
Sialic acids are part of the innate immune system 
of human cells, but sialic acids are also targets of 
pathogenic viruses.
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Introduction

This issue of BioFiles examines topics 
of interest in glycobiology. While 
carbohydrate biology may be thought 
to be of lesser interest than high visibility 
research areas such as genomics, 
epigenetics, and metabolomics, consider 

the extent to which the non-scientific community recognizes 
the abbreviation “H1N1” as a strain of influenza (“flu”) virus. The 
abbreviation refers to the specific type of carbohydrate binding 
(hemagglutinin, “H”) and cleavage (neuraminidase, “N”) intrinsic 
to the virus. These binding and cleavage activities are specifically 
directed toward sialic acids present on the surface of mammalian 
cells, demonstrating a direct connection between human health 
and carbohydrate biology. 

Sialic acids and sialylation of glycoproteins and glycosphingolipids 
have been associated with normal development and immunity, 
intracellular signaling by sialic acid-binding proteins, and bacterial 
and viral pathogens. Sialic acids work in conjunction with sialic 
acid binding proteins as active components of the innate immune 
system in vertebrates, in order to prevent infection by viruses and 
bacteria that can also bind to sialic acid residues. Changes in sialic 
acids and sialic acid binding proteins in the innate immune system 
are important to the evolutionary race to prevent infection by 
pathogenic prokaryotes and viruses able to mutate more rapidly. 
Even though changes in sialic acid expression have also been 
found in many human pathogenic diseases including cancer and 
diabetes, little is known of the reasons and causes. 

Introduction
Vicki Caligur
Market Segment Manager, Specialty Biochemistry
vicki.caligur@sial.com

Mass spectrometry (MS) is a critical technique used in glycoprotein 
analysis for the investigation of intact proteins, digested 
glycopeptides, or liberated glycans. Because of the complexity of 
glycoproteins and glycan structures, no single technique is optimal 
for all studies. A comparison of three methods is presented, along 
with recommended matrices for MS analysis and deglycosylation 
kits for the release of oligosaccharides from glycoproteins. 

Lectins are a historically recognized group of non-immunogenic 
proteins that have preferential binding for specific carbohydrate 
ligands. Lectin conjugates can be used to probe tissues in 
a technique similar to immunohistochemistry, using the 
carbohydrate-binding property of the lectin to attach to cell surface 
oligosaccharides. By attaching a sensitive fluorescent dye to a lectin 
that binds to chitotrose, a fungal disaccharide not found in animals, 
it is possible to detect fungi in diseased human tissue samples. 

Hyaluronan (hyaluronic acid) is a glycosaminoglycan involved 
in cellular development and signaling, and the variations in its 
biological function appear to be dependant on polymer size. 
Research on hyaluronan has been limited by the lack of availability 
of hyaluronan of defined mass and low polydispersity. Select-HA™, 
now available through Sigma-Aldrich, was developed to support 
hyaluronan research needs. Select-HA is a monodisperse hyaluronan 
prepared via enzymatic synthesis from a Generally Regarded as Safe 
(GRAS) bacterial source. The patented synthesis method makes a 
high level of size control possible. Each Select-HA has a narrow-size 
distribution with an average molecular mass within a defined range, 
making it possible to design experiments with reduced polymer 
variability or that incorporate molecular mass comparisons.
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Sialic acids are classified as carbohydrates, but they are structurally 
unlike any of the other common sugars. Although they do not 
contain the strict polyol structure ([-CHOH-]n) typical of core 
carbohydrates, sialic acids are substituents of glycan structures, 
appearing most frequently as the non-reducing terminal molecules 
of N-glycans, O-glycans, and glycosylphosphatidylinositol (GPI) 
anchored proteins. Sialic acids also differ from other sugars in that 
they are less commonly utilized as an energy source but are critical 
to development, cellular recognition, cell-cell attachment, and 
signaling. All eukaryotic systems and several prokaryotes express 
sialic acids, and other pathogenic bacteria, viruses and parasites 
utilize cell surface sialic acids as ligands as a means to adhere 
to cells, with the influenza viruses being the most well-known 
example of sialic-binding pathogens.

All sialic acids are based on a cyclic nine-carbon structure with a 
carboxylic acid group at the C1 position (see Figure 1). Because 
of the carboxylic acid group, sialic acids have an inherent negative 
charge. The most common sialic acids are N-acetylneuraminic acid 
(Neu5Ac, NeuNAc or NANA), N-glycolylneuraminic acid (Neu5Glc), 
and N-acetyl-9-O-acetylneuraminic acid (Neu5,9Ac2).1 Substitutions 
may be made at carbons C4, C7, C8, and C9 and the amine 
located at C5, and multiple substitutions contribute to the variety 
of possible structures. The hydroxyl groups located at C4, C7, C8, 
and C9 may undergo acetylation, phosphorylation, sulfation, or 
methylation. Over 50 forms of sialic acid have been identified 
to date, due to the number of locations available for structural 
modification as well as core variation. An additional factor that 
contributes to sialic acid complexity in vivo is the migration 
of an O-acetyl ester moiety between C7 and C9 under certain 
physiological conditions.
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Figure 1. (a) Neuraminic acid, the core structure of all sialic acids.  
Structural modifications can be made at C4, C7, C8, C9, and at the amine 
group of C5. (b) Structure of N-acetylneuraminic acid (Neu5Ac). (c) Structure 
of N-glycolylneuraminic acid (Neu5Gc). (d) Structure of N-acetyl-9-O-
acetylneuraminic acid (Neu5,9Ac2).

The life cycle of vertebrate sialic acids follows a clear pathway, 
moving from synthesis to transport, attachment, and removal. After 
removal, the sialic acids may be recycled by attachment to cytidine 
5′-triphosphate (CTP) for reuse as a substrate, or the sialic acid may 
be degraded by the action of sialic acid-specific pyruvate lyase and 
esterases (see Figure 2). Altheide, et al., outlined the processes in 
which sialic acids participate into five steps2:

• Biosynthesis - the construction of sialic acids from precursors

• Activation, transport and transfer - the generation of sialic acid 
donor substrates and attachment to glycans via the action of 
transferases

• Modification - the addition and relocation of modifications to 
the sialic acid

• Recognition - the binding or sialic acid recognizing proteins to 
sialoglycans

• Recycling and degradation - the process of enzymatically 
removing sialic acid residues and degrading free sialic acid. 
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Figure 2. Sialic acid metabolic lifecycle in vertebrates.

Biosynthesis of Sialic Acids
Sialic acid synthesis in animals takes place primarily in the cytosol 
and involves four enzymes participating in a five-step process (see 
Figure 3). The dual activity enzyme UDP-GlcNAc 2-epimerase/
ManNAc-6-kinase (gene symbol GNE) converts the starting 
substrate uridine 5′-diphosphate-N-acetyl-d-glucosamine (UDP-
GlcNAc) to N-acetyl-d-mannosamine (ManNAc) with removal of 
the UDP moiety and epimerization of the carbohydrate. The kinase 
function of the same enzyme phosphorylates the sugar to produce 
N-acetyl-d-mannose 6-phosphate (ManNAc-6-P). The condensation 
reaction between phosphoenol pyruvate (PEP) and ManNAc-6-P 
initiated by NeuAc-9-P-synthetase (gene symbol NANS) results in 
the phosphorylated sialic acid precursor N-acetylneuraminic acid 
9-phopshate (Neu5Ac-9-P). This precursor is dephosphorylated by 
Neu5Ac-9-P-phosphatase (gene symbol NANP) to produce the key 
sialic acid N-acetylneuraminic acid (2-ketoacetamido-3,5-dideoxy-d-
glycero-d-galactononulosonic acid; Neu5Ac).
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Figure 3. Schematic of N-acetylneuraminic acid (Neu5Ac) enzymatic synthesis 
and attachment to glycan structures.

Transfer of Sialic Acids
After biosynthesis, Neu5Ac must be incorporated as a nucleotide 
donor substrate for subsequent transfer to an oligosaccharide 
structure. This substrate creation takes place in the nucleus of 
eukaryotic cells. Neu5Ac is transported to the nucleus; whereupon, 
it is attached to cytidine 5′-triphosphate (CTP) to produce the 
donor substrate CMP-Neu5Ac with the loss of pyrophosphate 
via catalysis by the enzyme CMP-NeuAc synthetase (gene code 
CMAS). The CMP-Neu5Ac substrate is then transported back to the 
cytoplasm and then to the Golgi for use by sialyltransferases.

The sialyltransferases (ST) of the Golgi attach Neu5Ac residues to 
oligosaccharides using CMP-Neu5Ac as the sugar donor. These 
transferases produce specific glycosidic linkages for sialic acid 
(α2→3, α2→6, or α2→8) and have preferences for monosaccharide 
acceptors used in attachment. These specificities are indicated by 
the enzyme nomenclature, e.g., ST6Gal I is a sialyltransferase that 
forms α2→6 linkages to galactose.  

Enzyme inhibitors are commonly designed based on structural 
similarity to functional receptors or substrates, with the expectation 
that the inhibitor will be incompletely processed by the enzyme 
and the reaction will terminate abnormally. This concept was 
used in experiments using ManNAc analogs containing unnatural 
structures as a way to prevent sialic acid synthesis. However, 
instead of interfering with sialic acid synthesis, the analogs were 
processed through enzymatic synthesis with their unnatural 
component intact and subsequently incorporated at the terminus 
of oligosaccharides. This lack of substrate selectivity may not 
be completely surprising as it has been shown the sialic acid 
synthesis pathway is necessary for vertebrate survival. Elimination 
of UDP-GlcNAc-2-epimerase was found to be lethal in a knock-
out mouse model.3 The ability of unnatural sialic acid analogs 
to be incorporated into glycan oligosaccharides has allowed 

researchers to use this substrate flexibility as a means for study of 
sialylation contribution to cell biology. Metabolic incorporation 
has been combined with chemoselective ligation strategies, in 
which the unnatural group of the sialic acid analog is available 
for covalent bonding to a detection or attachment molecule.4 
Campbell, et al., reviewed the unnatural monosaccharides 
that could be incorporated through metabolic labeling, with 
N-acetyl-d-mannosamine and sialic acid analogs being the 
most successful for use in oligosaccharide engineering.5 Sialic 
acid metabolic engineering has also been used in the study of 
viral adhesion and innate immune system regulation. Unnatural 
mannosamine analogs have been used to investigate the glycan 
specificity requirements of viral hemagglutinin binding and the 
immunotargeting of cancer cells that express polysialic acid.5,6

Modification of Sialic Acids
Modification to the neuraminic acid takes place in the Golgi, either 
before the carbohydrate moiety is transferred to a carbohydrate 
acceptor or after transfer. The exception to this is the development 
of N-glycolylneuraminic acid (Neu5Gc), the hydroxylated form 
of Neu5Ac. In non-human vertebrates, including other primates, 
Neu5Ac is converted to Neu5Gc in the cytosol by the action of 
cytidine monophosphate-N-acetylneuraminic acid hydroxylase 
(CMP-N-acetylneuraminate monooxygenase; gene symbol CMAH). 
Human evolution has resulted in the elimination of this gene, so 
while Neu5Gc is a common sialic acid in other vertebrates, it does 
not occur naturally in man.2 The enzymes and mechanisms by 
which sialic acids are subsequently modified are not well defined.

Sialic Acid Recognition and 
Biological Function
Sialic acids and sialylated glycoproteins and glycoconjugates 
are necessary for proper mammalian development. Because 
sialic acids are typically located at the terminal end of the glycan 
structure and because of their acidic, negatively charged nature, 
sialylated glycoconjugates can inhibit many intermolecular and 
intercellular reactions. As cited previously, the ability to synthesize 
sialic acids was shown to be necessary for murine survival and 
development.3 Polysialic acid is a post-translational modification 
of the neural cell adhesion molecule (NCAM) glycoprotein and its 
presence is necessary for postnatal neuron development, while 
sialic acid is a critical component of brain gangliosides (sialylated 
glycosphingolipids), and dietary sialic acids are necessary for 
normal mammalian brain development.7 

Sialic acids are a critical part of the innate immune system in 
vertebrates. Key proteins that recognize sialic acids are the I-type 
lectins that include the major subfamily of sialic acid binding 
immunoglobulin-like lectins (Siglecs). Briefly, Siglec proteins are 
expressed on the cell surface and are highly specific for sialylated 
ligands. Terminal sialic acids on cell surface glycoconjugates act as 
ligands for cell surface Siglecs, masking the Siglecs and preventing 
binding to external pathogens. A discussion of Siglecs and their 
roles in the innate immune system is not included here; the 
reader is directed to definitive reviews for further information.8-10 
By attaching to nearby sialylated glycans also on the cell surface, 
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these proteins produce “cis” bonds that reduce the likelihood of 
viral attachment and help to protect (“mask”) the sialylated glycans 
from external attachments to viral hemagglutinins. 

This cis binding of terminal sialic acids to Siglecs has been 
described as identifying the cell as “self” to the immune system and 
preventing attack by macrophages and other cells of the immune 
system.8 Loss of terminal sialic acids through sialidase cleavage 
unmasks the Siglecs and makes the Siglecs available for binding 
to another host cell (“trans” binding) or to a pathogen that has 
stronger affinity for the Siglec binding site. Terminal sialic acids also 
protect penultimate glycoconjugate sugars, primarily galactose, 
from carbohydrate binding receptors such as galectins (vertebrate 
galactose-specific lectins) that are associated with inflammation, 
apoptosis, and immune cell responses.

Another set of membrane proteins that has affinity for sialylated 
ligands is the selectins, a family of calcium-dependent lectins 
expressed by endothelial cells, leukocytes, and platelets. The 
selectins have a weak affinity for the sialylated Lewis X antigen 
(SLeX) that has been associated with cancer, and many of the 
identified ligands with higher affinity for selectins are both sialylated 
and fucosylated. Selectins expressed on the surface of vascular 
endothelial cells in areas of inflammation adhere to sialylated 
ligands present on leukocytes and platelets. This weak adhesion 
tethers the circulating leukocytes and slows their transport through 
the venule. The leukocytes are tethered briefly and roll along 
the endothelial cell surface, slowing their transport and allowing 
signaling by chemokine receptors to activate integrin expression by 
the leukocytes. The leukocytes are finally attached to the vascular 
surface through integrin-immunglobulin superfamily binding and 
migrate through the vascular wall to the damaged tissue. 

N-Acetylneuraminic acid has been shown to be able to 
scavenge free radicals including hydrogen peroxide and lipid 
hydroperoxides,11 and other sialic acids may also have antioxidative 
activities. Bovine submaxillary mucin was able to reduce hydroxyl 
radical degradation of plasmid DNA, but desialylated mucin did not 
prevent DNA oxidative degradation.12 Treatment with intravenous 
sialic acid was shown to counteract lipopolysaccharide induced 
liver toxemia in rats.13

Sialic acid is a component of the α-subunit of voltage-gated 
sodium channels, in which the subunit molecule contains an 
estimated 100 sialic acid residues. Insufficient sialylation of the 
subunit, either when expressed in a cell line unable to properly 
sialylate proteins or by deglycosylation, results in channel gating 
that is more depolarized. Sialylation of the β1-subunit has been 
shown to indirectly support sodium channel gating by the 
α-subunit.14 This sodium channel gating function of sialic acid has 
been examined as a possible target for the treatment of epileptic 
seizures. Treatment of rat hippocampus with neuraminidase to 
reduce the number of surface sialic acid residues found that both 
in vitro and in vivo models of epilepsy demonstrated reduced 
seizure susceptibility.15

Changes in sialylation expression, including increases in level of 
sialylation and changes to the sialic acid modifications have been 
identified in cancer cells. The increase in sialylation in cancer may 
be due to overexpression of sialyltransferases.16 Sialylated Lewis 
X (SLex)and sialylated Lewis a (SLea) (see Figure 4) carbohydrate 
structures were identified as tumor antigens with higher levels of 
expression in several types of cancer cells.17 SLex acts as a ligand for 
endothelial E-selectin , a selectin that is expressed after induction 
by inflammatory events in a cytokine-dependant manner. Sialyl 
Lewisx/a may play a role in E-selectin mediated cancer cell adhesion 
to the endometrium.18 Increases in serum sialic acid levels have 
also been found in patients with diabetes or hypertension.19

α2   3

α1
4
β1   3β1   3

α2   3

α1
3
β1  3β1   4

Figure 4. Carbohydrate structures for sialyl Lewisa (top) and sialyl Lewisx (bottom) 
oligosaccharides. See key to monosacharide symbols to identify carbohydrates. 

