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Cellular metabolic pathways
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Metabolic Pathways Map
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Metabolite

* Metabolites are small molecules involved in metabolism
Processes [Wwishart, 2007]. Cerebrospinal ga

/g
Tryptophan LU, et a/., 2022
Glutamine
Lactic acid

Blood | Saliva fga)

R R e B 1T i Tt L e &
o8 R FE S R 2= A S FR Y e g

= antoin = Bile A
INDFIEEY) - BEE/NDF sl  Cpitionn J\\
\99_,/&/@\- @J\%@ W E/\J % *E/_:E'ﬂ:ﬁ}j_‘éﬁ_\ , Glzﬁii:ne - -~ Taurocholic audw J
HEMGELHEEE - J/ . Sweat % :
Urine // UrLiJcriiid "\
Urea

Urinary Creatinine

"\ Acetate Extracellular —
\“ b i Lac/tsth:F;cid he 5 c"g
L] il

Methyl-amines

} Glucose
Phenylalanine Dopamine
Succinate Acetylcholine
Taurine

https://www.sciencedirect.com/science/article/pii/S2590006422000035



s 2 #8 ( Types of Metabolites )

D4R
EENHY

RERACHE )

R CHE)
SR

At AR
BMRER - eEBREEHEBNHY

SEMRERREINA - WEHRLEIR D
(Bl ER - FER)

AR BREERNNEHY
RERE - %Y - SYFINBAIRRIH Y

S EEH

Primary metabolites
Secondary metabolites

Endogenous metabolites

Exogenous metabolites

10



Metabolome

* Metabolome, typically defined as a collection of all metabolites
produced by cells, offers a window to investigate cellular biochemistry
and how the mechanistic biochemistry relates to cellular phenotype

[Oliver et al., 1998; Patti et al., 2012].
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Metabolome
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Metabolome

* Because metabolome is also largely determined by genome, different
species have different metabolomes.

* Metabolome databases of some species have been constructed

* Yeast Metabolome Database (YMDB) S

* E. coli Metabolome Database (ECMDB) = —fiﬂ— .

* Human Metabolome Database (HMDB) ; 1T ir'h‘ b
* MassBank Database s MassBank .
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Metabolomics

* Metabolomics was developed in the early 2000s as one of the OMICS

tools.

* Metabolomics is the comprehensive and quantitative analysis of all
metabolites in a biological system, providing a snapshot of the
physiological or pathological state under specific conditions.

Metabolomics fLEIFe 2RI TEL] °
EAHENSHERE  HAR#ERER H
phenotype /HEI 24 - SAMIIEER - &
BMRZEDATFZIINEIRIBERZERAE -

BlEn - 40 IRIERE - RRAEYES -
FUE - EF%L%KH@WQWFI%EHZFQE’J
ot - BliE S H R EE

_

http://www.metanomics-health.com/en/why-metabolomics.html|



ERAHTL

(Analytical Platforms)




Metabolomics
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Metabolomics
B 481 F g

Wl IRFEERE
RS A
Loms (RATBATER) o BEA

GC-Ms ((RHMENER ) v BH

CE-Ms ( EMEEX-EE ) » RE
NMR ( &R ) v FH
FTIR /Raman (AISMEFL | ey

S
Direct MS ( EIFERERL ) v MEER

B&E% ( TLC, HPLC ) & BEFEi
ELISA / BERLE&E & 5 TE R

@ WFRRB

‘LC-Ms & F AR B EE 2T -

‘NMR iBHEES -

B> T

PURAERE T OB CEY) - BE
O EERLE (m/z)
BERUNHYETRHERBTEA
CE P

TESFUEXKAADBE

EANERE

LA/HJ*? Eﬁi ?E nﬂ’jﬁ;
DD FRBERE

NS FIRENEEMWALE "5
A R
BRARKEN - BiEE
( WIDART-MS )
SEHEN SRS B H YD

FRnEE R RE— AR
ECHY)

FRRR IR

YN

BEHESE

*FTIR/Raman £2 B2 % /ELISA Z F)

FERESE
BRIRaZlEN - (UBIEE2

é%it%fcuﬁi

B B - ERMN
kb

NG FREF ~ AP
)

Bt - EENHE
%

SmmE - AR REES

RIZBYERIR -
#r
ER(CEER  ERm
Rk
BE—HYWEN (0H
EE P )

RESEIZIRAZ

EHES  BEEEE -

il

EMEEED

%ﬁﬂﬁf’ HIBRTE
BEREZS

MEEES - JERAE
oA
BB - RE - 1B
B

B - RBAR - TR
B8

BIFEE - RBLEER
AR

Fﬁ%f?% SEMS
SRR RERE

eI B FE AR N F -
,ﬂiifr% T - (BEEFERE - olEE LC-MS ZESHRS -
*Direct MS ( % DESI-MS  DART-MS ) [FIREIRFENRE M -

=Y IRGEEEY -
SmEEERREE BEZETAREERNHYER
B4 7]

REHE  BEMER
Al IR IE
BOTEERR - AER
HRHEY

BIRME - AR ER
2

- BHERE - EEHA

=

DPREARENE - &
BRLMERE D

46 B2 ==
B4 uﬂlﬁ B

EEE R
BYEREEBRE - T
BEBERHESR
REESTE—EE - 58

EHETZERE

=10k

17



Analytical Platforms
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Analytical Platforms Liquid/Gas Chromatography-Mass Spectrometry

* LC-MS and GC-MS are the most popular experiment platforms for
metabolomics studies.

» High sensitivity and selectivity in rapidly separating and quantifying target or
non-target compounds, including metabolites and lipids, in biological fluids
[Hird et al., 2014].

) Samples:
Solvents: mobile phase Multiple component LC - M S

Mixtures Cwszot, Daguil1929, CasJu, and YassineMrabet

/ 8 3 3 | Detection

Mass Spectrometer

LC-MS
Interface +
Ion source
High performance liquid HPLC Chromatogram +
Chromatography (HPLC) device ~ Column Mass spectrum analysis
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https://en.wikipedia.org/wiki/Liquid_chromatography%E2%80%93mass_spectrometry

Schematic Representation of High-Performance Liquid Chromatography
HPLC column
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Analytical Platforms

LC-MS/MS
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Analytical Platforms

LC-Ms EfaE Y
LRI ( Raw Data ) Daniel Norena-Caro, 2017

«BlZ MS1 B MS2 Se B E R IR i \/
5%
SRR AESEMEEERET (W
.raw, .d, .wiff )
BB SR R \
2458152 2] ( Features )
« 5 & Feature B F LI E— B
5%
TEEE .
em/z : BE=EAIEE (mass-to-
charge ratio)
eRetention Time (RT) : BBRL (R

LC—-MS spectrum of each resolved peak

Intensity Chromatogram

Mass spectra of resolved peaks

BRI ]

eIntensity / Area : B FaI5E

A=

.Feature ID ’*%1%”‘%6% ( gl:l https.//en.wikipedia.org/wiki/Liquid_chromatography%E2%80%93mass_spectrometry
FOO1 )

22



Analytical Platforms
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Analytical Platforms
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The Metabolomics Innovation Centre

.Wlshart Node
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The Metabolomics Innavatien Gentre
Making Metabolomics Matter

Dr. David S. Wishart

Home

About ¥

Dr. David Wishart (PhD Yale, 1991)

Applications Services Learn ¥  Achievements ¥  Spin-Offs News v ContactUs [f] ¥ @ @ search

The Wishart Node Story
Dr. David Wishart is a pioneer in the field of Metabolomics and a founding member of The Metabolomics Innovation
Centre (TMIC). TMIC is a nationally-funded core facility supported by some of Canada's top metabolomics scientists.
Dr. Wishart's focus has always been on making metabolomics matter.

In striving towards this goal, Dr. Wishart has dedicated his career to providing open accessible, affordable
metabolomics services to not only the scientific and academic community, but to a wide range of hospitals, clinics,
businesses, government organizations, charities, and other clients from around the world, with more than 20
countries to date.

The Wishart Node of TMIC includes a diverse team of committed, hard-working professionals who have brought their
knowledge of and expertise in metabolomics, bioinformatics, and analytical chemistry from around the globe to
create one of the top metabolomics service labs in the world.

The nationally-funded Wishart Node currently houses >$8 million in state-of-the-art metabolomics equipment. Over
the past decade researchers in the Node have developed nearly 30 different metabolomic assays that can
quantitatively measure >1000 compounds in almost any biological or environmental sample.

