


Software for Identifi cation of Metabolites and Small Molecules

Introduction

The rapid, unambigous and compre-
hensive identifi cation of the metabolic 
changes of a given compound is an 
important task in drug discovery. 
LC-MS has proven to be a valuable 
tool for such metabolic studies, with 
complementary MS techniques being 
particularly useful. Two such tech-
niques are API-oa-TOF (atmospheric 
pressure ionization-oa-TOF) and ion 
trap mass spectrometry.  API-oa-TOF 
mass spectrometers can acquire data 
with high mass accuracy (for molecu-
lar formula determination), whilst 
quadrupole ion traps can provide 
insights into structural details of a 
molecule as a result of automated 
MSn experiments. Both techniques 
are used for the identifi cation and 
confi rmation of expected and known 
metabolites as well as the elucidation 
of unknowns. 

To support this task, Metabolite Tools 
is comprised of two modules: Metabo-
litePredict and MetaboliteDetect.

MetabolitePredict is used for the pre-
diction of metabolites based on known 
biotransformation rules applied to a 
parent drug. 

MetaboliteDetect uses the eXposeTM 
algorithm to compare two full scan 
LC-MS chromatograms and generate 
a sophisticated delta chromatogram in 
order to detect metabolites. The pos-
sible metabolites generated by Metab-
olitePredict are incorporated into this 
difference peak detection enabling 
identifi cation and peak assignment. 
When the difference peaks have 
been detected and identifi ed, a new 
LC-MSn acquisition experiment can 
be automatically created to carry out 
targeted MSn experiments of the com-
pounds of interest.

MetaboliteToolsTM 1.1 is a software package designed for the prediction and rapid detection of metabolites and, more 
generally, small molecule differences between two samples. It comprises of two modules: MetabolitePredictTM and 
MetaboliteDetectTM, allowing for the detailed evaluation of individual samples as well as automated analysis of sample 
batches. Accurate mass data from orthogonal electrospray time-of-fl ight (ESI-oa-TOF) instruments, as well as MSn 
data from quadrupole ion traps can be utilized. This combination takes advantage of the particular strengths of these 
mass spectrometric techniques resulting in both a molecular formula and characteristic fragmentation and structural 
information of the analytes. 

Fig. 1: Metabolite identifi cation strategies supported by Metabolite Tools

Fig. 2: A section of the total list of biotransformation rules available in MetabolitePredict



Several possible metabolite identifi -
cation strategies for the esquireTM/
HCTTM ion trap and micrOTOFTM 
API-oa-TOF using MetabolitePredict 
and MetaboliteDetect are shown in 
fi gure 1.

MetabolitePredict

MetabolitePredict aims to predict 
possible metabolite products based 
on biotransformation rules applied to 
the parent drug.

The programme includes a broad 
range of predefi ned biotransfor-
mation rules (fi gure 2). In addition the 
user can group rules into specifi c lists 
and can generate additional biotrans-
formation rules using the StrucEdTM 
programme that is incorporated 
into MetabolitePredict. The “List of 
Rules” dialogue is shown in fi gure 3. 
The rule displays the transformation 
applied to the molecule, provided the 
relevant functional group is present.

MetabolitePredict results are shown 
in the form of a metabolite tree, 
representing the relationship of 
metabolites to each other and visu-
alising the corresponding structures 
(fi gure 4). In addition, the molecular 
formulae and resulting molecular 
weights are automatically calculated. 
For each listed molecular weight, an 
identity check is performed, summa-
rising identical metabolite structures 
as a single identity, even if different 
metabolic pathways have formed 
them. Additional information such as 
retention times in a given chromato-
graphic system can also be included 
here. This information can later be 
used by MetaboliteDetect to identify 
and assign these metabolites.

The fi nal mass list is either exported 
to MetaboliteDetect as a predicted 
mass list or into other applications 
like AMIXTM (analysis tool for NMR 
data, Bruker BioSpin) as an ASCII 
table. The mass list can also be used 
to automatically set up an autoMSn 
experiment in esquireControl (fi gure 
5), enabling a targeted search for 
these predicted metabolites (see fi gure 
1, “fast screening strategy”).

