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PURPOSE

To demonstrate the use of the newly developed Thermo Scientific™ Vanquish™ Horizon Duo UHPLC
system for Tandem LC-MS workflows and enable peptide mapping analysis with two columns in parallel,
addressing productivity and throughput improvement of existing LC-MS methods.

OBJECTIVES

Common liquid chromatography (LC) methods with gradient elution can be segmented into an analytical
gradient section and a reconditioning section. The gradient section is responsible for the actual
chromatographic separation, while the reconditioning section is used for the column wash and re-
equilibration for the next injection (Figure 1). The process of column re-equilibration involves replacing the
mobile phase between the particles (interparticle), within the pores of the particles (intra-particle), and in the
interfacial region between the mobile phase and stationary phase.! Good and accepted practice suggests
using at least five column volumes to sufficiently equilibrate the analytical column.? If a column is required to
be equilibrated with a buffered mobile phase or with a mobile phase containing an ion pair reagent, the
required equilibration time is even longer. Depending on the column dimensions, gradient length, and flow
rate, typically 10-60% of the total runtime is consumed by these column reconditioning steps within the
gradient method

Figure 1. Gradient and reconditioning section of a common LC method. Figure 2. Standard LC-MS method compared to tandem LC-MS
method.
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METHODS

Sample Preparation

A commercially available monoclonal antibody infliximab drug product (Hospira UK Limited, Leamington Spa,
United Kingdom) was supplied at a concentration of 10 mg/mL in a formulation buffer. A 50 pL infliximab
sample, adjusted to 2 mg/mL with water, was diluted 1:4 (v/v) with the digest buffer provided in the Thermo
Scientific™ SMART Digest™ kit. The solution was then transferred to a reaction tube containing 15 pL of the
SMART Digest resin slurry, corresponding to 14 pg of heat-stable immobilized trypsin. Tryptic digestion was
allowed to proceed at 70 °C for 45 min at 1400 rpm. After the digestion, the reaction tube was centrifuged at
7000 rpm for 2 min, the supernatant was transferred to a new tube, and the centrifugation step was repeated
The non-reduced sample was diluted with 0.1% formic acid (FA) in water to a final protein concentration of
100 ng/pL, and 1.0 pg was loaded on the column for all runs.

Data Analysis
The data were acquired and analyzed exclusively with the Chromeleon CDS, version 7.2.8

Test Method(s)

The Vanquish Horizon Duo UHPLC system for Tandem LC-MS workflows with two 2.1 x 250 mm i.d. Thermo
Scientific™ Acclaim™ Vanquish™ C18 columns and gradients of water and ACN with 0.1% formic acid each
were used to separate the peptide mixtures. Figure 3 shows the Vanquish Duo UHPLC system chosen for
this setup, consisting of two binary high pressure gradient pumps (HPG) used as an analytical pump and a
reconditioning pump.

METHODS

To enable the Tandem LC workflow, the
corresponding fluidic description has to be
selected within the Thermo Scientific™
Chromeleon™ Chromatography Data System
(CDS). Implemented in Chromeleon CDS is
also a specific Tandem LC method wizard
(Figure 4), which enables straight forward . o e
transformation of existing methods into ) 5| (muming
Tandem LC methods. e —_—= L«

Table 1. LC gradient conditions for the

Figure 3. Vanquish Horizon Duo
2 ! separation of the mAb digest.

for Tandem LC-MS workflows

Analyical Pump

The lower and upper switching valve of the - -
Thermo Scientific™ Vanquish™ . toning Pump
Thermostatted Column Compartment (VTCC)
was used to switch between the two flow
paths and two analytical columns (Figure 3).
The analytical pump was utilized to deliver a
water/acetonitrile + 0.1% formic acid gradient
(Table 1) to separate the peptides on one
column. Simultaneously, the second column,
offline from the mass spectrometer, was
subject to a multi-step wash and equilibration B —
gradient delivered by the reconditioning pump (Table 1) prior to being switched online for the next injection

A multi-step wash section with repeated up and-down gradients was used to increase the washing efficiency
and to reduce carryover for very big and non-polar tryptic peptides.? At the end of the gradient, the analytical
pump was set to initial conditions at 40.0 min to perform a void volume purge and equilibrate the fluidics
from the analytical pump to the lower switching valve for the next injection. At 40.9 min, the lower and upper
switching valve changed the position and the next sample was immediately injected on the pre-equilibrated
analytical column.

In LC-MS setups a UV detector is not always needed. This setup used the Thermo Scientific™ Vanquish™
Variable Wavelength Detector (VVWD) to monitor the reconditioning step, to ensure that no peptides were
eluting from the column during this stage, and to confirm proper column equilibration.

The Thermo Scientific™ Q Exactive™ HF hybrid quadrupole-Orbitrap mass spectrometer was used for
detection. The detailed MS source and method parameters are given in Table 2.

Figure 4. Chromeleon CDS Tandem LC

qethod wizard, Table 2. MS source and method parameters.
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RESULTS

Using the Vanquish Duo Tandem LC-MS workflow for
peptide mapping experiments, or more precisely for the
separation of the tryptic digested monoclonal antibody
infliximab, gave reproducible and confident results as
demonstrated in the total ion current (TIC)
chromatogram overlay of five replicates (Figure 5) on
two analytical columns with automated alternating
column regeneration

Figure 5. Reproducible results for the Vanquish Duo system for Tandem LC
- Q Exactive HF MS setup, showing the overlay of five TIC

Table 3. Reproducible results for the Vanquish Duo System for Tandem
LC - Q Exactive HF MS setup with detailed RSD values for infliximab.
tryptic peptides for column A/8 in tandem and single column operation
based on the TIC chromatograms shown in Figure 5.

for the separation of digested infliximab using the SMART Digest it
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Retention time relative standard deviation (RSD)
values below 0.11% were achieved for the UHPLC
system in tandem column operation compared to
0.045% and 0.039% for the single column setup.
Polar tryptic peptides eluting between 0 and 14 min
had the highest RSD values up to 0.18%, and the
heavy chain peptide (D151-Y183) at 30.85 min had
the lowest with 0.064% (Table 3)

The average absolute retention time shift between
column A and column B was 0.023 min (relative, 0.18
%) and shows that peak assignment based on
retention time is not impaired. An average peak area
RSD value of 2.47% demonstrates the suitability for
quantitative data analysis using the tandem LC setup.
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The advanced wash and reconditioning method used in
this study enables significant reduction of
protein/peptide column carryover and can also be
individually optimized by reducing or increasing the flow
rate during the method. The UV trace used to
exclusively monitor the wash and equilibration step of
the reconditioning pump showed reproducible results
for all runs (Figure 6).

Figure 6. Overlay of ten chromatograms of the tandem LC reconditioning
step.
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CONCLUSIONS

=The Vanquish Horizon Duo UHPLC system for Tandem LC-MS workflows enables a throughput increase
up to 40% without changing the actual gradient of the existing peptide mapping method.

=The retention time RSD values are below 0.11% for the tandem and single column operation. In this study,
peptide mapping methods were used to demonstrate the capabilities of a tandem LC setup, but it can be
applied to other methods and samples as well

=Both Chromeleon 7.2.8 and Thermo Scientific™ SlI for Xcalibur™ version 1.4 support the Vanquish Duo
Tandem LC-MS workflows.
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