The Wishart Node's dedication to research and innovative thinking has helped clients make important metabolomics
discoveries in fields such as clinical diagnostics, precision medicine, pharmaceutical chemistry, environmental
science, veterinary medicine, agri-food research, forensic testing, and food analysis.

The Wishart Node is ready to help you make exciting discoveries too!

https://www.tmicwishartnode.ca/about-us/
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The Metabolomics Innovation Centre
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Metabolomics Services

Explore the TMIC Wishart Node's metabolomics service offerings, including LC-MS, GC-MS, ICP-MS, NMR. and UV-LC. We perform

targeted and untargeted metabolomic analysis, as well as lipidomics and proteomics. We also offer customized services - just
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@ORUGBANK

Explore ~ For Drug Discovery ~ For Clinical Software ~ For Academic Research LOGIN 2

Search our knowledgebase's 500,000+ drugs and drug products:

a

Introducing the Newest, Most Powerful Version of
DrugBank

REQUEST EARLY ACCESS

The wait is over! DrugBank has evolved to give scientists, researchers, and biotech teams Al-
powered, real-time insights all in one comprehensive intelligence platform.

Built for scientists. Powered by Al. Designed to accelerate your work.

The pharmaceutical data
you've been looking for

DrugBank is a vital resource for your pharmaceutical research, offering comprehensive &
reliable drug data, structured for immediate use or easy software integration. L L

SCROLL TO SEE OUR SOLUTIONS 30



DRUGBANK

CDRUGBANK Explore v For Drug Discovery v For Clinical software ~ For Academic Research LOG IN &

Q- Q

Search section headers Q I_e p I rU d I n

Identification

Pharmacology
e SAY GOODBYE TO FRAGMENTED, OUTDATED RESEARCH TOOLS. E SUBSCRIBE

Explore a selection of our The Next Evolution of DrugBank is Here Data Packages }H, ;;E m I}EIJ

Products essential drug information

Interactions

DrugBank's latest evolution delivers Al-powered, scientifically explore the full scope of our drug knowledge tailored for
below, or: validated insights to accelerate drug discovery like never before. pharmaceutical research needs in our data library. Learn more.

Categories Request Early Access

Chemical Identifiers

References

Clinical Trials Structure Description

Pharmacoeconomics An anticoagulant or "blood thinner" used to treat serious blood clots that occur as a rare side effect of heparin.
HEPAUEE DrugBank ID Type
Targets (1) DB00001 Biotech

US Approved Other Approved Patents Indicated Conditions
1 )

Clinical Trials Therapeutic Categories Mechanism of Action

Phase 0 Phase 1 Phase 2 Phase 3 Phase 4 Anticoagulants (% Prothrombin Inhibitor

0 1 2 0 4 Antithrombins (%

https://go.drugbank.com/drugs/DB00001 31
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T3DB HEEEKTIAERSYNWERERE -

&\ T3DB Browse ~ About ~  Contact Us

May 15! - 2nd
Canada Coast Hotel & Conference Centre
Canmore, Alberta
www.canmetcon.ca

welcome to

Metabolomics Centre
™ @TMIC_Canada
: "| The abstract submission deadline for the
upcoeming Canadian Metabolomics

the tOXin and toxin—.target da-tab ase Conference has been extended to March 30,

|
‘;.

/

2019. Make sure you submit your abstract
s00n to be considered for presentation
opportunities!

- g 7
— Y i

)
The Toxin and Toxin Target Database (T3DB), or, soon to be referred as, the Toxic Exposome Database, is a unique

biginformatics resource that combines detailed toxin data with comprehensive toxin target information. The database Visit canmetcon.ca for more
currently houses 3 678 toxins described by 41,602 synonyms, including pollutants, pesticides, drugs, and foed toxins, information.#CanhietCon #THIC
which are linked to 2,073 corresponding toxin target records. Altogether there are 42 374 toxin, toxin target associations
Each toxin record (ToxCard) contains over 90 data fields and holds information such as chemical properties and
descriptors, toxicity values, molecular and cellular interactions, and medical information. This information has been
extracted from over 18,143 sources, which include other databases, government documents, books, and scientific
literature.

The 3 Anwal Canadian Metabolomics Conferance

The focus of the T3DB Is on providing mechanisms of toxicity and target proteins for each toxin. This dual nature of
the T3DB, in which toxin and toxin target records are interactively linked in both directions, makes it unique from
existing databases. It is also fully searchable and supports extensive text, sequence, chemical structure, and
relational query searches. It is both modelled after and closely linked to the Human Metabolome Database (HMDB)
and DrugBank. Potential applications of T3DB include toxin metabolism prediction, toxin/drug interaction
prediction, and general toxin hazard awareness by the public, making it applicable to various fields. Overall, the
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SMPDB

SMPDB (Small Molecule Pathway Database) =—BEE - REEHERE - WEE 7818 30,000 EFE
RAZERANNMN FRERE - EEENEEEH - omBAUREFNHNE LER - BBRMREE
REABNREBE  BREEENEMEEET -

SMPDB HIERETEENRBABEIE - 5 Eﬁju/\é@ﬁ%ﬁﬁﬂg HORHHEE  BENERE FTEZ/ND
1 WEMBREED FEENRFAPHIEA -

MPDB Search Browse SMPDB~  Search~ Al

PathWhiz ~ Downlo

Contact Us

.w.s..au Node

Your source for quantitative metabolomics
technologies and bioinformatics.

Welcome

to the

Qnall @Jlecule@thway@tabase

Human Metabolome Database (HMDB) DrugBank

SMPDB (The Small Molecule Pathway Database) is an interactive, visual database containing more than 30 000 small molecule pathways found in humans only. The majority of these
pathways are not found in any other pathway database. SMPDB is designed specifically to support pathway elucidation and pathway discovery in metabolomics, transcriptomics,
proteomics and systems biology. It is able to do so, in part, by providing exquisitely detailed, fully searchable, hyperlinked diagrams of human metabolic pathways, metabolic disease
pathways, metabolite signaling pathways and drug-action pathways. All SMPDB pathways include information on the relevant organs, subcellular compartments, protein_complex
cofactors, protein_complex locations, metabolite locations, chemical structures and protein_complex quaternary structures. Each small molecule is hyperlinked to detailed descriptions
contained in the HMDB or DrugBank and each protein_complex or enzyme complex is hyperlinked to UniProt. All SMPDB pathways are accompanied with detailed descriptions and
references, providing an overview of the pathway, condition or processes depicted in each diagram. The database is easily browsed and supports full text, sequence and chemical
structure searching. Users may query SMPDB with lists of metabolite names, drug names, genes/protein_complex names, SwissProt IDs, GenBank IDs, Affymetrix IDs or Agilent
microarray IDs. These queries will produce lists of matching pathways and highlight the matching molecules on each of the pathway diagrams. Gene, metabolite and protein_complex
concentration data can also be visualized through SMPDB's mapping interface. All of SMPDB's images, image maps, descriptions and tables are downloadable.

[eEE NN  Browse Pathways

If you like this site, please follow us on Twitter and Facebook.



Vitamin K Metabolism AR
Vitamin K describes a group of lipophilic, hydrophobic
vitamins that exist naturally in two forms (and
synthetically in three others): vitamin K1, which is
found in plants, and vitamin K2, which is synthesized
by bacteria. Vitamin K is an important dietary
component because it is necessary as (more)

Hepatic Cell

BioPAX SVG SBGN SBML PWML All files
(.zip)

Oxidation of Branched-Chain Fatty Acids Metaboll

In the majority of organisms, fatty acid degradation
occurs mostly through the beta-oxidation cycle. In
plants, this cycle only happens in the peroxisome,
while in mammals this cycle happens in both the
peroxisomes and mitochondria.  Unfortunately,
traditional fatty acid oxidation does not wor (more)

BioPAX SVG SBGN SBML PWML Al files
(-zip)

Fatty Acid Biosynthesis Metaboll

The biosynthesis of fatty acids primarily occurs in liver
and lactating mammary glands. The entire synthesis
process which produces palmitic acid occurs on a
multifunctional dimeric protein Fatty Acid Synthase
(FA) in the cytosol. The production of palmitic acid can

B mmarzed as e SyecedBA®) pwmL Al files

(.zip)
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Browse -

FooDB Version 1.0

FooDB

Search -

Downloads Reports

FooDB (&im#iEE ) W& | % REYHHEEN &
BERmsT - (EEEMEY)E
B E T BT RS E(LEYE
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About ~

Examples Contact Us

Canadian Metabolomics Conference

@Can Met Con M‘

FooDB is the world’s largest and most comprehensive resource on food

AN o

Search foods v

May 15t - 2nd
Canada Coast Hotel & Conference Centre
Canmore, Alberta
www.canmetcon.ca

constituents, chemistry and biology. It provides information on both

macronutrients and micronutrients, including many of the constituents that

give foods their

flavor, color, taste, texture and aroma.

