Topic 2 – Macromolecules and chemistry of the cell

· some organic molecules are used as monomer subunits to construct the giant polymeric macromolecules (proteins, nucleic acids, and large polysaccharides) of the cell
· four major families of small organic molecules: the sugars, the fatty acids, the amino acids, and the nucleotides
· these small molecules form the monomeric building blocks, or subunits, for most of the macromolecules and other assemblies of the cell
· some, like the sugars and fatty acids, are also energy sources
· sugars  polysaccharides
· fatty acids  fats, lipids, membranes
· amino acids  proteins
· nucleotides  nucleic acids
· Noncovalent bonds specify both the precise shape of a macromolecule and its binding to other molecules
· Most of the covalent bonds in a macromolecule allow rotation of the atoms they join, so that the polymer chain has great flexibility
· This allows a macromolecule to adopt an almost unlimited number of shapes, or conformations, as the polymer chain writhes and rotates under the influence of random thermal energy
· However, the shapes of most biological macromolecules are highly constrained because of the many weak noncovalent bonds that form between different parts of the molecule
· If these noncovalent bonds are formed in sufficient numbers, the polymer chain can strongly prefer one particular conformations, determined by the linear sequence of monomers in its chain
· Virtually all protein molecules and many of the small RNA molecules found in cells fold tightly into one highly preferred conformation in this way
· Binding of this type underlies all biological catalysis, making it possible for proteins to function as enzymes
· Noncovalent interactions also allow macromolecules to be used as building blocks for the formation of larger structures.
· 


Sugars: 

· simplest sugars are called monosaccharides
· sugars are also called carbohydrates
· exist in either a ring or an open-chain form
· sugars are linked together by forming a bond between an –OH group on one sugar and oh –OH group on another by a condensation reaction
· glucose is a monosaccharide and it has a central role as an energy source for cells
· it is broken down into smaller molecules and releases energy that the cell can harness to do useful work
· cells use simple polysaccharides composed only of glucose units as long-term stores of energy (glycogen in animals, starch in plants)
· cellulose of plant cell walls is a polysaccharide of glucose
· chitin of insect exoskeletons and fungal cell walls is also a polysaccharide of a sugar derivative called N-acetylglucosamine
· polysaccharides of various other sorts are the main components of slime, mucus, and gristle
· smaller oligosaccharides can be covalently linked to proteins to form glycoproteins and to lipids to form glycolipids which are found in cell membranes

Fatty Acids: 

· two chemically distinct regions: 
· long hydrocarbon chain, which is hydrophobic and not very reactive chemically
· carboxyl group, which behaves as an acid, extremely hydrophilic and chemically reactive
· saturated fatty acid: no double bonds between carbon atoms and contains the maximum possible number of hydrogens
· unsaturated fatty acid: one or more double bonds along their length, double bonds create kinks in the molecules, interferes with their ability to pack together in a solid mass
· serve as concentrated food reserve in cells because they can be broken down to produce about six times as much usable energy as glucose
· stored in the cytoplasm of many cells in the form of droplets of triacylglycerol molecules
· these molecules are the animal fats found in meat, butter and cream, and the plant oils like corn oil and olive oil
· when required to provide energy, the fatty acid chains are released from triacylglycerol’s and broken down into two-carbon units
· these two-carbon units are identical to those derived from the breakdown of glucose and they enter the same energy-yielding reaction pathways
· fatty acids and their derivatives such as triacylglycerols are example of lipids
· lipids are insoluble in water and soluble in fat and organic solvents like benzene
· long hydrocarbon chains (fatty acids and isoprenes) or multiple linked aromatic rings (steroids)
· most important function of fatty acids is the construction of cell membranes
· composed largely of phospholipids which are constructed mainly from fatty acids and glycerol
· glycerol is joined to two fatty acid chains
· the third site on the glycerol is linked to a hydrophilic phosphate group, which is in turn attached to a small hydrophilic compound such as choline
· phospholipids are amphipathic which means they contain hydrophobic and hydrophilic regions
· membrane forming property results from their amphipathic nature

Amino Acids:

