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Mad Cows and mysterious brain tangles: what happens when protein folding goes wrong?
Supplementary Vocabulary and Disease-protein connection examples
Vocabulary 
1. Protein: large polymer made of connected amino acids, used in cells for many functional and structural roles. 
2. Amino acids: the building blocks of proteins, which can be strung together in different sequences to form proteins with diverse functions and structures. The body can synthesize some amino acids, but relies on consuming dietary protein to provide others
3. Denaturation: altering proteins in a way that makes them lose their fold and structure. Examples include using heat, acid, or mechanical force. This results in unfolding, loss of function, and proteins clumping together and forming aggregates. Cells are prepared for this and have quality control systems. 
· Protein denaturation in daily life: Cooking
1. If you’ve fried an egg, you’ve denatured protein by heat
2. If you’ve made ceviche, or digested any protein-containing food using your stomach, you’ve denatured protein by acid
3. If you’ve whipped up a meringue, you’ve denatured protein by mechanical force
4. Genetic point mutation: a single change in DNA sequence that results in a change in the protein amino acid sequence. 
5. Protein aggregate: misfolded or denatured proteins clumped together in insoluble structures. These can progress to amyloid fibrils. 
6. Prion: protein that can change fold and shape and act as a template to convince other proteins to change shape 
7. Amyloid-forming proteins: a class of proteins (e.g. prions, tau, Beta-amyloid) that can change fold and shape and act as a template to convince other proteins to change shape
8. Amyloid fibrils: amyloid-forming proteins stacked together in an ordered way, forming fibers 
9. Ribosome: molecular machine (complex made of proteins and RNA) that synthesizes proteins
10. Chaperone: class of proteins that help other proteins fold correctly, and can refold denatured unfolded proteins
11. Proteasome: protein complex that breaks down and recycles proteins, especially those that are not needed or are damaged (e.g. misfolded proteins)
Examples of diseases related to protein disfunction 
	Disease
	Protein gone bad
	Normal protein function
	Problem in disease state

	Spongiform encephalopathies (e.g. Creutzfeldt-Jakob disease, scrapie)
	Prion (PrP)
	Unclear roles in memory formation, neuroprotection
	Prion misfolds and converts other healthy versions of the protein to the misfolded form, causing a domino effect of all of them misfolding and clumping together. Results in spongy holes in the brain

	Alzheimer’s disease
	1) Beta-amyloid 
2) tau
	1) unclear
2) helps with transport within neurons

	Unknown. In diseased brains of deceased dementia patients, misfolded tau and beta-amyloid are found in tangles and plaques 

	Cystic fibrosis 
	cystic fibrosis transmembrane regulator (CFTR) 
	Transports Cl- (chloride) ions across cell membranes through a channel
	Genetic mutation causes loss of function. The transport channel becomes blocked so the ion cannot pass in/out of cell, which causes salt and water imbalance. This results in thick, dehydrated lung mucus

	Cataract
	crystallins
	[bookmark: _GoBack]Structural protein in eye lens that helps refract light
	Crystallins clump together (aggregate) with age or other causes, causing light to scatter rather than focus and eye lenses to be cloudy/opaque

	Sickle Cell anemia
	hemoglobin 
	Binds and transports oxygen in red blood cells
	Genetic mutation causes mutation that makes hemoglobin aggregate when not transporting oxygen, making it clump with other hemoglobin to form insoluble fibers that cause the deformed sickle shape of red blood cells



How Proteins Misfold
A. Hereditary gene mutations: mutations in DNA alter the amino acid sequence, which can cause the following:
1. Make it more likely for protein to misfold 
2. Make the protein lose its ability to function
B. Sporadic misfolding: because of cellular conditions, the protein spontaneously converts to its dangerous misfolded form. This can be caused by the following:
· Purely random unluckiness
· Sometimes the cell’s protein-making machine, called a ribosome, makes mistakes, resulting in amino acid mutations that may misfold easier
· Regardless, cells are prepared, and have mechanisms to find and destroy bad proteins (using the proteasome), or to fix their fold (using chaperone proteins)
C. Acquired misfolded protein: in rare cases (such as consuming nervous tissue containing prions), proteins from other sources can convert healthy proteins to the misfolded state


