
ABSTRACT  
 
Metabolomics has become essential for understanding cell biology, physiology and medicine 
by providing a direct functional readout of cellular biochemical state. Recent advances in 
UHPLC separation, high resolution accurate mass spectrometers and metabolite database 
annotations have allowed the rapid and sensitive detection of a variety of metabolites from 
biological samples with minimal sample preparation. However, metabolite identification from 
LC-MS based data sets remains challenging due to the presence of many isomeric and 
isobaric metabolites In order to confidently identify metabolites high quality MS/MS or MSn 
data are required for many of the m/z features captured during a metabolomics profiling 
experiment.  
The new Thermo ScientificTM Orbitrap Fusion TM Lumos TM Tribrid TM mass spectrometer 
offers high sensitivity and fast scan speed (up to 20 Hz), enabling comprehensive coverage 
of MS/MS spectra of detected m/z features in a LC-MS-MS run. It also enables multiple 
dissociation techniques, including HCD and CID, to be performed in parallel during a single 
LC-MS-MS run, providing comprehensive fragment information per m/z feature for confident 
metabolite identification. In this study, we  demonstrate that high metabolite coverage and 
precise relative quantitation on two phenotypes of human urine samples can be achieved by 
combined three data dependent (dd) MS-MS analysis (dd HCD MS-MS with inclusion list, dd 
HCD MS-MS with exclusion list, dd alternated HCD-CID MS-MS with inclusion list) using a 
Orbitrap Fusion Lumous MS. The Thermo ScientificTM Compound Discoverer TM 2.0 (CD 2.0) 
is used for confident metabolite identification as well as differential and statistical analysis. 
Here we report that the metabolite identification coverage is increased by combining multiple 
MS-MS acquisitions while the precise analytical precision is simultaneously achieved by 
using fixed cycle time.  

 

INTRODUCTION 
 
One of the main challenges for untargeted metabolomics profiling is metabolite identification. 
In most cases, full MS data even with sub-ppm mass accuracy is not sufficient to identify a 
metabolite confidently because many compounds share the same chemical composition 
with different structures. High resolution accurate MS-MS data is further required to 
confidently identify the metabolites from a biological complex sample. CD 2.0 allows the 
most reliable metabolite identification by linking to mzCloud™ and search all MS-MS data 
through spectral match automatically in batch mode. It is very important to optimize the MS-
MS acquisition condition to increase the MS-MS coverage of detected features from a 
samples in order to get higher metabolite identification coverage. It is also important to get 
enough fragment ion information for good library spectral match.  Orbitrap Fusion Lumos MS 
offers several unique advanced features for untargeted metabolomics profiling. First, it offers 
high sensitivity and fast scan speed (up to 20 Hz for MS-MS), yielding higher metabolite 
coverage. Second, it enables multiple dissociation techniques, such as HCD and CID in a 
single LC-MS run, providing comprehensive fragment information for spectral matching. 
Third, it enables top speed data dependent MS-MS set up which allows fixed cycle time over 
a HPLC-MS run, enabling good statistics analysis. Taking these advantages, we developed 
an optimized LC-MS-MS workflow for untargeted metabolomics profiling on an Orbitrap 
Fusion Lumos mass spectrometer, in which each sample is run in three different data 
dependent conditions (dd HCD MS-MS using inclusion list, dd HCD MS-MS using exclusion 
list and dd alternate HCD-CID  MS-MS using inclusion list) with same 1 second cycle time. 
The full MS data from three different MS-MS settings per each sample are used for statistics 
analysis, including calculation of coefficient of variation. The combined MS-MS data from 
three different MS-MS settings are used for mzCloud library spectral matching. The 
developed workflow was applied to two phenotypes of human urine samples for 
simultaneously metabolite identification and differential/ statistics analysis.  
  

