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Goal

Provide application installation instructions for coupling HPAE-PAD analyses
to the Thermo Scientific™ Q Exactive™ family of mass spectrometers.

This technical note focuses on using this set up to profile N-linked glycans
released from glycoproteins.

Introduction

The biopharmaceutical industry requires reliable, high throughput workflows
for N-linked glycan analyses. Many of the commonly used analytical
approaches are based on glycan derivatization, which is known to introduce
issues such as differential loss of sialic acid and incomplete labeling.
Preparation of native glycans is not subject to these concerns. This approach
starts with a fast in-solution glycoprotein digestion, followed by a rapid
removal of protein, reductant, surfactant, and salt using graphitized carbon.
Using this technique, 96 samples can be processed in approximately two
hours. These native glycans can then be analyzed by high-performance
anion-exchange chromatography with pulsed amperometric detection
(HPAE-PAD). This new approach supports bias-free, in-depth characterization
of N-linked glycans released from glycoproteins. This characterization is
required for biological products according to The International Conference
on Harmonization’s Q6b guidelines.! Therefore, the present method is ideally
suited for biopharmaceutical quality control (QC) including for antibody-
derived glycans.



This technical note describes a a novel workflow
combining facile release of N-linked glycans, rapid glycan
purification, and analysis by HPAE-PAD coupled to a
Thermo Scientific™ Q Exactive™ Hybrid Quadrupole-
Orbitrap™ mass spectrometer. High-performance anion-
exchange chromatography, a type of ion chromatography
(IC), supports simultaneous separation and detection

of neutral and sialylated (charged) glycans without the
need for derivatization. The chromatographic resolution
of glycans is based on the number of sialic acid units,
branch and positional isomerism, and the presence/
absence of core or outer arm fucose. The Thermo
Scientific™ Dionex™ ICS-5000* HPIC™ system can be
coupled to a Thermo Scientific™ Dionex™ UltiMate™
WPS TBPL Thermostatted Biocompatible Standard
Well Plate Autosampler and a Q Exactive Orbitrap mass
spectrometer independent of the PAD to separate

and characterize native N-linked glycans. Because

the HPAE separation employs high-pH eluents, post-
column removal of the sodium ion is required prior to
introduction into the mass spectrometer. A “tee” is
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placed immediately after the column to divert partial flow
to each of the detectors, thus supporting both PAD and
MS detection. Approximately 45% of the total flow goes
to the PAD detector, and 55% to the MS through an
electrochemically-regenerated desalter designed for

this application.

The resulting PAD glycan profiles are reproducible, and
the Q Exactive MS and MS/MS acquisition supports
identification of the native glycans, including several
isobaric forms, as these are virtually all separated by
the Thermo Scientific™ Dionex™ CarboPac™ PA200
column. Where direct mass data is inconclusive,
MS/MS spectra with diagnostic fragments allow for highly
reliable annotation of the glycans and their isomers.

A high resolution separation of native human a-1-acid
glycoprotein (hu-AGP) glycans revealed 53 distinct
glycans illustrating the exceptional resolving power of
the combined HPAE and MS analyses. This method
supports highly informative glycan analysis without
introducing labeling bias.

PAD DETECTION
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MASS SPECTROMETRY
Data dependent MS/MS
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Figure 1. Overall process depiction.
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Table 1. Consumables.

Product Name

Device Description

Part Number

Thermo Scientific™ Dionex™ HPAE-PAD/MS

Assembly Kit

Thermo Scientific™ Dionex™ HPAE-PAD/MS

Assembly Kit Components

Thermo Scientific™ Dionex™ CarboPac™

PA200 Guard Column

Thermo Scientific™ Dionex™ CarboPac
PA200 Column

Electrochemical Cell
Ag/AgCl Reference Electrode

Au on PTFE Electrodes

2 mil Gasket
pH Buffer, pH 7
pH Buffer, pH 10

Dionex IC tubing assembly kit for the Dionex HPAE-PAD/MS

detection kit Includes the components described below e
Eluent Preheater to Injector tubing 302841
Pump to Injector tubing 302842
Injector to guard column tubing 302843
Guard column to analytical column tubing 302844
Analytical column to 1/16” micro Tee tubing 302845
Micro “Tee” to ED detector cell tubing 302846
Micro “Tee” to ERD 500 tubing 302847
ERD 500 to MS probe inlet tubing 302848

