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Metabolomics in an Identity Crisis?
Am | a Feature or a Compound?

The world leader in serving science



Agenda

Unknown Analysis in Metabolomics

Determining Features and Compounds for Data Reduction

Multiple Measures for Confident Identification




Popularity of Metabolomics
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Untargeted Metabolomics Takes the Lead

Targeted 21.21%_

99

journal articles

featuring Thermo
Scientific™ MS
Instruments

>
Untargeted 78.79%

Thermo Scientific™ MS instruments included: Thermo Scientific™ Q Exactive™ MS, Thermo Scientific™ Q Exactive™ Plus MS,
Thermo Scientific™ Q Exactive™ HF MS, Thermo Scientific™ Orbitrap ™ Fusion Tribrid MS, Thermo Scientific™ Orbitrap™ Fusion Tribrid
MS, Thermo Scientific™ TSQ Quantiva™ Quadrupole MS
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Journey into the Unknown
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Why untargeted metabolomics?

Advantages

* Hypothesis generating step
* Unbiased peak detection for discovery

e Don’t need to know what to look for ahead
of analysis

» Capture the entire metabolome — collect
everything, miss nothing

* Minimal method optimization
* Retrospectively mine data
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« Endogenous metabolites are chemically
diverse

* |sobaric/isomeric species

« Databases and libraries are still growing
» Tools for true unknown unknowns
 What measures constitute identification?
« How can we be confident?

'_ Challenges




Know Your Unknowns

Two Types of Unknown Compounds

Known Unknowns Unknown Unknowns

« Knowledge of the sample * True unknown
(biofluid, plant tissue,
environmental) - Novel compound
* Expected target compounds « Structure elucidation and
characterization

« Search existing databases
and spectral libraries for
known species




Untargeted Metabolomics Approach

Process Overview
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Conguering the Unknown Identification Space with Confidence

Data Reduction

Features

Compounds

Confident Identification

Elemental Composition

Database match (ChemSpider)

Fragmentation Spectral Match

Rete‘tion ag?’nst Standard

Data Refinement Process
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|dentification Tools for Unknown Analysis

Untargeted Small Molecule
Discovery Spectral Library
& Drug Metabolism
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Example Analysis with Sake:

Data Reduction

The world leader in serving science



Untargeted Metabolomics with Sake

RO Fg =ik » Sake — Japanese rice wine

| S 3 . . » sixbottles selected from local CA market =
=7 e e for comparison =

. > Are they different biochemically?

- » Thermo Scientific Ultimate 3000 RSLC - = -~
Ei . Q Exactive Plus MS -

Iz | "~ > Example data available with Compound =~
AT ot e e o PSRRI Discoverer
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Untargeted Acquisition Aims to Collect All Data Points

MS1 Full Scan Mode
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Unbiased Peak Detection

Full Scan Mode Generates Many Data Points
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Data Reduction with Intelligent Mining

Not All

Unknowns Are
Equal

|Isotopes & Adducts

Background
lons/Chemical
Noise

Biologically
Unrelated

14



What Is a Feature?

1 feature:
| 635 219.0566
15 - [M+H]+l
= 05 4
0.0 T T ¥ T T T T —T
6.20 6.25 6.30 6.35 6.40 6.45 6.50

RT [min]

Distinct m/z at a given retention time
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Feature or a Compound?

Feature Assembly
KAN-CHIKU_10x_1 (F11) #1389, RT=6.331 min, MS1, FTMS (+)
C12 H11 02 P as [M+H]+1
4 [M+H]*
! 219.05641
1.4 1 [M+H]+1 S [M+Na]*?
12, [M+K]+1
2 o [M+H+MEOH]*!
z ] [2M+H]*
= 3
3 08 - +1
2 ) [2M+Na]
T
w —
S Y N Y N
c !
0.4 - 437.10580
] 251.08284 [2M+H]+1
05 Zoio. lpwrosms BEERRIEHRE 45908768
] 24204178 I M+Naj+1 25701248 359.00134 iy 4
1 1490198~ o TR+ 367.06113 [2M+Na]+1
200 300 400 500
ThermoFisher
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What is a Compound?

6 adducts:

. 6335 [M+H]*
15 q ; [2|\/|+H]+l
' [M+Na]*!
[2M+Na]*!
[M+K]+1
[M+H+MEOH]*!

Intensity [counts] (109)

i 22 Total
‘ Features

RT [min]

Combination of associated features at a
given retention
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Nope. It's a Background Compound

Found in all samples, including solvent blank.

14

Bis(2-ethylhexyl) phthalate
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Nope. It's a Background Compound

Found in all samples, including solvent blank.

