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Abstract 

As analytical glycomics became to prominence, newer and more efficient sample preparation 

methods are being developed. Albeit, numerous reductive amination based carbohydrate labeling 

protocols have been reported in the literature, the preferred way to conduct the reaction is in 

closed vials. Here we report on a novel evaporative labeling protocol with the great advantage of 

continuously concentrating the reagents during the tagging reaction, therefore accommodating to 

reach the optimal reagent concentrations for a wide range of glycan structures in a complex 

mixture. The optimized conditions of the evaporative labeling process minimized sialylation 

loss, otherwise representing a major issue in reductive amination based carbohydrate tagging. In 

addition, complete and uniform dispersion of dry samples was obtained by supplementing the 

low volume labeling mixtures (several microliters) with the addition of extra solvent (e.g., THF). 

Evaporative labeling is an automation-friendly glycan labeling method, suitable for standard 

open 96 well plate format operation. 
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Abbreviations: PNGase F, peptide-N4-(N-acetyl-beta-glucosaminyl) asparagine-amidase; 

hIgG1, Immunoglobulin G1; APTS, 8-aminopyrene-1,3,6-trisulfonic acid; THF, tetrahydrofuran; 
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Introduction 

As glycomics research is getting more and more important in systems biology and for the 

biopharmaceutical industry, new glycoanalytical tools and the associated sample preparation 

protocols are continuously developed [1]. The rapid emergence of this field was mostly initiated 

by the recent introduction of numerous monoclonal antibody (mAb) therapeutics and their 

biosimilar versions. In 2017 eight of the top 10 best-selling drugs were large molecules, most of 

them mAbs or fusion glycoproteins [2]. Glycosylation is one of the major and most complicated 

forms of post-translational modifications that plays essential roles in the activity and effector 

function of monoclonal antibodies [3] demanding improved glycoanalytical methods. Frequently 
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used techniques for carbohydrate analysis are mass spectrometry (MS) [4], liquid 

chromatography (LC) [5, 6], capillary electrophoresis (CE) [7-9], some combination of them 

[10-12] and if necessary, nuclear magnetic resonance spectroscopy (NMR) [13, 14].  

 

Carbohydrates do not possess fluorophore or chromophore groups, thus derivatization methods 

like fluorophore labeling are commonly used to accommodate their analysis in liquid phase 

separation methods such as capillary electrophoresis (CE) and liquid chromatography (LC) with 

UV/VIS or fluorescent detection. One of the most generally used techniques to release reductive 

amination taggable N-linked oligosaccharides (i.e., aldehyde forms), is via PNGase F [peptide-

N4-(N-acetyl-beta-glucosaminyl) asparagine-amidase] digestion, due to its reliable and specific 

cleavage capability and moderate reaction conditions [15]. As a result of continuous 

developments, the traditional protocol of overnight PNGase F digestion at 37°C has been 

successfully accelerated by microwave irradiation [16], pressure cycling technology [17], or with 

the utilization of immobilized PNGase F microreactors [18, 19]. The released carbohydrates can 

be tagged at their reductive ends in various ways, such as by Michael-type addition [20] or 

hydrazine labeling [21], but the most commonly used method is reductive amination in a two-

step-reaction. During the first step a Schiff-base is formed in the presence of an acid catalyst, 

followed by reduction to form a stable conjugate in the second step. For this latter, sodium-

cyanoborohydride (NaBH3CN) is used in most instances as reductive agent [22], but other 

methods utilizing sodium-triacetoxyborohydride (NaBH(O2CCH3)3) [23], borane-diethylamine 

((CH3)2NHBH3) [24], 2-picoline-borane (pic-BH3) [25] or by the recently introduced transfer 

hydrogenation technique [26] have also been reported. The reaction speed and yield of this acid-

catalyzed labeling reaction is greatly influenced by the amount and type of acid used. Organic 

acids with low pKa, such as acetic acid (pKa = 4.75), malonic acid (pKa1 = 2.83) or citric acid 

(pKa1 = 3.15), are more commonly used to accelerate glycan labeling [27, 28]. Studies have 

shown that stronger acids were able to increase derivatization yield [29], but their use was 

associated with higher sialic acid loss [30]. Among the numerous sugar labeling dyes the 8-

aminopyrene-1,3,6-trisulfonic acid (APTS) [7] and 8-aminonaphthalene-1,3,6-trisulfonic 

(ANTS) [31] are the mostly used fluorophores in sugar analysis using electric field mediated 

separation methods as they are multiply charged and provide high fluorescent yield [32].  

