
Cartridges - AssayMAP disposable Cartridges (Figure 3) contain a 5-μl bed, which 
can be packed with any chromatography resin or immobilized enzyme between 15- 
and 100-μm particle size.  The packed bed is under compression and is retained by 
molded-in support filters, enabling flow in either direction on an AssayMAP Bravo.  
Immediately above the bed is a conical inlet seal, similar to a miniature Luer fitting, 
which fits a specially designed, Liquid Handling Probe Syringe to provide a clean, 
high-pressure seal.

Probe-Syringe Automation System - AssayMAP Cartridges are operated 
on AssayMAP Bravo, a modified, 96-channel, liquid handler, which 
incorporates probe syringes with ultra-low dead volume, that connect 
directly to the inlet seal.  The 250-μl Probe Syringes (Figure 4) provide 
highly precise, positive-displacement 
flow control through the Cartridges in 
either direction over a flow-rate range 
of  0.1 to 5,000 μl/min (residence 
times of  50 to 0.1 min), and can 
dispense through the Cartridges at 
>15 bar pressure, if  necessary.  The 
Probe-Syringe Head also can directly 
aspirate or dispense liquids, or utilize 
pipet tips for conventional liquid handling.  All 96 Cartridges can be run 
simultaneously, or any smaller number (such as single rows or columns, or 
even a single Cartridge) can be utilized in a run.

The AssayMAP Bravo Syringe Head can be quickly replaced with other 
Bravo heads, including a 384-channel pipetting head.  The AssayMAP 
Bravo deck incorporates a cartridge wash-station, and can include other 
accessories, such as a mixer/
heater/cooler block.  The 
Assaymap Bravo can be 
easily integrated into larger 
automation systems for more 
complex functionality.

Methods
An AssayMAP Bravo was 
set up in ProZyme’s facility 
to perform feasibility studies using draft procedures for liquid handling 
automation.  GlykoPrep Modules were processed with some manual 
manipulation, but all functions involving the Cartridges were performed 
by the Syringe Head; for example, enzymatic digestion was performed 
with a heater on deck, but APTS labeling incubation was performed 
offline. 

Abstract
Until recently, sample preparation for glycoanalysis has been a manual, complex 
and multi-day process that usually limits analysis to only the most critical decision 
points.  To address the growing need for increased throughput of  N-Glycan 
profiling, we present feasibility studies using the GlykoPrep Sample Preparation 
Platform (GlykoPrep) on the Agilent Technologies AssayMAP Bravo Workstation, 
encompassing the Bravo Liquid Handling System with the 96AM Syringe Head 
(AssayMAP Bravo, Figure 1), and compare throughput, time to results and data 
quality for two orthogonal analytical methods. 

Introduction
Increases in cell-culture expression levels have the potential to significantly reduce  
post-translational modifications, specifically glycosylation, of  the therapeutic 
protein, which may affect its efficacy.  N-Glycan profiling, using a wide array of  
analytical methods, is the core method for monitoring changes in N-glycosylation, 
and demand for this type of  characterization is on the rise.  Manual, in-solution 
sample preparation for N-Glycan profiling is complex and tedious, and can 
become a major bottleneck and source of  variability, precluding its use in screening 
applications, such as clone selection and cell-culture optimization.  

The GlykoPrep N-Glycan 
Sample Preparation Kit 
(GlykoPrep Kit) has 
significantly improved 
throughput and data 
quality, but until now has 
been limited to a manual, 
spin format.  GlykoPrep 
incorporates AssayMAP 
high-throughput, 
microchromatography 
Cartridges, which 
have been specifically 
designed for the AssayMAP Bravo, capable of  chromatographic separations, 
chemical reactions and enzymatic digestions.  Figure 2 shows the Modules and 
their individual steps for the GlykoPrep Kit, incorporating the essential functional 
steps of  the current manual, in-solution method, to generate N-Glycans suitable 
for analysis by a number of  analytical systems.  This poster presents preliminary 
results for the GlykoPrep Kit on AssayMAP Bravo using human IgG (hIgG), with 
the goal of  high throughput, walkaway sample preparation with equivalent or better 
data quality to the manual GlykoPrep Kit.  In addition, if  AssayMAP Bravo can 
handle as complex a process as GlykoPrep, then other simpler protocols may also 
be readily achievable.

Various GlykoPrep Modules were used in combination on the AssayMAP Bravo 
to generate each set of  data specific to the analytical method.  The GS96-RX 
Reaction Module was used to denature, bind 50 μg hIgG to each RX Cartridge 
and enzymatically release N-Glycans in 15 minutes.  The released N-Glycans were 
labeled with one of  the fluorophores indicated in Table 1, and processed with its 
associated Cleanup Module to remove excess labeling reagents and other buffer 
salts, according to the specific fluor protocols; labeled N-Glycans were then eluted 
in water, ready for analysis.  The fluorophores were chosen based on the desired 
analysis method.

Rapid screening methods were chosen because time to results were critical to enable 
multiple rounds of  results for additional script optimization.  Lower data quality 
was deemed acceptable to accomplish the desired goal, and only final results are 
presented here.  Note that normalized chromatograms were overlaid and adjusted 
to the maximum peak height.  Analytical procedures are available upon request.

