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What is Maple Syrup Urine Disease (MSUD)?

Recommended Uniform Screening Panel
Core Conditions
(As of July 2018)

Metabolic Disorder Endocrine | Hemoglobin Other
n n - Disorder Disorder Disorder
Organic | Fatty acid Amino

acid oxidation acid
condition | disorder disorder

Core Condition

Propionic Acidemia X

Methylmalonic Acidemia
(methylmalonyl-CoA mutase)

Methylmalonic Acidemia
(Cobalamin disorders)

Isovaleric Acidemia

3-Methylcrotonyl-CoA
Carboxylase Deficiency

3-Hydroxy-3-Methyglutaric
Aciduria

Holocarboxylase Synthase
Deficiency

B-Ketothiolase Deficiency

X|X| X[ X | X |X| X[ X

Glutaric Acidemia Type |

Carnitine Uptake Defect/Carnitine
Transport Defect

Medium-chain Acyl-CoA
Dehydrogenase Deficiency

Very Long-chain Acyl-CoA
Dehydrogenase Deficiency

Long-chain L-3 Hydroxyacyl-CoA
Dehydrogenase Deficiency

XX | X | X | X

Trifunctional Protein Deficiency

Argininosuccinic Aciduria

Citrullinemia, Type |

Maple Syrup Urine Disease

Homocystinuria

Classic Phenylketonuria

><><><I><><

Tyrosinemia, Type |

Primary Congenital X
Hypothyroidism

Congenital adrenal hyperplasia X

x

§,S Disease (Sickle Cell Anemia)

S, Beta-Thalassemia X

S,C Disease X

Biotinidase Deficiency

Critical Congenital Heart Disease

Cystic Fibrosis

Classic Galactosemia

Glycogen Storage Disease Type Il
(Pompe)

Hearing Loss

Severe Combined
Immunodeficiencies

Mucopolysaccharidosis Type 1

XX | XX X[ X[X|X[X

X-linked Adrenoleukodystrophy

Spinal Muscular Atrophy due to
homozygous deletion of exon 7 in
SMN1

x




What Causes Maple Syrup Urine Disease?

Normal MSupD
Protein from food Protein from muscles Protein from food Protein from muscles
AMino Acids AMino Acids
/ \ Other / \ Other
Branched-Chain amino acids Branched-Chain amino acids
Amino Acids (BCAAs) Amino Acids (BCAAs)
Build up
L Ty
and other
BCKAD substances
enzymes

Health
/ \ /’ M\ Problems
¥ A

Energy Growth Energy Growth



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?

2-oxoacid dehydrogenases 482 AA
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iso fatty acids Secondary metabolites
ante-iso fatty acids e.g. myxothiazol
myxalamid, avermectin

acyltransferase (catalytic domain)

Cellular Function

All non detected compartments

DBT detected in Mitochondria



How Well is DBT Conserved?

. Biotin lipoyl

2-oxoacid dehydrogenases
. E3 binding acyltransferase (catalytic

domain)




What is the

Last Common
Ancestor

Homo sapiens
_F Pan troglodytes
Macaca mulatta

— Canis lupus familiaris

— Bos taurus

— Loxodonta africana
Mus musculus
I: Rattus norvegicus

Xenopus tropicalis

Gallus gallus

Danio rerio

Caenorhabditis elegans

Drosophila melanogaster

Anopheles gambiae str. PEST

Arabidopsis thaliana

Oryza sativa Japonica Group

Pyricularia oryzae 70-15

Neurospora crassa OR74A

Saccharomyces cerevisiae



What are the DBT protein interactions?
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Where do DBT and its interacting proteins
localize?

All non detected compartments —_—, =

DBT detected in Mitochondria
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What is the gap in knowledge?

2
A

Jus®

/ Poor Feeding

(




What is the primary goal?

2-oxoacid dehydrogenases
acyltransferase (catalytic domain) 482AA

Determine how DBT plays a role in esophagus development



What mocdel organism will be used?

Mus Musculus



How will the primary goal be reached?

Aim 1:

Identify amino

acids that are

important for
feeding behavior.

Aim 2:

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

Aim 3:

Identify proteins
necessary for
mitochondrial

function and feeding




How will the primary goal be reached?

Aim 1:

Identify amino

acids that are

important for
feeding behavior.