 

MATERIALS AND METHODS 
 
Sample Preparation 
Human urine samples were collected from a male who has smoking history and a female 
who has no smoking history. 100 µl aliquot of each urine sample was diluted with 3-fold of 
organic solvent methanol (MeOH) and filtered using 3,000 dalton centrifugal filter. The 
organic solvent extract was dry down and reconstituted into 100 µl of water for LC-MS 
analysis.  
 
Liquid Chromatography 
UHPLC separation was conducted on a Thermo Scientific™ Dionex™ UltiMate™ 3000 HPG 
pump using Thermo Scientific™ Hypersil GOLD™ C18 column 1.9µm,150 x 2.1mm at 400 
μL/min, column temperature at 55 °C. A generic binary gradient elution was carried out 
using different ratios of eluents  A (Water containing 0.1% formic acid) and B (Methanol 
containing 0.1% formic acid) . Applied linear gradient  from 0.5–55% B for 15 min, increased 
B to 98% in 5 min, hold 98% B for 5 min, then decreased B to 0.5% and equilibrate for 5 
min. The total LC run time is 30min. 
 
Mass Spectrometry  
The Orbitrap Fusion Lumos mass spectrometer  equipped a standard HESI II probe was 
used.  The ESI source set up is listed in Table 1. The MS parameters set up is listed in Table 
2. The internal metabolite list was used for inclusion list. The top 200 ions detected from the 
water blank was used for exclusion list. The data dependent MS-MS set ups are illustrated 
in Figure 1. All data were collected in the positive ion mode. 
 

CONCLUSIONS  
 
An optimized HRAM HPLC-MS-MS workflow for untargeted  

metabolomics profiling experiments was developed on a 
Oribtrap Fusion Lumos mass spectrometer. The workflow 
provides maximum metabolite identification coverage by 
using combined MS-MS data collected from multiple MS-MS 
set ups. 
The comprehensive HCD-CID MS-MS capability on the 

Orbitrap Fusion Lumos MS enables more metabolite 
identification through mzCloud spectral match. 
The fixed cycle time on on the Orbitrap Fusion Lumos MS 

enables reproducible quantitative results across multiple 
HPLC –MS runs which acquired both MS and MS-MS data 
simultaneously. 
Compounder Discoverer 2.0 software provides a 

streamlined workflow for metabolite markers discovery and 
identification in an automated and confident fashion. 
mzCloud (www.mzcloud.com) provides a new powerful way 

for metabolite identification 
The workflow was successfully applied to the untargeted 

metabolomics profiling experiments of two phenotypes of 
human urine samples. 126 metabolites were identified and 
quantified  from the two urine samples. Significant  fold 
changes were observed from many metabolites through the 
differential/statistical analysis.  
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Table 1.  HESI II set up Table2.  MS Parameters  set 
up 

Figure 1.  Data Dependent MS-MS Set Up 

Data dependent HCD MS-MS using 1s cycle time with inclusion list  

Data dependent HCD MS-MS using 1s cycle time with exclusion list  

Data dependent alternate HCD-CID  MS-MS using 1s cycle time with inclusion list  

Study Design and Data Processing 
For general metabolomics profiling experiment design, MS-MS data is 
collected only on a few pooled samples for metabolite identification 
purpose. This approach is very efficient if many samples are involved 
in the study by avoiding redundant MS-MS data acquisition. However, 
if not too many samples are involved and the instrument scan speed is 
fast enough, then collecting both MS and MS-MS on all samples is 
more efficient and potentially providing higher metabolite identification 
coverage by combining multiple MS-MS data collected from all 
samples. 
As proof of concept of the second approach, we analyzed two 
phenotypes of human urine samples were analyzed using three 
different data dependent MS-MS methods, respectively. Compound 
Discoverer 2.0 software was used for differential analysis and 
automated compound identification via mzCloud (www.mzcloud.org) all 
within one single workflow (Figure 2 and Figure 3). The putative 
metabolites were automatically searched and mapped in KEGG 
pathway (http://www.kegg.jp/) within the same workflow. 
 