Key to Monosaccharide Symbols

β-D-Glucose (Glc) β-D-Xylose (Xyl)

β-D-Mannose (Man)
α-N-Acetylneuraminic acid; 

Sialic acid (NeuNAc)

β-D-Galactose (Gal) β-D-Glucuronic acid (GlcA)

β-D-N-Acetyl glucosamine (GlcNAc) α-L-Iduronic acid (IdoA)

β-D-N-Acetyl galactosamine (GalNAc) α-L-Fucose (Fuc)
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Sialic Acids and Pathogens
Several pathogenic organisms including the influenza virus exploit 
cell surface sialic acids for attachment and infection.20 Influenza 
has two complementary activities toward cell surface sialic acids, a 
hemagglutinin activity that has binding preference for sialic acids 
and a neuraminidase activity that is able to cleave terminal sialic 
acid residues from oligosaccharides. The common abbreviation 
for influenza strains reflects the presence of hemagglutinin (H) 
and neuraminidase (N). Viruses use the eukaryotic surface terminal 
sialic acids as ligands to attach to a cell for infection. These “trans” 
attachments typically have a low binding coefficient, so in order 
to strengthen the bonds to the host cell, there are typically a large 
number of attachments between the virus and the host. The binding 
allows the virus to transfer its RNA to the host cell for subsequent 
infection and copying. There are 16 known serotypes of influenza 
hemagglutinins, and these have specific receptor preferences 
for terminal sialic acids. Avian viral hemagglutin preferentially 
binds to sialic acids linked α(2→3) to galactose, while human viral 
hemagglutinins have greater affinity for sialic acids with α(2→6) 
linkages.21,22 This linkage preference helps to reduce the risk of avian-
human influenza infection. However, such transfers are possible. The 
1918 pandemic influenza virus contained a mutation that was able 
to attach to both α(2→3) and α(2→6) sialic acids. In addition to sialic 
acid binding preferences, viral hemagglutinin binding may also have 
additional oligosaccharide structural requirements.23 

After infection, the neuraminidase activity of the virus cleaves the 
sialic acid groups that hold the virus attached to the cell, releasing 
the newly formed viral particles. Two key antiviral drugs, zanamivir 
and oseltamivir, are neuraminidase inhibitors (NAI) developed 
using rational drug design and the protein structure of influenza 
neuraminidase.24 The mechanism of action of these inhibitors is 
to occupy the neuraminidase active site and block the glycolytic 
activity. The hemagglutinin activity of the newly formed virus 
particles attaches the particles to the host cell surface and prevents 
their escape into the extracellular space.25

In addition to neuraminidase inhibition as a means to combat 
influenza infection, sialic acid-based oligosaccharides have been 
screened for suitability as ligands for the influenza hemagglutinin. 
Theoretically, drugs based on sialyloglycoconjugates could 
be effective to prevent viral attachment to cell surfaces by 
competitively binding to the viral hemagglutinin.22

While the sialic acid binding abilities of viruses are under intensive 
study, other pathogenic bacteria, including Escherichia coli, 
Neisseria meningitidis, and Streptococcus agalactiae are able to 
synthesize N-acetylneuraminic acid. It has been hypothesized 
that these bacterial cell surface sialic acids mimic sialylated 
glycans on the host cell and camouflage the bacteria from the 
host immune system.26 A key enzyme in sialic acid synthesis, CMP 
sialic acid synthetase, has been identified as a potential target for 
development of drug therapies against bacterial pathogens.27 

The parasite Plasmodium falciparum, which is the cause of 
malignant malaria in humans, uses hemagglutinins that 
preferentially bind to Neu5Ac to attach to human erythrocytes. 
However, P. falciparum has additional redundant infectious 
mechanisms that are sialic acid independent, contributing to the 
difficulty in developing preventative therapies for malaria.28 

The depth of knowledge regarding sialic acids and the proteins 
that specifically bind to them has expanded rapidly; as of 2002 
the number of sialic acid structures was thought to be around 
40; another 10 structures have been identified in the subsequent 
decade. However, details of the processes that sialic acids 
participate in, the interpretations of those activities and why 
sialic acid expression changes occur in pathological states are still 
ambiguous and a focus of continuing research. Because changes 
in cellular sialylation have been associated with cancer, infection, 
diabetes, and other illnesses, sialic acid research is poised to be of 
interest to scientists who seek to understand the role of sialylation 
as a possible cause, effect, or indicator of these disorders.
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Products for Sialic Acid Research
Sialic Acids and Sialyl Oligosaccharides

N-Acetyl-d-manno s amine
[7772-94-3]   C8H15NO6   FW 221.21

 ≥98% (TLC)
N-Acetyl-d-mannosamine (ManNAc) is an essential precursor of 
N-acetylneuraminic acid (NeuAc), the specific monomer of polysialic acid. 
Transport studies in the E. coli K1 strain have been performed to probe the effect 
of ManNAc on capsular polysialic acid production. 
store at: −20°C

A8176-10MG 10 mg

A8176-250MG 250 mg

A8176-1G 1 g

A8176-5G 5 g

N-Acetyl neur aminic acid
NANA; Lactam inic acid; Sialic acid; NAN; 5-Acet amido-3,5-dideoxy-d-gly cero-
d-galacto nonulosonic acid 
[131-48-6]   C11H19NO9   FW 309.27

 synthetic, ≥95%
Type IV-S
store at: −20°C

A0812-25MG 25 mg

A0812-100MG 100 mg

A0812-250MG 250 mg

A0812-1G 1 g

 from Escherichia coli, ≥98%
Type VI
store at: −20°C

A2388-10MG 10 mg

A2388-25MG 25 mg

A2388-100MG 100 mg

A2388-250MG 250 mg

A2388-1G 1 g

 from sheep submaxillary gland, ≥99%
Type VIII
store at: −20°C

A9646-10MG 10 mg

A9646-25MG 25 mg

2-Keto-3-deoxy octonate ammonium salt
3-Deoxy octulosonic acid; KDO 
[103404-70-2]   C8H14O8 · NH3   FW 255.22

 ≥97%
KDO is a sialic acid that is a component of bacterial lipopolysaccharides and a 
possible target for antibiotic development.
store at: −20°C

K2755-1MG 1 mg

K2755-5MG 5 mg

K2755-10MG 10 mg

K2755-50MG 50 mg

3′-Sialyl-Lewis-a tetra sac cha ride
α-NeuNAc-(2→3)-β-d-Gal-(1→3)-(α-l-Fuc-[1→4])-d-GlcNAc; 3′-SLea 
[92448-22-1]   C31H52N2O23   FW 820.74
Antigen which supports E-, L-, and P-selectin-dependent adhesion.
store at: −20°C

S2279-.2MG 0.2 mg

S2279-1MG 1 mg

Sialic Acid Synthesis

CMP-Sialic Acid Synthetase from Neisseria meningitidis  8

group B  

CTP: n-Acylneuraminate cy tidyl yl trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥10 units/mg protein

Supplied as a lyophilized powder containing Tris-HCl and NaCl.

One unit will catalyze the formation of 1 μmol CMP-Neu-5-Ac from Neu-5-Ac and 
CTP per minute at 37 °C at pH 8.5. 

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 8.5) 
containing Neu-5-Ac (1 mM) and CTP (1 mM) at 37 °C for 30 min and analyzed 
using capillary electrophoresis with a UV detector (200 nm). 
ship: dry ice  store at: −20°C

C1999-10UN 10 units

Cyti dine-5′-mono phos pho-N-acetyl neur aminic acid sodium salt
CMP-NANA; CMP-Sialic acid; CMP-NAN; CMP-Neu5Ac 
[3063-71-6]   C20H31N4O16P   FW 636.43

 ≥85% (HPLC)
Enzymatically prepared by the method of Schauer, R., et al., Hoppe Seyler’s Z. 
Physiol. Chem., 353, 883 (1972).

CMP-NAN is very acid-labile.
store at: −20°C

C8271-1MG 1 mg

C8271-5MG 5 mg

C8271-25MG 25 mg

Methyl 4,7,8,9-tetra-O-acetyl-2-thio-N-acetyl-α-d-neur aminic acid
methyl ester
[116450-06-7]   C21H31NO12S    FW 521.54

 ≥90% (HPLC)
N-Acetylneuraminic acid derivative (glycosyl donor) suitable for chemical 
sialylation of carbohydrates.
store at: −20°C

M8797-25MG 25 mg

Uridine 5′-diphos pho-N-acetyl gluco s amine sodium salt
UDPAG; UDP-GlcNAc; UDP-N-acetyl gluco s amine 
[91183-98-1]   C17H25N3O17P2Na2   FW 651.32
Donor substrate for transfer of GlcNAc to the dolichol precursor in the synthesis 
of N-glycans. UDP-GlcNAc also functions as the source of GlcNAc attached to 
serine/threonine residues by O-GlcNAc transferase (OGT) in O-GlcNAc signaling.

 ≥98%
store at: −20°C

U4375-25MG 25 mg

U4375-100MG 100 mg

U4375-500MG 500 mg

U4375-1G 1 g

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8176
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8176
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8176
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A8176
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A0812
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A0812
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A0812
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A0812
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C8271
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C8271
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C8271
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Sialic Acid Transferases

α-2,3-Sialyl trans ferase from Pasteurella multocida   8

CMP-N-acetyl neuraminate:β-D-galacto side α-(2,3)-N-acetyl- 
 neuraminyl trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥2 units/mg protein

Expressed as the 46.4 kDa protein, optimum pH 7.5-8.5, pI = 5.94

Lyophilized powder containing Tris-HCl and NaCl

One unit will catalyze the formation of 1.0 μmol Neu-5-Ac-α-2,3LacMU from CMP-
Neu-5-Ac and Lac-β−OMU per minute at 37 °C at pH 7.5. 

Enzymatic activity assays performed in Tris-HCl buffer (100 mM, pH 7.5) 
containing CMP-Neu-5Ac (1 mM) and Lac-β−OMU (1 mM) at 37°C for 30 min 
and analyzed using HPLC with a fluorescence detector (excitation at 325 nm and 
emission at 372 nm). 
ship: dry ice  store at: −20°C

S1951-1UN 1 unit

α-2,6-Sialyl trans ferase from Photobacterium damsela   8

β-Galacto side α-2,6-sialyl trans ferase; CMP-N-Acetyl neuraminate:β-D- 
galacto syl-1,4-N-acetyl-β-D-gluco s amine α-2,6-N-acetyl neuraminyl trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥0.8 units/mg protein

Supplied as a lyophilized powder containing Tris-HCl and NaCl.

One unit will catalyze the formation of 1 μmol Neu-5-Ac-α-2,6-LacMU from CMP-
Neu-5-Ac and Lac-β−OMU per minute at 37 °C at pH 8.5. 

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 8.5) 
containing CMP-Neu-5-Ac (1 mM) and Lac-β−OMU (1 mM) at 37 °C for 30 min 
and analyzed using HPLC with a fluorescence detector (excitation at 325 nm and 
emission at 372 nm). 
ship: dry ice  store at: −20°C

S2076-1UN 1 unit

Sialic Acid Degradation Enzymes

N-Acetyl neur aminic Acid Aldolase from Escherichia coli
Sialic Aldolase; N-Acetyl neuraminate Pyruvate Lyase; NANA Aldolase; 
N-Acetyl neur aminic Acid Lyase 
[9027-60-5]

 lyophilized powder, activity: ≥20 units/mg protein (biuret)
Lyophilized powder containing potassium phosphate buffer salt

One unit will release 1.0 μmole of pyruvate from NANA per min at pH 7.7 at 37 °C.
store at: −20°C

A6680-25UN 25 units

3-Deoxy-d-manno-octulosonate Aldolase from E. coli
KDO Aldolase; 2-Keto-3-deoxy octonate Aldolase 
[9026-95-3]

 BioChemika, activity: ≥1.0 units/mg
1 U corresponds to the amount of enzyme which converts 1 nmol 2-Keto-3-
deoxyoctonate per hour at pH 7.0 and 37°C.

Catalyst for stereoselective aldol reactions1,2,3

Lit cited: 1. B.R. Knappmann, M.R. Kula, Appl. Microbiol. Biotechnol. 33, 324 (1990); 2. U. Kragl et 
al., Angew. Chem. 103, 854 (1991); 3. T. Sugai et al., J. Am. Chem. Soc. 115, 413 (1993); 
store at: −20°C

67891-10MG-F 10 mg

Sialic Acid Aldolase from Escherichia coli K12   8

N-Acetyl neuraminate lyase; N-Acetyl neuraminate pyruvate-lyase (N-acetyl-
D-manno s amine-form ing) 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥3.0 units/mg protein

Lyophilized powder containing Tris-HCl and NaCl

One unit will catalyze the formation of 1.0 μmol Man-N-Ac and pyruvate from 
Neu-5-Ac per minute at 37°C at pH 7.5.

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 7.5) 
containing Neu-5-Ac (10 mM) at 37 °C for 15 min and analyzed using capillary 
electrophoresis with UV detection at 200 nm.
ship: dry ice  store at: −20°C

S1826-10UN 10 units

http://www.sigma-aldrich.com/ProductLookup.html?
ProdNo=C7352&Brand=SIGMA

Use the IUBMB–Sigma-Aldrich Interactive Metabolic 
Pathway Chart to find the Metabolite Standards you need.

The Metabolic Pathways Map contains over 500 hyperlinks to Sigma 

product listings. Just click on the metabolite name or the enzyme’s  

E.C. number to access product information.

You can access the chart at sigma-aldrich.com/metpath

sigma-aldrich.com

Online Metabolomics Resource

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S1951
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S2076
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A6680
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/67891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S1826
http://www.sigma-aldrich.com/metpath
http://www.sigma-aldrich.com
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Sialylated Polysaccharides

Colominic acid sodium salt from Escherichia coli
Poly[2,8-(N-acetyl neur aminic acid sodium salt)] 
[70431-34-4]   (C11H16NNaO8)n

store at: −20°C

C5762-100MG 100 mg

C5762-1G 1 g

q Mucin

Mucin from bovine submaxillary glands
[84195-52-8]
Albuminoid substance in mucus which gives it its ropy consistency

Neuraminidase substrate.

 Type I-S
Associated gene(s): BSM (286841)

composition

  Bound sialic acids 9-17%

Similar to M 4503, but produced by Sigma.
store at: −20°C

M3895-100MG 100 mg

M3895-500MG 500 mg

M3895-1G 1 g

Mucin from porcine stomach
[84082-64-4]

 Type III, bound sialic acid: 0.5-1.5%, partially purified powder
Prepared according to the method of Glenister, et al., for use in complex growth 
media for dental plaque bacteria.
store at: 2-8°C

M1778-10G 10 g

M1778-100G 100 g

 Type II
composition

  bound sialic acid ~1%
store at: 2-8°C

M2378-100G 100 g

M2378-500G 500 g

Mucin p

Desialylated Polysaccharides

Asialoganglio side GM1 from bovine brain
Cer amide tetra hexo side; Ganglio tetra osyl cer amide; Ganglio side GM1, asialo 
Cer-Glc-Gal-GalNAc-Gal   [71012-19-6]
Removing the sialic acid from monosialoganglioside GM1 inhibits its ability to 
bind cholera toxin. Asialoganglioside GM1 does not block the binding of cholera 
toxin to cellular GM1.

