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Research Article

New insights into the conversion of
electropherograms to the effective
electrophoretic mobility scale

CE–MS is increasingly gaining momentum as an analytical tool in metabolomics, due
to its ability to obtain information about the most polar elements in biological samples.
This has been helped by improvements of robustness in peak identification by means of
mobility-scale representations of the electropherograms (mobilograms). As a necessary
step toward facilitating the use of CE–MS for untargeted metabolomics data, the authors
previously developed and introduced ROMANCE, a software automatingmobilogram gen-
eration for large untargeted datasets through a simple and self-contained user interface.
Herein, we introduce a new version of ROMANCE including new features such as com-
patibility with other types of data (targeted MS data and 2D UV-Vis absorption-like electro-
pherograms), and themuch needed additional flexibility in the transformation parameters
(including field ramping and the use of secondary markers), more measurement condi-
tions (depending on detection and integration modes), and most importantly tackling the
issue of quantitative peak conversion. First, we present a review of the current theoretical
frameworkwith regard to peak characterization, andwe develop new formulas formultiple
marker peak area corrections, for anticipating peak position precision, and for assessing
peak shape distortion. Then, the new version of the software is presented and validated
experimentally. We contrast the multiple marker mobility transformations with previous
results, finding increased peak position precision, and finally we showcase an application
to actual untargeted metabolomics data.
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� Additional supporting information may be found online in the Supporting Infor-
mation section at the end of the article.

1 Introduction

Due to the different nature of analytes present in biologi-
cal systems, a panel of complementary separation and detec-
tion techniques is needed to increase the amount of infor-
mation retrieved in metabolomic studies. In the case of CZE,
the mechanism driving the separation makes it particularly
well suited for the analysis of polar and charged molecules
[1]. Even though a significant fraction of the most commonly
studied metabolites falls within this category, the use of CE
still remains quite limited in the field of metabolomics [2, 3].
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Compared to other techniques such as LC or GC, where
the retention of the analyte can be used to identify the
unknowns along with other properties such as the accurate
mass or the fragmentation pattern, the use of migration
times in CE presents the disadvantage of being a much less
robust parameter. Relative migration times can be useful, but
they are unable to adequately cope with the effect of constant
parameters such as the application of a pressure to assist the
EOF during the separation. Effective electrophoretic mobility
is a much more robust option, and it constitutes a better
alternative for the identification of metabolites since it is a
molecular property, which depends only on the nature of the
chosen BGE and separation temperature [4–6].

In spite of its convenience, calculation of electrophoretic
mobilities is a tedious process, and so we previously
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developed ROMANCE, a software allowing the automation
of the process of converting batches of CE–MS files into effec-
tive electrophoretic mobility scale [7]. As it has been already
described, files using this x-axis instead of time scale, present
several advantages such as constant peak position for a given
compound, no need for alignment and better shareability of
experimental and reference data between different labs. Nev-
ertheless, our previous article was focused on how the use of
the electrophoretic mobility scale could improve metabolite
annotation, while paying little attention to the influence of the
time-to-electrophoretic mobility conversion on the peak area.

We herein present ROMANCE v2.0, a new version of the
software developed to take into account new operational sce-
narios such as nonconstant electric fields, the use of more
than one reference compound, and the influence of the con-
version or the detection type on the peak area. These and
other relevant fundamental considerations are described be-
fore illustrating their utility and performance using a panel of
reference compounds, and a metabolomics study conducted
on a set of cell culture samples.

2 Theory

In this section, we will present formulas to transform migra-
tion times to effective electrophoretic mobilities, taking into
account nonconstant fields and the possibility of using more
than onemarker in the spirit of [8, 9]. The effect of these trans-
formations on peak areas will be reviewed generalizing the re-
sults in [10]. Finally, we will study their impact on peak shapes
giving quantitativemeasures of peak displacement and defor-
mation, and from them we will propose a priori rules for the
optimization of precision of peak position.

Only the final formulas will be discussed in the
manuscript, since the interested reader can find their de-
tailed derivation in the Supporting Information (Section E)
and elsewhere [11].