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

Clustal

I_ngl Jalview 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 wiill
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 5, jajview

Clustal
Omega

1 3;10 |213 ?;20 |
Sacoharomyres /-4 PKKE- = cc e e e e AAPKKEY
Pyricularia/1-523 VLKED | YK FYQGK CSGYAFPTIFA--
Nevrospora/1-562 VLKEDYYKF LOQARDBS AP TLYPSAATPT

Arabidopsis/1-483 VLKEDVYLRFSDOKGFVYT-DIVSSEHAY

Oryza/1-523 VLKEDVLAYAASKGLCK-EFTSALEEN
Droseoiiia/I-462 Y LEKGD I LEFLGOUWPPGT-NYPHPTLLA
Ancpheles/1-470 VLKGDYLEFLEVY IPKGT-YKPHP SLYA

Caenuehabditis/1-448 VLKEDYLKF LGOWFRDH-TSGSTNIRT
. o Manio/1-493 | LKED| LNF | AKOITEA L - LPP AP FQE |

Complex Xenoous/1-492 | LKEDI LSFLAKQTGAI -LPPSPOME |

Adus/1-482 | LKEDI LSFLEKOTEGAI -LPPSPKSEI
Al-LFFSFKSEI
Al-LFFSFKAEI
Al-LPPSPKAEL
Al-LFFSFKAEI

] maw mae mmm BN w8 n mme Sl mew e S S SIS S M B B B e mae e N

] man mam mmm e SEm 8 m e "R s e e e e M M S e e mae mam e o

Pan/1-524 | LKEDI LNYLEKQTEGAI -LPPSPKVEI
[Gathus/1-493 | LKEDI LS5FLAKOIEGAI -LPPSPKAEI

# Sequence 213 T LEKQTGAIL 0.540 PKA YES

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



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

: MSUD Mutant +
Negative Control m !
Poor Feeding

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



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

Extraction of Esophageal Tissue:

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)



How will the primary goal be reached?

Aim 2:

Determine if
mitochondrial
genes are highly or
lowly expressed
between wild type
and DBT mutant

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

Extract ccophageal tissue from all three test groups

Negative MSUD Mutant +
Control MSUD Mutant Poor Feeding

= I ~




Sheared
mMRNA

‘ Reverse transcription

DNA & RNA 5 U s | e | s | J s o | 3
hybrid 3 A e —\ -\ - 5’

‘ 2"% strand synthesis with dUTP

570 Y Y | s | s e Y 3
ds cDNA 3’ A = A e\ —/\ =\ - 5’

End repair, A tailing and
ligate to “Y-adaptor”
Ligated \— (Y § [ " — —
dsCDNA /== AmmAm=Am=AmmAmAm—

‘ UDG digestion

Single Strand e N\ e\ — ) —\ —
DNA
‘ PCR amplifying only
reverse-antisense strand

Cluster generation and sequencing

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

MSUD Mutant
+ Poor
- - Control 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



How will the primary goal be reached?

Aim 3:

Identify proteins
necessary for
mitochondrial

function and feeding




Aim 3: Identify proteins necessary for mitochondrial function and feeding

Negative MSUD Mutant +
Control MSUD Mutant Poor Feeding

= I




Aim 3: Identify proteins necessary for mitochondrial function and feeding
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Aim 3: Identify proteins necessary for mitochondrial function and feeding
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Organize protein interaction network based on pathways and function

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



Aim 1: Identify mutations in the DBT protein that
Clustal result in poor feeding phenotype & Jalview
Omega

, 310 213 320 ,

Savcharomyces/1-463 PKKE--- - - -7} - - - AAPKKEY
Pyricutariaf1-523 VLKED | YKFVQGKHOB GSGVYAPTIPA--
eurospora/1-562 V LKEDVYKF LGARDS AP TLYP SAATPT
fArabidopsis/1-483 VLKEDVLRF SDOKGFYT-DSVSSEHAY
fOryzaj1-523 VLKEDV LS YAASKG
[Drosuphita/1-462 YLKGD | LEF LGAVPP
fAncpheles/1-470 VLKGDVLEF LEV I[P
[Caenorhabeitis/1-448 ¥ LKEDY LK F LGQMP

CK-EFTSALEEN
GT-NVPHPFTLLA
GT-VYKPHPSLYA
DH-TSGSTNIRT

—_— [Danio/1-493 | LKED | LNF | AKQT[GAI - LFPAFFQEI
Complex enopus/1-492 | LKED| LSFLAKQTGA I - LPPSPQME |
Mus/1-482 | LKED 1 LSFLEKQTGAI -LPPSPKSEI

Al-LPPSPKSEI
Al-LPPSPKAEI
Al-LPPSPKAEL
Al-LPPSPKAEI
Al-LPPSPKAEI
Al-LPPSPKYEI
Al-LPPSPKYEI
Al-LPPSPKAEI

# Sequence 213 T LEKQTGAIL 0.540 PKA

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

Aim 3: Identify proteins necessary for mitochondrial function and feeding

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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