
Gina Tan, Ralf Tautenhahn, Andreas FR Hühmer, Thermo Fisher Scientific, San Jose, California, USA  

Figure 3. Multiple spectra for the metabolite diethylphosphate was collected and 
converted into a MS2 spectral library using mzVault 1.0 software. ABSTRACT 

 
Untargeted metabolomics offers highly rich and complex information. To complement the 
discovery metabolomics workflow, a targeted screening approach is increasingly being 
adopted as it offers greater confidence in the identification and characterization of likely 
metabolites present in a biological sample. A customizable and versatile method is introduced 
for the creation and expansion of a metabolite database and MS2 spectral library that can be 
achieved effortlessly all on a single software platform. 
 
 

INTRODUCTION 
 
Multiple software tools and online spectral databases are available for metabolite screening 
and these options have greatly improved not only in spectral quality but also increased in the 
number of entries. For a targeted profiling experiment, the screening results from these 
information-rich databases often generate numerous candidates that require additional 
analysis time and effort to filter through in order to determine the metabolites present. On the 
other hand, obtaining hundreds of metabolite standards to create a targeted screening 
database from scratch is not an economical or viable option for many. In this poster, a strategy 
that uses a high quality and high resolution accurate mass (HRAM) spectral library with 
retention time information for commonly studied pathway metabolites is proposed. Together 
with the utilization of a library-creation software tool, one can easily customize and expand this 
existing metabolite library to include more compounds or add on spectral information of other 
relevant pathway metabolites. The high quality spectral library brings greater efficiency and 
throughput as well as increased confidence to the metabolite identification results which has 
clearly been a challenge for researchers in achieving a robust and reliable targeted screening 
workflow.  
 
 

MATERIALS AND METHODS 
 
Building and expansion of the TraceFinder Metabolite Library would require a standardized 
methodology for sample preparation and LCMS/MS conditions and is described as follows: 
 
Sample Preparation 
Over 360 commercially available metabolite standards were prepared into individual batches 
of 25 standards. Standards in solid, powdered form were weighed accurate to 1.0mg on a 
weighing balance and transferred to 5ml volume amber vials. Amber vials were used to 
prevent or reduce the possible degradation of some of the light sensitive metabolite standards. 
Liquid standards were added to a standard batch at an aliquot of 1ul. Each batch of 20-25 
metabolite standards were diluted with 2ml of 50/50 methanol/water to obtain a final 
concentration of 0.5mg/ml. The standard solutions were subjected to ultra sonication followed 
by filtration to remove any undissolved particles. Subsequent preparations of standards should 
follow the above described sample preparation protocol. 
 
Liquid Chromatography 
One of the main features of carrying out confident metabolite identification is to utilize the 
retention time information as a reliable identification criteria. Subsequent LC separations of 
additional metabolite standards or carrying out of targeted screening of biological samples are 
recommended to follow the stated LC conditions to utilize the accuracy of the retention time 
information in the compound database. This would be beneficial towards increasing the 
identification confidence of metabolites. 
 
LC separation was carried out with the following conditions: 

CONCLUSIONS 
 
TraceFinder 4.0 software has demonstrated a comprehensive and all-in-one solution to establish a 
robust Metabolomics targeted profiling workflow. Creation of highly exhaustive databases have 
conventionally required enormous efforts, especially in the manual extraction of MS data and 
compilation of individual metabolite information. The suggested TraceFinder software solution 
encapsulates a convenient, straightforward and flexible management of the entire process from 
producing a specific and relevant compound database and its HRAM MS2 spectral library, generating a 
targeted screening processing method, to the data processing and reviewing of results, all on a single 
software interface. 
 
Searching against specific databases brings the advantage of better throughput and reducing 
redundancy as the target database only has relevant endogenous metabolites without unrelated 
chemical compounds. Apart from matching against basic criteria such as mass accuracy and isotopic 
patterns, additional search criteria like retention time and MS2 spectral matching delivers secondary 
confirmation to increase the confidence of the likely presence of the metabolite in the sample. 
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Building High Confidence Metabolite Libraries for Fast Identification in Targeted Profiling Experiments 

RESULTS 
 
The full MS and data-dependent MS2 scans of 360 commercial metabolite standards were 
acquired and the spectral information was used in the generation of the TraceFinder 
compound database and HRAM spectral library. The software tools used provided an efficient 
and automated process of direct importation of the required information from an excel list and 
raw spectra files, thus combining the data into a suitable database format to be employed as 
part of the screening workflow. Additional scan information were also automatically populated 
into the spectral library from the raw data, hence supplementing spectral information without 
the tedious and manual input from the user. Expansion and customization of the metabolite 
library can be achieved with ease using this suggested approach and will be detailed in the 
subsequent sections. 
 