Gangliosides are major constituents of neuronal cell membranes and 
endoplasmic reticulum; contain a sialylated polysaccharide chain linked to 
ceramide through a β-glycosidic linkage; for classification of gangliosides see 
Svennerholm, L., et al. (eds.), Structure and Function of Gangliosides, New York, 
Plenum, 1980.

 ~98%, lyophilized powder
store at: −20°C

G3018-.5MG 0.5 mg

G3018-1MG 1 mg

 lyophilized powder, γ-irradiated, cell culture tested
Endotoxin ..................................................................................................................................................... tested
store at: −20°C

G9402-.5MG 0.5 mg

Neuraminidases (Sialidases)

q Neuraminidase

Sialidase 

Neuraminidase from Clostridium perfringens (C. welchii)
Receptor-destroying enzyme; Acyl-neuraminyl Hydrol ase 
[9001-67-6]
Hydrolyzes α(2→3), α(2→6), and α(2→8)-glycosidic linkages of terminal sialic 
residues of various glycomolecules.

Associated gene(s): nanJ (988807)

One unit will liberate 1.0 μmole of N-acetylneuraminic acid per min at pH 5.0 at 
37 °C using NAN-lactose or bovine submaxillary mucin unless otherwise specified.

 Type V, lyophilized powder
activity: ≥0.1 units/mg solid (using mucin)

activity: ≥0.5 units/mg solid (using NAN-lactose)

Prepared by salt fractionation.

Prices based on units using NAN-lactose as substrate.

Protease and NAN-aldolase ........................................................................................................... present
ship: dry ice  store at: −20°C

N2876-1UN 1 unit

N2876-2.5UN 2.5 units

N2876-10UN 10 units

N2876-100UN 100 units

N2876-250UN 250 units

  Type VI, lyophilized powder, activity: 6-10 units/mg protein  
(using NAN-lactose), activity: 2-5 units/mg protein (mucin)

composition

  Protein >95% (biuret)

Chromatographically purified from Type V (N 2876)

Prices based on units using NAN-lactose as substrate.

Protease and NAN-aldolase ........................................................................................................... present
store at: −20°C

N3001-4UN 4 units

N3001-10UN 10 units

  Type VIII, lyophilized powder, activity: 10-20 units/mg protein  
(using NAN-lactose), activity: 3.5-8.0 units/mg protein (mucin)

composition

  Protein ≥85% (biuret)

Chromatographically purified from Type V (N 2876)

Prices based on units using NAN-lactose as substrate.

Protease and NAN-aldolase ........................................................................................................... present
store at: −20°C

N5631-1UN 1 unit

N5631-5UN 5 units

N5631-10UN 10 units

N5631-50UN 50 units

  Type X, lyophilized powder, activity: ≥50 units/mg protein  
(using NAN-lactose)

Purified by affinity chromatography from Type VIII (N 5631)
store at: −20°C

N2133-1UN 1 unit

N2133-5UN 5 units

N2133-10UN 10 units

N2133-50UN 50 units

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N2876
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Neuraminidase from Clostridium perfringens (C. welchii)
α(2→3,6) Neuraminidase from Clostridium perfringens (C. welchii);  
Acyl-Neuraminyl Hydrol ase

  α(2→3,6) Neuraminidase 
recombinant, expressed in Escherichia coli, buffered aqueous solution, 
activity: ≥250 units/mg protein

Releases α(2→3)- and α(2→6)-linked N-acetylneuraminic acid from complex 
oligosaccharides.

Solution in 20 mM Tris-HCl, pH 7.5, and 25 mM NaCl.

Expressed in glycosidase-free hosts.

Provided with 5× reaction buffer (250 mM sodium phosphate, pH 6.0).

One unit will hydrolyze 1 μmole of 4-methylumbelliferyl α-d-N-acetylneuraminide 
per min at pH 5.0 at 37 °C

proteases................................................................................................................................... none detected
store at: 2-8°C

N5521-.4UN 0.4 unit

Neuraminidase from Vibrio cholerae
Receptor-destroying enzyme; Acyl-neuraminyl Hydrol ase 
[9001-67-6]
Preservative free.

Neurminidase is used as a cell-surface probe for glycoconjugate distribution1 and 
in substrate specificity studies.2

One unit will liberate 1.0 μmole of N-acetylneuraminic acid per min at pH 5.0 
at 37 °C using NAN-lactose or bovine submaxillary mucin, unless otherwise 
specified. Prices based on units using NAN-lactose as substrate.

Protease and NAN-aldolase ........................................................................................................... present
Lit cited: 1. Whiteheart, S.W., and Hart, G.W., Anal. Biochem. 163, 123 (1987); 2. Shukla, A.K., and 
Schauer, R., Anal. Biochem. 158, 158 (1986); 

  Type III, buffered aqueous solution, sterile-filtered,  
activity: 1-5 units/mg protein (Lowry, using NAN-lactose)

Aqueous solution, pH 5.5, containing 0.15 M NaCl and 4 mM CaCl2.

Chromatographically purified.
store at: 2-8°C

N7885-1UN 1 unit

N7885-2UN 2 units

  Type II, buffered aqueous solution, activity: 8-24 units/mg protein 
(Lowry, using NAN-lactose)

Solution in 50 mM sodium acetate, pH 5.5, containing 0.15 M sodium chloride 
and 4 mM calcium chloride.

A further purification by affinity chromatography of our Type III.
store at: 2-8°C

N6514-1UN 1 unit

Neuraminidase p

α(2→3) Neuraminidase from Streptococcus pneumoniae
Receptor-destroying enzyme; Acylneuraminyl hydrol ase; Acyl-neuraminyl 
Hydrol ase; Sialidase 
[9001-67-6]

 buffered aqueous solution
Releases α(2→3)-linked N-acetylneuraminic acid from complex oligosaccharides.

Solution in 20 mM sodium phosphate, pH 7.5

Associated gene(s): nanA (933902), nanB (933504)

Expressed in glycosidase-free hosts.

Provided with 5× reaction buffer (250 mM sodium phosphate, pH 6.0).

One unit will hydrolyze 1μmole of 4-methylumbelliferyl α-d-N-acetylneuraminide 
per min at pH 5.0 at 37 °C.

β-Galactosidase, α-mannosidase, β-hexosaminidase, α-fucosidase,  
and proteases ........................................................................................................................ none detected
store at: 2-8°C

N7271-.2UN 0.2 unit

α(2→3,6,8,9) Neuraminidase from Arthrobacter ureafaciens
Neuraminidase from Arthrobacter ureafaciens; Acyl-neuraminyl Hydrol ase; 
Sialidase 
[9001-67-6]

 Proteomics Grade, suitable for MALDI-TOF MS
The buffer solution has been specifically formulated to assure maximum enzyme 
stability and assay sensitivity. 

Neuraminidase is an important deglycosylation enzyme capable of cleaving all 
non-reducing unbranched N-acetylneuraminic and N-glycolylneuraminic acid 
residues by hydrolysis of α(2→6), α(2→3), α(2→8), and α(2→9) linkages (affinity in 
the order given). Branched sialic acids may also be cleaved with the use of high 
concentrations of enzyme and prolonged incubations. Desialylated glycoproteins 
may then be further characterized by treatment with various exoglycosidases 
resulting in partial or complete O-deglycosylation. SDS-PAGE and MALDI-TOF MS 
are typically utilized in purification, structural analysis, and sequencing process. 
These techniques also remove heterogeneity and charge from the glycoprotein.

Lyophilized powder

activity: ≥25 U/vial

Provided with 5× concentrate reaction buffer.

One unit will release 1 nmole of 4-methylumbelliferone from 
2-(4-methylumbelliferyl) α-d-N-acetylneuraminic acid per minute at pH 5.5 at 37° C. 

Components
Neuraminidase from Arthrobacter ureafaciens 25 units
Neuraminidase 5x Reaction Buffer 1.5 mL
store at: 2-8°C

N3786-1SET 1 set

Neuraminidase Agar ose from Clostridium perfringens (C. welchii)
Acylneuraminyl hydrol ase; Receptor-destroying enzyme; Sialidase 

 Type VI-A, ammonium sulfate suspension
Suspension in 2.0 M (NH4)2SO4 solution, pH 7.0.

Prepared from Neuraminidase, Type VI (N 3001).

One unit will liberate 1.0 μmole of N-acetylneuraminic acid per min at pH 5.0 
at 37 °C using NAN-lactose or bovine submaxillary mucin, unless otherwise 
specified. Prices based on units using NAN-lactose as substrate.

extent of labeling .............................................................................................0.6-1.8 units per mL gel
extent of labeling ........................................................................................20-60 units per g agarose
store at: 2-8°C

N5254-1UN 1 unit

N5254-10UN 10 units

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N5521
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7885
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7885
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6514
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N7271
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N3786
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N5254
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N5254
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Neuraminidase Detection Substrates

5-Bromo-4-chloro-3-indolyl α-d-N-acetyl neur aminic 
acid sodium salt
X-NeuNAc 
C19H21BrClN2O9Na   FW 559.72

 ≥90%
Chromogenic substrate for neuraminidase
store at: −20°C

B4666-2MG 2 mg

B4666-10MG 10 mg

2′-(4-Methyl umbelli feryl)-α-d-N-acetyl neur aminic 
acid sodium salt hydrate
4-Methyl umbelli feryl-N-acetyl-α-d-neur aminic acid sodium salt hydrate 
C21H24NNaO11 · xH2O   FW 489.41 (Anh)
Substrate for fluorometric assay of neuraminidase.1 Used for fluorescent staining 
of sialidases in PAGE.2

Lit cited: 1. Potier, M., et al., Anal. Biochem. 94, 287 (1979); 2. Berg, W., et al., Fluorescent staining 
of sialidases in polyacrylamide gel electrophoresis and ultrathin-layer isoelectric focusing. Anal. 
Biochem. 145, 339 (1985); 

 ≥95% (HPLC)
store at: −20°C

M8639-1MG 1 mg

M8639-5MG 5 mg

M8639-25MG 25 mg

 BioChemika, for fluorescence, ≥96.5% (HPLC)
free 4-methylumbelliferone .............................................................................................................. ≤0.5%
water ................................................................................................................................................................. ≤10%
store at: −20°C

69587-5MG 5 mg

69587-25MG 25 mg

2-O-(p-Nitro phenyl)-α-d-N-acetyl neur aminic acid
C17H22N2O11   FW 430.36

 ≥95%
free p-nitrophenol .................................................................................................................................. ~0.5%
ship: wet ice  store at: −20°C

N1516-1MG 1 mg

N1516-5MG 5 mg

Enzyme Inhibitors

N-Acetyl-2,3-dehydro-2-deoxy neur aminic acid
2,3-Dehydro-2-deoxy-N-acetyl neur aminic acid 

[24967-27-9]   C11H17NO8   FW 291.25

O
O

HO

OH
NH CH3

O

OH

OH

OH
H

Inhibitor of bacterial, viral and animal neuraminidase (sialidase).1,2

Lit cited: 1. Meindl, P. and Tuppy, H., 2-Deoxy-2,3-dehydrosialic acids. II. Competitive inhibition 
of Vibrio cholerae neuraminidase by 2-deoxy-2,3-dehydro-N-acylneuraminic acids. Hoppe 
Seyler’s Z. Physiol. Chem. 350, 1088-92 (1969); 2. Isaev,D.,et al., Role of extracellular sialic acid in 
regulation of neuronal and network excitability in the rat hippocampus. J. Neurosci. 27, 11587-
94 (2007); 

 ~95%
store at: −20°C

D9050-5MG 5 mg

D9050-10MG 10 mg

D9050-25MG 25 mg

PD 404,182
6H-6-Imino-(2,3,4,5-tetra hydro pyrimi do)[1,2-c]-
[1,3]benzo thia zine 

C11H11N3S    FW 217.29
S

N

N

NH

Potential antibiotic of gram negative bacteria. KDO-8-P synthase inhibitor.

 ≥98% (HPLC)
store at: 2-8°C

P2742-2MG 2 mg

PUGNAc
O-(2-Acet amido-2-deoxy-d-gluco pyran osyl iden amino) N-phenyl carba mate 
[132489-69-1]   C15H19N3O7   FW 353.33
PUGNAc is an in vitro and in vivo inhibitor of peptide O-GlcNAc-β-N-
acetylglucosaminidase, the enzyme which removes O-linked N-acetylglucosamine 
(O-GlcNAc) from O-linked glycosylated proteins.

 ≥95% (HPLC)
store at: −20°C

A7229-5MG 5 mg

A7229-10MG 10 mg

Siastatin B
(3S, 4S, 5R, 6R)-6-(Acetyl amino)-4,5-dihydroxy-3-
piper idine carboxy lic acid 

[54795-58-3]   C8H14N2O5   FW 218.21 N
H

N
H

H3C

OHO

O
HO

OH

 lyophilized powder, from microbial
Broad spectrum inhibitor of sialidase.

vial = 23.0 μmol
store at: −20°C

S8063-5MG 5 mg

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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Antibodies to Sialic Acid Metabolic Enzymes

Application Abbreviation Table

Application Abbreviation

ANA-indirect immunofluorescence IF (ANA)

Capture ELISA ELISA (c)

Direct ELISA ELISA (d)

Direct immunofluorescence IF (d)

Dot blot DB

Dot immunobinding DIBA

Electron microscopy EM

Enzyme immunoassay EIA

Flow cytometry FACS

Immunoblotting WB

Immunoblotting (chemiluminescent) WB CL

Immunocytochemistry ICC

Immunoelectrophoresis IEP

Application Abbreviation

Immunohistochemistry IHC

Immunohistochemistry (formalin-fixed,  
paraffin-embedded sections) 

IHC (p)

Immunohistochemistry (frozen sections) IHC (f )

Immunoprecipitation IP

Indirect ELISA ELISA (i)

Indirect immunofluorescence IF (i)

Microarray ARR

Neutralization Neutral

Ouchterlony double diffusion ODD

Particle immunofluorescence PIFA

Quantitative precipitin assay QPA

Radioimmunoassay RIA

Prestige Antibodies® Powered by Atlas Antibodies are 
developed and validated by the Human Protein Atlas 
Program (www.proteinatlas.org). Each antibody is tested by 
immunohistochemistry against hundreds of normal and disease 
tissues. These images can be viewed on the Human Protein Atlas 

(HPA) site by clicking on the Image Gallery link. The antibodies are 
also tested using protein array and western blotting. To view these 
protocols and other useful information about Prestige Antibodies 
and the HPA, visit sigma.com/prestige

Product Name  Host Clone No Form Gene Symbol
Species 
Reactivity Application

Prestige 
Antibody Cat. No.

