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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 (L1MS)

. Bioinformatics tools for lipidomics

. Lipid-associated Pathways and Networks



LIPID MAPS Website

http://www.lipidmaps.org/
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Definition of a lipid*

Lipids may be broadly defined as hydrophobic or
amphiphilic small molecules that originate entirely or
In part from two distinct types of biochemical
subunits or "building blocks": ketoacyl and isoprene
groups. Using this approach, lipids may be divided
Into eight categories : fatty acyls, glycerolipids,
,glycerophospholipids, sphingolipids, saccharolipids
and polyketides (derived from condensation of
ketoacyl subunits); and sterol lipids and prenol lipids
(derived from condensation of isoprene subunits).

* Fahy,E. et al, Journal of Lipid Research, Vol. 46, 839-862, May 2005



Lipid classification: biosynthetic routes
1: Carbanion-based condensation
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CATEGORIES

Fatty Acyls
Glycerolipids
Glycerophospholipids
Sphingolipids
Saccharolipids
Polyketides




Lipid classification: biosynthetic routes
2. Carbocation-based condensation

CATEGORIES
Sterol lipids
Prenol lipids

Carbocation
intermediate




LIPID MAPS Classification System
Categories and Examples

Fatty acyls FA 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-3 4ol
Prenol lipids 2E,6E-farnesol

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

Polyketides Aflatoxin B,




LIPID MAPS: Compound ID

LIPID MAPS compound ID
— LMGP01010005

8]

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

Database identifier

— Digits 1-2: Database: LM (LIPID MAPS)

— Digits 3-4: Category: GP (Glycerophospholipids)

— Digits 5-6: Class: 01 (Glycerophosphocholines)

— Digits 7-8: Subclass: 01 (Diacylglycerophosphocholines)

— Digits 9-?: Optional additional class levels (typically not required)
— Last 4 digits: Unique identifier within subclass: 0005



J. Lipid Res. : Classification publications

Journal of Lipid Research, Vol. 46, 839-862, May 2005
Journal of Lipid Research, 50" anniversary edition, May 2009

A A comprehensive classification system for lipids -- Fahy et al., 10.1194/jlr.E400004-JLR200 -- - Microsoft Internet Explorer Q@@

File Edit View f:‘ Update of the LIPID MAPS comprehensive classification system for lipids -- Fahy et al., 10.1194 - Microsoft Internet Explorer p

Filz  Edi
+g | X Google

@III'D'

QUICK SEARCH: [advanced]

]h\,llll RAAL OF LI ]ﬁL.ml KL OF LIPID RESEAR Authoreymord():

=

Institution: Univ of California - San Diego Serials/Biomed Lib 0699 | Sign In via User Name/Password
Institution: Univ of Cal

A more recent versio

This Article

o Revised on December 12, } Full Text (Accepted Manuscript)
y 5 g
:_E' Llpl,d Res.. do 11 Accepted on December 1 F Alert me when this article is cited
Submitted on December

: F Alert me if a correction is posted
Revised on Febru

pted on Febr Update of the LIPID MAPS comprehensive classification system
for lipidS } Email this article to a friend

3 ar articles in this journal
A comprehel| g Faby, Shankar Subramaniam, Robert C. Marphy, Masahiro Nishijima, Chrisfian RH. Ractz, ! Siniarartcles o pubited

Takao Shimizu, Friedrich Spener, Gerrit van Meer, Michael J.0. Wakelam, and Edward A. : Wﬂ
ownload to citation manager

Eoin Fahy, Shankar | Demtis } Request Permissions

Jr., Robert C. Mur | cpeniciry and Biochemistry, University of California, San Dicgo, La Jolla, CA 92093