302849
Back pressure/flow adjusters (3 options) 302850

302841
MicroTee Assembly PEEK- 1/16 inch (Install immediately after

302852
column outlet)
ERD 500, 2 mm 60-085089
Guard column, 3 x 50 mm 062895
Separation column, 3 x 250 mm 062896
Includes knob and support block 072044
Reference electrode 061879
Working electrode, package of six (used for carbohydrate 066480
analyses) included six 2 mil PTFE gaskets
If purchased separately, package of two PTFE gaskets 060141

Reference electrode pH calibration standard
Reference electrode pH calibration standard

SB107-500**
SB115-500**

Equipment and supplies
Thermo Scientific Dionex ICS-5000* HPIC system with:

e Dual Pump (DP)
e Electrochemical detector (ED)

e Electrochemical cell, Reference electrode and
disposable gold working electrode (Au on PTFE)

e Detector compartment with temperature control

e WPS TBPL autosampler with tray temperature
control option (P/N 5823.0020), PEEK needle
(P/N 6820.3025 (15 pL) or 6820.3023 (3.5 pL),
PAEK stator (P/N 6820.0034), Valcon E3 rotor
(6820.0035, PAEK), 2 mL vial tray (6820.4070) and
1.5 (P/N 079812) or 0.3 mL (P/N 055428) vials.

e 4 | Bottle for supplying DI to the ERD 500
(P/N 063292)

e Thermo Scientific™ Chromeleon™ CM7.2 SR4
Chromatography Data System (CDS) software

e Thermo Scientific™ Q Exactive™ Hybrid Quadrupole-
Orbitrap™ Mass Spectrometer*

e Fisher Scientific™ Isotemp™ Digital Dry Bath/Block
Heater (Fisher Scientific P/N 88-860-21)

*This method can be applied to any Q Exactive mass spectrometer

Reagents and standards
e Deionized (DI) water, Type | reagent grade,18 MQ-cm
resistivity or better

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

e Sodium Acetate, anhydrous, electrochemical grade
(P/N 059326)

* 10x PBS buffer (Sigma Aldrich P/N P5493)
e HEPES (Sigma Aldrich P/N H3375-100G)

e Sodium perfluorooctanoate (PFOA, Alfa Aesar
P/N L16988)

e N-glycanase® Ultra (PNGase F, ProZyme, Inc,
P/N GKE-5020D)

* 96 well PCR plate (Fisherbrand, P/N 14230237)

e HyperSep Hypercarb Filter Plate, 40 pL bed volume
(Thermo Fisher Scientific, Rockford, IL, P/N 60110-504)



Sample preparation

Glycoprotein solutions are dissolved to 10 mg/mL in 1x
PBS buffer. Afterwards, 20 pL of glycoprotein solutions
were dispensed in the wells of a 96 well PCR plate. In
order, 2 pyL of 0.5 M HEPES buffer (pH 7.9), 2 uL of

200 mM TCEP solution and finally 2 pL of 12% (w/w)
PFOA detergent solution was added and mixed
thoroughly by pipette action. This mixture was incubated
at 95 °C for 5 min to denature the protein. Two pL of
undiluted PNGase F are added to the mixture followed by
incubation at 50 °C for 5 min. After deglycosylation, the
glycans were purified using graphitized carbon in a filter
plate format.

High-performance anion-exchange
chromatography

A Dionex ICS-5000* HPIC system with WPS autosampler
performs the glycan separations on a 3 x 250 mm
Dionex CarboPac PA200 column with PAD detection

at 0.5 mL/min flow rate. Desalting is accomplished

with a Thermo Scientific™ Dionex™ ERD 500
Electrolytically Regenerated Desalter using 350 mA
current and 3.5-4.0 mL/min regenerant water flow.

The column flow is split immediately post column and
250-300 pL/min (50-60% of the total flow) was diverted
to the suppressor and into the MS.

