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Abstract

It is critical to study the metabolic foundations of cardiovascular and other diseases
to obtain a better understanding of disease biology and the impacts of potential
intervention regimens. Key to achieving this is the development of workflows

that can provide deep molecular insights. This application note describes a
GC/Q-TOF untargeted metabolomics workflow that uses the Agilent accurate mass
metabolomics personal compound database and library (PCDL) as well as unit mass
libraries for compound identification. It also employs Agilent ChemVista, a new
library management software tool, to integrate third-party libraries into the screening
workflows. In this study, a metabolic profiling of individuals with heart failure (HF)
has been performed to identify underlying mechanisms of this pathology that could
be helpful in designing an effective treatment. Taken together, the workflow shown
here provides an example to researchers seeking to understand the molecular
mechanisms of disease.



Introduction

Heart failure (HF) is a clinical condition that significantly
affects quality and duration of life and is a major global
public health problem affecting 23 million people worldwide.’
Approximately half of HF cases present with reduced left
ventricular ejection fraction (HFrEF) while another half are
characterized by preserved ejection fraction (HFpEF).2 Both
pathologies have similar morbidity and mortality, however, no
effective treatment exists for HFpEF.? Further understanding
of the metabolic profile of HF individuals relative to healthy
subjects could shed light on potential therapies. Thus, to
facilitate the development of successful therapies for HF

in the future, a blood plasma metabolic profiling study of
healthy subjects and individuals with both HfrEF and HfpEF
was performed.

One of the unique advantages of using GC/MS for metabolic
profiling is an opportunity for fast and efficient compound
identification due to the availability of GC/MS libraries with

a vast number of highly reproducible electron ionization

(El) spectra.®® To help further speed up compound ID

and enhance its reliability, the following El spectral library
characteristics are typically desired: a large number of spectra
to help identify high numbers of compounds; the presence of
retention indices (RIs) to increase versatility; and, in the case
of a high-resolution instrument, accurate mass spectra would
be desirable to efficiently decrease the false positives rate.

Therefore, a variety of GC/MS El libraries were used in this
study to maximize compound ID potential. This included the
accurate mass metabolomics PCDL, NIST23, and spectra
from MassBank of North America (MassBank.us)’ exported
into PCDL using the ChemVista software.

The accurate mass metabolomics PCDL used in this
application note contains over 900 curated spectra of
derivatized compounds including metabolites and xenobiotics
commonly found in biological matrices.® It also includes

RTs for the standard Fiehn metabolomics method and

RlIs based on both fatty acid methyl esters (FAMESs) and
alkanes.® Integration of the accurate mass metabolomics
PCDL into this workflow provided highly accurate compound
annotations through multiple points of confirmation.

In this study, the combination of the accurate and unit mass
libraries for metabolomics, MassBank.us, and NIST23 in
conjunction with SureMass accurate mass deconvolution
proved critical for metabolite identification. A substantial
number of metabolites were identified across sample groups,
enabling observation of statistical differences in HF and
healthy individuals. Together, this workflow and its results can
aid understanding of the metabolic signature of HF.

Experimental

Sample preparation

Blood plasma was collected from subjects of HFrEF and
HFpEF groups as well as healthy individuals (10 samples per
each group). Thirty microliters of each blood plasma sample
were extracted using 1 mL of acetonitrile:isopropanol:water
(3:3:2), and 450 pL of extract were dried, derivatized by
O-methoximation, followed by trimethylsilylation with
MSTFA + 1% TMCS as described elsewhere.®

Data acquisition and data processing

The data were acquired using the accurate-mass,
high-resolution Agilent 7250 GC/Q-TOF system. The GC
method was retention-time locked to d,, myristic acid as
described elsewhere.™ The data were acquired at 70 eV, and
in low energy El and chemical ionization (Cl) modes. MS/MS
was further used for structure elucidation of the unknown
compounds of interest. Further details of the data acquisition
method are shown in Table 1.

