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Abstract

Central and peripheral nervous systems are lipid rich tis-
sues. Lipids, in the context of lipid-protein complexes,
surround neurons and provide electrical insulation for
transmission of signals allowing neurons to remain em-
bedded within a conducting environment. Lipids play
a key role in vesicle formation and fusion in synapses.
They provide means of rapid signaling, cell motility and
migration for astrocytes and other cell types that sur-
round and play supporting roles neurons. Unlike many
other signaling molecules, lipids are capable of mul-
tiple signaling events based on the different fragments
generated from a single precursor during each event.
Lipidomics, until recently suffered from two major disad-
vantages: (1) level of expertise required an overwhelm-
ing amount of chemical detail to correctly identify a vast
number of different lipids which could be close in their
chemical reactivity; and (2) high amount of purified
compounds needed by analytical techniques to deter-
mine their structures. Advances in mass spectrometry
have enabled overcoming these two limitations. Mass
spectrometry offers a great degree of simplicity in iden-
tification and quantification of lipids directly extracted
from complex biological mixtures. Mass spectrometers
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can be regarded to as mass analyzers. There are those
that separate and analyze the product ion fragments in
space (spatial) and those which separate product ions
in time in the same space (temporal). Databases and
standardized instrument parameters have further aided
the capabilities of the spatial instruments while recent
advances in bioinformatics have made the identification
and quantification possible using temporal instruments.

© 2013 Baishideng Publishing Group co., Limited. All rights
reserved.
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Core tip: Mass spectrometry offers a degree of simplic-
ity and sophistication to the biological sciences. In this
review we are focusing on its application towards the
analysis of lipids in neuroscience. Lipids have a variety
of functions, they surround neurons, provide insulation
for transmission of signals, an environment for facilitat-
ing motility and migration of astrocytes and other cell
types, among many other functions. Recent advances in
mass spectrometry have enabled quantification of lipids
directly extracted from complex biological mixtures in
the neuronal system with the help of databases, stan-
dardized instrument parameters and bioinformatics. In
this review, we intend to highlight all recent efforts with
an emphasis on its application to neuroscience.

Enriquez-Algeciras M, Bhattacharya SK. Lipidomic mass
spectrometry and its application in neuroscience. World J Biol
Chem 2013; 4(4): 102-110 Available from: URL: http://www.
wjgnet.com/1949-8454/full/v4/i4/102.htm DOI: http://dx.doi.
org/10.4331/wjbc.v4.i4.102

INTRODUCTION

The central nervous system (CNS) is lipid rich. A signifi-
cant part of the dry weight of the human brain, close to
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50% is contributed to by 1ipidsm. Processing of behavior
by organisms depends on the brain, and lipids play an
active biological role towards those complex functions.
Lipids provide much needed electrical insulation to the
neurons enabling signal transduction through them and
serving as a guiding influence in membrane fission and
fusion processes. Structural properties are important for
membrane protrusion and fusion. Depending on the
head and tail of the individual lipids, especially phospho-
lipids, they may form either a cone or an inverse cone!'l.
It is likely that membrane fission and fusion events in
neurons involve critical roles of lipids. In the fusion
sites between two mating cells of protozoan Tetrahymena
thermophila, high-resolution imaging of lipid composition
using time-of-flight secondary-ion mass spectrometry
has revealed that small membrane regions containing the
largest number of fusion pores are highly entiched in the
cone-shaped form (2-aminoethylphosphonolipid) sug-
gesting that the localized changes in lipid geometry are
likely to play critical roles in the fusion processm. Many
lipid intermediates are potent intracellular signal trans-
duction molecules themselves. Lipids also are central to
vesicle formation, fusion and fission, all processes that
are central to synaptic transmission of nerve impulsesm.

Lipids in cellular systems offer different features such
as permutability of constituent fragments to generate di-
verse species, the capability of generating multiple types
of signaling, some which can be rapid and on demand;
others being localized due to their membrane bound na-
ture. The maintenance of lipid heterogeneity across the
plasma and organelle membranes facilitate lipid mediated
localized signaling”’ﬂ.