 

Procedures reported in the literature apply comparable but not unified reaction conditions and 

reagent volumes for fluorescent sugar labeling [10], most of them suggesting overnight 

incubation at 37°C [29, 33] or several hours of reaction times at higher temperatures (50°C) [34]. 

Recently introduced rapid labeling approaches required only 20 minutes reaction time, but at 

60°C [35]. Practically all but this latter method used sealed vials to prevent evaporation of the 
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reaction mixture components and the labeling reaction volumes have been varied from several 

microliters up to tens of microliters. Structure specific labeling of various glycans, especially 

core-GlcNAc modifications have shown no difference in their derivatization yield as was 

reported earlier using core fucosylated and afucosylated complex carbohydrate standards [36]. 

 

Here we introduce a novel, evaporative process based glycan labeling protocol utilizing an open 

vial format during the tagging reaction. This method took advantage of the continuous 

evaporation of the reaction mixture components, with the assumption that the optimal reagent 

concentration is reached at some point of the process for a great diversity of carbohydrate 

structures, thus increasing derivatization yield as manifested in greater peak areas.  

 

Materials and Methods 

Chemicals and Reagents 

Human immunoglobulin G1 (hIgG1), acetic acid (glacial), sodium-cyanoborohydride (1M in 

THF), tetrahydrofuran, water (HPLC grade) and acetonitrile were obtained from Sigma Aldrich 

(St. Louis, MO, USA). Etanercept was kindly provided by the Medical School of the Univeristy 

of Debrecen (Debrecen, Hungray). The Fast Glycan Labeling and Analysis Kit, including the 

tagging dye of 8-aminopyrene-1,3,6-trisulfonic acid (APTS), HR-NCHO separation gel-buffer 

system and magnetic beads for excess dye removal were from SCIEX (Brea, CA, USA). The 

PNGase F enzyme was from UD Genomed (Debrecen, Hungary). 

 

Sample Preparation  

Sample preparation started with the addition of 5.0 µl of denaturation solution from the Fast 

Glycan Labeling and Analysis Kit to 10 µl of 10 mg/ml aqueous hIgG1 (test protein) and 

etanercept (target protein) solutions. The denaturation step proceeded for 8.0 minutes at 60°C, 

followed by the addition of 15 µL of water and 1.0 µL of PNGase F (2.5 mU) to the mixture and 

incubation at 50°C for 60 minutes. The released N-linked carbohydrate samples were aliquoted 

and dried at 60°C under reduced pressure (SpeedVac; 2,500 rpm) followed by mixing with the 

labeling solution containing 3.0 µl of 40 mM APTS in 20% acetic acid and 2.0 µl of NaBH3CN 

(1M in THF). The effects of additional 20% acetic acid and THF were evaluated as specified 

later. The reaction mixtures were incubated in a heating block at 40°C, 50°C and 60°C with 

closed (no evaporation) or open lid (evaporative labeling) vials. After the labeling step, the 

samples were magnetic bead purified and analyzed by CGE-LIF. 
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Capillary gel electrophoresis  

A PA800 Plus Pharmaceutical Analysis System (SCIEX) with laser induced fluorescence 

detection (λex=488    / λem=520 nm) was used for all capillary gel electrophoresis separations 

employing the HR-NCHO separation gel buffer in a 20 cm effective length (30 cm total length, 

50 µm ID) bare fused silica capillary. The applied electric field strength was 30 kV in reversed 

polarity mode (cathode at the injection side, anode at the detection side). The separation 

temperature was set at 30°C. A three-step electrokinetic sample injection was applied: 1) 3.0 psi 

for 5.0 sec water pre-injection, 2) 1.0 kV for 1.0 sec sample injection and 3) 1.0 kV for 1.0 sec 

bracketing standard (BST, DP2 and DP15). The 32Karat (version 10.1) software package 

(SCIEX) was used for data acquisition and interpretation.  