T™IC

Each chemical entry in the FooDB contains more than 100 separate data fields covering detailed compositional,
biochemical and physiclogical information (obtained from the literature). This includes data on the compound’s
nomenclature, its description, information on its structure, chemical class, its physico-chemical data. its food
source(s), its color, its aroma, its taste, its physiological effect, presumptive health effects (from published studies),
and concentrations in various foods.

Users are able to browse or search FooDB by food source, name, descriptors, function or concentrations. Depending
on individual preferences users are able to view the content of FooDB from the Food Browse (listing foods by their chemical composition) or the Compound
Browse (listing chemicals by their food sources).

Tweets by @WishartLab

eeted

Wishart Lab Retw
Metabolomics Centre

@TMIC_Canada

The abstract submission deadline for the
upcoming Canadian Metabolomics Conference
has been extended to March 30, 2019. Make
sure you submit your abstract soon to be
considered for presentation opportunities!

Visit canmetcon.ca for more
information.#CanMetCon #TMIC

The 2™ Annual Canadian Metabelomics Conference

May 2% - 3nd
Coast Canmore Hotel & Conference Centre
Canmare, Alberts

CanMet Con Sl

\__/ Canadian Metabolomics Conference

Guest Speakers
* DavidWishart, *  RafaslBrinckeiler,

InpavationCantre “ Hannes Roat,

Basumant Hesizh = lan Lawis,

Rwlstralmn Deadiine Website

Zil o BIEAERNERRNMEEERN
oSl AR Yt I A R N
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FooDB

Browse ~ Search ~

Listing foods

Displaying foods 1 - 25 of 797 in total

|-

FOOD00001
FOOD00002
FOOD00003
FOOD00004
FOOD00005
FOOD00006
FOOD00007
FOOD00008
FOOD00009

FOOD00010

Downloads Reports Examples About ~

4 5 - Next > Last »
Name 1 Scientific name
Angelica Angelica keiskei
Savoy cabbage Brassica olerace
Silver linden Tilia argentea
Kiwi Actinidia chinen:
Allium Allium
Garden cnion Allium cepa

Leek

Garlic

Chives

Lemon verbena

Allium porrum
Allium sativum
Allium schoenog

Aloysia triphylla
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Yeast, Bovine & E. Coli

MR - N 7 T

Yeast Metabolome Database

-
[T TR ——

E. coli Metabolome Database (ECMDB)

The Yeast Metabolome Database (YMDB) is a manually curated database of small molecule metabolites found in
or produced by Saccharomyces cerevisiae(also known as Baker's yeast and Brewer's yeast). This database covers
metabolites described in textbooks, scientific journals, metabolic reconstructions and other electronic databases.
YMDB contains metabolites arising from normal S. cerevisiae metabolism under defined laboratory conditions as well
as metabolites generated by S. cerevisiae when used in baking and in the production of wines, beers and spirits.
YMDB currently contains 2010 small molecules with 857 associated enzymes and 138 associated transporters.

References:

1. Jewison T, Neveu V, Lee J, Knox C, Liu P, Mandal R, Murthy RK, Sinelnikov I, Guo AC, Wilson M, Djoumbou Y and
Wishart DS. "YMDB: The Yeast Metabolome Database”. Nucleic Acids Res. 2012 Jan;40(Database ussue):D815-20

2. Wiki: hitp:/fen.wikipedia.org/wiki'YMDB

The Bovine Metabolome Database (BMDB) The Bovine Metabolome Database (BMDB) is a freely available
electronic database containing detailed information about small molecule metabolites found in beef and dairy cattle.
The information includes literature and experimentally derived information on bovine meat, bovine serum, bovine milk,
bovine urine and bovine ruminal fluid.

References:

1. http:/fen wikipedia. org/wiki/Bovine_Metabolome_Database

E._ coli Metabolome Database (ECMDB) is a freely available eletronic database containing detailed information
about the =3,700 metabolites found in E. coli (strain K12, MG1655). The information includes literature and
experimentally derived information on the chemical data, spectral data and the molecular/biochemistry data.

References :

1. Sajed, T., Marcu, A., Ramirez, M., Pon, A, Guo, A, Knox, C., Wilson, M., Grant, J., Djoumbou, Y. and Wishart, D.
ECMDB 2.0: Aricher resource for understanding the biochemistry of E. coli. Nucleic Acids Res. 2016 Jan
4;44(D1):D495-501.

2. ECMDB: The E. coli Metabolome Database. Guo AC, Jewison T, Wilson M, Liu Y, Knox C, Djoumbou Y, Lo P,
Mandal R, Krishnamurthy R, Wishart DS. Nucleic Acids Res. 2012 Oct 29.

3. Wiki: https://en.wikipedia.org/wiki/E._Coli_Metabolome_Database
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Q MDB Browse - Search ~ Downloads About - Contact Us metanolites v [CRTELE

HMDB

About the Human Metabolome Database 2023 4

What is the HMDB? 114,098 metabolites

Q HMDB Browse v  Search v  Downloads  About v  Contact Us REELEIENY Q search

.’Wis"a" N“é Specializing in ready to use metabolomics kits.

About the Human Metabolome Database 2025.5
220,945 metabolites

What is the HMDB?

Welcome to HMDB Version 5.0
The Human Metabolome Database (HM ions in metabolomics, clinical chemistry,

biomarker discovery and general educat| A +E 1J(; gj 7|_(SI’ ,E H M D B , /jEJ A 7 E A mﬁ ﬁk EE E/\J 0,945 metabolite entries including both
water-soluble and lipid soluble metabolit; A HE E E HE X information being devoted to
chemical/clinical data and the other 1/3 —,4—, A /_J — + E. iety of structure and pathway viewing
applets. The HMDB database supports ¢ / \ % Fl :HI t' EJ E / / Euu MDB suite of databases. DrugBank contains
equivalent information on ~2832 drugs & bolic, drug and disease pathways as well as

~60,628 pathways for other organisms, -I-". & % E q:% El E { t -I-’I'

The simple text query (above) supports 1 / 1 sis of the HMDB's content. This browse view
allows users to casually scroll through th =z : /\ ((( \ penerates hyperlinked tables listing normal
and abnormal concentrations of differen H M D B ZE - 1@ % K E/\J EJ:F j-Ll E /}? ’ % 7‘5 A 1J(; ngj 'f S ﬁ ILES string) a chemical compound and to

search HMDB for chemicals similar or id PB. The Sequence Search allows users to
conduct BLAST sequence searches of t J—\_ I:ﬁ *D _'-E-Z q:% Fﬁ ﬁk ° -Ho-use relational query search tool that
allows users to select or search over vaa 22 a:F X rmat) that will be searched against the
HMDB's library of LC-MS/MS spectra. Tl Epectra (both pure and mixtures) or 2D
TOCSY or 13C HSQC spectra, respectively, and to have these spectra compared to the NMR libraries contained in the HMDB. This allows the identification of metabolites from mixtures via NMR spectroscopy. The Downloads link provides links to collected

sequence, image and text files associated with the HMDB. The HML Home button links to the Human Metabolome Library (HML) home page. The HML lists metabolites that can be ordered for a fee by researchers around the world. Finally, under the About
menu there are links for HMDB Statistics, and information about the Data Sources used to assemble the HMDB.

o
https://www.hmdb.ca/ 5
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Search ~ Downloads About ~ Contact Us Searc| metabolites v [ERSETELa]

Specializing in ready to use metabolomics kits.