Slla“’, Takao Shimi } Citing Articles via HighWire

Stephen H. White, || Comesponding Author edemnis Gucsd e

. 1| In 2005, the International Lipid Classification and Nomenclature Committee (ILCNC) under the sponsorship } Articles by Fahy, E.
Dep rtment of Chemi of the LIPID MAPS Consortium developed and established omprehensive Classification System for ! Articles by Dennis, E. A.
Lipids™ based on well-defined chemical and biochemical principles, and using an ontology that is extensible, “
flexible and scalable. This classification system which is compatible with contemporary databasing and e ———
informatics needs has now been accepted internationally and widely adopted. In response to considerable } Articles by Fahy, E.
attention and requests from lipid researchers from around the globe and in a variety of fields, the } Articles by Dennis, E. A.
comprehensive classification system has undergone significant revisions over the last few years to more fully "
Lrpuj_r, are pI'Od'LlC ed, || represent lipid structures from a wider variety of sources and to provide additional levels of detail as
necessary. The details of this classification system are reviewed and updated and are presented here, along ~ " Related Webpages

with revisions to its suggested nomenclature and structure-drawing recommendations for lipids. Social Bookmarking
B 8 & o

What's this?

Corresponding Authe

binding proteins and 1

R . . m_ . o
|E|L21teUL1.ke |—‘Linmp1me % Connotea M Delicio.us Leddit Technorati What's this?




LIPID MAPS Online Classification System
@ http://www.lipidmaps.org/classification/

Contact | News | Publid
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LMFAO201000

Updated 09/01/06

Glycerclip Sphingolipids Stercl Lipids Prencl Lipids Saccharclipids Polyketides

Ol
I

Fatty Acyls [FA] classes and subclasses

Fatty Acids and Conjugates [ i o
Straight chain fatty acids Category:Fatty Acyls [FA] ] ) LM ID LMFAD3010004
Methyl branched fatty =i --= Main class: Eicosanoids [FA03] --= Sub class: Prostaglandin Common Name PED2 (W)
Unsaturated r_att',- a:l_ P LMIb Commen Nams Systematic Name 95,155-dihydroxy-11-ox0-5Z,13E-prostadiencic acid
Hydroperoxy fatty aci LMFADS010001 6-keto-PGFLa s
Hydroxy fatty aci ynonyms -
Oxo fatty acids [ LMFAO2010002 DEFZa Exact Mass 352.22
Epoxy r'at!:',- acid ] " - Formula CogHaz05
melthcx',- r':a'ig',-Fat:tld Category Fatty Acyls [FA]
zlogenated fatty aci
"rningc fatty aci ! [EA LMFAD3010004 PGD2 Main Class Eicosanoids [FAQ3]
A v 2C |
Cyano fatty aci r 1 s ot Sub Class Prostaglandins [FA0301]
Mitro fatty a 1 = " LIPIDBANK ID XPR1301
Thiz fatty aci LMFA03010006  PGF2a-d4 PubChem Substance
Carbocyclic fatty 2 ID (SID)
Heterocyclic fatt LMFA BGDZ-d4 3 KEGG 1D C00696
Mycolic acids [FA ] prostadiencic acid (3,3,4,4-d4)
Dicarboxylic a 7 LMFAO3010008 PEEZ-d4 11R,155-dihydroxy-9-oxo-52,13E-
Crtadecanacid prestadisnocic
12-oxophytodiznoic acid metabolites 1 LMFAD2010003  PGEGEZ 95, 11R-epidioxy-135-hydroparasy-52, 12E-
jasmonic acids [FA0z02]
Eico=anoids 3] LMFAO3010010 PGH2
Prostaglandin
Leukatrizne

