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ABSTRACT: A straightforward approach has been developed to distinguish core and antenna 

fucosylation in glycopeptides. The method does not require derivatization, and can be easily 

adapted into a proteomics workflow. The key aspect is to use low collision energy CID (on a QTOF 

type instrument) when only single step fragmentation processes occur. Low collision energy 

should show the precursor ion as the largest peak in the spectrum; the survival yield should be 

ideally over 50%; and this is obtained at a collision energy ca. 30% of that typically used for 

proteomics. In such a case interfering processes like fucose migration or consecutive reactions are 

minimized. Core and antenna fucosylation can be discriminated using various ion abundance 

ratios. Low energy CID spectra are very “clean” (no chemical noise), and the ions used for locating 

the fucose are among the major peaks; making the method well suited for analytical work. 

Monitoring the change in the proportion of core and antenna fucosylation at the same glycosylation 

site is also feasible.  
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INTRODUCTION 

Glycoprotein analysis has gained importance in the recent decade, both with respect to 

glycoproteomics1-4 and to therapeutically used monoclonal antibodies (MABs).5-7 In most cases a 

peptide/glycopeptide mixture is analyzed by HPLC-MS/MS. This approach has many advantages, 

but its main disadvantage is that glycopeptide MS/MS analysis yields relatively little information 

on the oligosaccharide structure. One often requested information relates to fucosylation, in 

particular whether core or antenna fucosylation is present.  

Glycoprotein fucosylation is often used as a biomarker for various diseases.8,9 Fucosylation takes 

place frequently on the N-acetylhexosamine units of N-glycans, mostly on the core (connected 

directly to the peptide chain), occasionally on the antenna. Core fucosylation of the N-

acetylhexosamine residue occurs by α1-6 linkage;10 while antenna fucosylation by α1-3 linkage10 

(occasionally, α1-4 linkage may also occur).10 Fucosylation may also be present on galactose 

residues of polylactosamine extensions of N-glycans giving rise to A/B/H blood group antigens.11 

Distinguishing core and antenna fucosylation is often desired but is not trivial. The main problem, 

that fucose is known to migrate along the oligosaccharide chain during mass spectrometry 

analysis.12,13 Fucose migration, to some degree, may compromise evaluation of stepped collision 

energy experiments as well, which were recently shown to be useful for glycopeptide analysis.14 

In order to discriminate core versus antenna fucosylation a procainamide hydrochloride labeling 

method was recently described and validated on released N-glycans of standard glycoproteins.15 

Tajiri et. al16 has studied energy dependent MS/MS fragmentation of fucosylated glycopeptides; 

establishing that fucose loss does not compromise determination of the degree of fucosylation; 

neither in electrospray, nor in MALDI ionization as long as the collisional excitation was kept low. 

Under such conditions MS ion abundances could be used to estimate fucosylation levels. 

Here we will show that analysis of core and antenna fucosylation on N-acetylhexosamine residues 

is feasible to perform based on low energy MS/MS analysis of glycopeptides. We also show that 

fucose migration, at least at low collision energy and on a quadrupole-type instrument, occurs only 

to a minor extent. We did not study galactose fucosylation (on A/B/H blood group antigens), but 

the present method might be extended to those as well in the future. We have selected two 

examples. In the case of prostate specific antigen (PSA) core fucosylation occurs (NKSVILLGR 
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peptide using Arg-C digestion).17 In the case of alpha-1 acid glycoprotein (AGP) antenna 

fucosylation (at position 56, a tryptic glycopeptide with NEEYNK sequence) is present.15 

EXPERIMENTAL SECTION 

Chemicals and reagents 

The following standards and enzymes were purchased from Sigma-Aldrich (Sigma-Aldrich, St. 

Louis, MO, USA): alpha-1 acid glycoprotein (AGP) standard, LC-MS grade solvents. Mass 

spectrometry grade trypsin and sequencing grade Arg-C were obtained from Promega (Promega 

Corporation, Madison, WI, USA). RapiGest SF (lyophilized sodium-3-[(2-methyl-2-undecyl-1,3-

dioxolan-4-yl)-methoxyl]-1-propane-sulfonate) was purchased from Waters (Milford, MA, USA), 

BCR-613 Prostate specific antigen (PSA) reference material standard from European Commission, 

Joint Research Centre (Geel, Belgium).  