Rearrangement of structural units of individual lipids
within the mammalian lipidome provides the potential for
generating a vast diversity of lipid species. The capability
of generating a vast number of entities provides the po-
tential for many different types of signaling to originate
from lipids. Lipid rearrangements can occur confined to a
space within tissue or cells, or within the same space but
at different times during the life cycle of a given cell or
tissue. Lipids are capable of serial signaling, that is, appli-
cation of a single biochemical route for multiple signaling
events'”. An example is the conversion of adenosine tri-
phosphate into cyclic adenosine monophosphate (cAMP),
which is catalyzed by adenylyl cyclase. Adenylyl cyclase
is activated by binding of several neurotransmitters with
neuronal surface receptors. However, the hydrolysis of
cAMP stops this signaling process. Such a signaling pro-
cess is a “one pathway-one signal” model of transmem-
brane sigrlaling[4’5].

On the other hand, an example of serial signaling in
neurons by the lipids is the 1,2-Diacyl-sn-glycerols (1,2
DAG) cascade. In this cascade, phospholipases cleave
membrane bound phosphatidylinositol (PI) 4,5 bispho-
sphate to generate 1,2-DAG and Inositol (Ins) 1,4,5 tri-
sphosphate. While Ins 1,4,5 trisphosphate is hydrolyzed
and deactivated after signaling just as it happens to cAMP,
1,2-DAG, on the other hand often serves as the starting
material for a series of competing conversions generating
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various intermediates. 1,2-DAG is phosphorylated into
Phosphatidic acid (PA) by DAG-kinases'”. The PA can be
converted into (1) Lysophosphatidic acid (LPA) by losing
a fatty-acid residue catalyzed by phospholipase A2; (2)
into cytidyldiphosphate-DAG; or (3) can be dephosphor-
ylated into 1,2-DAG by a phosphatase. 1,2-DAG can be
hydrolyzed by DAG-lipases to generate Monoacylglycerol
(MAG)™ which itself is subsequently hydrolyzed into
fatty acid and glycerol by MAG lipasem. 1,2-DAG could
also be hydrolyzed to generate 2-arachidonoylglycerol
(2-AG) and arachidonic acid, which in turn acts as sub-
strates for lipid oxygenases“o] converting them into oxi-
dized metabolites which are termed as eicosanoids' . The
metabolic intermediates of 1,2-DAG, for example PA,
activates raf protein kinase and PI(4)monophosphate-5-
kinase!*'"’; LPA and 2-AG are high-affinity agonists for
LPA and cannabinoid receptors respectively. 1,2-DAG
also activates various members of the protein kinase C
Family"",

It is pertinent to mention that lipids are players in
neuronal retrograde signaling as well. Retrograde sig-
naling mechanisms altering the strength of incoming
synaptic inputs have been shown to be modulated by
endocannabinoid lipids 2-AG or its derivatives in pyrami-
dal neurons during their depolarization. Similar signaling
is initiated by the activation of postsynaptic glutamate
metabotropic receptors and acetylcholine muscarinic re-
ceptorsﬂo’ﬁ’l(’].

Another important aspect of lipid based signaling is
their rapid nature. Lipid signaling that can be achieved
in a relatively short period of time because the signaling
molecules can be generated catalytically from the existing
precursor at a very accelerated pace, that which cannot
be performed for larger macromolecules such as pro-
teins. Lipids also often enable localized signaling due to
their heterogeneous adherence to a specific subcellular
site. Several lipids that are intermediates of the 1,2-DAG
pathway serve critical functions in neuronal develop-
ment, synaptic plasticity and behavior™!", For example,
arachidonic acid modulates the activities of neuronal ion
channels"®"; and the eicosanoids modulate G protein-
coupled signaling that underlie a myriads of neuronal
functions' "\

