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LIPID MAPS Bioinformatics Overview

. Lipid classification, nomenclature and structure representation
. Lipid Molecular Databases

. Lipid-associated Protein/Gene databases

. Lipidomic Experimental Data Display

. Laboratory information management systems (LIMS)

. Bioinformatics tools for lipidomics

. Lipid-associated Pathways and Networks




LIPID MAPS Website
http://www.lipidmaps.org/
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LIPID MAPS Classification System
Categories and Examples

Category Abbrev Example

Fatty Acyls AN dodecanoic acid

Glycerolipids GL 1-hexadecanoyl-2-(9Z-octadecenoyl)-sn-
glycerol

Glycerophospholipids | GP 1-hexadecanoyl-2-(9Z-octadecenoyl)-sn-
glycero-3-phosphocholine

Sphingolipids SP N-(tetradecanoyl)-sphing-4-enine

Sterol Lipids ST cholest-5-en-34-ol

Prenol Lipids PR 2E,6E-farnesol

Saccharolipids SL UDP-3-0O-(3R-hydroxy-tetradecanoyl)-aD-N-
acetylglucosamine

Polyketides PK aflatoxin B,
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LIPID MAPS: Recommendations for drawing structures
Consistent structure representation across classes
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LIPID MAPS Online Classification System
® http://www.lipidmaps.org/classification/
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Protocol

Lipid Cla ication Scheme | Component Databazes

Updated 09/01/06

Glveerclipids Sphingolipids Stercl Lipids Prencl Lipids Saccharclipids Polvketides

Fatty Acyls [FA] classes and subclasses

Fatty Acids and Conjugate i .
Straight chain fatty acid i Category:Fatty Acyls [FA] o
Methyl branched fatty = --= Main class: Eicosanoids [FAO3] --> Sub class: Prostaglandins [FAD301]
Unszaturated fatty scids [F2 LM_ID Common Name Systematic Name
Hydroperoxy fatty aci LM i &6-keto-PGF1la &-ox0-95,11R,155-trihydroxy-13E-
Hydrosey fatty prostenocic a:n?i
Oxo fathy aci LMFA03010002 PGF2a 95, 11R,155-trihydroxy-32.13E-
prostadisnoic aci
LM 3 PGEZ 9-oxe-11R,155-dihydroxy-52, 13E-
prostadiensic aci
LMFAOZ010004 BEDEZ 55, 155-dihydroxy-11-oxe-5Z, 13E-
prostadienc d

Epaxy fatty acid
Methoxy fatty aci
Hazlogenated fatty acid
Aming fatty acids [
Cy=no fatty scids [ LM PGAL 3-030-155- hydrosy- 102, 13E-
Mitro fatty acid prostadiensic acid
Thia fatty acids LMFA03010006  PGF2a-d4 95,11R,155-trihydroxy-52,13E-
Carbocyclic fatty prostadienoic acid (2,3.4,4-d4)
Heterocyclic fatty aci LM 7 PGD2-d4 35, 155-dihydrosxy-11-0xe-52, 136~
Mycolic acids [F# prostadiencic acid (3.3.4,4-d4)
Dicarboxy LMFAD3010008  PGE2-d4 11R,155-dihydrosxy-5-oxo-52, 1 3E-
Cctadecaneids [FADZ] prostadiencic acid (3,3,4,4-d4)
1z-oxephytodiencic acid metabelites [FA LM S FEGEZ 95,11R-epidioxy-155-hydroperoxy-5Z, L 3E-
il - e TEAASAST — prostadienaic acid
jasmenic acids [FAQZOZ )
Eicosznmoids LMFA03010010  PGH2 95,11R-epidioxy-155-hydroxy-52,13E-