Enzymatic digestion 

1 nmol AGP was digested in solution using LysC-trypsin (1:100 ratio, 1 hour) and trypsin (1:10 

ratio, 2 hours) enzymes as previously described.18 250 pmol PSA was digested using ArgC (1: 25 

ratio) with minor modifications to the above mentioned protocol: Following incubation with 

iodoacetamide, dithiothreitol and CaCl2 were added to enhance Arg-C enzyme activity. 

Nano LC–MS(MS) 

For the liquid chromatography-mass spectrometry measurements a Maxis II ETD Q-TOF (Bruker 

Daltonics, Bremen, Germany) equipped with a CaptiveSpray nanoBooster ionsource coupled to 

an Ultimate 3000 nanoRSLC system (Dionex, Sunnyvale, CA, USA) was used. Samples were 

dissolved in 2% AcN, 0,1% FA and injected onto an Acclaim PepMap100 C-18 trap column (100 

µm x 20 mm, Thermo Scientific, Sunnyvale, CA, USA) for sample desalting. Peptides were 

separated on an ACQUITY UPLC M-Class Peptide BEH C18 column (130 Å, 1,7 µm, 75 µm x 

250 mm, Waters, Milford, MA, USA) at 48 °C applying a flow rate of 300 nl/min using gradient 

elution (4% B from 0 to 11 min, followed by a 60 min or 90 min gradient to 50% B).  

Glycosylation analysis – instrument settings 



4 

 

The ion transfer tune parameters were set as follows: pre-pulse storage 10 µs, collision cell 

collision energy 7 eV, quadrupole ion energy 4 eV, Funnel 1 RF 400 Vpp, Multipole RF 800 Vpp. 

The collision RF was set to 800 Vpp and the ion transfer time was 140 µs. The MS spectra were 

recorded over the mass range of m/z 150-3000 at 5 Hz. The CID was performed on selected triply 

charged glycopeptide precursors using an inclusion list. The CID was performed at 4 Hz for 

abundant precursors and at 1 Hz for low abundant ones. MS/MS experiments were performed at 

various collision energies in the 10.9-55 V range. First the “standard” collision energy for 

precursor signals was determined following the manufacturer’s recommendations for peptides 

based on the isolation m/z, isolation mass range width and charge state of the ion. In the energy 

dependent measurements, the collision energy was set to a given percentage of this energy (in the 

30% - 150% range). Following each run raw data were recalibrated using the Compass 

DataAnalysis software 4.3 (Bruker Daltonics, Bremen, Germany). 

Data evaluation 

MS/MS scans for each glycopeptide were summarized at the different energies. Intensities of each 

product ion were determined; numerical values discussed in the paper always relate to the highest 

isotope contribution of the selected ion. Breakdown curves were normalized to the maximum 

abundance of each ion as a function of collision voltage. 

RESULTS AND DISCUSSION 

α1-6 core fucosylation (PSA derived NKSVILLGR –N4H5S2F glycoform) 

The energy-dependent MS/MS spectra of the triply protonated PSA-BiS2F glycoform 

(biantennary, fully sialylated, α1-6 core fucosylated, with sugar composition of N4H5S2F) are 

shown in Fig. 1 (N: N-acetylhexosamine, H: hexose, S: sialic acid, F: fucose). Predominant low 

energy product ions (Fig. 1A and 1B) are due to cleavages between the sugar residues, leading to 

singly charged oxonium ions (B+ ion series, according to the nomenclature of Domon-Costello.19 

The same reaction also leads to a doubly charged product (M3+ >>> B+ + [M-B]2+) in a charge 

separation process.20-22 The most abundant process is due to cleavage between the oligosaccharide 

core and the antenna (NHS+ and [M-NHS]2+ ), as typically observed in glycopeptides.16,20,23,24 The 

other abundant low energy processes are due to analogous cleavages forming S+, [M-S]2+, HNHS+ 
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and [M-HNHS]2+ ions. To simplify discussion we will use M3+ to indicate the triply protonated 

molecule throughout the paper. 

 

Figure 1. MS/MS spectra of PSA derived NKSVILLGR –N4H5S2F glycopeptide (m/z 1117.492) 

at 14.6 V (A) (40% of the “standard” collision energy), 21.9 V (B) (60% of the “standard” collision 

energy) and 54.7 V (C) (150% of the “standard” collision energy). Spectra of Fig. 1A was zoomed 

in on the y-axis to 12% relative intensity to allow visibility of low abundance product ions. (N: N-

acetylhexosamine, H: hexose, S: sialic acid, F: fucose). 

