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Magnetic nanoparticles functionalized with maltosylated 

glycopeptide dendrimers were prepared via azide-alkynyl 

click reaction. The functionalized magnetic nanoparticles 

exhibited high hydrophilicity and good efficiency in 

glycopeptides enrichment by HILIC. 5 

Various nanomaterials have been rapidly developed in recent years 

and play more and more important roles in biomedical and 

biotechnological areas.1 For example, the magnetic nanoparticles are 

widely applied in magnetic-field-assisted bioseparation, 

biointeraction, imaging and drug delivery, due to their large surface 10 

area and easy manipulation by an external magnetic force.2 However, 

further enhancement of the biological compatibility, hydrophilicity 

(water solubility) and the density of functional groups of these 

nanomaterials is still crucial to their applications, especially for the 

in vivo application.3 Thus polyethylene glycol (PEG)4 and organic 15 

polymer dendrimer5 have been applied for the modification of 

nanomaterials in recent years. 

Glycopeptide dendrimers consist of branched oligopeptide trees 

with glycosidic groups, and its hydrophilicity and binding capacity 

can be adjusted by varying the amino acid constitutes and attached 20 

glycans structures. Compared to other organic polymer dendrimers, 

the glycopeptide dendrimers exhibit lower toxicity, higher flexibility 

and higher biocompatibility owing to natural amino acid building 

blocks.6 The glycopeptide dendrimers have been feasibly applied in 

biomedical areas, such as drug delivery and inhibiting cell surface 25 

protein-carbohydrate interactions for their high biological 

compatibility and multivalent binding sites.7 Reymond et al. applied 

the galactosylated and fucosylated glycopeptide dendrimers as 

potent P. aeruginosa biofilm inhibitors with multivalent ligands 

targeting the galactose- or fucose-specific lectin Lec A or Lec B, and 30 

they demonstrated the multivalency of glycopeptide dendrimers was 

crucial for biofilm inhibition and dispersal with the functional 

ligands.6  

In this study, a second generation maltosylated glycopeptide 

dendrimer was functionalized onto the magnetic nanoparticles. The 35 

nanoparticles (dM-MNPs) were synthesized by immobilizing 

branched N3-oligopeptides onto the surface of magnetic 

nanoparticles, followed by functionalization with maltose via click 

chemistry (Scheme 1 and Scheme S1, ESI†).8 The characteristics of 

dM-MNPs are: (1) magnetic core with a strong magnetic response 40 

for the ease separation; (2) a silica layer is assembled onto the 

magnetic core for the improvement of the hydrophilicity of material 

surface and the easiness of post-functionalization; (3) branched 

peptide backbones with high biological compatibility and structure 

flexibility are immobilized onto the silica layer; (4) a large amount 45 

of maltose are grafted onto the surface of nanoparticles due to the 

high efficiency of click chemistry and the multivalency of peptide 

dendrimers. Magnetic nanoparticles directly modified with “click 

maltose” without peptide dendrimers (M-MNPs) were also 

synthesized for comparison (Scheme S1, ESI†).  50 

As shown in Fig. 1A, the dM-MNPs exhibited a well-defined 

core-shell structure (core, ca. 170 nm) and good superparamagnetic 

property with a magnetization saturation value of 49.7 emu/g (Fig. 

1B), and it took only several seconds to separate the dM-MNPs from 

biological matrix by magnet. In the FT-IR spectra (Fig. 1C), the 55 

appearance of bands at 1640 cm-1 (C═O stretching, amide), 2855 

cm-1 (C─H stretching), 1450 cm-1 (C─H bending) and 2110 cm-1 

(+N═N═N- antisymmetric stretching) revealed the successful 

conjugation of N3-pepdendrimer onto the SiO2 layer. The 

disappearance of 2110 cm-1 band (Fig. 1C) confirmed the growth of 60 

1-propargyl-O-maltose on the surface of nanoparticles by click 

chemistry. In addition, elemental analysis determined that the 

amount of maltose χmaltose on the dM-MNPs was 89 nmol/mg, which 

was much higher than that on the M-MNPs (5.7 nmol/mg, Table 1).  

 65 

Scheme 1. The structure of dM-MNPs and the hydrophilic interaction between 

dM-MNPs and N-glycopeptide. 
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Table 1 Elemental analysis of four functionalized MNPs. 