4255955

LM 2,3-dinor-11b-PGF2a 95,115,125-trihydroxy-2,3-dinor-52, 13E-
prostadiencic acid
LMFAD3010012 6-keto PGEL 6,9-diox0-11R,155-dihydroxy-13E-
prostenoic acid
roperoxyeicosatriencic = LM 5,15 diketo-13,14-dihydro-PGF1a 6,15-dioxo-35,11R-dihydroxy-13E-
hydroperoxysi tetrzenci prostencic acid
hydroperosxysi pentasnoic AOD3( | MFAO3010014 20-hydroxy-PGE2 S-o3x0-11R,155,20-trihydrosxy-52,13E-
triencic acids [FADZ08] prostadiencic acid
LMFAI 18 SGEZ 155-hydroxy-3-0x0-52,8(12), 136~
prostatrienoic acid
LMFAD3010019 PGIZ 1i-oxo0-155-h xy-5Z,8Z,13E-
prostatrienoi
LMFA 8-12-PGIZ 11-ox0-155-hydroxy-5Z,9Z,13E-
prostatrizncic zcid




LIPID MAPS Structure Database

High quality structures/names
(Core labs and partners)

New structures identified in
LIPID MAPS experiments

Structures generated by
computational methods




Lipids per category in LMSD (4/1/09)
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Web-based Lipid Structure Registration tool

—

Temporary database table

Review:

User data entry form Check for duplicates
Check structure format
Check classification
Check systematic name

— O

www.lipidmaps.org LIPID MAPS structure database



LIPID MAPS: Recommendations for drawing structures
Consistent structure representation across classes

TN




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

Browse Search Modify Search

BY LM_ID Systematic Name Formula
LMST04010086 3B7a,120-Trihydrosxy-5B-cholan-24-oic CyyHy005 Bile acids and de|
Fatty Acyls Search by LIPID MAPS ID, Systematic or Common Name, Mass, For Acid
Category, Main Class, and Sub Class LMST04010088 2a,7B, 12B-Trihydroxy-5B-cholan-24-oic z
Acid
Glvcerophospholipids LMST04010094 3[. 70, 12a-Trihydroxy-Sa-cholan-24-oic CaHyOs Bile acids and de|
Text/ontology-based Search acid

2 aHu0s Bile acids and de

LMST040100597 3a,7B, 126-Trihydrosxy-Sa-cholan-24-oic C.
Sterol Lipids - Acid

prenol Lipids Search by Ontology (# of functional groups),LIPID MAPS ID, Syster | ystoa0i0117 3[B.4B,70,12a-Tetrahydroxy-5B-cholan-24- CpaHunOs Bile acids and de|
—_— or Commaon Name, Mass, Formula, Category, Main Class, and Sub oic Acid

Saccharolipids LMST04010123 3a,6B,7B, 128 Tetra hydrosxy-5B-cholan-24-

Polyketides _ oic Acid
Structure-based Search LMST04030009 Sa-Cholestane-2f,7a,12a,26,27-pentol Co7H50s Bilz acids and de|

2 aHu0s Bile acids and de

CHygCs Bile acids and de

Search by substructure or exact match using one of these structyr H4S104030012

drawing tools: LMST04030046

LMSTD4010086

- LMST04030063

s IME Applet LMST04020103
e * ChemDrawPro

Text-based search

LM ID |

Name{Common or Systematic) |chu|an-24-uic Acid

Mass

Formula

Category

Main class LM ID LMST04010086
Common Name -
Sub class .
Systematic Name 3B7a,12a-Trihydroxy-5p-cholan-24-oic Acid
Synonyms .
Exact Mass 408.29

Sort by Formula CouHap05

Category Sterol Lipids [ST]
Submit | Reset | Main Class Bile acids and derivatives [ST04]
Sub Class C24 bile acids, alcohols, and derivatives [ST0401]

LIPIDBANK ID BBAODSS
PubChem Substance
ID (SID

Records per page

7850973

Online features:
Browse

Text search
Substructure search
Download structures




Lipid Proteome Database (LMPD)
® http://www.lipidmaps.org/data/proteome/

LIPID Metabolites And Pathways Strategy

| About | Lipid Classification J| Standards perimental Data | Pathways | [ Home |