Metabolit ..
| e o TMIC B

" Diseases -~
Pathways M 1ot . gna
. N ay -
Biospecimens *
Canada Coast Hotel & Conference Centre
Classes Can MEt con Canmore, Alberta
proteins Canadian Metabolomics Conference www.canmetcon.ca
Reactions

Metabolite Library (HML)

. BMI Metabolomics
Browsing me

Age Metabolomics

Gender Metabolomics

Geno Metabolomics
Filter by metabolite s
Pharmaco Metabolomics

[ Detected and q iied [ Expected but not quantified [ Predicted

Diurnal Metabolomics

Filter by
[ elood [ urine [ saliva ) Cerebrospinal Fluid ) Feces ) Sweat [ Breastmilk [ Bile [ Amniotic Fluid [ Other Biospecimens
Filter by origin:
[ Exogenous ) Endogenous ) Food () Piant [ microbial [ ToxinPollutant ) Cosmetic ) Drug ) Drug Metabolite
Filter by subcellular location:

[ cell Membrane ] Cytoplasm ) Nucleus [ Mitochondria

Displaying metabolites 1 - 25 of 114088 in total & Export
- 2 3 4 5 MNext: | Lasta
Formula
www.hmdb.ca/metabolites# -

Avarsss Mase

39



HMDB PESERTEEEAEPNEAREEE
B HESECHSETEEBRECPE® -

Showing metabocard for 1-Methylhistidine (HMDB0000001)

Ontology ~ Physical properties ~ Spectra  Biological properties ~ Concentrations  Links ~ References XML

enzymes (3) | B2 Show 3 proteins

‘Show Metabolites with Similar Structures

Record Information

Version 5.0
Status Detected and Quantified
Creation Date 2005-11-16 15:48:42 UTC
Update Date 2023-02-21 17:14:26 UTC
HMDB ID HMDB0000001
Secondary Accession Numbers « HMDBO0000D1

« HMDB0004935

« HMDBO0006703

« HMDBO006704
« HMDRN4935
Show more accession numbers

Metabolite Identification

Common Name 1-Methylhistidine
Description 1-Methylhistidine, also known as 1-MHis, 1MH, tau-methylhistidine or tele-methylhistidine, belongs to the class of organic compounds known as histidine and derivatives. 1MH is also classified as a methylamino acid. Methylamino acids are primarily proteogenic amino acids (found in proteins) which
have been methylated (in situ) on their side chains by various methyltransferase enzymes. Histidine can be methylated at either the N1 or N3 position of its imidazole ring, yielding the isomers 1-methylhistidine (1MH; also referred to as tau-methylhistidine, according to IUPAC) or 3-methylhistidine
(3MH; pi-methylhistidine, according to IUPAC), respectively. There is considerable confusion with regard to the nomenclature of the methylated nitrogen atoms on the imidazole ring of histidine in histidine-containing proteins (such as actin and myosin) as well as histidine-containing peptides (such as
anserine and ophidine/balenine). In particular, older literature (mostly prior to the year 2000) as well as most biochemists and nutrition scientists incorrectly number the imidazole nitrogen atom most proximal to the side chain beta-carbon as 1 or N1, while organic chemists correctly designate it as 3
or N3. As a result, biochemists and nutrition scientists histerically designated anserine (Npi-methylated) as beta-alanyl-N1-methylhistidine (or beta-alanyl-1-methylhistidine), whereas according to standard IUPAC nomenclature, anserine is correctly named as beta-alanyl-N3-methylhistidine. As a
result, for several decades, many papers incorrectly identified 1MH as a specific marker for dietary consumption or various pathophysiological effects when they really are referring to 3MH — and vice versa (PMID: 24137022 (7). To help resolve this issue the IUPAC commission (PMID: 6743224 (%
and IUPAC Compendium of Chemical Terminology, 2nd ed. (the 'Gold Book'). Compiled by A. D. McNaught and A. Wilkinson. Blackwell Scientific Publications, Oxford (1997)) revised the nomenclature for histidine and introduced the terms pi (for prox or pros — near) and tau (for tele — far) to label the

Read more...

(VIR .

Structure

View in JSmol  View NMRAssignments  View Stereo Labels
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ST GRTISGIE  (dentification  Taxonomy — Ontology — Physical properties  Spectra  Biological properties  Concentrations

Links

References

enzymes (3)

Show 3 proteins

XML

Synonyms ‘

Chemical Formula

Average Molecular Weight
Monoisotopic Molecular Weight
IUPAC Name

Traditional Name

CAS Registry Number

SMILES

InChl Identifier

InChl Key

Value
(28)-2-Amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid
(25)-2-Amino-3-(1-methyl-1H-imidazol-4-yl)propanoate

1 Methylhistidine

1-Methyl histidine

1-Methyl-histidine

1-Methvl-l -hisfidine

C7H11N302

169.1811

169.085126611

2-amino-3-(1-methyl-1H-imidazol-4-yl)propanoic acid hydrate

4-methyl-histidine hydrate

332-80-9

CN1C=NC(C[C@H](N)C(0)=0)=C1
INChI=1S/C7H11N302/c1-10-3-5(9-4-10)2-6(8)7(11)12/h3-4,6H,2,8H2,1H3,(H,11,12)/t6-/m0/s1

BRMWTNUJHUMWMS-LURJTMIESA-N

Show more...
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ldenfification Taxonomy Ontology Physical properties Spectra  Biological properies  Concenfrations Links References enzymes(2) E=Show 2 profeins XML

Chemical Taxonomy

Description This compound belongs to the class of chemical entities known as histidine and derivatives. These are compounds containing cysteine or a derivative thereof resulting from reaction of cysteine at the
amino group or the carboxy group, or from the replacement of any hydregen of glycine by a hetercatom.

Kingdom Chemical entities

Super Class Organic compounds

Class Organic acids and derivatives
Sub Class Carboxylic acids and derivatives
Direct Parent Histidine and derivatives
Alternative Parents « L-alpha-amino acids

Imidazolyl carboxylic acids and derivatives
Aralkylamines

N-substituted imidazoles
Heteroaromatic compounds

Amino acids

Monocarboxylic acids and derivatives
Carboxylic acids

Azacyclic compounds
Organopnictegen compounds
Organic oxides

IMlonoalkylamines

Hydrocarbon derivatives

Carbonyl compounds

Histidine or derivatives
Alpha-amine acid

L-alpha-amino acid

Imidazolyl carboxylic acid derivative
Aralkylamine

N-substituted imidazole

» Azole

Imidazole

Heteroaromatic compeund

Amino acid

» Carboxylic acid

Azacycle

Organoheterocyclic compound
IMonocarboxylic acid or derivatives
Organic nitrogen compound
Organonitrogen compound

Substituents



HMDB

Ontology

Physiological effect Health effect
Digestive system disorder
Hepatobiliary disorder
Hepatic disorder
o Liver damage (PMID: 31434538)
Nervous system disorder
o Nerve damage (PMID: 31434538)

Disposition Biological location
Non-excretory biofluid
Biofluid or Excreta
o Blood (PMID: 17031479)
o Saliva (PMID: 1819935)
o Cerebrospinal Fluid (CSF) (PMID: 17031479)
Tissue
Muscle tissue
o Skeletal muscle (HMDB: HMDB0000001)
Excreta
Biofluid or Excreta
o Urine (PMID: 15899597)
o Feces (PMID: 25486321)
Cellular substructure
o Cytoplasm (HMDB: HMDB0000001)
o Nucleoli (HMDB: HMDB0000001)
Organelle
o Nucleus (HMDB: HMDB0000001)
o Myofibril (HMDB: HMDB0000001)

Source
Exogenous

Process

Role

~

o Exogenous (HMDB: HMDB0000001) 9I\ \)? lrétL
1/

Food

Animal origin
Poultry
o Pheasant (FooDB: FOODO00430)

o Domestic goat (FooDB: FOOD00529)
Swine
o Domestic pig (FooDB: FOOD00536)
o Wild boar (FooDB: FOOD00307)
Equine
o Horse (FooDB: FOOD00378)
o Lean meat (HMDB: HMDB0000001)
¢ Red meat (HMDB: HMDB0000001)
Endogenous
o Endogenous (HMDB: HMDB0000001)

Naturally occurring process
Biological process
Biochemical pathway

Metabolic pathway
o Histidine Metabolism (PathBank: SMP0063632)
o Purine Nucleotides De Novo Biosynthesis (PathBank: SMP0000927)

Disease pathway
o Histidinemia (PathBank: SMP0120493)

Biological role
o Waste product (PMID: 35448883)

Industrial application
Pharmaceutical industry
Biomarker

o Preeclampsia/Eclampsia (MarkerDB: MDB00000001)
o Alzheimer's Disease (MarkerDB: MDB00000001)
o Pregnancy (MarkerDB: MDB00000001)
o Obesity (MarkerDB: MDB00000001)
o Kidney disease (MarkerDB: MDB00000001)
o Chronic kidney disease (MarkerDB: MDB00000001)
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Physical Properties

