
CONCLUSIONS
In this work we show the establishment of the important tools (spectral library and AMRT database) to achieve a level 1 identification of 

metabolites of multiple compound classes with the aim of using this information in pediatrics metabolomics. The information is shareable 

with other users with similar research objectives. Upon changes of chromatography, the establishment of an updated AMRT database is 

not difficult as the IROA standards kit is commercially available and the optimized mixtures of the IROA metabolites are already

established. We show as well the application of this information in spiked plasma, revealing a significant number of level 1 metabolites 

readily detected in pediatrics plasma. We are extending our work into other biological matrices related to pediatrics metaboliics. 

Moreover, we used the information obtained during the manual process of optimal collision energy selection to isolate the most frequent 

collision energies in positive and negative mode that can be used for unknowns identification for better chances of high quality spectra.
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ABSTRACT:

Purpose: In order to facilitate sharing of information between groups involved in neonatal metabolomics analysis, we established a semi-

targeted screening method for 634 metabolites composing the commercial IROA standard mix. The method makes use of a curated 

spectral library along with accurate mass retention time (AMRT) databases obtained from optimized Hydrophilic Interaction Liquid

Chromatography (HILIC) and reversed-phase (RP) chromatographic methods.

Methods: Data in the spectral library was acquired using flow injection analysis (FIA) which allowed the fast acquisition of spectra at a

wide range of collision energies (0-120, normalized collision energy; NCE). Additionally, a separate library, with optimized collision 

energy, was constructed by applying rules of maximal selectivity and structural information. Additionally, multiple RP and HILIC columns 

were evaluated for coverage, peak shape and detection of the IROA metabolites and the optimal methods were further tested in 

biological matrices. Retention times of metabolites spiked in matrix were recorded and form the basis of our approach.

INTRODUCTION
Metabolomics is an established discovery tool for biomarker discovery, disease diagnosis and novel mechanistic insights of 

pathophysiological processes. Liquid-chromatography mass spectrometry (LCMS) is currently the method of choice for metabolome 

analysis due to its sensitivity and wide range of detected metabolites. Nevertheless, the wide variety of chromatographic columns and 

conditions is presenting a challenge in sharing and interpretation of metabolite identities. The metabolic standard initiative (MSI) 

guidelines require identification of metabolites to be based on matching accurate mass, retention time and fragmentation spectra to 

those from authentic standards. In order to facilitate sharing of information between groups involved in pediatric metabolomics analysis, 

we have established spectral libraries of compounds from the MSMLS™ (Mass Spectrometry Metabolite Library of Standards, IROA)

and corresponding AMRT databases from optimized HILC and RP chromatpgraphic methods. 

MATERIALS AND METHODS
Sample Preparation

Metabolites from MSMLS IROA commecrical product were re-suspended in 50 µl the solutions recommended by manufacturer (10%

MeOH in Water or 1:1:0.3 chloroform: metanol:water). All data were acquired using a Vanquish™ Horizon LC coupled to a Q-Exactive™

mass spectrometer.

For the spectral library, each metabolite was run, independently, in flow injection analysis (FIA) mode and MSMS data was acquired 

across the elution peak with normalized collision energies (NCE) ramping step-wise (step =10) from 0 to 120. each metabolite was run in 

positive and negative ionization mode, with an initial focus on the proton ions, M+H+ and M-H-, respectively, with secondary runs of 

different ions if needed.

For column evaluation, the metabolites were distributed into nine mixtures that guarantee no overlap of isomeric compounds and

minimize interferences within each mixture. The mixtures were run on each chromatographic column using a fixed gradient for each

chromatographic mode (Figure.1 A and B) with varying mobile phase additives. For each run, the source conditions and MS parameters

were as follows:

Sheath gas: 40

Auxiliary gas: 12

Ion transfer tube Temperature: 300

RF Lens %: 55

Data Analysis

The MSMS spectral libraries were built using mzVault™ 2.1 with automated precursor detection in two modes, spectral averaging and

best spectrum selection. Further manual inspection of spectra was used to assign the best collision energy and exclude spectra with

inappropriate quality. Compound Discoverer™3.0 was used to evaluate in-matrix detection of relevant metabolites.

