The Chemical Basis of Life
 
 
	Carbohydrates
	. Simple sugars and sugar polymers
1. Energy storage molecules
1. (CH2O)n
1. Ketose sugars have carbonyl group on an intermediate carbon
1. Aldose sugars have carbonyl group on terminal carbon
. Stereoisomerism
2. Asymmetric carbon atoms in molecule bond to four different groups
2. Molecules can exist in two configurations (like a mirror) called enantiomers or stereoisomers.
2. Enantiomers can be either D- or L- isomers
. Bonds
3. Glycosidic bonds link sugars with C-O-C bonds
3. Disaccharides are two sugars linked together, oligosaccharides are a few (3-9) sugars, found on cell surfaces to be used for cell recognition
3. Polysaccharides are polymers of sugars, used for energy (glycogen and starch) or structure (cellulose, chitin, and GAGs)

	 Lipids
	. Nonpolar molecules
4. Fats are glycerol molecules linked to three fatty acids through ester bonds
1. Fatty acids are amphipathic hydrocarbons with one carboxyl group
4. Steroids are four ringed lipids, include hormones
4. Phospholipids are amphipathic lipids that are a major component of cell membranes

	Proteins
	. Polymers of amino acids
5. Wide variety of functions, high degree of specificity
5. Amino acids have an alpha-carbon, an amine group, a carboxyl group, and an R group
5. Amino acids occur in nature as the L- stereoisomer
. Bonds
6. Bond using peptide bonds, into polypeptide chains
6. Peptide bonds form between alpha-carbonyl and alpha-amino
6. Amino acids differ in the R group, which can be polar charged (strong), polar uncharged (weak), or nonpolar
 
. Polar Charged
7. Contain R groups that act as stronger acids and bases, fully charged at pH7; can form ionic bonds
. Polar Uncharged
8. Contain R groups that act as weaker acids or bases, not fully charged at pH7; can form hydrogen bonds with partially charged molecules
. Nonpolar
9. Contain hydrophobic R groups, lacking oxygen and nitrogen
9. Vary in size and shape, can pack tightly into protein core
 
. Proteins can be 
10. Fibrous - Insoluble molecules in which the secondary structure is dominant. Often have repeating chains, play structural or supportive roles in the body.
10. Globular - Soluble molecules in which the tertiary or quaternary structures are added to the secondary structure. Transport or receptor proteins are globular proteins, as well as enzymes
 
. Domains
11. Protein domains occur when proteins are composed of multiple distinct regions, each of which is a functional region
. Dynamic Changes in Proteins
12. Protein activity may trigger changes in the protein
12. Conformational changes are non-random movements triggered my external stimulus
. Protein - Protein Interactions
13. Different proteins can associate to form a multiprotein complex
 
. Protein Folding
14. Occurs in various steps
14. Unfolding is due to denaturation
14. There are two alternate pathways to achieve native conformation
14. Misfolding may result in disease
4. Creutzfeldt-Jakob Disease results from misfolding in the brain. PrPSc is formed, instead of PrPc. Mad Cow Disease, Kuru, and Scrapie are also caused by PrPSc.
4. Alzheimer's Disease involves misfolded proteins that accumulate in the brain. Amyloid precursors are cleaved into two enzymes, one of which misfolds and self associates into amyloid plaques.
2. All existing drugs for AD manage symptoms
2. New drugs aim to prevent formation of misfolding peptide, to remove the peptide when formed, and to prevent interaction between peptide molecules
14. Molecular chaperones help proteins fold to achieve proper config
5. Chaperonins (ex. TriC) allow large proteins to assemble with interference from other macromolecules
5. Move newly synthesized proteins across membranes
5. May protect protein structure during the heat shock response (involves synthesis of heat shock proteins that prevent denaturation of existing proteins)
14. Some proteins can self assemble
6. Ex. Tobacco Mosaic Virus, self assembles from ribosomal subunits and proteins
 
. Proteomics
15. The proteome is the compilation of the organism's proteins
15. Proteomics uses technology to perform studies on diverse proteins. Proteins are separated using gel electrophoresis, then identified using mass spectrometry.
15. Protein microarrays allow researchers to screen proteins for activities and disorders
15. In the future, microarrays containing  antibodies for different blood proteins, a sign of disease
 
. Protein Engineering
16. Artificial genes that code for proteins of specific amino sequences can be created
16. Sequence rarely predicts structure
16. Site-directed mutagenesis allows alterations in single amino acids by altering the DNA encoding a protein
 
. Structure Based Drug Design
17. Simulations of protein binding sites are used to design protein inhibiting drugs
1. Ex. Gleevec, treatment for rare cancers
17. Computer designed proteins can be created to target viral proteins
 
. Protein Adaptation and Evolution
18. Proteins are subject to natural selection
18. A protein may have different forms, isoforms, that are tissue or stage specific

	Nucleic acids
	. Polymers of nucleotides that store and transmit genetics information
19. DNA - double stranded, holds genetic material in all cellular organisms and some viruses
19. RNA - single stranded, holds some of the genetic material in viruses
2. RNA may fold back on itself to form tertiary structures, as in ribosomes
2. RNA may have catalytic activity, in which these RNA enzymes are called ribozymes
 
. ATP is a nucleotide that plays a role in cellular metabolism, and GTP  serves as a switch to turn on some proteins
 
. Nucleotides are connected by phosphodiester bonds, between phosphate group of one nucleotide and the carbon of the next
 