State

Experimental Molecular Properties

Experimental Chromatographic
Properties

Predicted Molecular Properties

Solid
Property
Melting Point
Boiling Paint
Water Solubility

LogP

Value

249 °C

Not Available
200 grkg

Not Available

Experimental Collision Cross Sections

Adduct Type
[M-H]-
[M+H]+
[M+H]+
[M-H]-

[M+H]+

Property
Water Solubility
logP

logP

Data Source

MetCCS_train_neg

Astarita_pos
MetCCS_test pos
Not Available

Not Available

CCS Value (A%
139.639

129.0

133.103
139.639

133.594

Value
6.93 g/L
-3

-3.1

MIEME

Reference
hitp://download.cappchem.com/data/Properties-of-Amino-Acids. pdf
Not Available
http://download.cappchem.com/data/Properties-of-Amino-Acids. pdf

Not Available

Reference

30932474 (4

30932474 (4

30932474 (4
hitp://allccs.zhulab.cn/database/detail?ID=AIICCS00000001 (K

hitp://allces.zhulab.cn/database/detail?ID=AIICCS00000001 ¢

Source
ALOGPS
ALOGPS

ChemAxon



Physical properiie Spec] Biological prope: Concenfraions  Links

Spectra Spectrum Type Description Splash Key

NV Ejﬁ GC-MS GC-MS Spectrum - GC-MS (2 TMS) splash10-0002-9610000000-d0147d3e28362f91174a View in MoNA (5
u] E GC-MS GC-MS Spectrum - GC-MS (3 TMS) splash10-0gbd-4941000000-cee19577c72eecd95aec “iew in MoNA (4
LC-MSIMS LC-M3MS Spectrum - Quattro_QQQ 10V, Positive (Annotated) splash10-00di-0900000000-037d24a7d65676bTe356 View in MoNA (4
LC-MS/MS LC-MSMS Spectrum - Quatiro_QQQ 25V, Positive (Annotated) splash10-00di-0900000000-03e99316bdac096fd 11 wiew in MoNA (4
LC-MS/MS LC-MS/MS Spectrum - Quattro_QQQ 40V, Positive (Annotated) splash10-00ea-9800000000-a33c82a1c91/56d37 21 View in MoNA 4

1D NMR 1H NMR Spectrum Not Available

2D NMR [1H,13C] 2D NMR Spectrum Not Available

Biological Properties

Cellular Locations « Cytoplasm
Biofluid Locations + Blood
« Cerebrospinal Fluid (CSF)
« Feces
« Saliva
« Urine
Tissue Location « Muscle
« Skeletal Muscle
Pathways Name SMPDB Link KEGG Link
N —
$ 2K Histidine Metabolism SMPODD44 map00340 (%
2 o et
Normal Concentrations
Biofluid Status Value Age Sex Condition Reference Details
Blood Detected and T7+H-19umM Adult (=18 years old) Bath Narmal 7061274 (% @ details
Quantified -
Blood Detected and 14.4 +- 2.3 uM Adult (=18 years old) Both Narmal 7061274 (% @ details
Quantified -
Blood Detected and 19.6 +- 2.6 uM Adult (=18 years old) Both Normal 70612745 @ details
Quantified -
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HMDB 1H NMR Spectrum (1D, 500 MHz, H20, experimental)

1-Methylhistidine ‘NHZ
HMDBO0000A ; B
1H NMR Spectrum: 500MHz in H2O /
=3 0—OH
Sample: ~50mM in H2O and pH 7.10 f \ / 12
N O
Referenced to DSS ch/lgl\qé ) 0
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HMDB

Associated Disorders and Diseases

Disease References Kidney disease
1. Raj DS, Ouwendyk M, Francoeur R, Pierratos A: Plasma amino acid profile on nocturnal hemodialysis. Blood Purif. 2000;18(2):97-102. [PubMed: 10838467 /]

Early preeclampsia

PN
\}9: ‘}ﬁ %Q % 1. Bahado-Singh RO, Akolekar R, Mandal R, Dong E, Xia J, Kruger M, Wishart DS, Nicolaides K: Metabolomics and first-trimester prediction of early-onset preeclampsia. J Matern Fetal Neonatal Med. 2012
S = Oct;25(10):1840-7. doi: 10.3109/14767058.2012.680254. Epub 2012 Apr 28. [PubMed:22494326 (]

\
= Pregnancy
SRk

1. Bahado-Singh RO, Akolekar R, Mandal R, Dong E, Xia J, Kruger M, Wishart DS, Nicolaides K: Metabolomics and first-trimester prediction of early-onset preeclampsia. J Matern Fetal Neonatal Med. 2012
Oct;25(10):1840-7. doi: 10.3109/14767058.2012.680254. Epub 2012 Apr 28. [PubMed:22494326 (]

2. Bahado-Singh RO, Akolekar R, Mandal R, Dong E, Xia J, Kruger M, Wishart DS, Nicolaides K: First-trimester metabolomic detection of late-onset preeclampsia. Am J Obstet Gynecol. 2013 Jan;208(1):58.e1-7. doi:
10.1016/j.ajog.2012.11.003. Epub 2012 Nov 13. [PubMed:23159745 (]

3. Bahado-Singh RO, Akolekar R, Mandal R, Dong E, Xia J, Kruger M, Wishart DS, Nicolaides K: Metabolomic analysis for first-trimester Down syndrome prediction. Am J Obstet Gynecol. 2013 May;208(5):371.e1-8.
doi: 10.1016/j.ajog.2012.12.035. Epub 2013 Jan 8. [PubMed:23313728 (]

4. Bahado-Singh RO, Akolekar R, Chelliah A, Mandal R, Dong E, Kruger M, Wishart DS, Nicolaides K: Metabolomic analysis for first-trimester trisomy 18 detection. Am J Obstet Gynecol. 2013 Jul;209(1):65.e1-9. doi:
10.1016/j.ajog.2013.03.028. Epub 2013 Mar 25. [PubMed:23535240 (]

Late-onset preeclampsia
1. Bahado-Singh RO, Akolekar R, Mandal R, Dong E, Xia J, Kruger M, Wishart DS, Nicolaides K: First-trimester metabolomic detection of late-onset preeclampsia. Am J Obstet Gynecol. 2013 Jan;208(1):58.e1-7. doi:
10.1016/j.ajog.2012.11.003. Epub 2012 Nov 13. [PubMed:23159745 (7]

Alzheimer's disease
1. Fonteh AN, Harrington RJ, Tsai A, Liao P, Harrington MG: Free amino acid and dipeptide changes in the body fluids from Alzheimer's disease subjects. Amino Acids. 2007 Feb;32(2):213-24. Epub 2006 Oct 10.
[PubMed:17031479 (5]

Obesity

1. Tuma P, Samcova E, Balinova P: Determination of 3-methylhistidine and 1-methylhistidine in untreated urine samples by capillary electrophoresis. J Chromatogr B Analyt Technol Biomed Life Sci. 2005 Jul
5;821(1):53-9. [PubMed:15899597 (1]

Diabetes mellitus type 2
1. Tuma P, Samcova E, Balinova P: Determination of 3-methylhistidine and 1-methylhistidine in untreated urine samples by capillary electrophoresis. J Chromatogr B Analyt Technol Biomed Life Sci. 2005 Jul
5;821(1):53-9. [PubMed:15889597 (1]

Propionic acidemia
1. Gronwald W, Klein MS, Kaspar H, Fagerer SR, Nurnberger N, Dettmer K, Bertsch T, Oefner PJ: Urinary metabolite quantification employing 2D NMR spectroscopy. Anal Chem. 2008 Dec 1;80(23):9288-97. doi:
10.1021/ac801627¢. [PubMed:19551947 (5]

Maple syrup urine disease
1. Gronwald W, Klein MS, Kaspar H, Fagerer SR, Nurnberger N, Dettmer K, Bertsch T, Oefner PJ: Urinary metabolite quantification employing 2D NMR spectroscopy. Anal Chem. 2008 Dec 1;80(23):9288-97. doi:
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External Links

DrugBank ID

Phenol Explorer Compound ID
FooDB ID

KNApSAcK ID
Chemspider ID

KEGG Compound ID
BioCyc ID

BiGG ID

Wikipedia Link

METLIN ID

PubChem Compound
PDB ID

ChEBI ID

Food Biomarker Ontology
VMH ID

MarkerDB ID

Good Scents ID

References

Synthesis Reference

HMDB

DB04151 (%

Not Available
FDB093588 (4
€00052105 (%
83153 (4

co1152 (%

Not Available

Not Available
Methylhistidine (%
37415

92105 (4

Not Available
50599 (4

Not Available

Not Available
MDB00000001 (4

Not Available

Jain, Rahul; Cohen, Louis A. Regiospecific alkylation of histidine and histamine at N-1 (t). Tetrahedron (1996), 52(15), 5363-70.

