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Introduction

Glycoprotein sialylation has been shown to be critical to 
bioavailability, stability, metabolism, and immunogenicity 
of therapeutic proteins.1-4 As a result, such proteins are 
routinely analyzed to determine sialylation amount and 
identity. Although over 50 forms of sialic acid have been 
identified,5-6 two forms of this carbohydrate are routinely 
determined, N-acetylneuraminic acid (Neu5Ac) and 
N-glycolylneuraminic acid (Neu5Gc). Of these, Neu5Gc 
is generally not found in human proteins.7 Due to this 
lack of Neu5Gc in healthy human tissue and the natural 
occurrence of antibodies against Neu5Gc, this sialic acid 
has the potential to cause an immune response in patients 
when present in a glycoprotein therapeutic.8

Many therapeutic proteins are produced via expression 
of the protein in a cell line chosen to maximize protein 
yield. Because the final glycoprotein sialylation amount 
and identity depend on the expression cell line and growth 
conditions for that cell line,9-11 expression experiments and 
production optimization have the potential to generate 
large numbers of samples requiring analysis. In this case, 
high-throughput screening assays are valuable for quick 
product evaluation relative to expression cell lines and 
growth conditions. 

Sialic acid determination can be performed by many 
methods. Typically, sialic acids are released from 
glycoproteins by acid hydrolysis or by enzymatic 
digestion before analysis. Once the sialic acids are 
liberated, there are multiple options for quantification. 
Numerous spectroscopic methods exist, although 
interferences in these methods can overestimate the sialic 
acid concentrations in many samples, and therefore, 
chromatographic methods that separate the sialic acids 
from potentially interfering compounds are preferred.12 
Among the chromatographic methods, some require 
further sample derivatization for analyte detection, such  
as fluorescent labeling followed by high-performance 
liquid chromatography (HPLC). Others use direct 
detection methods, such as high-performance anion-
exchange chromatography with pulsed amperometric 
detection (HPAE-PAD).13 Of these two methodologies, 
HPAE-PAD offers the advantage of direct analysis without 
sample derivatization. 

In this work, sialic acids are determined in five 
representative glycoproteins by acid hydrolysis followed 
by HPAE-PAD. Sialic acid determination by HPAE-PAD 
using the Thermo Scientific Dionex CarboPac PA20 Fast 
Sialic Acid column is specific and direct, eliminating the 
need for sample derivatization after hydrolysis. The use 
of a disposable gold on polytetrafluoroethylene (PTFE) 
working electrode simplifies system maintenance while 
providing consistent response with a lifetime of four 
weeks. The rapid gradient method discussed separates 
Neu5Ac and Neu5Gc in <3 min with a total analysis 
time of 4.5 min. By using the Dionex CarboPac™ PA20 
Fast Sialic Acid column, total analysis time is reduced, 
per sample eluent consumption and waste generation are 
reduced, and sample throughput is improved.

Equipment

Thermo Scientific Dionex ICS-3000 or Dionex ICS-5000 
Ion Chromatography system including: 
	 SP Single Pump or DP Dual Pump module  
	 DC Detector/Chromatography module 
	 AS Autosampler 

Electrochemical Detector (P/N 061719)

Electrochemical Cell (P/N 061757)

Disposable Gold Electrode, Au on PTFE (P/N 066480)

Reference Electrode (P/N 061879)

Thermo Scientific Dionex Chromeleon 7  
	 Chromatography Data System software

Polypropylene injection vials with caps, 0.3 mL  
	 (P/N 055428)

Polypropylene injection vials with caps, 1.5 mL  
	 (P/N 061696)

Nalgene™ 1000 mL, 0.2 µm nylon filter units  
	 (Fisher Scientific P/N 09-740-46)

Polypropylene microcentrifuge screw cap tubes, 1.5 mL  
	 (Sarstedt P/N 72.692.005)

Dry block heater (VWR P/N 13259-005)



