Chapter 5 – The Structure and Function of Macromolecules

Overview – the molecules of life

· 4 main classes of large biological molecules

· carbohydrates

· lipids

· proteins

· nucleic acids

· macromolecules

· form related to function

5.1  Most macromolecules are polymers, built from monomers

· monomers, single units that are the building blocks of larger biological molecules (polymers)

· polymer – many monomers linked together

The synthesis and breakdown of polymers

· condensation reaction

· two molecules covalently bonded together by removing a water molecule

· specifically called a dehydration reaction (takes out water)

· one molecule donates the (H) the other the (OH)

· used to build polymers

· the process can be repeated over and over to build very large polymers

· process uses energy and enzymes

· Hydrolysis

· Hydro (water) and Lysis (to split)

· reverse of dehydration synthesis

· breaks a covalent bond between molecules of a polymer by adding water

· (H) is added to one side and (OH) is added to the other side
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The Diversity of Polymers


A relatively small number of monomers can be combined in a large number of different arrangements to form a great diversity of polymers

 5.2  Carbohydrates serve as fuel and building material

· carbohydrates
· include sugars and the polymers of sugars

· monosaccharides

· single sugars

· usual have a formula in a multiple of C:H:O  1:2:1

· glucose is key in biology C6H12O6

· classification

· number of carbons

· triose – 3

· pentose – 5

· hexose – 6

· location of carbonyl group

· aldose – on an end carbon

· ketose – on  a middle carbon

· special arrangement

· most sugars form rings in aqueous solutions

· monosaccharides are major sources of fuel for cells

· larger molecules must be broken down to be used by cells
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· disaccharide

· two monosacharides linked by a glycosidic linkage

· 1-2 glycosidic linkage - between carbons 1 and 6 on two six carbon rings. ex two glucose molecules joining to form maltose

· 1-4 glycosidic linkage – between carbon 1 on a six carbon ring and carbon 4 on a five carbon ring. ex. glucose and fructose joining to form sucrose

· polysaccharides

· macromolecules of more than two monosaccharides

· storage polysaccharides

· starch – storage for plants (stored as granuals)

· glycogen – storage for animals

· humans store glycogen in liver and muscle cells

· structural polysaccharides

· cellulose – major component of plant cell walls

· can not be digested by humans

· chitin – used by arthropods to build their exoskeletons

also found in many fungi

Starch and cellulose are both polymers of glucose, but are different because of their slightly different ring structures for glucose(see figure 5.7)


alpha vs beta glucose structure


starch is made of alpha glucose molecules


cellulose is made of beta glucose molecules

This gives starch and cellulose two different three-dimensional shapes

So, why can we digest starch and not cellulose?


The enzymes that digest starch work for the alpha linkages, but can not hydrolyze the beta linkages.  We only have the enzymes to digest alpha linkages, so we can not break down cellulose. Some microbes, however, are very good at digesting cellulose. Discuss cow example with bacteria
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5.3  Lipids are a diverse group of hydrophobic molecules
· the one class of large biological molecules not made of polymers

· lipids have little or no affinity for water

· consist mostly of hydrocarbons

Fats

· large molecules made from smaller molecules by dehydration reactions, but they are not polymers.  Made of more than one type of smaller molecule

· made from glycerol and fatty acids

· glycerol is an alcohol with three carbons 

· fatty acid is a hydrocarbon tail

· the fatty acid is the hydrophobic part of the fat

· the dehydration reaction occurs between the OH of the glycerol and the OH at the end of the fatty acid.  Glycerol gives up its H and the fatty acid gives up its OH  

· Esther linkage between each of the glycerol and fatty acids

· Fats are made of one glycerol and three fatty acid – called a triglyceride

· Types of Fats

· Saturated Fat

· no double bonds between carbons in any of the fatty acid chains

· “saturated” with hydrogen

· usually solid at room temperature

· include animal fats

· Unsaturated Fats

· contains at least one double bonded carbon on at least one of the fatty acid chains

· “not saturated” with hydrogens

· usually liquid at room temperature

· not as tightly packed (kinks in the fatty acid chains)

· include plant oils and fish oils

· Trans Fats

· not natural 

· made by hydrogenating unsaturated fats

· this causes trans bonds to form (as opposed to the cis double bonds in the unsaturated fat)

· may be worse that saturated fats for heart health

· Think KFC commercial – no more trans fats

· Fats are not all bad – we need them to survive

· major function is energy storage

Phospholipids

· similar to a fat but with only two fatty acids instead of three fatty acids

· third hydroxyl group of the glycerol is attached to a phosphate group instead of the third fatty acid

· the phosphate group forms a hydrophilic head giving the phospholipids two distinct sides
· hydrophilic head

· hydrophobic tail

· When put in water, phospholipids form a bilayer with the heads facing out towards the water and the tail facing in on each other protected from the water

· phospholipids make up a major part of cell membranes – heads face inside and outside watery parts of cells

Steroids

· lipids with a carbon skeleton of four fused rings

· the functional groups attached to the carbon skeleton account for the variety in steroids

· example: cholesterol

· component in animal cell membranes

· starting point for making other steroids

· many hormones made from cholesterol
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5.4  Proteins have many structures, resulting in a wide range of functions

· make up more than 50% of dry mass of cells

· important for chemical reactions, support, storage, transport,  cellular communication, movement, and defense. 