Table 1. Data acquisition parameters.

lonization Mode

El Cl

MS Agilent 7250 GC/Q-TOF

GC Agilent 8890 GC

Sl Agilent DB-5ms Qltra Inert, 30 m x 0.25 mm, 0.25 pm
with DuraGuard, 10 m

Inlet Split/splitless inlet, 4 mm Agilent Ultra Inert inlet liner,

single taper

Injection Volume 0.2pL 0.5uL

Injection Mode Splitless

Inlet Temperature 280 °C

Oven Temperature Program

50 °C for 0.5 min; 10 °C/min to 325 °C, 10 min hold

Carrier Gas

Helium

Column Flow

1 mL/min constant flow

Transfer Line Temperature 290 °C

Quadrupole Temperature 150 °C

Source Temperature 200°C 280 °C

Electron Energy 70 eV (standard El), and 15,12, and 10 eV 60 eV
(low-energy El)

e man 5 pA (standard El), 0.4 to 0.8 pA 30 yA
(low-energy El)

Spectral Acquisition Rate

5Hz

Mass Range

m/z 50 to 1,200

Agilent SureMass deconvolution and library search were
performed in Agilent MassHunter Unknowns Analysis 11.1.
ChemVista 1.0 was used to export the GC/MS spectra from
third-party databases, in this case, MassBank of North
America (massbank.us). The accurate mass metabolomics
PCDL, unit mass Fiehn metabolomics library, NIST23, as
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well as MassBank.us were used to perform initial compound
identification. Alkanes and FAMEs retention indexes of

all the libraries were used to confirm the compound ID.
Statistical analysis was performed in Agilent Mass Profiler
Professional (MPP) 15.1. Structural elucidation was
performed using the Agilent MassHunter Molecular Structure
Correlator (MSC) 8.2 software to map fragments to their
proposed substructures.

Results and discussion

Including third-party libraries in the metabolomics
workflow using ChemVista

ChemVista is a standalone software application that can
complement compound identification results produced in
metabolomics studies by including third-party libraries in the
workflow. ChemVista can manage spectra, RT/RI information,
as well as other compound metadata and supports multiple
data formats including SDF and PCDL."" It can also be used

in a process of creating a PCDL to add compound structures
and identifiers.

To use third-party library spectra in the current study, all
GC/MS spectral data (containing over 18,000 spectra)

were downloaded from the MassBank.us webpage in

SDF format and imported into ChemVista (Figure TA).

The imported content was then filtered to contain only El
spectra and exported in the PCDL format for further use in
the downstream workflow. The newly created MassBank.us
PCDL included over 9,000 EI GC/MS compounds with spectra
(Figure 1B). Note that one compound entity in the ChemVista
output can contain multiple spectra, including those obtained
using different GC/MS analyzers, which provides flexibility
with respect to a choice of the instrument used to acquire
the data. Figure 1C shows a spectrum from the GC/Q-TOF
accurate mass metabolomics PCDL for the same compound
shown in 1B for comparison.
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Figure 1. Adding third-party libraries into the metabolomics workflow. (A) Extracting GC/MS El spectra and metadata from MassBank.us. (B) Agilent ChemVista
output for MassBank.us containing El spectra. (C) GC/Q-TOF spectrum for the same compound (kynurenic acid 2TMS) from the Agilent accurate mass

metabolomics PCDL.

Metabolic profiling using a combination of accurate
mass and unit mass libraries

To identify metabolites involved in HF pathophysiology,
an untargeted metabolic plasma profiling of HF subjects
as well as healthy individuals using the 7250 GC/Q-TOF
was performed. The chromatographic deconvolution was
performed using a SureMass algorithm that is based on
profile data and is specifically optimized for complex,
high-resolution, accurate-mass El data to provide high
sensitivity and increase dynamic range and mass accuracy of
deconvoluted spectra.

All the libraries were used simultaneously in the same
Unknowns Analysis method, where the library search
parameters can be selected individually for each library to
ensure optimal results.