Reagents and Standards

Deionized (DI) water, Type I reagent grade, 18 MΩ-cm 
resistivity or better

Sodium hydroxide, 50% (w/w) (Fisher Scientific   
P/N SS254-500)

Sodium acetate, anhydrous (P/N 059326)

Acetic acid (JT Baker P/N 9515-03)

N-Acetylneuraminic acid (Neu5Ac, NANA)  
Ferro Pfanstiehl

N-Glycolylneuraminic acid (Neu5Gc, NGNA)  
Ferro Pfanstiehl

Micro BCA™ Protein Assay Kit, (Thermo Scientific  
P/N 23235)

Samples

Five glycoproteins were selected for analysis:

Calf fetuin (Sigma P/N F2379)

Bovine apo-transferrin (b. apo-transferrin)  
(Sigma P/N T1428)

Human transferrin (h. transferrin) (Sigma P/N T8158)

Sheep α1-acid glycoprotein (s. AGP)  
(Sigma P/N G6401)

Human α1-acid glycoprotein (h. AGP)  
(Sigma P/N G9885)

Conditions 

Column: 	 Dionex CarboPac PA20 Fast Sialic Acid 	
	 Column, 3 × 30 mm (P/N 076381)

Eluent Gradient:	70–300 mM acetate in 100 mM NaOH  
	 from 0–2.5 min, 300 mM acetate in  
	 100 mM NaOH from 2.5–2.9 min,  
	 300–70 mM acetate from 2.9–3.0 min.  
	 1.5 min of equilibration at 70 mM  
	 acetate in 100 mM NaOH

Eluents: 	 A:	100 mM NaOH 

	 B:	 1.0 M sodium acetate in 100 mM 		
		  NaOH 

Flow Rate:	 0.5 mL/min

Inj. Volume:	 4.5 μL, (full loop)

Temperature:	 30 °C (column and  
	 detector compartments)

Detection:	 Pulsed amperometric, disposable Au  
	 on PTFE working electrode

Background:	 18–25 nC (using the  
	 carbohydrate waveform)

Noise:	 ~15–30 pC 

Sys. Backpress.:	 ~750 psi

Carbohydrate 4-Potential Waveform for the ED
  Time(s)   Potential (V)   Gain Region*   Ramp*   Integration

	 0.00 	 +0.1 	 Off 	 On	 Off

	 0.20	 +0.1	 On	 On	 On

	 0.40	 +0.1	 Off	 On	 Off

	 0.41	 -2.0	 Off	 On	 Off

	 0.42	 -2.0	 Off	 On	 Off

	 0.43	 +0.6	 Off	 On	 Off

	 0.44	 -0.1	 Off	 On	 Off

	 0.50	 -0.1	 Off	 On	 Off
*�Settings required in the Dionex ICS-3000/5000, but not used in older 

Dionex systems. Reference electrode in Ag mode (Ag/AgCl reference). See 
Thermo Scientific (formerly Dionex) Application Note 141 and Technical 
Note  41 for more information regarding sialic acid determination.14,15

Preparation of Standards and Samples

Eluent Solutions 
Prepare 1 L of 100 mM sodium hydroxide by adding 5.2 mL 
of 50% (w/w) NaOH to 994.8 mL of degassed DI water. 
Prepare 1 L of 1 M sodium acetate in 100 mM sodium 
hydroxide by dissolving 82.0 g of anhydrous sodium 
acetate in ~800 mL of DI water. Filter and degas the acetate 
solution through a 0.2 µm nylon filter unit. Transfer the 
solution to a 1 L volumetric flask, add 5.2 mL of 50% (w/w) 
NaOH, and fill the flask with degassed DI water.
See Thermo Scientific (formerly Dionex) Technical Note 71 
for detailed information on eluent preparation for HPAE-PAD 
applications.16

Acetic Acid, 4 M 
Transfer 22.5 mL of glacial acetic acid to a polyethylene 
bottle containing 77.5 mL of DI water.

