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What causes Wolff-Parkinson-White?

Mormal electrical pathways Accessory pathway (bridge)

Mormal sinus rhythm Wolff-Parkinson-White Tachycardia

Mayo Clinic, Wolff-Parkinson-White Syndrome 2011



Current Disease Treatment

Medications = Adenosine,
and antiarrhythmic drugs

Electric cardioversion therapy

Radiofrequency catheter
ablation

Mayo Clinic, 2012 (http://www.medicalgeek.com/disease-syndromes-procedures/19107-wolff-parkinson-white-wpw-syndrome-abnormal-heart.html)


http://www.medicalgeek.com/disease-syndromes-procedures/19107-wolff-parkinson-white-wpw-syndrome-abnormal-heart.html

in PRKAG2

PRKAG2 = Protein Kinase AMP-Activated Gamma 2

Mutation alters activity of 5'-AMP-activated protein
kinase subunit gamma 2 protein (AAKG2)

H383R R531Q S548P

R302Q T400N R531G



AAKG2 Protein

Heterotrimeric (AMPK)

o Catalytic subunit = alpha

o Regulatory subunits = beta
and gamma

CBS2

Gamma Subunit

o Contains four CBS domains cess
N

Shapiro Lab [http://www.shapirolab.org/index.html]


http://www.shapirolab.org/index.html

PRKAG2 Gene Ontology

Biological Processes

ATP Biosynthesis Process
Carnitine Shuttle
Cell Cycle Arrest
Cellular Lipid Metabolic Process
Fatty Acid Biosynthetic Process
Glycogen Metabolic Process
Insulin Receptor Signaling
Pathway
Intracellular Protein Kinase
Cascade
Regulation of Protein Kinase
Activity
Regulation of Fatty Acid
Oxidation
Regulation of Glucose Import
Regulation of Glycolysis

Molecular Function

ADP Binding
ATP Binding
cAMP-Dependent Protein
Kinase Inhibitor Activity
cAMP-Dependent Protein
Kinase Regulator Activity
Phosphorylase Kinase
Regulator Activity
Protein Kinase Activator
Activity
Protein Kinase Binding

Cellular Component

AMP-Activated Protein Kinase
Complex
Cytosol
Nucleoplasm



PRKAG2 Highly Conserved

I ———
«ﬁ
» I -




AAKG2 Protein Homologs
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CBS Domains
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Highly evolutionarily conserved

Often come in tandem pairs

Restore cellular ATP balance during metabolic stress



Heart vs. No Heart
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Where are ATP-binding sites in
CBS domains?

‘ ‘ ATP-Binding

Site
CBS-1 .~ . CBS-2



Are these ATP-binding sites important in

9

Human Mutation | Reduce AMP/ATP Binding | Structurally Close (Interacting)
R302Q YES YES (YES)
H383R YES YES (YES)
T400N YES YES (YES)
N488I NO NO (NO)
R531Q YES YES (YES)
R531G YES YES (YES)
S548P No Data YES (YES)

Xiao, B., Heath, R., Saiu, P.,et al. (2007) Structural basis for AMP binding to mammalian
AMP-activated protein kinase. Nature 449, 496- 500



Will these have the same
effect in a model organism without a heart?

Without Heart???



Amino acids causing ATP- binding

problems are conserved in C. elegans

Human 'R PLWESKKQSFVGMLT]
Mouse 'R PLWESKKQSFVGMLT]
Rat R PLWESKKQSFVGMLT]
C._elegans 'R PLWDTDNQRFTGMLT]

H383R T400N

IKNKEHHLPVIDPISGNALYIRTHKRILKFLQLE R302Q
IKNKEHHLPVIDPISGNALYIRTHKRILKFLQLE
IKNKEHHLPVIDPISGNALYIRTHKRILKFLQLE
CESKyHHLPVLDRKIGNITYIRTHKRIMKFLSLY

FKPLVNISPDASLFDAVY
Mouse FKPLVNISPDASLFDAVY
Rat FKPLVNISPDASLFDAVY
C._elegans LRPFVYIDPNESLHRAV
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Human VINLAAEKTYNNLDITVIQALQHRSQYFEGVVKCNKLEILETIVDRIVRAEV,
Mouse VINLAAEKTYNNLDITVIQALQHRSQYFEGVVKCSKLETLETIVDRIVRAEV,
Rat VINLAAEKTYNNLDITVIQALQHRSQYFEGVVKCSKLETLETIVDRIVRAEV,
C._elegans VISLARESSYDKLDCTVQEALQHRSEWFEGVQTCLETDSLFQVLEATVKRAEVHER
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Hypothesis: Dauer formation would be observed
if human missense mutation introduced into

heartless C. elegans.