Mass spectrometry

A Q Exactive Orbitrap mass spectrometer used in
negative ion electrospray mode was coupled to the IC
system. The spray voltage was 3.2 kV and the capillary
temperature was set to 320 °C. The probe heater
temperature was 200 °C. The sheath and auxiliary

gas flow were 30 and 10 respectively (arbitrary units).
MS spectra were acquired at m/z 400-2000 over the
chromatographic separation at 70,000 FWHM resolution.
The MS automatic gain control (AGC) target was set

to 3 x 10° and the maximum injection time was

120 msec. Data dependent MS/MS experiments for

the top 10 ions were performed using a hormalized
collision energy (NCE) of 30 kV. For MS/MS experiments
the AGC target value was 1 x 105, the maximum injection
time was 300 msec and resolution was 17,500 FWHM.
The number of microscans in both MS and MS/MS
experiments was 1, quad isolation window was 1.5 m/z.
The underfill ratio and intensity threshold values were set
at 5 % and 2 x 10% respectively. For data acquisition and
processing,

Thermo Scientific™ Xcalibur™ software 3.0 was used.
MS/MS experiments were evaluated using SimGlycan

v 5.0 software (PREMIER Biosoft, Palo Alto, CA). Support
for SimGlycan is available at Support@premierbiosoft.
com

Eluent preparation

100 mM Sodium hydroxide

It is essential to use high-quality deionized (DI) water

of high resistivity (18 MQ-cm or better) that contains as
little dissolved carbon dioxide as possible. Biological
contamination should be absent. Plastic tubing in the
water system should be minimized, as it often supports
microbial growth, which can be a source of carbohydrate
contamination. It is extremely important to minimize
contamination with carbonate, a divalent anion at pH >12,
because it binds strongly to the columns and interferes
with carbohydrate chromatography, causing a loss of
resolution and efficiency. Commercially available sodium
hydroxide pellets are covered with a thin layer of sodium
carbonate and should not be used. A 50% (w/w) sodium
hydroxide solution is much lower in carbonate and is the
preferred source for sodium hydroxide. Dilute 5.2 mL

of a 50% (w/w) sodium hydroxide solution into 1 L of DI
water to prepare a 0.1 M sodium hydroxide solution. After
preparation, keep the eluent blanketed under UHP grade
nitrogen or UHP grade helium at 34 to 55 kPa (5 to 8 psi)
at all times.

250 (100) mM Sodium acetate in 100 mM
sodium hydroxide

Measure approximately 800 mL of DI water intoa 1 L
graduated cylinder. Add a stir bar and begin stirring.
Weigh out 20.5 g (8.2 for 100 mM) of anhydrous,
electrochemical grade sodium acetate. Add the solid
sodium acetate steadily to the stirring water to avoid
clump formation. After the salt dissolves, remove the stir
bar with a magnetic retriever. Vacuum filter through a 0.2-
um nylon filter. Transfer to a 1 L volumetric flask. Using a
plastic serological pipette, measure 5.2 mL of 50% (w/w)
sodium hydroxide and add it to the acetate solution. Add
degassed DI water to the mark. After preparation, keep
this eluent blanketed under nitrogen or helium at 34 to
55 kPa (8 to 6 psi) at all times. Guidance to help avoid
problems with eluent preparation for HPAE-PAD can be
found in Technical Note 71.2


http://Support@premierbiosoft.com
http://Support@premierbiosoft.com

System configuration and method details Separation conditions

Experimental conditions Gradient 1: Used to resolve neutral and sialylated
Column Dionex CarboPac PA200 glycans from IgG samples

(3 x 250) A: DI water
Eluents A: DI Water

B: 100 mM NaOH

B: 100 mM NaOH C: 100 mM sodium acetate in 100 mM NaOH

C or D: Eluent B with 0.1 M or

0.25 M Sodium Acetate Time (min) A (%) B (%) C (%) Slope
Flow Rate 0.5 mL/min 0.00 4 24 2 5
Column Temperature 30 °C 157'?500 Zi ig 3 2
Detector Temperature 30 °C 44.00 5 0 95 4
Injection Volume 110 pL (microliter pickup option) 48.90 5 0 95 5
Detection PAD: 4-potential carbohydrate 49.00 74 24 ) 5

waveform 74.00 74 24 2 5

2 Hz (see box below)

Gradient 2: Used to resolve glycans released from
Reference Electrode  Ag/AgCl

glycoproteins harboring primarily charged

Working Electrode Au on PTFE 0.002” gasket (sialylated) glycans
Desalting ERD 500 2 mm
Mass Spectrometry ~ Q Exactive MS Scan conditions A: DIH,0
are provided in the Mass B: 100 mM NaOH
Spectrometry Section below C: 250 mM sodium acetate in 100 mM NaOH
Table 2. 4-Potential carbohydrate waveform (Waveform A*) Time (min) B (%) C (%) Curve
0.00 93.60 6.40 5
Time (s) Potential (V) Integration
60.00 52.00 48.00 5
0.0 010 - 75.00 52.00 48.00 5
0.20 +0.10 Begin 75.10 93.60 6.40 5
0.40 +0.10 End 90.10 93.60 6.40 5
0.41 -2.0 —