Stock Standard Solutions
Dissolve 149.8 mg of Neu5Ac in 50 mL DI water and  
41.0 mg Neu5Gc in 50 mL of DI water. This results in  
9.68 mM and 2.52 mM stock solutions, respectively. Add 
20 µL 9.68 mM Neu5Ac to 949 µL DI water to prepare  
a 0.20 mM solution, and 8.0 µL 2.52 mM Neu5Gc to  
992 µL DI water to prepare a 0.020 mM solution of 
Neu5Gc. Add 500 µL of 0.20 mM Neu5Ac and 500 µL of 
0.020 mM Neu5Gc to a 1.5 mL cryogenic storage vial to 
prepare a combined stock of 0.10 mM Neu5Ac and 10 µM 
Neu5Gc and store at -40 °C.

Working Standard Solutions 
Prepare calibration standards by diluting the stock 
standard solution as detailed in Table 1. For example, 
add 5.0 µL of the stock solution to 195 µL of DI water 
to prepare a calibration standard of 2.5 µM Neu5Ac 
and 0.25 µM Neu5Gc (11 pmol Neu5Ac and 1.1 pmol 
Neu5Gc per 4.5 µL injection). Prepare working standards 
daily from the stocks stored at -40 °C. 



Protein Stock Solutions, 4.0 mg/mL Nominal
Dissolve 2.4 mg of sheep α1-acid glycoprotein in 400 µL 
of DI water to prepare a 4 mg/mL solution. Gently swirl 
to thoroughly mix the solution. Prepare 200 µL aliquots 
of the solution in microcentrifuge vials to minimize freeze/
thaw cycles when the stock is needed. Store all protein 
solutions at -40 °C. Repeat this process as follows. Dissolve 
8.8 mg (b. apo-transferrin) and 8.6 mg (h. transferrin) in 
individual 2 mL aliquots of DI water. Dissolve 19.0 mg of 
fetuin in 4.75 mL of DI water. Dissolve 2.2 mg of h. AGP 
in 0.60 mL of DI water. Protein may be lost both during 
freeze/thaw cycles and by adsorption to surfaces. Therefore, 
it is important to measure the working stock protein 
concentrations before hydrolysis using a colorimetric BCA 
protein assay kit. Values listed in Table 2 are results from 
BCA assay of the working stock solutions. 

Acetic Acid Hydrolysis of Proteins
Add 80 µg fetuin, 140 µg h. transferrin, 175 µg  
b. apo-transferrin, 100 µg h. AGP, and 35 µg s. AGP to 
individual 1.5 mL microcentrifuge vials with a total of  
200 µL of 2 M acetic acid, as detailed in Table 2. For 
example, pipet 35 µL of the fetuin stock, 65 µL of DI 
water, and 100 µL of 4 M acetic acid to prepare the 
solution for hydrolysis. Hydrolyze the protein solutions 
for 3 h at 80 °C.17 After hydrolysis, dilute the hydrolyzate 
1:100 with DI water. Please note that this acid hydrolysis 
method may not be optimized for complete release of all 
sialic acids without degradation of the free sialic acids. 
Optimization of the hydrolysis conditions for a given 
sample and analysis method is highly recommended. 
Additional hydrolysis conditions may be found in Thermo 
Scientific (formerly Dionex) Technical Note 41.15

Precautions
The Dionex CarboPac PA20 Fast Sialic Acid column has 
been tested for glycoprotein hydrolyzates only. More 
complex matrixes may not separate acceptably with the 
conditions presented here. For greater sensitivity and sample 
stability, lyophilization followed by dissolution in DI water 
is recommended. See Thermo Scientific (formerly Dionex) 
Application Update 180 for more information on stability 
of lyophilized hydrolysates that have been dissolved in DI 
water.18 To avoid underestimation of sialic acid content due 
to acid catalyzed degradation, perform analysis of samples 
prepared by dilution within 24 h of hydrolysis.