Material Safety Data Sheet (MSDS) Download (PDF)

General References

1. Drozak J, Veiga-da-Cunha M, Vertommen D, Stroobant V, Van Schaftingen E: Molecular identification of carnosine synthase as ATP-grasp domain-containing protein 1 (ATPGD1). J Biol Chem. 2010 Mar
26,285(13):9346-56. doi: 10.1074/jbc.M109.095505. Epub 2010 Jan 22. [PubMed:20097752 (7]
2. Colombani PC, Kovacs E, Frey-Rindova P, Frey W, Langhans W, Arnold M, Wenk C: Metabolic effects of a protein-supplemented carbohydrate drink in marathon runners. Int J Sport Nutr. 1999 Jun;9(2):181-201.
[PubMed: 10362454 (7]
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LC-MS Search
LC-MS/MS Search
GC-MS Search
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2D NMR Search
LC-MS CMM Search (New)
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www hmdb ca/fstructures/search/metabolites/structure®
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1 TMI The Metabolomics | Your source for quantitative metabolomics
Innovation Centre | technologies and bioinformatics.

ChemQuery search by structure

Structure Search Molecular Weight

K= D C X oAl @.JJ’_'i A He & @ o Search Options

@ Similarity © Substructure © Exact

o5

Similarity threshold
07

+ TN

Molecular Weight Filter

eg 100 to eg.250

Maximum Results

T om o ow O 2 O I

100 v

Status (default all):

H C — 0 H 87 Detected and quantified
3 | [ Detected but not quantified
1 Expected but not quantified

® MarvinJS Tutorials % Load example
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® MarvinS Tutorials X Load example

caRTU OO0 o 3

Results 1 — 1 of approximately 1 results

«— Previous Next —

Methanol
67-56-1

CH4O
HMDBO1875 H3C_0H Detected and Quantified
Score: 1.0

Meno mass: 32.02621475

ity FREEWeb

This project is supported by the Canadian Institutes of Health Research (award #111062), Alberta Innovates - Health Sclutions, and by The Metabelomics Innovation Centre w .
(TMI C),_a nationally-funded research and core facility t_hat_support; a wid_e range of cutling-edge metabolomic studn_as. TMIC i; f_unded by Genome Alberta, Genome British - ‘{" TMI The Metabolomics
Columbia, and Genome Canada, a not-for-profit organization that is leading Canada's national genomics strategy with $900 million in funding from the federal government. CIHR IRSC Innovation Centre

Alberta
Innovates
Health
1' Solutions 1a lirbis GenomeCanada
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metabolites ’ q search

ChemQuery Structure Search

Molecular Weight Search

|
i

onference

Text Query

Sequence Search
Advanced Search
LC-MS Search
LC-MS/MS Search
GC-MS Search

ChemQuery search by stru  1p NMR search

Quantitative metabolomics services for
biomarker discovery and validation.

May qst - 2nd
Canada Coast Hotel & Conference Centre
Canmore, Alberta
www.canmetcon.ca

2D NMR Search
LC-MS CMM Search (New)

=

Structure Search Molecular \

NEEO2CXEAE,R4HGC e
¥,

&

www.hmdb.ca/structures/search/metabolites/structure®

Search Options

® Similarity () Substructure () Exact
Similarity threshold
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uantitative metabolomics

TMI The Metabolomics | Your source for
Innovation Centre | technologies and bicinformatics

ChemQuery Search by molecular weight

Structure Search Molecular Weight

Range search

32 to 325

Status (default all):

) Detected and quantified

) Detected but not quantified
) Expected but not quantified

This project is supported by the Canadian Institutes of Health Research (award #111062), Alberta Innovates - Health Solutions, and by The Metabolomics Innovation Centre
(TMIC), a naticnally-funded research and core facility that suppoerts a wide range of cutting-edge metabolomic studies. TMIC |§ f.und.ed by Genome Alberta, Genome British TM Ic The Metabolomics
- CIHR ]RSC Innovation Centre

Columbia, and Genome Canada, a not-for-profit organization that is leading Canada's national genomics strategy with $300 million in funding from the federal government
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Status (default all):

) Detected and quantified

[ Detected but not quantified
0 Expected but not quantified

Search Results 2 resuits

Methanol
67-56-1
CH4O

H3C—OH
Mono mass: 32.02621475

Hydrazine
302-01-2
HaNz

HN—NH,
Mono mass: 32.037448138

This project is supported by the Canadian Institutes of Health Research (award #111062), Alberta Innovates - Health Selutions. and by The Metabolomics Innovation Centre W
(TMI C):.a nationally-funded research and core faci\ity T..hat.supportg a wwd.e range of cutting-edge meta.bolomic siudigs. TMIC ig f.und.ed by Genome Alberta, Genome British - c'.." TMI The Metabolomics
Celumbia, and Genome Canada, a net-for-profit erganization that is leading Canada's national genomics strategy with $900 million in funding from the federal government. CIHR IRSC Innovation Centre

Alberta
Innovates
Health
= Soiutions  Genomerterts Wbis  GemomeConads
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Sequence Search Canada Coast Hotel & Conference Centre
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LC-MS Search
LC-MS/MS Search
GC-MS Search
ChemQuery search by stru  1p NMR search
2D NMR Search
LC-MS CMM Search (New)
Structure Search Molecular \ve.y
= N + > . 4 Search Options
DEEOCXBE Q" HHOC 0 p
g e ® Similarity () Substructure () Exact
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www.hmdb.cafstructures/search/metabolites/structure#

Similarity threshold
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Sequence Search

Enter one or more DNA/amino acid sequences in FASTA Format

>PByruvate carboxylase, mitochondrial -
MLEFRTIVHGGLRLLGIRRTSTAPAASPNVRRLEYKPIKKVHMVANRGEIAIRVFRACTELGIRTV
ARIYSEQDIGOMHROXADEAYLIGRGLAFVQRYLHIFDIIFEVAKENNVDAVHFGYGFLSERRDFR
QRCODAGVRFIGPSFEVVREMGDEVEARAIATALGVPVVEGTDAPITSLHERHEFSNTYGEFPII
FELLYGGEEREMRVVESYEELEENYTRAY SEALARFENGRLEFVEXFIEXKPRHTIEVQILGDQYGN
ILHLYERDCSIQRRHQEVVEIAPARHLDPQLRTRLT SDSVELAKQVGYENAGTVEFLVDRHGKH
YFIEVNSRLQVEEIVIEEITDVDLVHRQIHVAEGRSLFDLGLRQENIRINGCAIQCRVITEDFR
RSFQPLTGRIEVERSGEGMGIRLDNASAFQGAVISPHYDSLLVEVIANGKDHPTARTEMSRALR
EFRVRGVEINIAFLONVINNQOFLAGIVDIQFIDENPELFQLRPRQNRRQKLLAYLGHVMVNGE
TTPIPVEASPSPIDEVVEAVEIGPPPAGFRDILLREGPEGFARAVRNHEGL DTTERDAHQS

mple
BLAST Parameters
Cost to open a gap Penalty for mismatch Expectation value
-1 -3 0.00001
Cost to extend a gap Reward for match ¥ Perform gapped alignment

A 1 ) Lower case filtering of FASTA sequence
i« Filter query sequence (DUST & SEG)




Search summary: 1 sequence entered:

» Pyruvate carboxylase, mitochondrial

Search results for: Pyruvate carboxylase, mitochondrial (8 matches)

Pyruvate carboxylase, mitochondrial E value: 0.0
Homo sapiens Bit score: 2266.11
Query length: 1178

i 60 120
Query: MLEFRIVHGGLRLLGIRRTSTAPAASPNVRRLEYKPIKKVMVANRGEIAIRVFRACTELG IRTVAIYSEQDTGOMHROKADEAYLIGRGLAFVORYLHIPDITEVARENNVDAVHEGYGE LSERADFAQACQDAGVRFIGPSPEVVREMGDEV]
MLEFRTVHGGLRLLGIRRT STAPARSPNVRRLEYKPIKKVHVANRGEIATIRVFRACTELG IRTVAIYSEQDTGOMHROEADEAYLIGRGLAPVQAYLHIPD. FENNV GYGF LSERADFAQACQDAGVRFIGPSPEVVREMGDEVI
Subject: MLEFRTVHGGLRLLGIRRTSTAPARSPNVRRLEYEKPIKKVMVANRGEIATRVFRACTELG IRTVAIYSEQDTGOMHRQKADEAYLIGRGLAPVQRYLHIPDIIKVARENNVDAVHPGYGE LSERADFAQACQDAGVRFIGPSPEVVREMGDEV]
4 *

