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Abstract

Being one of the most common protein post-translational modifications oc-
curring in humans, glycosylation plays a crucial role in the onset of various
diseases such as cancer. Mass spectrometry is often used to acquire gly-
can profile data in order to provide a quantitative assessment of variations
in glycan abundance between cancer and healthy patients, with the aim of
identifying biomarkers of the disease. In this project, we develop a fully
automatic glycan annotation and comparison software, which allows users
to identify possible glycan biomarkers accurately. Initially, we identify po-
tential glycans from the profile data using spectral searching based on a
dedicated list of glycan compositions. The method then identifies subsets
of glycans that are significant in the fact that they show similar patterns
within a group (either disease or health) but exhibit large variance across
groups. We illustrate the efficacy of the method using previously studied
data for discovering biomarkers in hepatocellular carcinoma using N-glycan
serum markers. We were able to identify the major biomarkers and several
new glycans that could be potential glycan biomarkers for Hepatocelluar
carcinoma.



Contents

1 Introduction 2
1.1 Post-translational modification(PTM) . . . . . . . . . . . . . 2
1.2 Glycosylation . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Glycans analyzing strategies . . . . . . . . . . . . . . . . . . . 5

1.3.1 Microarray . . . . . . . . . . . . . . . . . . . . . . . . 5
1.3.2 Mass Spectrometry . . . . . . . . . . . . . . . . . . . . 5

2 Methodology 8
2.1 Annotation of N-glycan . . . . . . . . . . . . . . . . . . . . . 8
2.2 Glycan profile comparison . . . . . . . . . . . . . . . . . . . . 10

3 Implementation 12

4 Result 14
4.1 Annotation of N-glycan . . . . . . . . . . . . . . . . . . . . . 14
4.2 Glycan profile comparison . . . . . . . . . . . . . . . . . . . . 14

5 Conclusion & Future Direction 17

6 Acknowledge 18

1



Chapter 1

Introduction

First, I will briefly introduce some background knowledge, which
is related to my project.

1.1 Post-translational modification(PTM)

Post-translational modification is an enzyme-catalyzed protein mod-
ification after protein being synthesized. The figure 1.1 shows
the process of the protein synthesis and post-translational mod-
ifications. affect. It can either enable or disable the biological
function of modified proteins. There are different kinds of PTMs
such as Acetylation, Glycosylation, Methylation, Phosphorylation,
Prenylation and, etc. The previous study [2] reports that there
are more than 50% of all eukaryotic proteins are glycosylated.
Therefore, we can say that the glycosylation is one of the common
post-translational modifications within humans. We cannot fully
understand the biological system without studying the PTM.

1.2 Glycosylation

The glycosylation is an attachment of a glycan to the peptide
chain. There are two types of glycosylations, O-linked glycosyla-
tion and N-linked glycosylation. Glycosylation also has been ver-
ified to relate to some diseases [3][4][5]. Thus, the glycan profiling
and glycoprotein profiling could be a way to discover biomarkers
[6][7][8].
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Figure 1.1: Overview of protein synthesis and post-translational modifica-
tions

[1]

The O-linked glycans are covalently linked to the oxygen atom
on the Thr(T) or Ser(S) within a peptide chain. The O-linked
glycosylation has various structures, which are different from N-
linked glycosylation. We only illustrate some of them in figure
1.2. The analysis complexity of O-linked glycosylation is higher
than N-linked glycosylation due to their diverse core structures.
The O-linked glycosylation happens after protein folding.

The N-linked glycans are covalently linked to the nitrogen atom
on the Asn (N) on the peptide. It recognizes certain peptide
patterns, which are Asn-X-Ser(NXS) and Asn-X-Thr(NXT), X
can be any amino acid but Pro. These peptide sequences are
called glycosylation sequon. The N-linked glycosylation has very
conserved core structure, which contains two GlcNac and three
Mannose. The figure 1.2 shows the N-linked glycosylation core
structure through common nomenclature [9]. This type of glyco-
sylation happens while protein folding. It means without correct
modification the protein may not have corrected folding, which
can affect the protein function directly.

