
Table S1 Summary of boronic acid enrichment experimental conditions and results including the 
number of identified N-glycopeptides and the intensity ratio of glycopeptides versus 
nonglycopeptides.
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Table S2 Summary of ZIC-HILIC enrichment experimental conditions and the number of enriched glycopeptides. (Intensity represented the total intensity of three 
selected N-glycopeptides.)



Table S3 Summary of PGC different eluents and the number of enriched glycopeptides.

Table S4 Detailed information of the observed glycopeptides in ASF tryptic digest with boronic 
acid, ZIC-HILIC and PGC. 

Table S5 Detailed information of the observed glycopeptides in HRP tryptic digest with boronic 
acid, ZIC-HILIC-N and PGC. 



Table S6 Detailed information of the observed glycopeptides in IgG tryptic digest with boronic 
acid, ZIC-HILIC-N and PGC. 



Table S7 Detailed information of the observed glycopeptides in RNB digest with boronic acid, ZIC-
HILIC-N and PGC. 



Fig. S1 The effects of buffer types and buffer concentration on boronic acid enrichment method. 
(A) The number of identified N-glycopeptides and the relative intensity when HCOONH4, 
CH3COONH4 and NH4HCO3 were used as binding buffer. (B) The trend of spectrum total intensity 
when the binding buffer concentration was varied. (C) The number of identified N-glycopeptides 
and the relative intensity when changing the binding buffer concentration. (a) glycopeptides 
drived from ASF, (b) glycopeptides drived from HRP, (c) glycopeptides drived from IgG, (d) 
glycopeptides drived from RNB. (Relative intensity = sum of glycopeptides intensity / sum of 
nonglycopeptides intensity)



Fig. S2 MALDI-TOF-MS spectra of the ASF, HRP, IgG and RNB digests under the optimal 
experimental conditions: (a) glycopeptides drived from ASF, (b) glycopeptides drived from HRP, (c) 
glycopeptides drived from IgG, (d) glycopeptides drived from RNB. Glycopeptides peaks are 
marked with the red star.

Fig. S3 The effects of the ion-pairing reagent (TFA) using FA as acid control and the presence of salt 
in loading buffer on ZIC-HILIC enrichment method. The numbers of identified N-glycopeptides by 



ZIC-HILIC with FA group and TFA Group were counted. The dark dot represented the solution 
without added salt, the light square represented the solution with 20mM NH4HCO3. 

Fig. S4 The effect of different concentration ACN on ZIC-HILIC enrichment by using TFA solution. 
(A) without added salt group (B) the mass spectrums of HRP enriched by 0.1% TFA with 20mM ABC 
in 80% ACN solution and 90% ACN solution (C) with 20 mM ABC group. 

Fig. S5 MALDI-TOF-MS spectrums of loading buffer after loaded three times. (A) ASF, (B) HRP, (C) 
IgG, (D) RNB. 





Fig. S6 MALDI-TOF-MS spectrums obtained by using PGC to separate tryptic products from four 
standard proteins. The content of ACN in the eluent was varied to obtain the MS spectrums. (A) 
glycopeptides drived from ASF, (B) glycopeptides drived from HRP, (C) glycopeptides drived from 
IgG, (D) glycopeptides drived from RNB. (‘ ’ indicated the N-glycopeptides.)

Fig. S7 Three technical replicates of boronic acid, ZIC-HILIC-N and ZIC-HILIC-S.

Fig. S8 Intact N-glycopeptides enrichment methods comparison with glycopeptides identified in 
more than 2 of the 3 replicates in each method. (A) Venn diagram of intact N-glycopeptides, N-
glycoproteins, N- glycosites and glycans enriched with different methods were shown. (B) The 
proportion of different glycan types in intact glycopeptides identified by Boronic acid, ZIC-HILIC-N 



and ZIC-HILIC-S. (C) The distributions of the peptides length (Lp), the length of glycans, the mass 
ratio of glycans versus peptides and the pI distribution of peptides enriched with Boronic acid, 
ZIC-HILIC-N and ZIC-HILIC-S.

Fig. S9 The distributions of the peptides length (Lp), the length of glycans, the mass ratio of 
glycans versus peptides and the pI distribution of unique glycopeptides identified by ZIC-HILIC-N 
and ZIC-HILIC-S, respectively.