Fig. 3: An example of the MetabolitePredict biotransformation rules

Fig. 4: MetabolitePredict results: the metabolite tree for caffeine 

esquireControl

Fig. 5: Preparing an auto-MSn method from MetabolitePredict results for use in 
esquireControl 



MetaboliteDetect

MetaboliteDetect allows for the 
sophisticated comparison of two 
full scan LC-MS data sets acquired 
by an esquire/HCT ion trap or the 
micrOTOF orthogonal API-TOF. 
The comparison of a sample fi le with 
a reference fi le can be carried out 
using different calculation methods: 
a simple subtraction or the eXpose 
algorithm subtraction. The eXpose 
algorithm encompasses tolerances in 
retention time and mass position, as 
well as the use of intensity ratios of 
mass peaks in the sample (e.g. micro-
somal incubation) and reference (e.g. 
microsomal blank incubation) (fi g.9). 
The result is a delta data set that 
exposes masses which are exclusively 
detected in the sample. The results are 
displayed as extracted ion chromato-
gram (EIC) traces, as well as a list of 
detected metabolites with their cor-
responding m/z values and retention 
times (fi gure 6a). The detected mass 
list is subsequently used to generate 
a new, tailor-made time-segmented 
MRM (multiple-reaction monitoring) 
or autoMSn acquisition method in 
esquireControlTM (fi g.13).

Workfl ow in MetaboliteDe-
tect

MetaboliteDetect has two different 
display windows: the Chromatogram 
and the Sample List view (fi gure 6a).

The Sample List view allows for the 
serial processing of multiple data fi les. 
The data fi les names and correspond-
ing method parameters are saved as a 
sample list fi le. 

The Chromatogram view is dedicated 
to the processing of single fi les, 
method development, and detailed 
result analysis. 

Each display contains button bars, 
which have been adapted to the task 
fl ow in the respective window. Two 
button bars are shown at the top of 
the sample list (fi gure 6b). The but-
tons connected by blue arrows are 
used for serial processing, whereas the 
buttons connected by black arrows 
are used for the processing of a single 
data set in the sample list.

Fig. 6a: Overview of MetaboliteDetect. a: Sample List (framed in orange) and Chromato-
gram view (framed in red)

Fig. 6c: 2D DAD chromatogram window

Fig. 6b: Workfl ow in Metabolite Detect as a button bar



The Chromatogram view window is 
split into two subpages: 1D Chro-
matograms (fi g. 6a) and 2D DAD 
(diode-array detector) Chromatogram 
(fi gure 6c). 

The Chromatogram view contains 
three chromatogram and mass spec-
trum windows, as well as expected 
and detected mass lists. The chro-
matograms, mass spectra and lists are 
dynamically linked. The detected mass 
list shows retention times and m/z 
values of those metabolites detected 
by the eXpose algorithm (fi gure 6a).

Additional 1D chromatogram traces 
from detectors such as UV/VIS or 
radioactivity can also be loaded if 
desired.

The 2D DAD chromatogram window 
(fi gure 6c) can display UV DAD data, 
if available, for evaluation in conjunc-
tion with the MS data. In addition to 
the UV spectrum in the top window, 
the bottom window contains a colour-
coded map view of the DAD data. 
The bottom view shows the base peak 
chromatogram of the sample and 
the UV trace. All three windows are 
linked by a crosshair of the time- and 
wavelength line.

When a predicted mass list (Metabo-
litePredict result) is loaded into 
MetaboliteDetect, the masses of the 
neutral species are given with the 
ionization not yet being taken into 
account. Additional information must 
be given concerning the expected ion-
ization type, dependant on the polarity 
and ionization conditions used. From 
a predefi ned, and user customizable, 
list  (fi gure 7) the expected ioniza-
tion species is chosen. This converts 
the predicted into the expected mass 
list, containing all possible detectable 
masses of the predicted metabolites.

The predicted mass list can be manu-
ally edited within MetaboliteDetect 
using the built-in MiniPredict, which 
enables amendments to predicted 
mass list and the addition of new 
compounds generated by using a set 
of common metabolic transforma-
tions (fi gure 8). This list can be easily 
modifi ed and saved for reuse at a later 
date.

The fi rst step for the eXpose algo-
rithm is a sophisticated comparison of 
sample and reference full-scan LC-MS 

Predicted Mass List + Ionization = Expected Mass List 

Fig. 7: Generation of an expected mass list: “Predicted Molecule Mass List” plus “Ioniza-
tion” results in the “Expected Mass List”. 

Predicted Mass List + Ionization = Expected Mass List 

Fig. 8: MiniPredict in MetaboliteDetect for the calculation of additional metabolites.