The two properties, (1) dynamic changes in mem-
brane lipids that underlie several cellular property chang-
es; and (2) ability to generate several signaling molecules
from a single precursor, simultaneously leading to multi-
ple signaling events warrant the studying of the lipidome
rather than the biochemical analyses of single lipids or
only a handful of lipids. Capturing lipidome changes is
therefore critical to understanding the behavior of neu-
rons and to gather a greater insight into the functioning
of the CNS. Until recently the analyses of lipids posed
two challenges, (1) the inability to identify lipids without
a vast arsenal of chemical reagents and a deep knowledge
of chemistry; and (2) the necessity of a large amount
of purified lipids for structure determination. However,
the advent of mass spectrometry has largely removed
these two barriers. We present here an overview of mass
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Figure 1 Electrospray ionization mass spectrometer of 1-tetradecanoyl-2-(11Z,14Z-octadecadienoyl)-sn-glycero-3-phosphocholine (m/z 729 for singly
charged species). The scan was performed in the third quadrupole (Q3) of a Triple stage quadrupole Quantum Access Max instrument with collision energy of 35 V
in Q2. The precursor (or parent) ion and daughter ion have been shown in the spectrum. The corresponding molecular structures of daughter ion (184.07) and precur-
sor ion (729) have been shown above the spectrum and corresponding m/z in the spectrum has been identified by dashed arrows. The total ion intensity was 6.4E3 as
indicated. The arrow head and thick dashed arrows in the precursor ion structure indicate the fragmentation point leading to the generation of the daughter ion.

spectrometric techniques enabling the identification and
relative quantitation of cellular lipidome (categorized into
class specific and pan lipidome analyses) and briefly dis-
cuss their utility for neuroscience related research.

CLASS SPECIFIC ANALYSES OF
LIPIDS ON MASS ANALYZER WHERE
FRAGMENTS ARE RESOLVED IN SPACE

Electrospray ionization mass spectrometry enables the
identification and quantification of the cellular or tissue
lipidomes directly from crude extracts of cell, tissue or
organ samplesmm. The mass spectrometers that resolve
fragments of entrant precursor ions of biomolecules in
space domains enable identification and quantification in
a class specific manner, referred to as automated shotgun
lipid profiling™. Mass spectrometers where fragmenta-
tion and analysis occur in separated chambers (different
chamber than that of the entrant precursor ions) enable
precise control of collision energy and hence enable class
specific scans for lipids with one class scan at a time. Ion
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mode and collision energy are the two key parameters
which remain somewhat standardized for class specific
identification of lipids among different instrumenPt
platforms. The knowledge of class specific parameters
has been derived from control experiments with puri-
fied lipids from many lipid chemistry groups over several
decades of research in synthetic organic chemistry. The
most common of space resolving instruments are the
triple quadrupole mass spectrometers, Figure 1 shows a
typical spectra. The instrument parameters vary on in-
sttuments manufactured by different vendors (referred
to as platforms). The settings of other parameters for
class specific identification need fine tuning from one
platform to another and enable quantification of lipids
on moderate and higher resolution triple quadruple mass
spectrometers with only little optimization. The moder-
ate resolution space domain resolving instruments (ap-
proximately lamu resolution) enable lipid profiling from
extracts of crude biological samples. The specific lipid
entities of interest may then be confirmed for identities
using a combination of high resolution instruments and
chemical derivatization for identification of correct isomers.
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Table 1
lipidomics

Comparison of leading mass spectrometers for

Resolution Mass range  Mass accuracy

(m/z) (ppm)
ToF 2-5 typical
Waters LCT premier 10000 18000 NA
Agilent LC/ToF > 22000 50-20000 <1
Bruker microToF 10000 3000 NA
QToF Same as ToF
Agilent 6540 > 40000 50-10000 <1
Waters QToF ultima 17500 32000 1
Waters QToF micro 5000 20000 1
Bruker max is 4G > 60000 10000 <1
LTQ velos 3000 4000 0.1 Da
LTQ-orbitrap velos > 100000 4000 <2
TSQ quantum access max 0.4 (FWHM) 3000 0.1 Da
TSQ quantiva 0.2 (FWHM) 1850 0.1 Da
Q-exactive 140000 6000 <1
Orbitrap fusion tribrid 450000 4000 <1
Synapt G2-HDMS 40000 32000 (100000") <1
Synapt G2S-HDMS 20000 32000 (100000") Approx-

imately 2

'When fitted with a quadrupole. m/z: Mass to charge ratio, ppm: Parts
per million; LCT: Liquid chromatograph; LTQ: Linear trap quadropole;
TSQ: Triple stage quadrupole; HDMS: High definition mass spectrometry;
FWHM: Full width at half maximum; ToF: Time of flight; NA: Not available.