14 T Bis(2-ethvlihexvl) phthalate

Compound Discoverer Flags Background Compounds
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Expedited Data Reduction

Stop Chasing
Nonsense

Focus on What
Is Truly Valid

|sotopes

Chemical
Noise

$

Meaningful Compounds
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Component Assembly — Detecting Real Peaks

features

Over 100,000 unique P

6,230 unique compounds H
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Compound Discoverer Software

Integrated solutions for small molecule research
applications in LC- HRAM MS

Compound Discoverer 2.1 Software

Small molecule research software for a wide range of applications.
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The Path to Confident Identification

Elemental C%position )

Reduce W@ Number
off PoSSloilities

”

Database match (ChemSpider)

Fragmentation Spectral Match

Increase

Retenti@n against Standard
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Value of Mass Accuracy in Predicting Elemental Composition

Reduce Potential Candidates with High Mass Accuracy

Possible Empirical Formulae
(C,H,N,O, P, YS)

Proline 116.0706 1 1 1 1
Acetylcarnitine 204.1230 4 1 1 1
Saccharopine 277.1394 15 9 5 2
S-adenosyl methionine  399.1437 85 44 26 9
Bilirubin 585.2707 224 111 67 24

Mass error (ppm) = exact mass — accurate mass/MW*10°
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C11 H2402N7

or
C‘. SHZCO-‘.-N

 Accurate mass and
fragmentation are not the
only tools available to us

» Accurate mass gives us
access to elemental
composition

* Very high resolutions give
fine isotopic structure to help
determine correct elemental
composition

o )

Using Very High Resolution Accurate Mass

100

Relative Abundance
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The Path to Confident Identification

Elemental COMmposition

P

—
()atabase match (ChemSpider)

o

Fragmentation Spectral Match

Retenti@n against Standard
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Search Existing Databases

( )

Chemical Entries
Human Metabolome

Database (HMDB) 81,951

(Kyoto EncyclopediaN
fG d 22,778

Se l ect Gecl)womeense?KallEnG G)
Experimentally ) g
Relevant Data ChemSpider
(487 Data FooDB 16,744
Sources to Reduce Sources)

Erroneous * " Aggregate )

Cand|dates ROYAL SOCIETY Computational 96,004
OF CHEMISTRY Toxicology
X Resource (EPA) )
More...

29 SCIENTIFIC



The Potential Peril of Database-only “ID”

Molecular . Elemental » ChemSpider
Weight Composition Search

Multiple Candidates

— DASSAI — HAKKAISAN ~—— KAN-CHIKU
— KIKUSUI — KUBOTA — OZEKI
H NMN“‘H NH: w”f}”w
4 0.766 ! Y H;N NH,
NHz
E Agmatine 1,2-Diaziridinediethanamine
> 21
1 NH
N A
N IR . SC—— SRS S,
0.60 0.65 0.70 0.75 0.80 0.85 0.90
RT [min]

1-[2-Ethylamino)ethyl]guanidine
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The Potential Peril of Database-only “ID”

Molecular . Elemental . ChemSpider
Weight Composition Search

| W/ I F -y PR o W |- P

Which one Is It?
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The Path to Confident Identification

Elemental COMmposition

Database match (ChemSpider)

na

| 4
Fragmentation Spectral Match )

> 4

Retenti@n against Standard
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www.mzCloud.org

mzCloud

Ultra high quality online reference MS/MS and MS"
spectral library

Highly curated data — superior quality

High resolution accurate mass MS/MS and MS" data — identify more
unknowns with similarity searching.




mzCloud (www.mzCloud.org)

S

r location : US

m/ Advanced Mass Spectral Database search for compounds...

Home  Ab Features  App

1]

mzCloud is a state of the art mass spectral database that assists analysts in identifying
compounds in areas such as life sciences, metabolomics, pharmaceutical research,
toxicology, forensic investigations, environmental analysis, food control and various
industrial applications. mzCloud™ features a freely searchable collection of high
resolution/accurate mass spectra using a new third generation spectra cormrelation
algorithm.

Online access 1o the database is free of charge and no registration is required.

read more...

Enter ?; @J
DEREEIEESE Newln';zrcloud App!
Search for Compounds by Name or ID
»
6,673 (+44) 10,454 (+66) 2,249,200 (+36,533) 704,266 (+0) view more
compounds trees spectra QM models statistics

{+ added in the last 14 days)
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More Information

HO OH
O . (8]
| ahi |

Extensive MS/MS and MS"
Curcumin

« Dozens to thousands of
spectra per compound

« 10-20 Different HCD
Energies

 Dynamically optimized
trap CID energy

* No limits on how you run
your instrument
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Highest Quality