Monoclonal Anti-CMAS  mouse 5A2 purified immunoglobulin CMAS, human human
mouse
rat

ELISA (i)
IF (i)
IHC (p)
WB

- WH0055907M1-100UG

Anti-GNE  8 rabbit - affinity isolated antibody GNE, human human IHC (p)
PA

✔ HPA027258-100UL

Anti-GNE  rabbit - affinity isolated antibody GNE, human human IHC (p)
PA

✔ HPA007045-100UL

Anti-NANS  rabbit - affinity isolated antibody NANS, human human IHC (p)
PA
WB

✔ HPA019223-100UL

Monoclonal Anti-NANS  mouse 3G6 purified immunoglobulin NANS, human human ELISA (i)
WB

- WH0054187M1-100UG

Anti-NEU1  rabbit - affinity isolated antibody NEU1, human human IHC (p)
PA

✔ HPA015634-100UL

Anti-NEU1  8 rabbit - IgG fraction of antiserum NEU1, human human IHC
WB

- AV44286-100UG

Anti-NEU1  8 rabbit - affinity isolated antibody NEU1, human human IHC (p)
PA

✔ HPA021506-100UL

Monoclonal Anti-NEU2  mouse 3B9 purified immunoglobulin NEU2, human human ELISA (i)
WB

- WH0004759M3-100UG

Monoclonal Anti-SIRPβ1/CD172b  mouse B1D5 purified immunoglobulin SIRPB1, human human FACS
IP
WB

- S2572-25UL
S2572-200UL

http://www.sigma.com/prestige
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0055907M1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA027258
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA007045
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA019223
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0054187M1
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA015634
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/AV44286
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/HPA021506
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/WH0004759M3
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S2572
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/S2572
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Sialyl-binding Lectins

Lectin from Maackia amurensis
Maackia amurensis agglutinin; MAA 

MAA consists of two molecular species, a strongly hemagglutinating 
hemagglutinin (MAH) and a strongly mitogenic hemagglutinin (MAL). The 
mitogenic activity of the latter is inhibited by α-sialyl-[2→3]-lactose. MAA interacts 
with sialic acid-containing glycoconjugate and may be useful for fractionation of 
sialylated oligosaccharides.

 lyophilized powder
agglutination activity: <10 μg per mL

composition

  Protein ≥85% (Lowry)

Purified by affinity chromatography using a modification of the method of Wang 
and Cummings.1

Agglutination activity is expressed in μg/ml and is determined from serial 
dilutions in phosphate buffered saline, pH 7.2 of a 1 mg/ml solution. This activity 
is the lowest concentration to agglutinate a 2% suspension of human blood 
group O erythrocytes after 1 hr incubation at 25 °C.

salt ................................................................................................................................................. essentially free
Lit cited: 1. Wang, W.-C. and Cummings, R.D., J. Biol. Chem. 263, 4576 (1988); 
store at: 2-8°C

L8025-5MG 5 mg

Lectin from Sambucus nigra (elder)
Sambucus nigra agglutinin; SNA 

SNA is isolated from the inner bark (bast tissue) of elder stems and branches.1 
The lectin is not blood group specific but has an affinity for α-NeuNAc-[2→6]-Gal, 
α-NeuNAc-[2→6]-GalNAc, and, to a lesser extent, α-NeuNAc-[2→3]-Gal residues.2

Lit cited: 1. Broekaert, W.F., et al., Biochem. J. 221, 163 (1984); 2. Shibuya, N., et al., J. Biol. 
Chem. 262, 1596 (1987); 

 lyophilized powder
Lyophilized powder containing NaCl

agglutination activity: ≤4 μg/mL

composition

  Protein ~30% (Lowry)

Affinity purified by a modification of Broekaert.1

Package size based on protein content

Agglutination activity is expressed in μg/ml and is determined from serial 
dilutions in phosphate buffered saline, pH 7.3, of a 1 mg/ml solution. The activity 
is the lowest concentration to agglutinate a 2% suspension of human blood 
group A erythrocytes after 1 hr incubation at 25 °C.
Lit cited: 1. Broekaert, W.F., et al., Biochem. J. 221, 163 (1984); 
store at: −20°C

L6890-1MG 1 mg

L6890-2MG 2 mg

Lectin from Triticum vulgaris (wheat)
Wheat germ agglutinin; WGA 

WGA is not blood group specific but has an affinity for N-acetyl-β-d-glucosaminyl 
residues and N-acetyl-β-d-glucosamine oligomers. WGA contains no protein-
bound carbohydrate.

Conjugates are prepared from affinity purified lectin.

 lyophilized powder
agglutination activity: <20 μg/mL

composition

  Protein 100% (biuret)

Agglutination activity is expressed in μg/ml and is determined from serial 
dilutions in phosphate buffered saline, pH 6.8, of a 1 mg/ml solution. This 
activity is the lowest concentration to agglutinate a 2% suspension of human 
erythrocytes after 1 hour incubation at 25 °C.

salt ..................................................................................................................................................essentially free
store at: 2-8°C

L9640-10MG 10 mg

L9640-25MG 25 mg

L9640-100MG 100 mg

 biotin conjugate, lyophilized powder
Detects glycoproteins containing β(1→4)-N-acetyl-d-glucosamine when used 
with avidin or streptavidin detection system

Contains sodium citrate

composition

  Protein ≥80% (E 1%
280)

Package size based on protein content.

extent of labeling .............................................................................2-4 mol biotin per mol protein
store at: 2-8°C

L5142-1MG 1 mg

L5142-5MG 5 mg

 FITC conjugate, lyophilized powder
For the fluorescent detection of glycoproteins containing β(1→4)-N-acetyl-d-
glucosamine

Contains phosphate buffer salts

agglutination activity: <50 μg/mL

composition

  Protein ~50% (Lowry)

Package size based on protein content.

extent of labeling ................................................................................. ~2 mol FITC per mol protein
store at: 2-8°C

L4895-2MG 2 mg

L4895-5MG 5 mg

L4895-10MG 10 mg

 peroxidase conjugate, lyophilized powder
Detects glycoproteins containing β(1→4)-N-acetyl-d-glucosamine when used 
with appropriate peroxidase substrate

Contains citrate buffer

peroxidase activity: 50-200 units/mg protein

agglutination activity: <40 μg/mL

composition

  Protein ~90% (modified Warburg-Christian)

Prepared from peroxidase type VI (P8375) using a modification of the method 
of O’Sullivan,1 which favors low molecular weight conjugates. Repurified after 
conjugation by affinity chromatography.

Package size based on protein content.

One unit will form 1.0 mg of purpurogallin from pyrogallol in 20 sec at pH 6.0  
at 20 °C.
Lit cited: 1. O’Sullivan, M. J., et al., FEBS Lett. 95, 311 (1978); 
store at: −20°C

L3892-1MG 1 mg

L3892-2MG 2 mg

L3892-5MG 5 mg

 peroxidase conjugate, lyophilized powder
peroxidase activity: 50-200 units/mg protein

agglutination activity: <40 μg/mL

Prepared from peroxidase type VI (P 8375) using a modification of the method 
of O’Sullivan,1 which favors low molecular weight conjugates. Repurified after 
conjugation by affinity chromatography.

Package size based on protein content.

One unit will form 1.0 mg of purpurogallin from pyrogallol in 20 sec at pH 6.0  
at 20 °C.

Same as L3892, but packaged in microcone vials for ease of reconstitution and 
recovery of microliter volumes.
Lit cited: 1. O’Sullivan, M. J., et al., FEBS Lett. 95, 311 (1978); 
store at: −20°C

L7017-.5MG 0.5 mg

L7017-1MG 1 mg

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
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P erio dic acid
[10450-60-9]   H5IO6   FW 227.94

 for electrophoresis, ≥99%
Periodic acid is commonly used as a component for glycoprotein stains1. Selective 
staining of glycoproteins on SDS-PAGE and membranes is carried out using a 
modification of the Periodic Acid-Schiff (PAS) method. Staining of sugar moieties 
of glycoproteins yields magenta bands with a colorless background. The Periodic 
Acid/Schiff Reagent stains vicinal diol groups found mainly on peripheral sugars 
and sialic acids and is used as a general glycoprotein stain2. Periodic acid is also 
used to cleave reversible cross-linkers (e.g. DATD, DHEBA) in PAGE gels.

Tested for use in staining of glycoproteins.
Lit cited: 1. Zacharius, R.M., et al., Glycoprotein staining following electrophoresis on acrylamide 
gels. Anal. Biochem. 31, 148–152 (1969); 2. Thornton, D.J, et al., Walker, J.M., ed., Identification 
of glycoproteins on nitrocellulose membranes and gels. Methods Mol. Biol. , Humana Press 
(Totowa, NJ: 1994), 32, 119-128; 

P0430-25G 25 g

P0430-100G 100 g

2-Amino pyri dine
2-Pyri dyl amine; 2-Pyridin amine; 2-AP 
[504-29-0]   C5H6N2   FW 94.11

 purum, ≥98.0% (NT)
Used to label neutral and acidic glycans for fluorescent and UV detection in HPLC.1 
2-AP has also been used to derivatize sialyloligosaccharides for detection in FAB-MS.2

Lit cited: 1. Lamaria, F.N., et al., Derivatization of carbohydrates for chromatographic, 
electrophoretic and mass spectrometric structure analysis J. Chromatogr. B. Analyt. Technol. Biomed. 
Life Sci. 793, 15-36 (2003); 2. Okamoto, M., A comparative study on structural elucidation of sialyl 
oligosaccharides by mass spectrometry with fast atom bombardment, electrospray ionization, 
and matrix assisted laser desorption/ionization Biosci. Biotechnol. Biochem. 65, 2519-2527 (2001); 

09340-50G 50 g

09340-250G 250 g

Sialic Acid Detection

Glycoprotein Detection Kit
The Glycoprotein Detection Kit is designed for the selective staining of 
glycoproteins on polyacrylamide gels and membranes using a modification of 
the Periodic Acid-Schiff (PAS) method.1 Staining of sugar moieties of glycoproteins 
yields magenta bands with a colorless background. The periodic acid/Schiff 
reagent stains vicinal diol groups found mainly on peripheral sugars and sialic 
acids and is used as a general glycoprotein stain.2

1 kit sufficient for 10 mini-gels (10 × 10 cm)

1 kit sufficient for 5 gels or membranes (16.5 × 19 cm)

1 2 3 4 1 2 3 4Lane #

Peroxidase was run on a 10% SDS-PAGE gel (panel A) and also transferred to PVDF 
(panel B). Lane 1 - 0.125 μg, lane 2 - 0.25 μg, lane 3 - 0.5 μg, lane 4 - 1 μg. The 
amount of carbohydrate loaded represents approx. 16% of the total protein.

Components
Horseradish Peroxidase (Positive control) 
Oxidation component (Periodic Acid) 
Reduction component (Sodium Metabisulfite) 
Schiff’s reagent, Fuchsin-sulfite reagent 
Lit cited: 1. Zacharius, R.M., et al., Glycoprotein staining following electrophoresis on acrylamide 
gels. Anal. Biochem. 31, 148–152 (1969); 2. Thornton, D.J, et al., Walker, J.M., ed., Identification 
of glycoproteins on nitrocellulose membranes and gels. Methods Mol. Biol. , Humana Press 
(Totowa, NJ: 1994), 32, 119-128; 
store at: 2-8°C

GLYCOPRO-1KT 1 kit

Sialic Acid Quantitation Kit
Contains all reagents to quantitate the amount of N-acetylneuraminic acid, either 
free, or in glycoproteins, cell surface glycoproteins, polysialic acids and capsular 
polysaccharides (consisting only of polysialic acid).

The Sialic Acid Quantitation Kit provides a rapid and accurate determination 
of total N-acetylneuraminic acid (NANA; sialic acid). NANA is released from 
glycoconjugates using neuraminidase. The kit uses α(2→3,6,8,9) neuraminidase 
to cleave all NANA linkages, including α(2→8) and α(2→9) linkages, as well as 
branched NANA, for the most accurate determination of total sialic acid content.

Sufficient reagents are provided to perform 25 reactions, including control 
samples. Each reaction will measure 1-200 nmoles of NANA.

Components
N-Acetylneuraminic acid aldolase 25 µl
N-Acetylneuraminic acid 200 µl
α(2→3,6,8,9)-Neuraminidase 25 µl
Fetuin, bovine 0.5 mg
Lactic dehydrogenase 25 µl
β-NADH disodium salt 3 vials
Tris-HCl, pH 7.5 1 ml
Sialidase buffer 500 µl
ship: wet ice  store at: 2-8°C

SIALICQ-1KT 1 kit

sigma-aldrich.com

Sigma and Sigma-Aldrich are registered trademarks belonging to Sigma-Aldrich Co. and its affiliate Sigma-Aldrich Biotechnology, L.P.  
The red cube symbol is a trademark belonging to Sigma-Aldrich Co. and its affiliate Sigma-Aldrich Biotechnology, L.P.  
Ingenuity is a registered trademark belonging to Ingenuity Systems.

It’s the all-new YFG. And it’s free.
Think forward, work smarter with Your Favorite Gene

powered by Ingenuity.  > sigma.com/yfg

Imagine a tool that gives you the power
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of continually curated biological data

and interactive genetic networks,

all with a single, simple click.
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Glycosylation is known to have profound influence on various 
physiochemical, cellular and biological functions of proteins. 
Alterations in this modification are known to affect the immune 
system and have been associated with various pathological states 
such as cancer, rheumatoid arthritis, and inflammatory diseases. 
As a result, protein glycosylation is a focus of many investigations 
in biomedical research for disease prognosis and therapeutic 
purposes. For example, recombinant monoclonal antibodies (mAbs) 
are being used in treatment of diseases like cancer. However, 
mAbs intended for therapeutic purposes require comprehensive 
characterization of structural integrity during development and 
manufacturing, as molecular alterations can take place during 
fermentation, purification, formulation or storage. These changes 
can affect the biological activities of the product so analytical 
methodologies are required that are not only capable of identifying 
such alterations but also provide rigorous structural information.

Mass spectrometry (MS) has gained widespread use in glycosylated 
protein analysis due to its high selectivity, sensitivity, and 
ability to analyze complex mixtures rapidly. The advent of soft 
ionization techniques such as ESI and MALDI has revolutionized 
the biomedical research field by providing new insights into the 
structural details on many levels for various important classes of 
biopharmaceuticals. 

Generally, glycosylated protein analysis by MS is typically achieved 
by three main approaches.  

• Method 1 is conventional glycan analysis, using chemical or 
enzymatic treatment to liberate the glycans from the protein, 
followed by derivatization prior to MS analysis.  

• Method 2 is intact protein analysis which requires no sample 
pre-treatment before analysis.  

• Method 3 is analysis of glycopeptides derived by proteolytic 
digestion of the glycosylated protein.  

Figure 1 provides a schematic representation of these strategies 
employed in MS-based glycoprotein analysis.

The choice of MS analysis strategy used for structural 
characterization of protein glycosylation is dependant on the 
level of structural information desired. Intact protein analysis 
(Method 2) is straightforward and provides both information 
about the glycan masses and also confirms the molecular weight 
of the protein. While this approach provides an estimation of 
the glycan mass, the molecular weight profiles provided from 
released glycans (Method 1) are more accurate measurements. 
When Method 1 is combined with tandem MS, the analysis can 
be used to confirm the composition (i.e., the correct combination 
of glycan constructs) of the observed masses. However, this 
approach requires larger sample amounts and additional time 
and manipulations. Glycopeptide analysis (Method 3) is most 
advantageous when more than one glycosylation site is present 
in the protein or when protein sequence information is desired 
in addition to identification of glycan structures. Using this 
approach, glycan structure, glycan attachment site, and protein 
sequence information are obtained in a single experiment. In cases 

where glycan information is required for a protein with a single 
glycosylation site, Methods 1 and 2 are more appropriate but when 
multiple glycosylation sites are present, Method 3 can be utilized 
to provide site-specific information, although data analysis can 
sometimes be challenging. This information is especially beneficial 
in understanding structure-function relationship.

Separation

Mass Spectrometry

Online LC separation

Glycopeptides/Peptides

Glycopeptides/PeptidesIntact Protein Analysis

Molecular information

321

Chemically/
Enzymatically 

Release Glycans 

Glycosylated Protein

Enzymatically 
Digest Protein 

Glycans/Deglycosylated protein 

Released Glycans 

Derivatize 
Glycans

Intact 
Protein 
Analysis

-Glycan mass and 
composition 

-Protein MW confirmation, 
PTM identification, 
glycan mass  

Released Glycan

-Sequence confirmation, 
PTM identification, glycan 
composition, site-specific 
information

Figure 1. Schematic diagram representing the generalized MS-based glycoprotein 
analysis workflow.

Methods Comparison
Method 1: N-linked glycans were released by subjecting 
monoclonal antibody mAb S057 to enzymatic treatment using 
PNGase F (Cat. No. P7367) (see Figure 2). The glycans were isolated 
and permethylated prior to MALDI-MS analysis. Three N-linked 
glycan masses were observed at m/z 1836, 2041, and 2245 that are 
assigned the glycan compositions corresponding to G0, G1 and G2 
of S057 as shown in Figure 2. The glycan structure assignments on 
this figure were made based on knowledge of the core structure of 
N-glycans of antibodies and probable galactose additions.
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Figure 2. MALDI-TOF MS of released glycans from S057 using Method 1.

