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e A new optimization approach for LC-
IM-MS based metabolomics methods
was developed.

e Nine parameters were optimized
with an experimental design
approach.

e lonization parameters, chromato-
graphic flow rate, wave velocity and
drift gas flow rate were the investi-
gated factors.

e Optimum conditions were defined
for both electrospray source and ion
mobility settings.
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High-resolution mass spectrometry coupled with pattern recognition techniques is an established tool to
perform comprehensive metabolite profiling of biological datasets. This paves the way for new, powerful
and innovative diagnostic approaches in the post-genomic era and molecular medicine. However,
interpreting untargeted metabolomic data requires robust, reproducible and reliable analytical methods
to translate results into biologically relevant and actionable knowledge. The analyses of biological
samples were developed based on ultra-high performance liquid chromatography (UHPLC) coupled to
ion mobility - mass spectrometry (IM-MS). A strategy for optimizing the analytical conditions for
untargeted UHPLC-IM-MS methods is proposed using an experimental design approach. Optimization
experiments were conducted through a screening process designed to identify the factors that have
significant effects on the selected responses (total number of peaks and number of reliable peaks). For
this purpose, full and fractional factorial designs were used while partial least squares regression was

* Selected paper from 15th Chemometrics in Analytical Chemistry Conference,

22-26 June 2015, Changsha, China.

* Corresponding author. Université de Rouen, UMR 6014 COBRA/IRCOF, 1 Rue

Lucien Tesniére, 76130 Mont Saint Aignan, France.

** Corresponding author.

E-mail addresses: abdellah.tebani@chu-rouen.fr (A. Tebani), carlos.afonso@univ-

rouen.fr (C. Afonso).

http://dx.doi.org/10.1016/j.aca.2016.02.011

0003-2670/© 2016 Elsevier B.V. All rights reserved.


mailto:abdellah.tebani@chu-rouen.fr
mailto:carlos.afonso@univ-rouen.fr
mailto:carlos.afonso@univ-rouen.fr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.aca.2016.02.011&domain=pdf
www.sciencedirect.com/science/journal/00032670
www.elsevier.com/locate/aca
http://dx.doi.org/10.1016/j.aca.2016.02.011
http://dx.doi.org/10.1016/j.aca.2016.02.011
http://dx.doi.org/10.1016/j.aca.2016.02.011

56 A. Tebani et al. / Analytica Chimica Acta 913 (2016) 55—62

used for experimental design modeling and optimization of parameter values. The total number of peaks
yielded the best predictive model and is used for optimization of parameters setting.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The concept of “metabolome” refers to the comprehensive
analysis of all metabolites present in a given biological system,
fluid, cell or tissue [1,2]. Metabolites can be defined as small organic
molecules involved in or resulting from enzymatic reactions. So,
metabolomics is one of the “omics” approaches based on
biochemical and molecular characterizations of the metabolome
and the changes in metabolites related to genetics, environment,
drugs or diet and other factors [3]. Two different analytical ap-
proaches may be used in metabolomics studies: targeted and
untargeted. The targeted approach relies on the measurements of a
specific subset of metabolites, focusing typically on pathways of
interest. However, the untargeted approach has the advantage of
simultaneously measuring as many metabolites as possible in a
biological sample. To achieve this goal, different analytical strate-
gies have been developed. Most of them are based on nuclear
magnetic resonance (NMR) or mass spectrometry (MS) [4]. How-
ever, due to the superior sensitivity of mass spectrometry [5], the
predominant analytical methods are nowadays based on hyphen-
ated approaches combining chromatographic separation and MS. In
metabolomics, the separation step prior to MS analysis reduces the
high biological sample complexity and gives access to the differ-
entiation of isomeric species that cannot be easily done by MS
alone. This also decreases ion suppression effects and enhances
sensitivity. Liquid and gas chromatography are the most commonly
used separation techniques [G]. Recently, approaches using gas
phase separation, namely ion mobility spectrometry (IMS) [7] are
gaining in interest [8—14]. Indeed, integrated with high resolution
mass spectrometry (HRMS) and liquid chromatography (LC-IM-
MS), IMS provides additional analyte selectivity without signifi-
cantly compromising the speed of MS-based measurements. The
MS dimension affords accurate mass information while the IMS
dimension provides molecular, structural and conformational in-
formation. Indeed, combining ion mobility spectrometry with
hybrid mass spectrometry instruments offers an additional sepa-
ration dimension for more comprehensive analysis of complex
mixtures [10,15—17]. In addition, the drift time determined from
the IMS analysis can be converted to the ion collision cross section
(CCS) which is an intrinsic property of the analyzed ion and is
therefore a very robust parameter that can be used together with
the m/z determination for compound identification. Furthermore,
having access to retention time, mass and molecular density ob-
tained by the combination of LC-IM-MS allows integration of
measurements that enhances molecular identification [18]. UHPLC-
IM-MS heat map showing the multidimensionality of the data
acquisition is presented in Fig. 1. So far, HRMS coupled with pattern
recognition techniques is an established tool to obtain compre-
hensive metabolite profiling from biological datasets [19—21].
However, interpreting untargeted metabolomics data requires
robust, reproducible and reliable analytical methods to translate
results into biologically relevant and actionable knowledge [22].
This paves the way for new, powerful and innovative diagnostic
approaches in the post-genomic era [23—25]. Metabolomics studies
include sequential and integrated steps spanning from the biolog-
ical question to data interpretation. It includes sample storage,
sample pretreatment, data acquisition and processing, multivariate