 

At low intensity a different process is also observed, leading to the loss of a neutral sialic acid 

residue (291 Da). This is a Y type ion formation (analogous to that of a B ion, but with hydrogen 

rearrangement), the product ion having the same charge as the precursor (i.e. triply charged in the 

present case, [M-S0]3+). Note, that the abundance of this process is lower than that of the B+ and 

[M-B] 2+ ion formation. Beside the loss of a neutral sialic acid, loss of a neutral fucose residue is 
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also observed (146 Da loss); but its abundance is very low, less than 10% that of the neutral sialic 

acid loss. No trace of fucose B ion formation is observed; the best indication is the lack of a doubly 

charged [M-F]2+ ion (less than 0.1% that of [M-NHS]2+ ). These observations suggest that the core 

fucose (α1-6 linkage) is strongly bound to the sugar backbone.  

At higher energy (Fig. 1C) two-step and multi-step processes start to appear. These are due to 

combination of the processes described above. Possibly the most characteristic such process is 

cleavage of both antenna, like [M-NHS]2+ >>> NHS+ + [M-NHS-NHS]+, which is a sequential B 

ion formation. Neutral monosaccharide residue losses also occur; eventually forming the 

[peptide+N]+ and [peptide+NF]+ ions, often used by software to identify the peptide mass.  

 

Based on both low and high energy spectra (Fig. 1) it is straightforward to assign fucosylation to 

the core: At low energy it is indicated by the lack of NHSF+ and [M-NHSF]2+ ions (which may be 

present in traces only, while the NHS+ and [M-NHS]2+ ion pair is abundant). At high energy the 

two-step formation of the [M-NHS-NHS]+ ion also indicates core fucosylation, although the 

presence of [M-NHS-NHSF]+ ion may suggest the presence of antenna fucosylation. However, the 

latter ion may also be explained by fucose migration,12,13 or by a three-step sequential process 

[M3+-NHS+-NHS+-F0]+.  

 

A more detailed picture of assigning fucose to the core or the antenna may be established by 

studying energy dependence. The “low” and “high” collision energies, as used above, are relative 

terms. Glycopeptides fragment more easily (i.e. require less activation energy) than peptides.23,25 

One often used measure for the collision energy is the survival yield,26 i.e. the percentage of the 

non-fragmented molecular species compared to the sum of all ion abundances. In the present case 

“low energy” indicates the range of collision energies, when the survival yield is at least 10% (i.e. 

the molecular ion is among the abundant ions in the spectrum), while “high energy” indicates the 

collision energy range, when the molecular ion is practically absent (the survival yield is less than 

1%). It is also worth comparing the collision energies used to that of the “standard” collision 

energy suggested by the manufacturer (which changes with the mass and charge of the precursor 

ion) for peptides. In the present case fragmentation starts at 10.9 V collision voltage (30% of the 

standard collision energy), 50% survival yield is obtained at ca. 19.3 V (53%), 10% survival yield 
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is at about 26.6 V (73%), and the molecular ion disappears from the spectra at about 29.2 V (80% 

of the “standard” collision energy).  

 

Energy dependence of major processes can be best studied by breakdown diagrams, i.e. ion 

abundances as a function of collision energy. For the triply protonated PSA-BiS2F ion these are 

shown in Fig. 2; the collision energy is indicated as a % of the “standard” collision energy. To 

offer easier comparison of various processes, the intensity of each ion is normalized separately 

(i.e. reaches 100% at the collision energy, where its relative intensity is the highest). Fig. 2A shows 

the breakdown curve of M3+; that of the main charge separation process (NHS+ and [M-NHS]2+), 

and a two-step process [M-NHS-NHS]+. This indicates that at low energy the curves of NHS+ and 

[M-NHS]2+ are overlapping (as they should). The single-step and two-step processes are well 

separated. NHS+ is formed in both the single-step and two-step process, so that above 80% 

collision energy the breakdown curve of NHS+ has a high energy tail. Fig. 2B show the breakdown 

curves of neutral monosaccharide (sialic acid and fucose) losses. This indicates that although the 

corresponding ions are of relatively low abundance, their formation requires lower activation 

energy, than that of NHS+ or [M-NHS]2+. Fig. 2B also shows breakdown curve of the [M-NHSF]2+, 

and as a comparison, that of [M-NHS]2+, which was also in Fig. 2A. Note that the curve for [M-