2.1 Effective electrophoretic mobility

2.1.1 Migration under nonconstant fields

Let us assume the presence of a ramp time tR over which the
electric field will change up to a final constant value. This
ramp time will always be smaller than the migration times
of the analytes, tM.

The whole contribution of the shape can be summed up
in a shape parameter, λ, that can be computed from τ = t/tR
as:

λ = 1−
∫ 1

0
SR(τ ) dτ, (1)

where SR(τ ) is a function defined on the [0, 1] × [0, 1] square
describing the dimensionless shape of the ramp, such that
the integral is just the area of the square above the ramp.

The electroosmotic mobility μBGE is highly variable, and
needs to be determined run by run. Being just an offset, by
measuring also the migration time tmarker of a substance of
known effective mobility μmarker we arrive at:

μ(tM) = μmarker + L
Em

(
1− λtRvp

L

)

×
(

1
tM − λtR

− 1
tmarker − λtR

)
, (2)

where μ is the effective electrophoretic mobility of the ana-
lyte, Em the final value (i.e., after the ramp) of the electric field,
vBGE the speed of the BGEflow,μBGE is the electroosmoticmo-
bility of the BGE, and vp is a constant term generated by the
application of a pressure gradient along the capillary.

A detailed derivation of 2 can be found in Supporting In-
formation Section E.1.

Solving for the effective mobilities, taking tmarker as the
migration time of the EOF, tEOF, which has effective mobility
μEOF = 0, and if there is no ramp time, we have just the usual
formula:

μ(tM) = L
Em

(
1
tM

− 1
tEOF

)
. (3)

However, when a ramp is present there is another un-
known parameter, vp, which depends on the applied pressure,
temperature, or viscosity of the fluid. Just as for μBGE (and
unlike L or Em) we cannot expect to know its value on a run
by run basis. There is an intuitive reason for the appearance
of this parameter in the equation. In the absence of a ramp,
the time it takes for an analyte to traverse the capillary is di-
rectly proportional to the sum of the speeds induced by the
(constant) electric field and the (constant) pressure. This sin-
gle combined speed parameter can be rewritten in terms of
single experimental value—in particular, the observed time
of the marker. In the presence of a ramp, the speeds of the
analytes change over time in a nonlinear fashion, and in par-
ticular the contributions to overall speed from pressure and
electric field are not constant with respect to each other. This
means that we can use a single marker to remove the param-
eter from a single contribution –electric field or pressure, but
not both at the same time.

2.1.2 Two-marker formulas

We can apply the same reasoning as for μBGE: eliminate an
unknown instrumental parameter with a measurable marker
property. The idea goes back to [9, 12], where it is applied to
other sources of time shift, although without considering the
implications on peak area and always assuming one of the
markers to be the EOF.

In short, take a second marker (tB, μB) and if one of the
two markers is the EOF, say the second marker μB = μEOF =
0:

μ(tM) = (tM − tEOF)(tA − λtR)
(tA − tEOF)(tM − λtR)

μA. (4)

© 2021 The Authors. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com



Electrophoresis 2021, 42, 1875–1884 General, CE and CEC 1877

In this form, it interpolates between zero mobility, for ana-
lytes arriving with the EOF (tM � tEOF), and mobility μA, for
analytes arriving with A. As in the general two-marker for-
mula, the interpolation is not linear with respect to time.

The two-marker formula in Eq. (4) has the additional ad-
vantage, already seen in [9] that it does not depend on vp, E ,
or L.

As a summary, it can be said that the mobility of a peak
with migration time tM, in a capillary of length L, with a max-
imal electrical field Em and a linear field ramp of length tR is:

μ = L
Em

(
1

tM − tR/2
− 1

tEOF − tR/2

)
, (5)

as a function of the EOF time tEOF, and neglecting contribu-
tions from the backpressure. If another marker with mobility
μA and time tA is used, the formula is:

μ = (tM − tEOF)(tA − tR/2)
(tA − tEOF)(tM − tR/2)

μA. (6)

2.2 Electropherogram peak shapes

2.2.1 Area-preserving transformation

With an electropherogrammeasured as a list of couples (ti, Ii )
of times ti and intensities/counts Ii, we can map t �→ μ(t ) as
described in [7] being the mobilogram computed by:

(ti, Ii ) �→ (μ(ti ), Ii ). (7)

In [7] we observed that this performs well for the anno-
tation of features. However, if the intensities Ii represent a
concentration profile that should be integrated over time, this
change poses a problem. Because of the nonlinearity of the
t �→ μ transformation, the peak areas are completely changed
because peakwidths are changed notably. This was already ob-
served in [8], and the necessary correction was derived in [10]
for the simple case of (3).