Mass Spectrometry of Glycans
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Method 2: Figure 3 represents deconvoluted MS data of intact 
reduced heavy chain of S057. The theoretical molecular mass of 
intact protein was derived from known modifications and peptide 
sequence of immunoglobulin antibodies. The observed masses on 
the spectrum are consistent with the expected theoretical masses 
of the glycosylated S057. The differences in mass of these ions to 
the deglycosylated mass of the heavy chain (48,953 Da) provide 
a distribution of glycan moieties present in S057. The glycoform 
distribution closely correlates to the distribution observed in 
released glycans observed from the MALDI data.
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Figure 3. Deconvoluted MS spectrum of intact reduced heavy chain of S057.

Method 3: Figure 4 shows LC-MS data from three glycopeptides 
that correspond to the three glycoforms (m/z 1318, 1399 and 1480) 
expected in S057 as described previously. The compositions of the 
glycan moieties of these glycopeptides are consistent to the data 
observed in Figure 2 and 3. MS/MS data confirmed both the peptide 
sequence and the glycan composition, i.e., the correct combination 
of hexoses (galactose and mannose), HexNAcs (N-acetylhexosamine) 
and fucoses assigned to these ions, thereby providing site-specific 
information. In this case the site of glycosylation was identified as 
Asn (N) in the tryptic peptide EEQYNSTYR. The glycan masses can 

either be obtained from (1) the difference between the mass of 
this peptide and the observed glycopeptide mass or (2) by adding 
the series of neutral glycan masses observed during MS/MS. The 
glycoform distribution in this figure also correlates well with the 
distribution observed in Figures 2 and 3.
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Figure 4. ESI-LTQ/FT MS spectrum of glycopeptides identified from S057.

Conclusion
Glycosylated protein analysis using mass spectrometry can 
be achieved by (1) cleaving the glycans and analyzing the 
deglycosylated protein and the released glycans separately,  
(2) by intact protein analysis attained by directly infusing the 
glycosylated protein sample into the mass spectrometer, or  
(3) by proteolytic digestion of the glycosylated protein and 
analyzing the resulting digest. As shown in the accompanying 
results, all three methods are well suited for providing a general 
picture of the glycosylation profile of a given protein. Each method 
offers unique benefits and challenges; the choice of the method 
employed largely depends on the glycosylation information 
required and the technique readily available.

Matrices for Mass Spectrometry Analysis of Glycans
Name Purity Application Cat. No.

7-Amino-4-methylcoumarin - Used as matrix for analysis of monosulfated disaccharides and as a co-matrix with 6-aza-2-
thiothymidine for sulfated neutral and sialylated tri-and tetrasaccharides.

A9891-250MG
A9891-500MG
A9891-1G
A9891-5G

8-Aminonaphthalene-1,3,6-trisulfonic acid 
disodium salt

≥90%, CE Fluorescent label for saccharides and glycoproteins used for oligosaccharide sequencing. 08658-500MG

3-Aminoquinoline ≥99.0%, GC Fluorescently labels glycans containing a free reducing terminus. Forms a liquid composite matrix  
with 4-HCCA and glycerol for analysis of neutral and acidic glycans.

07336-1G

Anthranilamide ≥98% Fluorescently labels glycans containing a free reducing terminus. A89804-5G
A89804-100G

Anthranilic acid ≥99.0%, T Fluorescently labels glycans containing a free reducing terminus. 10678-1G

6-Aza-2-thiothymine ≥99.0%, HPLC Used in MALDI analysis of acidic glycans in negative ion mode. 82393-1G-F
82393-5G-F

5-Chloro-2-mercaptobenzothiazole ≥90% Found to be more sensitive than DHB for analysis of high mannose N-linked glycans. Used in  
analysis of peptidoglycan muropeptides.

125571-5G
125571-10G

α-Cyano-4-hydroxycinnamic acid - Specially purified and qualified as a matrix for peptide MALDI-MS calibration standards. Also  
available as part of our ProteoMass™ MALDI calibration kits (MS-CAL1 and MS-CAL3).

C8982-10X10MG

2′,6′-Dihydroxyacetophenone ≥99.5%, HPLC Used with diammonium hydrogen citrate for MALDI-MS of PMP-labeled acidic and neutral glycans. 37468-1G-F
37468-5G-F

2,5-Dihydroxybenzoic acid >99.0%, HPLC Most commonly used matrix for carbohydrates. For MALDI-MS of free neutral glycans. Produces 
[M+Na]+ ion; may show a weaker [M+K]+ ion. Other species may be generated by the addition of the 
appropriate inorganic salt.

85707-10MG-F
85707-250MG-F
85707-1G-F

http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/A9891
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/08658
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/07336
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/A89804
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/A89804
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/10678
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/82393
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/82393
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/125571
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/125571
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/C8982
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/37468
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/37468
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/85707
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/85707
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/85707
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Name Purity Application Cat. No.

Glycerol ≥99.0%, GC Forms a liquid composite matrix with 4-HCCA and 3-amino quinoline for analysis of neutral and acidic 
glycans. Glycerol has also been used as a matrix for fast atom bombardment MS.

49771-5ML

Harmane 98% Used as matrix for analysis of cyclodextrins and for sulfated oligosaccharides in combination with  
DHB as co-matrix.

103276-1G

2-Hydroxy-5-methoxybenzoic acid ≥98.0%, HPLC Used in combination with DHB to form a “super DHB” with higher sensitivity. For MALDI-MS of free 
neutral glycans.

55547-10MG
55547-5G

1-Isoquinolinol ≥99.0%, HPLC Used as co-matrix with DHB for analysis of oligo saccha rides. Tolerant of buffers, salts, and sodium 
dodecyl sulfate (SDS).

55433-1G
55433-5G

Norharmane - Used as matrix for analysis of cyclodextrins and for sulfated oligosaccharides in combination with  
DHB as co-matrix.

N6252-100MG
N6252-500MG
N6252-1G

Spermine ≥99.0%, GC Used as co-matrix with DHB for MALDI-MS of sialylated glycans in negative ion mode. 85590-5G
85590-25G

1-Thioglycerol ≥98.5%, GC Used as a matrix for fast atom bombardment MS. 88639-10ML
88639-50ML

2′,4′,6′-Trihydroxyacetophenone monohydrate ≥99.5%, HPLC Used in MALDI analysis of acidic glycans and glyco peptides in negative ion mode. Lower limit of 
detection than 6-aza-2-thiothimidine.

91928-1G
91928-5G

sigma-aldrich.com

Product Description Cat. No.
Ascentis RP-Amide HPLC Column 3 μm particle size, L × I.D. 5 cm × 4.6 mm 565320-U
Ascentis RP-Amide HPLC Column 3 μm particle size, L × I.D. 15 cm × 4.6 mm 565322-U
Ascentis C18 HPLC Column 5 μm particle size, L × I.D. 5 cm × 2.1 mm 581303-U
Ascentis Phenyl HPLC Column 3 μm particle size, L × I.D. 10 cm × 2.1 mm 581604-U
Ascentis RP-Amide HPLC Column 3 μm particle size, L × I.D. 5 cm × 2.1 mm 565300-U
Ascentis Phenyl HPLC Column 3 μm particle size, L × I.D. 5 cm × 2.1 mm 581603-U
Ascentis C18 HPLC Column 3 μm particle size, L × I.D. 15 cm × 4.6 mm 581322-U
Ascentis RP-Amide HPLC Column 5 μm particle size, L × I.D. 25 cm × 4.6 mm 565325-U
Ascentis Phenyl HPLC Column 5 μm particle size, L × I.D. 5 cm × 2.1 mm 581611-U
Ascentis RP-Amide HPLC Column 3 μm particle size, L × I.D. 15 cm × 2.1 mm 565302-U
Ascentis RP-Amide HPLC Column 5 μm particle size, L × I.D. 5 cm × 2.1 mm 565303-U
Ascentis RP-Amide HPLC Column 5 μm particle size, L × I.D. 15 cm × 4.6 mm 565324-U
Ascentis C18 HPLC Column 3 μm particle size, L × I.D. 3 cm × 3.0 mm 581306-U
Ascentis C8 HPLC Column 5 μm particle size, L × I.D. 15 cm × 4.6 mm 581424-U
Ascentis Phenyl HPLC Column 3 μm particle size, L × I.D. 15 cm × 4.6 mm 581610-U

High(er) Performance Liquid Chromatography 
Improve the Productivity of Your LC-MS and Save 20%!
Supelco’s innovative Ascentis® Express columns with Fused-Core™ particle technology can boost the performance  
of any LC-MS system. 

Mention promo code 983 when ordering to save 20% off listed Ascentis LC-MS Columns. Offer expires April 1, 2010. 
For additional information, call our technical experts at (800) 359-3041 or (814) 359-3041, or visit us on the web at 
sigma-aldrich.com/express

Matrices for Mass Spectrometry Analysis of Glycans, continued

Ascentis is a registered trademark of Sigma-Aldrich Biotechnology LP and Sigma-Aldrich Co. Fused-Core is a trademark of Advanced Materials Technology, Inc.

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/49771
http://www.sigmaaldrich.com/catalog/search/ProductDetail/ALDRICH/103276
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/55547
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/55547
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/55433
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/55433
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6252
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6252
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/N6252
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/85590
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/85590
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/88639
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/88639
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/91928
http://www.sigmaaldrich.com/catalog/search/ProductDetail/FLUKA/91928
http://www.sigma-aldrich.com
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565320&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565322&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581303&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581604&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565300&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581603&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581322&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565325&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581611&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565302&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565303&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=565324&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581306&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581424&Brand=SUPELCO
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=581610&Brand=SUPELCO
http://www.sigma-aldrich.com/express
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Deglycosylation Kits
Chemical Deglycosylation
GlycoProfile™ β-Elimination Kit

Sigma-Aldrich’s GlycoProfile β-Elimination Kit allows researchers to: 

• Perform complete glycoproteomics research by preserving both 
the O-glycans and protein 

• Specifically remove O-glycans 

• Label O-glycans prior to analysis 

• Have confidence in uniformity of procedure 

While it is known that O-glycosylation plays a major role in 
regulatory biology (as evident with studies around O-GlcNac and 
RNAi knockdowns of glycosyltransferases) the development of 
methods for the study of O-glycosylation is under represented 
compared to N-glycosylation. The under representation is primarily 
due to the difficulty in removing O-glycans while keeping both 
the protein and glycans intact. In contrast to N-glycosylation, there 
is no single enzyme capable of complete O-deglycosylation, so 
chemical methods must be employed.

Traditionally, alkaline β-elimination uses a combination of sodium 
hydroxide and sodium borohydride. The O-glycan linkage is easily 
hydrolyzed using dilute alkaline solution under mild conditions. The 
presence of a reducing agent can keep the glycan from “peeling” 
after being released, but the process significantly degrades 
the protein or peptide. Other methods, such as using sodium 
hydroxide alone or with borane-ammonia, also easily hydrolyze the 
linkage, but are not very efficient at keeping both moieties intact. 
A novel non-reductive β-elimination kit has been developed that 
keeps both protein and glycan intact. The method is much easier 
to use than the traditional β-elimination methodologies. There 
is no tedious neutralization of the borohydride or ion exchange 
chromatography to be performed. This technology allows for 
complete glycoproteomic analysis of O-linked glycoproteins, as 
never before possible.

Sigma-Aldrich’s GlycoProfile β-Elimination Kit allows for proteomic 
analysis, in that it does not completely destroy the protein, as seen 
with other traditional methods of β-elimination. This is illustrated by 
SDS-PAGE of proteins before and after deglycosylation. Gel has been 
stained with EZBlue™ (Catalog No. G1041) and destained with water.

1   2   3    4    5    6    7   8    9   10  11  12

Lane 1: ColorBurst™ Marker, High Range (Cat. No. C1992) 
Lanes 2 and 3: Fetuin prior to β-elimination 
Lanes 4 and 5: Fetuin incubated in 50 mM NaOH overnight 
Lanes 6 and 7: Fetuin incubated in NaBH4 and NaOH overnight (traditional 
β−elimination) 
Lanes 8 and 9: Fetuin incubated in Sigma’s β−elimination reagent at 4-8° C 
overnight 
Lanes 10 and 11: Fetuin incubated in Sigma’s β−elimination reagent at room 
temperature overnight 
Lane 12: SigmaMarker™, Wide Range (Cat. No. S8445)

GlycoProfile™ β-Elimination Kit

The kit includes the reagents and techware for O-deglycosylation of up to 24 
samples (200 uL at 1-10 ug/uL of glycoprotein per sample).

Components
β-Elimination Reagent 940 μL
Sodium hydroxide (Sial S8263) 60 μL
Microcon centrifugal filter unit (Sigma Z648078) 24 ea
store at: room temp

PP0540-1KT 1 kit

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=G1041&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=C1992&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S8445&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=S8263&Brand=SIAL
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=Z648078&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PP0540
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GlycoProfile IV Chemical Deglycosylation Kit 

The GlycoProfile Chemical Deglycosylation Kit has been optimized 
to provide a rapid (~1 hour), convenient, and reproducible 
method to remove glycans from glycoproteins by reaction with 
trifluoromethanesulfonic acid (TFMS). The deglycosylated protein 
can then be recovered using a suitable downstream processing 
method. Unlike other chemical deglycos ylation methods, hydrolysis 
with anhydrous TFMS is very effective at removing O- and N-linked 
glycans (except the innermost Asn-linked GlcNAc or GalNAc).

Trifluoromethanesulfonic acid (TFMS) hydrolysis leaves an intact 
protein component, but results in destruction of the glycan. 
Glycoproteins from animals, plants, fungi, and bacteria have been 
deglycosylated by this procedure. Comparisons of functional 
interactions before and after treatment allow analysis of biological, 
immunological, and receptor binding properties. This permits 
a more complete understanding of the processing and roles in 
different stages of the glycoprotein’s lifecycle. The reaction is non-
specific, removing all types of glycans, regardless of structure, 
although prolonged incubation is required for complete removal 
of O-linked glycans. Also, the innermost Asn-linked GlcNAc residue 
of N-linked glycans remains attached to the protein. The method 
removes the N-glycans of plant glycoproteins that are usually 
resistant to enzymatic hydrolysis.

Features and Benefits

• Removes glycans from amino acids - Permits sequence  
analysis of the protein by mass spectrometry, comparison DNA  
to protein sequence

• Eliminates glycans affecting molecular radius - Allows molecular 
mass determination by electrophoresis

• Complete removal in single process - Saves time by eliminating 
need for multiple enzyme reactions, overcoming enzyme resistance

• Complete kit - Eliminates waste and handling of excess reagents

1       2      3      4      5

15.0 kDa

13.5 kDa

Analysis of the chemical deglycosylation of RNase B on 12% homogeneous 
SDS-PAGE gel. 

Lane 1 is the RNase B control (Cat. No. R1153), while lanes 2 to 5 represent 
fractions collected from the gel filtration column. Lanes 2 and 3 are pre-void 
volume fractions and lanes 4 and 5 show bands at 13.5 kDa, corresponding to 
deglycosylated RNAse B.

References:
1.  Edge, A.S.B., Deglycosylation of glycoproteins with trifluoromethanesulphonic 

acid: elucidation of molecular structure and function. Biochem. J., 376, 339-350 
(2003).

2.  Edge, A.S.B., et al., Deglycosylation of glycoproteins by 
trifluoromethanesulfonic acid. Anal. Biochem., 118, 131-137 (1981).

3.  Burgess, A. J., and Norman, R. I.,The large glycoprotein subunit of the skeletal 
muscle voltage-sensitive calcium channel. Deglycosylation and development. 
Eur. J. Biochem. 178, 527-533 (1988).