<
<3 NCBI

All Databases PubMed Hucleotide Protein Genome Taxonemy

Summary
Record Overview Official Symbol:
See related: HP
LMPD ID Gene typ
Taxonomy : Hun (Gene name:
Description E Cer: G
Symbuols
Lipid Category
ECG Number

Molecular
Weight

Sequence
Length

Sequence




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

LIPID MAPS -- LIPID Metabolites And Pathways Strategy - Microsoft Internet Explorer

File Edit View Favorites Tools Help

LMFAD3010002

Olline:

LM ID

Common Name
Systematic Name
Exact Mass

LMFAD3010002

PGF2a
95,11R,155-trihydroxy-57,13E-prostadienoic acid
354.24

Formula CooHz405

Fatty Acyls [FA]

Eicosanoids [FAD3]

Prostaglandins [FAD301]

XPR1501

LMFAQD1030003

Category
Main Class
Sub Class
LIPIDBANK ID

Arachidonic Acid (d8)

LMFAQ3010001 &-keto-PGFla

LMFAD3010002 PGF2ux

LMFAD3010003 PGE2

LMFAD3010004 PGD2

Favorites @‘f

i -

hp?lipidclass =LMFA
i Baoblocked M Check -

S, Autolink ~

3

E Options

Links *

4 Go

ndards

5IF (or Chemdraw) format.
recursor ion) displays the fragmentation spectrum, including structures of principal product

.ayman catalog website page.
ference(s) pertaining to identification of fragment structures.
nn-tima data

02379
% gae°

LIPID Metabolites And Pathways Strategy

About Data

LC retention time and M3/MS data were obtained using the conditions outlined in the protocols below

LC Protacol| MS/MS Protocol

Protocols Home

| Lipid Structure Datshase

LM_ID

[ NAME

[ Systematic Name

MASS | Ret. Time(mins)

[LmFac1030001

s

[52,82,112,142-eicosatetraenoic acid

203 |[14.37

[pa-de

|5Z.BZ.112.14Z-e\Cosatetraer\uic acid (5,6,8,9,11,12,14,15-d8)

211 [14.33

[6k-PaF1a

[35,11R, 155 trihydroncy-6-0x0-13E-prostenaic add

N

|PaFza

[95,11R, 155 trihydraxy-52,13E-prostadiencic acid

[4.72

[PaEz

[11R,15%8-dihydroxy-3-ox0-52,13E-prostadienaic acid

[5.19

[Papz

[55,158-dihydroxy-11-0x0-52,13E-prostadiencic acid

351 [5.69

|PaF2a-d4

[95,11R, 155 trihydraxy-52,136-prostadienaic acid (3,3,4,4-d4)

357 472

|PaDz-da

[35,158-dihydrasy-11-0x0-52,13E-prostadicnsic acid (2,3,4,4-d4)

355 |[s.67

[LMFA0z010008

[PaEz-d4

[11R,158-dihydroxy-3-ox0-52,13E-prostadienaic add (3,3,4,4-d4)

355 [5.18

[LMFaoz010009

[Paaz

[35,118-epidioxy-155-hydroperoxy-52,13E-prostadiencic acid

367|641

[LmFacz010010

[Pahz

[35,115-epidioxy-155-hydroxy-52,13E-prostadienoic acid

351 |[7.55

[LmFa0z010011

[2,2-Dinar-11p-PaF2a

[75,3R, 135-trihydroxy-32,11E-prostadienoic acid

225 348

[LMFaoz010012

[6keto-paer

[115,155-dihydraxy-¢,3-diaxo-13E-prostencic acid

367 [3.86

[LmFa0z010013

|6,15-diketo-13,14-dihydra-PGF1a.

