 3,5A4 cross-ring 
cleavage ion is presented in Fig. 4. 
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Hybrid glycans. The PSD spectra of the hybrid glycans are more difficult to interpret 
due to coinciding masses of internal fragment ions formed by several different mechanisms. 
The spectra of the molecular ions corresponding to (Hex)4(HexNAc)3 (m/z 1298.5), 
(Hex)5(HexNAc)3 (m/z 1460.4), and (Hex)5(HexNAc)4 (m/z 1663.0) are depicted in Fig. 5, 6, 
and 7 respectively. 
 

 
 
Fig. 5. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1298.5 and 
b) schematic representation of the deduced antennary structure. Symbols are as in Fig. 3. 
 

 
 
Fig. 6. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1460.0 and 
b) schematic representation of the deduced antennary structure. Symbols are as in Fig. 3. 
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The parent ion at m/z 1298.5 produces the fragment ions B2α, B3α, B4, and Y4α, which 
are visible in the spectrum. D ions with m/z 916.1 (B1α/Y1) and m/z 711.8 (B3β/Y2) indicate 
the presence of HexNAc on the 6-linked antenna. Another possible structure may contain 
bisecting HexNAc, but the presence of acetylated hexose in this position is associated with 
further loss of 221 units [27,28], and there is no indication of such a loss in our spectrum.  
 

 
 
Fig. 7. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1663.5. 
Spectrum contains ions derived from two isomers. b) Schematic representation of the deduced 
antennary structure for one of the isomers, of the hybrid class. Symbols are as in Fig. 3. 
 
 

 
 
Fig. 8. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1663.5. 
Spectrum contains ions derived from two isomers. b) Schematic representation of the deduced 
antennary structure for the second isomer, of the complex class. Symbols are as in Fig. 3. 
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The spectrum of the molecular ion with m/z 1460.0 is dominated by the presence of B 
ions. Like in the previous case (m/z 1298.5), the presence of the D ion with m/z 712.6 
(B3β/Y2) indicates the existence of HexNAc on the 6-linked antenna. 

The fragmentation patterns of the (Hex)5(HexNAc)4 glycans are presented in Fig 7 and 
Fig 8. Spectra contain fragments derived from two isomeric forms, one belonging to the 
hybrid class (Fig 7 b)) and the other one to the complex class (Fig 8 b)). Because of the 
different compositions of the two isomeric antennae, the fragmentations and therefore the 
annotation of the B and Y ions are characteristic to each of the two structures. For a better 
understanding and interpretation of the data we present the same spectra in both Figs 7 a) and 
8 a), but with different annotations for the same m/z value corresponding to the two different 
isomers. The B and Y ion series are abundant and easily identified in the spectra, and the two 
isomers can be differentiated based on the observed D ions. The presence of the ion with m/z 
753.9 is associated with the structure depicted in Fig 8 b) as corresponding to the fragment 
B2α/Y2 resulting from B3 loosing the 6-linked antenna. The presence of the isomer 
represented in Fig 8 b) is also supported by the B2α ion with m/z 509.8, consistent with the 
presence of three mannose residues on the 6-antenna. The existence of the isomer represented 
in Fig 7 b) is supported by the ion with m/z 714.2, annotated as B3α/Y2 resulting from the loss 
of the 6-linked antenna from the B4 ion. The presence of the ion with m/z 1137.7 is consistent 
with the isomer from Fig 7 b) being composed of two hexose units and one HexNAc. 
 

 
 
Fig. 9. a) Fragmentation spectrum obtained by MALDI-PSD of the molecular ion with m/z 1809.4. 
and b) schematic representation of the deduced antennary structure. Symbols are as in Fig. 3, and the 
open triangle represents a fucose residue. 
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Complex glycans. Complex N-glycans contain fewer mannose residues and additional 
residues of other sugars (Fuc, Xyl, GlcNAc, Gal). The glycan with the molecular ion at m/z 
1663.0 has been already described in the previous section. Another complex glycan with the 
composition (Hex)5(HexNAc)4Fuc is present in the spectrum at m/z 1809.4. The mass 
difference between this ion and the one with m/z 1663.0 is 146.4, corresponding to a fucose 
residue, most probably attached to the reducing HexNAc. When comparing the PSD spectra 
of the ions with m/z 1809.4 (Fig. 9 a)) and m/z 1663.0, one observes fragments with the same 
molecular mass, suggesting that the attached fucose is rapidly lost and therefore the structure 
of the ion at m/z 1809.4 becomes the one depicted in Fig 7 b).  

From the total number of N-glycans attached to the decorin protein core, only the ones 
marked with an asterisk (see Fig. 1) have been successfully fragmented and characterized. 
The other glycans could not be fragmented possibly due to poor ionization. For the glycans 
with molecular ions at m/z 2124.15 and 2437.35, some fragmentation was observed, but we 
could not assign structures based on the fragments present in the spectra. When compared to 
literature data, the molecular masses of these two glycans do not match any N-linked glycan 
described so far. We do not exclude the hypothesis of novel structures, but in order to 
characterize them further additional experiments need to be performed. 

We investigated the possibility to fragment these glycans using other MS based 
techniques (MALDI-TOF-TOF-MS and atmospheric pressure MALDI-ion trap-MS), but 
could not obtain meaningful fragmentation patterns (probably related to a low glycan 
concentration in our samples).  