4.  Sojar, H.T., and Bahl, O.P., Chemical deglycosylation of glyco proteins. Meth. 
Enzymol, 138, 341-350 (1987).

GlycoProfile™ IV Chemical Deglycosylation Kit

 TFMS Deglycosylation System
The kit contains sufficient reagents for 10 reactions with a sample size between 
1-2 mg of a typical glycoprotein. An RNase B glycoprotein standard is included.

Components
Trifluoromethanesulfonic Acid (TFMS) 5 x 1 g
RNase B Glycoprotein Standard 3 x 1 mg
Pyridine solution, 60% 10 ml
Bromophenol blue solution, 0.2% 0.5 ml
Anisole, anhydrous 5 x 1 ml
Reaction vials 10 each
store at: 2-8°C

PP0510-1KT 1 kit

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=R1153&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PP0510
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Enzymatic Deglycosylation
GlycoProfile II Enzymatic In-Solution N-Deglycosylation Kit

The GlycoProfile Enzymatic In-solution N-Deglycosylation Kit has 
been optimized to provide a convenient and reproducible method 
to remove N-linked glycans from glycoproteins and is compatible 
with subsequent MALDI-TOF mass spectrometric analysis without 
interference from any of the reaction components. 

Features and Benefits

• Provides all components for in-solution N-linked  
deglycosylation of protein samples - Conveniently prepares 
deglycosylated protein samples for analysis by MS, HPLC, and PAGE

• Reagents are optimized for direct MS analysis - No need for  
post-reaction sample clean up

• Utilizes PNGase F for the enzymatic removal of N-linked  
glycans - Proteins remain intact, unlike the use of chemical 
deglycosylation which can degrade the protein

• Includes Proteomics Grade PNGase F and Trypsin - 
 Highly purified enzymes possess no unwanted activities or  
additives to complicate analysis

• PNGase F is supplied lyophilized from a low salt buffer -  
Allows reconstitution of the enzyme to any concentration needed

In-solution Deglycosylation

Add denaturant

Aliquot glycoprotein sample

Incubate at 100 ˚C for 10 min

Incubate at 37 ˚C for 1 hour

Analyze by MS, PAGE or HPLC

Cool to room temperature

Add reaction buffer and PNGase F

Glycoprofile™ II, Enzymatic In-Solution N-Deglycosylation Kit
Contains sufficient reagents for a minimum of 20 reactions when the sample size 
is between one to two mg of a typical glycoprotein.

Components
PNGase F (Sigma P7367) 50 units
Ribonuclease B (Sigma R7884) 0.5 mg
10× Reaction Buffer 1 vial
Octyl β-d-glucopyranoside (Sial O9882) 100 mg
2-Mercaptoethanol (Sigma M3148) 0.90 ml
store at: 2-8°C

PP0201-1KT 1 kit

New Life Science Products 

sigma-aldrich.com

Discover New Life Science products for Carbohydrate and Enzyme Research. Sigma strives to provide research solutions 
by continually expanding our new product offering. Featured products are updated monthly. 

Does your research demand quality, documentation, and support? Sigma-Aldrich products are accompanied by:

• Certificate of Analysis

• Certificate of Origin

• ISO certification

• Technical Service support       

• And more

To uncover how our New Life Science products provide the key piece in your research, visit  
sigma-aldrich.com/lsnewproducts

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P7367&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=R7884&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=O9882&Brand=SIAL
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=M3148&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PP0201
http://www.sigma-aldrich.com
http://www.sigma-aldrich.com/lsnewproducts
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GlycoProfile™ I In-Gel Deglycosylation Kit

The GlycoProfile In-Gel Enzymatic N-Deglycosylation Kit is optimized 
to provide a convenient and reproducible method to N-deglycosylate 
and digest protein samples from 1D or 2D polyacrylamide gel pieces 
for subsequent MS or HPLC analysis. The procedure is suitable for 
Coomassie® Brilliant Blue and colloidal Coomassie stained gels. Silver 
stained gels may also be used if properly destained.

The kit includes PNGase F and trypsin enzymes necessary for N-linked 
deglycosylation and tryptic digestion, respectively. The samples can 
then be desalted and concentrated for analysis by MALDI-TOF MS or 
Electrospray MS with subsequent database searching.

Proteomics Grade PNGase F is extensively purified and lyophilized 
from potassium phosphate buffer to produce a stable product. 
The material is free from glycerol and other stabilizers, and 
contains very low levels of buffer salts. This enzyme gives excellent 
performance when used for in-gel N-linked deglycosylation of 
glycoproteins and glycopeptides. PNGase F releases asparagine-
linked oligosaccharides from glycoproteins and glycopeptides by 
hydrolyzing the amide of the asparagine (Asn) side chain.

GlycoProfile™ I, In-Gel Deglycosylation Kit
Each kit contains reagents sufficient to deglycosylate and digest up to 10 samples.

Components
PNGase F (Sigma P7367) 50 units
Trypsin (Sigma T6567) 20 µg
Destaining Solution 
Trypsin Solubilization Reagent 
Trypsin Reaction Buffer 
Invertase Glycoprotein Standard (Sigma I0408) 
Acetonitrile (Sial 494445) 50 ml
Peptide Extraction Solution 
store at: 2-8°C

PP0200-1KT 1 kit

http://www.sigma.com/order
http://www.sigma.com/techinfo
http://www.sigma.com/lifescience
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=P7367&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=T6567&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=I0408&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=494445&Brand=SIAL
http://www.sigmaaldrich.com/catalog/search/ProductDetail/SIGMA/PP0200
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Histological Detection of Pathogenic Fungi in  
Human Tissue
Lectins are ubiquitous proteins or glycoproteins that can be 
isolated from plant and animal sources and can bind to specific 
carbohydrate moieties. Due to their high affinity to sugar residues, 
lectins have become important tools for sensitive detection of 
cellular carbohydrates, revealing subtle alteration in glycosylation 
between otherwise indistinguishable cells. This allows identification 
of cellular surface structures, e.g. cell surface, cytoplasm, and 
nuclear structures. Furthermore, lectin affinity binding allows for 
the detection of degeneration of tissue as well as pathogenic 
infestations such as fungi. 

Histochemical studies are of importance in the histological and 
pathological investigation of tissue in clinical research. Lectin 
histochemistry can be performed on living cells in suspension, 
on cell smears, tissue imprints, fixed tissue sections, or fresh 
cryostat sections. Atto-dye labeled lectins have many applications, 
including carbohydrate, mitogenicity, and histochemical 
studies. Atto-dyes have very bright fluorescent signals and high 
photostability, which enable a direct one-step tissue-binding 
protocol. Time-consuming multistage amplification procedures are 
not required for Atto-dye lectin conjugates. Here, we demonstrate 
a highly specific identification of pathogenic fungi on human 
tissue via direct fluorescence detection using fluorescently labeled 
lectin (see Figure 1).

Carbohydrate residue

Lectin

Atto dye

Figure 1. Schematic of direct binding of fluorescent Atto dye conjugated lectins.

Lectin histology was performed on both polymer and paraffin 
embedded human skin tissue. The lectin conjugate used was 
Phytolacca americana-Atto 488 (Cat. No. 39905). The conjugate 
was diluted 100 times in PBS buffer, pH 7.4, before incubating 
with each specimen for 30 minutes. After washing to remove 
any unbound lectin and counterstaining the nuclei with DAPI 
(Cat. No. 32670), the samples were examined using a microscope 
equipped for epifluorescence with a 450-490 nm excitation 
bandpass filter and a 520-560 nm barrier (emission) filter. 

The images obtained show a very specific labeling of pathogenic 
fungi infecting human tissue (see Figure 2). The image 
demonstrates the fine filaments of the fungi containing typical 
mycelium, and individual fungi cells are clearly visible. A slightly 
higher fluorescence is observed in the separating cross-walls 
between two cells (septa), which are due to a higher concentration 
of target carbohydrates. Very low background is observed.

Figure 2. Fluorescent microscopy of human skin tissue section (paraffin fixation) 
with fungal infection. The target carbohydrate chitotriose of the pathogenic fungi 
are specifically bound to lectin from Phytolacca americana Atto 488 conjugate 
(green). The nuclei are counterstained with DAPI (blue). Image by J. Zbären, 
Inselspital, Bern.

Fungal cell walls contain chitin, a polymer of β-(1→4) linked 
N-acetyl-d-glucosamine, while animal and plant cells do not 
synthesize chitin. The lectin Phytolacca americana targets 
the fungal carbohydrate fragment chitotriose [(β-N-Acetyl-d-
glucosamine)3, (GlcNAc)3] shown in green (λex 485 nm). Due to the 
lack of the target carbohydrate chitotriose in the skin tissue, no 
specific interaction between the lectin Phytolacca americana and 
the tissue is observed. 

The bright and stable fluorescence properties of the Atto 488 dye 
provide a strong fluorescent signal without requiring additional 
amplification steps. Further experiments with staining different 
fungal infected tissues were carried out. Similar results confirm 
this approach to be a successful and reliable way to detect fungi. 
This application may encourage scientists to investigate further 
histological phenomena by using lectin interactions.

Reference
Lectin Methods and Protocols; J. M. Rhodes; J. D. Milton; Humana Press, Totowa, New 
Jersey, 1997.

http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=39905&Brand=SIGMA
http://www.sigmaaldrich.com/catalog/search/ProductDetail?ProdNo=32670&Brand=SIGMA
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Atto-Dye Lectin Conjugates
Additional lectins and lectin conjugates available from Sigma Life Science may be found at sigma-aldrich.com/enzymeexplorer

Description λex/λem (nm) Carbohydrate Specificity Cat. No.

Concanavalin A-Atto 565 conjugate 563 / 592 nm in PBS (α-d-Mannose; α−d-Galactose) 69535-1MG

Lectin from Artocarpus integrifolia-Atto 594 conjugate 601 / 627 nm in PBS (α-Galactose-O-Me) 76158-1MG

Lectin from Phaseolus vulgaris-Atto 488 conjugate 501 / 523 nm in PBS (Oligosaccharide) 75319-1MG

Lectin from Phaseolus vulgaris-Atto 550 conjugate 554 / 576 nm in PBS (Oligosaccharide) 90852-1MG

Lectin from Phaseolus vulgaris-Atto 647N conjugate 644 / 669 nm in PBS (Oligosaccharide) 77363-1MG

Lectin from Phytolacca americana-Atto 488 conjugate 501 / 523 nm in PBS ((GlcNAc)3) 39905-1MG

Lectin from Phytolacca americana-Atto 550 conjugate 554 / 576 nm in PBS ((GlcNAc)3) 94816-1MG

Lectin from Phytolacca americana-Atto 647N conjugate 644 / 669 nm in PBS ((GlcNAc)3) 03065-1MG

Lectin from Triticus vulgaris-Atto 488 conjugate 501 / 523 nm in PBS ((GlcNAc)2, NeuNAc) 16441-1MG

Lectin from Triticus vulgaris-Atto 532 conjugate 532 / 558 nm in PBS ((GlcNAc)2, NeuNAc) 68917-1MG

Lectin from Ulex europaeus-Atto 488 conjugate 501 / 523 nm in PBS (α-l-Fucose) 19337-0.5MG

Lectin from Ulex europaeus-Atto 550 conjugate 554 / 576 nm in PBS (α-l-Fucose) 94165-0.5MG

Lectin from Ulex europaeus-Atto 594 conjugate 601 / 627 nm in PBS (α-l-Fucose) 73873-0.5MG
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Select-HA™
Select-HA is a monodisperse hyaluronic acid prepared through 
enzymatic synthesis where a very high level of size control is 
possible. Each Select-HA is a narrow-size distribution HA with 
a specific average molecular weight within a defined range. 
Polydispersity of Select-HA is as low as 1.02 and averages 1.1, 
where an ideal polymer (all molecules being a uniform size) would 
have a polydispersity value of 1. 

Select-HA is available as polymers of specific size. Select-HA 
HiLadder and Select-HA LoLadder are mixtures of five Select-HA 
hyaluronans of different molecular size. These ladders are designed 
for use as markers for agarose electrophoresis of polysaccharides.

Oligo-HA and nanoHA™ are hyaluronan oligosaccharides designed 
for research use. The Oligo-HA products are small-molecular 
weight hyaluronic acid oligomers prepared with streptococcal 
or recombinant bacterial HA via testicular HAase digestion and 
purified by gel filtration. The hyaluronan disaccharide subunit 
is glucuronic acid-β-d-(1→3)-N-acetyl-d-glucosamine-β-d-(1→4) 
(GlcAβ3GlcNAcβ4), and each Oligo-HA is an defined oligomer of 
the subunit.

The nanoHA products are small-molecular weight hyaluronic 
acid oligomers prepared by chemoenzymatic synthesis using 
immobilized enzymes.6 The name of each nanoHA indicates the 
number of monosaccharide units in the oligomer. The reducing 
end contains N-acetyl-d-glucosamine.

References
1.  Stern, R., et al., Hyaluronan fragments: an information-rich system. Eur. J. Cell 

Biol., 85, 699-715 (2006).
2.  Itano, N., Simple primary structure, complex turnover regulation and multiple 

roles of hyaluronan. J. Biochem., 144, 131-7 (2008).
3.  Toole, B.P. and Slomiany, M.G., Hyaluronan: a constitutive regulator of 

chemoresistance and malignancy in cancer cells. Semin. Cancer Biol., 18, 244-
50 (2008).

4.  Widner, B., et al., Hyaluronic acid production in Bacillus subtilis. Appl Environ 
Microbiol., 71, 3747-52 (2005). 

5.  Jing, W. and DeAngelis, P.L., Synchronized chemoenzymatic synthesis of 
monodisperse hyaluronan polymers. J. Biol. Chem., 279, 42345-9 (2003).

6.  DeAngelis, P.L. et al., Rapid chemoenzymatic synthesis of monodisperse 
hyaluronan oligosaccharides with immobilized enzyme reactors. J. Biol. Chem., 
278, 35199-203 (2003).

Hyaluronan (HA; hyaluronic acid) is a member of the glycosamino-
glycan class of natural polysaccharides. Hyaluronan is a linear, 
unbranched polymer composed of alternating residues of β-d-(1→3) 
glucuronic acid (GlcA) and β-d-(1→4)-N-acetylglucosamine (GlcNAc) 
(see Figure 1). Unlike the other glycosaminoglycans, hyaluronan does 
not attach to proteins to form proteoglycans and it is not sulfated. 
Historically hyaluronan has been isolated from animal sources or 
extracted from bacteria, including strains of Staphylococcus.
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Figure 1. Hyaluronic acid is composed of alternating residues of β-d-(1-3) 
glucuronic acid and β-d-(1-4)-N-acetylglucosamine.

In animals and bacteria, hyaluronan has a molecular mass from 
104 to 107 Dalton, with multiple polymer components of varying 
chain length. Hyaluronan is a major constituent of the extracellular 
matrix but in addition HA is associated with multiple biological 
roles including modulation of cellular adhesion, signaling, wound 
healing, cellular regeneration, inflammation, and cancer.1-3

Other glycosaminoglycans (heparan/heparin and chondroitin) 
are modified through epimerization and sulfation, which 
results in biologically active variants. Hyaluronan is a unique 
glycosaminoglycan in that it is neither epimerized nor sulfated; 
instead, the variations in its biological function appear to be 
dependant on polymer size.1 Native hyaluronans are polymeric 
mixtures that may contain additional contaminants, so hyaluronan 
isolated from animal sources may introduce unwanted 
experimental variables.  
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Select-HA
The molecular mass of each Select-HA is determined by multi-
angle laser light scattering-size exclusion chromatography (MALLS-
SEC). Actual result is reported on the lot-specific certificate of 
analysis. Sold on the basis of mg hyaluronan as determined by 
carbazole assay.

