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Supplementary Materials and Methods (Metabolomics analysis) 
 
Metabolite extraction and mass spectrometry analysis. 12 Vldlr-/- knock out and 12 wild 

type (WT) retinas were separately frozen at -80 ºC in 50µL PBS until used, at which point 

metabolites were extracted and proteins were precipitated by adding 600µL of cold acetone to 

the cell pellet. Samples were then vortexed-mixed for 30 sec and submerged for 1 min in liquid 

nitrogen followed by thawing (2-3 minutes) and sonication for 10 min at 50 ºC. This process was 

repeated three times followed by freezing at -20 ºC for 1h. The pellet was removed by 

centrifugation at 16,000 x g for 10 min and the supernatant was transferred to a clean tube. 400 

µL of cold methanol/water/formic acid (86.5/12.5/1.0) was added to the pellet followed by vortex-

mixing for 30 sec, sonication for 15 min at 50 ºC and freezing for 60 min at -20 ºC. The pellet 

was again removed by centrifugation at 16,000 x g for 10 min, and supernatant was pooled with 

the first extraction in the clean tube. Samples were dried in a SpeedVac to dryness. 100 µL of 

95% ACN/water was added to the dried samples followed by vortex-mixing and sonication in a 

bath sonicator for 5 min. Samples were centrifuged at 16,000 x g and the supernatant was 

removed to a clean LC-MS vial. The samples were maintained at 4 ºC in the autosampler and 

analyzed by LC-MS.  

 

Liquid chromatography-MS (LC-MS). 4 µL of processed retina sample were injected for each 

run. Reverse phase chromatography was performed using a 150 by 0.5mm (diameter) Zorbax 

C18 column with 5µm particles, at a flow rate of 20 µL/min. The LC system was an Agilent 1100 

with a capillary pump. Buffer A was water with (+ ion mode) or without (- ion mode) 0.1% formic 

acid, and buffer B was acetonitrile with (+ ion mode) or without (- ion mode) 0.1% formic acid. 

For the endcapped C18 column, the column was equilibrated in 90% buffer A, and the samples 

were run with a gradient of 10%-98% over 60min. HILIC chromatography was performed using 

a 150 by 1.0mm (diameter) SeQuant ZIC®-HILIC column with 3.5µm particles, at a flow rate of 
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50 µL/min. The LC system was an Agilent 1100 with a capillary pump. Buffer A was water in 

5mM ammonium acetate, and buffer B was 90% acetonitrile/10% water in 5mM ammonium 

acetate. The column was equilibrated in 90% B, and the samples were rung using a gradient of 

90%-40% over 15min. 

 

Mass Spectrometry. Data was collected in continuum mode from m/z 100 to 1000 using an 

Agilent ESI-TOF. The capillary voltage was 3500 V, with a nebulizer gas flow of 15 L/min. The 

instrument was calibrated immediately before use. The data files were converted from the 

instrument format (.wiff) to the common data format, using the PESciEX data translator. The 

XCMS program (Ref 1) was used to align and analyze the LC-MS data. To confirm the 

identification of significant ions, we used a quadrupole-TOF (Agilent 6520 Accurate-Mass Q-

TOF). Masses for CID were targeted from a mass list and fragmented during the 

chromatography run.  

 

Metabolite Database searching. Metabolites were identified by exact mass (m/z) using 

METLIN (http://metlin.scripps.edu/), Human Metabolome Project 

(http://redpoll.pharmacy.ualberta.ca/hmdb/HMDB/), Lipid Maps (http://www.lipidmaps.org/), 

Biological Magnetic Resonance Data Bank (http://www.bmrb.wisc.edu/) and KEGG ligand 

(http://www.genome.jp/kegg/ligand.html) databases. 
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Supplemental figure S1:  Metabolomics analysis discovered multiple carnitine 

derivatives upregulated in Vldlr-/- retinas compared with WT retinas.  (A) Metabolites 

from each isolated retina were extracted using acetone/methanol and applied to a 

capillary reversed phase (RP) or HILIC HPLC column interfaced to an ESI-TOF mass 

spectrometer in positive (+) and negative (-) ion mode to increase metabolite coverage 

(ref 1). Processing of raw data using the XCMS software resulted in time-aligned ion 

features, which were defined as a unique m/z at a unique retention time (ref 2).  3000-

5000 features were found in the wild type (WT) and VLDLR-/- retina. Statistically 

significant differences were ranked using t-test statistical analyses in order to obtain 

quantitative information between WT and Vldlr-/- samples. (B) Identification of 

metabolites: accurate mass information by TOF (error < 5ppm) was used for metabolite 

database searching. Test compounds were selected for each metabolite identified, and 

their HPLC retention times and collision-induced dissociation (CID) fragmentation 

patterns (Q-TOF MS) were compared with identified metabolite for conclusive 

confirmation of identification. Blue asterisks correspond to parent ions, exemplifying the 

identification of endogenous L-carnitine. 
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Supplemental Figure S1: 
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Supplemental table 1:  Large-scale microarray gene expression analysis was 

performed to test the expression of oxidative stress-related genes, particularly those 

involved in cellular defense mechanisms against oxidative stress.  Overall, no 

differences in gene expression of these factors were found when comparing 3 week old 

Vldlr-/- mouse retinas to age-matched C57BL6/J wild-type retinas indicating that the 

observed increase in oxidative stress and subsequent neuronal degeneration is not 

directly related to the Vldlr-/- genetic defect, but rather is likely to be a consequence of 

the excessive intra- and subretinal NV that forms in the retinas of Vldlr-/- mice.  Table 1 

gives the raw data values of all the tested genes (obtained from the microarray analysis 

following the standard affymetrix protocol) that were found to be expressed in the 

retinas.  Genes whose values differed >2-fold between Vldlr-/- and WT retinas are 

shown in red.  Only one outlier, 9-cis-retinol dehydrogenase, demonstrated significantly 

different expression levels (>95%), although we have yet to determine a functional 

correlation between the expression levels of this gene and the Vldlr-/- retinal phenotype.  
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