BIOM 4180: Summary Questions (Unit 1: Molecular Cardiology)
LECTURE 1 - INTRODUCTION
LECTURE 2 – HEART VALVES
1. Where are the valves and what do they do?

Tricuspid Valve 
· Regulates unidirectional blood flow from the right atrium to the right ventricle (AV valve)
· Has three leaflets: posterior, anterior, septal

Mitral Valve 
· Regulates unidirectional blood flow from the left atrium to the left ventricle (AV valve)
· Has two leaflets: posterior, anterior 

Pulmonary Valve 
· Regulates unidirectional blood flow from the right ventricle to the pulmonary artery
· Has three leaflets: anterior, left, right 

Aortic Valve 
· Regulates unidirectional blood flow from the left ventricle to the aorta 
· Has three leaflets: non-coronary cusp, left-coronary cusp, right-coronary cusp

2. What are the general component parts of a heart valve (leaflets, chordae, etc.)?

Annulus – connective tissue that provides structure to the valve (ring-shaped)

Leaflets/Cusps – thin “flaps” of connective tissue that is passive (normally 2-3 per valve)

Chordae Tendinae – connects the tips of the papillary muscles to the leaflets/cusps
· Only present in AV valves 

Papillary Muscles – pulls the leaflets/cusps open or close during contraction via chordae tendinae
· Only present in AV valves
3. What is “stenosis” and “regurgitation”; how are they caused?

Stenosis – the dysfunction of a valve when it is unable to open properly 
· Congenital defects – bicuspid aortic valve where left and right leaflets do not separate
· Calcification – increases with age 
· Trauma from pacemaker relocation – lead rod of pacemaker effects tricuspid valve
· Rheumatic fever – infection that leads to disease

Regurgitation – the dysfunction of a valve when it is unable to close properly
· Mitral valve prolapse – leaflets bulging into atrium, causing backflow of blood
· Damage to the papillary muscle or chordae tendinae – due to disease
· Rheumatic fever – infection that leads to disease 
· Myocardial infarction – trauma to the heart causing papillary muscle damage or…
· Dilated cardiomyopathy – dilates as compensation for an increased workload of the heart
· Genetic defects – abnormal number of leaflets/cusps
4. What are the surgical treatments for regurgitation?

Papillary muscle shortening
· Open-heart surgery where a wedge is cut in the papillary muscle to correct the mitral prolapse, preventing backflow into the right atrium 

Plication of posterior leaflet in the tricuspid valve
· Open-heart surgery where you excise the posterior leaflet from the valve and suture together the meeting point of the anterior and posterior leaflet and the septal and posterior leaflet 

Annuloplasty 
· Open-heart surgery where an artificial annulus is placed to ensure the valves are able to fully close  

Mitraclip
· Non-invasive surgery through the femoral vein and heart septum where a clip is added to the mitral valve to reduce the dilation of the valve and ensure that it can close 

Harpoon TSD-5 
· Non-invasive surgery where a needle is inserted through the intercostal muscle and into the left ventricle, where the string punctures and ties itself to the mitral prolapse to correct the valve, preventing backflow into the right atrium 
5. How is in utero balloon dilation done to correct critical aortic stenosis?

In order to prevent hypoplastic left heart syndrome for infants, and the inefficiency of the Norwood procedure, in utero balloon dilation is used (non-invasive surgery)
· Needle is inserted through the mother’s abdomen, into the amniotic sac, and into the fetus heart via the left ventricle
· Balloon is inserted into the aortic valve to allow expansion and ensure proper blood flow, allowing the left ventricle to properly develop
6. How does trans-catheter valve implantation work?

Procedures such as TAVI, MVR, and Melody Valves are used to treat stenosis 
· Non-invasive surgery through the femoral artery or vein to the valve of interest
· A balloon is inflated, pushing the dysfunctional valve aside and inserting an artificial valve that functions in its place



LECTURE 3 – ACTION POTENTIALS 
1. How are ventricular myocyte and SA node action potentials created? Channels/ions involved?