Prostagiandi prostzdienoic acid
rostaglandi

g. r LM 1 2,3-dinor-11b-PGF2a 95,1185,135-trihydroxy-2,3-dinor-5Z,13E-
Leukotrienes ’

prostadiencic acid
T_hrc"'_“b':’fa”_‘ 1PAbsbsl LMFAD3010012 5-keto PGEL 6,9-dioxo-11R,155-dihydroxy-13E-
Lipoxins [FAQ304] ) prostenoic acid
Hydrox droperoxyeicosatriencic acids LM 3 6,15-diketo-13,14-dihydro-PGF1ia 6, 15-diowo-95,11R-dihydrowy-13E-
droperoxyeicosatetraenaic acid prosteneic acid
vdroperoxyeicosapentaencic acids LMFAD3010014 20-hydroxy-PGE2 9-oxo-11R,1585,20-trihydroxy-5Z,13E-
Epoxyeicosatriencic acids 0s8 prostadienoic acid
Hepoxili [F: 03] LM s PGB2 15S-hydroxy-3-ox0-52,8(12),13E-
LE'.-uglandl prostatriencic scid
Isocprostan LMFAD3010019 PGIZ drosxy-52,82,13E-
Clavulones and deriv TFAD31 prostatrienocic acid
Docos ids T 1 &-12-PGI2 11-oxo-155-hydroxy-52,92,13E-
prostatriencic aci




LIPID MAPS Structure Database (LMSD)
® http://www.lipidmaps.org/data/structure/
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Lipid Proteome Database (LMPD)
® http://www.lipidmaps.org/data/proteome/

LIPID MAPS -- LIPID Metabolites And Pathways Strategy - Microsoft Internet Explorer provided by SDSC r'._|[E|ﬁ|
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An Information Portal to Biological Macromolecular Structures
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Images and Visualization
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Display  Full Report v |show|20 [¥[Sendtoc v

‘A"” ‘Current Only 1| Genes Genomes: 1| SNP Geneview 1| %]
[J1: SPHK1 sphingosine kinase 1 [Homo sapiens]
GenelD: 8877 Primary source: HGNC: 11240

Escord Overview | Gens/Go,

Summary &

Record Overview Official Symbol: SPHE 1 and Name: sphingosine kinase 1 provided by HUGO Gene Momenclature Committee

Mty NCBI 2]

Sign In] [Reqister]

) Entrez Gene Home
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Genomic context
Bibliography

See related: HPRD:04768, MW 603730

LMPODO475 Gene type: protein coding

Homo sapiens (Hur Gene name: SPHE 1

alkaline ceramidase Gene description: sphingosine kinase 1

RefSeq status: Prowisicnal

Organism: Homo sapiens

Lineage: Bukaryoia; Metazoa; Chordata,; Craniata; Vertebrata,
Buarchontoglives; Primates; Catarvhini; Howinidae: Homo
Gene aliases: SPHEK

LMPD ID
Taxonomy
Description
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Lipid Category
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Molecular
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Digplay:[ 100 %] record
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Sequence
Length

Sequence

Summary: Sphingosine- 1-phosphate (SPP) is a nowvel lipid messenger with both intracelular and extracellular functions.
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stirnuli increase cellular levels of SPP by activation of sphingosine kinase (SPHE), the enzyme that catalyzes the
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264

Search by Database D

TRRTSNEELEHLIEVEVY
rrwprnswevoLprvEry [Suppled by OMIM]

Genomic regions, transcripts, and products

WaC HTML L War css RefSeq below
~ 4.01 ~

HC_000017.9
[ 71592207 b

[ 7189553 b
st B
HH_z1 72 HE_iissi7
HH 152065 | I S NF_302010 CCDS11744.1

coding resion B - untranslated resion

Gensral gene infarmation
General protein infarmation
Referancs Sequences
Related Sequences
Additional Links

El Links
MEGC cDNA clone
Conserved Domains
Genome

GED Frofiles
HomoloGene

Map Yiswer
Hucleotide

=l

Full text in PMC
Frabs

Frotein

Pubhied

SNF

SNP: Ganotype
SNF: Geneliew
Taxonamy

UnisTs

Acetian

CCps

Ensambl

Evidence Viewer
GDE

HGNC

HPRD

KEGE

] Options
NG

mol

zhMol
Warkshop
ckPDE
mages

D Internet

8 [ LIPI_D MAPS | 0
0000°




Lipidomics Data Display : MS Standards library
® http://www.lipidmaps.org/data/standards/