NHSF]2+ starts at a significantly higher collision energy than that of [M-NHS]2+; which suggests 

that the [M-NHSF]2+ ion is formed in a two-step process: M3+ –  F0 – NHS+. Note, if there were 

antenna fucose present, the same ion would be formed in a single step process, but that would 

require lower activation energy; and the breakdown curve would be practically overlapping with 

that of [M-NHS]2+. Such a case is discussed below (Fig.5), where (in the case of antenna 

fucosylation) single-step NHS+ and NHSF+ losses show practically overlapping breakdown curves. 
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Figure 2 Breakdown curves of PSA derived NKSVILLGR –N4H5S2F glycopeptide (m/z 

1117.492) in the 30-150% “standard” collision energy range (x-axis); normalized to the maximum 

abundance of each ion as a function of collision voltage for product ions. (A) M3+, [M-NHS]2+, 

[M-NHS-NHS]2+ and NHS+ are shown. (B) [M-S0]3+, [M-F0]3+, [M-NHS]2+ and [M-NHSF]2+are 

shown. 

As discussed above, assigning core and antenna fucosylation may be based on various peaks in the 

spectra. Using peak ratios can give a quantitative estimate of the proportion of core and antenna 

fucosylation in a sample. At low energy (when single step processes dominate) Eq. 1 gives an 

estimate of antenna fucosylation:  

 �� � � ∗
���	
��
��	

���	
�
���	���	
��
��
	     Eq. 1 

Here the ions represent the respective ion abundances, while n is the number of antennae. In the 

present example n=2, the 2x multiplication factor compensates for the fact that there are two 

antennae, and only one can be fucosylated. This equation rests on the assumption that probability 

of antenna cleavage does not depend on the presence of fucose on the antenna; and that subsequent 

fragmentation of [M-NHS]2+ and [M-NHSF]2+ are equally likely; and that there is no contribution 

of two-step processes. A second estimate is based on the oxonium ions:  

 �� � � ∗
	
���	

	
���		
���
	      Eq. 2 

This is likely to be a strong underestimate of antenna fucosylation (or fucose migration), as NHSF+ 

is known to fragment much more easily, than NHS+.  
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A third estimate is based on two-step processes (observable at medium or high collision energy), 

when both antennae are lost:  

 �� �
���	
��	
��
�� 

[��	
��	
�]��� [��	
��	
��]��
     Eq. 3 

 

We have measured the values of F1, F2 and F3 regarding the PSA-BiS2F glycoform as a function 

of collision energy, and these are shown in Fig. 3. The F2 is likely to be a significant 

underestimation, due to the easy fragmentation of NHSF+. This value, however, is direct proof of 

fucose migration; and gives a lower limit for fucose migration. F1 and F3, on the other hand are 

due to a combination of both fucose migration and the consequence of multi-step processes. Our 

estimate is that multi-step processes have a larger contribution to this, than fucose migration. Both 

F1 and F3 show a fast increase with collision energy. This is due to an increasing amount of fucose 

migration from the core to the antenna, and by the increasing role of multi-step processes at higher 

collision energies (i.e. at higher internal energy). It is very pleasing that F1 and F3 yield 

approximately the same result in the middle energy range (60-100% of the “standard” collision 

energy), when both single and multiple step processes can be observed. The F2 estimate does not 

change significantly with energy – likely because increased amount of fucose migration, and 

increased fragmentation of NHSF+ compensate each other.  
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Figure 3. The % of antenna fucosylation estimated by ion abundance ratios according to Equations 

1, 2 and 3, as a function of “standard” collision energy.  

 

The results show that at very low energy there is only little interference due to fucose migration 

from the core to the antenna, and also little interference due to multi-step processes. The best 

estimate of antenna fucosylation may be based on Eq. 1 at low energy (40-50% that of the 

“standard” collision energy, when the survival yield is over 40%). Under such conditions the 

threshold level of antenna fucosylation is 2-3% (i.e. which is due to fucose migration and multi-

step processes). If the F1 parameter is significantly above this threshold, that would indicate the 

presence of antenna fucosylation. The degree of antenna fucosylation might be determined at 

higher energies as well, although less accurately: Up to collision energies when the molecular ion 

is easily observable (has at least 1% intensity, in the present case ca. 80% that of the “standard” 

collision energy) the error due to fucose migration and multi-step processes is still fairly low, ca. 

5%. The presence of core fucosylation may be identified even at higher energies when both the 

molecular ion and doubly charged primary product ions are absent from the spectra (Fig. 1C, 150% 

“standard” collision energy), based on the presence of the [peptide+NF]+ ion. However, the 

contribution of antenna fucosylation will not be possible to exclude at high energy.  

