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Abstract
Collision-Induced Dissociation (CID) has become an indispensable tool in the analysis of complex carbohydrates, 

particularly glycans and glycoproteins, by mass spectrometry. CID enables the fragmentation of ions into smaller, 
more manageable pieces, allowing researchers to interpret and understand the structural composition of carbohydrates 
in biological systems. Glycans and glycoproteins are essential components in cellular processes, influencing protein 
folding, recognition, and signaling. Due to their complexity, the analysis of these structures often requires advanced 
techniques like CID to gain insights into their molecular architecture. This article explores the principles of CID, its 
applications in glycan and glycoprotein analysis, the challenges associated with analyzing carbohydrates using this 
technique, and the advancements that have been made to improve its efficacy. We will also discuss future prospects for 
CID in the realm of glycomics and glycoproteomics.
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Introduction
Glycans and glycoproteins are integral to numerous biological 

functions, including cell-cell communication, immune response, 
protein folding, and signal transduction. These complex carbohydrates 
are involved in a wide array of physiological processes and diseases, 
making them critical targets for research in molecular biology and 
biochemistry. Understanding their structure is vital for uncovering 
their roles in cellular and molecular functions. However, their structural 
complexity, diverse linkages, and heterogeneity make them challenging 
to analyze, requiring sophisticated analytical techniques to decode their 
architecture [1].

One of the most powerful methods for analyzing glycans and 
glycoproteins is mass spectrometry (MS), which offers high sensitivity 
and specificity. In particular, Collision-Induced Dissociation (CID) has 
emerged as a key tool for the fragmentation and structural analysis of 
glycans and glycoproteins. CID allows researchers to break down large, 
intact molecules into smaller ions, facilitating the identification of the 
individual sugar residues, glycosidic linkages, and other modifications 
[2].

Description

Collision-Induced Dissociation (CID) is a widely used technique in 
tandem mass spectrometry (MS/MS) for the fragmentation of ions. It 
involves the collision of an ionized molecule with a neutral gas (often 
nitrogen or argon), which imparts energy to the ion, causing it to 
fragment into smaller ions. These fragment ions are then analyzed in 
a second mass spectrometer, providing structural information about 
the original molecule. CID is particularly valuable for the analysis of 
biomolecules such as proteins, peptides, and carbohydrates, including 
glycans and glycoproteins. The process of CID begins when a precursor 
ion, typically selected by the first stage of the mass spectrometer, 
is accelerated into a collision cell. In the collision cell, the precursor 
ion collides with neutral gas molecules, transferring energy to the 
ion. This energy causes the molecular bond to break, resulting in the 
formation of fragment ions. These fragments are then analyzed in the 
second mass spectrometer, where the m/z (mass-to-charge ratio) of 
each fragment is recorded. The key advantage of CID is its ability to 

produce predictable fragmentation patterns that can be used to deduce 
structural information about the original molecule. The nature of the 
fragmentation is influenced by the chemical structure of the ion, which 
allows researchers to infer the sequence of sugar residues, the type of 
glycosidic linkages, and the presence of modifications such as sulfation, 
phosphorylation, or acetylation [4-7].

Glycans are complex carbohydrates that consist of a variety of sugar 
residues linked together by glycosidic bonds. These sugar chains are 
often attached to proteins, forming glycoproteins, which play essential 
roles in numerous biological processes. The analysis of glycans and 
glycoproteins is challenging due to the diversity of sugar structures, 
the variety of possible linkages, and the presence of modifications. 
CID offers a powerful means of studying these structures by providing 
detailed fragmentation information. The structural complexity of 
glycans, which often contain multiple branching points, varying sugar 
residues, and different types of glycosidic linkages, presents significant 
challenges for their characterization. CID helps to break down the 
glycan into smaller fragments, allowing the identification of individual 
monosaccharide units and the analysis of their glycosidic linkages. By 
analyzing the fragmentation patterns, researchers can determine the 
sequence of sugar residues and the branching structure of the glycan.

For example, CID can distinguish between different types of 
glycosidic bonds, such as α- or β-linkages, which are crucial for 
understanding the function and interactions of the glycan. Fragment 
ions generated by CID can also reveal modifications, such as sulfation 
or acetylation, which are common in glycan structures and contribute 
to their functional diversity. Glycoproteins, which are proteins with 
covalently attached glycans, are involved in a wide range of cellular 
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processes, including cell signaling, immune response, and protein 
folding. The analysis of glycoproteins presents additional challenges, as 
it involves not only the characterization of the glycan moiety but also the 
protein backbone. CID plays a critical role in this analysis by enabling 
the fragmentation of both the glycan and the peptide backbone [8].

