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What is Maple Syrup Urine Disease (MSUD)?



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



What is the DBT Gene?

482AABiotin lipoyl E3 
binding 

2-oxoacid dehydrogenases 
acyltransferase (catalytic domain) 

Molecular Function Biological Function Cellular Function



How Well is DBT Conserved?

482AA

Biotin lipoyl E3 binding
2-oxoacid dehydrogenases 
acyltransferase (catalytic 

domain)

Mouse 482AA

Yeast 463AA

448AAC. elegans

463AADrosophila

Zebrafish 493AA

Arabidopsis 483AA

Human



What is the Phylogenetic Relationship?

Last Common 
Ancestor



What are the DBT protein interactions?

Other Components 
of the BCKAD 

Complex

Mitochondria 
Formation

Mitochondrial 
Membrane 
Transport

Reactions 
involving CoA

Electron 
Transport 

Chain



Where do DBT and its interacting proteins 
localize?

GRPEL2

DBT



What is the gap in knowledge?

Poor Feeding



What is the primary goal?

Determine how DBT plays a role in esophagus development 

482AABiotin lipoyl E3 
binding 

2-oxoacid dehydrogenases 
acyltransferase (catalytic domain) 



What model organism will be used?

Mus Musculus



How will the primary goal be reached?

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding behavior. 

Determine if 
mitochondrial 

genes are highly or 
lowly expressed 

between wild type 
and DBT mutant 

that are important 
for feeding 

Identify proteins 
necessary for 
mitochondrial 

function and feeding



How will the primary goal be reached?

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding behavior. 

Determine if 
mitochondrial 

genes are highly or 
lowly expressed 

between wild type 
and DBT mutant 

that are important 
for feeding 

Identify proteins 
necessary for 
mitochondrial 

function and feeding



Aim 1: Identify mutations in the DBT protein that 
result in poor feeding phenotype

CRISPR/Cas9 Editing Phenotype Assay

Hypothesis: Amino acids that are conserved in complex digestive organisms, but not 
simple digestive organisms and are known to be phosphorylated, when mutated will 

result in a phenotype that exhibits poor feeding and high BCAA levels in urine.  



Aim 1: Identify mutations in the DBT protein that 
result in poor feeding phenotype

Align the sequences to identify amino acids that are different between organisms with 
simple and complex digestive system

213 
 

Simple

Complex



Aim 1: Identify mutations in the DBT protein that 
result in poor feeding phenotype

Use CRISPR/Cas9 technology to change amino acids at those sites to an amino acid 
found in lower level organisms 



Aim 1: Identify mutations in the DBT protein that 
result in poor feeding phenotype

Screen for mice that both exhibit poor feeding and have the urine phenotype

Negative Control MSUD Mutant
MSUD Mutant + 

Poor Feeding



Aim 1: Identify mutations in the DBT protein that 
result in poor feeding phenotype

Hypothesis: Esophageal tissue will be distorted in mice who 
display the poor feeding phenotype (B) and will not be distorted 

in mice that do not (A)

Extraction of Esophageal Tissue:



How will the primary goal be reached?

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding behavior. 

Determine if 
mitochondrial 

genes are highly or 
lowly expressed 

between wild type 
and DBT mutant 

that are important 
for feeding 

Identify proteins 
necessary for 
mitochondrial 

function and feeding



Aim 2: Determine if mitochondrial genes are highly or lowly expressed 
between wild type and DBT mutant that are important for feeding 

Negative 
Control MSUD Mutant

MSUD Mutant + 
Poor Feeding

Extract esophageal tissue from all three test groups



Aim 2: Determine if mitochondrial genes are highly or lowly expressed 
between wild type and DBT mutant that are important for feeding 

RNA-Seq



Aim 2: Determine if mitochondrial genes are highly or lowly expressed 
between wild type and DBT mutant that are important for feeding 

-1 1

Hypothesis: Transcripts that interact with DBT and are highly localized in the 
esophagus will be under expressed in MSUD mutants with poor feeding  

Negative 
Control

MSUD 
Mutant

MSUD Mutant 
+ Poor 

Feeding



How will the primary goal be reached?

Aim 1: Aim 2: Aim 3:

Identify amino 
acids that are 
important for 

feeding behavior. 

Determine if 
mitochondrial 

genes are highly or 
lowly expressed 

between wild type 
and DBT mutant 

that are important 
for feeding 

Identify proteins 
necessary for 
mitochondrial 

function and feeding



Aim 3: Identify proteins necessary for mitochondrial function and feeding

Extract esophageal tissue from all three test groups

Negative 
Control MSUD Mutant

MSUD Mutant + 
Poor Feeding



Aim 3: Identify proteins necessary for mitochondrial function and feeding

Tandem Affinity Purification SDS Page Separation

Trypsin Digestion
Mass Spectrometry 



Aim 3: Identify proteins necessary for mitochondrial function and feeding

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

Organize protein interaction network based on pathways and function



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
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