Absolute mass detection limits will depend on the sample 
injection volume. For this reason, a calibrated injection 
loop was used. Prepare a  4.5 μL sample loop by measuring 
approximately 3.7 in of 0.010 in. i.d. tubing. Verify the 
volume of the loop by first weighing the empty tubing, fill 
the tube with DI water, then reweigh the filled tube and 
calculate the volume. The total sample volume should 
be ~4.5 μL. Due to the high-throughput nature of this 
method, service requirements on the autosampler and 
injection valves will increase. If replicate injections show 
poor precision, check the autosampler needle assembly,  
transfer line, and the injection valve to ensure each is  
in good condition.

Table 1: Sialic acid standards used for sample analysis.

Volume of Combined Stock Standard  
(µL) Diluted to 1000 µL

Neu5Ac Concentration 
(µM)

Neu5Gc Concentration 
(nM)

Neu5Ac Amount  
(pmol/4.5 µL)

Neu5Gc Amount  
(pmol/4.5 µL)

0.5 0.25 25 1.1 0.11*

1.0 0.5 50 2.3 0.23

5.0 2.5 250 11.0 1.1

10.0 5.0 500 23.0 2.3

20.0 10.0 1000 45.0 4.5

30.0 15.0 1500 68.0 6.8

40.0† 20.0 2000 90.0 9.0

*Not used for routine Neu5Gc calibration 
† Not used for Neu5Ac calibration

Protein Working Solution 
Conc (mg/mL)

Volume Protein 
(µL)

Amount of Protein 
(µg)

Volume DI Water 
(µL)

Volume 4 M Acetic  
Acid (µL)

Protein Conc 
(µg/µL)

Fetuin 2.3 35 80 65 100 0.40

s. AGP 1.0 35 35 65 100 0.18

h. AGP 2.9 35 100 65 100 0.51

b. apo-Transferrin 5.0 35 180 65 100 0.88

h. Transferrin 4.1 35 140 65 100 0.72

Table 2: Protein hydrolyzate concentrations.



Results and Discussion

Figure 1 shows the separation of Neu5Ac and Neu5Gc on 
the Dionex CarboPac PA20 Fast Sialic Acid column with a 
70–300 mM acetate gradient in 100 mM NaOH. The peaks 
are well separated and easily quantified. Additionally, the 
Neu5Ac peak is well separated from the void, which is an 
important consideration because a large void volume peak 
can interfere with quantification. Neu5Gc elutes in <3 min 
under these conditions, allowing a short run time. 

Linear Range, Limit of Quantification, Limit of Detection 
and Precision

Table 3 shows the calibration results for Neu5Ac and 
Neu5Gc. In both cases, response is linear for the range 
studied. The LOD and LOQ were confirmed by standard 
injections that resulted in a response of 3× and 10× the 
noise, respectively. Neu5Ac had an LOD of 0.11 pmol 
on column and an LOQ of 0.34 pmol. Similarly, Neu5Gc 
limits were 0.058 pmol and 0.18 pmol. Retention time 
and peak area precisions of standards were determined 
by seven injections of a mid-range standard. In both 
cases, precision was excellent, with an RSD of <0.9 and 
a standard deviation of <0.008 min for retention time for 
both sialic acids and peak area RSDs of 1.36 and 1.38 for 
Neu5Ac and Neu5Gc, respectively.

Sample Analysis, Precision, and Accuracy
Figures 2 and 3 illustrate the separation of sialic acids 
from acid hydrolyzed and diluted protein samples. In 
each case, Neu5Ac is well separated from early eluting 
components of the hydrolyzed sample and, as expected, 
Neu5Gc is not detected in the human glycoproteins. The 
amount of protein necessary for sialic acid determination 
depends on the individual protein. For glycoproteins that 
are highly sialylated, such as α1-acid glycoproteins, the 
amount of protein that is hydrolyzed easily can be reduced. 
In the example of s. AGP, 35 µL of 0.18 µg/µL protein 
solution are hydrolyzed, which is equivalent to 7.9 ng of 
protein per injection. The average determined amount for 
a single day of triplicate sample analysis in the hydrolyzate 
for s. AGP is 6.1 pmol of Neu5Ac and 1.1 pmol of 
Neu5Gc. Based on the determined LOQs for Neu5Ac and 
Neu5Gc, and because of the high degree of sialylation, the 
concentration of s. AGP can be reduced by a factor of 5 
before reaching the LOQ of Neu5Gc and a factor of 17 
before reaching the LOQ of Neu5Ac.

