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Introduction
The gangliosides were named according to the nomenclature of 

Svennerholm [1]. The glycosphingolipids (GSLs) are amphiphatic 
molecules consisting of one hydrophilic sugar chain and one 
hydrophobic ceramide moiety. Mostly they are located in the outer 
leaflet of the membrane, and anchored by the ceramide moieties 
with the sugar chains directed toward the cell exterior. GSLs are 
involved in a wide range of events such as cell-surface recognition, 
microbial pathogenesis [2,3], cell differentiation, and immunological 
recognition [4-6]. Also they have been identified as components of raft 
microdomain [7], where they play important roles in the early events of 
signal transduction by arranging the environment of receptor or ligand 
molecules [8]. In these events, not only their carbohydrate moieties but 
also ceramide moieties are very important to facilitate the formation of 
microdomain.  

A widely used thin layer chromatography (TLC) allows us to 
separate the GSLs and phospholipids in mixtures according to their 
hydrophobic properties [9-11]. The TLC is rather old but still the best 
technology for lipid biochemistry even if HPLC system showed great 
progress, because of its rapid, simple and excellent separation potentials. 
On the other hand, mass spectrometry technology showed tremendous 
progress by introduction of various kinds of ionization technology 
together with progress of information processing system by computer. 
Especially, molecular ions and fragmentation profiles of individual 

lipid during the ionization are quite informative for identification of 
lipids. The combination of TLC separation properties and the spectra 
obtained from MS analysis has been used as complementary structural 
information [12-16]. In the present study, we also combined these 
two technologies, and for new lipidomics research, we introduced two 
more technologies, TLC-Blot which is a transfer of lipids separated on 
HPTLC-plate to PVDF membrane and MS imaging to the blotted lipid 
bands on the membrane.  As shown in a previous paper [18], the lipids 
blotted on the PVDF membrane could be analyzed directly with high 
efficiency.  Blotted GSLs have shown to be stable on the membrane 
and concentrated one side of the membrane [17]. These characteristics 
make possible not only binding experiments, but also the MS analysis 
of GSLs directly on the membrane (TLC-Blot-MS) [17-20]. It has been 
reported that the parameters such as sensitivity, mass resolution and 
background interference are better in TLC-Blot-MS than in TLC-MS 
[20]. We presented the usefulness of this TLC-Blot/MALDI-TOF 
MS system for detail structural analysis of complex GSLs such as 
gangliosides with high sensitivity [21]. 
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Summary
Glycosphingolipids and phospholipids from white matter of human hippocampus, were analyzed by a sequential 

procedure of two-dimensional TLC (2d-TLC), transference of separated lipids to a PVDF membrane by a TLC-Blot 
equipment and mass spectrometry (MS) analysis with an ion-trap type MALDI-TOF equipment. The method is simple 
and quick; very small amount of sample (0.1 mg of brain tissue) is enough to analyze all lipid components. The 
2d-TLC provided excellent separation and the MS analyses allowed identifying the characteristic profile of molecular 
species for individual glycolipids and phospholipids. The results of MS analyses on gangliosides showed that di- and 
tri-sialogangliosides are richer in d20:1 sphingosine-containing ceramide than monosialogangliosides, suggesting the 
presence of sialylation selection after GM1 gangliosides. Then we analyzed ganglioside molecular species obtained from 
different brain regions by using MS imaging technology. The MS images of individual gangliosides provided clear visual 
profiles in terms of molecular species distribution. The imaging profiles were region dependent and also indicated that 
the sialyltransferase toward GM1 ganglioside prefers to select d20:1 sphingosine containing molecule. This technology 
provides visual characterization of individual phospholipid and glycosphingolipid molecular species and informs us about 
the metabolic characterization of target tissue, opening a new gate for colorful lipidomics research.
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In this study, we separated a total lipid mixture of normal 
human brain into each lipid component with 2d-TLC by using multi 
developing system and analyzed individual lipids using TLC-Blot/
MALDI-TOF MS system. GSLs and phospholipids were separated and 
transferred clearly to the PVDF membrane. The direct analysis of the 
lipid component by MALDI-TOF MS showed very clear MS spectra. 