Highly Curated Data

A O 117.03349 siet Zod
@
e o~ _
' /@ @I ’ « Replicate spectra
N - acquired for each energy
HO 14905871 gl
145,02841 - {*-;Ll . .
owgps PPN _r}QT * Noise filtered
CrHs & 0.0 ppm ”"W ° 1@\,
Ly i | ! - Every spectrais
16208115 recalibrated
17705462
M E40 |135.D44GE ]
I [ . .
'EI:D1 o r9:51 o r'1|!IIII1 o r1"II|ZI1 o r‘1él}‘ o r'lélil. o Iiarm. o Iiéﬂ' o IHglilr o I1]|"IIIr ) INHISIZII I ° EXtenSIVe annOtatlon Of
structure, formula, and
neutral loss
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Diversity is Key

N
Wide Chemical Space Ho @2
O~

OH ©

Naringenin Dibutyl phthalate

« 16 different broad

chemical classes based o T
on application 855
* |dentify a more diverse 8.10
9.3
range of compounds 499 568 632
|
« Handle complex samples i 5.91
443 546 6.62
. Know more unknowns W U“ iy J\I L_/J\
(U
K /10' 45 50 55 60 65 70 75 8.0 85 90
ThermoFisher
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|dentify More Than Just Endogenous Species

Dibutyl phthalate | Query (Top) CLOUD
m/z 279.1591

@:}; Library (Bottom) More than just a
“targeted library”,

mzCloud helps to
even identify

Intensity [counts] (10°6)

compounds you
Naringenin can comfortably
m/z 273.0757 “ignore”

OH H ||‘ ‘ |
=
N |
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Fragmentation Match — Identity Search

OH O
Tyrosine

m/z 182.0807 NHz
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Structural Annotation to Increase Confidence

OH o

Tyrosine

m/z 182.0807

|

50 1.6 ppm
70 4 - 4" l 2.5 ppm
2 60 3 136.07547 g
= ] C8H10 N O [M-gl+1 ‘ O
= 50 ] [M-]+ 1.7 ppm Sy
z ] 22ppm ¢
5 ] N OH DM 182.08072
S 40 1.4 ppm (j"‘*éH 0% [:I CO H12 N O3 [M+H]J+1
= ] - HO N
< 30 1.7 ppm m@\' 123.04379 165.05434 7
= ] i C7 HT 02 [M-g]+1 G2 HI O3 [M-el+ g
20 = 119.04897 147 04375
] £ H7 O [M-g+1 C8 HT 02 [M-e]+1 ;
10 4 91.05406 A 121.0644
1 5042000 C7 H7 [M-e}+1 24,047 T et I 48.04738 I
O B e S D L I P o |
G0 20 100 120 140 160 130 200

miz

Green = Matched lon
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Fragmentation Match — Similarity Search

Molecular Elemental Ch er

Unknown Precursor lon: m/z 213.0745

600
500
400 1

300

Intensity [counts] (1043)

200

100 ‘
|

T T T
a0 100 150 200

a1 ThermoFisher



Similarity Search for Structure Elucidation

Carnosine NS NN Unknown
m/z 226.1066 H”M/;KH;;O . m/z 213.0745
A13.0331
) o
300 - 0.07 Unknown (Top)
200 °

100 ‘

Intensity [counts] (1043)
[ ]

-100 - -------
200 - Carnosine (Bottom)
-300
50 | | | | ‘IEIIU | | . | ‘IEIEI | . | | 2IIIJEI
miz
42 ThermoFisher



Structure Elucidation for Unknown Unknowns

Carnosine 3 N~ NH:
m/z 226.1066 ““{;”\,E |

HO™ ™0

BUU HN%’NH.
=N

]
& 110.07099
= 500 C5 HE N3 [M-g]+1
- ®
= 500
2 e NH
S 400 - -
= ”;ﬁ(c;ID
£ 3200
@ 156.07651
= 200 C6 H10 N3 02 [M-g}+1

100 70.06535 156, 59254 I 17511302 475 06120

0 3 . ] . . | . . . : - . | | . :

a0 100 150 200

miz
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Accelerate Unknown ldentification

Unique Molecular Weight

Elemental Formula

ChemSpider

Fragmentation
Spectra

Fewer Candidates. Higher Confidence.




Gold Standard for Confirmation of Identification

Elemental COMmposition

Database match (ChemSpider)

Fragmentation Spectral Match

(
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Unknown Compound Identification

Compound Discoverer

mzCloud

Untargeted metabolomics provides a comprehensive
approach for measuring the metabolome

High resolution and mass accuracy increase confidence of
unknown identification

Compound Discoverer software is powerful data processing
software that accelerates data mining and unknown
identification

mzCloud fragmentation library facilitates unknown
compound identification and structure elucidation

Compound Discoverer and mzCloud turn complex
untargeted data into meaningful information
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