Conversely, b. apo-transferrin (39 ng per injection), as 

Figure 1: Separation of sialic acid standards on the Dionex CarboPac PA20 
Fast Sialic Acid column.

Analyte Range 
(pmol)

Coeff of Determination 
(r2)

Retention Time 
(min)

Retention Time Precisiona 
(RSD)

Peak Area Precision 
(RSD)

LOQb 
(pmol)

LOD 
(pmol)

Neu5Ac 0.27–68 0.9995 0.745 0.88 1.36 0.34 0.11

Neu5Gc 0.23–11 0.9997 2.58 0.32 1.38 0.18 0.058

Table 3: Linearity, limit of detection (LOD), limit of quantification (LOQ), and precision of sialic acid determination.

aPrecision was measured by seven injections of 11 pmol Neu5Ac and 1.1 pmol Neu5Gc. 
b LOD and LOQ are confirmed by injections at the concentrations listed and measuring response at 3× and 10× the noise, respectively.
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Minutes 

Column: Dionex CarboPac PA20 Fast Sialic Acid, 3 × 30 mm
Eluent: 70–300 mM sodium acetate in 100 mM NaOH from 
 0–2.5 min, 300 mM acetate in 100 mM NaOH 
 from 2.5–2.9 min, 300 70 mM acetate from 2.9–3.0 min, 
 1.5 min of equilibration at 70 mM acetate in 
 100 mM NaOH
Flow Rate: 0.5 mL/min
Inj. Volume: 4.5 µL (Full loop)
Temperature:  30 °C
Detection: PAD, Au on PTFE, 2 mil gasket
Samples: Neu5Ac and Neu5Gc standard

Peaks: 1.  Neu5Ac 11 pmol
 2.  Neu5Gc 1.1

0 1 2 3
19

30 1 

2 

nC

shown in Figure 3, contains less total sialic acid, and lower 
hydrolysis amounts are not recommended. Depending on 
the degree of sialylation, the amount of protein hydrolyzed 
can be reduced to low-ng/µL concentrations and still allow 
efficient sialic acid determination. Designing experiments 
that release amounts of analyte routinely near the LOQ 
is not recommended. However, this evaluation highlights 
both the sensitivity of the method and the importance of 
considering the approximate protein sialylation amount 
when designing acid hydrolysis experiments.

Table 4 presents the results from one day of triplicate 



sample analysis. Retention time precision is similar to that 
determined by injecting standards, with retention time 
RSDs ranging from <0.01–1.18. Differences in the absolute 
retention time can be expected, depending on the eluent 
preparation. Peak area precision for triplicate injections, 
as measured by RSD, is generally good, ranging from 
0.13–6.14. As expected, larger peak area RSD is observed 
near the LOQ. 

Table 5 lists the calculated results of sialic acid 
determination for the studied proteins, as well as both 
intraday precision for one day of analysis and between-day 
precision for three days of triplicate analysis. The amounts 
of sialic acids determined in the protein samples  
are generally consistent with literature results for 
the glycoproteins.19-24 However, as shown in Table 5, 
sample replicate precision RSDs can be greater than 
chromatographic precision, with intraday RSDs ranging 
from 2.4–11 and between-day RSDs ranging from 3.9–17. 
For this reason, optimization of the acid hydrolysis for 
individual glycoproteins is highly recommended.  

Acid hydrolysis is a complex balance between release of 

Figure 2: Separation of fetuin, h. AGP, s. AGP hydrolyzates (1:100 dilution) on 
the Dionex CarboPac PA20 Fast Sialic Acid column. 