A comparison of different mass spectrometers used
for lipidomics has been provided in Table 1. With the
advent of knowledge of lipid chemistry, further advance-
ment has been made to identify lipid side chains using
mass spectrometry and also to incorporate a second
quantification step. The parameters for these determina-
tions have been presented in Tables 2 and 3. Three chief
parameters contribute towards class specific identifica-
tion of the lipids: (1) ion mode of operation (positive ot
negative); (2) collision energy (CE usually in volts); and (3)
scan type, that is, precursor-ion (often also referred to as
parent-ion) or neutral loss scan for the daughter ions that
is generated due to the collision induced dissociation of
the patent ion. The class specific identification and quan-
tification is based on the scan type due to generation of
daughter ion of specific mass under a given collision en-
ergym]. All mass spectrometers usually are equipped with
software for data acquisition. The optimal parameters for
a specific instrument platform are not universal but need
to be tuned for another platform. A lipid species may
belong to more than one class due to presence of com-
mon parts encompassing more than a class, thus enabling
their analysis using more than one class setting. The
identification of lipids in these instruments necessitates
comparison of experimental spectra to a reference spec-
trum or comparison of m/z ratios to databases. These
comparisons are achieved through the use of analytical
softwares.

In mass spectrometric lipidomics, the quantification
of lipids is ratiometric and performed with a synthetic or
purified standard, often termed as internal standard usu-
ally in a two-step process” >, The most abundant lipid
species are quantified using direct comparison of the
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peak intensities to those of the added internal standard
for the lipid class in the mass spectrum from the first
step. This is done after correcting for the isotopic differ-
ences of "C, which are often present in low abundance
in the internal standard molecules™. The basic premise
of this quantification is that the lipid species ions linearly
correlate with its concentration in the low-concentration
region of the mass spectrometer (MS) spectrum[zs’zﬂ. In
the second step, the ratiometrically determined concen-
trations of the abundant lipids using internal standard
are used for additional refinement of quantification.
Different lipids of the same class may undergo different
fragmentation kinetics”™ thus multiple standards belong-
ing to a single class and representing different physical
properties (side chain and degrees of unsaturation) en-
able better quantiﬁcationngl. Ratiometric quantification
encompasses the entire linear dynamic range of ion peak
intensities offered by the spatial resolving instruments
and a two-step approach enables quantification of low
abundance region of lipid species from organic extracts.
However, one of the limitations of class specific identifi-
cation using spatial instruments is the ready identification
of entities that are present in the databases. The struc-
tures of lipid entities that are absent in databases can also
be deduced particularly with different collision energies
or utilizing high resolution mass spectrometers with
chemical derivatization.

ROLE OF DATABASES

Databases play an important role in the identification
of lipids in the class based lipid identification approach.
Databases are usually built on either single instruments

or very closely related instrument platforms, with most
parameters being normalized, except for variation in
parameters that enable determination of the given lipid
class (Tables 2 and 3). The parameters that could be nor-
malized are sheath gas flow rate and spray voltage, while
the collision energy and mode (negative or positive ion)
are parameters which have to remain largely unaltered
for class based lipid identification. The limitation of
identification in this approach thus depends on the pres-
ence of a given entry in the database. To a certain extent,
platform dependency is not a limiting factor. Most often,
normalization of analytical parameters across instrument
platforms is achievable and verifiable with known stan-
dards that enable validation of class specific identification
on different instrument platforms, thus enabling class
specific lipid identification.

BIOINFORMATICS APPROACHES AND
SOFTWARE

There exists a few databases for lipids such as the yeast
metabolomics and human metabolomics databases (www.
ymdb.ca and www.hmdb.ca respectively). The most
complete and easily downloadable database is lipidmaps
database (wwwlipidmaps.org), which enables download-
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Table 2 Select performance parameters of some commercially available mass spectrometers