Gradient 3: An improved gradient used to resolve
0.42 20 _ glycans from mAbs or other glycoproteins
with predominantly neutral glycans

0.43 +0.6 =
A: DIH,O
O.44 0 N B: 100 mM NaOH
0.50 -0.1 — C: 100 mM sodium acetate in 100 mM NaOH
“Waveform A is discussed in TN 21.2 D: 250 mM sodium acetate in 100 mM NaOH
Time (min) A(%) B(%) C(%) D(%) Curve
0.0 50.0 46.5 3.5 0.0 5
17.0 47.0 44.0 9.0 0.0 6
50.0 0.0 0.0 100.0 0.0 5
50.1 0.0 0.0 35.0 65.0 5
54.9 0.0 0.0 35.0 65.0 5
55.0 50.0 46.5 3.5 0.0 5
70.0 50.0 46.5 3.5 0.0 5



Instrument setup and installation

The Dionex ICS-5000* HPIC system is configured for
electrochemical detection, operating under high-pressure
conditions up to 5000 psi. To install this application,

connect the Dionex WPS autosampler and the Dionex
ICS-5000* HPIC system modules as shown below using
the HPAE-PAD/MS Assembly Kit.

Modular HPIC System

Tk

Electrochemkm

Detector Cell
. . T
: NaOAc, Glycans Waste
01M  0.1M NaOH, 024mUmin =5 ]
| NaOH  0.25M NaDAc T 5
- -~ CarboPac CarboPac [LLJ] f
o il oo IC Pump 1 Guard Column
0.5 mL/min ——splitting  SPIt
——— || ICRtmp2 T Control
T | | S Injection
Dionex ICS-5000* @ DI H,0 /
Modular HPIC System ~
m— ‘1 HOAc/Glycans
0.26 mL/min

—_—D) - —

Figure 2. Configuring the IC system for connection to the Q Exactive mass spectrometer.

Electronic configuration

These configuration instructions assume that the
Dionex ICS-5000* HPIC system and Q Exactive Mass
Spectrometer have been installed by Unity Lab Services
(ULS) personnel and is demonstrated to be fully
functional and in calibration.

To configure the coupled instruments, first start the
Chromeleon Instrument Controller program and then
select the link, Configure Instruments, which starts

the Chromeleon Instrument Configuration Manager.
Right-click on the computer name, select the Instrument
to open a drop-down list of modules and select the
WPS Autosampler.

m

General | Shating | Segments / Pump Link | Options | Relays | Inputs | Eror Leveis |

Instal Firware |

Device Name:
I~ Smuation Mode

Module Address:

|usw170504

Retrieve corfiguration frommodle | Send configuationto module |

o |

Apply Help

Select the “Relays” tab and check the “Relay_4" box.

e —

"General | Sharing | Segments / Pump Link | Options  Relays | Inputs | Eror Levels |

Name [ instrument | _Function ]
[ Relay_1 Eng_ICS5-1 Relay 1

[J Relay_2 Eng_ICS5-1 Relay 2

[ Relay_3 Eng_ICS5-1 Relay 3

Relay_4 Eng_ICS5-1 Relay 4 / Inject Out

Deactivate check boxes to remove unused relays.
Hit F2to edit selection or double-click it.

Apply I Help I

o]

Cancel |

Click “OK” and make sure you then click the “Send
Configuration to Module” button to install the changes
you just made to the WPS sampler configuration. When
the Autosampler configuration transfer is finished, click
OK to complete the Sampler configuration, and save the
new configuration by clicking on the “Save Installation
on Instrument Controller” button on the Chromeleon
Instrument Configuration Manager’s Menu Bar.



Install the relay interface cable from the WPS-300TB Ship-kit box to the “Digital I/O” connection 4, and the
positive and negative Digital Out wires to the positive and negative relay inputs, respectively, on the Q Exactive
mass spectrometer.

Electrochemical cell

Always wear gloves when handling the electrochemical
cell. If this is a new ED cell, disassemble the cell and
discard the shipping gasket.

Caution: Do not touch the working electrode with any
paper products, as this can contaminate the working
electrode.