In the course of this study, we found characteristic profiles of 
molecular species for individual lipids.  Especially, two major fragment 
peaks derived from d18:1 sphingosine and its d20:1 derivative are 
quite characteristic for all gangliosides of the brain specimen. This fact 
attracted us to analyze these peaks directly on the blotted membrane by 
using imaging MS technology, because gangliosides in hippocampus 
have been reported to have important roles in learning and memory 
and the changes in their metabolic pathways are related to several 
disorders [22]. For this purpose, we developed a very good blotting 
solvent system and procedure for gangliosides. By using this TLC-Blot 
system, we challenged to make the profile of MS imaging in terms of 
molecular species for each major ganglioside individually in gray and 
white matter, obtained from different human brain regions. The ion 
images obtained for the ganglioside showed to provide clear visual 
information about the distribution of the different molecular species. 
The present system will provide a key to open a new lipidomics field.

Material and Methods
Materials

Primuline and all the solvents used for TLC-Blot were of HPLC 
analytical grade and were purchased from Sigma-Aldrich Japan (Tokyo, 
Japan). High performance thin layer chromatography (HPTLC) plates 
were from Merck (Darmstadt, Germany). The ganglioside standards 
were purchased from Sigma (USA) and the standards of sphingomyelin 
(SM), phosphatidylcholine (PC), phosphatidylethanolamine 
(PE), phosphatidylinositol (PI), lysophosphatidylcholine (LPC), 
phosphatidylseine (PS), sphingomyelin (SM) and cardiolipin (Car) 
were from Doosan Serdary Research Laboratory (Toronto, Canada). 

All the solvents and reagents for MS were of HPLC grade and were 
purchased from Kanto Chemical Co., Inc. (Tokyo, Japan). Bradykinin, 
angiotensin-II, and ACTH were obtained from Sigma-Aldrich Japan 
(Tokyo, Japan) and used as calibration standards. 2,5-Dihydroxy 
benzoic acid (DHB) obtained from Bruker Daltonics (Leipzig, 
Germany) was used as the matrix.  

Lipid extraction 

The brain tissues were obtained from The Netherland Brain Bank 
(NBB) (The Netherlands).  All samples were anonymous and were 
obtained under conditions of informed consent according to the ethical 
guidelines of the NBB. White mater and gray matter were carefully 
dissected from frozen brain (inferior frontal gyrus or hippocampus). 
Tissue (approximately 0.1g) was homogenized with twenty fold volume 
of chloroform/methanol (2/1, by vol.) and sonicated for 5 min. Then, 
the lipids were stored at 4oC. Aliquots of the supernatant were used for 
further analyses.

Thin layer chromatography (TLC)

For two-dimensional TLC the samples and the standards were 
applied on to a silica gel 60 HPTLC plates. The plate was developed 
to 3cm from the origin with a solvent mixture of chlorofrom/
methanol/0.2%CaCl2 (60/40/9, by vol.) (Solvent 1). After the plate 
was carefully air-dried, it was developed to 5cm to the same direction 
from the origin, with a solvent mixture of methyl acetate/propanol/

chloroform/methanol/0.25% KCl (25/25/25/10/9, by vol.) (Solvent 2). 
Next, the plate was completely dried and developed to 5cm from the 
origin to the second direction using the Solvent 2 (Figure 1). For lipid 
visualization, the primuline reagent was prepared by dissolving 1mL 
of 0.1% primuline aqueous solution in 100ml of a mixture of acetone: 
water (80/20, by vol.). The plates were sprayed with the primuline 
reagent and then, air-dried thoroughly. Then, the bands were visualized 
under UV at 365 nm with the FluorchemTM analyzer (Alpha Innotech 
Corporation, Tokyo, Japan). All the bands visualized were marked with 
a soft pencil.