Parameter TSQ quantum TSQ LTQ-orbitrap Qq-ToF Synapt G2-S HDMS  Q-exactive  Agilent 6540  Orbitrap
access max quantiva velos fusion tribrid
Acquisition 5000 amu/s 15000 amu/s 1/s°60000 RP 3/5°30000 RP 30/s MS or MSe 13/5°17500 20 MS/s 15/sec”15000
rate mode
3/5°15000 RP 2000/s IMSmode  1.5/s°140000 10 MS2/s
Linear 5 orders 6 orders 5-6 orders 2-3 orders > 5 orders In- > 5 orders 5 orders > 5 orders
dynamic range spectrum’
Mass accuracy 0.1 Da 0.1 Da <3ppmMS  <5ppmFullscan <1 ppm MS MSe or <1ppm < 1ppm MS <1ppm
w/Lock Mass MS/MS
<3ppmMSn >100 ppm MS/MS < 2ppmMS2 <1 ppm MSn
(no lock mass)
Resolution 04DaFWHM  0.2Da >100000 RP Up to 30000 RP Up to 40000RP 140000 >15000 RP® 450000
FWHM 1522
Sensitivity Sub-femto-  Atto-mol  Sub atto-mol Sub femto-mol Approximately Atto-mol Femto-mol  Sub atto-mol
mol 10 charges at the
detector

'At full resolution and maximum acquisition rate. ToF: Time of flight; LTQ: Linear trap quadropole; TSQ: Triple stage quadrupole; HDMS: High definition
mass spectrometry; MS: Mass spectrometry; IMS: Ion mobility spectometry.

Table 3 Class specific scanning parameters of different lipid classes using spatial resolution triple quadrupole mass spectrometer’

Lipid class Class-specific pre screen Second-step quantification

Ion mode Daughter ion  Collision energy  Scan type Daughter ion Collision Scan type
mass (m/z) ) mass (m/z) energy (V)

PC + 184 35 PIS 189, 183.1, 59 35,35, 24 NLS
lysoPC + 59 22 NLS 205, 59 34,22 NLS
PE, lysoPE - 196 50 PIS 2222 30 NLS
PI, LysoPI - 241.1 45 PIS 241.1 45 PIS
PS, lysoPS - 87.1 24 NLS 87.1 24 NLS
PG, lysoPG - 153.1 35 PIS 153.1 35 PIS
PA, lysoPA - 153.1 35 PIS 153.1 35 PIS
CL, monolysoCL - Full MS at high resolution
Triglycerides +
Spingomyelin + 213.2 50 NLS 213.2 50 NLS
Ceramide - 256.2 32 NLS NLS
Sphingoid base + 48 18 NLS 48 18 NLS
Psychosine i 180 24 NLS 180 24 NLS
Acyl -carnitine i 85.1 30 PIS 85.1 30 PIS
Acyl-CoA - 134 30 PIS 134 30 PIS

'The parameters have been adopted from a review of vast literature, which has been reviewed in Yang et al™*. Some lipid extraction for analyses in positive
ion mode performed in presence of Sodium or Lithium ion will change the mass to charge ratio (m/z) of ions. Similarly, extraction performed for analyses in
negative ion mode in presence of ammonium acetate may change the m/z of ions. MS: Mass spectrometry; PIS: Precursor ion scan; NLS: Neutral loss scan;
PC: Phosphocholine; lysoPC: Lysophosphocholine; PE: Phosphoethanolamine; PI: Phosphoinositol; PS: Phosphoserine; PG: Glycerophosphoglycerols; PA:

Phosphatidic acid; CL: Cardiolipin.

ing specific lipid class entries in *.csv and a few other
formats that can then be locally used for searching using
different softwares. A few different softwares are avail-
able. Multidimensional mass spectrometry-based shotgun
lipidomics (MDMS-SL) and MZmine (recent version
2.10.0) are freely downloadable while Simlipid 3.0 is a
commercially available software. Ratiometic quantifica-
tion in these softwares is achieved as a two-step process.
In the first step a specific class based known standard
that does not naturally exist in mammalian systems is first
used for quantification of the most abundant ion species
within the lipid class in the previously identified entities.
In the second step the standard and abundant lipids are
used for quantification of low abundance species in the
experimentally obtained ion spectrum.
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TOTAL LIPID ANALYSES AND DE