Tools

File  Edit

View  Favorites

16010 Prostaglandin F2a

LMFA02010002 v Gc- Links *

# See below for pricing and ordering

Data / Description Articles Related Products

PGF20 is a widely distributed prostaglandin occurring in many species.t 2 2 It causes

contraction of vascular, bronchial, intestinal, and myometrial smooth muscle, and also of priﬂcipal PrOdUCt

exhibits potent luteolytic activity.? PGF2a exerts its receptor mediated physiclogical

LM ID LMFAD3010002 . . . .
activity at 50-100 ni.2 Mazimal ovine myometrial contraction can be achieved at 125 nM
Common Name PGF20
Quctamatic Nama Qa8 11R 158 trihudravi.57 13E.nrnctadiannic arid PGF2a in witro.®
Ho PGF,,
o
: ,\\\‘W\( ORRO
3 ] Qo LIPID Metabolites And Path S
100 I marg gloowirg etabolites And Pathways Strategy
352
353.233 \)
N CyHg0) About Data Protocols Home
Hd% H | Lipid Structure Databace
OH
193 201
TE%
LC retention time snd MS/MS data were obtained using the conditions outlined in the protocols below
LC Protocol| ME/MS Protocol
[ M_ID [ NAME [ Systematic Name [MASS | Ret. Time(mins)
= [LmFao1030001  [aa [52.82,112,142-sicosatatrasnoic acid [z0z  [14.37
o o [ [na-ds [52.82,112,142-sicosatatracnoic acid (5,6,8,9,11,12,14,15-d8) (211 [14.33
1
= [ [ek-PaFia [98,11R, 155-trihydroxy-6-oxo-13E-prostenaic acd [ [2.4
& [ |PaFza [95,11R,155-trihydroxy-52,136-prostadiensic acid [ [a.72
[LmFaoz010003  [PE2 [L1R,155-dihydroxy-3-ox0-52,13E-prastadienaic acid [ (519
[ [rapz 98,158 dihydraxy-11-0x0-52,13E-prostadiencic acd [s.69
[ [PaF2a-d4 [95,11R, 155 trihydroxy-52,136-prastadiencic acid (3,3,4,4-d4) [4.71
273 [ |Papz-da |95,155-dihydroxy-11-0xa-52,13E-prostadiencic adid (3,3,4,4-d4) (5.7
25% son zem [LMFA0z0i0008  [PEEZ-d4 [L1R, 155 dihydroxy-3-0x0-52,13E-prostadienoic acid [3,3,4,4-d4) [s.18
" 17 28 2 A [LmFaozoioo0s  [Paaz [95,115-epidioxy-195-hydroperoxy-52,13E-prastadiencic acid (.91
185 [LmFaczoi001a  [PaHz [95,115-epidiaxy-155-hydroxy-52,13E-prostadiencic acid [7.55 o O
1g1| 219 31 235 [LMFA0Z010041  [2,3-Dinor-11p-PGF2a [75,9R 135 trihydroxy-32,11E-prostadienaic acid [3.,48 .
[LmFaoz0i001z  [6keto-paEL (115,155 dihydraxy-6,3-dioxa-13E-prostenoic acid [3.86 uPD MAPS 3
1 1
‘ ‘ mjz =193.1234 [LmFanz010015  [6,15-diketo-13,14-dihydro-PGFia. [35,115-dihydraxy-8,15-dioxo-prostanoic acid [4.24 - 4 o
— e e L - LMFAOZ010014  [20-hydroxy-PGE2 118,158 -dihydroxy-3-0x0-52,13E-prostadiennic acdd 2,54 T
@ 120 180 200 240 280 320 380 400 CiH 0y | 20-mrons l o 2 ‘ o -
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Lipidomics Data Display : MS Experimental results
® http://www.lipidmaps.org/data/results/raw2647/kdo2lipidatimecourse/

Contact | Mews | Publications | Site Map

LIPID Metabolites And Pathways Strategy

| about || Data || Tools || Protocols || Home |

Lioid Classification Scheme | Component Databaszes | Experimental Results
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(BCGEOE0127]
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Lipidomics Data Display : Gene array data
® http://www.lipidmaps.org/data/results/raw2647/microarray/

