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Attachment of the GlczMangGIcNAc, precursor oligosaccharide to nascent polypeptides in the ER is a common modification for secretory proteins.
Although this modification was implicated in several biological processes, additional aspects of its function are emerging, with recent evidence of its
role in the production of signals for glycoprotein quality control and trafficking. Thus, phenomena related to N-linked glycans and their processing
are being intensively investigated. Methods that have been recently developed for proteomic analysis have greatly improved the characterization of
glycoprotein N-linked glycans. Nevertheless, they do not provide insight into the dynamics of the sugar chain processing involved. For this, labeling
and pulse-chase analysis protocols are used that are usually complex and give very low yields. We describe here a simple method for the isolation
and analysis of metabolically labeled N-linked oligosaccharides. The protocol is based on labeling of cells with [2-3H] mannose, denaturing lysis and
enzymatic release of the oligosaccharides from either a specifically immunoprecipitated protein of interest or from the general glycoprotein pool by
sequential treatments with endo H and N-glycosidase F, followed by molecular filtration (Amicon). In this method the isolated oligosaccharides serve
as an input for HPLC analysis, which allows discrimination between various glycan structures according to the number of monosaccharide units
comprising them, with a resolution of a single monosaccharide. Using this method we were able to study high mannose N-linked oligosaccharide
profiles of total cell glycoproteins after pulse-chase in normal conditions and under proteasome inhibition. These profiles were compared to those
obtained from an immunoprecipitated ER-associated degradation (ERAD) substrate. Our results suggest that most NIH 3T3 cellular glycoproteins
are relatively stable and that most of their oligosaccharides are trimmed to Mang_gGIcNAc,. In contrast, unstable ERAD substrates are trimmed to
Mang_sGIcNAc, and glycoproteins bearing these species accumulate upon inhibition of proteasomal degradation.

Video Link

The video component of this article can be found at https://www.jove.com/video/1899/

Protocol

The following protocol is intended for analysis of sugar chains of total glycoproteins or of a specific glycoprotein of interest. The procedure is
basically the same for both cases with a few alterations as stated throughout the protocol.

1. For metabolic labeling of N-linked glycans one needs to use a subconfluent culture of mammalian cells grown overnight in a 90 mm dish for
each sample (samples may represent different time points or treatments). This protocol is optimized for NIH 3T3 cells.

2. Starve the cells for glucose by incubation in 5 ml of freshly prepared pre-warmed (37°C) glucose-free medium, supplied with 10% dialyzed
FCS and 4 mM sodium pyruvate for 5-15 minutes.

3. Replace the starvation medium with 1 ml of pre-warmed (37°C) glucose-free medium containing 400 pCi of [2-3H]-Iabeled mannose (lower
concentration of 65 puCi/ml is used for labeling of total glycoproteins), and incubate the cells in the normal tissue culture conditions for 1 hour.

4. Remove the labeling medium from each sample, and carefully add 2 ml of PBS at 4°C to the samples corresponding to pulse and place them
on ice (these samples are referred to as pulses), while the samples corresponding to the chase need to be rinsed 3 times with 2 ml of pre-
warmed (37°C) normal complete culture medium, and then placed in a CO, incubator at 37°C with 5 ml of pre-warmed regular medium for the
desired chase periods.

5. Rinse the pulse samples (previously placed on ice) 3 times with 2 ml of ice-cold PBS. The cells are then scraped off the dish in 2 ml PBS
using a cell scraper, and placed into a 2 ml Eppendorf tube.

6. Short-spin the cells at 16000Xg (6-10 sec), discard the supernatant and freeze the cell pellet at -80°C.

7. Perform steps 5 and 6 also for the chase samples at the end of the chase time.

8. Remove the cells from the freezer and lyse them by addition of 300 pl of buffer A, vortexing briefly and incubating for 20 min on ice, or in the
case of total glycoproteins analysis, by incubation 20 min on ice with buffer B, followed by sonication (4 times, 10 sec, maximum amplitude),
then boil the samples for 5min.

9. Centrifuge the lysates at 16000Xg for 20 min at 4°C. Transfer the supernatant to a new Eppendorf tube and discard the pellet.
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10. If analyzing total glycoproteins, proceed to molecular filtration and deglycosylation (step 17). For immunoprecipitation of the H2a glycoprotein
demonstrated here, add 20l/sample of (Repligen) protein A-agarose beads 1:1 suspension and 3 pl/sample of our rabbit polyclonal anti H2a
antibody for the desired glycoprotein (in our example anti-H2a antibody), to the supernatant from step 9.