NOVO LIPID IDENTIFICATION AND
QUANTIFICATION USING MASS
ANALYZERS THAT RESOLVE FRAGMENT
IONS IN TIME ON THE SAME SPACE

Many instruments harboring ion-trap type of mass ana-
lyzers enable generation of fragment ions from precur-
sors in the same space but over different time spans and
are termed time resolving instruments. Time resolving
mass spectrometers enable the capture of ions with
minimal loss as ions ate not lost in a vast space that they
would have to travel otherwise. The ability to acquire and
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align multiple related high resolution spectra enables de
novo analyses of new species that may not be present in
the database. The acquisition and alighment of related
MS/MS spectra reduces the false positive assignments
and greatly improves the ion statistics. Time domain
resolving instruments capture all precursors and their
fragments in parallel and in a single scan. However, they
utilize a single collision energy that fragments different
lipids with different efficiencies. The analyses of the data
involves relating the fragments to their precursors, a task
that poses a great challenge. The analyses of such data is
handled by bioinformatics. Another approach is specific
chemical derivatization that selectively reacts to specific
or class specific lipids eliminating them from the total
spectra upon chemical derivatization. Thus, mass spectra
with and without chemical detivatization enables distin-
guishing specific lipids from scans performed in time
domain resolving instruments” 7.

The time domain instruments produce a comprehen-
sive dataset of MS precursor ions and the MS/MS spec-
tra comprising all fragment ions derived from all lipid

33 :
%I In these instruments a survey or MS

precursor ions
spectrum is acquired to determine m/z and abundances
of precursor ions, which follows acquisition of MS/MS
fragment spectra from automatically selected precursors.
The acquisition of MS and MS/MS spectra is repeated.
Each acquisition comprises a large number of MS and
MS/MS spectra from selected precursors. The MS and
MS/MS spectra share common attributes: (1) mass accu-
racy (ppm, Da or amu); (2) mass resolution (FWHM); and
(3) occupancy of peaks. Mass accuracy and mass resolu-
tion are properties of individual mass spectrometers and
applies equally to all peaks. The peak occupancy is de-
pendent on: (1) instrument performance; and (2) intrinsic
characteristics of the sample. Repetitive acquisitions do
not often fully compensate for low abundant precursors,
which are often affected by poor signal-to-noise ratio.
The low abundant precursors are often not fragmented in
all acquisitions and often occur with non-equal efficiency.
The peak occupancy attribute is the frequency with which
a particular peak is encountered in individual acquisitions
within the full series of acquisitionsm]. Normalizing for
peak occupancy is often used for enhancing coverage and
reproducibility of peak detection.

BIOINFORMATIC APPROACHES
AND INSTRUMENT INDEPENDENT
IDENTIFICATION OF LIPIDS

As stated above, many freeware (for example, MZmine
2.10) as well as commercial software (Simlipid 3.0) exist
for analyses of mass spectrometric lipid identification.

A number of programs have been developed for analy-
ses of MS and MS/MS datasets from high resolution
and time domain mass spectrometers. LipidXplorer is
a recently developed program that has been built from
the experience of several previous programs”. The
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LipidXplorer software is based on three axioms: (1) that
the software should utilize spectra acquired on any tan-
dem mass spectrometer; (2) should identify and quantify
species from any lipid class; and (3) should handle large
datasets composed of highly redundant MS and MS/MS
spectra, with several technical and biological replicates
acquired from each analyzed sample. LipidXplorer there-
fore enables de novo or database-independent identifica-
tion of lipids. Spectra interpretation rules are flexible and
not encoded into the software engine. In LipidXplorer
users can define new rules or modify the existing rules
and apply any number of interpretation rules in paral-
lel. LipidXplorer employs a two-step process for lipid
identification employing a two-step analyses in a fully
database-independent manner”*”. In step 1, a full pool
of acquited MS and MS/MS spectra is organized into a
single flat-file database termed as MasterScan. In step 2,
the MasterScan is interpreted using molecular fragmenta-
tion query language (MFQL). The findings of MFQL
are exported in a user-defined format. These two steps
eliminate the reliance of comparison of experimental and
reference spectra for lipid identification.

CHEMICAL MODIFICATION
APPROACHES FOR COMPLEMENTARY
CONFIRMATION.

Chemical derivatization using reagents that are relatively

specific in reacting with one group versus others enables
selective elimination of peaks in a given spectra and thus
allow identification of those species. Derivatization is
used for conversion of nonpolar or less polar lipids into
polar lipids in electrospray ionization mass spectrom-
etry[‘%’w. The conversion into polar lipids necessitates
imparting an inherent charge. Addition of sulfate group
to cholesterol” or oxosteroids into their oximes"™ are
examples of rendering these entities polar. Derivatization
enhances detection of specific lipids or members of lipid
classes on time domain resolved instruments. Derivatiza-
tion also often assists localization of lipids on cell and or-
ganelle membranes or even identification of lipid bound

. . 31,32,39
proteins in the membranes”?>*.