Mobilograms should take into account this factor, giving
a corrected mobilogram intensity Imob :

Imob
i = (ti − λtR)2 Ii × tB − tA

(μA − μB )(tA − λtR)(tB − λtR)
. (8)

The detailed derivation of this formula can be found in Sup-
porting Information Section E.1. The areas obtained by in-
tegrating the electropherogram (ti, Ii ) and the corrected mo-
bilogram (μ(ti ), Imob

i ) will therefore be the same.
The right factors in (8) do not depend on the specific

point of the mobilogram, and it is a function of only L, Em, tR,
and vp. Thismeans that when comparing runs performed un-
der the same instrumental conditions (field magnitude and
ramp, capillary length, and pressure), we can do without such
overall factor, simply using:

Imob
i ∝ (ti − λtR)

2 Ii. (9)

2.2.2 Effects on peak shape

Both correction factor and transformation itself may intro-
duce distortions to the peak shape. Peaks closer to the EOF
show a greater increase in relative width in the mobilogram,
but their shape remains largely Gaussian. Peaks of very short
migration times present little broadening, but may display
asymmetry when the peak width is comparable to the migra-
tion time.

We can define a dimensionless relative asymmetry be-
tween the left and right widths of the peak in the mobility
scale, which in terms of time-scale variables is:

Difference in left and right peak widths (mobility scale)
Total peak width (mobility scale)

= Total peak width (time scale)
tM − λtR

. (10)

Equation (10) shows that the relative asymmetry of a peak
in the mobilogram equals precisely its electropherogram rel-
ative width with respect to its migration time. Thus, except
for compounds of extremely short migration times, the im-
pact of the transformation on peak shape should not affect
peak assymetry.

This asymmetry induced by the mobility transformation
will also affect the computation of the center-of-mass posi-
tion of the peak. This effect can be quantified and the center
of mass μ̄ in the mobilogram calculated as a function of the
center of mass t̄ in the electropherogram:

μ̄ = μ(t̄ ) ·
[
1− tEOF − λtR

tEOF − t̄

(
σ

t̄ − λtR

)2

+ · · ·
]
. (11)

This means that the center of mass in the mobilogram, μ̄ is
shiftedwith respect to themobility that corresponds to the cen-
ter of mass in the electropherogram μ(t̄ ). In conclusion, as
long as relative peak widths are kept below reasonable limits
(<5% of the migration time), the transformation and correc-
tion should not negatively affect peak detection, and if center-
of-mass integration is used, it will also not affect peak posi-
tion whatsoever.

2.2.3 Detection mode

The electrospraying and detection of the analytes in the in-
terface between the CE and the MS is a complex process that
can take place in the so-called mass-sensitive or concentration-
sensitivemodes [13]. In mass mode, if the capillary flow is in-
creased, more substance will be ionized per unit time and
the MS will simply register more counts. By contrast, when
in concentration mode, the signal is proportional to the volu-
metric concentration of substance arriving from the capillary,
independent of time. Crucially, increasing the flow in the cap-
illary will not change the signal.

When an electropherogram is obtained in concentra-
tion mode (or from UV measurements), given by couples
(ti, Iconc.i ), the equivalentmass-mode electropherogram can be
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Table 1. Electropherogram correction summary, showing the

possible combinations of 9 and 13

Peak integration mode

Area integration Counts summation

Detection mode Mass ×t 2 ×1
concentration ×t ×t 1

computed multiplying by the analyte’s output speed, which
results in:

Imass eq.
i = Iconc.i

ti − λtR
× Em · (μA − μB )(tA − λtR)(tB − λtR)

tB − tA
.