The ED cell is a three-electrode cell: the counter
electrode (cell body), a reference electrode (pH-Ag/AgCl),
and a working electrode (conventional or disposable).
The installation procedures are thoroughly discussed

in the ED User’s Compendium for Electrochemical
Detection.*

The fully assembled cell also includes a yoke block
assembly to tighten the cell and a gasket to create

a thin layer channel around the working electrode.

The installation procedures below describe an
electrochemical cell with a disposable working electrode;
however, the procedures are similar when using a
conventional working electrode. Different gaskets are
available, but we used the 0.002” standard gaskets
supplied with the disposable electrode kits. A support
block is necessary when using a disposable working
electrode, whereas the conventional working electrode is
manufactured in a support block.

Note: Use 18 MQ-cm DI water to prepare standards, eluents,
and autosampler flush solutions. We recommend degassing
of DI water used for eluents in HPAE carbohydrate methods.
(Vacuum filtration can be an appropriate degassing method,
but online-degassing is also an available option on the Dionex
ICS-5000 DP pump module).

Installing the disposable electrode

Install the disposable working electrode over the

gasket with the working surface (Au spot) facing the
gasket. Install the support block firmly over the working
electrode. Attach the yoke block by squeezing the
opposing tabs and sliding it down to the cell body. Align
the yoke block parallel to the cell body and rotate the
yoke block sealing knob clockwise until you hear (or
feel) three “clicks”. The cell with a conventional working
electrode (P/N 061749) is assembled similarly with
appropriate gasket (P/N 045972). For more information
on successful use of disposable working electrodes see
Technical Note 110.5 The support block is not needed
with the conventional working electrode.

Installing the pH-Ag/AgCl reference electrode
into the electrochemical cell

First, condition the pH-Ag/AgClI reference electrode by
removing the storage cap, rinsing the electrode with DI
water to remove the potassium chloride solution, and
calibrating the reference electrode in both pH 7 and pH
10 buffer solutions as described in the next section. The
installation procedures are thoroughly discussed in the
ED User’'s Compendium for Electrochemical Detection.*
Insert the reference electrode into the cell; ensure

that no plugs are installed on the cell inlet and outlet

(to avoid excess hydraulic pressure). Verify that the
pH-Ag/AgCl reference electrode O-ring and spacer

are present, then screw the pH-Ag/AgCl reference
electrode into the reference electrode threads until it is
finger-tight. Orient the cell assembly with the yoke knob
on the bottom left and push the cell onto its mounting
receptacles on the ED electronics case. If the detector is
already installed, connect the reference electrode cable
and the cell cable.



Calibrating the reference electrode

To calibrate the reference electrode, prepare two cups
—one with pH 7 buffer and one with pH 10 buffer. Install
the cell into the ED module and connect the yellow
cable to the yellow port. Install the reference electrode
(blue cable) into the black port. Immerse the reference
electrode in the pH 7 buffer to completely cover the
electrode’s active surface. Select the “pH Calibration”
button on the ED panel in the Chromeleon Panel “Tabset”
and follow the instructions to calibrate the electrode at
pH 7. When finished, continue the calibration with pH 10
buffer. The results appear in the audit trail and on the ED
Calibration panel window. Install the reference electrode
in the ED cell body and reconnect the reference
electrode lead (blue) to the black ED receptacle.

Completing the plumbing
Complete the installation by installing the components in
the HPAE-PAD/MS kit in their respective positions in the
plumbing sequence as indicated in Figure 1 and Table 1.
Ensure that all tubing is bottomed into the fittings and all
ferrules are immovably seated.

Determining flow to the mass spectrometer
The IC/MS connection kit contains three lengths of
0.005” ID (red) tubing to apply backpressure to the ED
cell. These are 90, 100, and 110 cm long. Attach the
100 cm length to the ED cell outlet.

Table 3. Additional conditions to create a program.?®

Page Title \"; (oo [

Measure the suppressor eluent flow

1. Set the pump flow to the initial eluent conditions at
0.5 mL/min, and measure the flow through the
suppressor by collecting the suppressor eluent
channel elution over a 1 min period into a tared vial.

2. Subtract the tare weight (mg) from the collected weight
(mg) to obtain the flow in pL/min.

3. If the flow is less than 50% of the total flow
(i.e., <250 pL/min), stop the pump, and exchange the
100 mm tubing for the 110 mm tubing at the ED cell
outlet. If the flow is more than 60% of the total flow
(>300 pL/min), stop the pump and exchange the 100
mm tubing for the 90 mm tubing at the ED cell outlet.