 

Results and Discussion 

The effect of continuous evaporation on the reduction amination based fluorophore labeling 

reaction of sugars was evaluated in an open vial format and compared to the conventional closed 

vial based method using the exact same reaction conditions. Three different reaction 

temperatures were studied (40°C, 50°C and 60°C) with the addition of zero, 4.0 µl and 8.0 µl of 

20% extra acetic acid to the 3.0 µl 20% acetic acid containing APTS solution to the labeling 

mixture (total reaction volumes were 5.0, 9.0 and 13 µl, respectively) to ensure properly 

extended evaporation times (i.e., dryness only at the end of the process) in all instances. To 

obtain the same derivatization efficiency at lower temperatures and higher reaction volumes 

required longer labeling times as depicted in Table 1. In all instances, the maximum 

derivatization time was defined by the drying time of the open vial method, e.g., 40 min for the 

no extra acetic acid containing reaction mixture at 40°C (first line in Table 1). The same exact 

reaction conditions were used for the closed-vial labeling method and the resulting total peak 

areas, as well as for the subset of peaks representing the sialylated glycans are all compared in 

Table 1. As one can observe in Figure 1, up to four times higher detection signal was obtained 

with the use of the evaporative labeling protocol (50°C; and the addition of 4.0 μ  of 20% acetic 

acid). The highest peak areas were obtained at 60°C labeling temperature with the addition of 

extra 8.0 µl of 20% acetic acid to the reaction mixture (total reaction volume: 13 µl). Equally 

importantly, the peak area percentages of the sialylated glycan representing peaks were between 

14-21% using the closed-vial method, while were preserved significantly better using the open-

vial labeling approach (20-24%), suggesting greater stability of the latter. The lowest sialic acid 

loss was observed at 40°C labeling temperature without any additional acetic acid in the reaction 

mixture (total reaction volume: 5.0 µl). Therefore, to accommodate the two important labeling 

requirements, i.e., highest possible peak areas and lowest sialic acid loss, 50°C reaction 

temperature with the addition of extra 4.0 µl of 20% acetic acid (total reaction volume: 9.0 µl) 
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and 60 min incubation time is recommended (Figure 1, trace a). However, if minimizing the 

sialic acid loss is top priority, the same extra 4.0 µl of 20% acetic acid addition, but at 40°C 

reaction temperature for 90 minutes is endorsed. 

 

 

Table 1. Comparison of total peak areas and the sialoform subset of the hIgG1 N-glycan structures using 

evaporative and conventional (closed vial based) reductive amination based fluorophore labeling. The comparative 

study included three different reaction temperatures (40°C, 50°C and 60°C) with different volumes of extra catalyst 

added (none, 4.0 µl and 8.0 µl of 20% acetic acid, total reaction volumes 5.0, 9.0 and 13 µl, respectively). Reaction 

times were defined by reaching complete dryness for the open vial reactions.  

Temperature and additional 

catalyst (20% acetic acid) 

volume 

Reaction 

time 

(min) 

Total peak area Sialylated peak area Sialylated % 

Open vial Closed vial Open vial Closed vial Open vial Closed vial 

40° ; +0.0 μ  20%           d 40 23.37 ± 0.47 16.37 ± 0.99 5.61 ± 0.17 3.01 ± 0.11 24.26 ± 1.69 18.77 ± 1.02 

40° ; +4.0 μ  20%           d 90 32.48 ± 0.99 29.61 ± 1.52 7.87 ± 0.19 5.25 ± 0.43 24.02 ± 0.39 18.11 ± 0.78 

40° ; +8.0 μ  20%           d 230 49.50 ± 2.21 33.73 ± 1.24 11.40 ± 0.40 4.87 ± 0.07 23.53 ± 0.54 14.78 ± 0.30 

50° ; +0.0 μ  20%           d 30 78.17 ± 1.84 25.12 ± 1.30 17.91 ± 0.36 5.29 ± 0.13 23.23 ± 0.61 21.03 ± 1.09 

50° ; +4.0 μ  20%           d 60 89.50 ± 1.81 19.68 ± 0.19 18.54 ± 0.50 3.40 ± 0.04 21.88 ± 0.23 17.13 ± 0.49 

50° ; +8.0 μ  20%           d 120 93.67 ± 3.69 39.91 ± 2.01 20.93 ± 0.86 5.94 ± 0.35 22.02 ± 1.04 15.75 ± 0.37 

