
Misconception 1: CE-MS lacks 
reproducibility for metabolomics 
studies

Compared to other analytical techniques, 

the use of CE-MS is underrepresented 

in metabolomics [1], presumably as this 

analytical technique is perceived as less 

reproducible, in particular for migration 

time, by the separation science community 

[2]. In metabolomics studies, migration-

time reproducibility is of pivotal importance 

as it ensures a reliable comparison of 

metabolic profiles, including scrutinising 

samples for subtle changes in patterns. 

Moreover, it supports the identification of 

unknown metabolites and is considered 

complementary to high-resolution MS/MS.

In CE-MS-based metabolomics studies, 

variability in migration time mainly arises 

from fluctuations in the electro-osmotic 

flow (EOF) caused by sample matrix-

induced capillary surface interactions. 

Recently, González-Ruiz et al. addressed 

this challenge by developing software, 

designated as ROMANCE, which 

converts the migration-time scale into an 

effective electrophoretic mobility scale 

[3]. The approach is based on utilising the 

fundamental separation principle of CE (in 

this case specifically referring to capillary 

zone electrophoresis), i.e. the effective 

electrophoretic mobility of the solute, which 

in essence depends on the charge and 

size of each compound (assuming other 

factors to be constant such as viscosity of 

the separation buffer). ROMANCE allowed 

effective correction of migration-time 

shifts caused by the EOF and as a result, 

improved the repeatability of the CE-MS 

analyses. By using this approach based on 

effective electrophoretic mobility, Drouin et 

al. constructed a library for 458 endogenous 

metabolites in order to facilitate metabolite 

identification by CE-MS [4]. 

To assess the true power of using effective 

electrophoretic mobility in CE-MS-based 

metabolomics studies, Drouin et al. recently 

set-up a Metabo-ring trial to which 13 

independent laboratories from 11 countries 

contributed [5]. All laboratories used 

the same batch of samples, comprising 

representative metabolite mixtures, 

human plasma and urine spiked with the 

same representative metabolites. Each 

participating lab prepared and employed 

the same background electrolyte (BGE) 

based on a protocol. All other parameters, 

i.e. capillary, interface, injection volume, 

voltage ramp, temperature, type of 

instrument used, capillary conditioning and 

rinsing procedures, etc., were left entirely to 

the participating labs’ discretion. The critical 

parameters examined by this Metabo-

ring were the reproducibility of relative 

migration time and effective electrophoretic 

mobility across the laboratories, which was 

determined for a set of cationic metabolites 

in each sample. Despite the huge 

heterogeneity in experimental conditions 

and platforms across the 13 independent 

labs, conversion of migration times into 

effective electrophoretic mobility reduced 

variability from 10.9% on relative migration 

time to 3.1% in effective electrophoretic 

mobility scale using the same BGE 

composition. Although this work primarily 

focused on cationic metabolic profiling, 

8

Capillary Electrophoresis-Mass 
Spectrometry for Metabolomics: 
Addressing Perceived Misconceptions
Marlien van Mever1 and Rawi Ramautar1*
1Biomedical Microscale Analytics, Division of Systems Biomedicine and Pharmacology, 

 Leiden Academic Centre for Drug Research, Leiden University, the Netherlands 

*Corresponding author: Dr Rawi Ramautar, Email: r.ramautar@lacdr.leidenuniv.nl  

Abstract

The analytical approaches mainly used in metabolomics for addressing biological questions are based on liquid chromatography-mass 

spectrometry (LC-MS) and nuclear magnetic resonance (NMR) spectroscopy. However,  the value of metabolomics, which in essence is obtaining 

insight into a well-defined biological problem, may be completely overlooked when only these analytical technologies are considered. Notably, for 

biological questions intrinsically dealing with low sample amounts, but also for the study of ‘difficult’ compound classes, such as low-abundance 

highly polar ionogenic metabolites. This work aims to highlight the possibilities of capillary electrophoresis-mass spectrometry (CE-MS) for 

metabolomics by paying attention to some key fundamental and technological aspects to address perceived misconceptions about this analytical 

technique. With recent examples, we show the utility of CE-MS for special applications and thereby the value of this approach for metabolomics. 

May / June 2021



9

it is anticipated that the same strategy 

could also be applied to anionic metabolic 

profiling. Overall, this study, which could be 

regarded as unique given its design, clearly 

exemplified CE-MS’s actual reproducibility in 

metabolomics, i.e., effective electrophoretic 

mobility can be used as a robust parameter 

in metabolomics.

It should be noted that CE-MS has been 

used for more than two decades to 

investigate urinary peptides as biomarkers 

for the diagnosis and prognosis of 

(complex) diseases [6]. Until now, the CE-MS 

peptidomics approach was employed for the 

comparable analysis of more than 70000 urine 

samples and has previously been qualified 

for prognosis of progression and outcome 

in large-scale prospective and longitudinal 

clinical studies [7, 8]. In Germany, the CE-MS 

peptidomics approach has been registered 

now as an in vitro diagnostics for a number of 

clinical applications [9]. 

