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What is Maple Syrup Urine Disease (MSUD)?



What Causes Maple Syrup Urine Disease?



What Causes Maple Syrup Urine Disease?



What are the symptoms of Maple Syrup Urine Disease?

Sweet Smelling Urine

Brain Damage, Seizures, 
and Other Neurological 

Symptoms

Poor Feeding, Lethargy



Molecular Function

What is the DBT Gene?

Biotin lipoyl E3 
binding 

2-oxoacid dehydrogenases 
acyltransferase (catalytic domain) 

Biological FunctionCellular Function



How Well is DBT Conserved?

482AA

Biotin lipoyl E3 binding
2-oxoacid dehydrogenases 
acyltransferase (catalytic 

domain)
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Yeast 463AA

448AAC. elegans

463AADrosophila

Zebrafish 493AA

Arabidopsis 483AA

Human



What is the Phylogenetic Relationship?

Last Common 
Ancestor of 
Human and 

Mouse

Complex 
Digestive System



DBT is associated with the mitochondria

Other Components 
of the BCKAD 

Complex

Mitochondria 
Formation

Mitochondrial 
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Transport

Reactions 
involving CoA

Electron 
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Chain



DBT is highly expressed throughout the body

DBT



Interacting protein GRPEL2 highly expressed in the esophagus

GRPEL2



Mitochondrial disorders have been known to cause GERD



What is the gap in knowledge?

GRPEL2

DBT

GRPEL2

?



Primary Goal: Determine how DBT plays a role in esophagus 
function in the early postnatal period



Model Organism: Mus Musculus

Wild Type DBT -/- DBT -/- 
Poor Feeding



Determine the role of DBT and esophagus function

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding 

Determine 
transcripts that 
impact feeding

Identify proteins 
necessary for proper 

feeding

Hypothesis: Conserved amino acids among complex digestive system 
organisms are important for feeding 



Simple

Complex

Aim 1 Sequence Alignment CRISPR Mutant Screen Sequence Mutants



Aim 1 Sequence Alignment CRISPR Mutant Screen Sequence Mutants

Wild Type DBT -/- DBT -/- 
Poor Feeding



Aim 1 Sequence Alignment CRISPR Mutant Screen Sequence Mutants

Arg301His 
Gly345Arg 

Tyr42Ter 
Lys313Asn

Lys211Gly 
Gln212Val 
Ile216Lys



Determine the role of DBT and esophagus function

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding 

Determine 
transcripts that 
impact feeding

Identify proteins 
necessary for proper 

feeding

Hypothesis: Transcripts of proteins involved in CoA reactions will be down regulated 
and transcripts involved in mitochondrial transport will be up regulated



Aim 2 RNA Seq of 
Esophageal Tissue Expression Profiling CRISPR Knockout of Up and 

Down Regulated Genes 



Involved in 
Reactions with 

CoA

Mitochondrial 
Membrane 
Transport

Aim 2 RNA Seq of 
Esophageal Tissue Expression Profiling CRISPR Knockout of Up and 

Down Regulated Genes 

1-1 WT DBT -/- DBT -/- 
Poor 

Feeding



Aim 2 RNA Seq of 
Esophageal Tissue Expression Profiling CRISPR Knockout of Up and 

Down Regulated Genes 

Gene A 
KO

Gene B 
KO



Determine the role of DBT and esophagus function

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding 

Determine 
transcripts that 
impact feeding

Identify proteins 
necessary for proper 

feeding

Hypothesis: The protein interactions in the mutant DBT with poor feeding will 
have loss of protein interaction with mitochondrial transport proteins



Aim 3 Identify Protein Interactions 
from Esophageal Tissue Gene Ontology CRISPR Knockout of 

Proteins of Interest

TAP TAPTAP



Aim 3 Identify Protein Interactions 
from Esophageal Tissue Gene Ontology CRISPR Knockout of 

Proteins of Interest
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Aim 3 Identify Protein Interactions 
from Esophageal Tissue Gene Ontology CRISPR Knockout of 

Proteins of Interest

Wild Type DBT -/- DBT -/- 
Poor Feeding



Aim 3 Identify Protein Interactions 
from Esophageal Tissue Gene Ontology CRISPR Knockout of 

Proteins of Interest

Mitochondrial 
Membrane 
Transport



Aim 3 Identify Protein Interactions 
from Esophageal Tissue Gene Ontology CRISPR Knockout of 

Proteins of Interest

GRPEL2 
KO

mtTransport 
GeneB KO



Conclusions

Sequence alignment of homologous proteins 
allows identification of conserved regions 
among organisms with complex digestive 

systems

RNAseq identifies transcript level changes in 
esophageal cells when mutant for DBT 

Proteomic analysis allows for identification of 
protein interaction changes when mutant for 

DBT



Future Directions



Questions?
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