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Glycomic Profiling of N-glycans and O-glycans by Mass Spectrometry (MS) 
For Human Serum and Glycoprotein
[bookmark: _GoBack]EGMIC can provide N-glycan and O-glycan MS profiling for human serum and glycoprotein.   For a serum sample, 25 µl are needed for N-glycan profiling and 25 µl are needed for O-glycan profiling. For purified glycoprotein, 50-100 µg are needed. If your sample is a mixture containing glycoprotein, 1 – 2 mg is needed depending on glycoprotein content. If any additive or ingredient in your sample may interfere with the process, dialysis will be performed to achieve a cleaner sample. 
General Protocol
Below is an example of glycomic profiling of N-glycans and O-glycans from human serum. The normal turnaround time is 2 weeks for a project with < 10 samples. Expect longer turnaround time for a project with more samples.
I.   Enzymatic release of N-glycans by PNGase F digestion  
Peptide -N-Glycosidase F (PNGase F) is an amidase that cleaves between the innermost GlcNAc and asparagine residues of high mannose, hybrid, and complex oligosaccharides from N-linked glycoproteins. First, 25 µl of human serum are mixed with denature buffer provided in the PNGase F kit (NEB) and boiled for 10 min.  Then, 1 µl of PNGase F is added to the reaction mixture along with other reagents in the PNGase F kit including NP-40 and digestion buffer. After incubation at 37oC overnight (~16 hours), an additional 1 µl of PNGase F is added and incubation is continued for ~8 hours. Boil the mixture for 10 min to deactivate the PNGase F enzyme. After centrifugation at 10,000 rpm for 5 min, supernatant is loaded onto a reverse-phase C18 SepPak column. Flow through and 6 column volume (CV) Milli-Q water washes from SepPak column are loaded onto a Carbograph column. N-glycan are eluted from the Carbograph column by two CV of 50% acetonitrile solution with 0.1% Trifluoroacetic acid. Reduce volume of the eluent on a Speed Vac and then lyophilize to dry.    
II. Chemical removal of O-glycans by reductive β -elimination
In the method of reductive β-elimination, O-glycans are released from the glycoproteins/glycopeptides and converted into the reduced form in which the terminal monosaccharide is converted to its alditol, preventing the oligosaccharides from degrading under the alkaline release conditions (known as “peeling”).  25 µl of human serum is mixed with 55 µl of Mili-Q water and 100 µl of 2 M sodium borahydride (freshly prepared in 0.1 M sodium hydroxide).  Incubate at 45oC for 16 hours. The reaction is stopped by a dropwise addition of 1.6 ml 0.25 M acetic acid-methanol solution.  O-glycans are desalted by a 1 ml ion-exchange AG 50W-X8 resin 50 -100 mesh (BioRad) column.  Flow through and three 1 ml 5% acetic acid washes are collected, pooled, and lyophilized.  Borate in the reaction product is removed by resuspending dry sample with 1 ml methanol and drying the sample under N2 stream or on a Speed Vac. Repeat methanol wash two more times. 

III. Permethylation for MALDI MS analysis
Permethylation is a technique to derivatize glycans for more sensitive MS analysis. During the permethylation process, all reactive –OH and –NH groups are methylated which hence ionization efficiency and stabilizes the sialic acids for better MS detection.  The common protocol of permethylation is carried out by adding 0.5 ml 50% slurry of NaOH in Dimethyl Sulfoxide (DMSO) and 0.2ml iodomethane into dry glycan.  The mixture is shaken for 30 min at room temperature, and the reaction is quenched by dropwise addition of 1 ml Mili-Q water. Permethlyated samples are extracted into 1 ml dichloromethane and washed with 3x 1 ml 0.5 M sodium chloride. Dry the lower phase fraction on a Speed Vac.  Reconstitute the dry sample in 10 µl 50% methanol. Spot 1 µl of sample and 1 µl of Matrix (20 mg/ml DHB in 50% acetonitrile) on the MALDI target plate and procced to MALDI-MS analysis with positive mode, range (500 – 5000 D). If no clear MS peaks are observed, better resolution can be obtained by cleaning the sample with a C18 SepPak column. Re-suspend the sample in 20 µl of 50% methanol solution, load into a C18 SepPak column and wash the column with 2 ml of 15% acetonitrile solution.  Eluents from 3 ml 50% acetonitrile is collected, reduced in volume on a Speed Vac and lyophilized.  Reconstitute the sample in 10 µl of 50% methanol and repeat MALDI analysis.   
IV.  MALDI-TOF- MS
Data acquisition is conducted either by manual operation or by automated data acquisition using the AutoXecute feature on the UltraFlex MALDI-TOF-MS instrument from Bruker with a Smartbeam-II laser and system speed of 2 kHz for MS and 200 Hz for MS/MS. FlexControl 3.4 software from Bruker Daltonics is used for acquiring data for mass spectral measurements of permethylated glycans in reflectron positive (RP) mode. A window of m/z 300-2000 are used for O-glycan profiles and m/z 500-5000 is used for N-glycan profiling.  Peptide calibration standards are used to calibrate the instrument.  Bruker Daltonics flexAnalysis software version 3.4 is utilized for data representation of [M+Na]+ permethylated glycans.  EGMIC provides glycan composition for selected glycan related mass.  MZXML files are exported and can be used by other analysis software.     
Example of N-glycan profiling 
RNase B is a glycoprotein with high mannose glycans, and 100 µg RNase B is used as a positive control to check N-glycans released from PNGase F digestion process. Below is the MS profile of N-glycans released from RNase B by PNGase F digestion. Glycan composition abbreviation is H (hexose), N (N-acetyl-hexosamine), F (fucose), and S (sialic acid).
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