60° ; +0.0 μ  20%           d 20 57.49 ± 3.02 18.20 ± 0.59 12.80 ± 0.65 3.46 ± 0.07 22.21 ± 0.29 19.15 ± 0.45 

60° ; +4.0 μ  20%           d 40 113.75 ± 5.28 38.29 ± 1.78 22.23 ± 0.67 6.13 ± 0.12 20.76 ± 1.20 16.31 ± 0.29 

60° ; +8.0 μ  20%           d 75 121.81 ± 3.84 52.14 ± 0.64 24.71 ± 0.87 7.30 ± 0.34 20.11 ± 0.67 14.22 ± 0.28 

 

 

Evaporative labeling was also applied on tagging the PNGase F released N-glycans from 100 µg 

of etanercept target glycoprotein and compared to the traditional closed lid derivatization 

method. One hour incubation was used in both instances for the labeling process. Similar to the 

hIgG1 sample, evaporative labeling showed increased peak areas and decreased sialic acid loss. 

In this case, a total of 13.75% increment was observed in percent values of the sialylated 

structures. The ratio of core and non-core fucosylated sialic acid containing glycans was also 

investigated to determine if there were any alterations caused by the evaporative labeling 

approach, compared to the traditional closed lid method. Negligible differences were found 

between core fucosylated and non-core fucosylated sialylated area % ratios using the two 

different labeling protocols as shown by the results with the peak evaluation table inset in Figure 

2. 

 

Next, the evaporative labeling technique was compared to the traditional overnight labeling 

method at 37°C to evaluate the overall performance and the sialylated peak area % values. hIgG1 

samples were labeled at 50°C for one hour with the lid open and closed, as well as at 37°C 

overnight standard protocol (16 hours). Furthermore, a combination of the closed and open lid 

method were also carried out by applying 50°C for one hour with the lid closed, then 50°C for 
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one hour with the lid open. The labeling efficiency was only 16% at 50°C for one hour labeling 

with the lid closed, but by applying the open lid based evaporative labeling approach, it resulted 

in 71% compared to the reference overnight labeling at 37°C with the lid closed. Please note that 

the reaction time using the evaporative labeling method took only one hour, instead of overnight 

(16 h) with 3.03% higher sialylated peak area. More interestingly, combination of the traditional 

closed lid method with the evaporative labeling approach (open lid) outperformed the overnight 

reference method, both in overall performance (total peak areas) and in preserving the sialylated 

glycan structures but at a cost of an additional hour of the process. By all means in every 

instance, the evaporative labeling approach resulted in higher derivatization yield and greater 

sialylated peak area % values compared to the closed lid methods, as shown in Table 2. 

 
Table 2. Effect of the different APTS labeling approaches of hIgG1 released N-linked glycans on overall 

fluorophore labeling performance (total peak area) and sialylated peak area % values compared to the traditional 

overnight 37°C labeling method. Separation and injection parameters were the same as in Figure 1. 

Labeling method Total peak area 
Total peak area 

relative to reference 

Sialylated peak 

area % 

Sialylated peak area % 

relative to reference 

1.0 h / 50°C; closed lid 19.79 ± 0.85 0.16 17.01 ± 0.22 0.95 

1.0 h / 50°C; opened lid 89.90 ± .067 0.71 20.97 ± 0.31 1.17 

Overnight (16 h) / 37°C; closed 

lid* 
  127.43 ± 1.02* 1.00* 17.94 ± 0.42* 1.00* 

1.0 h / 50°C; closed lid. 

then 1.0 h / 50°C; open lid 163.67 ± 0.56 1.28 20.57 ± 0.40 1.14 

* Reference value 

 

 

Mechanically dispensing dry samples with very low reagent volumes (several microliters) is a 

challenging step in reductive amination based sugar labeling. Frequently used current protocols 

suggest the addition of 4.0 µl – 6.0 µl labeling mixture per reaction, making it difficult to 

uniformly mix the reactants in the microvials, leading to possible sample loss. To alleviate this 

issue, we suggest the addition of extra tetrahydrofuran (THF) to the labeling reaction and 

avoiding this handicap by increasing the reaction volume. Please note that in most instances THF 

is the solvent of the reducing agent (e.g., sodium cyanoborohydride) in the reaction mixture, 

thus, readily miscible with the labeling solution, not affecting the reaction, and featuring a low 

boiling point (66°C) supporting rapid evaporation. A comparative study was executed by using 

the evaporative open vial labeling method with the addition of zero, 5.0 and 10 µl THF to the 

reaction mixtures (total reaction volumes were 5.0, 10 and 15 µl, respectively). This extra THF 

greatly accommodated uniform sample uptake by providing the sufficient volume for proper 

mixing (e.g., by vortexing). Importantly, the same reaction times could be used as delineated in 