The N-linked glycan can be viewed as the tree structure. We
can regard the monosaccharides, which is the building block of
the glycan as nodes, and the linkage which has up to four out
degree link as branchs. The figure 1.3 shows three distinct N-
linked glycan structures, Oligomannose, Complex and Hybrid.
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Figure 1.3: Three types of N-linked glycans
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1.3 Glycans analyzing strategies

Both instrument and experimental technique have had major im-
provement for past decades. This helps scientists gather better
data with various perspectives by different techniques. We can
understand more in the whole biological system by integrating
complementary datasets [10][11]. The figure 1.4 shows the com-
mon technique used in glycomics.

1.3.1 Microarray

Because the microarray is not the main focus in my study, I will
only briefly describe it. The microarray is one of the commonly
used tools to analyze the protein interaction. We also can use mi-
croarray to study the glycoproteomics and glycomics. There are
three different types of microarraies, antibody microarray, glycan
microarray and lectin microarray. First, the antibody microarray
uses antibodies as probes to identify which proteins are glycosy-
lated by certain glycan. Second, the glycan microarray contains
distinct glycans as probes to interact with glycan binding protein
(GBP). Finally, the lectin microarray prints various lectin on the
microarray and uses lectin to bind with different glycan.

1.3.2 Mass Spectrometry

Mass spectrometry has high throughput and high sensitivity char-
acteristics. It is widely used not only in proteomics but also gly-
coproteomics and glycomics. We can use mass spectrometry to
analyze glycopeptides and glycans.

MALDI-TOF and MALDI-FTICR are two different mass spec-
trometry, which allow us to gather information from the sample
for glycan profiling. The glycan profiling is to know what kind
of glycan (annotation) and how abundance (quantification) it is
within the sample (figure 1.5).

The isotope phenomenon happens in the nature due to some chem-
ical elements have different number of neutron, and we will always
observe series of peaks, which represent the same compound in
mass spectra. So, if the mass of these two compounds is closed,
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Figure 1.5: Example of N-glycan profiling

two isotope envelopes will overlap with each other. As we know
the glycans can have various combinations, and sometime two gly-
cans will have very close mass. Therefore, we will observe an
overlapping isotope envelope. These two reasons could affect the
accuracy of glycan profiling. Table 1.1 demonstrates a sample of
this problem.

Table 1.1: Example of overlapping glycans
2 GlcNac + 9 Man = 2374.5960 7 GlcNac + 3 Man = 2375.63
Mass % Mass %
2371 0 - -
2372 84.3 2372 0.0
2373 100.0 2373 82.4
2374 68.5 2374 100.0
2375 34.3 2375 68.8
2376 13.9 2376 34.4
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Chapter 2

Methodology

2.1 Annotation of N-glycan

Couple years ago, Krambeck and colleagues derived common monosac-
charide sequences of N-glycans based on the N-glycan synthetic
pathways in human cells [12] We use this model to generate a gly-
can list containing 412 different combinations. This list is used
as default glycan combination list in our program. We test input
spectra against this glycan list. In previous section, we talked
about the overlapping isotope envelope problem that will happen
when we want to annotate the spectra which has some compounds
mixed up together. Therefore, we design three scenarios to deal
with this kind of problem (figure 2.1). The first one contains only
glycan; the second one contains glycan mixed with another glycan,
which has molecular weight close to each other; the third one con-
tains glycan mixed with unknown compound, which might be con-
tamination or other molecular. We generate the non-overlapping
and overlapping theoretical isotope envelope and apply linear fit-
ting according to these scenarios. For unknown compound, we
use Mercury algorithm to generate the unknown isotope envelopes
[13]. Each potential isotope envelope will assign the correlation
scores with three theoretical isotope envelopes (equation 2.1) and
decompose the relative abundance.

Score =

∑n
i=1

(
Xi−X

) (
Y i− Y

)
√∑n

i=1

(
Xi−X

)2
√∑n

i=1

(
Y i− Y

)2
(2.1)
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Figure 2.2: Mass spectra for cancer and health data with annotated glycans.
[14]

n = Number of peaks in the series

2.2 Glycan profile comparison

In previous research [14], the glycomic profile is used to discover
the potential biomarker by using principal component analysis(PCA).
The figure 2.2 shows an example of mass spectra for cancer and
healthy data with annotated glycans. A computational method
is developed for identifying potential biomarkers for hepatocellu-
lar carcinoma(HCC) and chronic liver disease(CLD)[15][16]. They
build Support Vector Models(SVMs) to isolate importance spec-
tra and to identify glycans that show considerable change among
HCC, CLD and health. Because SVMs approach becomes tedious
with complicated glycan peak-picking algorithm, we use another
approach with less sophisticated.