Interacts with 11 metabolites:
HMDB00243 (Pyruvic acid)
HMDB00223 (Oxalacetic acid)
HMDB01333 (Manganese)
HMDB00030 (Biotin)
HMDBDD533 (Adencsine triphosphate)
HMDB01206 (Acetyl-CoA)
HMDB01303 (Zinc (11) ion)
HMDB01341 (ADP)
HMDB01423 (Phosphate)
HMDB03538 (Carbonic acid)

+ 1 more

Show all metabolites (11)

Propionyl-CoA carboxylase alpha chain, mitochondrial E value: 3.54268e-111
Homo sapiens Bit score: 362.844
Query length: 460
1 60 120
Query: KPIKEVMVANRGEIAIRVFRACTELGIRTVAIYSEQDTGQMHROKADEAYLIGRGLAFV- QAYLHIPDIIXKVAKENNVDAVHEGYGFLSERADFAQACQDAGVRFIGESPEVVREMGDRY  EAR TDAFITSLHEAHEFSHT!
K K++VANRGEIA RV R C ++GI+TVAI+5+ D +H + ADEA +G LF ++¥L++ I++ K+t AVHPGYGFLSE +FA+ V FIGP ++ MGDE+ E++ D + En +
Subject: KIFDEKILVANRGEIACRVIRTCKFMGIETVAIHSDVDASSVHVEMADEAVCVGP--APTS KSYLNMDAIMEAIKKTRAQAVHPGYGFLSENKEFARCLAAEDVVFIGPFDTHAIQAMGDKI ESKLLAKKAEVNTIPGFDGVVEDAEEAVRIARE
4 »

_—Interacts with 10 metabolites:
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i ChemQuery Structure Search Quantitative metabolomics services for
Molecular Weight Search biomarker discovery and validation. 1 -
Text Quer
Y May 1st - 2nd
Sequence Search Canada Coast Hotel & Conference Centre
Advanced Search Canmore, Alberta
onference www.canmetcon.ca
ﬂCfMS Search \
LC-MS/MS Search
GC-MS Search
ChemQuery search by stru| 1p NMR Search
2D NMR Search
Q_C—MS CMM Search (New)/
Structure Search Molecular .5
Y= S5 C X OB ®~4 ® o HE & @ Search Options
9! i @® Similarity () Substructure () Exact
& H

Similarity threshold

wwww.hmdb.ca/structures/search/metabolites/structure® ~
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i ..#_shm Node Specializing in ready to use metabolomics kits.

Spectra Search Mass Spectrum

LC-MS Search LC-MS/MS Search GC-MS Search NMR Search

Query Masses (Da) and Collision Cross Section (A?): lon Mode: Positive ~

175.01
238.19 Adduct Type: Unknown -
cz0te Hiﬂ 2H20 .
e0.82 M+H-H20
956.25 M+NH4-H20
1100.45 MeLi

M+NH4 -

AL RI~

Hold Ctrl (@™ ) or Command ( @§
) to select multiple adducts.

Molecular Weight Tolerance *: 0.05 Da ~
z
CCS Prediction Method: ~
Collision Cross Section Tolerance ~
1 (%):

X Load Example without CCS
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1 ..Wishm Node | Your source for quantitative metabolomics
T technologies and bioinformatics. -,

Spectra Search Mass Spectrum

LC-MS Search LC-MS/MS Search GC-MS Search NMR Search

Search Results Download Results \

MS search for 175.01 miz @ Delta = (abs(query mass - adduct mass)/adduct mass)*1000000
Show 10 v entries Search
Monoisotopic Adduct Delta 1t
Compound Name Formula Mass Adduct r4 (ppm) ccs
HMDB0000257 Thiosulfate H,0,8, 113.9445 M+IsoProp+H  175.0099 1 N/A

| miz calculator |

HMDB0252977 Phosphoaminophosphonic acid-guanylate ester CqoH17NgO43P3  522.0066 M+3H 175.0095 3 N/A

| miz calculator |

HMDB0240502  Dihydroresveratrol 4*-sulfate CiaH14068 310.0511 M+H+K 175.0108 4 NA
| miz calculator |

HMDBO240500  Dihydroresveratrol 3-sulfate Ci14H1406S 310.0511 M+H+K 175.0108 4 N/A
| miz calculator |

HMDBO246744  9-Amino-1,34-thiadiazole-2-thiol CoH3N3S; 132.9768 M+ACN+H 175.0107 4 N/A es
| miz calculator |

HMDBO258677  Tafamidis C14H7CIsNO5 306.9803 M+ACN+2H 175.0107 4 N/A
| miz calculator |



HMDB

Q HMDB Browse ~  Search ~ Downloads  About ~  Contact Us metabolites (SRS

Downloads

A\ HMDB is offered to the public as a freely available resource. Use and re-distribution of the data, in whole or in part, for commercial purposes requires explicit permission of the authors
and explicit acknowledgment of the source material (HMDB) and the original publication (see below). We ask that users who download significant portions of the database cite the HMDB

paper in any resulting publications.
How to cite the HMDB database.

Version 1.0 Version 2.5 Version 3.6 Version 4.0 Current Version (5.0}

Protein/Gene Sequences (in FASTA Format)

Data Set Released on Protein Sequences Gene Sequences
All Metabolite Metabolizing Enzymes 2021-11-02 | 1.87 MB | 2.88 MB

Structures (in SDF Format)

Data Set Released on SDF File File Size
Metabolite Structures 2021-11-02 92 MB

Metabolite and Protein Data (in XML format)

Data Set Released on XML File File Size
All Metabolites 2021-11-17 ‘ 910 MB hmdb_metabolites.xml
All Proteins 2021-11-09 347 MB
Urine Metabolites 2021-10-24 281 MB

Serum Metabolites 2021-10-24 202 MB
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Spectra

Data Set Released on Download Link File Size

Mass Spectra Image Files 2023-07-01 163 MB

NMR Spectra FID Files 2023-07-01 191GB

Raw NMR Spectra Peaklist Files (TXT) 2023-07-01 915 KB

Raw GC-MS Spectra Peaklist Files (TXT) - Predicted 2023-07-01 323 MB

Raw MS-MS Spectra Peaklist Files (TXT) - Predicted 2023-07-01 186 MB ‘
Raw MS-MS Spectra Peaklist Files (TXT) - Experimental ~ 2023-07-01 14 MB «
All Raw Spectra Peaklist Files (TXT) 2023-07-01 19.8 GB

NMR Spectra Files (XML) 2023-07-01 873 MB

GC-MS Spectra Files (XML) - Predicted 2023-07-01 872 MB

GC-MS Spectra Files (XML) - Experimental 2023-07-01 16.9 MB

MS-MS Spectra Files (XML) - Predicted 2023-07-01 2.03 GB

MS-MS Spectra Files (XML) - Experimental 2023-07-01 84.5 MB

All Spectra Files (XML) 2023-07-01 42.8 GB
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siMassBank Search  Contents  Download

#MMassBank

High Quality Mass Spectral Database _

MassBank is a community effort and you are invited to contribute. Please refer to our contributor documentation and get in touch via github or email.

News

Update 28 Feb. 2025: MassBank 3.0 (beta) is now available! The new system is based on a modern, improved backend and frontend architecture and will replace the current MassBank system soon.
The current prototypic webinterface is available at https:/msbiipb-halle de/MassBank/.
Please, feel free to try it out and provide feedback and ideas to the developers here.

Update 5 May 2025: A new MassBank-data release 2025.05.1 with the DOI: 10.5281/zenodo. 15341877 is available. This release contains 646 new spectra from BfG, 265 new spectra from NILU and 7 new spectra from CPU. We welcome
our new contributor China Pharmaceutical University (CPU). Thank you for your contributions!

Update 26 Nov. 2024: A new MassBank-data release 2024.11 with the DOI: 10,5281/zenodo. 14221628 is available. This release contains 2058 new spectra from Eawag and 133 from MSS), plus some fixes to EPA/Agilent records. We also
welcome two new contributors: IBED, University of Amsterdam (9 new spectra) and NILU (128 new spectra). Thank you for your contributions!

Update 13 June 2024: MassBank EU representatives (Steffen, Emma) will be at the Metabolomics Society meeting in Osaka June 16-20 2024 and meet with our Japanese colleagues. Please come and see us there!

Update 5 June 2024: A new MassBank-data release 2024.06 with the DOI: 10.5281/zenodo.11487030 is available. This release contains 750 new spectra from MSS] and 1156 new spectra from Eawag, plus welcomes "Shin-MassBank", a
new contributor (plus spectra). Thank you for your contributions!