Figure 3: Separation of h. and b. apo-transferrin hydrolyzates (1:100 dilution) 
on the Dionex CarboPac PA20 Fast Sialic Acid column.

the sialic acids from the glycoprotein and degradation 
of the released analytes. The efficiency of the hydrolysis 
depends on the hydrolysis temperature, acid concentration, 
type of sample being hydrolyzed, and the relative 
concentrations of acid and the sample. Because of these 
interdependent factors, which can impact the hydrolysis, 
variability between sample preparations must be expected. 
For the best accuracy, either an optimized acid hydrolysis 
or neuraminidase digestion is recommended. For 
methodology to optimize acid hydrolysis, see Fan et al.25 

Method accuracy was investigated by spiking protein 
acid hydroylzates with known amounts of Neu5Ac and 
Neu5Gc in similar concentration as the determined 
amounts (Table 6). For human glycoproteins, which lack 
Neu5Gc, 0.22 pmol of Neu5Gc was added. Recoveries for 
Neu5Ac ranged from 81–96% and recoveries for Neu5Gc 
were similar, ranging from 82–106%.
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Column: Dionex CarboPac PA20 Fast Sialic Acid, 3 × 30 mm
Eluent: 70-300 mM acetate in 100 mM NaOH from 0−2.5 min, 
 300 mM acetate in 100 mM NaOH from 2.5−2.9 min, 
 300−70 mM acetate from 2.9−3.0 min; 
 1.5 min of equilibration at 70 mM acetate in 
 100 mM NaOH
Temperature:  30 °C
Flow Rate: 0.5 mL/min
Inj. Volume: 4.5 µL (full loop)
Detection: PAD, Au on PTFE, 2 mil gasket
Samples: A) h. α1-acid glycoprotein, 
     1:100 dilution (23 ng protein)
 B) calf fetuin hydrolyzate, 
     1:100 dilution (18 ng protein)
 C) s. α1-acid glycoprotein hydrolyzate, 
     1:100 dilution (7.9 ng protein)
 
Peaks: A B C
 1. Neu5Ac   9.8 6.3 5.6   pmol 
 2. Neu5Gc — 0.17 0.93
 

Minutes1 2 3
26

38

0

nC

A

B

C

25% signal offset applied

1

2

1

2

1

Column: Dionex CarboPac PA20 
 Fast Sialic Acid, 3 × 30 mm
Eluent: 70−300 mM acetate in 100 mM NaOH from 0−2.5 min, 
 300 mM acetate in 100 mM NaOH from 2.5−2.9 min, 
 300−70 mM acetate from 2.9−3.0 min; 
 1.5 min of equilibration at 70 mM acetate in 
 100 mM NaOH
Temperature:  30 °C
Flow Rate: 0.5 mL/min
Inj. Volume: 4.5 µL (full loop)
Detection: PAD, Au on PTFE, 2 mil gasket

Samples: A) h. transferrin hydrolyzate, 1:100 dilution 
  (32 ng protein)
 B) b. apo-transferrin hydrolyzate, 1:100 dilution 
  (39 ng protein)
      
Peaks: A B   
 1.  Neu5Ac 1.4 0.50  pmol 
 2.  Neu5Gc — 0.71

Minutes
1 2 3

29

37

0

nC

A

B

15% signal offset applied

1

1

2
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Table 4: Sialic acid determination from five glycoprotein acid hydrolyzates.

Sample  
(replicate #)

Analyte Amount  
(pmol)

Retention Time 
(min)

Retention Time Precision 
(RSD)

Peak Area Precision 
(RSD)