Figure 3.  Untargeted Metabolomics Profiling Workflow 

Results 
 

 
 
 
 
Figure 2.  Study Design for the Two Phenotypes of Human 
Urines  

One unique feature that the Oribitrap Fusion Lumos MS offers is the 
capability to collecting HCD and CID in a single LC-MS run, yielding 
comprehensive fragment information for  better spectral matching. In our 
urine samples, the N-Acetyl-DL-glutamic acid  was only identified  
through mzCloud library match of CID MS-MS data.  
 
Figure 6.  Extracted Peak Areas from Background 
Compound Bis(2-ethylhexyl) phthalate  

Figure 4.  Numbers of Identified Metabolites from mzCloud 
on Different Data Dependent MS-MS Approaches  

The MS-MS data collected from two phenotypes of human urine 
samples were searched against the mzCloud with batch mode. 
Although the numbers of identified metabolites from the female and 
male urine samples were comparable between the dd HCD MS-MS 
enabling inclusion list approach and the dd alternated HCD-CID MS-
MS enabling inclusion list approach, some metabolites were only being 
identified by using the comprehensive CID MS-MS data. The dd HCD 
MS-MS enabling exclusion list approach provided a little less numbers 
of metabolite IDs. The maximum metabolite identification coverage was 
achieved by combining all three MS-MS approaches. 

HCD MS-MS of m/z190.07 at 
scan number of 697 
provided no mzClound match  
 

The alternated CID MS-MS of 
m/z190.07 at scan number of 
698 provided high score 
mzCloud metabolite match 
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     RAWFILE(top): F_hcd_cid_7sexc_pos, #698, RT=1.686 min, FTMS (+), MS2 (CID, DDF, 190.07@30.00, z=+1)
     REFERENCE(bottom): mzCloud library C7 H11 N O5 N-Acetyl-DL-glutamic acid FTMS (+) MS2 (CID 190.07@20.00)
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Figure 5.  Comprehensive CID MS-MS data Improves 
Metabolite Identification Coverage 

Another unique feature that  the Orbitrap Fusion Lumos MS offers is the 
fixed cycle time even for data dependent MS-MS experiments by using  
top speed  set up. The fixed cycle time enables reproducible peak area 
calculation by insuring sufficient full MS scan points being collected 
across each peak. As a result, very small variation of extracted peak 
areas are observed from the common back ground peaks across all six 
data files (three from female urine and three from male urine), The 
CV% over each sample group was less than 2%, approving that 
excellent quantitative precision can be achieved from the multiple runs 
which use different data dependent MS-MS set ups.  

Figure 7.  PCA Analysis of the Two Phenotype of Human 
Urines 

Significant differences between the two phenotypes of human urines 
samples were detected through the statistical PCA analysis 

Figure 8.  Volcano Plot of the Two Phenotype of Human 
Urines 

Large folder changes were identified from many identified metabolites 
between the two phenotypes of human urines samples 
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     RAWFILE(top): M_hcd_exclusion_pos, #579, RT=1.595 min, FTMS (+), MS2 (HCD, DDF, 193.10@25.00, z=+1)
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Figure 9.  More than 10 Fold Increases of Nicotine and 
Other Tobacco Related  Metabolites were observed from 
the Male Urine who has Smoking History 
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The differential analysis results revealed the significant concentration 
increases of Nicotine and other tobacco related  metabolites, such as 
cotinine in the male urine compared to the female urine. This is 
expected because the male has a long smoking history, while the 
female does not smoke. 
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Figure 10.  High Amount of Caffeine was observed from 
the Female Urine Sample 
 
 
 
 
 
 
 
 
 
 
 
 
 
Significant higher amount of caffeine was detected from the female 
urine although both the male and female drink coffee. It seems that the 
higher caffeine came from the green/red tea (green/red) that taken only 
by the female. 
 
Figure 11.  Pathway Analysis of Identified Metabolite 

Significant higher amount of creatine was also detected from the female 
urine. The pathway analysis using KEGG module reveals biological 
correlation of the creatine with other metabolites through the pathway 
mapping. 
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