Search by:
Kdo/Ctrl ratio at
any/all timepoints

Search by:
Name,Symbol,Gene_ID

Search by: sl Search by:

KEGG Pathway % BIOCARTA Pathway

Search by:

Gene Ontology term SEEUED oy

Lipid category

Search by:
Correlation coefficient
0990

8.- LIPID MAPS | 0
0000°




domics Data Display : Gene array-search by pathway
[/www.lipidmaps.org/data/results/raw264 //microarray/

Contact | News | Publications | Site Map

81“’70“5’ LIPID Metabolites And Pathways Strategy

Protocols

Lipid Classification Scheme | Component Databases | Experimental Results

Results for all Ptgs? probes

o0ld Changes

F
2

Select a pathway to view fold change data for genes found in that pathway ¢

View Array data View KEGG Map Description
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Lipidomics Data Display : Gene array data
Sphingolipid pathway(KEGG)

ISPH]NGOLIP]D M ETABO LIS M |

Sphingophospholipid metabolizm
Phospho- ‘ v PROSPACTD |
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Lipidomics Data Display : Gene array data
Ppar-y signaling pathway(KEGG)

Fatty acid transport
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Capturing the Metadata: LIMS Data Input GUI’s

(WebStart Java application communicates with Oracle database)

& Treatment
Experiment identity

‘ Date* HDS—DS—QDDE

Experiment ID

‘ Technician HG "Hnlex nndreJ

Culture information Add |
Plating density’|  [x10e6
Temp 0 arecH
Solution W
i sf

coz2

Treatments

Impaort file

s} |

Pre-incu
0o:00.00

Samples

Add Duplicz

‘ Save to database H Print

OHK - Don't forget to inspect the tooltip

‘ Experiment letter* Cell vessel harco
Protocol ID | & Cell line
[ MNewthaw | New passage | Mew freeze |

Lab
User |

==

=
Alex Andreyev[29] ~
| |

‘ Passage/harvest date: ‘

03-03-2008

Passage protocol:*

Comments

|Se

arch comments

Parent flask barcode®

Harvestinformation for parent
Live* Dead*
L]

Cell conc. (¥ #%EX)®

Cell count ’7 Cell{
New passage

Daughter vessel barcode

Grig

Pre
for
Media barcode* |:
Target plating density® |:
Vessel type E

Total vessels® E
Pre

Save new passage|
cur

& Solution

Protocols

Protocal ID |

Barcode ID |

Print lahel

Name* |

Abbreviation* |

Find

Date 03-03-2006

| Change date

Campanent barcaode |

Campangnt name

Comments

Get IDs

Get barco

Save to database

Clear form

Print this form

0K

00
OOL'@; M'mo
o .
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Bioinformatics tools for lipidomics
® http://www.lipidmaps.org/data/tools

2 LIPID M4APS - LIPID Metahaolites And Pathways Strategy - Microsoft Internet Explorer provided by SDSC Elrﬁlﬁ‘
File Edt ‘Wew Favortes Tools  Help

o Back - o - Iﬂ Iﬁ A - search =7 Favorites  4£2) - w3

Address g‘] http: e lipidmaps, org/toolsfindes, html

2970,
LI I-U\PEL‘0

Cogo0

v‘ Go Links **
LIPID Metabolites And Pathways Strategy

About Data Tools Protocols Home

| Structure Drawing

Online Tools

- 1 Find mass, number of carbons, number of double bonds, abbreviation, MS/MS product ions (neutral loss),
farmula, and ion based on input criteria, with links to structure and isotopic distribution,
o
(o)
=]
s Structure Drawing
o

Standalone Tools

e LIPID MAPS Tools Package Command line Perl scripts to generate SO files containing structure and ontological data for various lipid

categories, The current version supports structure generation for Glyceriphospholipids (GP) and Glycerolipids (GL), Please see our
docurnentation for specific main and subclasses. GLStrGen.pl | GRStrGen bl

o Download Tools package and documentation
o Wiew

Please address any questions or cornments about the LIPID MAPS website to
HTML .
WSC .01 “GC OBG# our Webrmaster, (Restricted Access)
Last modified Friday, 19-Jan-2007 10:44:34 PST Log Out