Indication of core fucosylation may be determined based on doubly or quadruply protonated 

precursors as well. However, in the case of doubly protonated precursors oxonium ions require 

larger activation energy to fragment,20 so that contribution of fucose migration and neutral fucose 

residue loss will be larger. In the case of quadruply protonated precursors multi-step processes will 

require less energy, so the contribution of multi-stage processes will be larger. Both effects will 
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increase the estimate of antenna fucosylation based on Equation 1 and 3; so the use of triply 

protonated precursors seems optimal for fucose localization.  

 

α1-3 antenna fucosylation (AGP derived NEEYNK –N4H5S2F glycoform) 

Antenna fucosylation is found in alpha 1-acid glycoprotein, where the triply protonated NEEYNK-

BiS2F glycoform is studied. According to the literature,15,27 AGP contains only antenna 

fucosylation with α1-3 linkage (antenna fucosylation may also involve 1-4 linkage as well, but this 

was not studied). MS/MS spectra are shown in Fig. 4 at various collision energy values.  

 

 

Figure 4. MS/MS spectra of AGP derived NEEYNK –N4H5S2F glycopeptide (m/z 1049.7258) at 

10.9 V (A) (30% of the “standard” collision energy), 18.1 V (B) (50% of the “standard” collision 

energy) and 54.3 V (C) (150% of the “standard” collision energy). Spectra of Fig. 4A was zoomed 

in on the y-axis to 25 % relative intensity to allow visibility of low abundance product ions. 
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At low energy (30% of the standard collision energy, 10.9 V, Fig. 4A) neutral fucose loss is among 

the most abundant processes; the peak intensity is nearly 10 times larger, than that of the analogous 

neutral sialic acid loss. This indicates that the antenna fucose (at least with α1-3 linkage) is less 

strongly bound, than the core fucose (α1-6 linkage). Therefore both fucose migration and the 

contribution of multi-step processes are likely to be more significant, than in the case of core 

fucosylation. As before, at low energy, the antenna-derived B ions (S+, NHS+, NHSF+, HNHS+ 

and HNHSF+), and their doubly charged complement ions are among the most abundant product 

ions. One of the antennae is fucosylated, the other is non-fucosylated, so that both fucose-

containing and fucose non-containing ions are abundant. Antenna fucosylation can be easily 

identified e.g. by the presence of NHSF+ (m/z 803) and [M-NHSF]2+ ions. All of these ions are 

abundant at low energy, so they are analytically very useful. However, the presence of these ions 

do not eliminate the possibility that both antenna and core fucosylation might be present.  

 

Fig. 5 shows the breakdown curves for a few important ions: That of the triply protonated molecule 

(M3+), the main primary product ion [M-NHS]2+, and the peak formed by neutral sialic acid residue 

loss [M-S0]3+, are analogous to those shown in Fig. 2. Just like in the case of core fucosylation, 

neutral sialic acid residue loss requires less activation energy than [M-NHS]2+, even though the 

former is a small peak. The other neutral loss, that of the fucose residue ([M-F0]3+) is shifted to 

significantly lower energy than that of [M-S0]3+, indicating that the former is a very low energy 

process. This explains its high intensity at low energy; and suggests that all fucose-containing ions 

will easily loose a neutral fucose, thus complicating data evaluation. The last breakdown curve in 

Fig 5. is that of [M-NHSF]2+. It is similar, but somewhat broader than that of [M-NHS]2+. This 

illustrates, that both the single step (M3+ – NHSF+) and a two-step process, M3+ –  F0 – NHS+ are 

likely to contribute significantly to the formation of [M-NHSF]2+ ion.  
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Figure 5. Breakdown curves of AGP derived NEEYNK –N4H5S2F glycopeptide (m/z 1049.7258) 

in the 30-150% “standard” collision energy range (x-axis); normalized to the maximum abundance 

of each ion as a function of collision voltage for product ions. M3+, [M-F0]3+, [M-S0]3+ [M-

NHS]2+and [M-NHSF]2+ are shown.  