MNP C (%) N (%) H (%) χmaltose
a/nmol mg-1 

MNPs-dN3 13.44 2.957 1.152 - 

dM-MNPs 14.95 3.424 2.049 89.88 

MNPs-N3 3.920 0.953 0.721 - 

M-MNPs 4.016 0.326 0.551 5.71 
a The amount of maltose was calculated based on the carbon content from 

element analysis according to Eq. S1.4,9 

 

 
Fig. 1 (A) TEM image and (B) hysteresis loop of dM-MNPs, (C) FT-IR spectra of 

(a) MNPs-dN3 and (b) dM-MNPs. 5 

 

Thus the amount of immobilized maltose was increased about 15 

times by introducing peptide dendrimers onto the material surface, 

and this may be owing to the elimination of steric effect, since the 

maltose were far-removed from the surface of magnetic 10 

nanoparticles and the peptide backbones were highly flexible.10 

Then, the hydrophilicity of the dM-MNPs and M-MNPs was 

evaluated by the water contact angle analysis. Compared with the M-

MNPs, the water contact angle of dM-MNPs markedly decreased 

(Fig. S2, ESI†), demonstrating the hydrophilicity was clearly 15 

improved due to the 15 times increase of maltose immobilization 

amount. Thus we speculated the hydrophilic interaction between 

dM-MNPs and other hydrophilic biomolecules may be also 

enhanced because of the increase of material hydrophilicity, the 

elimination of steric effect by the flexible peptide backbones and the 20 

multivalent maltose cooperation with each other during the 

interaction with other biomolecules.11 Firstly, the binding property 

of the dM-MNPs and M-MNPs with horseradish peroxidase (HRP), 

a typical glycoprotein with the mass of 44 kDa and 9 glycosylation 

sites, was determined by using UV-vis spectrophotometer.5b As 25 

shown in Fig. S3, the binding amount of HRP onto dM-MNPs was 

evidently higher than that onto M-MNPs. After equilibrium, the 

maximum binding capacity of dM-MNPs was about 6 mg/g 

(HRP/dM-MNPs), which was about 5 times higher than M-MNPs (1 

mg/g, HRP/ M-MNPs). Meanwhile, the dM-MNPs were applied to 30 

direct capture of N-glycopeptides from the tryptic digests of human 

serum IgG (Scheme S2, ESI†). Briefly, 3 µg IgG digests was mixed 

with different amounts of dM-MNPs and gently vortexed for 30 min, 

followed by the analysis of the eluted N-glycopeptides with MALDI-

TOF MS. The peak intensity of 6 selected N-glycopeptides was set 35 

as indicators.4 Obviously, the intensity of the 6 peaks mainly reached 

maximum when 20 µg of dM-MNPs was applied (Fig. S4A, ESI†). 

Therefore, the N-glycopeptides within 3 µg IgG digest can be almost 

captured by 20 µg of dM-MNPs and the binding capacity of dM-

MNPs was about 150 mg/g (IgG/dM-MNPs). In contrast, 120 µg of 40 

M-MNPs were needed to fully capture the same 6 N-glycopeptides at 

identical condition and the binding capacity was about 25 mg/g 

(IgG/M-MNPs) (Fig. S4B, ESI†). Thus the N-glycopeptide binding 

capacity also increased 5 times for dM-MNPs over the M-MNPs. 

Above results clearly demonstrated that the hydrophilic interaction  45 

 
Fig. 2 MALDI-TOF MS spectra of 0.5 pmol tryptic digest of human IgG. (A) 

direct analysis, (B) after enrichment by dM-MNPs and (C) deglycosylation by 

PNGase F, (D) after enrichment by M-MNPs. 

 50 

Fig. 3 MALDI-TOF MS spectra of (A) 50 fmol, (B) 5 fmol and (C) 0.1 fmol 

tryptic digest human IgG after enrichment by dM-MNPs, (D) 50 fmol, (E) 5 fmol 

and (F) 0.1 fmol tryptic digest human IgG after enrichment by M-MNPs.  

 

between dM-MNPs and hydrophilic glycopeptides or glycoproteins 55 

is significantly enhanced in our study, which was consistent with our 

speculation as mentioned above. 

The enhanced hydrophilic interaction between dM-MNPs and N-

glycopeptides is crucial to improve the efficiency of specific 

enrichment of N-glycopeptides, which is important for highly 60 

efficient N-glycosylation analyses of complex biological samples. 