statistical modeling, validation, and interpretation. The final result
is highly dependent on the quality of each step [3]. Metabolomics
being primarily a data-driven and hypothesis generating tool,
optimized and standardized protocols for most of these steps are
essential to retrieve reliable, reproducible and interpretable infor-
mation from generated data [26]. Previously described optimiza-
tion protocols of MS based untargeted metabolomic methods are
mainly based on the assessment of endogenous metabolites or
signals of added standards [27—30]. However, these optimization
approaches are, to some extent, restrictive and dependent on the
standards used or endogenous metabolites chosen. To keep the
intrinsic and vital property of untargeted metabolomics - which is
to cover as much as possible metabolites present in the studied
sample - a global optimization approach is needed to take into
account all the detectable metabolites. Here we propose a strategy
for optimizing untargeted UHPLC-IM-MS methods using an
experimental design approach to address this issue. Design of ex-
periments (DoE) is a formalized procedure in which specific and
controlled modifications are made to a given system of input var-
iables in order to create predictive mathematical models that allow
the optimization of the monitored response variables of the system
as a function of the applied modifications. DoE may thus be used to
explain the system's changes. The main advantage of using DoE is
its ability to generate optimized experimental parameters with a
minimum of experiments [31—33]. Hence, DoE is an effective and
economical solution to experimental modeling and optimization. A
general workflow of an experimental design approach is shown in
Fig. 2. The aim of the present study was to optimize the analytical
conditions of an LC-IM-MS system using a DoE approach.

2. Experimental
2.1. Reagents and chemicals

Methanol and acetonitrile were purchased from VWR Chemicals
(France), ultrapure water (18 MQ) from Millipore (Molsheim,
France) and formic acid from Fluka (Saint Quentin Fallavier, France).
The chemicals used were of analytical grade. Leucine Enkephalin
(Sigma—Aldrich) at a concentration of 2 ng/L (in acetonitrile/water,
50/50) was used as reference for mass measurements.

2.2. Sample preparation

Four different human sera from volunteers in our laboratory
staff were used to create a pooled sample. A small volume of each of
the individual samples was mixed into a pooled sample. Two di-
lutions (1/2 and 1/4) were made from this pool and 100 pL of the
pooled sample and dilutions were treated with 300 pL of methanol.
The resulting samples were then mixed using a vortex mixer for
20 s, left on ice at 4 °C for 60 min to allow protein precipitation,
then centrifuged for 15 min at 15,000x g. Supernatant of each
sample was dried. Dried extracts were suspended with 100 pL of
Acetonitrile/Water 50/50.
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