When searching unit mass libraries such as NIST, the
ExactMass tool of Unknowns Analysis can help to
significantly reduce the number of false positives based
on the accurate mass of the acquired data and molecular

formula of the library hit. This tool assigns ions of the
deconvoluted spectrum with formulas that are the subset
of the hit's molecular formula and calculates mass errors
for the fragment ions. Two examples are shown in Figure 2,
where one of the NIST hits, 2,3,4-trihydroxybutyric acid
4TMS with a library match score of 91.8, exhibited low mass
error on all the fragments ions assigned with a subset of
the molecular formula (Figure 2A), thus confirming the ID
using the accurate-mass information. However, another

hit, methacrylamide, with a library match score of 89.1, did
not have any ions matching the molecular formula within
10 ppm mass error (Figure 2B), indicating that the library
hit was a false positive, thus highlighting the advantage

of accurate-mass GC/MS to curate spectral hits. Note

that GC/Q-TOF spectra provide excellent spectral library
matching with NIST and other libraries that are based on
GC single quadrupole spectra, since they do not exhibit the
excessive fragmentation characteristics of other accurate
mass analyzers.
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Figure 2. Using the ExactMass feature of Agilent MassHunter Unknowns Analysis for confirmation of the unit mass library hits with accurate mass. (A) Accurate
mass spectrum of the deconvoluted compound matches the NIST library hit formula. Mass error for each ion that matches the molecular formula subset within
10 ppm is shown in the ExactMass table, and compound ions in the mirror plot are highlighted. (B) The arrow is pointing to a false positive that can easily be
recognized based on the empty ExactMass table.



Both NIST23 and the metabolomics PCDL each produced
over 100 hits per sample after blank subtraction and
eliminating false positives with either the ExactMass (for
NIST) or accurate mass tolerance function that is built into
Unknowns Analysis (for the accurate mass PCDL). When
searching the data with MassBank.us, the number of hits

per sample on average was slightly below 100 (Table 2). The
library match score cut-off of 70 was used in the case of both
NIST and the metabolomics PCDL, and 75 for MassBank.us.
The reason for a higher library match score cut-off in the
latter case was that most compounds in MassBank.us did not
contain retention indices, and their molecular formulas often
do not reflect the derivatization, making it more challenging to
filter out false positives.

Table 2. Number of hits detected by each library separately after blank

subtraction and elimination of false positives. The last two columns indicate
non-overlapping hits identified with either NIST or the metabolomics PCDL.

Library
Sample NIST23 PCDL MoNA NIST Unique |PCDL Unique
C1 140 130 95 52 43
C4 124 117 88 46 42
C5 126 115 85 46 37
D5 128 125 74 47 43
D6 138 126 92 55 42
D8 130 118 95 47 35

A substantial fraction of compounds was identified uniquely
with either NIST or PCDL (Table 2), strongly suggesting the
benefit of using multiple libraries in metabolomics research
and highlighting the strengths of software like ChemVista to
be able to integrate spectra from multiple sources.

Differential analysis comparing blood plasma
metabolites of healthy subjects and individuals with
heart failure

Statistical analysis was performed in MPP software, where
the differences between the HF subjects and the healthy
controls were evaluated. To compare metabolic profiles

of HF subjects and healthy individuals, the samples from
the subjects of two HF pathologies were grouped together
forming a distinct cluster from the controls (healthy
individuals) as can be seen on the principal component
analysis (PCA) plot (Figure 3).

Y -Axis
o |
|
o]
o @ Q,Jf @ mC
QS)O °
) 1 ! m HF
Q@ &%) Q
_,X:f-‘ola:r#”’ﬁ—k\
] AN
\\Z-Axis
X-Axis | Component 1.. ~ ‘f-Axis | Component2... Z-Axis | Component3...

Figure 3. PCA plot showing a clear separation between the clusters of
plasma samples from HF (HF) and healthy individuals (C).

Striking differences were observed between metabolic
profiles of the HF subjects as compared to the healthy
individuals when using the fold change analysis visualized on
a volcano plot (Figure 4).
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Figure 4. Volcano plot displaying log of fold change (cut-off 2) versus log of
p-value (cut-off 0.05) for HF subjects versus healthy individuals.