· they all possess a carboxylic acid and an amino group
· their chemical variety comes from their side chain
· amino acids are linked together by a covalent linkage called a peptide bond 
· proteins are also known as polypeptides
· polymers consisting of amino acids constitute the remarkably diverse and versatile macromolecules known as proteins
· the stability of each folded shape in a protein is determined by the combined strength of large numbers of noncovalent bonds
· nonpolar side chains in a protein tend to cluster in the interior of the molecules
· polar side chains tend to arrange themselves near the outside of the molecule, where they can form hydrogen bonds with water and with other polar molecules
· proteins fold into a conformation of lowest energy:
· free energy is minimized
· proteins often change their conformation slightly when they interact with other molecules in the cell
· molecular chaperones: assists with protein folding in living cells, they bind to partly folded polypeptide chains and help them progress along the most energetically favorable folding pathway, they prevent the temporarily exposed hydrophobic regions in newly synthesized protein chains from associating with each other to form protein aggregates (crowded conditions of the cytoplasm)
· the alpha-helix and the beta-sheet are common folding patterns
· they result from hydrogen-bonding between the N-H and C=O groups in the polypeptide backbone, without involving the side chains of the amino acids
· beta-sheets: produce a very rigid structure, parallel chains run in the same orientation, antiparallel chains folds back and forth upon itself with each section of the chain running in the direction opposite to that of its immediate neighbors
· alpha-helix: generated when a single polypeptide chain twists around on itself to form a rigid cylinder, a hydrogen bond is made every fourth peptide bond, short regions in cell membranes (transport proteins and receptors), 
· coiled-coil: alpha-helices wrap around each other, nonpolar side chains on one side so that they can twist around each other with these side chains facing outward, provide structural framework for many elongated proteins
· four levels of organization in the structure of a protein:
· primary structure: the amino acid sequence
· secondary structure: stretches of polypeptide chain that form alpha helices and beta sheets
· tertiary structure: full three-dimensional organization of a polypeptide chain
· quaternary structure: protein molecule formed as a complex of more than one polypeptide chain
· protein domain: a substructure produced by any part of a polypeptide chain that can fold independently into a compact, stable structure; portion of a protein that has a tertiary structure of its own
· proteins can adopt a limited number of different protein folds
· maybe as few as 2000
· some protein domains, called modules, form parts of many different proteins
· modules have stable core structure formed from strands of beta sheets
· modules are easily integrated into other proteins
· helices are generated simply by placing many similar subunits next to each other each in the same strictly repeated relationship to the one before
· a protein molecule can have an elongated, fibrous shape
· referred to as fibrous proteins
· fibrous proteins are especially abundant outside the cell, where they are a main component of the gel-like extracellular matrix that helps to bind collections of cells together to form tissues
· extracellular matrix proteins are secreted by the cells into their surroundings, where they often assemble into sheets or long fibril
· collagen is the most abundant of these proteins in animal cells
· elastin is another, they are formed from relatively loose and unstructured polypeptide chains that are covalently cross-linked into a rubberlike elastic meshwork
· extracellular proteins are often stabilized by covalent cross-linkages
· all extracellular proteins are directly opposed to extracellular conditions
· to help maintain their structures, the polypeptide chains are often stabilized by covalent cross-linkages
· most common cross-linkages are covalent sulfur-sulfur bonds (disulfide bonds)
· these bonds form as proteins are being prepared for export from cells
· disulfide bonds do not change the conformation of a protein but instead act as atomic staples to reinforce its most favored conformation
· protein molecules often serve as subunits for the assembly of large structures
· supramolecular structures such as enzyme complexes, ribosomes, protein filaments, viruses, and membranes
· they are formed by the noncovalent assembly of many separately manufactured molecules
· advantages of using smaller subunits to build larger structures:
· a large structure built from one or a few repeating smaller subunits requires only a small amount of genetic information
· both assembly and disassembly can be readily controlled, reversible processes, since the subunits associate through multiple bonds of relatively low energy
· errors in the synthesis of the structure can be more easily avoided, since correction mechanisms can operate during the course of assembly to exclude malformed subunits