For white and gray matter comparison, the plates were developed 
to 6 cm with Solvent 1, then, after carefully air-drying, to 8 cm with 
Solvent 2. The separated lipids were visualized with primuline reagent, 
as describe above.

TLC-Blot

The HPTLC plate for the two-dimensional TLC was dipped for 
10s in a blotting solvent containing 2-propanol/0.2% aqueous CaCl2/
methanol, (40/20/7, by vol.). Immediately after, a PVDF membrane 
(ATTO, Tokyo, Japan), a Teflon membrane (ATTO, Tokyo, Japan), and 
then, a glass fiber filter sheet (ATTO, Tokyo, Japan) were placed over 
the HPTLC plate. This assemblage was pressed for 30s at 180oC with a 
TLC thermal blotter (ATTO, Tokyo, Japan). The PVDF membrane was 
removed from the HPTLC- plate and air-dried. The lipids were located 
on the reverse of the membrane side attached to the plate. 

For ganglioside analysis, propanol/ ethyl acetate/ 0.2% aqueous 
CaCl2/ methanol (40/5/13/18, by vol.) was used as blotting solvent. 
The plate was dipped in the solvent for 15s. Immediately after a PVDF 
membrane, a Teflon membrane, and then, an absorbent paper sheet 
were placed over the HPTLC plate. The assemblage was pressed for 
50s at 170oC with the TLC thermal blotter. The PVDF membrane was 
removed from the HPTLC plate and air-dried for MS analysis. 

For visualization of the gangliosides transferred to the membrane, 
0.01% primuline (aqueous solution) was used. In this case, HPTLC 
plate was applied to the Blotter without visualizing the lipid bands 
with primuline, instead of that, after the lipid blotting, the membrane 
was dipped in the primuline solution for 2 min, then, washed out with 
water for 5 min, air-dried, and the bands visualized directly on the 
membrane with the FluorchemTM analyzer.

MALDI-QIT-TOF-MS

MALDI-QIT(quadrupole ion trap)-TOF analyses were performed 
using AXIMA-QIT mass spectrometer (Shimadzu, Kyoto, Japan). 
Ionization was performed with a 337-nm pulsed N2 laser. The ion 
trap chamber was supplied with two separates and independent 
gases, helium and argon. A continuous flow of helium gas was used 
for collisional cooling. The pulsed gas, argon, was used for collision-
induced fragmentation [23]. Precursor and fragment ions obtained by 
collision-induced dissociation (CID) were ejected from the ion trap 
and analyzed by a reflectron TOF detector.

The MS spectra were calibrated externally using a standard peptide 
calibration mixture containing 10pmol/µL each of bradnikynin peptide 
fragment (amino acid residue 1-7) human ACTH peptide fragment 
(amino acid residue 18-39). 50mg/mL DHB in methanol/0.1%TFA 
solution (1/1, vol.) was used as the matrix. DHB solution (totaling 
10mL) was applied onto each lipid band in the PDVF membrane.

The crystallization process was accelerated under a gentle stream of 
cold air. To achieve good mass spectra, we pressed the membrane with 
a paper tissue, in order to uniform the membrane surface and remove 
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the excess of matrix crystals. The PDVF membrane was attached to a 
MALDI sample plate with electrified double adhesive tape to reduce 
the charge-up of the plate.

Imaging MS

The raster scan of the PDVF membrane was performed 
automatically. The number of laser irradiations was 5 shots in each 
spot. The analyzed area was approximately 8mmx4mm; it was 
scanned in both the X and Y directions to produce and array of for 
gangliosides. The interval of data points was 200mm. A data converter 
(Axima2Analyze, Novartis, Basel, Switzerland) was developed to 
generate a BioMap readable data file from imaging data of AXIMA-
QIT. Two dimensional ion density maps were created using the image 
reconstruction software (BioMap, Novartis).