RESULTS
1. Establishing a spectral library:

1. Collision energies: Since each metabolite is a unique structure, no defined collision energy can be generalized for all

metabolites. Even normalizing collision energy (NCE) to charge and molecular weight does not give consistent results. Thus,

it is vital, when establishing a spectral library, to use multiple collision energies (CEs). To this end, we used a wide variety of

CEs ranging from 0-120 NCE. An example of the multiple collision energy spectra is shown in Figure 2.

2. Optimal collision energy: Additionally, we queried these spectra, manually, to choose which CE and NCE, at individual

compound level, is optimal. The optimal CE was defined as the one giving the maximum structural information with the

highest signal/noise of fragments. During this process, all low quality spectra, due to interferences and low ionization levels,

were excluded from analysis. Figure 2 shows an example of the differences between the average caffeine spectrum (from all

energies) and the optimal collision energy. The value of this process is depicted in Table 1, where the use of single optimal CE

was accompanied by a much higher spectral matching scores upon automated identification process in compound discoverer.

3. Optimized generalized collision energy: The establishment of optimized individual collision energy does not only serve the

compounds of concern, but it can be extended for unknowns. Since the IROA library spans multiple classes and a wide range

of molecular weights, the information obtained with the optimal CE selection can be used as a training set for unknowns. The

distribution of CEs and NCEs are shown in Figure 3 revealing that NCE is widely distributed and CE can be more appropriate

for better chance of good results on unknowns.

2. Optimizing chromatographic conditions: Additionally, we tested multiple chromatographic conditions and columns in the RP and HILIC

(Amide) phases, concluding that C18 and Amide give the best compromise. The evaluation was based on detection, signal and peak

width. This resulted in the establishment of an AMRT database for further identity confirmation. Figure 4 shows the retention

distribution of IROA compounds on the RP and HILIC columns. Finally, the IROA mixtures were spiked into pediatric plasma and the

AMRT database plus spectral library were used to isolate level 1 identification metabolites, table 2 showing the results of this

experiment. Figure 5 shows an example of level 1 identification of a compound in matrix, pediatric plasma using Compound

Discoverer 3.0 software.
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Figure 1. HILIC (A) and RP (B) gradients used for column evaluation.

Figure 2. Different fragmentation energies on Caffeine, comparing spectra of commonly used vs optimal collision energy values.

Figure 4. Retention times distribution for IROA metabolites identified in the different chromatographic columns. 

Table2. Coverage of the selected methods for metabolites spiked in pediatric plasma.

Name Formula MW mzCluod Best Match mzVault match Stepped Energy mzVault match Curated Energy

607 - Indole C8 H7 N 117.05797 59 82.5

527 - 5-Hydroxyindoleacetic acid C10 H9 N O3 191.0584 67 66.8 82.5

35 - Pipecolic acid C6 H11 N O2 129.07921 68 69.4 97.4

138 - Pyroglutamic acid C5 H7 N O3 129.04289 65.7 69.9 85.7

382 - Cortisol C21 H30 O5 362.20925 83 70.9 80.6

527 - 5-Hydroxyindoleacetic acid C10 H9 N O3 191.0584 71.5 72.2 82.5

513 - Indoleacetaldehyde C10 H9 N O 159.06863 77.2 73.3 90.6

607 - Indole C8 H7 N 117.05793 73.4 82.5

454 - 3-(2-Hydroxyphenyl)propanoic acid C9 H10 O3 166.06322 76.7 83.2

433 - 10-hydroxy-Decanoic acid C10 H20 O3 188.1415 77.1 84.9

136 - Urocanic acid C6 H6 N2 O2 138.04329 85.8 77.8 86.6
Table1. Examples of library matching score improvement when using single optimized versus stepped generalized collision 

energies.
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Figure 3. Distribution of optimal collision energy (CE, eV) and normalized collision energy (NCE, arbitrary units) for all 

the detected IROA metabolites in both positive and negative ion polarities.

Figure 5. Caffeine as an example of level 1 identification of a compound in matrix, pediatric plasma using Compound 

Discoverer 3.0 software