Ventricular myocyte action potentials
· At -90mV, the membrane potential is resting – Ik1 channel maintains this
· L-type calcium channels open and depolarize the cell to -70mV, where Na+ enters through sodium channels due to its threshold, causing a depolarization to about +20mV 
· Ca++ and Na+ channels close, and K+ beings to leave the cell, beginning repolarization
· Ca++ enters the cell at a similar rate that K+ leaves the cell, stabilizing membrane potential 
· Ca++ channels close and K+ rapidly leaves the cell, increasing repolarization back to -90mV
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SA node action potentials
· Between -60 and -40mV, depolarization begins due to Na+ and Ca++ entering the cell
· Pacemaker potential: If channel and T-type calcium channel
· At -40mV, L-type calcium channels open and depolarization occurs 
· Ik channels are also allowing K+ out of the cell, but at a lesser amount than Ca++ influx
· At just above 0mV, this ratio switches and there is more K+ leaving the cell than Ca++ entering
· This is repolarization, and it continues until the membrane potential returns to -60mV
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2. What are the mechanisms by which SNS/PNS control HR?

SNS control of heart rate - epinephrine
· Beta adrenergic receptors are stimulated by agonist 
· Receptor stimulated G-protein
· G-protein alpha subunit stimulates adenylyl cyclase
· Adenylyl cyclase increases the production of cAMP
· cAMP activates PKA
· PKA phosphorylates If and Ca++ channels, allowing more Na+ Ca++ to enter the cell
· This increasing depolarization rate, thus increasing heart rate 

PNS control of heart rate – acetylcholine 
· Cholinergic receptors are stimulated by agonist 
· Receptor stimulated G-protein
· G-protein alpha subunit inhibits adenylyl cyclase
· Adenylyl cyclase cannot increase production of cAMP
· PKA is not activated, therefore calcium channels are not opened 
· More potassium leaves the cell, decreasing depolarization rate and thus decreasing heart rate 
3. What are the functions of the AV node? What is the molecular basis?

AV node has the following functions
· Limits fibrillation entry to the ventricle 
· The only way for an action potential to travel from the AV node in the atria to the ventricle (where contraction occurs) is through the AV bundle
· Acts as a back-up/latent pacemaker
· The use of HCN cells (If channels) is used for stability 
· Delays action potential to increase ventricle filling
· Fires action potentials slowly using Na+ channels, L- and T-type Ca++ channels
· Uses connexin gap junctions C45
4. How do Purkinje fibres work?

Purkinje fibres 
· Located in the subendocardium 
· Use fast Nav1.5 large channel (made of connexin 40 and 43)
· Receive messages from the AV bundle fibres 
· Rapidly fire action potentials to the ventricles
5. Why could ivabradine be used to treat coronary artery disease?

In coronary artery disease, you have an increased risk of experiencing a myocardial infarction. One way to lower the risks of myocardial infarctions is to lower heart rate
· Lower heart rate can provide more time for filling, increasing myocardial perfusion and mortality 
· Ivabradine blocks open If channels in SA node, decreasing depolarization rate and heart rate
· Takes longer for symptoms of heart failure to occur
6. How could Tbx18 transfection treat sick sinus syndrome?

In sick sinus syndrome, SA nodal cells are dysfunctional which leads to arrhythmia 
· Tbx18 transcriptional regulator can be infected into myocytes
· Turns on SA node development genes, and turns of other genes
· Causes cells to resemble and function as SA node cells (correcting arrhythmia)
LECTURE 4 – CALCIUM ENTRY
1. What is the role of t-tubules?

Transverse-tubules have an important role  
· Carry action potentials deep into the cell (by activating calcium in the middle of the cell)
· Efficient by being in close proximity to the sarcoplasmic reticulum (minimizing the dyadic cleft)
2. How are t-tubules different from the rest of the cell membrane?

Transverse-tubules are different from the rest of the cell membrane 
· Complex network invaginations along the z-disc line of the myofibril 
· Have an abundant amount of L-type channels for calcium exchange
· Close to the ryanodine receptor of the sarcoplasmic reticulum  
3. How does the SNS regulate intracellular calcium release?

SNS regulation of intracellular calcium release  
· Beta adrenergic receptors are stimulated by agonist 
· Receptor stimulated G-protein (alpha subunit stimulates adenylyl cyclase)
· Adenylyl cyclase increases the production of cAMP (activates PKA)
· PKA phosphorylates L-type calcium channels and allows more Ca++ to enter the cell  
4. How do ryanodine receptors function?

Ryanodine – tetrameric channel structure that triggers and inhibits calcium release
· Activated by calcium leaking into cytosol from SR (binding to the A activation site)
· Ryanodine receptor opens allowing calcium to be released (contraction)
· An increased amount of calcium means calcium binds to the lumen activation site L
· Ryanodine receptor opens allowing calcium to leak 
· Calcium can be prevented from leaving the cell by Ca++ binding to I1 and I2 inhibition sites
5. How does CPVT manifest?