4. Repeat steps 1 and 2 to verify the eluent flow through
the suppressor is between 250 and 300 pL/min

Creating an instrument method

To create a new instrument method using the
Chromeleon Wizard, select Create, Instrument Method
and select Instrument. Enter the values from the
Chromatographic Conditions section and add those

in Table 3. Save the instrument method.

Action

“Partial” or “pL Pickup” (uL Pickup requires provision of a transport fluid

Injection Mode

vial and related commands in the program. Please see the Dionex WPS

autosampler operators manual)

Loop Overfill 8
Sampler Options
Injection Wash Property
Wait for Temperature
Reference
Select Waveform
EDet Options pH

Data Collection Rate

Autozero Yes

2.00 Hz

After Injection

Click the checkbox
pH-Ag/AgCl

Au, 4-Potential Carbohydrate

Lower limit = 10 Upper limit = 14



Continuous pH and column temperature
monitoring

pH is an important parameter in electrochemical
detection. Unexpected changes in pH can indicate an
unstable reference electrode or improperly prepared
eluents. To implement continuous monitoring of the pH,
open the script section of the method, create an empty
row after EDet. Autozero, insert “VirtualChannel” as
the command line, and enter the commands as shown
in Figure 3. The pH readings will be visible as one of
the channels with each data file. Save the instrument
method. Similarly, add the commands to implement
column temperature monitoring (Figure 3).

Results and discussion

High-performance anion-exchange chromatography is
able to resolve native N-linked glycans released from
glycoproteins with complex glycosylation patterns.®
Figure 4 highlights that after efficient salt removal and
using the set up described here, even minor glycans of
the total glycome released from hu-AGP can be reliably
annotated. For example, peak 3 is a very minor glycan
peak observed in both the PAD and base peak MS
chromatograms. Mass accuracy of the precursor ion is
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outerarm a-1,3
Fucose
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Fucose Fucose
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70
50
40
30
20
10
30 35 40

Relative Abundance
@
g

50 55 60 65 70
Time (min)

0.00 Inject

EDet1.Autozero
Wait Sampler.Ready

0.00 Start Run

EDet1.ED_1.AcqOn
EDet1.ED_1_Total.
AcqOn
Pump_1.Pump_1_
Pressure.AcqOn

“pH",
EDet1.pH,
Type=Analog
Unit="pH’
Evaluate=Yes

VirtualChannel

“Column_Temp”,
DC.Column_
TC.Temperature
Type=Analog
Unit="°C”,
Evaluate=Yes

VirtualChannel

Figure 3. Script commands for continuous pH and column
temperature monitoring.

below 2 ppm, allowing analysts to look up glycans from
different databases (Figure 4). If the requirement is to
obtain detailed structural information, highly informative
MS/MS spectra generated by HCD fragmentation can
be entered in different data search engines, such as
SimGlycan, and structures are rapidly annotated.

Mass accuracy:
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Figure 4. General workflow of high-performance anion-exchange chromatography coupled to mass spectrometry for N-linked glycan
annotation. Glycan annotation is based on the Consortium of Functional Glycomics.”


EDet1.Autozero
Sampler.Ready
EDet1.ED_1.AcqOn
EDet1.ED_1_Total.AcqOn
EDet1.ED_1_Total.AcqOn
Pump_1.Pump_1_Pressure.AcqOn
Pump_1.Pump_1_Pressure.AcqOn
EDet1.pH
DC.Column_TC.Temperature
DC.Column_TC.Temperature

Figure 5 compares traces monitored simultaneously
by the two different detection techniques. As shown,
resolution obtained by electrochemical detection
does not materially deteriorate in the MS base peak
chromatograms.

5 8

8

Relative Abundance
N &2 9 ®

The generated MS/MS spectra, which are rich in
cross-ring fragmentations, allow analysts to identify

5]
8

4 5563 ‘{
J 442,005 \3RO5 4338
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Time (min)

Figure 5. Comparison of PAD and MS traces of N-linked glycans released from
bovine fibrinogen (a and d), hu-AGP (b and c) and bovine fibrinogen (c and f).

known (Figure 6a) and unknown structures (Figure 6b).
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Figure 6. MS/MS spectra annotated from a prewously described (a) and an unknown structure
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The biopharma industry can take advantage of HPAE coupled to MS. While performing glycoprofiling based on data
provided by electrochemical detection (Figure 7a, 7b, and 7d), simultaneous MS and MS/MS data at hand helps
analysts annotate the structures. Isomer peaks can also be identified. For example, the analyst can assign sialic acid
residues in monosialylated structures to antenna position.
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Figure 8. In depth profiling of glycans released from mAbs.