Select-HA™ Hyaluronan  8

 50K, mol wt 25-75 kDa
store at: −20°C

S0451-1MG 1 mg

 50K, mol wt 25-75 kDa, Low endotoxin
Endotoxin ........................................................................................................................................<0.1 EU/mg
store at: −20°C

S0326-1MG 1 mg

 150K, mol wt 125-175 kDa
store at: −20°C

S0201-1MG 1 mg

 500K, mol wt 400-600 kDa
store at: −20°C

S9950-1MG 1 mg

 1000K, mol wt 800-1200 kDa
store at: −20°C

S9825-1MG 1 mg

Select-HA Electrophoresis Markers
Select-HA™ HiLadder   8

Select-HA HiLadder is a mixture of five SelectHA hyaluronic acid polymers used 
as an electrophoresis marker, with the polymer mass values ranging ~500 kDa to 
~1500 kDa.

For use as an electrophoresis marker in the analysis of polysaccharides. 
Recommended for use with a 0.6-1.0% (w/v) agarose gels stained using StainsAll 
for carbohydrate detection.

Each vial of Select-HA HiLadder is sufficient for 20 agarose gel lanes.  
store at: −20°C

S0701-25UG 25 μg

Select-HA™ LoLadder  8

Select-HA LoLadder is a mixture of five SelectHA hyaluronic acid polymers used 
as an electrophoresis marker, with the polymer mass values ranging ~25 kDa to 
~500 kDa.

For use as an electrophoresis marker in the analysis of polysaccharides. 
Recommended for use with a 0.6-1.0% (w/v) agarose gels stained using StainsAll 
for carbohydrate detection.

Each vial of Select-HA LoLadder is sufficient for 20 agarose gel lanes.   
store at: −20°C

S0576-25UG 25 μg

Oligo-HA
Oligo-HA6   8

C42H65N3O34   FW 1155.97
Oligo-HA6 is a monodisperse hexasaccharide comprised of three hyaluronan 
disaccharide subunits (Nonreducing-GlcAβ3GlcNAcβ4GlcAβ3GlcNAcβ4GlcAβ3Gl
cNAcβ4-reducing end). 

May contain trace amounts of other oligomers. Sold on the basis of carbohydrate 
as determined by carbazole assay.

 Low endotoxin
Endotoxin ..................................................................................................................................... ≤0.02 EU/mg
store at: −20°C

O9015-1MG 1 mg 

Oligo-HA4   8

C28H44N2O23   FW 776.65
Oligo-HA4 is a monodisperse tetrasaccharide comprised of two hyaluronan 
disaccharide subunits (Nonreducing-GlcAβ3GlcNAcβ4GlcAβ3GlcNAcβ4- 
reducing end). 

May contain trace amounts of other oligomers. Sold on the basis of carbohydrate 
as determined by carbazole assay.

 Low endotoxin
Endotoxin ........................................................................................................................................≤0.1 EU/mg
store at: −20°C

O9140-5MG 5 mg

nanoHA
nanoHA™7   8

nanoHA7 is a heptasaccharide containing three hyaluronan disaccharide subunits 
(GlcNAcβ4GlcAβ3GlcNAcβ4GlcAβ3GlcNAcβ4GlcAβ3GlcNAcβ4).

Supplied lyophilized as the ammonium and/or sodium salt.

Sold on the basis of carbohydrate as determined by carbazole assay.

 Low endotoxin
Endotoxin ............................................................................................................................................≤1 EU/mg
store at: −20°C

N9039-1MG 1 mg

nanoHA™5   8

nanoHA5 is a pentasaccharide containing two hyaluronan disaccharide subunits 
(GlcNAcβ4GlcAβ3GlcNAcβ4GlcAβ3GlcNAcβ4).

Supplied lyophilized as the ammonium and/or sodium salt.

Sold on the basis of carbohydrate as determined by carbazole assay. 

 Low endotoxin
Endotoxin ............................................................................................................................................≤1 EU/mg
store at: −20°C

N9164-1MG 1 mg

http://www.sigma.com/order
http://www.sigma.com/techinfo
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Sigma Life Science is committed to adding important new 
products for glycobiology research. We are pleased to introduce 
key enzymes for sialic acid synthesis and transferases, as well as 
unusual monosaccharides and oligosaccharides.

Enzymes
Chondroitinase AC from Arthrobacter aurescens
Chondroitin AC-Lyase 
[9047-57-8]
Chondroitinase AC is an eliminase that degrades chondroitin sulfates A and 
C, but not chondroitin sulfate B. The enzyme cleaves, via an elimination 
mechanism, sulfated and non-sulfated polysaccharide chains containing (1-4) 
linkages between hexosamines and glucuronic acid residues. The reaction yields 
oligosaccharide products, mainly disaccharides, containing unsaturated uronic 
acids that can be detected by UV spectroscopy at 232 nm.

The enzyme shows approximately equal activity with chondroitin sulfates A and 
C, while the activity observed with chondroitin sulfate B is approximately 7% of 
this value. This activity is most likely due to the presence of chondroitin sulfates A 
and C (10%) in the chondroitin sulfate B.

 aqueous glycerol solution
Supplied as an aqueous solution in containing 0.02M Trizma-HCl pH 7.2 and 2% 
glycerol

One unit will liberate 1.0 μmole of 2-acetamido-2-deoxy-3-O-(β-d-gluc-4-ene-
pyranosyluronic acid)-4-O-sulfo-d-galactose from chondroitin sulfate A or 1.0 
μmole of 2-acetamido-2-deoxy-3-O-(β-d-gluc-4-ene-pyranosyluronic acid)-6-O-
sulfo-d-galactose from chondroitin sulfate C per min at pH 6.0 at 37 °C.
ship: dry ice  store at: −20°C

C8618-1VL 1 vial

CMP-Sialic Acid Synthetase from Neisseria meningitidis group B   8

CTP: n-Acylneuraminate cy tidyl yl trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥10 units/mg protein

Supplied as a lyophilized powder containing Tris-HCl and NaCl.

One unit will catalyze the formation of 1 μmol CMP-Neu-5-Ac from Neu-5-Ac and 
CTP per minute at 37 °C at pH 8.5. 

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 8.5) 
containing Neu-5-Ac (1 mM) and CTP (1 mM) at 37 °C for 30 min and analyzed 
using capillary electrophoresis with a UV detector (200 nm). 
ship: dry ice  store at: −20°C

C1999-10UN 10 units

α-1,3-Galacto syl-Trans ferase recombinant from E. coli
[96477-57-5]

 activity: ≥0.1 U/mL
One unit corresponds to the amount of enzyme which catalyzes the transfer of 
1 μmol galactose from UDP-galactose to N-acetyl-lactosamine per minute at pH 
7.0 and 37°C.
store at: −20°C

73377-1ML 1 mL

73377-5ML 5 mL

Glucose-6-phos phate Dehydro genase from 
Leuconostoc mesenteroides
G-6-P-DH 
[9001-40-5]

  BioUltra, recombinant, expressed in Escherichia coli, ammonium sulfate 
suspension, ≥95% (SDS-PAGE), activity: ≥550 units/mg protein (biuret)

Supplied in 3.2M ammonium sulfate containing 50mM Tris and 1mM magnesium 
chloride, pH 7.5

One unit will oxidize 1.0 μmole of d-glucose-6-phosphate to 6-phospho-d-
gluconate per minute in the presence of NAD at pH 7.8 at 30°C

Myokinase ...............................................................................................................................................≤0.005%
Creatine Phosphokinase, Phosphoglucose isomerase, lactic dehydrogenase, 
glutathione reductase, NADH oxidase, NADPH oxidase, phosphoglucomutase, 
6-phosphogluconic dehydrogenase, hexokinase .........................................................≤0.001%
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SDS-PAGE (4-20%) of glucose-6-phosphate dehydrogenase (Cat. No. G2921) 
under reducing conditions and stained with Coomassie blue.

store at: 2-8°C

G2921-200UN 200 units

G2921-1KU 1000 units

G2921-2KU 2000 units

G2921-10KU 10000 units

Inulinase from Aspergillus niger   8

Inulase 
[9025-67-6]
Inulinase catalyzes endohydrolysis of β−(2-1)-d-fructosidic linkages in inulin.

   Novozym® 960 
aqueous glycerol solution

Supplied as a solution in 20% Glycerol and 20% Sorbitol

A product of Novozyme Corp.
store at: 2-8°C

I6285-50ML 50 mL

I6285-250ML 250 mL

Sialic Acid Aldolase from Escherichia coli K12   8

N-Acetyl neuraminate lyase; N-Acetyl neuraminate pyruvate-lyase (N-acetyl-
D-manno s amine-form ing) 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥3.0 units/mg protein

Lyophilized powder containing Tris-HCl and NaCl

One unit will catalyze the formation of 1.0 μmol Man-N-Ac and pyruvate from 
Neu-5-Ac per minute at 37°C at pH 7.5.

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 7.5) 
containing Neu-5-Ac (10 mM) at 37 °C for 15 min and analyzed using capillary 
electrophoresis with UV detection at 200 nm.
ship: dry ice  store at: −20°C

S1826-10UN 10 units

New Products for Glycobiology and Glycochemistry
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α-2,3-Sialyl trans ferase from Pasteurella multocida   8

CMP-N-acetyl neuraminate:β-D-galacto side α-(2,3)-N-acetyl neuraminyl- 
 trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥2 units/mg protein

Expressed as the 46.4 kDa protein, optimum pH 7.5-8.5, pI = 5.94

Lyophilized powder containing Tris-HCl and NaCl

One unit will catalyze the formation of 1.0 μmol Neu-5-Ac-α-2,3LacMU from CMP-
Neu-5-Ac and Lac-β−OMU per minute at 37 °C at pH 7.5. 

Enzymatic activity assays performed in Tris-HCl buffer (100 mM, pH 7.5) 
containing CMP-Neu-5Ac (1 mM) and Lac-β−OMU (1 mM) at 37°C for 30 min 
and analyzed using HPLC with a fluorescence detector (excitation at 325 nm and 
emission at 372 nm). 
ship: dry ice  store at: −20°C

S1951-1UN 1 unit

α-2,6-Sialyl trans ferase from Photobacterium damsela   8

β-Galacto side α-2,6-sialyl trans ferase; CMP-N-Acetyl neuraminate:β-D- 
galacto syl-1,4-N-acetyl-β-D-gluco s amine α-2,6-N-acetyl neuraminyl trans ferase 

  recombinant, expressed in Escherichia coli BL21,  
activity: ≥0.8 units/mg protein

Supplied as a lyophilized powder containing Tris-HCl and NaCl.

One unit will catalyze the formation of 1 μmol Neu-5-Ac-α-2,6-LacMU from CMP-
Neu-5-Ac and Lac-β−OMU per minute at 37 °C at pH 8.5. 

Enzymatic activity assays are performed in Tris-HCl buffer (100 mM, pH 8.5) 
containing CMP-Neu-5-Ac (1 mM) and Lac-β−OMU (1 mM) at 37 °C for 30 min 
and analyzed using HPLC with a fluorescence detector (excitation at 325 nm and 
emission at 372 nm). 
ship: dry ice  store at: −20°C

S2076-1UN 1 unit

Monosaccharides and Derivatives
N-Acetyl-d-galacto s amine 6-sulfate sodium salt
GalNAc-6S 

[157296-99-6]   C8H14O9NSNa   FW 323.25
O

HN

OH

HO

OH

OS
O

O
NaO

CH3

O
Mixed anomers

 ≥98.0% (TLC)
51947-1MG 1 mg

N-Acetyl-d-gluco s amine 6-sulfate sodium salt
GlcNAc-6S 

[108321-79-5]   C8H14NO9SNa   FW 323.25
O

HN

OH

HO

OH

OS
O

O
NaO

CH3

O
Mixed anomers

 ≥98.0% (TLC)
44001-25MG 25 mg

Allitol   8

Allo dulcit; Allo dulcitol 
[488-44-8]   C6H14O6   FW 182.17 HO

OH OH

OH
OH

OH
A rare sugar alcohol (polyol).

 ≥98%
store at: 2-8°C

A2858-100MG 100 mg

l-Altrose
[1949-88-8]   C6H12O6   FW 180.16 O

OH

HO

HO

OHOH

 ≥97.0% (HPLC)
66777-25MG 25 mg

Anthrose
4,6-Dideoxy-4-(3-hydroxy-3-methyl butan amido)-
2-O-methyl-d-gluco pyran ose 

[769959-88-8]   C12H23NO6   FW 277.31

O

CH3

OH

OCH3

OH

NH

O

H3C

OHH3C
 ≥98.0% (TLC)
store at: −20°C

49746-500UG 500 μg

d-Apiose solution
3-C-Hydroxy methyl-d-gly cero-tetrose 

[639-97-4]   C5H10O5   FW 150.13

OH OH

O

OH OH

 ≥99.0% (HPLC)
Pack size based on mg solid

concentration .......................................................................................................... 100-1000 mM in H2O

41239-50MG 50 mg

5-Deoxy-l-ara bino-1,4-lactone
[76647-70-6]   C5H8O4   FW 132.11

H3C

OH

OH

O
O

 ≥97.0% (TLC)
51637-250MG 250 mg

3-Deoxy gluco sone
3-Deoxy-d-erythro-hexosulose
[4084-27-9]   C6H10O5   FW 162.14

OH

OH
O

HO

O
 ≥75% (TLC)
75762-5MG 5 mg

1-Deoxy-d-xylulose-5-phos phate sodium salt   8

C5H11O7P · xNa+   FW 214.11 (FA)
O

OH

P
O

HO
OH

O

CH3

OH

• xNa+

Metabolite of the non-mevalonate pathway, generally found in prokaryotes, as 
precursor to isoprenoids as well as non-isoprenoids like vitamins. As this pathway 
is not present in humans, it is of interest for the development of bacterium-
specific drugs in the search for treatments of infectious diseases.

 ≥99.0% (TLC)
store at: −20°C

13368-1MG 1 mg

13368-5MG 5 mg

d-Galacto s amine 2-sulfate sodium salt
2-Deoxy-2-sulfa mino-d-galacto pyran ose  
sodium salt; 2S-GalN 

[157297-00-2]   C6H12O8NSNa   FW 281.22

O

HN

OH
HO

OH

HO

S ONa
O

O

 ≥98.0% (TLC)
12662-5MG 5 mg
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d-Galac tose 4-sulfate sodium salt
Gal-4S
[125113-68-0]   C6H11O9SNa   FW 282.20 O

OH

OH
O

OH

OH

S
O

O

NaO

 ≥97.0% (TLC)
90572-1MG 1 mg

d-Galac tose 6-sulfate sodium salt
Gal-6S 

[125455-62-1]   C6H11O9SNa   FW 282.20
O

OH

OH
HO

OH

OS
O

O

NaO

 ≥98.0% (TLC)
05801-1MG 1 mg

d-Gluco s amine 3-sulfate
GlcN-3S 

[76330-20-6]   C6H13NO8S    FW 259.23 O
OH

OH

OR

NH2

R = S* OH
O

O

HO

 ≥98.0% (HPLC)
11631-25MG 25 mg

Glucose tetra sac cha ride
Glcα1-6Glcα1-4Glcα1-4Glc 

[35175-16-7]   C24H42O21   FW 666.58 O
OH

OH
HO

O
OH

HO
HO

O

O

O

HO
O

O

OH

OH

HO

HO HO

OH OH

 ≥99.0% (TLC)
corresponds for LC-MS

78544-1MG 1 mg

β-Gly cero phos phate disodium salt hydrate   8

Gly cerol 2-phos phate disodium salt hydrate; BGP 

[819-83-0]   (HOCH2)2CHOP(O)(ONa)2 · xH2O   

FW 216.04 (Anh)
HO

HO
O P

O
ONa

ONa
• xH2O

l-α-isomer..........................................................................................................................................≤0.2 mol %
from synthetic

G5422-25G 25 g

G5422-100G 100 g

G5422-500G 500 g

 BioUltra, ≥99.0% (titration), cell culture tested, plant cell culture tested
Insoluble matter ....................................................................................................................................... ≤0.1%

chloride (Cl-) .............................................≤0.05%
sulfate (SO4

2-) ...........................................≤0.05%
Al ...............................................................≤0.0005%
Ca .................................................................≤0.001%
Cu .............................................................≤0.0005%

Fe .................................................................≤0.001%
K ....................................................................≤0.005%
Mg ............................................................≤0.0005%
Pb.................................................................≤0.001%
Zn .............................................................≤0.0005%

G9422-10G 10 g

G9422-50G 50 g

G9422-100G 100 g

G9422-500G 500 g

l-Idaro-1,4-lactone
l-Idaric acid 1,4-lactone 

[80876-59-1]   C6H8O7   FW 192.12
OH

OH

O
O

HO

O

OH

 ≥98.0% (TLC)
store at: 2-8°C

07494-1MG 1 mg

l-Iditol   8

[488-45-9]   C6H14O6   FW 182.17
OHH

OH

HHO
OHH
HHO

OH
A rare sugar alcohol (polyol).