Results
TLC-Blot-MS analysis of the lipids from white matter of 
human hippocampus

A sample extracted from the white matter of human hippocampus 
was separated by the 2d-TLC. A total of 20 bands were detected (Figure 
1A). The lipid bands were marked with a soft pencil and transferred to a 
PVDF membrane (Figure 1B) and the MS analyses of these bands were 
conducted directly on the membrane (Figure 2-5). 

The spectra were obtained in the negative mode for gangliosides 
and positive mode for other GSLs and phospholipids. The bands 1 and 
2 showed almost same spectra, and were identified as GT1b from the 
mobility on HPTLC plate and MS analysis. The spectrum show the ion 
[M+2Na-3H]- m/z 2198 corresponding to the base eicosasphingenine 
(d20:1) and the ion [M+2Na-3H]- m/z 2170 corresponding to the base 
sphingenine (d18:1)–containing GT1b, respectively. Signals detected at 
m/z 1885 (d20:1/C18:0), 1857 (d18:1/C18:0), 1572 (d20:1/C18:0) and 
1544 (d18:1/C18:0) are derived from the respective GT1b molecular 
species by the elimination of the sialic acids.

Band 3 was identified as GD1b from mobility on TLC and MS 
spectrum. GD1b molecular species [M+Na-2H]- with d20:1/C18:0 
and d18:1/C18:0 appeared at m/z 1885 and 1857, respectively. The 
desialylated fragment for each GD1b specie appeared at m/z 1572 
and 1544 respectively. Similarly, band 4 was identified as GD1a from 
TLC mobility and MS profile. The signals for GD1a molecular species 
[M+Na-2H]- with d20:1/C18:0 and d18:1/C18:0 at m/z 1885 and 
1857, respectively, are weaker compared with those for GD1b. Signals 
appeared at m/z 1572 and 1544, are desialylated fragments, respectively.  

The MS analysis for band 5 showed a [M-H]- ion, with m/z 1572 
and m/z 1544, which are characteristic for GM1 molecular species with 
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Figure 1: The two-dimensional TLC-Blot of lipids from human hippocampus 
white matter. A, TLC of lipid from human hippocampus white matter, visualized 
with primuline. Lane 1,human hippocampus white matter; Lane 2, standard 
phospholipids, Car, PS, and SM from upper to lower band; Lane 3, standard 
phospholipids, PE, PI, PC, and LPC from upper to lower band. B, The visualized 
bands were marked with soft pencil and transferred to the PVDF membrane.

Figure 2: TLC-Blot/MALDI-QIT-TOF MS spectra of bands 1 to 6. The 
transferred lipids on the membrane were analyzed by MALDI-TOF MS in 
negative mode. A, bands 1and 2 (corresponding to GT1b); B, band 3 (GD1b); 
C, band 4(GD1a); D, band 5(GM1) and E, band 6(corresponding GM1and 
GM2).

Figure 3: TLC-Blot/MALDI-QIT-TOF MS spectra bands 7. The spectrum 
was obtained  by MALDI-TOF MS in positive mode. A, Spectrum of band 7 
corresponding to SM. B, The ions of major SM molecular species and their 
fragment ions which are appeared by the reduction of the trimethylamine 
[-N(CH3)3] from individual parental ions. These ions were scanned and their 
imaging profiles are shown. 
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d20:1/C18:0 and d18:1/C18:0 in the ceramide residue. The signal for 
d18:1/C18:0-containing molecular specie in GM1 is much stronger 
than that of d20:1/C18:0 when compared with the higher ganglioside 
profiles.

In the MS spectra for band 6, signals appeared not only at m/z 1572 
and 1544, but also at m/z 1382, corresponding to [M-H]- ion of GM2. 
Thus, band 6 is a mixture of GM1 and GM2.  In the case of GM2 the 
signal for d18:1/C18:0-containing molecular specie is predominant.