In order to couple the highly selective anion-exchange
separation to mass spectrometers, the sodium ions
must be removed from the eluting glycans. In the
IC-MS approach, this is performed with the Dionex
ERD 500 Electrolytically Regenerated Desalter. This
device employs microporous cation-exchange screens
to transfer the sodium ions from the eluent channel to
the regenerant channel, replacing them with protons.
In this manner, the sodium ion exchange from protons
generates dilute acetic acid that assists ionization of
neutral glycans in the MS (and fragmentation in MS/MS,
see Figure 6). Figure 9 examines the conductivity of the
eluent after passage through the desalter.

The gradient used to resolve N-glycans found on IgG
includes an initial curved gradient segment followed
by a linear increase in sodium acetate and hydroxide.
In order to verify consistent sodium removal by the
desalter, this method was applied in sequence for
several cycles including blanks, water samples and
glycan injections, with conductivity detection. This test
reveals that conductivity increases non-linearly with

a linear increase in acetic acid concentration, as is
expected for weak acids.

Another important aspect of desalting is the impact of
passage through the Dionex ERD 500 Electrolytically
Regenerated Desalter on peak resolution. Typically
anionic (sialylated or sulfated) oligosaccharides are
repelled by the anionic membranes in the desalter, and
this helps maintain peak shape. For these glycans, peak
resolution before the desalter is very similar to that after
passing through the Dionex ERD 500 Electrolytically
Regenerated Desalter. Neutral glycans are not repelled
by the desalter membranes, so resolution of these
glycans may deteriorate during desalting. In order to
characterize this possibility, we examined peak resolution
of neutral N-linked glycans before and after passage
through the Dionex ERD 500 Electrolytically Regenerated
Desalter after allowing the membranes to be fully
exhausted (Figure 10).

In the two pairs of traces in Figure 10, glycan resolution
before and after passage through the desalter is
compared. Neutral N-linked glycans from Bovine
RNAse-B (Ribo-B) (top two traces) and Porcine gamma
globulin (PGG) (bottom two traces) were each separated
using the same gradient and detected by PAD before
(bottom of each set) or after (top of each set) passage
through the 2 mm Dionex ERD 500 Electrolytically
Regenerated Desalter. The peak labels indicate the
resolution values as measured by the statistical moments
method, which is available in the Chromeleon CDS
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Figure 9. Reproducibility of desalter function during IgG-glycan separation.
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Figure 10. Effect of a 2 mm Dionex ERD 500 Electrolytically Regenerated
Desalter on neutral glycan resolution.

software. This measurement employs every data point
in each peak, therefore representing the most thorough
chromatographic resolution measurement. For the
Ribo-B glycans, the average change in neutral glycan
resolution after passage through the 2 mm Dionex
ERD 500 Electrolytically Regenerated Desalter was

+ 2.07%. For the porcine gamma globulin glycans,

the average change after passage through the 2 mm
Dionex ERD 500 Electrolytically Regenerated Desalter
was + 10%. Not all peaks exhibit greater resolution
after passage through the desalter, so these values are
likely within the variability of the measurements. This
demonstrates that the Dionex ERD 500 Electrolytically
Regenerated Desalter does not significantly degrade
neutral peak resolution for the downstream (MS)
analyses.



Conclusions

Separation by HPAE is based on charge, linkage and
positional isomerism, and fucosylation, resulting in
excellent separation of many different glycan isomers.
Using this new workflow, 53 unique N-glycans were
identified from hu-AGP, and N-glycans from three
different relevant mAbs were annotated, showing

many common and several individual features. Adduct
formation with acetate enhances MS fragmentation,
producing diagnostic ions that support structural
elucidation of neutral N-glycans. The conditions
employed for desalter regeneration deliver reproducible
removal of sodium ions. The desalter does not materially
degrade glycan resolution between the column and the
downstream MS probe. HPAE-PAD/MS is an excellent
tool to profile and annotate complex mixtures of

native N-glycans released from different glycoproteins
and provides a different selectivity than other glycan
separation techniques that have been coupled to MS.
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