(12)

The detailed derivation of this formula can be found in Sup-
porting Information Section E.1. As for the mobility transfor-
mation correction (9), when comparing runs under the same
experimental conditions one may as well ignore the constant
factor and use:

Imass eq.
i ∝ Iconc.i

ti − λtR
. (13)

2.2.4 Summary

The correction to apply as shown in the previous sections can
be selected by following these guidelines:

1. Integration: When the peak-picking software integrates
the area under the curve, correction according to (9) is
required due to the distortion of the mobility transfor-
mation on the time scale. On the contrary, if each point
in the electropherogram is understood as the number of
counts since the previous acquisition, no correction needs
to be made, since the timing between points becomes
irrelevant.

2. Detection: Mass-dependent detection requires no correc-
tion, while concentration-dependent mode requires (13).

The combined correction to be applied in each case to
the electropherogram, prior to its conversion to mobilities, is
summarized in Table 1. Of course, if there are nonnegligible
contributions from the ramp, the full formulas (8) and (12)
should be used.

2.3 Marker influence on precision

The choice of EOF as a marker is quite natural, but this begs
the question of which criterion to followwhen choosing a sec-
ondary marker in the two-marker formula.

Starting from the formula for an analyte’s mobility using
the EOF and a marker (4), if there is some error δtA in the
measurement of the marker migration time, it will induce a
variation in the transformed mobility, μ → μ + δμ. We can

prove that the relative uncertainty in mobility caused by an
uncertainty δtA in the marker time is:

δμ

μ

∣∣∣∣
A

� tEOF − λtR
(tEOF − tA )(tA − λtR)

· δtA if δtA � tEOF − tA. (14)

The approximation we justmade is valid for as long as the un-
certainty is smaller than the distance between the secondary
marker and the EOF. In such case, the relative mobility un-
certainty is directly proportional to the marker position un-
certainty. When tA is too close to either tA → tEOF or tA → λtR
the relative error induced in the computed mobility becomes
very large.

We can also compute the mobility uncertainty induced
by that of tEOF, which we denote δtEOF. A similar computation
yields:

δμ

μ

∣∣∣∣
EOF

� tM − tA
(tEOF − tA )(tEOF − tM)

· δtEOF if δtEOF � tEOF − tA.

(15)

Unlike the uncertainty from tA, this depends also on the mi-
gration time of the analyte tM—analytes too close to the EOF
will suffer more from uncertainty in its determination.

Assuming that both δtA and δtEOF are independent ran-
dom variables, the variance of their combined effects will just
be the sum of the variances. The expected total uncertainty is:

δμ

μ

∣∣∣∣
A+EOF

=
√

δμ

μ

∣∣∣∣
2

EOF

+ δμ

μ

∣∣∣∣
2

A

. (16)

Overall, the recommendation is to choose the secondary
marker as close as possible to the midpoint toward the EOF,
going on the side of slightly lowermobilities only if necessary.

3 Software

We have hitherto presented a theoretical derivation of a two-
markermobility formula, the possibility to handle field ramp-
ing, and the necessary area corrections to ensure that mo-
bilograms represent consistently the amount of analyte in the
samples. All these new features were not available in the orig-
inal version of the ROMANCE software https://ispso.unige.
ch/labs/fanal/romance and still developed in the Scala lan-
guage, to take advantage of parallelization and multiplatform
support. Summarizing the main changes and additions, it
now offers:

• possibility to choose between providing the instrumental
parameters (E , L) or using a secondary marker;

• ramp time correction;
• visual peak assessment windows for bothmarkers, if appli-
cable;

• mobilogram area correction, ionization mode area correc-
tion, and intersample area normalization;

• support for untargeted MS (spectra-based) mzML files, tar-
geted MS (electropherogram-based) mzML files, and plain
comma separated values (CSV) files for UV-style data.

© 2021 The Authors. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com

https://ispso.unige.ch/labs/fanal/romance
https://ispso.unige.ch/labs/fanal/romance


Electrophoresis 2021, 42, 1875–1884 General, CE and CEC 1879

This updated version has been used to perform the con-
versions of experimental data studied in the following sec-
tions.