This approach works as following 2.3. We will annotate all the
spectrum within two groups, then filter out glycans have low cor-
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Health spectra
(H1, H2, H3…Hk)

Disease spectra
(D1, D2, D3…Dk)

Remove the least significant component. 
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70% identical with 
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Figure 2.3: The workflow of glycan profile comparison

relation score and less than 30% of the spectrum within the same
group. Afterward, PCA is performed and discarded the least sig-
nificant component; repeating this step until all the score above
the threshold.
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Chapter 3

Implementation

To achieve the goals of glycan annotation and profile compari-
son, we present Multi N-Glycan. A software can annotate differ-
ent N-glycans by examining the mass spectra automatically. This
program is written by C# and developed under Microsoft .NET
framework 2.0 environment. It supports various spectrum formats
such as plain text, mzXML [17] and RAW file. Users can provide
their own glycan list in CSV format. The output can be either
in html or CSV format. The html output contains not only the
glycan score and abundance but also the graphic isotope envelope,
but CSV output only export the score and abundance. The Multi
N-Glycan has flexibility to incorporate with the different experi-
mental procedures, and also provides a user friendly interface.

Software Link:
http://mendel.informatics.indiana.edu/~chuyu/MultiNGlycan/

• Software Requirements

– .NET framework 2.0

– C++ runtime (Mercury algorithm)

– [R] for PCA analysis

– Thermo Scientific Xcalibur

• Input

– Spectrum: Plain text (Peak list), mzXML [17], or RAW file
(Thermo Scientific raw file)
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Figure 3.1: Software interface

– N-Glycans list: CSV file (User-defined); default list contains 412
common glycans [12]

• Output: List of glycans with scores and graphs.
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Chapter 4

Result

4.1 Annotation of N-glycan

In a MALDI-TOF experiment, first we only can identify 86 N-
glycans in manual inspection, but Multi N-Glycan can identify an
extra 34 N-glycans. Among these 120 N-glycans, 40 N-glycans
received scores above 0.7; 16 N-glycans were detected to have the
isotopic envelope overlapping with unknown molecule; and two N-
glycans were detected to have overlapping isotopic envelopes with
other glycans 4.1.

4.2 Glycan profile comparison

We take two groups, health and hepatocellular carcinoma(HCC),
of dataset from a published paper [16]. Health group has 78 indi-
viduals and HCC group has 73 individuals respectively. The filter
criteria are set as following: glycan correlation score <0.5 and
glycan not present at least 30% spectrum in the same group will
be discarded. In the figure 4.2, the left side is the top 10 distinct
glycan across the health and the HCC group result generating by
Multi N-Glycan; the right side is the partial result from the origi-
nal paper [16] using SVMs method. In the figure, we can find out
that three out of ten N-glycans have the similar trend (m/z 1580,
2192 and 2850). There is a very interesting case, we should take
a close look. In the SVMs method, they identify 2187 instead of
2192, but in Multi N-Glycan reports that there is an overlapping
isotope envelope in 2187 and 2192. This case represents a good
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example of two glycan overlapping with each other, which can-
not be identified by other tools but can be found in my program.
We take our result glycans to search against CFG database. Four
out of seven in the total 10 N-glycans are found in the database
(m/z 1784, 2396, 2605 and 2966). These glycans m/z 1784, 2396,
2605 and 2966) might be considered to be potential biomarkers
for further investigation.
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Chapter 5

Conclusion & Future
Direction

We only use a simple computational method to annotate and iden-
tify potential glycan biomarkers using mass spectra acquired from
a MALDI-TOF platform. The method was applied to data from
previous research and validated glycan biomarkers for hepatocellu-
lar carcinoma. Three glycans are confirmed both in the previous
research and Multi N-glycan; there are some new glycans only
identified by our program.

There are other important glycan characteristics, the linkage be-
tween monosaccharides and glycan structure, have not been con-
sidered in this program yet. This kind of informations could in-
crease accuracy of glycan profiling. Furthermore, extending this
program to deal with O-linked glycosylation will be another future
work.
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