Misconception 2: CE-MS  
is technically challenging

The coupling of CE to MS is often perceived 

as a technically challenging endeavor, notably 

when compared to LC-MS or GC-MS [10]. 

The lack of standard operating procedures 

and data workflows that are fit for purpose 

may also have hindered the widespread 

use of CE-MS in metabolomics despite new 

advances in sample throughput and quality 

control [11, 12]. For cationic metabolic 

profiling, well-established CE-MS protocols 

have been developed over the past decades 

and employed to analyse large sample cohorts, 

such as the Tsuruoka Metabolomics Cohort 

Study, comprised of more than 8000 human 

plasma samples [13]. The CE-MS approach 

utilised for this metabolomics study was 

provided by Human Metabolome Technologies 

(HMT), a Japan-based biotechnology company 

founded by Soga and coworkers at Keio 

University. They developed the first CE-MS 

methods for metabolomics [14]. Today, the 

CE-MS approach of HMT for cationic metabolic 

profiling can be used in a robust way and 

currently employed by various research 

groups. However, the development of a 

robust CE-MS approach for anionic metabolic 

profiling is still an ongoing development. For 

example, Yamamoto et al. recently showed 

that commonly employed ammonium-based 

BGEs with a pH above 9.0 could contribute 

to incidental capillary fractures via irreversible 

aminolysis of the outer polyimide coating [15]. 

The study revealed that polyimide 

aminolysis could be simply prevented by 

employing weakly ammonium-based BGEs 

with a pH below 9.0.The previous example, 

and some other recent work, clearly 

show the effort and willingness of the 

CE-MS community to highlight relevant 

technological and practical aspects for 

metabolomics studies in protocol papers [16-

20]. An important recent trend in this context 

is sharing key experimental procedures 

and best practices via peer-reviewed video 

articles [21-24], and it is anticipated that such 

work will encourage researchers to actively 

consider CE-MS for metabolomics studies. 

Worthwhile to mention in this context is 

that the recent CE-MS Metabo-ring trial 

clearly revealed that this approach can be 

used in a rather straightforward way even by 

groups without having (any) experience with 

metabolomics research [5].

 

Misconception 3:  
CE-MS not suited for trace-
sensitive metabolomics

The prerequisite of low sample volumes 

for CE-MS analysis makes it an attractive 

tool for the analysis of volume-limited 

or scarcely available samples. However, 

due to the limited loading capacity of CE 

and concentration-sensitive detection of 

ESI-MS, the technique is often perceived 

as non-suitable for trace metabolomics. 

Nevertheless, the loading capacity of CE 

has been addressed effectively by the use 

of in-capillary sample preconcentration 

techniques. Recently, Wells et al. applied 

preconcentration based on electrokinetic 

supercharging for neurotransmitter analysis 

in volume-limited tissue samples from rat 

brain tissue whole Drosophila [25], thereby 

reaching detection limits as low as 10 

picomolar. In another study, van Mever et al. 

optimised the use of dynamic pH junction 

stacking for rat brian microdialysis samples 

[26], thereby showing the compatibility of 

the stacking procedure with the high-salt 

matrix of the microdialysate (Figure 1). 

Detection limits were in the low nanomolar 

range for amino acid neurotransmitters, 

showing its potential for trace-sensitive brain 

metabolomics studies. 

Figure 1. Extracted-ion electropherograms obtained by CE-MS for the analysis of endogenous metabolites in 
basal rat brain microdialysate. Separation conditions: BGE, 10% acetic acid; sample injection volume 291 nL; 
ammonium hydroxide (concentration: 5%) pre-injection volume, 12 nL. Adapted from [26] with permission.
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Additionally, it should be noted that in both 

previous discussed works, a conventional 

sheath-liquid ESI CE-MS interface was used. 

When using a sheathless CE-MS interface, a 

10-fold improvement of detection sensitivity 

could be achieved. Thus, CE-MS could 

definitely yield comparable detection 

limits as compared to conventional LC-MS 

methods, with the main difference being 

that for CE only a volume of about 30-300 nL 

is injected, while 5-10 µL in the sample vial 

is sufficient for injection, whereas typically 

300-10000 nL is injected in a conventional 

LC-MS method. This makes using CE-MS 

beneficial when the sample amount is 

very limited, such as for example is the 

case for single cell analysis. Recently, the 

potential of CE-MS for single cell analysis 

has been reported repeatedly [27] and 

Lombard-Banek et al. reported a CE-MS 

method that allowed in vivo single-cell 

proteomics and metabolomics in the same 

single cell in chordate embryos using X. 

laevis [28]. With a custom-build CE-MS 

system, quantitative proteo-metabolomic 

differences were observed between cells 

at the cleavage stage. This work shows 

the potential of CE-MS for trace-sensitive 

metabolomics, including the ability to study 

cell heterogeneity in future metabolomics 

studies.