4 Experimental validation

4.1 Materials and methods

4.1.1 Chemicals, cell cultures, and instruments

To validate the formulas derived in the previous section, we
have worked with a panel of 15 reference compounds. Fur-
thermore, a metabolomics case study is presented using 2D-
cell cultures of astrocytes grown in the presence of different
natural neuroinflammatory triggers at different concentra-
tions.

A comprehensive description of the experimental details
can be found in Supporting Information A.

4.1.2 Data processing

The raw data files were converted to the mzML format [14]
using ProteoWizard msConvert [15]. They were subsequently
converted to the effective electrophoretic mobility scale with
ROMANCE v2.0, when applicable. Finally, the peak positions
and areas were extracted with Skyline [16] for the targeted
analyses on standards, and with Progenesis QI v.2.4 for the
untargeted metabolomics data (Nonlinear Dynamics, New-
castle upon Tyne, UK).

4.2 Ramp and two-marker formulas

In this section, we will study the effect of the ramp correc-
tion and two-marker formula (4) on the determination of the
mobilities of the analytes. We will compare the obtained mo-
bilities to a set of previously measured reference values [7],
and their precision within our set of experiences.

The samples were separated with a linear ramp of tR =
60 s, and run in triplicate once applying a 0 mbar pressure,
and once applying a 50 mbar pressure. This had the purpose
of ensuring a considerable spread of the migration times.
Each run was transformed with ROMANCE v2.0 to the mo-
bility scale under each of the following four modes:

1. One marker, no ramp: using the classical formula (3), ne-
glecting the ramp.

2. One marker, with ramp: using (2), neglecting the
pressure-induced speed vp.

3. Two markers, no ramp: using (4), neglecting the ramp.
4. Two markers, with ramp: using (4).

We chose as a secondary marker choline, the compound with
migration times closest to mid-point toward the EOF, follow-
ing the conclusions of section 2.3.

Figure 1A shows the results of the comparison against
the previously measured values for the mobilities of these
compounds. For each of them, the mobility was computed
for each run, and the maximum relative deviation with
respect to the known value amongst all six replicates (three
at each pressure) was taken as an indicator of the max-
imal potential deviation and gathered in the shown box
plots. In the case of a single marker ignoring the ramp,
the variation reaches 18%. Including the ramp correction
reduces the median to around 4% even while neglecting the
correction due to pressure. Finally, using two markers and
the ramp correction lowers the median to a maximal 2%
deviation.

At this point, the deviation may come as much from in-
accuracies in the present determination as from inaccuracies
in the reference values, the latter derived with the traditional
single-marker formula. In Fig. 1B, we plot the coefficient of
variation (standard deviation over average) of the mobility of
each compound over the six replicates (again, three at each
pressure). The spread in migration times is high, which is to
be expected from running each half of the replicates at dif-
ferent pressures. The conversion to mobilities, even with the
single marker formula and no ramp correction reduces the
variability to little more than 2%. This does not change with
the addition of the ramp correction, meaning that the large
deviation in Fig. 1A is caused by a systematic shift, as one
would expect. But the addition of a second marker reduces
the variability further to less than 0.5% between the six runs
at different pressures. In this light, the deviations of ∼2% of
the two-marker formulas in Fig. 1A are most likely due to
variability in the original determination. These new mobility
values for the chosen standards are available in Supporting
Information B.

As expected from the elimination of all instrumental
parameters from the formula, the use of the second marker
improves the precision of the mobilities of the compounds
by a factor of ∼4. For this reason, if a reliable second marker
is present in the sample, we strongly recommend using two
markers to determine the mobility of compounds separated
with CE.

4.3 Peak area precision

Our second aim is to assess the suitability of the mobility
transformation for quantitative CE. All experiences under
this section used the 15 selected compounds, and a milder
ramp of tR = 6 s.