From band 7 the MS measurement was change to positive mode. The 
band 7 was identified as SM from TLC mobility and MS analysis. The 
signals assigned are indicated in (Figure 3A). Major molecular species 
are as follows: d18:1/C24:0 at m/z 837, d18:1/C24:1 at m/z 835, d18:1/
C22:0 at m/z 809 and d18:1/C18:0 at m/z 753 as identified from Lipid 

search (http://lipidsearch.jp/manual_search). All detected ions are 
[M+Na]+ ions. The distribution of SM molecular species d18:1/C24:0, 
d18:1/C22:0, d18:1/C18:0 and d18:1/C16:0 were scanned on band 7 
and illustrated in the (Figure 3B). In this small band area, the molecular 
species distribution was clearly characterized in terms of length of 
fatty acid, i.e., molecular species containing longer fatty acids appear 
at a higher position in the band, due to their higher hydrophobicity. 
Individual fragment ions derived by further characteristic elimination 
of trimethylamine [-N(CH3)3] showed identical distribution in the 
band as their parental molecular ions.

For the identification of the phospholipids, mixtures of standards 
(Car, PS, SM (lane 2) and PE, PI, PC and LPC (lane 3 in Figure 1)) were 
applied to the TLC. The Figure 4 shows the spectra corresponding to 
the bands 8, 10, 11, 12 and 13. 

The bands 8 and 9 were identified as PC from the mobility on 
HPTLC and MS fragmentation profile with different molecular species 
containing PC. The spectrum of the band 8 (A) shows the ions [M+Na]+ 
m/z 832 (38:4), [M+Na]+ m/z 810 (36:1) and  [M+Na]+ m/z 782 (34:1). 

The band 10 was identified as PS from mobility on TLC and MS 
spectrum. PS molecular species [M+3Na-2H] with 18:0/18:1 appeared 
at m/z 856 (Figure 4B) [18]. The band 11 was identified as PI [24], 
with the predominant molecular specie [M+2Na-H] + at m/z 931 
(18:0/20:4) (Figure 4C) and the band 12 was identified as Car, showing 
Car molecular species [M+3Na-2H]+ at m/z 1515 (18:2/18:2/18:2/18:2) 
(Figure 4D) [25]. The Figure 4E shows the spectrum for band 13 which 
was identified as PE, with molecular species [M+2Na-H]+ at m/z 836 
(40:6) (from Lipid search) and [M+2Na-H]+ at m/z 812 (18:0/20:4), 
[M+2Na-H]+ at m/z 788 (18:0/18:2) or (18:1/20:4) as [M+Na]+ and at 
m/z 762 (16:0/20:4) [26].

The Figure 5 shows the spectra for the bands 16, 17, 18 and 19 
analyzed by the positive ion mode. The spectrum of band 16 (A) was 
identified as sulfatide from comparison with the standard, with signal 
at m/z 950 corresponding to (d18:1/C24:1h) [M+Na]+ molecular specie. 
Band 17 (B) was identified as another sulfatide specie band with the ion 
[M +Na]+ at m/z 934 (d18:1/C24:1). The bands 18 and was 19 (Figure 
5C, D) were identified as GalCer molecular species with signals at [M 
+Na]+ m/z 850 (d18:1/C24:0h), 848 (d18:1/C24:1h) and 832 (d18:1/
C24:1) [15]. The bands 14, 15 and 20 could not be identified from the 
information of MS spectra. 