· some protein subunits assemble into flat sheets in which the subunits are arranged in hexagonal patterns, these are sometimes found in lipid bilayers in specialized membrane proteins
· the formation of closed structures, such as rings, tubes, or spheres, provides additional stability because it increases the number of bonds between the proteins subunits
· it can also be driven to assemble or disassemble by a relatively small change that affects each subunit individually
· you can see this is the capsid of many viruses, which is in the form of a hollow sphere
· capsids are often made of hundreds of identical protein subunits that enclose and protect the viral nucleic acid
· the protein in a capsid must have a particularly adaptable structure because it must make several different kinds of contacts to create the sphere and it must also change this arrangement to let the nucleic acid out to initiate viral replication once the virus has entered a cell
· many structures in cells are capable of self-assembly
· the information for forming many of the complex assemblies of macromolecules in cells must be contained in the subunits themselves, because purified subunits can spontaneously assemble into the final structure under the appropriate conditions
· the bacteria ribosome is capable of reassembling from its component parts
· the formation of complex biological structures is often aided by assembly factors
· not all cellular structure held together by noncovalent bonds are capable of self-assembly
· a mitochondrion, a cilium, or a myofibril of a muscle cell cannot form spontaneously from a solution of its component macromolecules
· in these cases, part of the assembly information is provided by special enzymes and other cellular proteins that perform the function of templates, guiding construction but taking no part in the final assembled structure
· even simple structure may lack some of the ingredients necessary for their own assembly
· for example: in the formation of certain bacterial viruses, the head is composed of many copies of a single protein subunit but is assembled on a temporary scaffold composed of a second protein, because the second protein is absent from the final viral particle, the head structure cannot spontaneously reassemble once it has been taken apart
· other examples are collagen and the hormone insulin (requires proteolytic cleavage)
· summary:
· the three-dimensional conformation of a protein molecule is determined by its amino acid sequence
· the folded structure is stabilized by noncovalent interactions between different parts of the polypeptide chain
· the amino acids with hydrophobic side chains tend to cluster in the interior of the molecule
· local hydrogen-bonding interactions between neighboring peptide bonds give rise to alpha helices and beta sheets
· globular regions, known as domains, are the modular units from which many proteins are constructed; such domains generally contain 40-359 amino acids
· small proteins typically consist of only a single domain, while larger proteins are formed from several domains linked together by short lengths of polypeptide chain
· as proteins have evolved, domains have been modified and combined with other domains to construct new proteins
· domains that participate in the formation of large numbers of proteins are known as protein modules
· about 1000 different ways of folding up a domain have been observed, among more than 10,000 known protein structures
· proteins are brought together into larger structures by the same noncovalent forces that determine protein foldng
· proteins with binding sites for their own surface can assemble into dimers, closed rings, spherical shells, or helical polymers
· although mixtures of proteins and nucleic acids can assemble spontaneously into complex structures in a test tube, many biological assembly processes involve irreversible steps
· [bookmark: _GoBack]consequently, not all structures in the cell are capable of spontaneous reassembly after they have been dissociated into their component parts

Nucleotides:

· a molecule made up of a nitrogen-containing ring compound linked to a five-carbon sugar
· sugar can either by deoxyribose (deoxyribonucleotides) or ribose (ribonucleotides) 
· ribose has –OH while deoxyribose has –H 
· the rings are referred to as bases
· cytosine, thymine, and uracil are pyrimidines because they all derive from a six-membered pyrimidine ring
· guanine and adenine are purine compounds and they have a second five-membered ring fused to the six-membered ring
· most fundamental role of nucleotides in the cell is in the storage and retrieval of biological information
· they serve as the building blocks for nucleic acids
· two main types of nucleic acids depending on the type of sugar in their sugar-phosphate backbone
· ribonucleic acids (RNA) use the sugar ribose and contain the bases A, G, C, and U
· deoxyribonucleic acids (DNA) use to sugar deoxyribose and contain the bases A, G, C, and T
· RNA usually occurs in cells in the form of a single polynucleotide chain
· DNA is virtually always in the form of a double-stranded molecule (double helix)
· The linear sequence of nucleotides in a DNA or an RNA encodes the genetic information of the cell
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