 

CREATING A COMPOUND DATABASE 
 
Part of a successful Metabolomics targeted screening workflow requires an inclusive and 
specific targeted endogenous metabolite database to search against and eliminate 
redundancy in the targeted screening results. Basic information about the metabolite such as 
the metabolite name, accurate mass, fragment mass, chemical formula, CAS#  and collision 
energies were added to create the metabolite screening compound database. An added 
advantage of this database is the inclusion of retention time information. Matching against RT 
during the data search brings an additional dimension of confidence to the compound 
matching. Aside from accurate mass and isotopic matching, RT gives further confirmation to 
the presence of a metabolite in the screening result. 

HRAM MS2 SPECTRAL LIBRARY 
 
MS/MS spectra and fragment information are unique identifiers of a parent compound. Making 
use of such information in a targeted screening search provides another element of confirmation 
allowing a user to reach a conclusive end result to determine the presence or absence of the 
metabolite in the biological sample. The collection of spectra across multiple collision energies 
(10, 30, 45) and in both positive and negative polarities gives greater coverage which is beneficial 
for the data search. Keeping in mind that the fragmentation intensities varies when a different 
amount of collision energy is applied, with multiple spectra available to match against a sample 
dataset, the identity of the metabolite present would be better confirmed. The optimal collision 
energy at which there was a spectral match can be determined, which will be helpful when 
planning for a targeted quantitation experiment to follow up on later in the study. 
   
Similar to the compound database, a .csv template that comprised of metabolite information and 
directory of the spectra files was collated and imported into mzVault software to create a HRAM 
MS2 spectral library. The library expansion tool also allowed the automated extraction of additional 
spectral scan information such as precursor m/z, ionization mode, scan filters and collision 
energies from the .RAW file into the library. This bypasses manual input of crucial information of 
the metabolite individually. mzVault software allows for customization as users can add specific 
and relevant metabolites of interest into the library. By doing so, we eliminate redundancy in the 
screening results as the spectra and RT of a sample data will be matched against metabolites 
specifically instead of unrelated chemical compounds. The library management tool can also 
capture chemical formulas, meta data such as CAS numbers, HMDB, KEGG and Thermo 
Scientific™ mzCloud™ accession information which are useful when additional information for the 
identified metabolite is desired.  
 

DATA PROCESSING 
 
The targeted screening processing method requires simple peak filter settings and designating 
the compound database and HRAM MS2 spectral library to be used. Thresholds are set in the 
screening selection criteria for accurate mass, retention time, isotopic pattern, fragment masses 
and MS2 spectra for confirmation and qualification of the metabolites to determine whether a 
metabolite is an exact identical match or not (Figure 4).  
 
MS2 spectral matching was also carried out on mzVault software to establish the advantage of 
utilizing HRAM MS/MS fragments in the confident identification of the metabolite present in a 
sample. Accurate masses are important to characterize the identity of metabolites or discerning 
from interference peaks, giving reliability to the screening results (Figure 5). 

LC Conditions 

LC system Thermo Scientific™ Dionex™ UltiMate™ 3000 RS system 

Column Thermo Scientific™ Hypersil GOLD™ analytical column 

Column dimensions C18, 150 x 2.1mm, 1.9um reverse-phase 

Mobile phases A:0.1% formic acid in water; B: 0.1% formic acid in methanol 

Sample injection 
volume 

4 ul 

Time (min) %A %B 

0.0 99.5 0.5 

5.5 50.0 50.0 

6.0 2.0 98.0 

12.0 2.0 98.0 

13.0 99.5 0.5 

15.0 99.5 0.5 

Table 1.  LC system and column used 

Table 2.  UHPLC conditions 

Mass Spectrometry 
All MS data were acquired on the Thermo Scientific™ Q Exactive™ hybrid quadrupole-
Orbitrap mass spectrometer, equipped with a HESI source. Data acquisition was done in 
positive and negative polarities at 70K resolution, across collision energies of 10, 30 and 45. 
Specifically, a full MS (70K resolution) followed by a data-dependent MS2 (35K resolution) 
scan mode  was used. Scan range was set to 75 – 1175 m/z and default charge state was 1. 
AGC target and maximum injection time was 3e6 and 100ms respectively for full scan, 1e5 
and 50ms respectively for data-dependent MS2 scan. 
 
