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Specific regions of the brain are capable of fructose metabolism 

 

Sarah A. Oppelt, Wanming Zhang and Dean R. Tolan 

 

VNB predicts the brain as a site for fructose metabolism.  

Prediction of tissues other than the liver and kidneys that express genes required for 

fructose metabolism via the Fru-1-P pathway was performed using a bioinformatics approach 

aimed at physiomic assessment of gene expression. The VNB (Funari et al., 2010) was used to 

compile qualitative and quantitative expression profiles of each gene. By entering the RefSeq 

sequences of each human cDNA (and its aligned paralogs) for the genes in the Fru-1-P pathway 

(fructose transporters gluts 2, 5, 7, 9, and 11; khk, aldoB, and aldoC) into the VNB program, a 

list of tissues expressing this set of genes was compiled. The total number of EST sequences in 

dbEST for each gene was tallied for each tissue. This generated a qualitative profile of gene 

expression per tissue (Table S1), and revealed brain and nervous tissue as potentially major sites 

capable of fructose metabolism. A more stringent quantitative gene expression profile was 

generated by VNB, which tallied EST sequences from only those cDNA libraries in dbEST that 

have not been manipulated. In this quantitative profile, the level of expression of each gene was 

calculated as a percent of the total mRNA population in each tissue (Table S2). Tissues that had 

a quantitative level for each gene of >0.001% of total transcripts, with at least two hits in the 

qualitative profile, were considered for an analysis of tissues that have the key enzymes in 
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fructose metabolism via Fru 1-P at significant levels. The results are tabulated in Table S3, 

where the VNB correctly identified the liver and kidney as sites for expression of all the genes 

necessary for this pathway. Liver was the top ranked tissue in terms of expression levels for each 

of these genes, or set of genes (as in the case of the aldos and gluts). Kidney was among the top 

19 tissues for these same genes. Notably, spleen/lymphoreticular tissue and brain/nervous tissue 

were also in the top four tissues predicted to have high expression of khk, with expression levels 

higher than or comparable to kidney for the other genes (aldos and gluts). By mass, the brain is 

the largest of these organs, and was the focus of this study. The percentage level of khk 

expression in the brain/nervous tissue was one-third of the liver and nearly that of the kidney. 

Among the fructose transporters, glut5 was quantitatively predicted to be in the brain, while gluts 

2, 7, and 11 were not (Table S2). Overall, there was generally little to no expression of glut7 in 

most tissues, whereas glut9 showed low expression levels in the brain and other tissues (Table 

S1). Both Table S1 and Table S2 show the full gene-specific qualitative and quantitative patterns, 

respectively, obtained from VNB.  
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Table S3 

Quantitative Expression Levels for Key Enzymes of the Fru-1-P Pathway 

in Tissuesa 
 khk aldosb glutsc 

Tissued rank % rank % rank % 

Liver 1 0.015 1 0.277 1 0.022 

Kidney 2 0.008 19 0.049 10 0.004 

Spleen/lymphoreticular/lymph node 3 0.006 16 0.077 6 0.012 

Brain/cerebellum/cerebrum/nervous 4 0.005 6 0.210 19 0.001 

Testis 5 0.001 20 0.049 13 0.004 

Placenta 6 0.001 15 0.087 12 0.004 

Uterus 7 0.001 18 0.061 9 0.005 

aQuantitative expression levels are expressed as a percentage of the total mRNA in different tissues 

generated from the VNB (Funari et al., 2010). Tissues are sorted in descending order by their predicted 

expression level of khk . The list includes only those tissues where the quantitative level was >0.001% with 

>2 hits in the qualitative/total profile for all genes (see Supplemental Material).  

bThe predicted expression values of aldoB and aldoC were summed (aldos) to give a total predicted 

expression of Fru-1-P-cleaving aldolases. 

cThe predicted expression values of glut2, glut5, glut7, and glut9 were summed (gluts) to give a total 

predicted expression value of fructose-transporting gluts. 

dThe tissues that would have considerable overlap of cell types were grouped. Brain, cerebellum, cerebrum, 

peripheral nervous tissue, and nervous tissue were averaged. Likewise, spleen, lymph node, bone marrow, 

and the general lymphoreticular tissues were averaged. 
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Figure S1. 

 
 

Fig S1. Negative control for gene expression of genes in the Fru-1-P pathway Coronal slices 

(14 µm) of adult mouse brain were probed with DIG-conjugated sense mRNA with the same 

sequence as the mRNA to the genes for aldolase C (aldoC), GLUT5 (glut5), and GLUT9 (glut9). 

Expression was visualized by color development from horseradish peroxidase-conjugated anti-

DIG antibody as described in Experimental Procedures. 
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Table S4 

Substrate Specificity Constant Values (kcat/Km) of Vertebrate Aldolase 

Isozymes toward both Fru 1,6-P2 and Fru-1-Pa 
 Fru 1,6-P2 kcat/Km 

(x10-6 s-1M-1) 
Fru 1-P kcat/Km 
(x10-6 s-1M-1) 

RATIO 
Fru 1,6-P2 kcat/Km 

Fru 1-P kcat/Km 

Fold difference in 
RATIOS 

Specie AldA AldB AldC AldA AldB AldC AldA AldB AldC A/B C/B A/C 
Rabbitb 3 0.67 1.2 0.000048 0.0025 0.000068 63000 270 18000 23 7 4 
Humanc 1.1 1.8 0.49 0.000016 0.0019 0.00018 69000 950 2700 73 3 26 
Humand 1.1 1.1 1.6 0.000037 0.0029 0.00082 30000 380 2000 80 5 15 
              
aThese values were derived from the  literature for studies in which all three isozymes were assayed from 
the same source and the kinetic parameters toward both substrates were reported.  bFrom Penhoet and 
Rutter, 1971.  cFrom Pezza et al., 2003.  dFrom Kusakabe et al., 1994. 
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