Table 1, due to the rapid evaporation of THF from the reaction mixture in the open vial labeling 
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protocol. The results are shown in Table 3, featuring more than doubled peak areas, when 10 µl 

of extra THF was added to the labeling solution (total reaction volume was 15 µl). Since neither 

the reaction time nor any other conditions were changed, sialic acid loss was also minimized. 

Table 3. Peak area comparison using the open vial labeling approach of dry sugar samples with the addition of none, 

5.0 µl and 10 µl extra THF (total reaction volumes were 5.0, 10 and 15 µl, respectively). Labeling conditions: 60°C 

for 20 minutes with no extra 20% acetic acid added. 

Extra THF (µl) Total peak area Sialylated peak area subset 

None 25.13 ± 0.67 5.13 ± 0.18 

5.0 26.28 ± 0.87 5.64 ± 0.32 

10 57.72 ± 0.54 12.30 ± 0.42 

 

Conclusions 

An optimized, reductive amination based carbohydrate labeling method is presented for capillary 

electrophoresis analysis of reducing oligosaccharides utilizing a novel, open vial based 

fluorophore tagging approach that lead to gradual decrease in the reaction volumes during the 

derivatization step. Thus, the evaporation process caused continuous concentration of the 

reactants, speeding up in this way the reaction rate and resulted in significant increase of the 

peak areas compared to the conventional closed vial based labeling protocol. Various reaction 

conditions, including different temperatures and reaction times (set by the additional acetic acid 

to prolong the evaporation of the reaction mixture) were investigated to obtain the highest 

labeling yield (i.e., peak area), while minimizing sialylation loss as important criteria. Since the 

low volume of the labeling reaction mixture (several microliters) made difficult to accomplish 

complete and uniform dispersion of dry samples, the reagent volume was increased by the 

addition of tetrahydrofuran. This step allowed the use of simple vortexing based uniform sample 

reconstitution without any requirement to increase the reaction times or alter conditions. The 

optimized labeling protocol for 100 µg glycoprotein (hIgG1 and eternecept, in our case) was as 

follows: 60 minutes in closed vial followed by 60 minutes evaporative labeling (combined 

method) at 50°C with the standard labeling reagents of 3.0 µl of 40 mM APTS (in 20% acetic 

acid) and 2.0 µl of NaBH3CN (1M in THF) using additional 4.0 µl of extra 20% acetic acid and 

6.0 µl of THF (total reaction volume: 15 µl). These parameters resulted in excellent labeling 

efficiency and minimal sialic acid loss. If sialic acid loss represents a concern, 90 minute 

labeling at 40°C with the addition of 4.0 µl extra 20% acetic acid and 6.0 µl THF to the standard 

labeling mixture is recommended. Please note that the open vial evaporative labeling format is 

fully compatible with liquid handling robot based automation for 96 well sample-plate operation. 
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Figure 1. Comparison of the evaporative (trace a, open vial) and conventional (trace b, closed 

vial) APTS labeling of PNGase F released hIgG1 glycans. Labeling conditions: 50°C for 60 

        w         dd          x    4.0 μ  20%           d                            x    . 

Separation conditions: 20 cm effective length (30 cm total), 50 µm ID bare fused silica capillary; 

30 kV separation voltage. Injection: preinjection of water for 3.0 sec at 5.0 psi was followed by 

1.0 kV/1.0 sec sample and 1.0 kV/1.0 sec bracketing standard (DP2 + DP15) injection. 
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Figure 2. Comparison of the evaporative (trace a, open vial) and conventional (trace b, closed 

vial) based labeling protocols using etanercept sample. The inset depicts the actual labeling 

efficiency in both instances. Labeling, separation and injection parameters were the same as in 

Figure 1. 
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Highlights 

 The evaporation process supported auto-optimization of the reagent concentrations 

 The open vial (evaporative) method significantly increased derivatization yield 

 The evaporative labeling process minimized sialylation loss 

 