Data Analysis 
All acquired MS data were processed using the Thermo Scientific TraceFinder™ 4.0 software. 
The metabolite compound database containing all the compound information was created with 
TraceFinder software. MS2  spectra of each metabolite standard was extracted from the raw 
file and imported into the library management tool mzVault™, part of TraceFinder 4.0 software, 
to generate the HRAM quality MS2  spectral library. The targeted screening method for 
processing was also created with TraceFinder software and the processed data was reviewed 
using this software as well. 

Figure 1.  Overview of information required to build the metabolite database for the 
targeted screening method using TraceFinder 4.0 software and mzVault 1.0 software. 

COMPOUND LIST 

Compound name, 
accurate mass, chemical 
formula, CAS# 

ACQUIRE LCMSMS 

RT 

MSMS spectra 

Fragment 
information 

PEAK 1 

CompoundName ExperimentType ChemicalFormula Category CAS Ionization ResponseThreshold PrecursorMass ExtractedMass Adduct Polarity ChargeState RT Window 

Putrescine XIC C4H12N2 110-60-1 None 5000 88.10005 89.10733 M+H + 1 1.93 30 

Isovaleric acid XIC C5H10O2 503-74-2 None 5000 102.06808 103.0754 M+H + 1 7.11 30 

Cadaverine XIC C5H14N2 462-94-2 None 5000 102.11570 103.123 M+H + 1 1.93 30 

4-Aminophenol XIC C6H7NO 123-30-8 None 5000 109.05276 110.06 M+H + 1 2.18 30 

Histamine XIC C5H9N3 51-45-6 None 5000 111.07965 112.0869 M+H + 1 2.51 30 

Figure 2A. Example import list created in .csv format 

Figure 2B. Import list transferred into TraceFinder 4.0 software for compound 
database generation 

A simple .csv template was created and the required information was tabulated for every 
metabolite in a comprehensive manner (Figure 2A). Additional metabolites can be added to 
expand the list or individual compound lists can be created for specific metabolites to be 
classified into metabolite classes  to generate class or pathway specific metabolite 
databases. The list(s) is then imported  into TraceFinder software to be converted into a 
compound database. 

The .csv template comprising of all the required information for each metabolite was imported 
into TraceFinder software to generate a .cdb format compound database. Compound 
information can be effortlessly edited in this interface within the table on the top panel or in 
the bottom “Compound Details Pane” (Figure 2B). More metabolites can be added  or 
information can be regularly updated into the database to keep it relevant and up to date. 
Multiple compound databases that are organized by specific metabolite classes or pathways 
can be created. For example, an additional compound database using HILIC chromatography 
conditions was generated as the retention time information would be different from that of a 
reverse phase chromatographic condition.  
 
When carrying out targeted screening, multiple databases can be specified in the processing 
method and the sample data sets can be searched against numerous databases at the same 
time to increase processing throughput and identification confidence of the detected 
metabolite. The user can also select only the most relevant databases to search against. 
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Filename Scan 
number 

Compound 
Name Formula Registry 

number Adduct 

Diethylphosphate_posRP_nCE10 1 Diethylphosphate C4H11O4P 598-02-7 M+H 

Diethylphosphate_posRP_nCE30 1 Diethylphosphate C4H11O4P 598-02-7 M+H 

Diethylphosphate_posRP_nCE45 1 Diethylphosphate C4H11O4P 598-02-7 M+H 

Diethylphosphate_negRP_nCE10 1 Diethylphosphate C4H11O4P 598-02-7 M-H 

Diethylphosphate_negRP_nCE30 1 Diethylphosphate C4H11O4P 598-02-7 M-H 

Diethylphosphate_negRP_nCE45 1 Diethylphosphate C4H11O4P 598-02-7 M-H 
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Added confidence in identical spectral matching – Isocaprioc acid and fragments 

Figure 5. MS2 spectral match of metabolite isocaprioc acid and its fragments generated 
from mzVault 1.0 software. 

Figure 4. Simple method workflow setup for metabolite targeted screening using 
TraceFinder 4.0 software. 

1. Basic Peak Filter Settings 

2. Select Screening Database 

3. Identification & Confirmation Settings 
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