· see table 5.1

· example: enzymes
· regulate metabolism

· speed up chemical reactions

· enzymes are reusable

Polypeptide

· polypeptides are polymers of amino acids

· 20 amino acids combine in a variety of ways to produce diverse proteins

· a protein consists of one or more polypeptides folded and coiled in  a specific way

· amino acid monomers

· amino acids are organic molecules with 

· a central carbon 

· carboxyl group

· amino group

· a single hydrogen

· an R group (also called the side chain)

· there are 20 different R groups to make up the 20 different amino acids

· the R groups can be polar, nonpolar, or electrically charged

· amino acid polymers

· amino acids join side by side with the  carboxyl group of one aa  next to the amino group of the other aa

· a dehydration reaction is catalyzed by an enzyme to link the two with a peptide bond

· the OH leaves the carboxyl group and the H leaves the amino group to form the water given off my the reaction 
· one end of the chain has an amino group (called the N-terminus)

· the other end has a carboxyl group (called the C-terminus)

· determining the amino acid sequence of a polypeptide

· Fredrick Sanger – used insulin for his studies

· protein conformation and function

· polypeptide does not = protein

· functional proteins must be precisely folded and/or coiled to work 

· the amino acid sequence determines how the polypeptide will fold

· usually folds on its own

· the conformation of the protein determines how it will work

· proteins will no longer work if they loose their conformation

· four levels of protein structure

· primary  - sequence of amino acids forming polypeptide chain

· secondary – alpha helix or beta pleated sheets

· tertiary – overall shape and folding based on R group interactions

· quaternary – 2 or more polypeptides aggregated together into one functional proteins

http://myphlip.pearsoncmg.com/altcc/faculty/ab2slideshow.cfm?vid=252&vcard=1450&vtype=466&vbcid=10524
Sickle cell disease – a simple change in primary structure

read and view diagram

· What determined protein conformation?

· polypeptide chain sequence, pH, salt concentration, temperature

· all of these can also denature a protein

· The protein folding problem

· chaperonins – proteins that help other proteins to fold properly

· they keep the protein away from things that might interfere with the proper folding
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5.5 Nucleic Acids transmit heredity information

· DNA – polymer of nucleic acids

· sequences of nucleic acids in DNA are called genes

· genes code for the amino acid sequences

Roles of Nucleic Acids

· 2 types of nucleic acids
· DNA – deoxyribonucleic acid

· RNA – ribonucleic acid

· DNA is genetic material

· passed to children from parents in the form of chromosomes

· each chromosome is a long DNA molecule with many genes

· Why its important

· DNA directs the synthesis of RNA (mRNA)

· mRNA codes to make proteins at the ribosome using tRNA and rRNA

Structure of Nucleic Acids

· macromolecules called polynucleotide are made of nucleic acids

· each nucleotide is made of three parts

· nitrogenous base

· pentose (a five-carbon sugar)

· phosphate group

· nucleotide monomers

· two families of nitrogenous bases

· purines

· 6 membered ring fused to a 5 membered ring

· adenine and guanine

· pyrimidines

· 6 membered ring

· cytosine, thymine, and uracil

· the sugars

· pentose sugar (5 carbon)

· in RNA it is ribose

· in DNA it is deoxyribose

· nucleotide polymers
· nucleotides link together to form a polynucleotide

· joined by covalent bonds

· called a phosphodiester linkage

· between the OH on the 3’ carbon  of one nucleotide and the phosphate on the 5’ carbon of the other nucleotide

· nucleotide has two free ends (one on each side)

· 5’ end has a phosphate linked to the 5 carbon

· 3’ end has a hydroxyl group linked to the 3 carbon

· we refer to these as the 3’ and 5’ end of the polynucleotide

· adding nucleotides

· DNA is built directionally from 5’ to 3’

· the nucleotide sequence is unique for the gene it codes for

· the linear order of bases in a gene specifies the amino acid sequence

The DNA double helix

· RNA has a single chain

· DNA has two chains that spiral around each other

· they are antiparallel

· one goes 3’ to 5’

· the other goes 5’ to 3’

· sugar phosphate backbone is on the outside of the helix 

· nitrogen bases are paired on the inside

· the two strands are held together by hydrogen bonds

· certain bases always pair with each other

· cytosine only pairs with guanine

· adenine only pairs with thymine (except in RNA thymine is replaced with uracil)

· the two strands are said to be complimentary

DNA and proteins as tape measures of evolution


read – we will discuss together

The theme of emergent properties in the chemistry of life


read – we will discuss together
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