Catecholaminergic polymorphic ventricular tachycardia 
· Manifests as sudden cardiac arrest, usually following high catecholaminergic events such as stress 
· Mutation in the transcription of ryanodine receptors, which cause calcium transients to go up
· Unzipping of N-terminal domain cause calcium to leak from ryanodine receptor (can be avoided by drugs such as JTV519 which increasing affinity for FKBP and calcium - stabilize)
· Too much calcium in the SR, over the threshold and therefore more calcium in cytosol 
· Activates sodium-calcium exchanger; leads to delayed after depolarizations DADs
6. How does caffeine cause arrhythmias?

Caffeine causes heart to contract more forcefully 
· Caffeine binds to ryanodine receptor and releases Ca++ (too much calcium is in cytosol; cannot return to SR fast enough)  this drives the sodium-calcium exchanger and chloride channel
· Na+-Ca++ exchanger: gain 3 Na+, lose 1 Ca++  net positive charge  depolarization 
· Cl- channel: activated by calcium leaving  loss of negative charge  depolarization
· Excess diastolic calcium can trigger delayed after depolarizations (DADs) 
· If strong enough, these can start another action potential (arrhythmia)
LECTURE 5 – CALCIUM REMOVAL
1. What are the mechanisms of calcium removal from the cytosol?

Sarcolemmal Ca++ ATPase (PMCA)
· High affinity for calcium, low capacity for calcium When calcium is high, nNOS is activated 
· contractility 
· heart failure
· cardiomyopathy
· hypertrophy 

· Localized in the caveolae invaginations of the cell membrane 
· Uses ATP to remove calcium from the cytosol  	 
· Two Ca++ bind to the cytosolic side of the channel
· Conformational change 
· ATP is able to phosphorylate PMCA 
· Conformational change 
· Release of Ca++ on the lumen side of the channel

Sodium-Calcium Exchanger (NCX)
· Low affinity for calcium, high capacity for calcium 
· Nine transmembrane domains:
· Alpha subunits 1 and 2 make up the channel 
· Beta subunit is activated by calcium in order to release calcium 
· XIP subunit is activated by sodium in order to take in sodium 
· Uses sodium gradient to remove calcium from the cytosol 
· Sodium channels open and concentration inside the cell increases 
· Reverse motion: lets 3 Na+ out of the cell, 1 Ca++ into the cell  -70 to -30mV
· At higher potentials, calcium channels open and calcium leaves the cell 
· Forward motion: lets 3 Na+ into the cell, 1 Ca++ out of the cell 

SERCA
· High affinity for calcium, low capacity for calcium (still fast due to # of pumps)
· Uses ATP to remove calcium from the cytosol  	 
· Calcium binds 
· Conformational change 
· ATP binds and phosphorylates SERCA
· Conformational change 
· Release calcium 
2. How is calcium cycling changed in heart failure?
3. What is the role of SERCA in heart failure and treatment?

SERCA levels are decreased in heart failure
· SERCA increases myocyte activity and systolic performance 
· Animal studies showed that overexpression of SERCA increases survival of heart failing rats 
· Human trials showed that those who receive single, high dose showed stabilized disease progress
4. How does PLB control calcium removal?

Phospholamban 
· Inhibits SERCA, causing it to reduce its activity (acts as a break from SERCA)
· This limits the transportation of calcium back into the cell 
5. How is PLB regulated?

PLB is regulated by beta-adrenergic components
· Beta adrenergic receptors are aactivated 
· Gprotein is stimulated, the alpha subunit activated adenylyl cyclase 
· Adenylyl cyclase increases cAMP, which activates PKA 
· PKA phosphorylates PLB, inhibiting it from inhibiting SERCA
6. What role does PLB play in CPVT?

In CPVT, there is a mutation in the ryanodine receptor and calcium leaks from the SR 
· This lowers the threshold of calcium in the SR

Beta adrenergic such as stress and exercise will inhibit PLB
· This means even more calcium is in the SR, as SERCA is highly active without PLB inhibition 
· Thus, there is much calcium during diastole (arrhythmias)

Knocking out PLB breaks up calcium waves that lead accidently trigger action potentials (good thing!)
· Suppresses dangerous delayed after depolarizations DADs
7. Why could DWORF be a new target for HF therapy?

DWORF is a peptide that displaces inhibitors of SERCA such as PLB 
· Stimulates SERCA by antagonizing PLB
· Less calcium is needed to get the same SERCA activity 
· Non-failing myocytes show higher expression of DWORF 
LECTURE 6 – MYOFILAMENTS
1. What are the components of the myofilaments?