11. Incubate the samples for 4-16 hours at 4°C, constantly mixing by slow rotation.

12. Spin down the beads at 16000Xg for 30 seconds, and carefully remove the supernatant using vacuum.

13. Rinse the beads, by adding 500 pl buffer D and vortexing. Spin as in step 12 and remove the supernatant. Repeat the wash 3 times.

14. Add 10l denaturing buffer (supplied with the NEB endo-H kit) to the bead pellet and boil the samples for 5 min (when total proteins are
analyzed, the deglycosylation is performed on the Microcon filter, step 17).

15. Spin down the beads (16000Xg for 30 seconds), and transfer the supernatant into a new Eppendorf tube. Then 0.5ul of endo H enzyme are
added to each sample along with 10 pl of the reaction buffer (also supplied with the NEB endo H kit), and the samples are incubated at 37°C
for 3 hours.

16. To separate the released glycans from the proteins, the sample is diluted 5 times with deionized water and placed on top of a molecular
filter (Microcon Ultracel YM30), with a 30kDa cut-off, then centrifuged at 14000Xg for 3 min. Apply 50ul of deionized water and repeat
centrifugation of the samples. This washout is repeated 2 more times, keeping the flow-through.

17. If you are analyzing total glycoproteins, apply the supernatant of the lysates (from step 9) to the Microcon filter. Wash the extract with 100
ul of buffer E, 3 times by repeated centrifugation at 14000Xg for 3 min. Add 3 pl of 10X endo H reaction buffer and 1.5 pl of the endo H
enzyme to the Microcon retentate, and incubate for 3 hours at 37°C. The released glycans are eluted with deionized water by 3 repeated
centrifugations, as in step 16.

18. If desired, retentates from steps 16 and 17, containing endo H-resistant glycoproteins are then incubated with 200mU of N-glycosidase F in
15 pl of buffer C, at 37°C for 16 h. Elution with deionized water is done as in step 16.

19. Place the tube containing the endo H reaction flow-through (steps 16 and 17) in a SpeedVac concentrator, and dry the samples completely
(this can be done up to 45°C to accelerate this process).

20. To prepare the samples for the HPLC, resuspend the dry pellets in 12 pl of the HPLC solvent (acetonitrile:water, 60:40, 1% phosphoric acid).

21. Adjust the HPLC device (connected to the Spherisorb column) to constant flow of the solvent (1 ml/min) and pressure (a particular value
between 1000 and 2000 psi), and place a fraction collector to change a tube every 1 minute.

22. Load the samples into the HPLC device and start the fraction collector simultaneously.

23. Collect 48 fractions of 1 ml from each sample run and from a run of a standard oligosaccharide mixture.

24. Transfer 500 ul from each fraction to a scintillation vial, and mix the contents with 3 ml of water-miscible scintillation fluid.

25. Load the vials and read in a scintillation counter.

26. The cpm readout is plotted as a function of fraction number.

27. The cpm values within a peak represent a specific glycan species as follows: fractions 18-21 correspond to M5, fractions 22-26 to M6,
fractions 27-31 to M7, fractions 32-35 to M8, fractions 36-39 to M9, fractions 40-42 to G1M9 and fractions 43-45 to G2M9.

28. The sum of cpm values for the fractions within each peak reflects the absolute amount of a specific glycan species. In order to compensate
for the fact that species containing more mannose residues acquire more label, the "relative molar amount" of each glycan species is
calculated as follows: the absolute amount of each glycan species is divided by the number of mannose residues that it contains. This value
is then divided by the sum of the relative molar amounts of all glycan species obtained to obtain the "percent of total" for each specific glycan

species.
Chase (h) 0 4
Released with endo H (cpm) ? 90000 16800
Released with N-glycosidase F (cpm) ° 20400 3900
Glycoproteins in retentate (cpm) © 371700 127695
Dolichol-oligosaccharides in retentate (cpm) ¢ |4350 540
Dolichol-oligosaccharides in retentate (%) 1407 02+0.2

Table 1. Analysis of release of N-linked sugar chains with deglycosidases and of the presence of dolichol-oligosaccharides in glycoprotein
samples.