 ≥98%
store at: −20°C

I6035-100MG 100 mg

2-Keto-d-glucose
d-Gluco sone 

[1854-25-7]   C6H10O6   FW 178.14 HO
H

O

OOH

OH

OH

 ≥98.0% (TLC)
61793-100MG 100 mg

d-Manno heptulose
d-Manno-2-heptulose
[3615-44-9]   C7H14O7   FW 210.18 O

HOOH

HO

HO

OH

OH

 ≥99.0% (HPLC)
97318-25MG 25 mg

d-Manno se 6-sulfate sodium salt
Man-6S
[204575-08-6]   C6H11NaO9S    FW 282.20

O

OH HO
HO

OH

OSNaO
O

O

 ≥90% (TLC)
store at: −20°C

14652-50MG 50 mg

l-2-Phos pho gly ceric acid disodium salt hydrate
Disodium l-2-phos pho gly cer ate; l-Gly cer ate 
2-phos phate disodium salt 

C3H5Na2O7P · xH2O   FW 230.02 (Anh)
HO ONa

O

O
P
O

OH
ONa

H
O

H

Opposite enantiomer to the standard configuration found in glycolysis/
gluconeogenesis.

 ≥80% (CE)
P(i) ..................................................................................................................................................................... ≤0.2%
water ................................................................................................................................................................. ≤35%

19710-50MG 50 mg

19710-250MG 250 mg

d-Talitol   8

[643-03-8]   C6H14O6   FW 182.17
HO

OH OH

OH
OH

OH
A rare sugar alcohol (polyol).

 ≥98%
store at: 2-8°C

T0703-100MG 100 mg
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l-Talitol
[60660-58-4]   C6H14O6   FW 182.17

HO
OH OH

OH
OH

OH
A rare sugar alcohol (polyol).

 ≥98%
store at: 2-8°C

T0828-100MG 100 mg

Voglibose
3,4-Dideoxy-4-{[2-hydroxy-1-(hydroxy methyl)
ethyl]amino]-2-d-epi-ino sitol; N-(1,3-Dihydroxy-
prop-2-yl)valiol amine
 C10H21NO7   FW 267.28

OH

OH

HN
HO

HO

OH

OH

OH

 ≥97.0% (TLC)
50359-10MG 10 mg

Oligosaccharides
N-Acetyl-4-O-[2-(acetyl amino)-2-deoxy-β-d-gluco pyran osyl]- 8

muramic acid  

β-GlcNAc-(1→4)-MurNAc 

[67068-85-3]   C19H32N2O13   FW 496.46
OH

O

HN

O OH

HO

O

CH3

O

HN

OH

O

OH
CH3

O

HO
CH3

O

Bacterial cell wall muramyl disaccharide

 ≥97.0% (TLC)
store at: −20°C

57456-5MG 5 mg

Disialyl lacto-N-tetra ose
α-Neu5Ac-(2→3)-β-Gal-(1→3)-[α-Neu5Ac-(2→6)]-β-GlcNAc-(1→3)-β-Gal-
(1→4)-Glc 
[61278-38-4]   C48H79N3O37   FW 1290.14

 ≥95.0% (TLC)
68656-500UG 500 μg

Forssman di sac cha ride   8

α-GalNAc-(1↔3)-GalNAc 

C16H28N2O11   FW 424.40 O

NH

OH

O

HO

H3C

O

HO

O

HN

OH
HO

CH3

O

OH

 ≥97.0% (TLC)
store at: −20°C

55642-1MG 1 mg

Maltulose monohydrate
4-O-α-d-Gluco pyran osyl-d-fructose 

[207511-09-9]   C12H22O11 · H2O    FW 360.31 O

OH

OH

OH

HO
O

O

HO
OH

• H2O
HO

OH

 ≥98.0% (HPLC)
50796-1G 1 g

MAN-3 Glycan   8

Manno triose-di-(N-acetyl-d-gluco s amine); (Man)3(GlcNAc)2 
C34H58N2O26   FW 910.82

 ≥80% (MS)
store at: 2-8°C

M2071-10UG 10 μg

Rebaudio side A   8

(4α)-13-[(2-O-β-d-gluco pyran osyl-3-O-β-d gluco pyran osyl-β-d-gluco pyran osyl)-
oxy]kaur-6-en-8-oic acid β-d gluco pyran osyl ester 
[58543-16-1]   C44H70O23   FW 967.01

 ≥96% (HPLC)
01432-10G 10 g

Sucralose
Tri chloro sucrose; 1,6-Dichloro-1,6-dideoxy-β-d-
fructo furan osyl-4-chloro-4-deoxy-α-d-galacto-
pyrano side; E955 

[56038-13-2]   C12H19Cl3O8   FW 397.63

O

OH

HO

ClO

Cl
O

OH

OH
Cl

HO

A synthetic sweet tastant detectable by humans. Activates T1R2/T1R3 sweet taste 
receptors on enteroendocrine cells and elicits increased hormonal secretion of 
glucagon-like peptide-1 and glucose-dependent insulinotrophic peptide.1

Lit cited: 1. Margolskee, R.F. et al., T1R3 and gustducin in gut sense sugars to regulate 
expression of Na+-glucose cotransporter 1. Proc. Natl. Acad. Sci. U. S. A. 104, 15075-15080 (2007); 

 ≥98.0% (HPLC)
sweetness ..................................................................................................................................  600 × sucrose

69293-100G 100 g

Thio cello biose
4-S-β-d-gluco pyran osyl-4-thio-d-glucose 

[80951-92-4]   C12H22O10S    FW 358.36

O

OH

OH

HO

HO
S

O

OH

OH

HO

OH

 ≥98.0% (TLC)
19608-10MG 10 mg

Tn Anti gen   8

O-[2-(Acetyl amino)-2-deoxy-α-d-galacto- 
 pyran osyl]-l-serine; GalNac-α-1-O-serine 

[67262-86-6]   C11H20N2O8   FW 308.29

HO O

HN

OH

HO

O

CH3

O

OH

O

NH2

 ≥99.0% (TLC)
store at: −20°C

53886-1MG 1 mg

Polysaccharides
Dextran from Leuconostoc spp.
[9004-54-0]   (C6H10O5)n

narrow molecular weight distribution

 Mr ~40000
68084-25G 25 g

68084-100G 100 g

68084-500G 500 g

 Mr ~70000
44886-25G 25 g

44886-100G 100 g

44886-500G 500 g
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Proteoglycan
Glypican 3 human
Sulfate proteoglycan attached to the cell surface by a glycosylphosphatidylinositol 
(GPI) anchor. Regulates cell survival and inhibits cell proliferation during normal 
development.1 Potential use as marker for early disease detection.2

Lit cited: 1. Song, H.H. et al., The loss of glypican-3 induces alterations in Wnt signaling. J. 
Biol. Chem. 280, 2116-2125 (2005); 2. Wang, X.Y. et al., Glypican-3 expression in hepatocellular 
tumors: diagnostic value for preneoplastic lesions and hepatocellular carcinomas. Hum. 
Pathol. 37, 1435-1441 (2006); 

 recombinant, expressed in mouse NSO cells
Under non-reducing conditions in SDS-PAGE, the glycanated glypican 3 appears 
as a smear with an apparent molecular mass of 60 - 100 kDa.

Lyophilized from a 0.2 μm filtered solution in PBS containing 50 μg of bovine 
serum albumin per 1 μg of cytokine.
store at: −20°C

G1921-50UG 50 μg

Glycolytic Enzyme Substrates
2-Chloro-4-nitro phenyl-α-d-malto trio side
[118291-90-0]   C24H34ClNO18   FW 659.98

 ≥96.0% (HPLC)
93834-25MG 25 mg

93834-100MG 100 mg

Ethyl-β-d-thio galacto pyrano side
Ethyl-1-thio-β-d-galacto pyrano side; Ethyl β-d-thio galacto side; 
Ethyl-1-thio-β-d-Gal 
[56245-60-4]   C8H16O5S    FW 224.27

 ≥98.0% (HPLC)
store at: −20°C

92320-1G 1 g

α-Hydroxy iso butyro nitrile β-d-gluco pyrano side
Linamarin; α-Hydroxy iso butyro nitrile β-d-glucose; 
2-(β-d-Gluco pyran osyl oxy)-2-methyl pro pion itrile 
[554-35-8]   C10H17NO6   FW 247.25

 ≥98.0% (HPLC)
store at: 2-8°C

68264-50MG 50 mg

Iso propyl 1-thio-β-d-glucuronide sodium salt
IPTGlcA · Na; Iso propyl β-d-thio glucu ronic acid sodium salt 
[208589-93-9]   C9H15NaO6S    FW 274.27

 ≥97.0% (TLC)
store at: −20°C

42897-200MG 200 mg

p-Nitro phenyl-β-d-ribo furan o side   8

[59495-69-1]   C11H13NO7   FW 271.22

 ≥98.0% (HPLC)
free H-nitrophenol .................................................................................................................................. ≤0.1%
store at: −20°C

43188-25MG 25 mg

43188-100MG 100 mg

Books
Essentials of Glycobiology, 2nd edition

The sugar chains of cells-known collectively as glycans-play a variety of 
impressive, critical, and often surprising roles in biological systems. Glycobiology 
is the study of the roles of glycans in the growth and development, function, and 
survival of an organism. Glyco-related processes, described in vivid detail in the 
text, have become increasingly significant in many areas of basic research as well 
as biomedicine and biotechnology. This new edition of Essentials of Glycobiology 
covers the general principles and describes the structure and biosynthesis, 
diversity, and function of glycans and their relevance to both normal physiologic 
processes and human disease. Several new chapters present significant 
advances that have occurred since the publication of the first edition. Three 
sections of note describe organismal diversity, advances in our understanding 
of disease states and related therapeutic applications, and the genomic view 
of glycobiology. “Glycomics,” analogous to genomics and proteomics, is the 
systematic study of all glycan structures of a given cell type or organism and 
paves the way for a more thorough understanding of the functions of these 
ubiquitous molecules. The first edition of Essentials of Glycobiology represented 
also a notable experiment in publishing, as it became one of the first electronic 
textbooks. And, now, in recognition of its wide audience and the changing ways 
in which researchers and students learn and access information, the new edition 
of Essentials will be made available online simultaneously with the print edition. 
This novel experiment is the result of the collaborative efforts of the Cold Spring 
Harbor Laboratory Press, the National Center for Biotechnology Information, and 
the editors of the book. Written and edited by glycobiologists with experience 
in teaching and in research, this volume will be an invaluable resource, both 
for students and for established investigators in fields such as developmental 
biology, cell biology, neuroscience, immunology, and biochemistry who require a 
complete yet concise introduction to this burgeoning field.

Z567159-1EA 1 ea
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Free Fax: 0800 031 052 
Tel: (+33) 474 82 28 88 
Fax: (+33) 474 95 68 08

Germany
Free Tel: 0800 51 55 000 
Free Fax: 0800 64 90 000 
Tel: (+49) 89 6513 0 
Fax: (+49) 89 6513 1160

Hungary
Ingyenes telefonszám: 06 80 355 355 
Ingyenes fax szám: 06 80 344 344 
Tel: (+36) 1 235 9063 
Fax: (+36) 1 269 6470

India
Telephone 
Bangalore: (+91) 80 6621 9400 
New Delhi: (+91) 11 4358 8000 
Mumbai: (+91) 22 4087 2364 
Hyderabad: (+91) 40 4015 5488 
Kolkata: (+91)  33 4013 8000

Fax 
Bangalore: (+91) 80 6621 9550 
New Delhi: (+91) 11 4358 8001 
Mumbai: (+91) 22 2579 7589 
Hyderabad: (+91) 40 4015 5466 
Kolkata: (+91) 33 4013 8016

Ireland
Free Tel: 1800 200 888 
Free Fax: 1800 600 222 
Tel: (+353) 402 20370 
Fax: (+ 353) 402 20375

Israel
Free Tel: 1 800 70 2222 
Tel: (+972) 8 948 4100 
Fax: (+972) 8 948 4200

Italy 
Free Tel: 800 827 018 
Tel: (+39) 02 3341 7310 
Fax: (+39) 02 3801 0737

Japan
Tel: (+81) 3 5796 7300 
Fax: (+81) 3 5796 7315

Korea
Free Tel: (+82) 80 023 7111 
Free Fax: (+82) 80 023 8111 
Tel: (+82) 31 329 9000 
Fax: (+82) 31 329 9090

Malaysia
Tel: (+60) 3 5635 3321 
Fax: (+60) 3 5635 4116

Mexico
Free Tel: 01 800 007 5300 
Free Fax: 01 800 712 9920 
Tel: (+52) 722 276 1600 
Fax: (+52) 722 276 1601

The Netherlands
Free Tel: 0800 022 9088 
Free Fax: 0800 022 9089 
Tel: (+31) 78 620 5411 
Fax: (+31) 78 620 5421

New Zealand
Free Tel: 0800 936 666 
Free Fax: 0800 937 777 
Tel: (+61) 2 9841 0555 
Fax: (+61) 2 9841 0500

Norway
Tel: (+47) 23 17 60 00 
Fax: (+47) 23 17 60 10

Poland
Tel: (+48) 61 829 01 00 
Fax: (+48) 61 829 01 20

Portugal
Free Tel: 800 202 180 
Free Fax: 800 202 178 
Tel: (+351) 21 924 2555 
Fax: (+351) 21 924 2610

Russia
Tel: (+7) 495 621 5828 
Fax: (+7) 495 621 6037

Singapore
Tel: (+65) 6779 1200 
Fax: (+65) 6779 1822

Slovakia
Tel: (+421) 255 571 562 
Fax: (+421) 255 571 564 

South Africa
Free Tel: 0800 1100 75 
Free Fax: 0800 1100 79 
Tel: (+27) 11 979 1188 
Fax: (+27) 11 979 1119

Spain
Free Tel: 900 101 376 
Free Fax: 900 102 028 
Tel: (+34) 91 661 99 77 
Fax: (+34) 91 661 96 42

Sweden
Tel: (+46) 8 742 4200 
Fax: (+46) 8 742 4243

Switzerland
Free Tel: 0800 80 00 80 
Free Fax: 0800 80 00 81 
Tel: (+41) 81 755 2828 
Fax: (+41) 81 755 2815

United Kingdom
Free Tel: 0800 717 181 
Free Fax: 0800 378 785 
Tel: (+44) 1747 833 000 
Fax: (+44) 1747 833 313

United States
Toll-Free: 800 325 3010 
Toll-Free Fax: 800 325 5052 
Tel: (+1) 314 771 5765 
Fax: (+1) 314 771 5757

Vietnam
Tel: (+84) 3516 2810 
Fax: (+84) 6258 4238

Internet 
sigma-aldrich.com

http://www.sigma-aldrich.com
http://www.sigma-aldrich.com/techservice
http://www.sigmaaldrich.com/safety-center.html
http://www.sigma-aldrich.com