· Sarcolemma is the plasma membrane of the myofilaments
· Sarcoplasmic reticulum is where calcium control is accomplished 
· Mitochondria is used to provide energy for cascades and processes
· Sarcomere is where contraction arises (lead to striations)
· A-band is the actin, thin filaments 
· I-band is the myosin, thick filaments  
· Intercalated discs are used to connect myofibrils 
· Desmosomes, tight junctions, gap junctions  
2. What does each myofilament protein do?

Actin – located in the A-band, thin filament
· Tropomyosin is the structure of the band 
· Troponin complex is anchored on tropomyosin to bind myosin head groups of thick filament 
· TnT – protein that binds to tropomyosin 
· TnI – protein that myosin-actin binding  
· TnC – protein that binds calcium 

Calcium activation of troponin complex
· Calcium binds to TnC
· Conformational change in TnI 
· Conformational change in tropomyosin to expose myosin binding sites
· Myosin binds to actin
· Tropomyosin changes to expose next binding site (easier for next one to bind; a whole cycle) 

Myosin – located in the I-band, thick filament 
· Myosin protein C – ring that holds myosin together 
· Myosin light chain 1 – gives structure to head
· Myosin light chain 2 – important in crossbridge cycle
3. What are the stages of the cross-bridge cycle?

Cross-bridge cycle – only works when calcium is present 
     Attached state: Myosin attached to actin
1. ATP binds to the myosin head and detaches it from actin (Released state)
2. ATP is hydrolyzed which causes the myosin head to move to its resting position (Cocked state)
3. Cross bridge forms; myosin head can then attach to a new binding site on actin (Cross-bridge state)
4. Phosphate is released; myosin moves its head with actin attached (Power stroke state)
· Filaments slide together 
· Weak to strong binding 
5. ADP gets released, the cycle is complete
    Attached state: Myosin attached to actin
4. How are cardiac myofilaments regulated?

PKA targets regulate cardiac myofilaments 
· Beta adrenergic stimulation phosphorylates TnI 
· Decreases the sensitivity of TnC to calcium 
· Decreases number of bound calcium (easier for calcium to unbind) 
· Increases cross bridge cycling at the same calcium concentration 
· Increases the rate of relaxation (not contraction)
5. What are some experimental approaches to target myofilaments in HF?

Increasing intracellular calcium concentration is too expensive (too much ATP needed)
· Goal: activate myofilaments directly without increasing calcium levels (calcium sensitizers)

Pimobendan – inodilator aka increases force and dilation
· Studied and used mostly in dogs but not yet in humans 
· Though human clinical trials showed improved exercise tolerance and increased mortality
· Increases efficiency of calcium binding to TnC
· Increases force/pressure/contraction without increasing calcium 

Levosimenden - inodilator aka increases force and dilation
· Decreased biomarker for heart failure, but controversy over any decrease mortality 

Omecamtiv mecarbil – targets only cardiac myosin 
· Increases contractility by promoting the transition from weak to strong binding
· Increases the efficiency of cross bridge cycling
· May see increased myofilament ATP use, but no increase in Ca++ handling ATP use
· Overall no change in oxygen consumption with increased contractility
· increases cell shortening without affecting calcium transient 
· Disadvantage: increasing the amount of time for systolic pressure automatically decreases the amount of time of diastolic pressure

Deoxy-ATP 
· Increase in rate of shortening without an increase in the rate of systolic pressure
· Causes conformational change in myosin and in increased exposure of the actin binding surface
· Pigs were given myocardia infarction and coronary infusion of AAV carrying ribonucleotide reductase (produces deoxy-ATP)

Titin 
· Responsible for force (not collagen) during sarcomere stretch 
· As sarcomere is stretched, titin uncoils
· Provides elastic recoil (passive force)
· At short SL may generate compressive forces
· Titin phosphorylation by PKC increases passive force, and helps sustain heart failure (& stiffness)
· However, titin phosphorylation by PKA /PKG decreases passive force (& stiffness)
· Unable for PKA to help, as beta adrenergic is downregulated in heart failure
· Beta adrenergic stimulation 
· Adenylyl cyclase activity 
· ATP  cAMP 
· stimulates PKA (not good!) and phosphodiesterases (PDE)
· 
· Instead…. Use PKG to phosphorylate titin
· Decreases ventricular stiffness and helps heart failure
· Sildenafil (PDE-5 inhibitor that increases cGMP to PKG) 
· [bookmark: _GoBack]Nitric oxide stimulation 
· Guanylyl cyclase activity
· GTP  cGMP  
· Stimulates PKG (good!) and PDE-5 
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