The N-glycans for which we proposed the above structures belong to the high-
mannose, hybrid or complex types. All these glycans are present in the data sets obtained 
from human lung tissue samples posted by the Analytical Glycotechnology Core on the site of 
the Consortium for Functional Glycomics, and are similar to the N-glycans attached to 
biglycan from newborn calf skin [15]. 
(http://www.functionalglycomics.org/glycomics/publicdata/glycoprofiling.jsp?species=Huma
n&tissue=lung)  
 
5.4 Discussion 
 
In order to assess whether alterations in N-glycans are present in emphysema lung tissue 
when compared to normal lung tissue, we facilitated their detailed structural analysis by 
enzymatical release from the protein cores and subsequent isolation. Post-Source-Decay is 
one way to obtain structural information of glycans [18-20] based on the decay of metastable 
ions in the field-free region of the mass spectrometer after ionization [20]. Delayed extraction 
of the generated ions is used in MALDI-TOF-MS instruments to increase mass resolution 
[21]. However, a complete product ion spectrum has to be acquired in several steps. This is 
due to the fact that the reflectron ion mirror is able to focus with sufficient resolution only 
ions resulting from metastable decay within a certain range of kinetic energy. Part of the 
product ion spectrum appears therefore as well-resolved signals, accompanied by a broad 
region of less resolved lower mass signals. In order to analyze the lower mass ions, the 
potential of the reflector has to be decreased in steps until all product ions have been focused 
into the detector with sufficient mass resolution. Therefore, each PSD spectrum was 
composed of several sections which were finally concatenated by the computer. 

In classical time-of–flight analysis of stable ions, the flight time (t) is proportional to 
the square root of mass over charge (m/z)1/2 for each ion. The mass-time relationship follows 
the equation below, where A and B represent two calibration constants:  
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t = A +B(m/z)1/2 
 
The calibration constants can be derived by measuring the flight times of at least two 

different ions with known masses. Therefore, any time-of–flight spectrum of stable ions can 
be calibrated by a two-point calibration using at least two known masses from standard 
calibration substances. In PSD the situation is much more complicated for two-stage gridded 
as well as for gridless reflectrons, because there is no analytical function that can be used for 
an exact multi-point calibration [28]. Therefore, we calibrated the PSD spectra using the 
theoretical masses calculated for some known Y- and B-ions present in the spectrum of each 
individual glycan. 

Although the main target for mass spectrometric sequencing using MALDI-PSD is the 
primary structure analysis of peptides, this technique has been successfully applied for 
sequencing oligonucleotides [29], oligosaccharides [30-32], or branched peptides [33]. The 
level of quality, information content and reliability are the same for oligosaccharides as for 
peptides but interpretation strategies are more challenging for oligosaccharides and 
generalizable algorithms do not exist.  

In this study we employed the PSD technique for the characterization of N-linked 
oligosaccharides attached to human lung decorin. Relatively simple fragmentation patterns 
were observed and the spectra were dominated by the presence of B and Y ions. Second 
generation ions (B/Y), when present, offered more information about the branching of the 
antenna. Only few A ions resulting from ring cleavages were present. By measuring the 
overall molecular mass of an oligosaccharide, it is not possible to obtain information 
concerning the nature of isobaric monosaccharide residues such as hexoses (mannose, 
glucose, galactose) or N-acetylhexosamines (N-acetylglucosamine (GlcNAc), N-
acetylgalactosamine (GalNAc)). Although there is no formal proof for the nature of the 
HexNAc residues deduced from the mass measurements of the released glycans in this study, 
it would seem unlikely that HexNAc isomers other than GlcNAc would be present on glycan 
cores, as all N-linked glycans share the same pentasaccharide core, which is 
(GlcNAc)2(Man)3.  

In order to ascertain a glycan structure derived from a PSD spectrum, the structure has 
to be confirmed by comparing it with a matching PSD spectrum derived from a reference 
glycan. One of the problems associated with defining fragmentation modes in the PSD spectra 
of glycans is the provision of suitable reference glycans, as only a few are commercially 
available and, of these, most are symmetrically substituted [26]. The glycan structures we 
suggest here result from comparing our data with already elucidated N-linked structures from 
human tissues available at the Consortium for Functional Glycomics. 

Both decorin and biglycan have been addressed in earlier reports with the name 
proteodermatan sulfate (PDS). Studying biosynthesis and secretion of PDS produced by 
cultured human skin fibroblasts, Glossl and colleagues found that secreted PDS contains two 
or three complex-type or two complex-type and one high-mannose-type N-linked 
oligosaccharide chains and no O-linked oligosaccharides [4]. In the same study it was noted 
that “a large proportion of secreted PDS contains an oligosaccharide of high-mannose-type, 
which is not typical for secreted proteins”. These observations support our data. 

For all spectra presented and interpreted in the work described above, the possibility 
that some internal cleavage ions could have been formed by internal residue losses and 
rearrangements, rather than by simple combinations of B- and Y-type cleavages, may be 
excluded based on the study of Brull et al [34], which shows that sodiated monosaccharides 
(MNa+) do not undergo rearrangements of this type.   
 



Decorin – N linked oligosaccharides 
 

85 

5.5 Conclusions 
 
The glycan populations isolated from the four batches of purified decorin core protein 
obtained from human lung are very similar in molecular weight and composition. We did not 
find differences with respect to the N-glycans attached to decorin in emphysematous tissue as 
compared to control tissue or between functionally different regions within the same lung 
(upper versus lower lobes). Our data indicate considerable heterogeneity with respect to the 
N-linked glycans attached to the decorin protein core. 
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