Notably, the identified metabolites present at higher
concentrations in the control samples were predominantly
proteinogenic amino acids, while among metabolites
identified at higher concentrations in the plasma of HF
subjects were organic acids, sterols, and nitrogen-containing
compounds, some of which could possibly be metabolites of
imidazole-based drugs.



A few additional xenobiotics were identified in the blood
plasma of some of the HF subjects, but not the others. Two
such examples are shown in Figure 5, where tamafidis, an

anti-cardiomyopathy drug, was identified in the plasma of the
individual D5 (Figure 5A), and 2-(4-chlorophenoxy)acetic acid

(a herbicide) was detected in the plasma of the D6 subject

(Figure 5B).

A 2-(3,5-Dichlorophenyl)-1,3-benzoxazole-6-carboxylic acid (tafamidis)

These examples show the benefit of non-targeted analysis
using the GC/Q-TOF system in combination with advanced
accurate-mass software tools and multiple libraries in

providing the capability to expand the scope of the study and

enabling the identification of compounds of potential interest
with high confidence in a time-efficient manner.

— + 7 % lonPesks BRIV s
# | |Component RT: 24.3551 Component RT: 24.3591
G Matcl Besl c
Rt_:rmpnr Compound Name Facte Hi Fomula RTmm E x1084 E .E x1027
< Component || |3 1
[ (ca7HssNO11Sie | 2681 © 254 333_;;60 & 094
[ \C17H15012N03S | 2689 | 24 559932 0.8
> 154 [Bz0.0050 07 B
Exact Mass ; [B22.0023 gg' SeHRE
Exact Mass [223 3767 1
Sourcelon | pace Detta Fragment Formula Unique 054 044
n/z) 310165
imz) epm) 029 037
23319869 |  233.9868 0.10 |CE HI12 [37C12 03 5i O 0- o 0.2 CI7 H15. Q1 [B7CI N O3 Si
2359835 2359837 098 C15 HIEIT 0 m| ion Time L 0.1 E
o | I 1
2899767 289.9768 021/C14HBCIBTCIN S 0 e e — o 3440
2019739 291973 0.18 C14 M8 [3TCR2 N i 0 02
3200060  320.0060 .06 C15H12CI2NOS i 02
3210083 321.0103 315 C13 HI5[37C12 03 Gi m| 04 240
3220033 3220032 0.15 | C15H10012N03 O 0.5 3200
29 06
3635960 3639958 042 | C16H12C12NO3Si | m\(ﬂ . o = 20,0
3649983 3649975 1.84|C17 H13CI [370] 02 Si = et o
3655932 3859928 098 C16H12CI BTCINO.. = o 0
3665960 3665947 361 C17HI3[37C1203 G & 14 o
3675901 367.389% 043 C16HI2[37TCN2NO3. = 114
3790197 379.0193 1.00 C17H15CI2NO3SI =] 0 w0 w0 20 2 0 . 4o 4%
| minies ansnaesl Mass-to-Charge (miz)
B 2-(4-Chlorophenoxy)acetic acid
G - 1 X lon Peaks ~ I X |Spectrum - X
~1[c RT. 122354 Component RT: 14,2354
ggrmpur Compound Name y:gi Eﬁg Formula %Tmpt g::raw gleh‘ £ x108 e £ %102 730470
g 3 09
o 225 Component | S
. é [F3.0470 084
: 074
B 530477 vel
125 [75.0262 e
; i
Source lan Exact Mass 075 1990559 0.44 258.0477
& Mass Detta Fragment Formula Unique 2311229 )
iy y 05 024 C1HIECIO2S:
) ) 0o
110.9997 | 110.9996 0.45 CBHACI M "2 g?' 125,0154 S aatn208
1250154 1250153 .87 CTHEC! ¥ 1425 I Ll [ |||. L |
Acqguisition Time (- 0 R Y L L I HEPENS A L R
1200727 1290730 283 CEH10S = PN 12|50 ol Taso 20
ftructure - 1990
169.0237  169.0235 1.08 | C8H10CISI O Meleculzr S i 0.2 2580
1710206 171.0205 023 |CBH10 37 Si | 0.3
191.0918 4
1970184 1970184 015 CHI0CIOS: 0 ﬁ'z'
1990233 199.0340 069 | Cornzcios 0 a 074
2010317 201031 008 CIHIZ[FTTNO Si O \O\ e 0]
205.1044 | |\m3 084
2150291 215.0290 0.54 | COH12C10251 O v -4 10
2311229 i
2500477 2580473 BB C11H150103Si = & "8 o 1 1o do 1o 3o o 2ko %o b
2600445 7600444 045 C11HI5[370 035 il Mass-to-Charge (m'z)