UTILITY IN NEUROSCIENCE

Mass spectrometric lipidomic analyses is poised to
identify specific lipid players at different locations of
neuronal cells of various types that serve diverse special-
ized functions. One of the key feature of neurons is (1)
insulation, a process so central to neuronal function in

neurotransmission. The insulation in neurons is achieved
by the association of lipids with proteins[4o’4”. For ex-
ample, Myelin basic protein’s organization and proper
functioning are optimized at a particular combination of
both the amounts of and ratio between the charged lipids
and Myelin basic protein[m; (2) another important bio-
logical aspect of neurons is transport across rather long
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region of the body of cells termed soma. Neuronal cells
employ a wide variety of molecular motors'” and the
hindrance to axonal transport is part of the pathology in
several neurological diseases. In this context, the role of
specific lipids remains very important to analyze. Mass
spectrometric detection and quantification of lipids as-
sociated with various transport components will provide
a rare insight into the biological chemistry of neuronal
transport; and (3) is signaling. In neuronal systems sig-
naling occurs broadly in three different ways: (1) within
the cells of similar types, the connected neurons are an
example of this; (2) with the cells of dissimilar types,
for example amacrine cells signaling to neurons[44’45]; and
(3) with environmental factors serving as environmental
cues (for example, trophic factors™) to neurons. These
signaling events are important for neuronal patterning in
development, their maintenance in adulthood, the health
and day to day function of the organism responding to
the opportunities and threats in the environment and
in health and disease, when their aberrations results in
progressive neurological deficits. For example, a form of
retrograde signaling is initiated by a voltage-dependent
influx of Ca”" into hippocampal neurons that leads to the
inhibition of glutamate-mediated or y-aminobutyric acid
(GABA)-mediated inputs[16’47’48]. This retrograde signaling
mechanism appears to be widespread in the CNS, and is
mediated by a diffusible endocannabinoid lipid™**". The
endocannabinoid 2-AG has been directly implicated in
mGluR-induced retrograde signaling in the hippocampus,
cerebellum and other regions of the brain”*, 2-AG is
likely also produced in dendritic spines »iz a phospho-
lipase C/DAG lipase (DGL) pathway. The fidelity of
the 2-AG mediated signaling sequence depends on the
precise localization of DGL-q.. The latter is the major
biosynthetic enzyme for 2-AG in neurons'”*. Some lipid
messengers use stable signaling junctions. In the brain,
most lipid signals such as 2-AG travels short distances
from their sites of production and engage G-protein-
coupled receptors on neighboring neurons and/or glial
cells. The lysophosphatidic acid™**, platelet-activating
factor™" and anandamide'™”, a neurotrophic signal that
play a role in neuropathic pain, a retrograde messenger
in hippocampal long-term potentiation, and an endocan-
nabinoid ligand have already been identified as lipid mes-
sengers for signaling. Neurosteroids, oleoylethanolamide
and its derivates are some examples of lipid messengers
that do not require G-protein-coupled receptots to exert
their function. Neurosteroids interact with membrane
GABA-gated receptor channels to enhance neuronal
inhibition®™. The oleoylethanolamide and its analogue
palmitoylethanolamide regulate peroxisome proliferator-
activated receptors-q, in the cell cytosol and nucleus that
contribute to feeding™ and pain sensations®".

CONCLUSION

Lipids are involved in almost all steps of critical func-
tion of nervous systems. Several lipid changes occur
simultaneously that regulate the membrane structure and
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function which undetlie the function of neurons at the
cellular level. Lipids also are involved in serial signaling
resulting in multiple signaling with single precursor mol-
ecules. It is important therefore to understand changes in
several lipids simultaneously. Advances in mass spectrom-
etry have made such investigations simpler by allowing to
profile and quantitate lipids simultaneously from complex
biological mixtures of cells, tissues or organ extracts.
Both, class specific identification of known lipids based
on database as well as de novo identification of new lipids
are possible by judiciously utilization of different types
of mass spectrometers.
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