[95,115-dihydroxy-6,15-dioxa-prostanaic acid

363 |[4.24

[LrFa0z010014

[z0-hydroxy-PaE2

[115,155-dihydroxy-3-0x0-52,13E-prostadiensic add

267|294







Data presentation formats
Tabular: Graphical:

Error bars denote standard error of mean

Kdo Kdo Kdo Kdo
Details/Graph Name ctl Cctl Cctl ctl Units - .
Omin 30min 1hr Zhrs Kdo2-Lipid A Timecourse
0 1 7 prmoliug DHA
0P ! ’
. 04
O }:) [ 15-deoxy-PGD2Z ) pmol/ug DHA
0O /D ﬂ deox z pmoliug DHA
0 p M pmolfug DNA
0o ,O M - pmolfug DHA
O p [ e prmol/ug DHA s vl
0 £ 2
O /O M pmoliug DHA 5
0 p M - pmolfug DNA 'S T
8 E
<
0o }:) Iy pmoliug DHA [
DNA 4
Pt
THE
O IO M 0.07 o T T T T T T T T T T 1
] 2 4 [ ] 10 12 14 10 18 20 22 24
Time (hours)

25-hydroxy-cholesterol: O {Ctrl) X (Kdao)

Heatmap: Integrated pathway/heatmap:

Heatmap of Kdo timecourse data for lipid category ST,PR (Ratio Kdo/ctrl values)

Clicking on Analyte column displays data and graphs for timecourse experiment.

ANALYTE 30 1 2 4 8 12 24 SYMBOL GENENAME

p27b1

25-hydroxy- Dher?
cholesteral

2Z-hvdroxy-
cholesteral

dbeta. ro:
cholesteral
dehvdro-
cholesteral 3-hvdroxy-3-methvlglutaryl-Coenzyme A
reductase
xo-hydroxy-
cholesteral

alpha
cholesterol

Choalesterol
Desmosterol
Lanosterol
Coenzyme Q10
Coenzyme Q9
Dolichol-18
Dolichol-19
Dolichol-20

vitamin K epoxide reductase complex. subunit
1

farnesvl diphosphate synthetase
geranvlgeranyl diphosphate synthase 1
isopentenyl-diphosphate delta isomerase
Sale squalene epoxidase




Relative units
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Kdo Timecourse Data: Examples of different profiles with time
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Cholesterol Biosynthesis



30 min



1 hour



2 hours



4 hours



8 hours



12 hours



24 hours



Capturing the Metadata: LIMS Data Input GUI’s

(WebStart Java application communicates with Oracle database)

& solution

& Treatment
Experiment identity

‘ Date* Hna-na-zuue

Experiment ID

I
‘ Technician HG '||lltlex.ﬂmdrEJI

Culture information M

Plating density* x10e6
Temp 0 arec

Solution DMEM
| sl

co2

Treatments

Impaort file

ID |

Pre-incu
00:00.00

Samples

Add Duplicz

| Sawetodatabase | Print

0K - Don't forget to inspect the tooltiy

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

Lah G ~
User | |AlexAndreyev[29] v |

‘ Passage/harvest date: ‘

03-03-2006

Passayge protocol:=*

Comments

‘ Search comments

Parent flask barcode*

Harvest infarmation for parent
Live* Dead*
L ]

Cell conc. (# #REX)*®

Cell count celld
New passage Pre
for

Daughter vessel barcode

G|

[
[
E
A

Total vessels*®
Pre

Save new passaiye -
Get barco

Media barcode*®
Target plating density®

\fessel type

Protocols

Protocol ID |

Barcode ID |

Print label

Hame* |

Abbreviation* |

Find

Date 03-03-2005

| Change date

component barcode |

Component name

Comments

Search

Get IDs

Save to database

Clear form

Print this form

OK




Bioinformatics tools for lipidomics
® http://www.lipidmaps.org/data/tools/

| Mews | Publications

LIPID Metabolites And Pathways Strategy

| About | Lipid Classification | Standards perimental Data | Pathways |

Online Tools

« Mass Spectrometry: Find mass, number of carbons, number of double bonds, abbreviation, MS/MS product ions (neutral loss), formula, and ion ba
input criteria, with links to structure and isotopic distribution.

