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Kearns Sayre Syndrome
Kearns syndrome is a neuromuscular disorder that affects many parts of the body, primarily the eyes. Individuals with this disorder typically experience paralysis of the eye muscles causing drooping eyelids (external ophthalmoplegia) as well as degeneration of the light-sensing tissue at the retina (pigmentary retinopathy), which results in a loss of vision. Despite, predominantly affecting the eyes, this disorder actually stems from defects in the mitochondria, an organelle that uses oxygen and nutrients from ingested food to create energy rich molecules for the body’s cells (cellular respiration). Mitochondria are unique in that they have their own DNA, separate from the nucleus, called mitochondrial DNA. Individuals with Kearns-Sayre syndrome have a large deletion in their mitochondrial DNA (1000-10000 nucleotides). Though the cause for this deletion is unknown, the absence of these nucleotides affects protein formation as well as oxidative phosphorylation causing a decrease in cellular respiration and energy. Researches still do not know how this contributes to the symptoms experienced by Kearns-Sayre syndrome patients but speculate that the areas affected, such as the eyes, depend heavily on mitochondria for energy. This disorder demonstrates how vital the mitochondria is in providing energy for the body’s cells, and how simply a lack of this available energy can have severe consequences on structures that depend heavily on the component. 

Multiple sclerosis
Multiple sclerosis is an autoimmune disease, where the body’s own immune system attacks myelinated axons in the central nervous system. Myelin is a fatty substance the covers and protects nerve fibers in the brain and spinal cord. It’ primary function is to allow electrical impulses to transmit quickly and efficiently along the nerve cells. In multiple sclerosis, activated T-cells pass through the blood brain barrier where they mistake the myelin sheath for a foreign body and start to destroy it, causing messages that pass along a demyelinated nerve to become delayed or blocked. Since the central nervous system is responsible for many functions within the body, the symptoms can vary depending on the location of the damage. However, amongst multiple sclerosis patients it is common to remark problems with vision, balance, muscle control, and other basic body functions due to the increased amount of myelin present in the parts of the body that control these functions such as the spinal cord, white matter of brain and optic nerve. This disease demonstrates how vital the myelin sheath is in ensuring rapid and efficient transmission of neuronal impulses for the absence of this component causes the body’s central nervous system to slowly lose control.

Duchenne Muscular Dystrophy
Duchenne muscular dystrophy is a genetic neuromuscular disorder that stems from the absence of dystrophin. Dystrophin is a protein whose primary function is to stabilize the sarcolemma and protect muscle fibers from injury and damage during the contraction and relaxation of muscles. Dystrophin also aids in attaching the cytoskeleton of a cell to its extracellular matrix. In individuals with Duchenne muscular dystrophy the DMD-gene (gene that produces dystrophin) has undergone a series of mutations that render it incapable of producing the protein. Without dystrophin, muscles become damaged upon repeated contraction and relaxation and thus wear out with use. These damaged cells then weaken and die over time, causing the characteristic muscle weakness associated with muscular dystrophy. This disorder demonstrates how vital the protein dystrophin is in maintaining and protecting muscles from degradation during periods of muscular activity. 

Myasthenia Gravis
Myasethenia Gravis is a chronic autoimmune neuromuscular disease that causes sudden and rapid fatigue of voluntary skeletal muscles of the body. When directly translated, Myasthenia Gravis means, “ Grave muscle weakness”. Myasthenia gravis is caused by a defect in the transmission of nerve impulses to muscles. It occurs when normal communication between the nerve and muscle is interrupted at the neuromuscular junction. Normally at the neuromuscular junction, the nerve endings release a neurotransmitter substance called acetylcholine, which binds to receptors that activate and generate a muscle contraction. In myasthenia gravis, antibodies, by the body's own immune system, block, alter, or destroy the receptors for acetylcholine at the neuromuscular junction, preventing the muscle contraction from occurring. Therefore during increased periods of muscular activity, individuals typically experience sudden fatigue of muscle since more antibodies are being produced to the counter the effect of the release of acetylcholine. While during relaxation, symptoms are alleviated since contraction is minimal and therefore antibody production is not as stimulated.  This disease truly demonstrates how vital proper acetylcholine uptake is to ensuring proper muscle contraction. 

Pompe Disease
Pompe disease is a genetic disorder that causes severe muscle weakness that often leads to death due to a malfunction in the lysosomes of the cell in question. Pompe disease is caused by a mutation in the GAA-gene that codes for the production of an enzyme called acid alpha-glucosidase A, which is found in the lysosomes of cells. The primary function of this enzyme is to break down glycogen into glucose. Mutations in the GAA gene prevent acid alpha-glucosidase from breaking down glycogen effectively causing it to build up to toxic levels in the lysosomes. The presence of the extra glycogen causes the lysosomes to swell (interferes with normal function) or even rupture, thereby releasing harmful enzymes into the cell leading to severe cellular damage. Eventually the damage to individual cells begins to weaken larger bundles of muscles leading to symptoms of fatigue, difficulty breathing etc. since muscles used in these areas are progressively being destroyed. This disease demonstrates how vital lysosomes are to breaking down the waste products of the cell and how without these cellular structures waste products can rapidly accumulate resulting in detrimental effects on one’s health.

Tay-Sachs disease 
Tay-Sachs disease is a fatal genetic disorder, most common amongst children, that results in the progressive degradation of the nervous system. This disease arises from mutations of the HEXA-gene, which is responsible for the production of the enzyme beta-hexosaminidase A, found in the lysosomes of a cell. The primary function of the enzyme beta-hexosamindase is to break down a fatty substance called GM2 ganglioside, predominantly found in the nervous system. In individuals with Tay-Sachs, mutation of the HEXA-gene prevents the proper production of beta-hexosaminidase A, resulting in a build up of GM2 ganglioside since the enzyme cannot efficiently break down the substance. This toxic build up of gangliosides, primarily in the brain and spinal cord, interferes with the normal neuronal processes and eventually leads to premature cell death. This degeneration of the nervous system results in symptoms such as loss of motor skills, blindness, deafness, seizures etc. all of which are in some way controlled by the body’s nervous system. This disease demonstrates how vital lysosomes are to breaking down the waste products of the cell and how without these cellular structures waste products can rapidly accumulate resulting in detrimental effects on one’s health.
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