First, to make the choice of correction as per Table 1, we
determined the detection mode. The mix of 15 compounds
was analyzed under four different pressures (30, 50, 70,
and 90 mbar), each run in triplicate, resulting in an array of
migration times tc,p,i for each compound c, pressure p and
replicate i, and another one of peak areasAc,p,i. To follow each
compound along the different pressures, the replicates were
averaged out, and in order to compare the compounds against

© 2021 The Authors. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com
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Figure 1. (A) Relative deviation of observed mobilities measured under a ramp with respect to the reference values. (B) Precision of

observed mobilities measured under a ramp.

each other, normalized by their own mean over all pressures,
as detailed in Supporting Information E.3. The same
transformations were applied to obtain an array of normal-
ized areas per compound and pressure, A(normalized)

c,p . These
normalized values track only the variation between the free
parameter (in this case, the pressure) relative to the com-
pound’s overall mean, so that if for some compound t (average)c,p

would not change at all between pressures, t (normalized)
c,p = 1

for all p.
In Fig. 2A, we show the box plot for these normalized

migration times. Note that the low variability at each pres-
sure is induced by the mean over replicates. We observe the
expected effect: migration times decrease with pressure with
perfect consistency. Figure 2B shows the same but for peak
areas. The variability is logically higher than it was for the
peak positions, but clearly no trend is present on the data. The
results are compatible with the detection responding to the
amount of mass rather than to the concentration, since peak
areas are independent of the applied pressure, and therefore
of the flow in the capillary. This is indeed the preferred situa-
tion for this study, to ensure that we observe only the effects
of the mobility transformation on peak areas, without mixing
in flow-related effects.

To ensure that these areas respond linearly to the amount
of substance in the mix, it was analyzed from preparations at
four concentration levels (62.5, 125, 250, and 500 ppb), each
under three pressures (10, 30, and 50 mbar), which in turn
were also run in triplicate. Since we have observed that differ-
ent pressures provided the same areas, we can average both
over replicates and pressures, and normalize over the free
variable, the concentration ρ as depicted in Supporting In-
formation E.3. In Fig. 2C, we can see the linear response of
peak areas to concentrations.

We can finally move to our main interest, the integration
of areas in the mobilogram. A mixture of standards was pre-
pared at a constant concentration, but run with three differ-
ent injection volumes (1, 2, and 3% of the capillary length)
to induce peaks of different width. Each was analyzed at two
pressures (10 and 50 mbar), again in triplicate. This gives a
total of six replicates per combination of compound and in-
jection volume.

The peaks were then extracted from the raw electro-
pherograms, and from the mobilograms under different
types of area correction. The conversion to mobilities was
done using the full two-marker formula as in the previous
subsection. For each compound and injection volume, we
computed the coefficient of variation over the six replicates of
the corresponding peak areas. Figure 2D displays the results.
When applying the correct transformation for our case (×t2,
following Table 1), the CVs remain the same between the
peaks in the electropherograms and the peaks in the mobilo-
grams (∼5%). If the wrong correction is made, by assuming
that the ESI operates in concentration mode, leading to a
factor of ×t, the peak areas show about three times more
variability. It is only made worse by making no correction
whatsoever.

Figure 3 shows the electropherogram for one of the runs
at 10 mbar, and the correctedmobilogram obtained after con-
version by ROMANCE, showcasing how the relative changes
in width are compensated with the peaks’ height.

In summary, choosing the right correction is critical to
obtain repeatable areas, in which case the transformed mo-
bilograms will perform just as well as the electropherograms
while having the additional advantage of permitting the iden-
tification of peaks by their position, using libraries of known
mobilities determined using the BGE [5].

© 2021 The Authors. Electrophoresis published by Wiley-VCH GmbH www.electrophoresis-journal.com
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Figure 2. (A) Migration times and (B) peak areas as a function of pressure. (C) Electropherogram peak areas as a function of concentration.

(A)–(C) were taken from raw time-scale electropherograms to study the phenomena discussed in the text. (D) Precision of converted peak

areas using different approaches.