# Internet

0000

1 L1F¥II_J Mi!tPS '0
%00




Bioinformatics tools : Automated structure drawing

® http://www.lipidmaps.org/data/tools/

<A LIPID MAPS -- LIPID Metaholites find Pathways Strategy - Microsoft Internet Explorer provided by SDSC

File  Edit Wiew Favorites Tools  Help

@Bk -~ O -~ [ A o D search <% Favortes 42 - 3

Systematic MName: MN-thezadecanoyl)-sphing-4-enine- 1 -phosphocholine
Address ﬁj http:ffchem, sdsc.edufimaps/msfSP_createj_w2 . himl

EEX
iy

Abbreviation: SM(d18:1/16:0)

o222

LIPID MAS!

5]
%ogo0®

LIPID Metabolites And

[ Display Structure using Chermdraw

« Choose sphingoid base backbone, acyl chain and headgroup from menus below:

H OH

Sphingoid Base
|Sphingusine V|

Headgroup

: 0—
$

M-Acyl group ../NH H

[ Create ] [ Clear this form ]

Serine + i i . . . ;
Palmitoyl-CoA 3 Ketosphinganine Sphinganine (d18:0) — Sphinganine 1-phosphate
(@180-P)

HO Y
— CHafCHa iy nGHa S~ AL CHAOH

@ Trusted sites
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Using abbreviations to automate structure,
nomenclature and ontology generation

LIPID MAPS Abbreviation
20:2(10Z,13E)(9Ke,150H[S]){8a,12b}

\ 4 v

Systematic names Classification Ontologies

*Mol weight
Fatty Acyls [FA] *Formula
9-0x0-15S-hydroxy- Eicosanoids [FA03] «# hvdroxvls
10Z,13E-prostadienoic acid Prostaglandins [FA0301] ey
«# double bonds

*#rings




Bioinformatics tools :MS prediction
® http://www.lipidmaps.org/data/tools/

QP
°9>m’gg LIPID Metabolites And Pathways Str

A LIPID MAPS -- LIPID Metabolites And Pathways Strateg OA !

File Edt Wew Favortes Tools Help O)d_b

Qoeck - O - ¥ @ @ P search Favorites 42 - About
q_p Address @]http:waw‘Iipidmaps‘urgitualsimsJ‘cgi—binJ‘GPZaIky\_chem —
O%I' M;:;?O Google-[ | [Clsearch - § |3
o229, 0600 N
s SOTOopIC Distribucion ror
o.CowiLg LIPID 09 Isotopic Distribution for C37H6908P
0d00 >

d_b~ gAW'“l°”f’§*8 LIPID Metabcll  #agal myz % of Max
dd_bb My 6724730 100,0000
M+1: 673.4764 42, 5418
M+2: 674.4797 10,2843
M+3: 675.4831 1.7649

M+4: 676.4864 0.1161

Possible Glycerophosph

Show Possible Glyceropl ....u.... 7 Possible Glycerophospholipid S

Mazs Tolers

Isotopic Distribution for C3THESOGP

Enter a mass (m/z) value and corresp
C=Mumber of Carbons; DE=Mumber of dou)

Mass L DB Abbrev. M
6714652 34 2 12:0/22:2(132,162) 48
Mass Tolerance (+/- amu) 6714652 34 2 14:0/20:2(112,142) 4§
Radyl group abbreviation (eg. 12:0 6714652 16:0/18:2(92,122)
671.4652
671.4652 18:11(92)/16:1(92)
Ion 671.4652 20:2(117 1473/14:0 35 Systematic Name 1-(9Z-hexadece
Abbreviation 16:1(92)/18:1(9]

. H H
Sort by 671.4652 20:112)14:1(52) 37 Lo 671 455
671.4652 17:1(92)/17:1(92) 420  Formula CyoHea05P

6714652 17:1(92)/17:1(92) 42 ~ HTML ~
u 4.mﬁ Wit caej
- 6714652 14:1(92)/2001[117) 45
Submit || Reset