Misconception 4: CE-MS not 
suited for high-throughput 
metabolomics

High-throughput analysis of dozens, 

hundreds or even thousands of biological 

samples is gaining importance for 

metabolomics studies. Especially there 

is a requirement for fast and robust 

metabolomics workflows for volume-

restricted samples. A notable improvement 

in CE-MS analysis strategies is the multi-

segment injection (MSI) approach [29], 

developed in 2013 by the research group 

of Britz-Mckibbin. MSI allows for serial 

injections of seven or more samples within 

a single capillary, thereby significantly 

improving the sample throughput. 

Furthermore, when including a quality 

control sample, stringent quality control and 

batch correction can be performed during 

the same run. In the last few years, MSI-CE-

MS has been an efficient analysis tool for 

metabolomics studies in various sample 

types and CE-MS methodologies [30-32]. 

Recently, MSI-CE-MS potential for large-

scale metabolomics was shown in a study 

including more than a thousand serum 

samples [20]. In this study, metabolic profiles 

in serum samples from pregnant woman all 

over Canada were analysed for 7 months 

using standardised methodology and data 

treatment. The results showed acceptable 

intermediate precision for a range of 

metabolites. Overall, this work clearly 

demonstrated the value of MSI-CE-MS for 

executing in a robust way large-scale high 

throughput metabolomics studies, including 

successful correction for long-term signal 

drift and inter-batch variations.

Misconception 5: CE-MS lacks 
versatility for metabolomics

To date, the vast majority of CE-MS-based 

metabolomics reports have focused on the 

analysis of polar ionogenic metabolites 

using an aqueous buffer system that may 

include small amount of organic solvent 

modifier (5-10% v/v) using CZE as the main 

separation mode.  CZE-MS is ideal for the 

profiling of diverse classes of highly polar 

metabolites (including, organic acids, 

nucleotides, sugar phosphates) and their 

intact conjugates (e.g., glycine, sulfate or 

glucuronide) that are poorly retained on 

reversed-phase LC or undergo excessive 

band broadening in hydrophilic interaction 

LC analyses. Next to CZE, there are other 

CE separation modes showing potential for 

metabolomics studies, such as non-aqueous 

CE (NACE) and micellar electrokinetic 

chromatography (MEKC). NACE, in which 

background electrolytes (BGEs) are 

composed of organic solvents containing 

volatile salts such as ammonium acetate 

in a small portion of water, has interesting 

features for the analysis of apolar and 

charged compounds. Moreover, the use 

of high organic solvent-based BGEs may 

further improve the electrospray ionisation 

efficiency. Recently, Azab et al. developed a 

NACE-MS method to profile more than 20 

non-esterified fatty acids in human plasma 

and serum [33]. The NACE-MS approach 

in conjunction with MSI allowed rapid yet 

comprehensive profiling of fatty acids in 

volume-restricted samples. 

MEKC, first introduced by Terabe and 

coworkers [34], can be used for the 

separation of neutral and charged 

compounds. In MEKC, ionic micelles or 

surfactants, often SDS, are used as pseudo-

stationary phase and the separation is based 

on the differential partition of neutral and 

charged compounds between the micellar 

phase and the aqueous BGE. Given the 

nonvolatile nature of SDS, the on-line 

coupling of MEKC to MS is challenging since 

the introduction of nonvolatile surfactants 

into the MS may decrease ESI efficiency 

(ion suppression) and contaminate the ion 

source. To tackle this issue of incompatibility, 

Moreno-González et al. developed a 

selective and sensitive MEKC-MS method 

employing ammonium perfluorooctanoate 

(APFO) as volatile surfactant for the analysis 

of amino acids in human urine [35]. This 

method was further optimised by Prior et al. 

and used for the enantioselective analysis 

of amino acids in cerebrospinal fluid [36]. 

It is anticipated that NACE and MEKC 

will further expand the role of CE-MS in 

metabolomics in the coming years.
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Glass Autosampler Vials Virtually Eliminate Surface Activity

Reduced Surface Activity (RSA™) glass autosampler vials are not coated vials and virtually eliminate the 

adsorption of basic compounds found with all other glass vials. The manufacturing process of RSA™ vials 

produces vials without surface activity such as basic compound adsorption. Unlike ordinary glass vials, these 

vials will not produce a pH change with aqueous diluent over time in the vial and with minimised surface 

metals, it is excellent for LCMS in that it does not contribute to sodium adducts.

Laboratories testing low abundance analytes such as low dosage form pharmaceuticals, unknown unknowns 

and natural products will see the greatest benefit even though all labs will find these vials to have value when 

repeating runs or investigations must be avoided.

The vials are available from Microsolv in 12x32mm clear and amber with volumes of 2ml, 1.5ml and 300ul.

More information online: ilmt.co/PL/ZJGm