Fetuin (1) Neu5Gc 0.18* 2.58 0.19 3.35

Neu5Ac 5.78 0.74 0.65 2.59

Fetuin (2) Neu5Gc 0.17* 2.58   0.19 5.25

Neu5Ac 6.31 0.75   0.65 1.23

Fetuin (3) Neu5Gc 0.18* 2.58 <0.01 6.14

Neu5Ac 7.44 0.74 0.65 0.99

h. Transferrin (1) Neu5Gc ND

Neu5Ac 1.42 0.72 0.67 2.62

h. Transferrin (2) Neu5Gc ND

Neu5Ac 1.52 0.72 0.67 1.75

h. Transferrin (3) Neu5Gc ND

Neu5Ac 1.64 0.72 0.67 2.50

b. apo-Transferrin (1) Neu5Gc 0.91 2.51 <0.01 2.75

Neu5Ac 0.61 0.70 0.68 3.23

b. apo-Transferrin (2) Neu5Gc 0.91 2.51 0.19 1.49

Neu5Ac 0.63 0.71 <0.01 2.93

b. apo-Transferrin (3) Neu5Gc 0.88 2.51 0.19 2.23

Neu5Ac 0.61 0.71 <0.01 2.14

h. AGP (1) Neu5Gc ND

Neu5Ac 15 0.72 1.34 1.14

h. AGP (2) Neu5Gc ND

Neu5Ac 13 0.72 1.16 0.98

h. AGP (3) Neu5Gc ND

Neu5Ac 12 0.72 0.67 0.95

s. AGP (1) Neu5Gc 1.0 2.52 0.57 1.18

Neu5Ac 5.8 0.71 0.68 2.33

s. AGP (2) Neu5Gc 1.2 2.52 0.57 1.70

Neu5Ac 6.6 0.71 1.18 2.64

s. AGP (3) Neu5Gc 1.0 2.52 0.33 0.13

Neu5Ac 5.9 0.71 0.68 2.52

*Neu5Gc calibration range extended from 0.11 pmol–11 pmol, r2 = 0.9995.

Sample Analyte Acid Hydrolysis Average  
(mol analyte/mol protein)

Intraday Precision Between  
Replicates (RSD)

Between-Day Precision 
(RSD)

Fetuin  Neu5Gc 0.33 7.2 7.3

  Neu5Ac 15 8.8 7.0

h. Transferrin Neu5Gc ND — —

  Neu5Ac 3.1 6.7 17

b. apo-Transferrin Neu5Gc 1.4 2.4 3.9

  Neu5Ac 1.1 3.5 13

h. AGP  Neu5Gc ND — —

  Neu5Ac 29 11 14

s. AGP  Neu5Gc 4.7 6.2 8.7

  Neu5Ac 26 6.4 9.0

Table 5: Triplicate sample analysis results of between-day precision over three days.



Sample Analyte Average Native Amount (pmol) Added Amount (pmol) Recovery (%)

Hydrolyzate blank Neu5Ac ND 2.2 94 ± 5.8

Neu5Gc ND 0.22 92 ± 7.1

Fetuin Neu5Ac 5.8 2.2 84 ± 1.0

Neu5Gc 0.18 0.22 86 ± 2.2

h. Transferrin Neu5Ac 1.6 2.2 95 ± 4.1

Neu5Gc ND 0.22 94 ± 2.4

b. Apo-transferrin Neu5Ac 0.35 1.8 87 ± 5.0

Neu5Gc 0.45 0.90 95 ± 3.0

h. AGP Neu5Ac 4.5 3.6 91 ± 1.5

Neu5Gc ND 0.36 89 ± 3.4

s. AGP Neu5Ac 5.8 4.5 94 ± 1.9

Neu5Gc 1.0 0.45 98 ± 6.9

Table 6: Accuracy of analysis as measured by recovery (n = 3).

Conclusion

In this work, sialic acids are determined in five 
representative glycoproteins by acid hydrolysis release 
followed by HPAE-PAD. The method is both specific 
and direct, eliminating the need for sample derivatization 
common in other chromatographic methods. Good 
recoveries, precision, and linear detection for Neu5Ac 
and Neu5Gc are demonstrated, indicating the method is 
appropriate for glycoprotein analysis. Using the Dionex 
CarboPac PA20 Fast Sialic Acid column, this rapid method 
separates Neu5Ac and Neu5Gc with a total analysis time 
of <5 min, providing high-throughput sample analysis 
while reducing eluent consumption and waste generation.
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