MS molecular imaging of human brain gangliosides

Based on the analyses of white mater gangliosides, we found that 
signal of m/z 1572 is much higher than that of m/z 1544 in GT1b, 
GD1a and GD1b. On the contrary, in GM1, signal of m/z 1544 is 
higher than that of m/z 1572. As mentioned above signal derived 
from d18:1/C18:0 is predominant in GM2. These findings suggested 
that metabolic selection to synthesize the higher gangliosides seems 
to occur after GM1 ganglioside sialylation. Therefore, we next focused 
in the analysis of ganglioside molecular species using white and gray 
matter samples from human hippocampus and frontal gyrus. To 
perform this analysis we challenged to use a technology of MS imaging. 
The Figure 6 shows the total lipid profile on HPTLC-plate (Figure 
6A) and its profile blotted on PVDF membrane (Figure 6B). For this 
analysis, we just concentrated in the transfer efficiency of ganglioside 
from HPTLC-plate to the PVDF membrane. As described in the 
Materials and Methods, we improved the blotting procedure for the 
ganglioside, trying different solvent systems, finally the solvent mixture 
propanol:ethyl acetate:CaCl2:methanol (40:5:13:18, by vol.) was found 
to be the best.

Then, we scanned each ganglioside band to localize the major 

Figure 4: TLC-Blot/MALDI-QIT-TOF MS spectra of bands 8 to 13. A, band 8 
(corresponding to PC); band 9 was also assigned as PC. B, band 10 (PS); C, 
band 11 (PI); D, band 12 (Car); E, band 13 (PE).  

Figure 5: TLC-Blot/MALDI-QIT-TOF MS spectra of bands 16, 17, 18, and 
19. A, band 16 (sulfatide with hydroxyl fatty acid containing ceramide); B, 
band 17 (sulfatide with normal fatty acid containing ceramide); C, band 18 
(galactosylceramide with hydroxyl fatty acid containing ceramide); D, band 19 
(galactosylceramide with normal fatty acid containing ceramide).
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species derived from the ceramide species m/z 1544 (d18:1/C18:0) and 
m/z 1572 (d20:1/C18:0), and we profiled the ganglioside imaging for 
these two major peaks (Figure 6C). For every ganglioside band the 
ion corresponding to m/z 1572 was located in the upper band region 
compared with 1544 localization. As suggested in the analysis of Figure 
2, we found that the ion m/z 1572 (shown as red dots) is denser in 
higher gangliosides such as GD1a, GD1b and GT1b.  Especially in 
white matter this tendency is very significant. However, in the gray 
matter of hippocampus shows a balance in the appearance of the ion 
m/z 1544 (shown as green dots) and the ion m/z 1572, compared with 
those of other brain regions.

These results clearly indicate how easy become, using this kind 
of profiling, to understand the molecular species composition of an 
individual lipid and also the profile of metabolic difference between 
tissues or regions of tissue. 

Discussion
Our principal findings in this study is that the combination of TLC- 

blot and MS provides complementary information about the complex 
lipid molecular species and allows visualizing in a very clear way, 
the differences in the composition and distribution of the individual 
molecular species when different samples are compared. While in 
TLC separation visualized with primuline reagent, each GSL and 
phospholipid appeared as a single band, the scanning with MS showed 
the distribution within the TLC band of the major molecular ions for 
every lipid species. This is especially useful in the analysis of complex 
sample total lipid mixtures.

In this study, all lipids extracted from human brain, including, 
gangliosides, glycolipids and phospholipids were separated at one 
time by 2d-TLC, transferred on a PVDF membrane by TLC-Blot 
and analyzed by an ion-trap type MALDI-TOF MS directly on the 
membrane.

The method is simple and quick and very small amount of 
sample such as 0.1 mg of brain tissue is enough to analyze the all 
lipid components. The 2d-TLC provided a high separation efficiency 
of the different lipid molecular species. In the previous paper [21], 
we demonstrated that the MS/MS and MS/MS/MS analyses of the 
molecular and fragment ions on the blotted lipid on the PVDF 

membrane made it possible to identify the lipid structures and sugar 
sequences. 