Cardiolipins

Glycerophosphalipids

Mono/DifTriacylglycerols

Glycerophospholipid analysis in batch mode

Glycerolipid analysis in batch mode

Sphingolipid analysis in batch mode

Fatty acid analysis in batch mode (based on structures in the LIPID MAPS database)

Fatty acid analysis in batch mode (based on computationally generated structures)

Cholesteryl ester analysis in batch mode (based on fatty acid structures in the LIPID MAPS database)
Cholesteryl ester analysis in batch mode (based on computationally generated structures)

Search 3 database of MS/MS spectra of Eicosanoids for precursor and product ions (neq. ion mode)

o
o
o
o]
o]

« Structur

m

Drawing

Draw Glycerolipid Structures

Draw Glycerophospholipid Structures

Draw Cardiolipin Structures

Draw Sphingolipid Structures

Draw Sterol (cholestane, ergostane, campestane and stigmastane) Structures

o 0O 0 0 0 0 0

Stand-alone Tools

s+ LIPID MAPS Tools Package
Command line Perl scripts to generate SD files containing structure and ontological data for various lipid categories. The current version supports
generation for Fatty acyls (FA), Glycerolipids (GL), Glycerophospholipids (GP), Cardiolipins (CL), Sphingolipids (SP) and Sterols (ST). Please see ou
documentation for specific main and subclasses. FAStrGen.pl | GLStrGen.pl | GPStrGen.pl | CLStrGen.pl | SPStrGen.pl | STStrGen.pl

Download Tools package and documentation: lipidmapstools.tar.az (366 KB) or lipidmapstools.zip (555 KB
View online documentation

s}
o




Bioinformatics tools : Automated structure drawing
® http://www.lipidmaps.org/data/tools/



Glycan structure drawing: Glycosphingolipid example

LIPID MAPS,

=

Lontact | L

LIPID Metabolites And Pathways Strategy

| About | Lipid Classification | Standards | Experimental Data | Databases | Pat

Structure database (LMSD)

LM_ID:LMSPOS02AF00

Galp1-3{GIcNAcB1-6)GalNAcB1-3Galal-4Galp1-4GlcB-Cer

Symbol Nomenclature

Click on sugar icons to display chemical structure

[ H N
Oﬂm\_.l_lﬁmum—lk_,fﬁu. jCer
-6

LM ID

Common Name
Systematic Name
Synonyms

Exact Mass
Formula
Category

Main Class

Sub Class
LIPIDBANK ID

PubChem Substance
1D (SID)

KEGG ID
Status
SphingoMap ID

LMSPOS02AF00

Sphingolipids [SP]

Neutral glycosphingolipids [SPO5]
GalNAcf1-3Galal-4Galp1-4Glc- (Globo senes) [SPO502]
G5G1429

14714508

Active
22

Add additional information for LMSPOS02AF00 (Restricted Access)

Download file | [csvizl

Click on name
hyperlink to
display structure
in full

chemical format



Glycan structure drawing: Glycosphingolipid example



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

ég LIPID Metabolites And Pathways Strategy

About Data Tools Protocols

Possible Glycerophospholipid Structures

snz acid(-) HG Formula

Q Internet




Bioinformatics tools : Standalone MS prediction application



Lipid Pathways and Networks:Visualization
VANTED

Gene-array expts

Program

Pathway template
Created with
VANTED

STEPS:
Import pathway template

Add lipid data
Add gene-array data

Output pathway with heatmaps _
Pathway with heatmap




Lipid Pathways and Networks:Visualization tools

- Biopathways Workbench-Pathway Editor
& http://www.lipidmaps.org/pathways/pathwayeditor.html






LIPID MAPS: Educating the public:
Top hit on Google search on “lipid” or “lipidomics”
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