Update 29 April 2024: Michele Stravs, our long-term MassBank.EU developer, consortium member and lead of he will seek new

contributions. We hope you will stay in touch! His position at Eawag will be advertised shortly ... &

later in 2024. Michele, thank you so much for your

Links

MassBank community on GitHub

 MassBank community on GitHub: Checkout for more i ion on the and how to contribute to
. Open Access records on GitHub: Contribute your mass spectra and download MassBank spectra for your purposes and re-use.

« MassBank Issue Tracker on GitHub: Leave your feedback and issues on MassBank to improve MassBank (GitHub account required).
« MassBank Data Releases are available on GitHub
 MassBank community on zenodo: Checkout for data releases, reports and presentations regarding MassBank.

MassBank Publications

« Elapavalore et al. (2023) Adding open spectral data to MassBank and PubChem using open source tools to support non-targeted exposomics of mixtures. Environ. Sci. Processes Impacts 25 1788-1801. DOI:10.1039/D3EM00181D.
« Oberacher et al. (2020) A European proposal for quality control and quality assurance of tandem mass spectral libraries. Environ. Sci. Europe 32:43. DOI:10.1186/s12302-020-00314-9,
« Horai et al. (2010) MassBank: a public repository for sharing mass spectral data for life sciences. ). Mass Spectrom. 45:7 703-714. DOI;10.1002/jms. 1777,

Metabolomics Spectrum Identifier Resolver

The ics Spectrum Identifier Resolver is a tool for the high resolution imaging of mass spectra from GNPS/MassIVE, MetaboLights, MS2LDA and MassBank for publications and other purposes. For example MassBank Record:
AC000372 resolves in usi-visulation of AC000372.

MassBank RESTful API
A basic RESTful APl with simple search functions is available:

* Search
* Search

SPLASH
InChiKey,
« Search by a single block of InChiKey,

Imprint  Data Privacy  Feedback
Copyright © 2006 MassBank Project; 2011 NORMAN ion; 2021 MassBank Consortium
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MMassBank Search  Contents  Download  Accession - More¥

MassBank

~» Mass calculator

Peak List Peaks Peak Differences

Basic Search

InChikey

SPLASH

Peak List

Peak Data (m/z and relative intensities(0-999), delimited by a space)
27309622
289086 107
29011814
291.096 999
292113162
29305434
579.169 37
580,179 15

Cutoff threshold of relative intensities Number of Results
5 20

Examplel

Example2

Mass Spectrometry Information

Instrument Type
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MassBank

=] O MassBank / MassBank-data Q Type

<> Code () Issues 56 17 Pullrequests 1 ® Actions [ Projects @ Security |~ Insights

Releases / 2025.05.1

Compare ~

Release version 2025.05.1 (e

Q) meier-rene released this May 5 © 2025.05.1 - 13484d4 ©

We welcome our new contributor China Pharmaceutical University with the contributor id CPU.
New content in this release:

* 646 new spectra from BfG
* 265 new spectra from NILU
* 7 new spectra from CPU

Additional changes:

o fixed mismatches between PubChem ids and chemical identifiers

e add new annotations of chemical classes from ChemOnt to many records

Note: This release supersedes version 2025.05 due to an error in the annotation of chemical classes from the ChemOnt Ontology.

vAssets 6

@MassBank.json 453 MB May 5
@MassBank.msp_NIST 116 MB May 5
@MassBank.msp_RIKEN 143 MB May 5
©DMassBank.sql 520 MB May 5
[P source code (zip) May 5

[P source code (tar.gz) May 5

(@)

) o205Gitub,Inc. Terms  Privagy Security Status  Docs  Contact Manage cookies Do not share my personal information &
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Metabolomics Workflow

Mass spectrometry

Data Collation Data analysis
data

Data Filtering
Feature detection
Data Comparison

Univariate analysis
Principal component analysis (PCA)
e Cluster analysis (CA)

Data normalization Random forest (RFF)

https://metabolomics.creative-proteomics.com/metabolomics-data-analysis.htm

Construction and analysis of
metabolic networks

Find the main variables in the

data and classify the
metabolites. Metabolic
pathways are further inferred
from the categories and
quantities of metabolites.
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Compound Discoverer
(Thermo)

Progenesis QI (Waters)
MarkerLynx (Waters)
SIMCA (Sartorius)

Metabolon (& IR #5)

MassHunter (Agilent)

Bruker TopSpin

BATMAN (R Package)
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( Commercial / Licensed )
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analysis

Peak alignment, annotation, statistics

Feature extraction, PLS-DA, trend analysis

PCA, PLS, OPLS, cl
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XCMS (R package)

MS-DIAL
MZmine2/3

MetaboAnalyst

GNPS (Global Natural
Products Social)

SMART 2.0 ( PR )

NMRProcFlow

Workflow4Metabolomics

BRh: MRS - |A - BESEEEEJBRTH -

B

RET DT & pathway

MS/MS B RHZ R
RS
NMR EH

TERREFA

Peak detection, alignment, RT correction

=

Peak picking, alignment, MS/MS & &

Peak picking, filtering, network £ 45

SHEHH - MBI - HBBE

Feature-based molecular networking
(FBMN)
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( Open-source / Freeware )
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MetaboAnalyst

Home

Data Formats
Tutorials

User Forum
MetaboAnalystR
Publications
Update History
Databases
APIs

User Stats
Data Policy
About

Contact

NSERC
ez

| MetaboAnaIyst 6.0 - from raw spectra to biomarkers, patterns, functions and systems biology

Module Overview

Input Data Type

Available Modules (click on @ module to proceed, or scroll down to explore a total of 18 modules including utilities)

LC-MS Spectra
(mzML, mzXML or mzData)

MS Peaks
(peak list or intensity table)

Generic Format

(.csv or .txt table files)

Annotated Features

(metabolite list or table)

Link to Genomics &
Phenotypes

(metabolite list)

https://www.metaboanalyst.ca/home.xhtml

A
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MetaboAnalyst

Home

Data Formats
Tutorials

User Forum
MetaboAnalystR
Publications
Update History
Databases
APIs

User Stats
Data Policy.
About

Contact

>

MetaboAnaIyst 6.0 - from raw spectra to biomarkers, patterns, functions and systems biology

MS2 Spectra Reference Databases:

The MS2 databases are curated from multiple public repositories under various licenses as documented below. By downloading these databases from the provided links below, you are considered to have agreed to comply with the original

licenses. Please read and ensure compliance with the requirements of these licenses if you decide to reuse any of these databases.

Library Description

Pathway-related library (136MB)
Pathway-related library (Neutral Loss, 94MB)
Biological library (744MB)

Biological library (Neutral Loss, 491MB)
Exposomics library (1.5GB)

Exposomics library (Neutral Loss, 1.1GB)
Lipids library (1.6GB)

Lipids library (Neutral Loss, 1.1GB)
Complete library (7.2GB)

Complete library (Neutral Loss, 6.4GB)

https://www.metaboanalyst.ca/docs/Databases.xhtml

Download
MS2ID_Pathway.zip
MS2ID_Pathway NLzip
MS2ID_Biology.zip

MS2ID_Biology_NL.zip

MS2ID_Exposomics.zip
MS2ID_Exposomics NL.zip
MS2ID_Lipids.zip
MS2ID_Lipids_NL.zip
MS2ID_Complete.zip

MS2ID_Complete NLzip

LICENSES

HMDB (CC BY-NC 4.0)
MoNA (CC BY 4.0)
LipidBlast (CC BY 4.0)
MassBank (CC BY)
GNPS (CCO / CC BY)
MINESs (MIT)

RIKEN (CC BY 4.0)
BMDMS (CC BY 4.0)
ReSpect (CCBY 4.0)
Vaniya (CC BY 4.0)
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Homei## ﬂ MRM Databases ~ Create View XCMS XCMS Stored Account Toolbox Help ~ Logout [ lyj626 ]
Job - Results Public Institute Datasets

XCMSOnline - Metabolomic and Lipidomic Platform

To beta test the new XCMS-METLIN please click below.

Demo

\/\CfﬂS

The original and most widely used metabolomic and lipidomic platform

https://xcmsonline.scripps.edu/landing_page.php?pgcontent=mainPage




SMART

Intelligent Metabolomics

Analytical System }*)Data import

2 Data visualization

https://staff.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm

75



“THANK YOUu!

E-mail: lyj626@stat.sinica.edu.tw
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