 

At medium and high energy (18.1 V, 50% of the “standard” collision energy and 54.3 V, 150% of 

the “standard” collision energy, Fig 4B and 4C) the spectra show predominantly two-stage and 

multi-stage fragmentations, leading to singly charged product ions. Among these the loss of both 

antennae contain the most important structural information, and these are among the most 

abundant high mass ions. When antenna fucosylation is present, this process is the sequential loss 

of NHS+ and NHSF+; forming the [M-NHS-NHSF]+ ion. This is indeed a large peak in the high 

energy spectrum. Whether there is core fucosylation, fucose migration from the antenna to the 

core, or if neutral fucose residue loss also takes place, then the [M-NHS-NHS]+ ion will also be 

present. The spectrum indeed shows this ion (Fig. 4.).  

The fraction of antenna fucosylation can be estimated by Equations 1-3, as discussed above, and 

are shown in Fig. 6. This shows that (in contrast to core fucosylation) the various estimated values 

(F1, F2 and F3) are significantly different and show a strong energy dependence even at very low 

collision energy. The value based on [M-NHSF]2+ (F1) is underestimated, partly due to fucose 

migration (from the antenna to the core) and partly due to the loss of neutral fucose: Either by the 

M3+ – F0 – NHS+, or by the M3+ – NHS+ – F0 process. At low energy (30% that of the “standard” 

collision energy, 70% survival yield) 86% antenna fucose is suggested using Equation 1. As AGP 
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is known to contain only antenna fucosylation, the results suggest that even at low energy, 

interfering processes have a significant effect – much larger, than in the case of core fucosylation. 

Simply stated, even at low energy there is 14% fucose migration from the antenna. The effect of 

fucose migration and neutral fucose loss increases very fast with collision energy: 31% at 40% 

collision energy (40% survival yield). 

 

Figure 6. The % of antenna fucosylation estimated by ion abundance ratios according to Equations 

1, 2 and 3, as a function of “standard” collision energy.  

Estimates based on Equation 2 (i.e. oxonium ions, like NHSF+, m/z 803) are even worse, due to 

the easy fragmentation of NHSF+. At 30% that of the standard collision energy F2 indicates only 

37% fucose migration, and this estimate further decreases with collision energy. The degree of 

fucose migration (including the effect of interfering fragmentations) is ca. 20% based on Equation 

3; but this estimate changes only little with collision energy.  

CONCLUSIONS 

Identification of the fucosylation site is important for various biological processes. Here we have 

shown that it is possible to determine the position of fucosylation based on low energy CID spectra 

of glycopeptides. Analysis of the fucosylation site is thought to be compromised by facile fucose 

migration. Here we have shown that fucose migration indeed happens, but decreases fast with 

lowering the collision energy. Besides fucose migration, sequential processes involving neutral 

fucose residue loss interfere with determining the site of fucosylation; but the importance of such 

processes also decreases with collision energy. Using low collision energy CID, when the 
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precursor ion is the largest peak in the spectrum (i.e. over 50% survival yield), the effect of fucose 

migration and other interfering processes can be minimized. We suggest using triply protonated 

precursors as interfering processes are likely to have least importance in this case. The present 

study used QTOF type tandem mass spectrometer: fragmentation characteristics and the degree of 

fucose migration might be different on ion trap instruments.   

The core fucose (α1-6 linkage) is strongly bound to the sugar core; in contrast, the antenna fucose 

(α1-3 linkage) is very loosely bound and requires very low activation energy to fragment and 

migrate. If there is only core or only antenna fucosylation present, these can be discriminated easily 

in low energy CID spectra, in spite of fucose migration, based on ion abundance ratios like 

NHSF+/NHS+ or [M-NHSF]2+/[M-NHS]2+. Antenna and core fucosylation may also be based at 

higher collision energy sequential reaction products like [M-NHS-NHSF]+/[M-NHS-NHS]+ or 

[peptide+NF]+/ [peptide+N]+. When both core and antenna fucosylation may be present we suggest 

using Eq. 1 (the ion ratio F1 = [M-NHSF]2+/( [M-NHS]2+ + [M-NHSF]2+ ) to estimate the amount 

of antenna fucosylation. Note however, that in the case of core fucosylation there will be ca. 2%; 

in the case of antenna fucosylation 14% interference due to fucose migration and consecutive 

processes.  

For analytical work; if reference compounds are available, quantitation would be easy either based 

on Eq. 1; or on the relative abundance of some major characteristic peaks indicated above. When 

standards are not available, Eq. 1 or changes in the abundance ratios can be used to determine 

changes in the ratio of antenna and core fucosylation among various samples. Note, that using low 

energy CID is advantageous not only to minimize fucose migration, but also because the spectra 

are very “clean” (no chemical noise), and the peaks of interest are among the most abundant peaks 

in the spectra.  
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