| AGILENT\saronova :

Figure 5. Examples of xenobiotics identified in some individuals with HF. (A) 2-(3,5-Dichlorophenyl)-1,3-benzoxazole-6-carboxylic acid (tafamidis).
(B) 2-(4-Chlorophenoxy)acetic acid.



Identification of the unknown metabolites

Despite the use of multiple libraries in the identification
workflow, a few compounds present at varied levels between
the HF and healthy control groups were unknowns. Therefore,
a variety of tools and techniques were used to perform
structure elucidation of these compounds. To identify the
molecular ion for one of the unknown metabolites present

at higher levels in the plasma of HF individuals as compared

to the healthy controls as a first step in structure elucidation,
low electron energy was used. A 70 eV spectrum of this
metabolite, as well as low-energy spectra obtained at 15, 12,
and 10 eV for the same compound, are shown in Figure 6. A
gradual increase in relative abundance of one of the higher
m/z ions in the spectrum, 344, was observed, increasing from
about 19% to 100% between 70 and 10 eV. This change in
relative abundance could possibly be indicative of the ion with
m/z 344 being a molecular ion.
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Figure 6. Identification of the molecular ion using low-electron energy.



Consistent with the low-energy data, positive Cl using
methane as a reagent gas further confirmed the molecular
ion of the unknown based on the presence of [M+H]* and
[M+C,H,|* adducts (Figure 7).

After the confirmation of the molecular ion of the unknown,
MSC software was used for structure elucidation. The
approach is based on EI MS/MS data, where the candidate
molecular ion is used as a precursor, and the accurate-mass
MS/MS fragmentation pattern is matched to spectral
databases such as ChemSpider, a source of molecular

structures (Figure 8). In a complex matrix, such as blood
plasma, MS/MS spectra have an advantage for structure
elucidation of unknowns over full spectrum acquisition El
data due to significantly lower noise coming from the other
spectra that may not be fully resolved chromatographically,
thus facilitating the process of unknowns identification.

One of the top-ranked structures, based on the MSC score
and number of literature references, was a TMS-derivatized
form of pyrimidine-2,4,6-triol.

Figure 7. Positive Cl spectrum of the unknown metabolite confirmed the molecular ion identified in low-energy experiments.
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Figure 8. Structure elucidation of the unknown in Agilent MassHunter Molecular Structure Correlator software based on EI MS/MS data. (A) EI MS/MS spectrum
of the unknown using a tentatively identified molecular ion as a precursor. (B) MSC results using the ChemSpider database, where one of the most probable
candidates is shown.
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Conclusion

This application note demonstrates the real-world impacts

in understanding the metabolic signature of HF. It describes
an approach to conduct a metabolomics study using the
Agilent 7250 GC/Q-TOF with multiple libraries, including the
new Agilent accurate mass metabolomics PCDL as well as
third-party libraries managed in Agilent ChemVista software.
While this study is focused on the metabolic profiling of heart
failure (HF) pathology performed to understand the underlying
mechanisms of this condition, it could be easily applied to
any number of other health conditions and disease states.
Over 40 metabolites, including amino acids, organic acids,
and sterols have been identified as potentially responsible
for the differences between HF and heathy individuals and
thus the researchers in this field will be better armed to
understand the metabolic impacts of disease and disease
intervention, and potentially be able to rationally design future
intervention regimens.
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