From the analytical data of hippocampus white matter 
phospholipids, it was obvious that each phospholipid class has very 
characteristic molecular species (Figure 3 and 4). Especially PI and 
Car showed quite simple and specific molecular species. In the case 
of PE and PS showed rather more complex profile of their fatty acid 
species. PS is known to be synthesized by base-exchange reaction 
between PE and serine and some part of PE can be synthesized from 
PS by decarboxylase reaction [27,28]. This indicates that there should 
be a very close relationship between PE and PS in terms of precursor 
and product. The data of our molecular species profile strongly support 
this kind of relationship. And furthermore, our data suggest that highly 
unsaturated fatty acid containing molecular species of these two lipids 
are involved in this precursor product relationship.

The spectra of gangliosides obtained in the 2d-TLC study 
showed mainly the peaks 1544 (d18:1/C18:0) and 1572 (d20:1/
C18:0) corresponding to the GM1 molecule even in the disialyl and 
trisialyl gangliosides. The signal for the ion at m/z 1885 for GD1b was 
stronger than the signal for GD1a, due to the GD1a structure allows 
more easily sialic acid elimination. When we focused the analysis 
in the major desialylated fragments m/z, 1544 (d18:1/C18:0) and 
1572 (d20:1/C18:0), the ganglioside spectra in Figure 2 were quite 
suggestive to us. Higher gangliosides, disialo and trisialogangliosides 
showed stronger signal at 1572 than at 1544. However, in the case of 
monosialogangliosides GM1 (Figure 2D and E), signal of m/z, 1544 was 
much higher than that of 1572, suggesting that the glycosylation after 
monosialoganglioside biosynthesis have a kind of tendency to select 
ceramide molecular species. To confirm this possibility, we focused our 
analysis in the ganglioside molecular species distribution using samples 
of gray matter and white matter from two different brain regions, the 
hippocampus and inferior frontal gyrus. First, we improved the transfer 
efficiency of gangliosides from HPTLC to the PVDF membrane. The 
result is shown in Figure 6B; the transfer efficiency was found to be 
the best by using a solvent mixture of propanol/ethyl acetate/0.2% 
aqueous CaCl2/methanol (40/5/13/18, by vol.). Then MS imaging was 
performed using the target ions 1544 and 1572 as the representative 
fragments of individual gangliosides within a TLC band. We found 
that molecular species containing eicosasphingenine (d20:1) appeared 

Figure 6: TLC-Blot of human brain lipids and ganglioside imaging of their molecular species. A, TLC of the lipids from gray matter and white matter extracted from 
normal human inferior frontal gyrus (1) and hippocampus (2). The bovine ganglioside standard was applied for reference (3). B, TLC-Blot of the lipids separated by TLC 
(the lipids transferred to the membrane were visualized with the primuline reagent). C, Ion imaging of the major molecular ions (m/z 1544 (green) and m/z 1572 (red)) 
of GM1, GD1a, GD1b and GT1b.
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in the upper part of the band and in the lower part, the ganglioside 
species with sphingenine (d18:1)-containing ceramide (Figure 6C). 
This distribution was clearly observed even within such a small area 
of ganglioside band. As the imaging profiles (shown by red and green 
color) clearly indicate, ganglioside molecular species distribution is 
brain region dependent and also ganglioside class dependent. The data 
suggested in Figure 2 were confirmed by this MS image, furthermore, 
the MS image provided lots suggestive information. 

This kind of characteristic distribution could give us the bases 
to understand the relationship between functional distributions of 
ganglioside molecular species. Namely, we could obtain important 
information about the combination of sugar chain variety and 
hydrophobic species by using the present MS imaging technology.  
Furthermore, it seems to be important a balance of appearance of 
gangliosides in terms of d18:1 and d20:1 sphingosin-containing 
in hippocampus for functional expression. Therefore, it would be 
interesting to investigate whether the molecular species distribution 
in individual gangliosides of hippocampus, could be related with the 
memory and learning [29], respectively.  Finally, this ion imaging 
technology of GSL molecular species could provide valuable 
information for metabolic changes of lipids in diseases and aging and 
furthermore, opens a gate for a new lipidomics with molecular imaging.
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