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Figure S1. A representative average mass spectrum acquired from an entire sagittal section 

of a normal mouse brain by FTICR based MALDI-IMS in negative mode. (A) Mass (m/z) 

range 200-900. Lipid ion with m/z 888.6234 assigned to sulfatide, SHexCer (d42:2), was the 

most intense peak. (B) Magnified view between m/z 700-900 where most lipid associated peaks 

were detected (C) Isotopic peak pattern of m/z 888.637 that was intensely distributed in the white 

matter. (D) Isotopic peak pattern of m/z 885.564 assigned to phosphatidylinositol, PI (38:4) that 

was predominantly detected in the grey matter. (E) Lower m/z range 200-650. Peaks less than 

400 m/z have low signal to noise ratios and contains matrix background.  
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Figure S2. A representative average mass spectrum acquired from an entire sagittal section 

of a normal mouse brain by FTICR based MALDI-IMS in positive mode. (A) m/z range 

200-900. (B) Magnified view of 700-900 m/z range where most lipid associated peaks were 

detected. Shown are the three predominant phosphatidylcholines (PC) in decreasing order of 

their intensities: 760.584, PC (34:1); 734.568, PC (32:0); and 788.614, PC (36:1). (C) Isotopic 

peak pattern of m/z 760.584, a ubiquitous phospholipid distributed in both the grey and white 

matter. (D) Isotopic peak pattern of m/z 788.614 that was predominantly detected in the white 

matter. (E) Lower m/z range <400. Peak assignment was not performed due to low signal to 

noise and presence of large matrix adducts.   
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Figure S3. FTICR based MALDI-IMS derived spatial distribution pattern of lipids 

revealed the histological features of the normal mouse brain. Schematic of a sagittal mouse 

brain section co-stained with LFB and H&E is shown. The following anatomic zones are labeled: 

cerebral cortex (CerC), corpus callosum (CC), hippocampus (HC), caudate putamen (CP), 

thalamus (Th), hypothalamus (Hy), midbrain (MB), cerebellar cortex (CbC), cerebellar white 

matter (CbWM), pons (P) and medulla (M). The outlined image panels display distribution of 

molecular species that belong to the respective lipid sub-group. The m/z and annotations are 

noted on individual images of each panel. The annotation represents the total number of carbon 

atoms present in the head group and fatty acid chain of the respective lipid. The number of 

double bonds is listed after the colon punctuation. The prefixes ‘d’ and ‘t’ indicates the presence 

of non-hydroxylated and hydroxylated fatty acid chain linked to the sulfated ceramide backbone 

of SHexCer. The SHexCer particularly those with very long chain fatty acids (greater than 40 

carbons combined) were distributed in the myelin-enriched regions of the white matter such as 

the CC, CbWM, MB, Th, P and M. Other lipid ions including PI, PC, PA, PS and PE exhibit a 

heterogenous distribution pattern in the grey matter regions. The PI (38:4) was intensely detected 

in CerC, HC and CbC. PA (36:2), PS (36:2) and PC (40:6) were localized in the CbC. PE (39:2) 

was distributed mainly in the CC, Th, MB, P and M. PC (34:1) was the most intense positive ion 

and distributed ubiquitously across the various grey matter and white matter regions. PC (36:1) 

and PC (36:2) show similar distribution patterns and were localized in the CC, CbWM, MB, P 

and M. PC (32:0) was localized in CerC, CP, HC and CbC and PC (38:4) was confined to CP 

and HC. Spatial resolution, 80μm; scale bar, 5mm.  
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Figure S4. Observed lipid distribution pattern in the Shi mouse brain was independent of 

normalization procedure. The Bruker Daltonics flexImaging software supports Total Ion 

Current (TIC) and Root-Mean-Square of all peak (RMS) normalization procedures. Mass 

spectrometric images in columns are the ion distribution maps of SHexCer (d42:2), SHexCer 

(d36:1) and PC (36:1). Shown in rows are non-normalized, total ion current (TIC; between m/z 

range 400-920)-normalized and vector (root mean squared, RMS)-normalized MS images. 

(A) comparison of lipid species between WT and Shi mice. SHexCer (d42:2) and PC (36:1) have 

decreased spatial intensities in the Shi mouse; whereas, spatial intensity of SHexCer (d36:1) was 

increased. Spatial resolution, 80μm; scale bar, 5mm.  

(B) Comparison of WT (chow diet) and cuprizone-fed (at 6w) mice. SHexCer (d42:2) and PC 

(36:1) have decreased spatial intensities in the Cz-fed mouse; whereas, spatial intensity of 

SHexCer (d36:1) was increased. Spatial resolution, 80μm; scale bar, 5mm. 
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Figure S5. Normalized intensity charts of additional sulfatide and phospholipid species that 

did not differ between the Shi and WT mouse (A-B). There was no significant difference in 

the normalized intensities of the SHexCer and PC species listed here as well as other 

phospholipid species that belong to PI, PA and PE between the Shi and WT mouse. SHexCer, 

sulfatide; PI, phosphatidylinositol; PA, phosphatidic acid; and PE, phosphatidylethanolamine; 

two-way ANOVA; differences were considered as significant when p < 0.05; n = 5.   
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Figure S6. Normalized intensity charts of additional sulfatide species and phospholipid in 

the Cz-fed and CD-fed mouse (A-C). A, there was no significant difference in the normalized 

intensities of SHexCer (d40:1) and SHexCer (t40:1) between the Cz-fed and CD-fed mouse at 

6w and 12w. Normalized intensities of SHerCer (d42:1) and SHerCer (t42:1) were significantly 

decreased at 6w in Cz-mice. By 12w, the intensities of both lipid species restored. However, the 

intensity of SHexCer (t42:1) remained significantly lower compared to the CD-fed mouse. B, 

there was no significant difference in the normalized intensities of PC and PI species listed here 

at both 6w and 12w points between the Cz-fed and CD-fed mouse. C, Normalized intensities of 

PE and PA also do not significantly differ nor there was a particular trend in the changes 

between the Cz-fed and Cd-fed mouse at both 6w and 12w. Two-way ANOVA; differences were 

considered as significant when p < 0.05.  
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Figure S7. Cholesterol ions were detected with LC-ESI-MS. There was a small reduction in 

the ion intensities of 6w Cz-fed mouse compared to CD-fed mouse (highlighted columns in the 

table below).  However, there were no statistically significant difference in the cholesterol levels 

between CD-fed versus 6w Cz-fed mouse.  

  



 
 

Table S1. In situ identification of lipids in sagittal mouse brain sections by FTICR based 

MALDI-IMS in the negative and positive modes using 1,5-DAN as a matrix for sublimation.  

  









 
 

Table S2. Lipid identification by tandem MS/MS.  

 

 

 

 