4.4 Metabolomics application

The development of simplified assays for safety assessment
(such as assays performed on cell cultures) is a key ele-
ment within the changes taking place over the last decade in
the field of chemical toxicology testing [17]. When it comes
to toxicity assessment of molecules with neurotoxic poten-
tial, astrocytes are an appealing model system, since their
activation upon exposure to different inflammatory triggers
can drive them into either neurotoxic or neurotrophic states
[18]. To check this approach, and as a first proof-of-concept,

2D-cultures of astrocytes were exposed to different natural
neuroinflammatory triggers, namely interleukin 1β, tumor
necrosis factor α, and lipopolysaccharide. In order to study
polar metabolites involved in these processes, and as a show-
case of the full ROMANCE workflow on actual metabolomics
data, we have analyzed the astrocyte samples using a CE–
MS platform and the data treatment pipeline introduced in
this paper.

In our previous paper [7], we demonstrated how the
use of the electrophoretic mobility scale could simplify sev-
eral steps of the CE–MS-based untargeted metabolomics
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Figure 3. Example of elec-

tropherogram to mobilogram

conversion.

workflows—in particular, alignment, peak-picking, and an-
notation. In the present work, we have focused on how
the integration process and the resulting calculated ar-
eas could be affected by this conversion. Therefore, we
have used multivariate analysis (principal component anal-
ysis) to check whether the clustering of the experimen-
tal groups and the discriminant capacity of the tech-
nique was affected by mobility-based data processing of the
CE–MS data with regard to the conventional time-based
processing.

mzML-converted files were either directly imported into
Progenesis QI, or transformed (and area-corrected) into the
effective mobility scale by ROMANCE and then imported
into Progenesis QI for peak-picking and peak grouping.
Peaks were manually reviewed to ensure correct identifica-
tions against an in-house library, producing a set of 38 iden-
tified features in ESI+ mode and 28 in ESI− mode, com-
mon to both electropherogram and mobilogram peak ex-
traction. To compensate sample amount variability in the
samples, probabilistic quotient normalization was applied to
both datasets [19]. Drift and other analytical effects were in
turn corrected with the inclusion of quality control samples
[20, 21].

Running a principal component analysis on the peaks ex-
tracted from the electropherograms, we obtained the score
plots shown in Fig. 4A and B. We can observe that samples
from each experimental group are well clustered, and that
the first component captures the largest part of the inflam-
matory triggers’ effect on the metabolome of the astrocytes,
distinguishing all three treatments from the control group.
Additionally, the second component finds an effect separat-

ing the tumor necrosis factor α from the other two groups
(interleukin 1β and lipopolysaccharide), which remain clus-
tered together.

Figure 4C and D shows the scores plots of the same
samples after conversion by ROMANCE, using mass-mode
area correction. Following the expectations from the results of
Fig. 2D on standards, the score plots are fundamentally equiv-
alent before and after conversion. Of course, mobilograms of-
fer the advantage of allowing reliable identification based on
external libraries, enlarging the amount of metabolites that
can be identified without needing to resort to the evaluation
of in-house libraries of standards.

The list of identified peaks and their corresponding load-
ings from the mobility data are available in Supporting Infor-
mation Table D.

5 Concluding remarks

We have seen that the transformation of CE data to the elec-
trophoretic mobility scale not only improves peak identifica-
tion, as was already known [7], but it also allows quantitative
information to be extracted from mobilograms.

ROMANCE v2 has been introduced to perform these
corrections, and also give more control to the user over
the transformation parameters including the possibility of
using multiple markers, field ramps, and selecting different
detection regimes. We have validated the theoretical frame-
work by studying peak position and area precision under
the several transformation formulas shown in the article,
showing the need to use the right area transformation to
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Figure 4. Principal component analysis scores plots showing the clustering of the samples in the metabolomics application, and high-

lighting the analogue topology in the case of the raw electropherogram data (A and B) versus corrected mobilogram data (C and D). Two

different combinations of separation polarities and ESI ionization modes are shown: direct with positive ESI (A and C) and reverse with

negative ESI (B and D).

have reliable quantitative data. Finally, we have seen that with
the current version of ROMANCE the worfklow is ready for
multivariate analysis of real metabolomics data, achieving a
significant milestone in the path to make CE–MS part of the
metabolomics toolkit.
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