Supplementary Materials

Mass spectrometry analysis of glycopeptides 
For LTQ mass spectrometry analysis, an in-house fabricated nanoelectrospray source and an HP1100 solvent delivery system (Agilent, Palo Alto, CA) with split flow were coupled to LTQ.  Samples were automatically delivered by a FAMOS autosampler (LC Packings, San Francisco, CA) to a 100 μm internal diameter fused silica capillary pre-column packed with 2 cm of 200 Å pore-size Magic C18AQ™ material (Michrom Bioresources, Auburn, CA) as described elsewhere 1[]
. 

The samples were washed with solvent A (5 % acetonitrile in 0.1 % formic acid) on the pre-column and then eluted with a gradient of 10-35% solvent B (100% acetonitrile) over 30 minutes to a 75 μm x 10 cm fused silica capillary column packed with 100 Å pore-size Magic C18AQ™ material (Michrom) and then injected into the mass-spectrometer at a constant column-tip flow rate of ~300 nL/min.  Eluting peptides were analyzed by nanoLC-MS and data-dependent nanoLC-MS/MS acquisition, selecting the 3 most abundant precursor ions for MS/MS with a dynamic exclusion setting of 1 repeat counts, 30 seconds repeat duration, and 180 seconds exclusion duration with an exclusion list size of 50 2[]
. 
Evaluation of the proteomics analysis
The glycopeptide-capture was applied three times to different mouse embryonic stem (mES) cell samples (biological replicates), and each captured peptide mixture was analyzed in triplicates by the LC‑MS/MS (technical replicates).  Two biological replicates have further separated by offline strong-cation-exchange (SCX) chromatography prior to reverse-phase nano-LC-MS/MS analysis.    

We evaluated the sensitivity gained by the additional SCX separation as shown in Figure S1, in which a dot plot records the quantitative comparison of protein spectra counts 
 ADDIN EN.CITE 
[3-7]
 between two separation schemes, i.e. with and without off-line SCX.  The uniquely identified proteins by one approach are on the corresponding axes, and the commonly identified proteins are in the quadrant of the plot.  A linear correlation is resolved with R2 ≈ 0.8, indicating a good consistency between the two types of LC-MS analyses.  The correlation coefficient is 0.34 suggesting a 3-fold improvement of detection sensitivity with SCX than those without.  

Evaluation of receptors and transporters relationship using other publically available datasets


In order to evaluate the observed about one-fold difference between the total number of transporters and receptors, and another one-fold difference between the average spectra counts of these two classes of proteins, we further analyzed a few additional datasets, including Wollscheid’s 8[]
 and Nunomura’s 
 ADDIN EN.CITE 
[9]
 mES surface proteomes as well as the red blood cell (RBC) 10[]
 surface proteome.  The results are shown in Figure S2A and S2B.  The qualitative relationship (Figure S2A) has preserved across all the compared datasets, including three mES cell datasets, one dataset from mES derived neuron precursor (NP) cells, one dataset from mES derived embryoid body (EB) cells, except the one dataset derived from RBCs (arrow pointed).  For RBC, we observed an opposite trend with low number of receptors but high number of transporters. Considering RBCs function heavily in oxygen exchange, the identification of more transporters than receptors in RBCs is reasonable.

 
For the quantitative relationship, only our N-glycoproteome and the surface N-glycoproteomes are used for comparison because other datasets do not have quantitative information available.  All the compared proteomes follow into a similar trend as shown in Figure S2B below, in which the average expression of receptors is lower than that of transporters. These agreements validate our results and also indicate that the trend we observed is presented by many different cell types, but differences do exist as shown by RBC cells.  
Quantitative comparison of commonly identified proteins between our N-glycoproteome and cell surface N-glycoproteome.

Because both of these two datasets include quantitative information, it is possible for us to perform a quantitative comparison at the individual protein level between these two datasets (Figure S3).  In the figure, except for the two abundant proteins (arrow pointed) seem quite off, the rest proteins fall in a pretty good agreement with our dataset, and our results provides a greater abundance range as most data points leaning towards x axis with larger values, thereby, our results can better distinguish the quantitative difference among N-glycoproteins.  The inclusion of more low-abundance proteins into comparison renders the total trend less viewable, so we plotted them separately in Figure S3.
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Figure S1. The quantitative correlation of identified proteins between SCX fractionated and non-fractioned samples. The quantity of the fractionated samples is the total peptide spectra counts of 2 biological replicates (each has 6 SCX fractions and 3 technical replicates); and the quantity of non-fractionated samples is the total peptide spectra counts of three biological replicates and each with 3 technical replicates. The probability cutoff of identified proteins is 0.9. A linear correlation exists with R2 of 0.80 and a coefficient of 0.34. The insert is a log plot for better visualization in the low spectral counts region.
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Figure S2. Comparisons of specified protein classes based on Almen et al.’s cataloging among different surface protein datasets. A, a comparison of the percentage of each protein class among different datasets; B, a comparison of the average spectra counts of each protein class in different datasets. D3 is a mES cell surface proteome, and E14.Tg2a is our mES cell N-glycoproteome. CSC represents the surface N-glycoproteomics method (Wollscheid et al.), and the results obtained by applying this method is separately represented by the analyzed cell types. NP and EB stand for the neuronal precursor cells and the embryoid body, respectively; ES refers to the mES cells used to derive both of the above mentioned NP and EB cells. RBC stands for a surface proteome obtained from red blood cells. 
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Figure S3. The quantitative comparison of the abundance of commonly identified glycoproteins between the mES surface N-glycoproteome and E14.Tg2a mES N-glycoproteome. The ranking from top 40 till top 140 is based on protein abundance presented in the surface N-glycoproteome. Arrows point to outliers.
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