Results
The samples.  N-Glycans from hIgG are a mixture of  neutral, mono- and di-sialylated 
biantennary oligosaccharides, some containing bisecting GlcNAc and/or core 
fucose; high-mannose N-Glycans were observed as minor species.  Table 2 shows 
the N-Glycan notations and associated structures used herein.

InstantAB labeling performed on the AssayMAP Bravo yielded consistent results. The overlaid 
and normalized HPLC chromatograms in Figure 5A are 24 replicate samples of  
hIgG processed simultaneously on the AssayMAP Bravo.  A rapid (10-minute) 
UHPLC method was used, which retains resolution for contiguous peaks.  Replicate 
profiles were normalized to demonstrate sample-to-sample relative abundance.  
Relative abundances of  N-Glycans measured by percent peak area are comparable 
(Figure 5B; results Table 3, left panel).

InstantAB labeling on Bravo vs Spin Format.  Results for hIgG run on the AssayMAP 
Bravo are comparable to the current spin format (Figure 6, results Table 2).  
Further development will decrease CV’s for AssayMAP Bravo.

APTS labeling performed on the Bravo yielded consistent results for hIgG.  The overlaid and 
normalized CE/LIF chromatograms in Figure 7A represent 16 replicate samples of  
hIgG processed simultaneously on the Bravo.  A rapid (15-minute) CE/LIF method 
was used, and with this method several of  the N-Glycans co-elute.  Examples are 
(G2, G1F and G1FB) and (G1FB and G2B).  Replicate profiles are normalized to 
demonstrate sample-to-sample relative abundance.  The relative abundance of  the 
N-Glycans measured by percent peak area are comparable (Figure 7B; results 
Table 4, right panel).

Discussion
Our results demonstrate that the complex procedures represented by N-Glycan 
analysis using the GlykoPrep Kit can be effectively automated on the AssayMAP 
Bravo.  Reducing sample preparation time reduces overall time to results and, when 
96 samples are processed simultaneously, increases throughput.  The excellent 
reproducibility of  the AssayMAP Bravo also reduces the variability generated in 
the manual, multi-step sample preparation process.  Sample preparation can be 
completed in ~2 hours, allowing preparation of  hundreds of  samples during a work 
day.  Data quality for relative N-Glycan profiling was improved over the manual 
GlykoPrep Kit using InstantAB labeling vs. historical data.  Alternatively, APTS 
and other dyes using reductive amination labeling produce similar improvements in 
results.

Orthogonal methods can be useful for confirming peak identities that might have potential co-
migrating species.  In this case HILIC UHPLC chromatography and CE/LIF were 
used to demonstrate the utility of  this approach.   In the CE/LIF electropherogram 
(Figure 7A), co-eluting species are observed between 10.8 and 11.3 minutes, while 
in the UHPLC chromatogram (Figure 5A) these species were resolved.  In Table 4 
the relative abundance of  various N-Glycan species are compared indicating good 
agreement between these methods.

Conclusions
AssayMAP Bravo demonstrated improved throughput, faster time to results for sample 
preparation, and improved data quality using two orthogonal analytical methods.  Agilent is 
committed to commercializing GlykoPrep on the AssayMAP Bravo.
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Figure 2 - GlykoPrep™ Modules and Individual Steps of N-Glycan Sample Preparation

Figure 1 -  AssayMAP® 
Bravo® Workstation

AssayMAP Cartridges

Figure 4 - Probe Syringe Liquid Handling

Table 3 -  AssayMAP Bravo vs. Spin 
Format Percent peak areas of InstantAB™-
labeled hIgG N-Glycans prepared using the Assay-
MAP Bravo (24 samples, left) vs. the current spin 
method (8 samples, right)

Figure 6 - GlykoPrep N-Glycan Sample Preparation: AssayMAP® 
Bravo® (Green) vs. Manual Spin Format (Blue) % Peak Areas for 
hIgG (see Table 3 for results)

Figure 5 - InstantAB™  
(A) UPLC overlays of InstantAB-Labeled hIgG Glycans prepared using the AssayMAP Bravo (24 replicates normalized and manually overlaid) 
(B) Percent Peak Areas of InstantAB-lableled hIgG Glycans (see Table 3 left panel for results)
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Table 1 - N-glycan Fluorophores, Labeling Chemistries and CleanUp

Table 2 - N-Glycan Notations and Associated Structures

Figure 7 - APTS  
(A) CE-LIF overlays of APTS-Labeled hIgG Glycans  prepared using the AssayMAP® Bravo® (16 replicates manually overlayed and normalized); 
(B) Percent Peak Areas of APTS-Labeled hIgG Glycans (see Table 4, right panel for data)

Figure 8 - Comparison of hIgG N-Glycans Using Orthogonal 
Methods  Relative peak areas for InstantAB™/UPLC (left) vs. APTS/CE/LIF 
(right); Error bar is 1 standard deviation (see Table 4 for data)

Table 4 - Relative Peak Areas of hIgG 
N-Glycans Using Orthogonal Methods  
Left column, InstantAB label, UPLC anlysis 
(24 samples); Right column, APTS label, 
CE/LIF analysis
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