671.4652 22:2(132,162)/12:0 25
6714652 18:2(92,122)/16:0 40
Examples of Abbreviations 6714652 17:0/17:2(92,127) 41§] @ Internet

& Nominal Mass O Exact Mass

Headgroup

Relative intensity

Records per page

The mare comman acyl chains used to E71. 4652 17:2(92,127)/17:0 423,2512 405,2406 419,2199 401,2093 PE5.2168  269.2481  GPA CopHggOgP v

position anlyl; & 8 Internet

o @ internet Iv ooo— O O

o { upD MAPS | o
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Lipidomic profiling tools using stable isotopes
Comparative analysis using deuterated precursors

SCIEX/ABI :
I Wiff file (Proprietary format)

Harkewicz,R. l MzStar

et al. conversion

J.Biol.Chem.
I (Open-source format)

(2007) 282(5),
Peak extraction

2899-2910
Peak integration
File formatting

I Processed file

Web appllcatlon Viewers I Excel template

8 { L-I;I._D N;APS I 0
0000°




Lipid Pathways and Networks:Visualization tools
VANTED: Displaying lipidomic timecourse data
® http://vanted.ipk-gatersleben.de/

[ vANTED V1.1 (beta)
Fle Edit Analysis Edges GO Graph Layout Modes 3SDSC Window Help

L= 4nn e @B E6 LamEaQ

< eicos_template.gml - view 1

T LIPID B - LIFID Mot abuol e Pathwinys Strategy - Microsoft Isternet Explorer

Trowl LIPID Metabolites And Pathways Strategy
115-HETE L
|Ph05ph0hp‘ds| ; T T I (T T

| 3114 I\ ) i Lipid Proteome Database (LMPD)
1.13.11.34 :

Record Overview

I 1.14.99.1 I

St athions-depen:
thase] (H-PoL

D o B - 3
) serch ¢ Favoites () e i 3
255 | &] http: /fuww lipidmaps. org/datajget_Im_lipids_dbaif.php?LM_ID=LMFAD3010004
Google - | |Gl search ~ &  §9 B 200blocked | ¥ check ~ % Autolink ~

LMFAD3010004

\:/\/\H/DH

0
A

LM ID LMFAD3010004

Common Name PGD2

Systematic Name 95,155-dihydroxy-11-o0x0-5Z,13E-prostadienoic acid
Exact Mass 352.22

Formula CopH3205

ag0 1200 1440 Category Eatty Acyls [FA’

Main Class Eicosanoids [FAO3

Sub Class Prostaglandins [FAD301
LIPIDBANK ID XPR1301

IinidRase TN | REANAN 10004 o O
graphnodes o . O

0 sk For user-given mapping if no autamatic .
mapping is possible o | LIPIDMAPS |

21 1 oooo

niodes| edges




Lipid Pathways and Networks:Visualization tools
Pathway Editor: Biopathways Workbench
® http://www.BiopathwaysWorkbench.org

T

_and_leukotriene_

<, Pathway editor: pr
Fle Edt Pathway Yew Window Help

& H| &8 3 ([x ] PN

Prostaglandin and leukotriene metabolism

Arachiodonate

7 Quantityl £

[ERER TR P Y[ 1.14.99.1 1.14.99.1 | 5.3.99.5
Lipoxin |+ a¢—] 15-HPETE| =Ty +— PGG2 ‘7F|PGHLVJ7 TXA2 — 44— TXB2Z —4y— Il-Dehydro-TXB:

/

1.13.11.31 1
—‘*.'J// w—— PGI2 —bw—+ 14-Dihydro-PGI2
1 Quantity

5.3.99.2
— PGD2 11-epi-PGF24

Quantity

1.1.1.196
- 1.13.11.34 1
‘ \ - -3 PGF2a — 15-Keto-PGF2a

Quantity

| 5-HPETE |
L1189

\ -
T_ 5.3.99.4 5.3.99.3 1.1.1.184
1]
| 5-HETE [ pGi2 | — PGE2
\ i Quanity

i 1 3

|
| 20-CODH-LTBA| 6-Keto-PGFla PGA2
‘ \

! 1
6-Keto-PGE]

0990

o [ LIPID MAPS I 0
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