




Working with Carbohydrate 

• Oligosaccharides removed from protein or lipid conjugates 

 

• Stepwise degradations with specific reagents (eg. O- or N- 

glycosidase) that reveal bond position and stereochemistry 

 

• Mixture separated by chromatography 

 

• Overall composition and analysis by GC, Mass and NMR 

 



• Acid hydrolysis 

• Methylation 

• Smith degradation 

• Chemical deglycolysation 

• Glycosyl hydrolases 

• Exoglycosidases 

• endoglycosidases 

 

 

 

 

 

 







 





 



 



 







Oligosaccharides 

• Oligosaccharides are important group of polymeric 
carbohydrates that are found in all living organisms. 

• Oligosaccharides composed of 2 to 10 monosaccharide 
residues. 

• These monosaccharide's linked together by glycoside (α-
1,4 or α-1,6 ) bonds. 

• The discovery of new enzymes helps in developing other 
oligosaccharides of monosaccharide's with other linked 
bonds. 

   Trehalose (α,α 1,1), Gentio-oligosaccharides (β-1,6), 
Nigero-oligosaccharides (α-1,3), Cyclodextrin (α-1-4).  
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Oligosaccharides groups 

• Sucrose-related oligosaccharides. 

• Starch-related oligosaccharides. 

• Lactose-related oligosaccharides. 

• Others-oligosaccharides.  
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Oligosaccharides Substrates 

     Oligosaccharides                      Substrate 
• Fructo-oligosaccharide                Sucrose/Innulin.  
• Malto- oligosaccharide                Starch. 
• Isomalto-oligosaccharide             Starch. 
• Galacto-oligosaccharide               Lactose. 
• Lactosucrose                              Lactose+ sucrose. 
• Lactulose                                   Lactose. 
• Xylo- oligosaccharide                  Xylan. 
• Soy- oligosaccharide                   Soy. 
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Properties 

• Low sweetness intensity (1/3 of sucrose ) 
• Calorie free. 
• Resistance to hydrolysis by digestive 

enzymes. 
• Non-cariogenic (inhibit the growth of            

Streptococcus mutans) 
• Highly soluble than sucrose. 
• Heat stable (doesn't degrade by heating 

process) 
• Hydrolyze in high acid environment.          
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Benefits 
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•    Prebiotic (enhance befidus bacteria in colon). 

•   Increase digestion of lactose metabolism. 

•   Increase mineral absorption. 

•   Increase HDL/LDL ratio. 

•   Decrease serum lipids and blood cholesterol. 

•   Decrease blood pressure. 

•   Decrease glycemic response.  

•   Decrease fecal PH, toxic, and carcinogenic  

    metabolites.     



Mass spectrometry of 
oligosaccharides 

 

• Mass spectrometry is an important tool for the structural analysis of 
carbohydrates, and offers precise results, analytical versatility, and 
very high sensitivity.  

• Whereas mass spectrometric analysis options for proteins and 
peptides are well-defined relative to those for carbohydrates. 



 



 



 



 



 



 



 



 



 



 



 



 



 



Characteristics of tandem mass 
spectra of oligosaccharides 

 1. Electrospray Ionization (ESI) 

 ESI MS: Conventional ESI MS involves the pumping of a solution (a forced flow) 
into the ion source, and has been observed to produce relatively weak ion 
signals for native oligosaccharides compared to those for peptides and proteins. 

  

 Nano ESI:  on the other hand, produces ion signals that are comparable 
between the peptide and carbohydrate compound classes. 

  

 It, therefore, appears that the hydrophilicity of oligosaccharides limits the 
surface activity in ESI droplets and that, with small droplets, their sensitivity is 
significantly enhanced. 



Characteristics of tandem mass 
spectra of oligosaccharides  

 2. Matrix-Assisted Laser Desorption/Ionization (MALDI) 

  

 The MALDI-TOF ionization efficiency for neutral carbohydrates 
oligomers has been observed to be constant as the size of the 
molecule increases, in contrast to that for ESI, where the 
ionization efficiency decreases with an increasing molecular 
weight. 

  

  

  

  



Characteristics of tandem mass 
spectra of oligosaccharides 

 

• Note: The advantages of MALDI in terms of 
ionization response have to be balanced 
against the disadvantages of the metastable 
fragmentation that is caused by the higher 
internal energies imparted to the ions relative 
to those resulting from ESI. 



Nomenclature for the Fragmentation 
of Glycoconjugates 

• Fragment ions that contain a non-reducing terminus are labeled with uppercase letters 
from the beginning of the alphabet (A, B, C),  

• and those that contain the reducing end of the oligosaccharide or the aglycon are labeled 
with letters from the end of the alphabet (X, Y, Z); subscripts indicate the cleaved ions.  

• The A and X ions are produced by cleavage across the glycosidic ring, and are labeled by 
assigning each ring bond a number and counting clockwise. 
 



Nomenclature for the Fragmentation 
of Glycoconjugates 

 



 



 



Tandem MS of Native Oligosaccharide 
Molecular Ions 

• 1. Protonated Ions: [M+H]+ 

• 2. Deprotonated Ions: [M–H]- ions 

• 3. Alkali and Alkaline Earth Adducted Ions: 
[M(Li)+Li]+ ions 

 

 

 

 

 



Three possible fragmentation 
pathways for metal-cationized 

oligosaccharides 
 



Computer-Based Approaches for 
Interpretation of Oligosaccharide 

Product-Ion Mass Spectra 

• (1) monosaccharide residue loss from the non-reducing termini 
• (2) subsequent monosaccharide residue losses from the 

aforementioned ions, generating a Yn ion series 
•  (3) the complementaryBm ions 
• (4) formation of internal fragment ions from loss of 

pyridylamidated residues from the Yn Ions 
• (5) formation of internal fragments from Bm ions 
• (6) formation of Zn, as well as the complementary Cm ions. 