In glycoprotein analysis, CID can provide detailed information 
about the glycan structure, including the composition of sugar residues, 
the type of glycosidic linkages, and the presence of modifications. It 
can also provide insights into the location of the glycan attachment site 
on the protein, which is important for understanding the functional 
implications of glycosylation. Additionally, CID can help to identify 
glycoforms of glycoproteins, which are variants of a glycoprotein 
with different glycan structures attached. The interpretation of CID 
data is essential for deriving meaningful structural information from 
fragmentation patterns. In glycan and glycoprotein analysis, CID 
data can be used to identify the monosaccharide units in a glycan and 
determine the glycosidic linkages between them. The fragmentation 
patterns of glycans typically produce characteristic ions that reflect the 
position of the glycosidic bonds and the identity of the sugar residues 
[9].

For example, CID of a glycan may produce ions corresponding 
to the loss of specific sugar units or the cleavage of glycosidic bonds. 
By analyzing the m/z ratios of these fragments, researchers can 
deduce the sequence of sugar residues and the branching structure 
of the glycan. Similarly, in glycoprotein analysis, CID can provide 
information about both the glycan and the peptide backbone, enabling 
researchers to identify glycosylation sites and determine the structure 
of the glycoprotein. To aid in data interpretation, various software tools 
have been developed that help researchers visualize and analyze CID 
fragmentation patterns. These tools can automatically match fragment 
ions with known structures, significantly speeding up the analysis 
process [10].

Discussion
The ability of CID to produce detailed fragmentation patterns has 

made it an essential tool in the study of glycans and glycoproteins. This 
technique has numerous applications in the fields of glycomics and 
glycoproteomics, particularly in the following areas. CID is widely used 
in glycomics to profile glycans in biological samples. Researchers can 
use CID to identify the glycan structures present in complex mixtures, 
such as serum or tissue samples. This is crucial for understanding 
the roles of glycans in health and disease, as changes in glycosylation 
patterns are often associated with various conditions, including cancer, 
autoimmune diseases, and infectious diseases.

CID plays a critical role in glycoproteomics, the study of 
glycoproteins. By analyzing the fragmentation of both the glycan 
and peptide portions of a glycoprotein, CID can help identify the 
glycosylation sites, determine the structure of the glycan, and map 
out the glycoprotein’s glycoforms. This is essential for understanding 
the functional implications of glycosylation in cellular processes, such 
as protein folding, signaling, and immune recognition. The study 
of glycosylation patterns through CID has significant implications 
for biomarker discovery. Altered glycosylation is often a hallmark of 
diseases such as cancer, where changes in glycan structures can be 
used to distinguish between healthy and diseased states. CID allows 
researchers to identify these changes with high sensitivity, providing 
valuable tools for early diagnosis and monitoring of disease progression.

While CID is a powerful tool for glycan and glycoprotein analysis, 
it also presents several challenges. One of the main difficulties in CID 

is the complexity of carbohydrate structures. Glycans often exhibit a 
high degree of heterogeneity, with variations in sugar composition, 
branching patterns, and linkages. This can make it challenging to 
interpret CID data accurately, as the fragmentation patterns can be 
complex and overlapping. In glycoprotein analysis, another challenge 
is the presence of heterogeneous glycoforms, which can result in 
multiple fragmentation patterns for the same glycoprotein. CID must 
be carefully optimized to ensure the efficient fragmentation of both 
the glycan and peptide portions of the molecule. Additionally, the 
sensitivity and resolution of the mass spectrometer play a crucial role 
in the success of CID analysis. Advanced instrumentation with high 
sensitivity and resolution is required to detect and resolve the complex 
fragments generated during CID, particularly in the analysis of low-
abundance glycans and glycoproteins.

Conclusion
Collision-Induced Dissociation (CID) is a powerful and essential 

technique for the structural analysis of glycans and glycoproteins. 
By providing detailed fragmentation information, CID enables 
researchers to decode the complex structures of carbohydrates and 
their protein conjugates, offering insights into their roles in biological 
processes and disease mechanisms. Despite the challenges posed by 
the complexity and heterogeneity of glycan structures, CID remains a 
critical tool in glycomics and glycoproteomics, with broad applications 
in biomarker discovery, drug development, and disease diagnosis. 
Advancements in mass spectrometry technology and fragmentation 
techniques will continue to enhance the capabilities of CID, enabling 
researchers to tackle even more complex carbohydrate structures and 
obtain more precise structural information. As our understanding of 
glycans and glycoproteins deepens, CID will remain at the forefront of 
glycoscience, providing the tools necessary to unlock the full potential 
of carbohydrates in health and disease.
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