Possible Dauer
&7 R302Q Formation?

yATP
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http://testweb.science.uu.nl/developmentalbiology/elegans_mike.html



Wallingford Lab (http://www.bio.utexas.edu/faculty/wallingford/Pages/Xenopus%20Links.html)
http://triviascience.blogspot.com/2012/10/why-human-babies-are-so-cute.html



What is STK11/LKB1?

Serine/Threonine 11
Role in G1 cell cycle arrest
Tumor suppressor

Mutation causes Peutz-Jeghers syndrome

Activates AMPK-related proteins by phosphorylation



What is the function of
STK11 in ATP regulation?




STK11 activates AMPK
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Hypothesis: Mutations in STK11 would
inhibit ATP binding and alter development
of the heart




How would PRKAG2 be expressed if

STK11 were mutated?

PRKAG2 Expression

Tissue Cardiac | Skeletal |Brain Liver
WT

PRKAG2 Mutant

STK11 Mutant

‘pressed Underexpressed




Conclusions

PRKAG2 and Wolff-Parkinson-White have been well
studied/characterized

CBS domains are found in all three domains of life =
highly conserved

Mutations in PRKAG2 homologs may still have
significant implications in heartless organisms



Future Directions

Highly conserved--where did these CBS domains
stem from?

Looking into the AMPK protein in order to
potentially develop treatments for STK11 related

diseases

Are there any other proteins affected by mutation
to PRKAG2 gene?



Questions?

http://www.beatmap.net/portfolio-detail/human-cardiovascular-system-3d-
renderings/


http://www.beatmap.net/portfolio-detail/human-cardiovascular-system-3d-renderings/
http://www.beatmap.net/portfolio-detail/human-cardiovascular-system-3d-renderings/
http://www.beatmap.net/portfolio-detail/human-cardiovascular-system-3d-renderings/

10.

References

Ahmad F, Arad M, Musi N., et. al. Increased alpha2 subunit-associated AMPK activity and PRKAG2 cardiomyopathy. Circulation. 2005 Nov 15;
112(20):3140-8.

Burwinkel B, Scott JW, Biihrer C, et, al. Fatal congenital heart glycogenosis caused by a recurrent activating R531Q mutation in the gamma 2-
subunit of AMP-activated protein kinase (PRKAG2), not by phosphorylase kinase deficiency. Am J Hum Genet. 2005 Jun;76(6):1034-49.

Daniel T, Carling D. Functional analysis of mutations in the gamma 2 subunit of AMP-activated protein kinase associated with cardiac
hypertrophy and Wolff-Parkinson-White syndrome. J Biol Chem. 2002 Dec 27;277(52):51017-24.

Gollob MH, Green MS, Tang AS, et al. Identification of a gene responsible for familial Wolff-Parkinson-White syndrome. N Engl J Med. 2001
Jun 14;344(24):1823-31. Erratum in: N Engl J Med 2001 Aug 16;345(7):552. Hassan AS [corrected to Ali Hassan AS]. N Engl J Med 2002 Jan 24;

346(4):300.

Gollob MH, Green MS, Tang AS, Roberts R. PRKAG2 cardiac syndrome: familial ventricular preexcitation, conduction system disease, and
cardiac hypertrophy. Curr Opin Cardiol. 2002 May;17(3):229-34.

Gollob MH, Seger JJ, Gollob TN, Tapscott T, et. al. Novel PRKAG2 mutation responsible for the genetic syndrome of ventricular preexcitation
and conduction system disease with childhood onset and absence of cardiac hypertrophy. Circulation. 2001 Dec 18;104(25):3030-3.

Hu, P.J. Dauer (August 08, 2007), WormBook, ed. The C. elegans Research Community, WormBook, doi/10.1895/wormbook.1.144.1

Jessen, N., Koh, H.J., Folmes, C.D., et al. Ablation of LKB1 in the heart leads to energy deprivation and impaired cardiac function. Biochem
Biophys Acta. 2010 Jul-Aug; 1802(7-8): 593-600.

Souza, J., Faucz, F., Sotomair, V., et al. Chromosome 19p13.3 deletion in a child with Peutz-Jeghers syndrome, congenital heart defect, high
myopia, learning difficulties and dysmorphic features: Clinical and molecular characterization of a new contiguous gene syndrome. Gent Mol

Bio. 2011 Oct-Dec; 34(4): 557-61.

Xiao, B., Heath, R,, Saiu, P.,et al. (2007) Structural basis for AMP binding to mammalian AMP-activated protein kinase. Nature 449, 496— 500