We applied the pulse-chase procedure to a lysate from NIH 3T3 cells. After Microcon filtration, labeled N-linked oligosaccharides were released
mainly with endo H after pulse labeling (high mannose type) and with further treatment with N-glycosidase F after a chase period, which would
correspond to complex type (Golgi-processed glycans), endo H resistant oligosaccharides. This quantitative analysis determined that dolichol-
oligosaccharides, accounted for an insignificant fraction of the label in the initial retentate.

Notes:

a. NIH 3T3 cells were pulse labeled with [2-3H] mannose and chased with complete medium. After cell lysis and filtration through Microcon
YM30, high mannose N-linked oligosaccharides were released from retentates by incubation with endo H.

b. Endo H-resistant material in Microcon retentates from (a) was then incubated with N-glycosidase F and released oligosaccharides measured
in a scintillation counter.

c. Microcon retentates obtained as in (a) before endo H treatment, were extracted 4 times with chloroform:methanol:water 10:10:3 to remove
precursor glycolipids, and the unextracted material solubilized in 1N NaOH and counted in a scintillation counter.

d. Dolichol-oligosaccharides were purified from extracts from (c) as described in 1 and counted in a scintillation counter.

e. Average of 3 experiments for percent of dolichol-oligosaccharides (d) of total cpm in retentate (c+d).
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Figure 1. Pulse-chase analysis of total NIH 3T3 glycoproteins in untreated cells and upon proteasomal inhibition. After 1h pulse-labeling
with [2-3H] we obtained an expected profile with some glucosylated precursors remaining (Glc,MangGIcNAc, (G2M9) and G1M9), but most of
the label present in M9 and M8 species, the latter being the result of trimming of all the glucose and one mannose residue (Figure 1 A). No free
mannose or other small precursors were detected, attesting to the thoroughness of the purification. Following a rather long 8h chase there was
more extensive trimming to M7-6 and a small amount of M5, but the major species continued to be M9 and M8 (Figure 1 B). If the chase was
done in the presence of a proteasomal inhibitor (30 uM MG-132), there was only a minor accumulation of these same trimmed species (Figure 1

C).
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Figure 2. Quantitative analysis of sugar chains of an ERAD substrate compared to total glycoproteins. (A) In an experiment similar to
the one in Figure 1, relative molar amounts of each oligosaccharide species were calculated based on mannose content. We converted the
cpm values obtained for each glycan species, the percent of each species relative to the total sum of the relative molar amounts of all species
present was then plotted as a function of chase time for an average of two experiments. (B) Similar to (A) except that glycans released from
the ERAD substrate ASGPR H2a were analyzed after the pulse labeling and chase for up to 4h, in the presence or absence of the proteasomal
inhibitor MG-132. (C) Values for 4h chase in the presence of MG-132 from (A) and (B) are compared for ASGPR H2a and the glycoprotein pool.
(D) Scheme of N-linked sugar chain trimming processes in the ER. Sugar trimming processes that lead to M6-5 linked to proteins (R) that are
targeted to ERAD compared to M9-8 on those that exit to the Golgi and beyond. The results indicate that the ERAD process is associated with
the mannose trimming of N-glycans to yield species with 5-6 mannose residues remaining.

The pulse-chase analysis of glycans in live cells with HPLC separation provides a method for studying the dynamics of oligosaccharide structural
alterations throughout the life of a glycoprotein. There is growing evidence that such alterations are involved in producing the signals for ER
folding, quality control and trafficking systems 25 The method can be applied not only for a specific glycoprotein of interest but also for analyzing
the dynamics of the structure of total glycoproteins, as illustrated in this article, where we compared the contrasting fate of a specific ERAD
substrate and that of the cellular glycoprotein pool. The purification technique is simple but nonetheless specific. By using strict deglycosidases
and molecular filtration it is ensured that only N-linked glycans released from glycoproteins are obtained, leaving behind other macromolecules
labeled with [2-3H]Man, such as O-linked sugar chains and GPl-anchored proteins. Oligosaccharides released from the dolichol precursor are a
negligible contaminant (Table 1).

The method provides a high sensitivity of detection using a very small amount of starting material. When expecting a very low yield, the
sensitivity can be further increased by reducing the volume of the HPLC fractions using SpeedVac. Thus, the solubility limitation of the
scintillation fluid can be overcome, and the entire content of the fractions can be monitored in the scintillation counter.
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