Fig. 9: Difference calculation with the eXpose algorithm: a) principle and b) example.

a)

b)



data sets. Retention time and mass 
position tolerances (fi gure 9) are 
taken into account for the calculation 
of a difference chromatogram (fi gure 
10), only showing those masses which 
are uniquely present in the sample. 

The second step involves peak detec-
tion on the difference chromatogram 
using a user-defi nable chromatogram 
type. 

Peak detection yields preliminary 
retention times and m/z values for 
the detected mass list. Based on the 
detected mass list the respective (EIC) 
traces are calculated and applied to 
the sample, reference and difference 
chromatograms.

Optional peak integration can then 
be performed on the EIC traces with 
the same peak integration algorithms 
and parameters being used as those 
used for the standard data evalua-
tion program DataAnalysis (fi gure 
11). The results are averaged back-
ground subtracted mass spectra for 
all detected metabolites (fi gure 12). 
Chromatogram traces, spectra and 
peak areas can then also be loaded 
into DataAnalysis.

Following the generation of a 
detected mass list, the expected and 
detected mass lists are automatically 
compared, and detected metabolites 
identifi able by the predicted results 

are highlighted. However, this detec-
tion process is not dependent on a 
predicted mass list. The eXpose algo-
rithm works independently and will 
fi nd any differences between any will 
fi nd any differences between any two 
LC-MS data sets. It is thus also able 
to fi nd unexpected metabolites and 
differences between any samples. 

A new time-segmented MSn  acquisi-
tion method can be automatically cre-
ated and initialised in esquireControl 
(fi gure 13). This would be used to 
perform a detailed structure evalu-
ation of the detected compounds. A 
preview function displays the new 
time segmented method together with 
the chromatogram of the analysed full 
scan data (fi gure 14). This allows for Fig. 10: The eXpose result: The difference chromatogram 

Fig. 11: Identical peak detection options in a) MetaboliteDetect and b) DataAnalysis

a)

b)

a quick check that the peak retention 
times and newly created segments 
are well matched prior to analysis by 
targeted MS/MS.

The expected and detected mass list 
displays are customizable, and any 
tables can be readily transferred to 
other programmes (e.g. MS offi ce) 
via the copy-paste function. Chro-
matograms and spectra can also be 
exported in the same way as metafi les.



Fig. 12: Calculation of background substracted average compound mass spectra. a) Detect options. b) Chromatogram view. Spectra are 
averaged over the range marked with the red bar.

a)

b)

MS method from acquisition

Information from MetaboliteDetect
(RT-m/z list)

New MSn  method with time segments
MRM or AutoMSn

New esquire acquisition

Fig. 13: Generating a new MSn acquisition method in Metabolite Detect: a) export options, b) summarizing workfl ow.

a) b)
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Key Features

•  Processing of esquire and   
 micrOTOF data 

•  Creation of expected mass lists

•  Difference calculation with eXpose

•  Automated creation of EIC traces  
 of detected metabolites 

•  Peak detection routine for multiple  
 masses at one retention time

•  Peak integration algorithm for   
 different chromatograms (TIC,  
 BPC, EIC)

•  Calculation of average mass   
 spectra after integration 

•  Creation of MRM and autoMSn   
 methods with time segments   
 for esquire instruments, including  
 preview function

•  Copy-paste to other software   
 applications for tables and   
 graphics 

Software Confi gurations

Windows 2000 (SP 4) and Windows 
XP (SP1) have been tested as sup-
ported operating systems. 

The MetaboliteTools 1.1 software 
has been tested and released with 
the following software pack-
ages: Compass 1.0 (HyStar 3.0, 
esquireControl 5.2, micrOTOF 
Control 1.0 and DataAnalysis 3.2).

Hardware Confi gurations

The complete functionality of the 
Metabolite Tools 1.1 software has 
been tested in conjunction with the 
HCT ion trap, Agilent 1100 HPLC 
system and HP Laserjet 2200 printer.

Basic tests were performed on 
the esquire3000, esquire3000plus, 
esquire6000, esquire2000, esquire4000 
and micrOTOF.

When using the esquire2000 or 
esquire4000, the method export func-
tion for the generation of autoMSn 
methods from MetaboliteDetect to 
esquireControl is not available.

 

 

Fig. 14: Exporting the new 
method and previewing the time 

segments