Direct analysis of the tryptic digests of IgG revealed that the signals 

of N-glycopeptides (m/z >2398.3) were seriously suppressed by 

those highly abundant non-glycopeptides (Fig. 2A). In contrast, after 

enrichment by hydrophilic dM-MNPs, non-glycopeptides signals 65 

were dramatically eliminated and the N-glycopeptides were clearly 

detected with high intensity and signal to noise ratio (S/N) (Fig. 2B). 

Further, the enriched N-glycopeptides were deglycosylated by 

PNGase F and all the peaks of N-glycopeptides were disappeared 

and only two deglycosylated peptides (m/z= 1158.5, 1190.5) were 70 

detected, which is consistent with previous works.4,12 The detailed 

structures of N-glycopeptides captured by dM-MNPs are listed in 

Table S1. Compared with dM-MNPs, both the intensity and S/N of 

N-glycopeptides captured by M-MNPs were much lower (Fig. 2D).  

Then, 50, 5 and 0.1 fmol tryptic digests of IgG were utilized to 75 

investigate the detection limit of dM-MNPs and M-MNPs. It was 

observed that at least 6 N-glycopeptides with high S/N ratio were 
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detected by using dM-MNPs for 50 and 5 fmol IgG (Fig. 3A and B), 

and 1 N-glycopeptide (m/z=2926.5) could be detected with S/N 

value of 18 for 0.1 fmol IgG (Fig. 3C). However, only 5 N- 

glycopeptides with much lower S/N ratio were detected in the case 

of M-MNPs for 50 and 5 fmol IgG (Fig. 3D and E), and no N-5 

glycopeptide signal was observed for 0.1 fmol IgG (Fig. 3F). 

Furthermore, the dM-MNPs also exhibited good enrichment 

recovery (78-92%) for the glycopeptides (Table S2, ESI†). 

Inspired by aforementioned results, the dM-MNPs were further 

applied to the capture of N-glycopeptides from 80 µg tryptic digests 10 

of complex protein sample extracted from mouse liver. Totally, 1 

083 N-glycosylation sites from 1 009 N-glycopeptides of 572 N-

glycoproteins were identified in three independent analyses (Table 

S3, ESI†). Whereas only 693 N-glycosylation sites from 653 N-

glycopeptides of 418 N-glycoproteins were obtained by using M-15 

MNPs (Fig. S5, ESI†). Obviously, the dM-MNPs exhibited much 

better performance than M-MNPs and 56% more N-glycosylation 

sites could be characterized. In addition, about 90% of the results 

obtained by M-MNPs were covered by dM-MNPs (Fig. S6, ESI†), 

and intensity ratios of 83% N-glycopeptides identified with 20 

enrichment by dM-MNPs over M-MNPs were >1.5 (Table S4, 

ESI†). Above results clearly demonstrated that the enhanced 

hydrophilic interaction between dM-MNPs and hydrophilic 

biomolecules notably improved the N-glycopeptides enrichment 

efficiency for both standard and complex protein samples, which 25 

showed the great potential application in the glycoproteomes. 

Conclusions 

In summary, the magnetic nanoparticles functionalized with 

glycopeptide dendrimers were prepared in this study for the first 

time. We found the hydrophilic interaction between dM-MNPs and 30 

hydrophilic biomolecules was significantly  enhanced when 

compared with M-MNPs in view of the following reasons: (1) the 

amount of immobilized maltose was improved 15 times attributed to 

the multivalency of peptide dendrimers, which leaded to the visible 

increase of the material hydrophilicity; (2) the branched peptide 35 

backbones exhibited high biological compatibility, high flexibility 

and elimination of the steric effect; (3) the multivalent maltose may 

cooperate with each other during the hydrophilic interaction with 

other biomolecules to boost binding capability. The glycopeptide 

and glycoprotein capturing capacity were both improved 5 times by 40 

using the dM-MNPs over M-MNPs, and good enrichment recovery 

(78-92%) and detection limit as low as 0.1 fmol glycopeptide was 

feasibly achieved in this study. Therefore, the glycopeptide 

dendrimers functionalized magnetic nanoparticles are ideal materials 

with multivalent binding sites, enhanced hydrophilicity, good 45 

biological compatibility and easiness in operation. With all these 

advances, we believe it can be utilized in many biomedical and 

biotechnological areas in the future. 
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